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- ) A ABSTRACT

‘ L ‘. s ! .
The forests of the Wapiti map area, Alberta (NTS 83L) were studied ~
. \, N M . ~

in.ordqr to ascertain re ionships between,forest growth, plant

community distribution and environmental factors within the western

borgal and shbalpihe forest. Quantitativ ata‘onytree productivity,

vegetation and soils were collected from 137 plots™

The 15 described forest vegetation types of predomingntly

’ oxigin were ddmiﬁated by.loééepole pine (Pinus contorta Dougl. var. .
. . N ) ,
‘latifolia Engelm )y whlte spruce (Picea glauca (Moench) Voss) black spruce
. €
(Plcea mariana (Mill.) BSP.) or aspen (POpulus tremu101des Mlchx ), were

flor1st1ca11y;§1mp1e (111 vascular plants), had ttee roduct1v1ty 9ang- ’

ing fﬂ;ﬁ 0 }’EQha——ygﬂf in, the Picea mariana /. Ledu té;BIEﬁalcum /

Rubus chamaemo us type to 5.0 miha yr 1n the Populus balsamlferae/

. ;
, . , ; ™ . .
Rosa acicularis / Thalictrum venulosum type and occurred on_so;ls

representing Luwvisolic, Bruniéblic, Gleysolic, Regosolic, Podzolic and
. . . '.v . .\ . i
Organic Orders.. Two major successional trerids are apparent in the up-
x . ; -
. ’ ‘ ¢ .\ . .
land boreal forest: lodgepole pine, aspen and balsam poplar to Picea

e - . .
glauca / Rubus pubescens - Maianthemum canadense type bn moist sites

at low elevations and lodgepole pine and black spruce forests to Picea

.". . . . ' | _ ° :
spp. - Abies lasiocarpa / Hylocomium splendens :type on moist. to well

-

drained sites:at higher ‘elevations. Pinus contorta / Menziesia glabella /

Rubus pedatus type succeeds ;L Ficea engelmannii - Abies lasiocarpa / ..
Menziesia glabella type in closed canopy subalpine forests.
Multiplé linear regtéssi n eqhations_wege calculated for 83 lodge-

S

bole pine-, 30 white spruce-, 15 black spruce-, and 17 aspen - domin d

plots using mean annual total volume increment, -stem density, site index, .

i . . : . o

periodf&*annual total volume ingremént per tree, age of maximum perigfif_/j>
. . . - /

iv



.
‘annual total volumne incrément and mean annual basal area 1ncrement .as
dependent variables. Rorty-nine independent variables inclLding five

‘external.site variables, 21 soil varlables, five stand variables, and
18 vegetét1on variables accoun;ed fo; large‘amounts of‘the‘variabillty
in the dependent variables: lodgepole pine (44-66%), white spruce (70-
94%), black spruce (98-99%) “aspen '(94 to ;)9%)‘. Testing the ' N

equations with an independent sample‘reinforced their valigity. _When

: , | ‘
_vegetation variables were deleted from the regression, the equations

: - i edictive cap ity

- <
* . oL [ 4

e
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/T \"1.-INTRODUCTION

.In recent years a'greater'appreciatidn of forested land, as qfﬁaluablé S

natural resource has inﬁensified'ihterest in the evaluation of variation

" in fofest site productivity and in inventories of a rapidly changgng
landscape. Forest site clasSiéiéation originatéd several decades agb in
. ) - v
Scandinavia (Qéjéndq;/fggs,'Il&essaqul954) ;nd:ogher_parts of Europg.“
Thorough;ré§ieys of fofest site claséificatibn work havé beeﬁ coméiléd_fér
‘the Unitéd\Statgs'by!Raiston (1§64), Jones (1969) and Ca;meap (1975) ,
Cg;mean'(l977) féviéwed sitg classificatiqn research on northern férest
spéci?s.for the Uniteg Staéés éﬁd?Canéda. Daubenmige (1976)“comprehégsively
reviewed the use of vegetation in aséessmént of the pr¥ductivity oﬁ_fégest |
lands. Only ;n the past 30.years haéfany intens&gs&foresg-site appgéisal '
research been cdnducted in Canada, particularly in the provinces of Ontario
(Hills 1952, 1958; Hills and Pierpoint 1560), Quebec {(Heimburger 1941,
Linteau 1955, Lafond 1964, ﬁemieﬁxf1965), the'Maritimes'(Léucks 1962,

Damman 1964) and in British Columbia (Illingworth and Arlidge 1960,

Lacate 1965). Excellent reviews of forest site classification studies in,

~

-

Canada have beén prepared by Rennie (1963) and Burger (1972).

The rel?tively fecent interest in the Canédian‘forest resources is
related to.two factors. The first is Canada's youth in relation to forest
resource dévelopmept. Tge second is the.countryfs ihmense area (9,964,000
kﬁz) of which over73,222,700 km2 as foreéted land (Forest Econ. Res. Inst.
1972). This latter factor has in the past lead to belief that there wili‘
always be enough forested land to provide Canada with lumber, pulp, paper
and other dorest producté and benefits. Now there is realization that our

forested land must be carefully managed if it is to remain prodiuctive.



Forest-site research in the\western boreal forest (Alberta, and
Mixgdwood Sectiony(Blaa; Rowe 1972) of Saskatchewanband'Manitoba has fallen
. behind otheE‘FartQ of Canada and the United States ~due primarily to’ the fact
. that only very recently (the last 20 years in Alberta) has any real ut111za—

‘tion demand been' put upon the ‘western Bor al Forest Reglon. The grpw1ng
concern that our forest resources are too raprdly belng depleted is promp- )
t1ng here, as elsewhere, the search for means to most effect1vely utllxz% ’/.

our forest resource wh11e Stlll maintaining "its productLV1ty. %

/ﬂ
!

some of the earllest work in the .western boreal forest was done by
‘Brlnkman (1931,‘1936)'1n Alberta. Smlthers (1956) assessed site productivity
. Y.

in dense lodgepoleAplne stands in the Kananaskis Forest Exper1ment ‘station,
Alberta. Duffy (1964a) used multiple regression techniques toffind rela-
tlonshlps between site factors and growth of 1odgepole plne ;n the Alberta
foothllls. Duffy (5’65) developed a forest 1and c1a551f1catton for the Mixed
wood section of central Alberta on the basis of d1fferences 1n 5011 parent
material and soil moistUre statusias they influence white spruce site

index. Jameson (1963) compared tree gronth on two sites 1n the R1d1ng
Mountaln forest experlmental area, Man1toba and in 1965 he related 5ack pine _
»growth to 51te in the Mlxedwood forest Sectlon (B. 18a) of saskatchewan.
Dumanski et al. (1973) evaluated the productivity of 1odgepole pine forests
using soil survex~maps for the Hinton - Edson area. Lesko and Lindsay (lé/3>///
related lodgepole .pine and.white spruce“site;index within 15 forest types
to soils in the Chip Lake map area in west-central Alberta. Kabzems'et al.
(1976) described 23 forest~ecosystems in the Saskatchewan Mixedwood Section i
(B. 18a) with respect to vegetation, forest productivity,and'soils. ‘Inf
addition, several descriptions of vegetation distribution in northern and

-

north-western Alberta have been made by Lewis et al. (1928), Dowding (1929).,
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Wells et al. 1977).

°piots within mature forest stands in. which plot maps may be pfepared

Raup (1933, 1934, 194¢), Moss (1953, 1955), Moss and Pegg (1963); LaRoi
| \
(1967) and most recently by Achuff and LaRoi (1977).

In.recent years attempts have ?een madeé in ‘Biophysical Land Class-

ification (Jurdant\\\ al. 1975) to d}fféréxtlate and c1a551fy ecologlcally

1
51gnIf1cant segments of the land surface,—{apldly, on a small scale

(reconnalssance survey), to satlsfy the need for an 1n1t1al overview and

-

inventory of land and associated wildland resources (Lacate 1969) BlO-

A
T

physlcal 1nventor1es have beer conducted in Quebec for several years (e.g.

Jurdant 1969), and more recently in Nationql Parks (Coen and Hollagd l975r

7

Biophysical inventories or independent surveys of soils and vege
tion in conjunction with aerial photography have been used as the

2

for the p;oddction‘oflsmall scale inte}pretiVe maps relative'fb forestry,

agriculture, ungulates, watérfowl, sportfish and recreation in the Canada

Land Inventory program (McCormack 1968).

=y

'Site Evaluation Méthods

~ Site evaluation sjudles may take several approaches (Rennle 1963,
Ralston 1964, Jones 1969, Brickell 1975).. A determination of site guality
may be made by direc; methods {measurement)lor by indirect methods

(inference) .

1. Direct methods’

o

" The direct methods of site evaluation usually involve esfablishing'

C

"~ showing thé species and position of every tree (Rennie‘1963). Vari$us




o,
Mo

mensupational data su%h as ‘height, diameter aqg age for all trees of a-~ ot
stand or a representative sample of thg'pOpulatiOn are ‘taken. M&re precise
estimétes of incréments in growth paraﬁeters might involve remeasurehent

6f the same trees at five-or te‘n—yéar'intervals "Productivity‘indices

obtainable from these types of measurements may be expressed-as total

volume per enlt area, basal area 1hcrement annual or perlodlc volume- and
helght increment or 51te 1ndex. Site index or total helght at a specified
‘convenient age has been the most widely used growth index in site evalua-'

tion.
In recent years refinements in direct forest productivity assessment -
; | . . ) p . | " .
have been made through the use of aerial photography.* Continuing new y

.

development (Glmba:zevsky 1975) in false color ‘infra- red remote sensing
imagery and the assignment of spectral "51gnahures" that characterlze the )
"light reflectance of individual tree species will no déubt prVe even
. ' ! \N :
- more useful in this regard.
2, 1Indirect Methods
N

Indirect methods for estimating site productivity utilize A_related

™

attribute as a criterion. Five methods may be recognized: climate,'
ground vegetation, soil properties, foliar characteristics and site mapping

(Rennie 1963). Site mapping tends to be an integration of the former

‘approaches,

Classifications based substantially upon climatfc.criteria are by
necessity of a very small scale, eg.Rowe's (1972) Forest Regions of Canada.
Krajlna s (1965) Blogeocllmatlc Zoration of Brlflsh Columbia is a gimilar

‘approach though it gives more detailed c11mate, vegetation and s01ls

. /
!
-y



descriptions of the zones than does Rowe's (1972) treatment.

'

Studies relating forest productivity to vegetation type have héd
varying degrees 6f\89ccess. Cajander's (1926) work in Finland is a classic"
exemple of demonstrated p:oductivity—vegetatioq,relationships. Daubenmire
and his st;dents (1942 et sed.) have successfully reiated forest broductivity
te habitat.type,_Canedian examples of studies where vegeta;ion type-

. , o : ¢ . i
productivity relationships have been shown include~those of Linteau (1955) |

~

in Quebec, ROWeE (1956) for the ptalrle prov1nces, Illingworth and Arlidge T
(1960) 1n Br1t1sh Columbia and Lesko and Lindsay (1973) in Alberta. Duffy

. 2 i
(1964b) has comprehensively/;eviewed concepts in plant sociology with respect

to their use in fdreet syte classification.

Ordination approachjffto site or to vegetation classification treat
the.vegetation as a continuum which hae developed in response Eo envirOn—‘
mental giedients‘OE climate, s0il moisture, nutrients and other sits
‘attributes. Anbcrdinaeion technique often helés elueidate the factgfs
' responsibie for the differences between stand-species eompositien end
productivity. ExarPles of‘ordination approacﬁes include Maycock and Curtis
(1960) and McIntosh (1967). v \

Site evaluat?on studies relating soil prgperties.to preductivity take
one of two approaches (Ralston 1964): interpretation of forest productivity
from conventional sOil survey datéy and derivation of field guidesabésed on
empirical cerrelations of site attrgeutes-apd treehgrowth: The latter is

. . .
analogous to what Jones (1969) refers to as the factorial approach. Forest

soils display a whole gamut of characteristics whi¢h in general are diffi-

AN

cult to measure and call for experimental skills in a number of disciplines el
. ’ [ P .

(Rennie 1963) . Numerous soil characteristics have been 'correlated with
. \

forest growth as noted in the literature. Specifib_examéles are

~

il



dealt with in the "discussion" section. More conventional criteria studied
include pH, availadble nutrients, moi%ture regime, texture and soil depth.
The quantitative effpct of soil facters and their interaction in relation
to tree growth (usually expressed as site index) was)first tested statisti-
'cally by Coile (1935) utilizing multlple regression ana1y315. Most studies
of this type since that time have dealt with physical soil properties,
though virtually any factor can be included as an independent variable.
Another indirect method of evaluating.one aspect of site quality is
foliar analy51s.‘ It is more useful On nursery stock or young trees, and
tends to be a rellablebcrlterlon when particular nutrients become acutely
def1c1ent rather than only sllghtly so (Rennle 1963) |
Forest site mapping takes several approaches.‘ The/map units may be
separated on the bas1s of a single attribute such as s0il texture or more
commonly are a synthe51s of criteria which reflect dlfferences in. the main
ecologlcal features of the habitat, ie. reg}onal cllmate, topographw, geology,;
L501l properties and vegetatlon cover. The ways in whlch forest site mapplng
methods differ are in the lnterpretatlon of the environmental factors, the
aotual quantitative measurements made to, spec1fy them and in the emphasis ..
given to different factors (Rennie 1963) The usefulness of a conventlonal
. s01l survey for 51te evaluatlon depends upon whether the taxonomic unlts
deflned are sufflclently unlform ecologlcally, which in turn depends on the
degree of - c01nc1dence of the class1f1cat10n criteria W1th the characteristics
of greatest relevance to problems of forest management (Rennie 1963) ‘ Hills
(1952 et seq. ) has used a phy51ographlc approach to 51te, with landform as
the basic map un1t, with subdivisions according'to climate, moistureﬂand

nutrients. ’ ' \\ \\\\\\\\\

The most useful forest productivity maps are likely to be & result of *



.‘.

the considergtion of as manyﬂecologically significant factors.as feasible.,
Theﬂpresent study was initiated in 1972 in éonjunction with a

reconnaissance soil survey of the Wapiti map sheet area (NTS 83L) aqd had

the following objectives: (1) To determine thé effégt of various Vegetaﬁion

Y N B

end site factofs upon several measuges of forest productivity for the.major'
tre; species within the study area; (2) To compareJthe forest'productivity
of the soil mapping units; (3) To describe and classify the major fétest
vegetation types of Ezé Wapiti map area in relation to.the soils; (4)>To

"
B

describe and'determine the successional relationshipsxai,the major forest
vegetation types of the Wapiti map area. <
| It is hypoyfeaized that: (1) the various'vegetation‘and site.
. factors are correlated with the forest préductivity measures in such a
way that they can be used in‘rqgrese}on analyséé for the purposes of
‘tree growth prediétion; (2) the‘p;;ductivit; of the 80il mapping units
differs sigpificantly among the units. in addition it is hypothesized

that (3) vegetation types can be classified; (4) major successional trends

are discernable.

“t
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IT THE WAPITI MAP AREA

A. LOCATION

A

The Wapiti map area (NTS 83L) i& located in western Afberta between

1180 and 120° W longitude and between 54o and 55° N latitude covering an

2

. . \
area of approximately 17,460 km“ (5740 m? ; Fig% 1). It is border@H to

the west by the British Columbia boundary. The town of Grande Cache lies

© R
just below the south-western quarter and the city of Grande Prairie is just
north, of the area. The forestry trunk road closely parallels the eastern

boundary. B

B. SURFICIAL GEOLOGY

Both Cordilleran aﬁd Keewatin ice sheets 66;E?Ed\giiff_if 83L. The

influence of ‘the Cordilleran ice sheet is restricted to the hills and

‘&

valleys in an area that includes between one-quarter and Sne-third of the
map area ip the[south and wést (Bayrock 1;72). Virtually all of the
iremainder of the area was covered by the K;;wagin (Continental) ice sheet.
At.leagt two glacial advances occurred. | ..
Meltwaters flowing‘by the ige margin deposited thick beds of gravel
”Mpf“Pléisﬁocené age. 'These gravels were subsequently resorted and

redepésiped in river valleys, especially those of the Smoky, Kakwa, Cutbank

and Simonette rivers. These glaciofluvial deposits are in the form of

river terraces of coars gravel, outwash| sand and grave}l, the proportions
of each varying locéily, and ice-contact deposits such as kames and eskers.

The latter account for a very small proportion of the Wapiti area.

A large proglaciai lake of Pleistocene age formed in the north and



Figure 1: The Wapiti map sheet study area
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1

eatit of the afea and Have 1 liie to the latge amount Of glaciolacunty ine
AN

»

delta sands, Deddod silt and clay, and bedded Hand and silt. Aecolian sand,
derived tiom glaciolacusity l'nt* sand occurs near the dlactolacuntt (ne deponit y
tn sheet and dape torm,

A thin deponit of calvareous ty]1 detived trom the Cordilleran dlacter sr
occars an o taitly large area round moraine un‘l‘th sbdern ot the
Narraway River ; very stony (gredler than 10w Clrgque and v‘1lic~y glacier
deposits in the higher toothilts; stony till df‘po;‘:m within dissected

1
lateral moraine of large valley Jlaciersy, especially in the lower valley ot

’

the Smoky River; and small pockets of thin {less than 0 om to bedrock),

stony (15-30%) pre-wWisconsin Cordilleran till, in which carbonates ara

1
.

leached to a depth of 2m, on the level eolevated henches',

Till dcfivod from the Continental glacier includes g few small areas o
In the north and east of the area of hummocky moraine of clayey to sandy
texture with numerous erratics from the Canadian Shield. Most of the
Continenta;/till which ‘covers about one-third of 83L is ground moraine

/

of clayey to sandy texture, contains numerous erratics of Canadian Shield
. '
orséin, and is of gentle reliéf. A fa}rly large area of thin, very stony
—

ground moraine of reworked Tertiary éravel on level topography is present

on the high plateaus in the southeastv&orner of thg\Wapiti area. Large

areas of th}s ground moraine of continental origin but lacking erratics

from the Canadian Shield, are present to the wWest of the majority of the

Continental till. This thin éill is made almost entirely of‘local bedrock.
A few small areas of shile, sandstone, siltstone, coal and conglom-

.
erate outcrops are present in the high relief areas in the southwest
corner of the map area. Shale and sandstone are the predominant bedrock

types and in general it is these materials that give the tepographic

relief to the landscape to a much greaier extent than the surficijal deposits.

.S
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C. BEDROCK GEOLQGY

Information on bedrock geology in the Wapiti’map‘sheet area is scarce.
A repott by Alian énd Carr (1946) déscribes.geology and coal occurrences of
the Wapipi-Cutbank area. The following general account (l: 1,584,600 ﬁap)
for Alberta is given by Jackson (1975f.. The wapiti'map area lies within
two major physiographic‘regions; the Interior Plains and the Western
Cordillera. “The Rocky Mountain Foothills section of the Western Cordillera
is represented in the sduthwest corn;r; It is charactenized{byfshglés,
conglomerates, coal, cherf and sahdstqne of Triassic to Lower Cretaceous
age and Upper Cretaceous” shales, concretion;ry shales and sahdstcnes;
| The Interior plains fegién is east of the RoQ*y Mountain Foothills
and is Egpésﬁénted‘to the south aﬁé west of the Wapiti map area by the

Western Alberta Plains section, This section is characterized by Upper

Cretaceocus shale and Tertiary shales, siltstones and sandstones. The

-

. Interior Plains Region to,the north of the Wapiti .map area is fepresented

by the Wapiti Plain which is characterized by light grey, Continental and

deltaic siltstones and shales of Upper Cretaceous age.

D. SOILS

Representatives of the Luuisolic, Brunisolic, Gleysolic, Regosclic,

-

Podzgliq and Ordénic Orders occur within the Wapiti map area. The soils
were sgparated on the»basis ?f differences in parent méterial—ﬁnto 28
"soil groups" (Twardy 1978). These "soil groups” that fo?m the basis
*for the soils map, Were’further separatéd into 66 "soil units" )

distinguished on theApasis of'internal drainage, soil subgroup classifica-

tion and the proportion of other non-mappable inclusions within

A



. ‘ .
the units. The ten most important soil groups with their associated parent

materials in pa%entheses, }isted in order of decreﬁéing area are: (1)

»  Edson (Continental till 1e45 than 975 m ASL) (2) Donnelly (lacustro-

o v

till), (3) Mayberne (Continental till greategr than 975 m ASL) (4) Copto

v

(coarse residual), (5).T6rrens {fine tesi@gql). (6) Marlboro (medium

textured Cordilleran till),. (7) Robb‘(mbderately coarse to medium fextured‘

A .

thiP'Cordilleran,till and colluvium), (8) Lodgea(thin gl#cioflpvial
deposits 6f gedlian over lacustrine or till), (9) Blackmud (saﬁdy
aquviumLy and (10) Heart (aeolian). - r

More detailed descriptions of the soils of the Wapiti map grea and

" their extent are discussed by Twardy (1978).

E. STREAM CHARACTERISTICS -~

= &

e main streams of tﬁe Wapiti map afea are the Smoky, Wapiti, and
Simonette Rivers that drain toward the north. fhe Wapiti and the Simonette
join the Smoky east of Grande Prairie and the Smoky jbiﬂs the Peace River

- near Peace River Townsite. Important tributaries of the Smoky are the
Kakwa and Cutbank Rivers wﬂgch lie almost wholly within the study area.

The Narraway River is a‘méﬁor tributary of the Wapiti and has its origin

i

just to the west of thergﬁgdy area. “The Latornell RiYer, a major fributafy
-~ . ] . . S

”

of the Simonette 1ies.whoily within the area.

13

With the‘exceptfonfbf the larger rivers, most of the tributarjes

R
flow in steep-sided, narrow valleys and are still down-cutting, indicated

/ ‘) w

. by the absence of floodplains. The Smoky and Wapiti Rivers have developed

.

= ’ .

;flpdé plains at their northerly exterf, Several othér tributaries in the
regidh'have developed narrow floodplains but very little depositiorr has

" occurred elsewhere. Surface water and groundwater is abundant in the

Q
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Wapiti area Ss\sngwn by the jinnumerable perennial streams. The stream
. N . . .

pattern is dendritic. Floods are*common during the mountain snowpack melt
¢! . . :
and flood-related damage .can be extensive in terms of washed-out roads,

bridges and railroads, and severe soil erosion on exposed slopes. The

' .
¥ .

heavy rainfall qf June 1972, coinciding with peak snowmelt from the Rocky

Mountains provided many examples of such damage. The higher elevations of

-

the Wapiti map area to the south and west yield most of the'water with less

fluctuation -than the lower. areas as indicateﬁ by the greater stream .

o

density in the south and west.
Sediment .loads in the streams during~53:ly summer are 1qrge'and

indicate excessive erosional losses on the watersheds. Unfortunately,

. L - ,
few quantitative data are available, but most of then%arger rivers remain

-

clouded by suspended sediment antil at least mid-August. - #

F. CLIMA.".I‘E

- The climate of the Wapiti map area is cheraeterized Sy cooi to warm:
summers and cold’wimters.. The area 11es w1th1n three summer cllmatlc
zdnes (MacIver et al. 1972- Fig. %j. The\northern third of 83L (Fig. 2)
is characterlzed for the perlod including the grow;nélseason between May
1 and September 30 by a mean air temperature of'lo—ll C, an average

/

pre01pltat10n of 30-41 cm, a potentlal evapotransplratlon of 43 46 cm and
a frost-free perlod (greater than 0 C) of lOO-I?OJdays (zone 4, Maclver:
et al._l972). A belt runnlng from west to east through the Wap1t1 sheet

and representlng approx1mately one- fourth of the area is characterized for

*the May, 1 to September 30 perio :by a mean air temperature.of-lo-ll C,

-

ieuapgtxggspiration of 41-43 cm

(ie. a net water surplus), and a frost-free period of 100 to 120 days

precipitation of 36-46 cm, a'Ebtentia

RN
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Figure 2:

e

1

Climatological zonation of t
Wapiti map area
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120°

ng*

55°

54°
120'

ns*

. SMOOTHED STATISTICAL CLIMATIC ZONES (redrown
from Maclver et al. 1972)

Selected Seasonal Normals (1 May - 30 September)

¢

i

1954 - 1968
. s )
Group 'Temperature‘ (Oc) Precipitation Degree - Days (OC
N_UW Mean  Maximum  Minimum cm >-2 0 6
- 2 ' 10-11 14-17 4-6 ~ 41-46 32-36 24-28 10-1s
4 ) 11-12 17-19 4-7 30-41 30-40 32-34 16-20
10 . 10-11 '16-17 6-7 36-46 30-38. 25:32 12~1&
Potential o Frost-~Free Killing Frost
- Evapotranspiration Day Length - Period Free Period
cm Hours Davys Davys (7-2°c)
- 38-43 15.1-15,4 '80~100 100-140
4 43-46 15.3-15.4 100-120 140~-160
10 . 41-43 15.2-15.4 100~-120 140-160

54°

——

16
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(zone 10,’Macrver et al. 1972). Approximately the bottom one-third of the
Wapiti map area has for the same months, a mean air temperature ef iO—lIOC,
precipitation of 41-46 cm, a potential evapotranspiration of 38-43 cm and
a frost-free period of 80-100 days‘(zone 2, Maclver et al. 1972). It

thus becomes apparent that as elevation increhses from the:NE to the Ssw,

precipitation 1ncreases and potential evapotranspiratién and ai//
temperatpre decrease (Fig. 2).. We thus might expect the most favorable
‘climates for tree groweh to be.in the northeacst where temperatures are
warmer anderecipitation issadequate.
The nearest, full-time weather station 1s at Grande Prairie to the
nerth (55 11' 1lat. 118. 53' long.). Year-round temperature recerds are -
made at only one-ipcation in theywabiti map afea, The South Wapiti rangeri

station in the north of 83L. The year-round temperature records at the

r of the area are probably

Muskeg ranger station below the southeast co

representative of much of the southern pogtion. Weather records from May
A . _ 38

to September inclusive are available for eight forestry fire towers within

the Wapiti area. The extrapolations made by Maclver et al. (1972) were

from these data.

Winters in the Wapiti map area are cold, with January (the coldest

month) mean air tempe#atures (mean of daily maximum and minimum) of 17.3°

|
C at Grande Prairie airport, -16. 0° ¢ at Muskeg and -15, 4° C at South

Wapiti. Mean monthly air temperatures are below free21ng between November
andAMarch 1nclu51ve (Environment Lanada i975); Winter precipitation

data are available only from/the‘Grande Prairie station. ’Total precipita— 3
tipn for the November io ﬁarch period is 18.5 cm (mostly snow) of which

3.4 cm fell in Jannary and 3.1 emdeach for November and December (ﬁnvi;on— | ‘\\‘

ment Canada 1975). The November to March precipitation total represents

42% of the total annual precipitation at Grande Prairie. 1In the

“
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predominantly higher elevations of the study area south of Grande Praafie,
‘winter temperatures would probably be slightly lower and precipitation
slightly higher, dépending upon location. ' )

Ve
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was done pqimérily within the Upper Foothills (B. 19c) and Lower Foothills

(B. 19a) Sections of the Boreal Forest Region (Rowe 1972) and to a lesser

III METHODS .

A. FIELD SAMPLING

~

1. Plot Selection - ’ //////

From an examination of Alberta Forest Service (l: 126,720) forest

cover maps and derial photographs supplied By government (Albérta Forest
Service) and/industry (Proctor and Gamble Cellulose Ltd.), plot areas'

were choser® to encompass a wide variety of vegetation, soil aﬁaffgﬁaﬁysm\_\\\;\ﬁi\\\

types, within uniform,.even-aged and ﬁormally-stocked stands rahqihb from

45 to over 200 year old. Sampling was concentrated within 70—lod<year-

. - . '
old stands of the various forest types. Most plots were readily accessible

by read, though four-wheel drive and the Cramer "swamp. buggy" were used to

get''to less accessible areas via seismic lines and rough trails. Sampling

[

' - <

0y

extent in the Eﬁst Slope Rockies Section (SA. 1) of the Subalpine Forest

Region. Treeless and alpine areas of 83L were sampied with much less
: . S ' -

intensity than the remainder of the area, and ground work was larg€ly of ~

a descriptive nature. Sampled plots totaled 137.

2. Plot_ Sampling

2.1 Soil§ : .

In each plo£"; soil_pit was dug in a position wiih a soil érofile
representative' of the éiot area.. The soil profile wés examined and deéprib~.
ed noting stgucture,’texture} color, thickness of horizons, pH (Lamotte-
Morgan field kit) as well as’plant rooting characterlstlcs qrd 1nternai T
dralnage according to CSSC (1970). Prevalent sldpe gradlent and aspect

were also recorded.

19.
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2.2 Vegetation ; !
' Within the circular (0.405 ha) plots, the diameters and heights of

aliﬁtrees over 1.3 cm diameter at breast height (1.5m) were.tallied by

species. Whén the tgeé tally was completed, five to seven healthy
\.\ .

¢

dominarft and co-domindnt trees were selected and felled, measured for height,

and sections removed at 0.3m, 1.5m, and 1.8 or 3.7m intervals th reafter for

stem analysis. In, un ven-aged stands . (dominant trees Hiffére by more than
20 yeats) add;tion ‘discs or increment cores were taken from the largest
trees in the 6€/;or determination of maximum stand age and evidence of

stand history (fire, climate, disease, anomalies in growth pétterns, etc.). -

-

. Tree canopy cover was visually estimated at 12 random points in the center

3

of the quadrats used for the sdbsidiaéy vegetation.

Subsidiary Veéetation iqcludes plants other than ttrees greater than 1.3 »
cm DBH, and was sampled by heigﬁt strata. _Estimates of per cent cover. by ~
speéies, using a\modified Braun-Blanquet scale (Appendix 1), were made in

12 randomly placed 1lxlm quadrats for terrestrial bryophytes, herbs and

~dwarf shrub species (up to 0;5 m tall). Shrub cover (over 0.5 m tall)

estimates were made by-species within 5x5m quadrats centered around the

1xim quad;atsu_ Tree regeneration density was tallied by species and height

f

class within the 5x5m quadrats for individuals less than 1.5m tall.

A ghbecies list for the plot area as a whole was compiled. Unidenti-

°
.

fied specimens were collected for determination in the laboratorya The

predominant height, vitality and phenglogy were noﬁed for each species on
the list. Additional notes were made of predominant plot aspect, slope

A\, . . .
relief, deadfall'covétﬂ evidence of disease, animal activity, fire history

andnbf any feature$§ that would make the area particularly attractive for

recreational/gt’natural area uses, . N

»



B. DATA ANALYSIS | 7
I . - . /
1. Sstem Analysis

et Stem growth data wer

[

Pluth and-Cameron

ghéhprog:am took ﬁhe mean‘diameter as a basis for compuﬁation. A tree age
. "adjustment was made to account for a one-foot stump height, using 10 yqa?g
for the three Picea speéies,'five for lodgepole pine and one year or no
correction for &spen. Stem section vblumes were calculated as iight
circular cylindexs except for the uppermost section or terminus which was

a

always c;léuiated as a right circular cone. Compﬁtations for the height-
‘diameter and height-age curves are d iivgd from p;Bceduées out;ined for:
stem analysis b¥ Avery (1967). The ﬁroéram calculétes periodicxannual
increments for the ﬁen40£—56f?éar ;,me periods from the most' recent period
backwards in time. Basal area§fare Calculated>as the cross-sectional areas.
at 1.5m from diameters measuzed“ingide bark. Using a CalComp plotter, the
program plotted curves of height-diameter, height-age, volume incrementage
and basal area increment versus age for each trée‘(Fig. 3).

'_Means and standard error of the mean were éalculated for the following
statistic; taken from the individual tree stem analysis data for each species
saméled in each plot: (1) site index (at 70 years) (2) togal vqlume per tree
(3) periodic volume increment k70 to 80 years) (4) maximum périod:c‘bolume
inéreﬁentfand (5) age of maximuﬁ periodic voiume increment. bFor saméle////4

’ trees with ages less than 80 years, 1inea;.extrapolations were ma for site

>

index and periodic volume increment from the previous hei and volume

‘ growth increments.. o ‘ ‘ ' ,

2. Plot tally

.

‘ﬁ simple computer program facilitgtea computation of forest stand

: X J
statisticg e



-
s

Calcomp plots of stem analysis data for one
tree showing mean annual basal area increment
vs. age, annual height increment vs. age,
mean annual total volume increment vs. age,
height vs. age and height vs. diameter
relationships.

.
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. N ( " .
from the plot tally data. Gross volume of trees greater than 1.3 cm DBH

-
\

was computed for each specfés separately and then summed. Merchantable
volume of trees with a minimum 1.6 cm’diameter top was computed for each
species separately and theﬁ summed. Gross mean annual total volume increment
(MAI) was‘determined by dividing the total gross volume by thqﬁavetage

age of the dominant trees sampled. This tends to give ponservative MAI
values in unevén—aged stands beéause the volumes of the smaller, younger
trees are divided by the same age as the larger and olde; dominants and
co-dominants., The coefficieﬁté used for the volume cémputétions are those

determined by[fhe Canadian Forestry Service and used by Alberta Forest

Service. Basal area at 1.5 m was computed by species then summed. Tree

9
density (stems/ha) was determined. The program tallied the density of

dominant, co-dcminant, overtopped and suppressed trees when this information

was recorded with the tre¢ height and diameter.

3. Vegetation-Environment Relationships

A two-dimensional ordination was constructed using'the method of Beals
(1960) and an index ofvvegetational sfmilarity (Brag and Curtis 1957):
I=2W/a+b, where a= ;gm of quantitative vaiueé of all speéies in %tand a,
b= the same for stand B, and W= sum of quantitative values the two stands
have in common. Promigéggg‘value (Beals 1960) data for all vaﬁcular species
were used in calculating disimilarity indices (I-1l), where Pv; mean cover %
\

X quadrat frequency %. ' )

» t

{
A vegetation synthesis table was constructed with the ploé numbers

arranged horizontally and the speéie listed vertifcally in ordé} of
A ,

decreasing constancy (no. of stands in whicﬁ‘species,océhrred) from top
. - e

//.\

to bottom. Plots were arrayed according to flerfétic similarity using the
—

-
o
-
—

-

Iv4
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Hraun-#lanquet method (Mueller-Dombois and Ellenbetg 1974 p. L11). Sdimilacity

of solls and other environmental tactors were also consldered in making the
-

stand groupings (vegetation types).
4. Stepwise Multiple Regyression

A stepwise multiple linear regression of the abbreviated Doolittle

method (Steele and Torrie 1960 p. 289) was computed to relate sveveral
v \
measures of forest productivity to soil, site and vegetatioAuAata taken
i

from the stem analysis plots. By definition, a regression equation supplies

estimates of population means. 1In practice it may also be used-§o predict

.

events (Steele and Torrie 1960). The multiple regression equation is

. »
hY

expressed in the form Y = a+b 1% +bzx2 ...b n*n where Y is the predicted
value of the dependent variable; a is the intercept of the regression [;>

X b2...;bn are the partial regression coeffi-

-

....Xn are the observed values of the independent

line on the vertical axis; b
cients of Y on x;‘xl, x2,
variables. The program enabled one to select the dependent and forced
independent variables and to specify which variables are to be omitted
from,the fegression. Prior to running the regression the various independent
variables were plotted against the dependent variables using a computerized
bivariate plotting program. Where nonlinear relationships between one of

the independent variables and a dependent variable were apparent, the

7/
appropriate transformatign, linear or nonlinear was applied to the in-

-

dependent varlable to best approximate a llnear relatlonshlp between the
dependent and independent variables after the transfofhation. The sequence
addition of the independent variables in the regression is dependent upon

how much the independent variable contriButes to the”’R° value; the greater

the» contribution, the greater the importance that variable has ‘in accounting
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ot

for the variation within the data supplied for the dependent-bariable R2
~ (the proportion of the variation im the dependent variable that/;g accounted

for by the regression). The regression‘equa§}ons presented for 1odgepoie

pine-, white spruce-, black spruce-, and aspen-dominated {(according to »

basal area), plots give:the dependent variableihq a function of the nine

~independent variables accounting for the ggéaiest«proportidn‘pf the R2
. . . . T, i E D : ¢

w

. wvalue. R S
Q

The’ level of significance of the regression was determined from the F

Kl N

-‘fzzfrp‘calculated by the program.

. - ' . e

f

5. Duncan's Multiple Range Tests . .

~

’ Initially, soil,associatioés, vegetation typé productivity (MAI‘and SI),
»elevation.(&eareét 150 m), slope class,soiL subgighp and slope aépeét'WeEe
cgoss—stgatified against mean aﬁhual increment (rotatioqbage) and density.
B;cauée of the relatively smal% sample»(l37 pl;ts), and because some tree
species a;eﬂnat found on certain soil ass?ciatiéns, it was not”possible to
evaluate pfoductivity\for all classes listed Akove using Duncan's New
Multiple'Rane test (Duncan 1955). The growth prediction equations &hus
serve as a better_means‘ofbevaluation'iﬁ these cases. The stratificaé&on

using Duncan's tests to compare mean ahnual increment by vegetation type

proved more satisfactory.



IV RESULTS AND DISCUSSION

>

A. VEGETATION ZONATION -

The forest vegetation of the Wapiti map axeé lies within two Forest,
- . ‘\, )
"Regions and four Forest Sections (Rowe 1972). Most of the atea lies within

. . ~ :
the Mixedwood (B 18a), Lower Foothills (B 19a) and Upper Foothills (B 19c)

Sections of the Boreal Forest Regiod. The Ebmainder of the forest vegeta-

m

tion lies within the East Slqpe Rockieg (SAl) section of the éubalpine’
Foré&t.Region: A small pqrtion of the area is alpin; tundr%.

Rowe's (1972) foresﬁ regions are mapped on a Qery small scale kl:
6,336,000) and are delineated primarily b} Fhé distribution of the major
tree species. The descriptions provided f;r the forest regions, espécially

the elevation criterion, have enabled an estimation of the extent of the

component forest sections within the Wapiti map area.

dwood (B._ 18a)

e Mixgdwood Secﬁion of ;he Boreal Forést Region accounts for
approximately 34% (SlQO kmz) of the Wapiti map area, primarily iQ¥5he

North at elevations léss than 900 m and upon predominantly glaciolacustrine
parent materia}s.' The characteristic forest vegetatién of the well grained
uplands is a mixture‘oé aépen and balsam poplar, white birch, white épruce\
and balsém.fir, the last two species most common in old standé (Rowe 1972).
The mixedyqod in the Wapiti map area is broken'up by lodgepole piﬁe stand
outliers of the Lower;Foothills Section (B; 19a), thougﬂ agpen—dominated

forest is most prevalent. . .
B “3 A ) o ’

2. Lower Foothills (B. 19a)
T ) i

The Lower Foothills Section of the Boreal Forest Region accounts

for apprqximafely 38% (5700 m2) of the Wapiti map area primarily in a
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)} band ;unningkacross the centre of the area at elevations frow 900 to 0m

+ and within predominantly ggound moraine of Continental origin. {Phe

: . S5 . .
characteristic forest vegetation is dominated by lodgepole pine with lesser
N - . N . ' [ Y

~

amounts of aspen and balsam poplar in the wake of fire (Rowe 1972). In
older stands the white spruce'and black spruce are very often present.

" Balsam and subalpine fir show scattered distributions in the upland forest.
O . ?

.

3.; Upper Foothills (B. ngL,

‘The Upper Foothills Sect1on of the Boreal Forest Reglon reptesents

approx1mately 21% or 3200 km of the Wap1t1 map area pr1mar11y in the south

-
|

and south-west portions at elevations from 1200 to: 1800 m and :commonly

upon colluviated £ill of both Continental and Cordillerag erigin. The
charaqﬁerlstlc forest vegetation is dominated by 1odgepole pine w1th black
‘spruce, subalpine fir and wh1te spruce-Engelmann spruce hybrids commonly

present. The Upper Foothills Section is a transition between the Lower

Y

Foothills Section and the Subalpine Forest Region. The Upper Foothills is

characterizedﬂby ro¥ling topography and deep valleys.

. @
1

' AY

4. East Slope Rockies (SA. 1)

The East Slope Rockies Section of the Subalplne Forest Region represents.,
approximately 6% or 825 km2 of the Wapiti map area primarily in the south-~
west portlon at elevations from 1800 to 2000 m (Plate 1) and on the steep

slope of uplifted Mesozoic shales and sandstones. A thin veneer of ‘
. T

Cordilleran till is often present. The characteristic forest vegetation is

* 1
QOminated by Engelmann spruce and subalpine fir. Lodgepole pine dominates

youngex stands especially after fire (Rowe 1972). The East slope Rockies

—

T

. o



Plate 1 . Upper,subalp@ne landscape in Q@kinityVOf Kakwa Falls.

A$N

3

Plate 2 Alpine tundra in southwest corner of Wapiti map area.
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Section grades into alpine tundra in a few localities.

\..

!

5. Alpine Tundra
-Alpine tundra occurs above timberline on the higher mountains at eleva-
tions above 2000 m in the south-west of the Wapiti map érea (Plate 2)

repnesenting'approximately 1% or 90 kmz. Parent materials of the predom-

inantly Regosolic soils are Mesozoic shales and sandstones. A thin till

veneer is sometimes present. Forest vegetation is absent, and consequent-
- a w . -
ly plots were not estaPlished’in this zone, Characteristic species of the

alpine tundra include Dryas hookeriana, Carex nardina, Cassiope tetragona,

Kobresia bellardii and Silene acaulis.

!

B. CLASSIFICATION OF THE FOREST VEGETATION,

The forest vegetation of 83L was classified into 15 forestgxypes on’
\ - . o~ .
the basis of the dominant tree species, floristic composition and by environ-

ment as inferred from soils.?” The floristic classification was patterned

after Braun-Blanquet’s methods as described by Mueller-Dombais and Ellenberg

(1974) and after akBray and Curtis (195?) ordination. Thé concepts>of the
forest types were developed both during field-in?estigations and gfter the - ’
plots were sampled and the'data énaleed. No atteqpt was maae to restrict
saméliﬁg to.ceftain forest types nor to ;xclgde certain forést types from
éampling, though certain'forest'types are not Qell represented, pérticdlarly

those at high elevations. Té‘le 1 represents ls‘concegté of forest
ecoéystems for the Waéiti’mééy;rea.

In order to keep a conceptual grouping useful, it should.not include

excessive variability byt also should not be so restricted that stands



Table 1:

il

Percent cover values of plant species with
greater than 20% presence, arranged .in order
of decreasing presence. Vegetation type number
is in parentheses..
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Table 11 Porcent eover valuwea of plant species with greater than 20% presence,
atcanged in agder oOf deareasing presence.: Veqetacion type numbec
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. fitting ‘the centraitconcept are seldom encountered under the specifie&d

/

set of habitat g6nditions. When vegetation is viewed as a continuum on

‘the landscap (Whlttaker 1967, 1973), 1t becomesrapparent that there are

'tranSLtlons between conceptual units of cla581f1catlon. Because ‘the

’

vegetation of the Wapiti map._area was sampled within several age classes

‘and acros$ gradients of elevation, soil moisture, climate and soils, there

-

are many stands which may fit nearly as well with more than one vegetation

© - type as recognized here, thus complicating a classification of the -
vegetation. Many authors avoid thiéfdilemma by putting certain restrictions..

. » : I / . . . . '
upon their,sampling,lfor example by sampling only mature self-perpetuating - <«

¢

stands. Only very young,étands (less than 40 'ee:é)'and very old standd
bjectives were to characterize
the forest productivity and floristic compositiion as well as to ascertain

were not sampled inrthe present study, as the

sition of all the sampled

.

successional relétionéhipe. The species com
plots iskpresented in Table 1, with trans%tio al plots'included with the

grouE they resembled most.  These groupings apﬁear to be fairly homogeneoue
with respect to soil, other site factors and forest‘productivity. Most |

of these types charae}erize a majqr portion of oee of Rowe's (197?) Forest “,
Sections represented within the Wapitihmap area, but‘otpers, notably the.
white spruce types appeat to be cohtrolled more by edaphic factors than-by
elevation (cilmate) and occur over a wide altltudlnal range. A brief
descriptlon of each of - the forést types follows. Plot locations are given

in Appendix 3 and plotted pn F{gure 1.

’
K
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'Vegetation types of the Wapiti map area

1. Populus tremuloides / Viburnum edulé / Rubus pubescens
( plots 19,23,26,27,45,46,85,86,87,90,100,106,122,123 )

This type represents the aspen forests in the northern sectors of

-

83L (Plate(%). They occur at low elevations (610 to 960 m) on gentle

north Slopes (c1asses 1l to 5; CssC 1976) . They are young (45 to 125 yr.),

E. . ; | have lush shrub and herb understorys and often have plentlful white sprucet
_regeneration. Constant_species (over 80% presence in plots_withln type)
wnich comprise nost of the tota; plant oover, are Vibuznam edule, Lonicera
lnvolucrata, Rosa acicnlaris, Petasites —paimatus, Rubus pubescens, Epilobiwr

o angustifolium, Pyrola asarifolia, Astér-conspicuds, Maianthemum,canadens;,

Cornus canadensis and Linnaea. borealis. No soeeies have mean oover grearer

than seven percent (Table 1). Aralia nudicaul;s and Spiraea lucida are

locally undant The mos$ layer has generally low cover (Table/i)

4

The antlcipated climax is. the Picea glauca~Rubus pubescens—uaianthenmm
! ) canadense type. The abundant white spruee regeneratlon andnmaturlngddnlte
spruce trees in the understory (Table 2) suggesr probable eventual dominance
'/w ny white eprucel Foresr productivity is variable in the aepen foreets |
iranging.from CLI class 3 to S (Appendix 9) as deterﬁined from the plot data.
Soils are well to imperfectly drained and anlude in oFder of
L

decrea31ng abundance, Gleyed Gray Luvisols, Orthic~ Gray L@yisols, Solonetzlc

Gray Luv1sols and Eluviated Eutric Brunisols on flne—textured 1acustro-
till, lacustrine and alluvium overlying lacustro-till parent materials.

Lodge and Donnelly are the predominantﬂsoil groups. '
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\\ ) .g
Table 2: Regeneration density and standard deviation, regeneration presence, ’ E
ranked total volume of major tree species‘within the 15 vegetation types 3
&. . <
Vegetation ' 1 Species - ~
Type No. Sw . sb Fa Lp A Bp B -
1 Regeneration density’. 1087102 1446 295t367 -seiles 19%s9
(n=14) Regeneration presence 71 © 14 . 64 .29 14
Ranked total volume 3 7 6 2 1 -4 S
2 ;Regeneration density 20 . , 20
(n=1) Regene:atign presence 100 T 100 :
Ranked total volume 2 * - -3 1 4 ‘
w , E |
) . + + ' + + + +
3. Regeneration density 121-229 189-528 1029-2860 279-364 67-169 13-32 | i
{n=11) Regeneration ptesence 45 18 36 ' 55 18 18 5
Ranked total volume 1 T4 5 6 2 3/
. . v, + + + ' + + g
4 Regeneration density 276-474 180-572 762-1456 34-80 - 11-23
(n=11) Regeneration presence 64 27 4% . 18 ©27 .
Ranked total volume 1 2 5 6 * 4 3 7 : g
N . N + + s . +
5 Regeneration density 88-110  56-95 978-866 56-95 - 18-47
(n=7) " Regeneration presence 57 14 86 14 - 14 .
Ranked total volume 1 S , 3 2 C 4
6 Regeneration density - 395¥596 56295
(n*7) Regeneration presence 43 14 . _ .
Ranked total volume 2 1 : . 3. : ‘ T
7 Regeneration density. » 27308611 is¥zs - . .
(n=2)} Regeneration presence 100 . ’
Ranked total volume 1 : S
8. Regeneration censity 2307463 1357362 399728 10721 1327253 ’
(n=13) Regeneration presence’ i8 23 o 54 23 ., 1
Ranked total vdlume -2 i . 5 13
+ + ‘ + :
9 " Regerreration density 49-67 630-1260 31-47 . E
(n=4) Regemeration presence | o 75. .25 5a 50 50
Ranked total volume . - 3 1 c2 <"
. . SRR + + + + o+ +
10 Regéneration density 696-2325 78-205 192-301 23-33 29-71 15~55
(n=13) Regeneration presence 54 31 46 - 46 15 8
. 'Ranked total volume 3 2 5 1 4 . 6
’ . . . + + ) + + + + +
11 Regeneration density 91-203  524-701 30-98 44-78 33-54 3-8 30-91
(n=9) Regeneration presence ., 33 . 67 . 22 44 33 . 11 21X
Ranked total volume * 3 . 2 N 1 4 :
. - - T . + +
12 Regeneration density 8—654. 422-1280 10-26 1-4

(n=31) Regeneration presence ; o 42 45 16 3

N Ranked total volume P 4 1 ) .
' s : X S . B + + : + .
13 Regeneration densip . 258-769 1036-~159Q 47-105 s
(n=11) Regeneration pts 27 82 18 B
Ranked total vo; 2 -1 5
14 _Regeneration dens t R s i
{n=2) Regeneration presenc®:-" 100 i o N
’ Ranked total volume ) 2 : S
1§ ° Regeneration density 25 © 3707
. (n=1) “Regeneration presence 100 100
.~. _ Ranked total volume " Se 1 ’ - 2° . -

1 .Sw-white spruce; -Sb-biack spruce, Fa-subalpine fir, Lp-lodgepcle pine, A-aspen,
Bp-balsaxg{popla:, B-white birch, Se-Engelmann spruce

2 Stems ha of stems less than 1.3 cm DBH )

3 Percent of plots of a particular vegetation type in which a particular species
of tree regenération occurs. .
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2. Populus balsamifera‘/ Rosa acicularis / Thalictrum venulosum

( plot 18 ) “ / "',

The balsam‘pqplar forests occur sporaaically at low elevaéions (690 m)
on alluvial floodplalns which are Stlll sub]ect to perlodlc floodlng. The
herb understory is dense but Mbss cover is sparse. Constant species are
Rosa acicularis, Rubus strlgosus, Lonicerg involucrata, Thalictrum venu;osum,
Equisetum arvense, Aster conspicuus, Mértensia daniculata, Calamagrostis ’
Cagadensis aad‘Viéia ameridah;:J stands of this type are young (ca,70 yr.)
and appear to ba sucseéding towards the Picea glauca / Rubus pubescens-
Maianthemum cagadense type. Thi;?t;end islsuggested by the many under-
story sPecies in common to the two types (Table 1) and fhe presence of
white spruce seedlings and maturlng whlte spruqs trees in the understory
(Table 2). Balsam poplar productivity is fairly hlgh (class 3), but heart -
-rot in this species occurs at -an early age.

- B * ' ) . ~
Soils-are well drained Orthic Regosols on alluvial parent material.

3.° Piceavglauca / Rubus pubescens-Maianthemum canadense !
( plots 24,25,44,47,48,91,94,95,117,118,124 ) . B
 These white spruce forests (Plate 4) occur at low to médium elevations

‘-1220 m) on generally ﬁ%rth—sLoping (classes"1 to 6) sites. They'

are generally'§oung (70.to 14Q‘yr.) and have well éeveloped shrub &nd‘hégpf
understorys. éonsfant specié% are Lonicera involucrata, Rosawacicularis;
ijurnum edale, Rubus‘pabescens, Maianthemum canadense,_Mitella nuda,

Jornus canadensis, Linnaea borealis and Petasites palmatus. Cornus o ) .
stolonifera, Alnus-crispa,_Alnus tenuifblia;and Aralia.nudicaulis are

then evident in thls type but are seldom seen in the other white spruce

types. Hylocomium splendens is the predominant.moss. This type can



;

Plate 3

Plate 4

s 3 2y A TIPS TR T R T T T O WA T Ly -

PopulusAtrehuioides/viburnum edule/Rubus pubescens

type¢(Type 1).

—

Picea gla&éa/Rdbus pubescens—Mq;anthemum canadense

type (Type 3).

4
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commonly be seen on depressional sites witTin aspen forest, sudgesting
that succession advances faster on these sites. The abundanceﬁgf white and

black spruce seedlings and fir seedlings in some stands of this.type (Table 2) }

.

should ensure pérpetua;ion of this type.as well .as increaséd abundance

éf black sprucé.and subalpine fir in some stands. Forest productivity is
good (classes 3 and 4) but appears to be_leés in the older foresés. It is.
digtiﬁguished from the wetter Picea glguca/Eguisetum ;rvénse/Hngcomium
splendehs type'by‘tﬁe §resenée of Maianthemum canadenée, lower.Equisetum
arvensé cover, the absence of Carex capillaris,'Lesg moss cover and by
gengrally better drained soils.

Soils are moderatelyﬂyell to impérfectly drained Orthic Gray Luvisols,

-

Gleyed Gray Luvisols and Luvic Gleysols on alluvium over lacuétfo-till;
lagpstro-till, Continental and Cordilleran t¥1l. Donnelly, Snipe and Edson

are the predominant soil groupé.\ . .

-~

3

‘4.. Picea glauca / Eéﬁisetum arvense / Hylécomium éplendens
A plogs-5,20,49;50,57,59,61,78,101;121,136 )

The whiﬁevspruce-horsetail forests (Plate 5@ 6ccu: at low to moderétely 7

high\elevat}ons (670 to 1450 m)_on‘gentle (classes 1 to 4) generally north-
. . . o

facing slopes. Théy are young .to moderate19 old (80 to 220+ yr.).  White - %
spruce and subalpine fir,regéneration is.common in many éf.thgrstands
(Table 2). The»understcry.is'herb:dominated.ahd a denseykglocbmium épiendens

cover is present with lesser amounts of Ptilium crista-castrensis and
’ e

Pleurozium schreberi (Table 1). Constant species include Rosd acicularis,
) t ; : :

Lonicera involucrata, Equisetum arvense, Petasites palmatus, Mertensia

paniculata, Mitella nuda, Cornus canadensié,'Linnaea borealis ang Rubus
. Iy ' N

RN

pubescens. Carex capillaris,an indicator of the moist conditions of this

type,is found in approximately one-half of the plots of this type. Forest ‘,
produqtivity is variable (class 2 to 5) and appears to be less in the older D

forests.
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Soils are poorly to imperfectly drained peaty Orthic Gleysols, peaty

b ]

Luvic Gleysols and Orthic, Luvic, and Rego Gleysols on Continental tilf
alluvial sand and lacustrotill parent materials. Snrpe, Smoky and

Gunderson are the predominant soil groups. 1%

.
¢

“ '

5. éicea glauca / Hylocomium splendens
( plots 7,10,126,127,128,129,133 )
\rlThe‘white spruce-feathermoss forests (Plate 6) occur at low to
mbdératély high elevations (610 to 1280 m), often along va;}eys of major
rivers on. old river terraces, on generally ﬁorth sloping (classes 1 to 6)
sites; They are young to moderately 6ld (70 to 170 yr.), have“sparse
shrub understorys, a herb-dwarf shrqp stratum dominaﬁed by Cornus canadensis,
and Linnaea borealis and a dense cover of Hylocomiuﬁ>spdendens_énd Pleurbzium
- schreberi . Lodgrpole ping forms gviargé'proportion of theﬁggsal'arearip |
somé stands bﬁgiis being replaced bf white séruce. Subalpine fir regenera-
_tion is abundant in most of the stands (Table 2), suggegting eyentual
co—d;minance of subalpine fir with white éﬁruce. ‘Constant species are
Cornﬁg-canadensis,'Linhaea borealis, Pgroig secunda, Hylocgmium splendéhs

4

and Pleurozium schreberi. This type is stable and has moderate forest

productivity (class 4 to 5). ‘ , : !

Soils are rapidly to well—dralned Orthic and Cumul;c Regosols,

7

Brunlsoric Gray Luvisols and Orthic Gr;;\ﬁﬁV1sols on generally coarse-
. [ 3 .

textured alluvial sands and gravels, outwash graveis, and coarse—textu;éd.i"

'qudilleran till. Jarvis and Robb are the predominant soil groups.



T R L i o

39

* (g odAl) ’ . , *(p odAl) edA3 mﬂm&:mﬂmm
adXk3y m:mv:mﬂmm.E:wEObonz\w0=MNm paOTd 9 ®3eld um woooT fiff/osusare umjzesinbg/eonerh vaord G 93IRId

~ P ©




40

6. Picea mariana / Ledum grgenlandicum / Equisetum arvense

( plots 15,31,63,65,67,73,135 )

The black spruce forests occur at low tc m1d-e1evat10ns (840 to
1220 m) on gently slop1ng (classes 1 to 4) sites with a northerly aspect,
and may occur 1n a55001at10n w1th the P1cea mariana / Ledum grocalandicum /
FUAUS chamaenorus type./ The slightﬂsloPe.of'atangs of this type probably
allows more oxygen to move through the peaty soil than in the black spruce-
labradcr tea-cloudbkerry type.‘ The stands are young to‘fairlyvold (75 to
180 yr.) and are usually in‘climax condition, with'abundant black eéruce
regeneratiqn K?able 2). The herb‘undefstory is often sﬁecies rich. Constant

el

species are Ledum groenlandicum, Vaccinium Vitis-idaea, Equisetum arvense,
- . -
Petasites palmatus, Carex capillaris, and Cornus canadensis. The.moss
stratum is dominated by Hylocomium splenéens, Pleurozium schreberi and
1es$er amounts of Ptilium crista-castrensis and Sphagnum:spp. Tﬁough
. .
1nd1v1dual trees often Lattain merchantable .size ({such as occasional white
spruce) in this type, overall productivity is rather low (classes 5 and 6)
‘Soils are poorly drained Terric~Mesisols, peaty Rego Gleysols and Humic
" ) !

. Luvic Gleysols on organic and occasionally £ill parent materials. Kenzie

and to a lesser extent, Smoky are the predominant soil groups.

7. Picea mariana / Ledum grpenlanaicum / Rubus chamaemorus '

( plots 14;29 )

This typevfepresents the black spcuce bog vegetation (Plate 7). The.
>bogs cccur‘at iow.to mid-eievations (915 to 1070 m) ip depressions with
impeded drainage on level sites with hummocky microtopdgraphy. These

: 1
open forests are often over 200 years. old and can be considered climax.
‘The well developed shrub layer is'dominated by Léduﬁ groenlandicum. The

herb~dwarf shrub understory is domihated’by Vaccinium vitis-idaea, Rubus

:
)
A
1
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chamaemorus and Oxycoccus microcarpus. Sphagnum spp. are abundant. Tree \

. . } N
cover is sparse and productivity is very low i(class 7) and can be considered
non-merchantable.

Soils are poorly drained Typic Mesisols and Fibrisols on moss peat

parent materials. Kenzie is the predominant soil unit.

8. Pinus contorta / Viburnum edule / Rubus pubeScens

( plots 58,71,92,93,97,99,.103,104,105,i07,108,116,120 f

This is a relatively commbn forest type in 83L on ndrth—sloping (classeé
1 'to 6) sites at mid-elevations (880 to 1040 m). It is gharacterized by
yodng(éﬁ £6 90 yr.) lodgepole pine stands of fire origin and often
plentiful whité‘spr;ce,Vblack'spruce, subalpine fir and paper birch
regeneratién {Table 2), indicating péssible eventual dominance Qf these

;
species. The occasional occurrence of Oplopanax horridum in this type /

(Appendix 7), and the lush herb understory seem to indicate high preci i;/

/

tation. Constant species include Viburnum edule, Lonicera involucra a,/”

/ s

. X i _ o " 4
Rosa acicularis, Rubus pubescens, Cornus canadensis, Linndea borealls/
Pyrola asarifolia and Epilobium angustifilium. Pleurozium schrebdri /

domirates the moss layer. Though not restricted to this ‘type,

scopulina, Spiraea lucida, Maianthemum canadense and Gymrocarpium

1}yoptéris maJ be considered to be indicators of these forests. This
type is similar to the Pinus contorta / Spiraea lucida / Cornus canadensis

type but appears to be more moist as indicated by the higher cover of

/iburnum, Sorbus, Rubus %ndVGghnocarpium.' This typé‘also has affinities
with the Picea glauca / Rubus pubescens-Maianthemum canadense:type towards

vhich it might be expected to succeed. Forest productivity is good

(classeé£3 and 4). “ . . i




mmoas am L o ov s n Lt aneemoleep e T A RS e s n L e g e g RN R T s e .‘y.‘ . ..{...‘ .‘«,\
i ot ERU— e o g e BT 7

o
<

- (0T ®dAL) °odX3 sysuepeued . i * (L 9dAl) adA3 snioursrpureyo
snuro)/edsTao snuTyY/eP3I03U00. snurd 8 93eTd snqny /uno fpue rusoxhb wnpe/euerIew sOTd [ 93e1d




——

A

Soils are rapidly to'imperfectly drained and include Gleyed Gray Luvisols,

Eluviated and Orthic Eutric Bruniéols, "bleached" Gray Luvisols (Brunisolic

& .

Gray Luvisols with Ael horizon of high color value above a darker Ae2 horizon)
and Orthic Gray Luvisols on Continental till, sandstone and shale bedrock
and aeolian sapd parent materials. Edson, Torrens and Ceopton are the

predominant soil groups.

9. Pinus contorta / Spiraéa lucida /‘Cofnus canadensis

(. plots. 43,102,119,131 )

This é’Lg is not common and occurs at low elevations (915 to 1265 m) -
on sloping topography (Classes 4 to 7) in association with the Pinus
contorta / Viburnum edule / Rubus pubescens type. Ip\is characterized by
young (less than 125 yr.) lodgepole pine stands of fire origin with a lush
‘herb-dominated understory and.régenerating.aspep, paper birch and some
black spruce. ‘Constant specges include Betula pabyrifera,'Rosa acicularis,
Sgiraea‘lucida, Cornus canadensis, Linnaea’boréalls, Arnica cordifolia,
Lycqpodium anhotinum, Lycopodium complanatum, Pyrola asarifolia and
Pleurozium schreberi, the'dominant moss (Table 1l). Forest productivity
is moderate (classes 4 and 5).

Soils\;re well to moaerately well drained Orthic éray Luvisols and
: Y I i '

Bruni Gray Luvisols on Continental till, Cordilleran till -and alluvial

i -

sand obﬁtwggdrock parent materials. Soil groups include !fayberne, Edson,
ﬁobb and Lodge over unconsolidated sandstone bedrock.
10. Pinus contorta / Alnus crispa / Cornus canadensis

( ploﬁs 9,21,22,28,37,62,68,77,83,109,113,114,130 ) .
This type is fairly common and is’ characterized by young (less than

100 yr.) lodgepole pine stands of fire origin at moderate elevations

%
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(840 to 1280 m).“ Well developed shrub dnd herb undersrorys are present

\ . f

(Plate 8), and‘many stands have abundant white spruce regeneration (Table ).

Constant species include Alnus crispa, Vaccinium caespitosum, Cornus

]
R

canaden51s, Linnaea borealis, Arnlca cordlfolla, Peta51tes palmatug,
3

Calamagrostis canadensis, Pyrola asarifolia, Equisetum arvepnse and

Pleurozium schreberi,the dominant moss. The shrub Rubus parviflorus has

sporadic occurrence in this type.

Adequate tree seedilng regeneratlon following clearcuttlng might be

a problem on this type where great increases in competipg Alnus and

Calamagrostis cover such as those observed by Corns and LaRoi (1976) for ’ -
tue area.north of Edsoni Alberta could be anticipated. Forest produc;ivity

is moderate (classe 4 aud 5}).

Soils are moderaeelvaell“to imperfectly drained Orthic and Gleyed
|
Gray Luv1sols, Brunisolic Gray Luvisols and "bleached" Gray Luv1sols on

g

Ccrdi}leran or Continental till and shale and sandstone bedrock. Edson,

Marlboro and Torrens are the predominaht soil groups;

11. Pinus contorta / Ledum groenlandicum / Pleurozium schreberi

)

( plots 12,13,55,60,70,84,88,89,96 ) i

The lodgepole pine - Labrador tea - feathermoss forests (Plate 9) are
. . . . . ¢

-

common at moderate elevations (745 to 1220'm) an

re characterized by
young to fairly old (80 to 180 yr.) lodgepole pine s ands of fire origin

on. sloplng topogﬂaphy (classes 1 to 5). Black spruce

b% ::_4‘9

s often present .

@ . 2

3

? Tab'e 2). é&ﬁﬂmay;@veﬁtéally agfume domlnance (eg plou 55). Labrador tea “f

,“/

ut warf shrubmand ‘herb cover: 1s usually sparse
¥z

. 3 hv W

"_mo%E 1ay Q' domlnated by a dense cover of Pleurozium

ally abundant bﬂlv

”scgfﬁberl, Hyfbcdmmum s@lendens and‘Ptlllum crlsta-castren51s with lesser
R S T

e g R

ramounts of tbey;
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in this type. Constant species include Ledum qruenlapdivum, Vaco tnium
vitlis-idaea, Cornus canadensis, Linnaea borealis, Rleurosinm schreber i
and Peltigera aphthosa. This type is similar to the lodgepole pine-

black spruce-tall bilberry type but seems to occur in areas of lower precipi-

~

tation at generally lower elevations. It “lacks the tall bilherry which is

often replaced by tfe“plueberry (Vaccinium myrtilloides). Forest productivity

is moderate (classes and 5).

S0ils are moderately well to imper fectly drained Orthic Gr§§ Luvisof!,

Brunisolic Gray Luvisols, and "bleached" Gray Luvisols on Cof

- *

Cordilleran ti}l, lacustroitill‘énd bedrock parent materigﬁs. +S0il groups

#nental and’

include Edson, SmNpe, Torrens, Copton, Sheep, and Heart.

-
~-

12. 'Pinus contorta

bcea mariana / Ledum groenlandicum / Vaccinium
membranaceum ‘ )

9

( .plots 1,3,4,6,8,11,17,30,34,36,38,39,51,52,64,66,69,72,74-76,
' 79-82,98,110-112,115,137 )

The lodgepole pine-black spruce-Labrador tea-tall bilberry forest type
(Plate 10) is more extensive than any c: the others in the 83L area and

r

occurs on gently sloping (classes-1 to 5) sites of variable aspect from K
low to relatively high elevations. (840 to 1465 m). It is charagterized
by young to fairly old (65 to 190* yr.) lodgepole pine and black spruce

layer of

&
stands of fitre origin. Black spruce forms]h tree undéxst@y

approximately B* s&me age as the pine. Black sprucé and éubalpine fir

regeneration is often abundant (Table 2),"indicating probable eventual

succession to these species. Ledum often forms a dense low shrub understory,

and herb cover is moderate. Constant species include Ledum groenlandicum,
\ : ,

o . . )
Vaccinium membranaceum, Vaccinium vitis-idaea, Cornus canadensis and Linnaea
A 4

borealis. A dense feathermoss cover of Pleurozium schreberi and Hylocomium

splendens is usual. This type is transitional to the Pinus contorta /

&n
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Late 9 Pinus contorta/Ledum grbenlandicum/Pleurozium'schi'eberi
type (Type 1ll). . R ' . '
- ’ E " g &
‘late 10 'Pinus contorta/Picea mariana/Ledum groenlandicum .
, -Vaccinium membranaceum type (Type 12).
; _ . _
‘ N}
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adum groenlahdic&m / Pléurozium scbréberi type at lower elevations. At
- , S

e upper limits of type 12, Rubus pedatus 1s*sommon, and Men21e517'glabella,

hododendron albif lorum, Tlarella trlfollata, and Arnlca latlfolla Lre

£y

poradic in occurrence. Forest productivity is moderate (class 5 w;\h a

ew exceptions).

Soils are moderately well to imperfectly drained Orthic Gréy Luvisols,

S

L3

.
R
'ri“%&m}f‘.“‘"“'?J’?kﬁ~ml;-‘.‘ i R, S

ruﬁisolic‘Gray Luvisols and "bleached" Gray Luvisols. Edson, Mayberne and
arlboro are the-predominant soil units.

& ' . . 8

3. Pinus conto)ta / Menziesia glabella / Rubus pedatus . o o

( plots 32,33,35,40-42,53,54,125,132, 134 ) | . . )
N : -

s

The lodgepole pine-false azaléa type (Plate ll) is a subalplne forest

TS

: !
ype restricted to the south and west portlons of 83L at high elevations

<

- e

1220 to 1555 m) and is characterlzed by young to fa1r1y old (70 to 180 yr )

adgepole pine stands of fire origin. Black and white spruce‘and subalpine .

o

ir regenéralion is cbmmonly ébundanthin°the older stands (Table 2)\indicating

2

robable eventual succession 'to these'sbecies.\ A shrub understory of
o . N
enziesia glabella and often Rhododendron albiflorum, another characteristic - N

pecies of subalpine forests is present. Herb cover is moderate. The
ubalpine hefbfVeratrum'gscholtzii occurs sporadically within this type.

he prgdominantlj‘shrub understory could provide'bompetitioh with tree

eedlings following clearcutting on this type. Constant $pecies include,

t 3

enziesia glabella, Ledum groenlandicum, Vaccinium memkranaceum, Vaccinium
| o B

itis-idaea, Rubus pedatus, Cornus canadensis, Einnaea borealis, Lycopodium

o o Ay e e

.

nnotinum, Pleurozium schreberi, Ptilium cristaﬂcastrensis and Hydecomium

¥

s,

vlendens. Forest prodqctivity‘is;low;(classes 5 and 6).

5

Soils are well to moderately‘gellAdraiﬁed Brunisolic Gray Luvisols ,

nd "bleached" Gray Luvisols on Continentql till and thin Cordilleran till

\ik

et e 0
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4

over bedrock pagent materials. Mayberne is the

+

ant soil* gf‘oup : | R

w1rh leséer occurrences of Marlboro, Torrens,{hm@ Fobb. v . ' 3

14. Pinus apntorta / Vaccinidr mgrtilloides / Cladonia spp.
hY . . -7 . : )
( plots 16,56 ) | . N

S S

The lodgepole pine-blueberry-lichen type was not common and was, only

By

sampled twice.” It’ is restricted to well drained, coarse textured soils.e

2

~ The tree canopy is open, and black spruce regeneration is usually present. |

‘, This type -1s" cIosely related to the lodgepole pine-Labrador tea-feathermoss

°

type and is charactetized by a similar climate and elevational. range. Herb

R e A SRR L s

and moss cover is sparse but lichen cover may exceed: 30%. Constant species - '
include Ledum‘groenlandicum, Vaccinium myrtilloldes Vaccinium vitis-idaea,
Axctostaphylos uva-ursi Cornus canadensis Pleurozium schreberi, and 1

cladonia spp. Forest productivzty is low (class 6), probably due to
b ° . (.\) [
1imited soil water holding capacity. :

Soils are well ‘drained Orthic Humo—ferric Podzols and Eluviated Eutric

* Brunisols on outwash sand andﬁﬁlluvial sand parent materials. Blackmud is !
T . . o B . . . \r
the predominant soil group. ' !

I3 . . )
- . . . . o

15: Picea engelmannii-aAbies lffiocarpa / Menziesia'glabella S a )
" T ' S ‘ . '

( plot 2 )

€.

The Engelmann spruce-subalpine fir-—false azalea forests (Plate 12)

A i

form a climax type which occurs on steep (classes 5 to 7) north-facing

Flopes at high elevations (above 1670 m) in the south-west corner of the

-

_Wapiti.map area? Menziesia may form a fairly dense shrub understory but

herb and low Shrub cover is generally sparse. Constant specxes-include
Menziesia glabella, Phyllodoce empetriformis, vaccinium membranaceum,

Rubus pedatus, Pedicularis bracteosa, Cornus canadensis, Lycopodﬂun annotinum

~
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and Arnica latifolia. Tree growth is slow (classes 5 and 6) and stands

L4

are usually not suitabfe for. commercial use. The type is species poor and

would show a slow recovery after disturbance.

W

Soils -are moderatblthell to imperféctly drained Orthic Gray Luvisols

_on Cordilleran till. Robb and Copton are the predominant soil groups.

1

C. GEOGRAPHIC RELATIONS AND OTHER STUDIES

The flora of the Wapiti map area is predominantly Boreal, though it
contains Cordilleran and Pacific elements (Moss and Pegg 1963), notable

\

species with primarily Cordilleran distribution are Picea engelmannii, Coe

'Abiés lasiocarpa, Pinus contorta var. latifolia, Menziesia glabella,

Rhododebdron albiflorum, Sorbus scopulina, Spirqea lucida, Veratrum

iy s . ' /.
-eschscholtzii, Rubus pedatus,®accinium membranaceum, Phyllodoce ’ ~

empetriformis and- Arnica cordifolia. Species with primarily Pacific

'distributions include Oplopanax horridum,-Rﬁéuslparviflorus, Sambucus ///f
. ST —
» pﬁbens and Tiarella tiifol;até. )
Compatis?ns.betweén the ioresiitypgs as_described here and those
‘described by other wonkéfs fofbthefwéstern Boreal forestjare in large part -

© e o™

based upon.subjeCtive assessments of floristic composition and dominance’

. ) .
"due to a lack of published quantltatlve data. Early forest~classifications

such as those by Raup (1933, 1934, 1946) and Moss’ (1953, 1955, Moss and

v

,qug 1963)'are'gene;al and in a single grouping may 1nclude several of the

- vegetation types described here. For example, the "upland spruce forests"

referred tc by Raup (1933, 1934, 1946) would include types 3, 4 and 5 of the
< ' .

présent study. ‘ * ¢
. . o \‘ X
- In the following discussion, each of the forest vegetation types of

the Wapiti map area are compared briefly with simiTar vegetation described:

&~
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by otner authors for the western boreal forest,
: ) ‘

» The Populus / Viburnum / Rubus type is included within the aspen

e

poplar consociation of the poplar association (Moss 1953) and bears !
AR N
strong.resemblance\to‘the Populus / Aralia / Llnnaea-%cosystem of Kabzeﬂg
et al.'(1976) described for central Saskatchewan, and appears to closely
resemble the aspen forests at éandle Lake Saskatchewan described by Swan
" and Dix (1966; Dix and SWan, 1971) . The aspen forests of the Wapiti map
“area bear somewhat less similarlty to the Populus tremuloides varian;~of.

the Ptilium crista-castrensis / Gymnocarpium dryopteris / Abies lasiocarpa-

Plcea glauca asSoc1at1bm oﬁ Wali and Krajina (1973) and‘ﬁzzthe Mitella-
N' _“v £
Cornus subtype of. the ﬁntelLa-Tlarella—Rubus pedatus type of Ku]ala

A

(1945) described for north eastern,ﬁr;tlsh Columbla.
: \

. The POpulus balsamifera / Rosa acicularis / Thalictrum venulosum type

\

corresponds to.the balsam poplar consoc1atlon of the poplar a55001at10n'
(Moss 1953) and is similar to the balsam poplar forest - vegetatlon dés\/xé/
by Dix and Swan (1971) for the Candle Lake area of Saskatchewan.

Vegetatlon bearlng close resemblance to the Picea / Rubus-Malanthemum
type has been descrlbed by authors in Alberta and saskatchewan. .This
vegetation corresponds to thethite'spruce-shrub-herb‘faciation of ‘the
white spruce associarion described:for:Alberta by Moss (1953); is included -
w1th1n the Lonicera / Rubus-LathyrUS group descrlbed by LaRoi (1967) for
western Canada and w1th1n the Plcea—Ables / Vlburnum—Hylocomzun community
type of Achuff and LaRoi (l977) descrlbed for the hlghlands/of northern
Alberta and appears very similar to the white spruce-sarSaparilla associa—‘

tion of Lesko and Lindsay (1973).: There is also close SLmllaflty to the

T

Picea glauca / Populus / Cornus / Rubus ecosystem of Kabzems et al. (1976)
*descrlbed in central Saskatchewan and to the §h1te spruce vegetatioen

described by Swan and D1x (1966) ‘and Dix and Swan (1971) in the Candle Lake

)"> . “_,
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area of Saskatchewan. The most similar described vegetation to the west

of the Wapiti.area is the Ptilium crista-castrensis / Gymnocaré}um dryopteris /

*
s

AQies}i eiecarpa-Picea gfauca associatiob described by wali aﬁd Krajina (1973).
for"nﬁh—eastet'n British Columbia. ‘ \

The Dicea glauca / Equisetum arvense / Hylocomium splendene type
eorre5pondslto the'feathermossikaciation of the white spruce aesociatioﬁ
descrlbed for Alberta by Moss (1953) ; is included w1th{m the ’Plcea—Ables V4 '
V1burnum / Hylocomium communlty t&pe of Achuff and LaR01 (1947), described
for the hlghlands of northern Alberta and appears very 51m11ar to the

;

~white spruce / horsetEil association of Leskovend'Lindsay (1973) described

in west-central Alberta and appears comparable to the Picea glauca-Equisetum ‘

ecosystem descrlbed by Kabzems et al (1976) for central Saskatchewan.‘
Somewhat sxmllar vegetatlon descrlbed to the west of ‘the study area 1ncludes
the Ggmnocarpium drgopterls /. Oplopaﬁax horfldum / Abiesfla51ocarpa;P1c;;;A
;lauce asseCiation describea by Wali and Krajina (19%3) for north;eastern:
* British Columbia and t;e Mitella-équisetum ;colony" of Kujala (1945)
described in eastern British Columbia. .

The Picea glauca / HgiocomiumVSplendens'type is also included.w%ﬁhin
the_featherméss faciation of the white spfuce'association deecribed fer
A;Beréa by Moss (1953) and appears te beganalogOUS to the'white spruée-‘
feathermose associatibneof’Lesko and Lindsey.(19i3) and to ﬁhe Picea glauca /
Pleurozium £ype of Kabzems et el.‘(1976) on well drained sites in centrai
Saskatche;an. \

The Plcea mariana / Ledum groenlandlcum / Equisetum .arvense tfpe isg

. v

1ncluded w1th1n the biack spruce bog forest descrlbed for Alberta by Lewis
s Q

et al. (1928); within the‘bleck“épruce—feathermOSs association of Moss (1953)

and within thé Vaccinium vitis-idaea-Fragaria-Maianthemum stand dgroup in

the Picea mariana. / Rosa~Ribes triste / Mitella-Mertensia group described

B

(%)

~
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for western Canada by‘LaRoi:(1967)., The black spruce-Labrador tea-horsetail

foregts in‘the Wapiti area also seem to correspond closely to the Picea
h{mériana ( pleurozium / Hylogomium ecosystem described by Kabzems et al.

(1976)vand to the Sphagnum nemoreuﬁ~£leurézium schreberi-ptilium crista-

éastrensisfﬁglocomium splendens-Cornué‘qanaégné?s / Picea mariana associa-

tion described by Wali anderéjiha’(l973i; T

| The Pice; ma:iaﬁa /_Ledum graenlandicum /.Rubus chamaemorus type is .

also included within the black spruce bog forest of Lewis et al. (1928);

within the black.spruce-peat moss associétion of Moss (1953) and is included

N
N

- within the blaék spruce-peat moss bog associaﬁion'of Lesgovand Lindsay (1973).
This vegetation type corresponds to the Picea mariaqa / Leduﬁ / Sphagnum
écoéystem of Kabzems et al. (1976). ‘ ‘ , | /’—d\f\
- The PinUS contérta / Viburnum eduleh/ Rubus pubescens type and, the
Pinus contorta / Spiraea lucida / Corpus éanédensis type do not appear to

have counterparts described for the western Boreal Forest region but the

- -

Y ) . .
lodgepole pine forests of the Wapiti area have in general, floristic composi-

tion\similér to'those described by Newspme,and Dix (1968) for the Cypress
Hills of Albefta and Saskatchewan. The Pinus contorta / Alnus crispa /
Cornus canadensis type appears most similar to ;hé Pinus / Pleurozium /
'Lycoéodium ecosystem of Kabzéms et al. (197%) witﬁ the major differenqe
being thgt Pinugﬂbanksiana seeﬁs to occupy §é§ls and aspects in Saskatchewan
similarﬁto thése occupied bg Pinus contorta in the Alberta foothills. -

The Pinus éonto;ta /~£edum éioenlandicumy/'Pleuroziuﬁ schreberi type
vmbst clé;ely ;esembles the Pinus /}Picea mériaqafPleuro;ium-éc0system of
Kabze@s et al. (1976) with th# exceptions that in Saskatchewan, jack pine

\

-substitute for lodgepole pine and'bléck spruce appears to be mbre abundant

in the comparable community. The Pinus contorta / Vaccinium vitis-idaea

S

. r =
type of Kujala (1945) also appears to be comparable.

\



The Pinus contorta / ficea mariana / Lédum groenlandicum / Vaccinium
membranacegm tyée beafs most resemblance to the Vacé!wium membranaceum type
described by Kujala (1945) for easternuBri;ish Coldmbia which iélmuch more
species rich than its Alberta‘ccun;erpart. The Pinus contorta / Menziesia
glabella / Rubus ped%&us type is.primarily subalpfne réthervthan boreal in

its distribution and is most.comparable to the Vaccinium membranaceum type
described bf Kujala (1945) but ig‘not as spécies rich as the British

‘Columbia community. Similar vegetation is common in the mountains of

' Jasper and Banff to the south (Corns éﬁd Kojima 1976). 1In time, the

lodgepole pine will be replaced by Engelmann spruce and subalpine fir,as it

v

has been in some of the high elevation forests of .the Wapiti area. The
Engélmann spruce-subalpine fir-false azalea type is most similar to the

subalpine Menziesia-Vaccinium membranaceum "colony" and the subalpine
. o “

Tiarella trifoliata-Rubus pedatus / Rhododendrﬁﬁ albiflorum "colony"

described by‘Kujala (1945). but is not as species rich as the British
Columbia representatives.

|

The Pinus contorta / Vaccinium myrtilloides / Cladonia spp.-typé has

a similar-couhterpért id_the Cladonia gracilis-Arctostaphylos uva-ursi-
N

Vaécinium:myrtilloides / Pinus con?o;ta,association deécribed by wali and
'Kraji;a (192}). It is also cémﬁarable7to the dfier stands of the Pinus /

* Vaccinium vitis-idaea\/ Pleurozium ecosystem describiﬁ by KaEzems et‘al.
(1976) except éhat in‘Sask;tghewan jack éine substituFes for 1odgepo%e
pine on rapidly drained éandy sités, s

i

D. INFLUENCE OF ELEVATION, ASPECT AND INTERNAL SOIL DRAINAGE ON VEGETATION
- TYPE ;
A ) » ’

g W (

A three variate representation of vegetation type felationships in

54



X
Figure 4:

\

Comparison of the 15 vegetation types
of the Wapiti map area with respect to
elevation, slope aspect and internal
soil drainage.



R T R S

ch

pRYERE

L

Coyrag I g TR Yy ST LY

R e By e ARy ¢

0
wn

anuds apym o
auid ajodabpoj o

<

_ 9onids uupbwyjabug (o)

aonuds Yoiq o
iojdod wosjoq o
iojdod usdsp @

aN3o3t

Sl

%OO
o v
&, Yo -
o\&\\o\ V\w\
o,
Oyn 0
%,
) .
Y
(g

OlLVATT3

n



T I BRIV A L 2

57

the form of a cube helps to clarify some of the site diﬁferences among

vegetation types. Figure 4 illustrates such relatlonshxps where sox
£ "

drainage is represented on the X axis, elevatlon on the Y axis andn

aspect (arranged in order of decreasing 1nsolat10n recelved) on the Z
axis. Warm, low, dry situations are represented in the bottom left corner
and cool, high, moist situations are represented in the upper right corner.b
The mean elevation and drainage and the modal aspect were plotted for each
of the 15 vegetation types sampled.

It is apparent from an examination of Fig. 4 that,severel of the
vegetation types occur on-predOminantly northerly aspects. Others’seem
to have no preference for slope’aspect and weredthus Plotted on a neutral
(westerly) aspect. Why some vegetation tfpes do.not show more pronounced
affinities fcr southerly aspects is not epparent.

As predominant elevation, soil drainage and slope aspect have previously
been described for each of the vegetation types,‘only pronounced similarities
in these'factors between'floristicaliy distinct vegetation types will be
discussed in this~section. It is expected that the three-dimensionai
presentation should show for example, successional,stages of a particular
type in a similar position on the graph( assuming that the successional °
stages had initially been recognized as separate vegetation tyées.

- On the basis of elevation alone, the aspen (Type 1) and balsdm poplar
forests (Type 2) are separated at low elevations from the other vegetation
types. The Engelmann spruce forests (Type 15) and the lodgepole pine-false
azalea type (Type 13) are separated from the other types at high elevations.
Most of the other 1odgepole plne, white spruce and black spruce types .
cannot be separated on the basis of elevatlen alone.

When soil drainege alqneJis considered, the black spruce bog forests

(Type 7), the black spruce-hcrsetail forests (Type 6) and the white spruce-
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v

"

horsetail forests (Type 4) can befseigrated from the other forest types.
\ . et ) € : ) ,

These three épruce types are simikar to each other with respect to elevation

i e “and slope‘aspect also. ‘When other”g‘ ars are considered, it is apparent
.%. +;4 that-the black spruce bogs are usual ;) lyfi@Vel and that the water .

, | , o
%ah%emis vemy'high. Reducing condltlons "* Present at depth due to the ) | E

'm;ﬁ anae§05§c sltuat{?n."The white spruce horseta11 type (Type 4) and the black ‘ i
t ih}( s

"
LAt o]

| x"“lﬁvspruée-ﬁabradoretea-horsetall types (Type '6) both occur on gentle northerly
PN i o

"slopeﬁvbut the latter occﬁrs on predomlnantly organic soils as Opposeg to ’ 4

o

Pt ,
mlneraljsg'th§ﬁﬁ3rmer, and wlﬂﬁ generally poorer dralnage . The flotisﬁhc-

e m s T R AT A

composxtlonaﬁf these sites furtHer separates them. The whltigspruce—feather—'
moss type (Type 5) is separated from the‘other white spruce types byvthe

higher. elevations and better drained soils. The Picea glauca / Rubus

»

pubescens-Maianthemum canadense type (Type 3) is moderately well to im-

perfectly drained and intermediate with resgect to internal drainage

\

between the other white spruee types. On Fige« 4, Type 3 is similar to the
Pinus eontorta / Viburnum edﬁle / Rubus pubescens type (Type 8) with

respect to elevation, soil drainage and aspect,,type 3 having slightly
? - . :30 o ‘
more restricted soil drainage than type 8. The ages of stands of the two
S T
types overlap. Species composition of the two types is .similar and it
. . a Ny

"appears likely that type 8 would succeed'tpwards vegetation similar to ’ : (

type .3 under the shade of the lodgepolevbine Qahppy:ﬁ

1 ¥
.

Type 8 also has aff1n1t1es ‘with the Pinus COntorta / Spiraea lucida / . L

Cornus canadensis type (Type 9), from whlch it dlffers by haV1ng soils

- -

.w1th slightly more impeded dralnage than type 9. Type,S mlght also be

n

expected to succeed toward the Picea glauca / Rubus pubescens-Malanthemum
canadense type (Type 3) as mlght the aspen type (Type l) 5ucce551onal

relationships may be hypothesized wlth the a1d of»Flgure 4 and W1ll be

d1scussed in more detail in a later section. -
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Lodgepol types 10, 11 and 12 show dlfferences in soil draxnage and

mean elevation (Fig. ). Other dlfferences are described in the type

'describtions. They deve ently and are not related succeéssionally

¢ , .

to each other. The lodgepole pine-blueberry-lichen type (Type 14)" most closely
resembles the white spruce-feathermoss type (Type 5) in termg of elevatibn;
" s0il drainage and aspect but floristically most closely resembles the

lodgepole pine-black Sp:ucesLabrador tea-tall bilberry'type (Type 12) . The

lodgepole pine-blueberry- llchen type (Type '14) is likely an edaphlc climax

RS
due to the dlfflculty encountered by spruce and fir regeneration in soil .
: >
with low moisture rﬁserves.
’ \
E. SUCCESSIONAL RELATIONSHIPS N o

. -

The forests of /the Wapiti map area are in general very young, and

with a few exceptions are first generation stands which have arisen in the

iasq 200 years. The’l5 forest éyﬁes de3cribeq ﬁayelfor the most part ’
originated independently and have not succeeded from one'é% the others.
In general mosﬁ of the area appears to be eucceediﬁg toward a white Sprdce ot
““or mixed spruce-subalpine f1r cllmax, on the ba51s of the preseece of ‘these
spec1es in the understd‘ry layers of Qny of the present forests: (Table 2)
In the mlxedwood of the north-eastern portion of the map area, white
spruce-dominatea stands oféen occur in depressigns with}n largely aspen-
dOminated'forests. It thus appearsuth%} the cool, north-fa¢ing élopes
: ¢

and sites with impeded®drainage seem to succeed tovard their potentialA
"climax" or more stable condition before those ih. better dralneg4;géatlons.

‘ Figure 5 suggests poss1ble successional relationships between the

forest types. The dotted lines indicate extremely slow succession, of the

orde# of hundreds of years. The solid lines indicate more rapid succession,

N\

NN
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pine types is proceeding very slowly. For example, the nearly 200 year

- Picka marlana / Ledum groenlandlcum / Vacc1n1um membranaceum type appear

.o

'diffefent rates, being’most rapid on the moister sites. Types ¢ and 2

e T T g e, R RN T A S RO S S T T Y T RS T 2 T A PR

u

of the order of lOOfto‘300 years from present. in general, the spruce- b AN

dominated vegetation is more stable than the lodgepdle pine—dominated\Vegetaf
s : . 7 : . s

tion, though it #s apparent that succession within some of the lodgepole'

.o .

0ld Pinus contorta/Menziesia glabella/ ubus pedatus forests are very ‘similar

‘

phy51ognom1cally and floristically to much youngexr (less than 100 yr.)

stands on similar sites.

In general it appears that there are at least two successional trends
. . . N l ' S F . . ) : ' ' ' . Y
from the present forest vegetation to climax: ' lodgepole pine, aspen and
' - ~ v

balsam poplar to white spruce; and lodgepoie pine and upland black spruce

i
’

td’m1xed spruce- spbalplne fir forests (Fxgure 5).. The Pinus contorta /

Ledum groenlandlcum / Pleurozzum’schreberl type -and the Pans contorta-

to be succeeding towatda forest vegetatioo dominated by Picea glauca, P.

. engelmanhii»(andahybrids of these two), P. mariana and Abies lasiocarpa.t

@ - a0 ) 2 . . .

"'Lodgepole“pine is absent or present only’as a relic. The understory;is

florlstlcally poor 1ﬁ@the spruce-flr«&eathermOSS type with.the most promlnent .

feature belng a nearly complete cover of Hylocomlum splendens. The mature
€ "

or climax Ricea-spp. /_Abies'lasiocarpa—Hylbcomlpm splendens.forests are f?

spora@ic‘in'occurrehcezand were hot Sampled due to their "overmature" ST

appearance, belng unsu1table for stem analy515 sampllng. H\ . L

¢

The other major success1onal trend appears to be from Eypes 10 8 and
f to Picea glauca/Rubus pubescens-Mauanthemum cahadense (Type 3) forests

) ' ) S B - L
based upon understory similarities anqésften abundant white spruce regenera- v

tion in the pine and aspen forests. Succession appears to be proceeding at ~

seem to be headlng towards type 3 also, but mg\h more slowly. It is

] :
unllkely that the bdlsam poplar forests will succeed to whlte spruce as

o



.one of two dlrectlons (Flg 5), towards Type 3 on 1mperfectly dra

"or towards the better drained whlte spruce feathermoss forest (Ty

'ﬁhe'Picea spp.—Abies“lasiooarpa'/'Hglocomium splendens type.

long as frequent‘flooding occurs, covering young'spruce seedlings with
fresh alluvium. -

Other successional trends are less evident. The black spruce-Labrador
. : S ]

tealhofsetail forests (Type 6) might be expected to succeed towards the

white® spruce-horsetail-feathermoss forests (Type 4) if drainage in the

former was impfgved by man or on a much longer time scale, by regional -

~

lowering.of thé water table.. White spruce commoﬁly forms a minor component

! -

in_Ty%e 6 forests {(Table 2), Succession from black spruce bog vegetation
A ‘ . .
(Type 7) towards the black spruce-Labrador tea-horsetail forests (Type 6)

and from white spruce-horsetail-feathermoss forest (Type 4) to white spruce-

N .
1.

dewberry-two leaved Soloman's‘seal forests (Type 3) might similarly occur
with’increasedwsoil dreinage in tyée 6 in the former case and type 4‘in the
letter. A certain amounﬁ of drying of.the site might be ekpeoted to océer
naturally since the growing‘treeé of the matorihg forest eeem likely to
demandihore water- for growth, and transpifetion,thouoh quantitative daga‘
are Scarce (Satterlund 1972 P 141) N

e

The 1odgepole p1ne—green alder-bunchberry type (Type 10) mlght go- in )

the site was- currently well dralned The former appears more Like Yy 51nce

<

most of the p1ne-alder forests tend to be more 1m?erfect“

Type 5 in'time, with maturation of the already,abunéy t;Aﬁ%es iasiocarpé

seedlings present in many stands (Table2 ) &I {-robably succeed'towards -

L
3

In the past,. due to the frequency of large devastatinévfires, climax

forestbdevelopment was achieved only-in isolated areas. Today, with greatly

)

‘imp;oved aocéssvand modern fire suppression .techniques, ftres are :much’

'smaller-and less intense than those of 75 to‘85 years ago when mdst of the

\‘ v

©
. : : -
e . B

N

_tfan well dralnedl
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4 lodgepolebpiﬁe sténds in the wépiti mép are;‘originated (Table 3). How-
'ever, it 1s stlll unllkely that cllmax forest conditions’ w111 Ee ;chieved
ovqi large areas even in the absence of fire, due to logglng and pulp-
cutting activities, which &re likeiy to result in ‘successional ;eries; . t>
~somewhat é}fférent from tg;se after fire, S , | N ’ ‘ﬁ/ﬁ

B 4

I A ) ‘ . . R
If succession was permitted to continue, vegetation similar to that (\v S

Iy

depicted in\Figure 5 might be expected to develop, with a number of diverse
early successionél.stages on different physical sites_cdnverging towards a ’
small number of climax or. mature forest types in the course of'hund:eds of

vears under the influence of regional climate, sensu Clements%§l916 et seq.).

-F. ORDINATION OF STANDS

The purposes of this section are to describe the vegetational = .

interrelationslgf the 137 sampled plots a;d to integrateuthgseﬁrelationf

Pl 2

ships with thsical habitat data frém £he plots, using the'ordination

method of continuous classification developéig Bray‘ and Cuffis (1957)

. . "
A two-dimensional ordination was constr ted u51ng tﬁe methoq§of‘

Beals (1960) (Flg. 6a) and an 'index of vegetatlonal 51m11ar1ty (Bray agd

S ° X‘ .
Curtis 1957): I= 2W/a+b, where a=sum of quantltatlve values of all spec1ef ©

in stand A, b= the same foristand B, and W= sum of quantitative vaiSés
the. two stands have in common. Prominence value kBeals 1960) data fot‘all‘

vascular species (except trees) were used 'in calculating dissimilari%y;

findicés (I-1), where PV = mean coverg kyﬁfreqdéncy $). To_test,tﬁe'validity

Lf the ordination, 80 random pairs of stands were selected, and a correla-.

tion coefficient calculated between interstand ordination distances as
4 . N '

. measured with a ruler on the ordination field, and the indices of *

dissimilarity. The r value’ obtained was sigﬁificant at the 1% level.
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‘Ordination of the 137 plots showing
the distribution of the vegetation types,
several individual species populations.
and soil groups on the ordination field:
(a) Plot numbers, (b) Vegetation types,
(c) Dominant tree species, (d) Pyrola
asarifolia, (e) Rubus pubesceng, .
(£f) Ledum groenlandicum, (g) Hylgcomium
splendens, (h) Pleurozium schrebegt o
(i) Soil group. -

Figure 6:
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lp - ’odgepolo, pine
‘ws -while Spruce
bs - blagk Spruce

4~ aspen

‘es - Engelman 5pruccz

e ~

Dominant Tree Opecies

bp- balsam poplar
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Ledum groenlandicum
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Hylocomium  splendens
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When the 15 vegetation’types are delineated on .the ordination field

. P “ o R .
(Fig. 6b), it 'is apparent that seVeral of the types are not distinct from
. N i B A . . R Lo -
\

. v oL - v » '
, - s.adjagent:plots ¢f another type. .Thgs‘situatiodpgrises as a result of ‘the

.
- u

‘ipci sion of species with high coverf"Some typés have similar understory

fvégétafiéﬁ but different tree dominants. Prominence values for the tree

-

stratum Qeie not calculated and were ngt'included because of their tendency
to determine the ordination aqe to their genérally high tover valuesL The

L ‘ . . RS .. : " . :
posittion of the plots on the ordiration field is determined largely by the

. . L : .

’speciés with the highest cover yalgéﬁ;”that is, these species éont;ibute,
théxmost to the a and b values in the similarity index calcp?atﬁoh. The

. ' . \
most abundant plant species, for exampke lodgepole ping, arg often ?>t the |,
best indicaﬁors of the environment or phyéiqal»habitat. As discuséed
pgevious;y, the vegetation typesmwere'distinguished accOrdiné to spec;eé
which‘ér; by inference, indicati&é of certain envir@nmentél or hapitﬁt-
conditions: - |

1
as—

> The distribution of certain species wit?in the 137 plotsfpec¢mes
; L I3 )

“épparent%when their cover values are plotted on the ordination field. Tree

St

cover ‘did not emter into the similarity value calculations, but it became

éppareht that plots with aspen-or white spruce-dominated canopies occurred’

together on the ordination field. These groupings indicate an assemblage

. of understory species that Sepafate the aspen and white spruce’plots from

>

"lodgepole pine~dominated,paﬁts for example (Fig. 6c). The whitelspruce,

black spruce and lodéepole pine groupings are discontinuous, indicating

" differences in understory vegetation. These differences are discussed in

<

the previous section.

T

Many other individual species show patterns oh:the ordination. :Five

B

of these are illustrated. Pyrola asarifolia (Fig. 64) is'most likely' to

Ed 4

s -

occur in the white spruce, aspén, and lodgepole pine—green alder (Type 10)
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stands. Rubus bubesceqs (Fig. Se% shows a similar distribution. ILedum

groenlandicium (Fig. Gf) is most abundant ih' the black sptuce—dominated.
stands and in the lodgepole pine-black spruce-Labrador tea-tall bilberry
type? The two most common f osses also show patterns on the ordina-

tion. Hylocomium splendens (Fig. 6g) is most abundant in the white spruce

and in the.imperfectly drained black spruce stands. Pleurozium -schreberi N

. o . ‘ m 1 §
(Fig. 6h) on the other hand, is most abundant in the lodgepcle pine- \
- , T - ‘ A

) PR ‘ N . A ' N I
dominated stands. ] : - .

' ' P ) . [
When the various soil units are plotted on the ordination (Fig. 6i)

some order is apparent. .Certain vegéiation types and, individual plant

species have a higher frequency of occurrence on some soils than on others.
. B . < v .

- o ‘ ‘ ‘
Relationships between vegetation types and soils are ‘discussed in more

detail in a previous section.
Al A -~ )

- A

G. DUNCAN'S MULTIPLE RANGE TESTS

One of thx original objectives of this study was to compare the site

productivity o&.the various soil map units. Duncan's (1955) multiple range

b

‘test is an appﬁopriate means of testing for statistically significant
differences amoung soil map units. However, when MAI for the 137 plots

,. , A _
was stratified a¢cording to*map unit, it became apparent that productivity

A

varied widely within units and that tﬁere were very few plots sampled within
some uﬁits. It is likely th?t much éf the site variation %ithin soil

units is due to soil and topographic features that are impo;taﬁt to tree
growth, but that‘are not well described in soil unit Qefinitions. For
example, surface soil depth, subsoil texture, aspeé;, slope posiéion and \

slope gradient are factors often closély related to site ﬁuality but may

vary widely within definitions for certain soil mapping units (Carmean 1977}).

- 2RSS

- r}
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Thus, much of the variability in MAI within the Wapiti soil units is likq%y

due to the exclusion of, or lack of definition of important site factors

\ . :
in, the map unit ddfinitions. Duncan's tests on MAI among the soil units

aqe therefore not included here. Differences in MAI for all plots, and in
site iwfex for pine-deminated plots could be more readily demonstrated. :
Th; results of Duncan's (1955) multiple  range test on means of mean i

~annual increment in total volume (MAI) among the 15 vegetation types and

. -

on means of lodgepole pine site index in the seven pine;aominated types

i)are illustrated in Figs. 7 and 8. Duncan's tests on means of site index:

at 70 years were done only for the lodgepole pine types.

The most‘produgtive type with respect to MAI was the Populus balsam-
ferafRosa acicularis/Thalictrum venulosum forest (Type 2)} The aspea
foreéts (Type 1) ranked third overall in terms of MAI with a mean of
4,3 m3ha_lyr~l(Fig.,7).'

The most productive white spruce forest type in terms of MAI was the

Picea glauca/Rubus pubescens-Maianth

m canadense type (Type 3) wigb a

mean MAI of 4.7 m3ha-lyr—l(Fig. 7)

in terms of MAI (3.6 m3ha_lyr71) was type 5, Picea gl%&ca / Hylocomium

The least productive white spruce type

splendens.
e

Seyeral of the lodgepole pine forest types were more productive than
some of the white spruce types. The most productive pine type was type 8,

Pinus contorta/Viburnum edule/Rubus pubescens, which occupies similar sites
‘ _ P .

to white spruce type 3 (Fig. 4). The average MAI .in type 8 was 4.2Jr113ha_l
o . v 15 N IS
yr 1 (Fig. 7);mean site index for pine was 19.8 m at 70 years (Fig. 8).
I}
The least proauctive lodgepole pine forest type was type 14, Pinus contorta/

© Vaccinium mgrtilloidesVCladonia spp.,,with an average MAI of only 1.3 m3ha-l

yr © (Fig. 7) and a mean site index for pine of only 11.9 m at 70 years

(Fig. 8). Type 15, Picea engelmannii-Abies lasiocarpa / Menziesia glabella
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v

had a higher MAI (2.5 m%ha_lyt-lf than type 14 but had a sjte index for

Engelmann sprucé of only 5.5 m at 70.years. . .
. > . X !

The black spruce types_had the lowest productivity. The ficea mariana-"
_ / L]
Ledum groenlandicum-Equisetum arvense type (Type 6) with an averiage MAI of 2.1

“m3ha_lyr:_l (Fig. 7) a mean site index of é.2 m at 70 years was somewhat =~
, , o , . ;

more productive than the Pigea mariana/Ledum groenlandicum/Rubus chamaemorus

bog forests (Type 7) which Baqran average NAI of only 0.4 m3ha-;yr-l (Fié. 1), /“1-”7}9

-

N
3'J1§M

3
The fact that several means, representing several vegetation types {%@ "'},; ¥
. h#h %gi;i

( o : DY
and a mean site index of only 4.3 m at 70 years. _ . ‘ :/f;\;\,

are underlined in any particular gfouping_in the Duncan's tests, indicates
. »

that the various vegetation tjpes are not mutually inclusive in terms of

t

produétivity and that ste”of them are Guite variable in terms of ranges Qf
MAI or site index‘for the lodgepole pine-dominated plots. The'Duncan's
tests do éhow however, the relationsﬁips of the vegetation types té each
otherbin terms of MAI, and site indéx for the pine types and should be
useful in rapid evaluation of productivity cl;sses fon forest management

purposes.

Only site index data from plots of vegetation types. dominated by lodge-

N

pole pine were amenable to Duncan's test analysis bécause the small number >
o s
of vegetation types dominated by the other tree species (three by white
/

spruce, two by black spruce ahd only one each by,aépen, balsam poplar and

Engelmann spruce) precluded meaningful analyses using Duncan's tfst.
. _ - ‘

H. STEPWISE MULTIPLE REGRESSION » . //

1. The Forests of th® Wapiti Map Area .o !

1.1 The Lodgepole Pine Forests : ,

The sampled lodgepole pine forests have a mean age of 96 years, a
'. - ~»‘~. =
mean annual total volume increment (MAI) of 3.0 m3ha 1yr‘;, a mean site _0



index of 16.2 m at 70 years and complete their maxjmum periodic annual total

volume increment height at a mean 'age of 77 yearg. These forests occur

at a mean elevation of 1133m, have 1 mean total vascular plant cover of 41%
‘ \ .
and a mean total moss cover of 45%, of which 5% is Hyfbcomium splendens amnd
P4
32% is Pleurozium schreberi (Table 3).

4
The mean soil profile is moderately well drained with a clay in A

horizqn/clay En B horizon ratio.of 0.5 indicating Luvisols. The mean depth

éo'mottlfngﬁisrga cm; mean th;cknéss of moss and litter is 7 cm and mean
ﬁthickness of A horizon (incléde Ael, Ae2 and Bm if presentf is 19 cm. The

average B horizoﬁ (usuélly BL) has a thickness of 26 cm, medipm subangular.

. ~ -
_ blocky structure with friable consistence, a hue of 5.8YR, vdlue of 4.5
[

and a chroma of 3.6. The average coarse fragment content of the profilé is .

7% (Table 3).

1.2 The White Spruce Forests -
The sampled whi& spruce forests have?mean age of 123 years, MAI
3, -1 -1 . - /
of 3.43 m"ha “yr a mean site index pf 14.0 m at 70 years/and complete
their maximum periodic annual total volume increment at a mean age of 104
years. These forests'occur at a mean elevation of 956 m, have a mean total

vascular plant cover of 34% and & mean total moss cover.of 41% (same as

. 3
) lodgepole pine forests), of which 22% is Hylocomium splendens and 1l% is

?
S

. Pleurozium schreberj (Table'4).
The mean soil profile is”imperfectly drained with a clay in A horizon/

Eiay in B horizon ratio of 0.7 indicating Luvisols. The mean depth to
\ . A . .
mottling is 30.5 cm; mean thickness of moss and litter is 15.2 cm and mean

.

thickness of A horizon (includes Ael, Ae2, and Bm if present) is 8.6 cm.

The average B horizon (usually Bt) has a thickness of 18.8 cm, structure

[

grading toward medium angular blocky with friable consistence, a hue of



g,

Table } Means and :tgndard deviations for lodgepolo pine plot data (n=813).
Dependent variables used in multiple regression analyses

are indicated bv Y: independent variables are indicated by X.

Variable

=3 -1
Total volume (m ha )
Plot age

. 3 -1

Mean Annual Increment (m ha
Y1l MAI (rotation age; mlha‘ly
Y2 ,X64 Tree density (stems h
Y3 Site index at 70yr

Total volume per tree (mJ)

Y4 Periodic annual total volu

Maximum PAI per tree
Y5 Age of maximum PAI
2, -1
Total basal area (m ha )
Y6 Mean annual basal area inc
Merchantable volume (mzha.l)a
. b
X1l Elevation (m)
X2 log Elevation
X3 Slope %
&

X4 Aspect®

X5 Aspect X Slope

- X20 % Si+C in A horizon
: . X21.Thickness A horlzon (cm)
X22 Thickness A (Si+C A hor.)
X23 % Si*C in B horizon
X24 % Clay in B horizgn
X25 Thickness B horizon (cm)
. X26 Thickness B (Si+C B hor.)

Mean

313.

95.

-1

ye ) 3.

1

e ) 3.

933

83

408

009

ath . . 20136

16.

me lncrement per

76.

- 40.

rement (mzha-l

]

10.

55.

18

10s5.

55.

28.

25.

1445.

3

yr ©) 0.

18

.47

95

$59

423

4.420
.35
.05
-91

.11

91

98

.64

77

15

Standard deviation
‘l0].349
34.9)
1.082
1.214

1007

0.003

108.992
191.32

-0.46

14.52

23.59

739.48
19.28
12.03
14.58

945,37

81

o



x27
{ x28
J X29
X30
X3t
x32

X33

%35
X36
x37
X138
X60
X61
X62
X63
X33
X40
X80
X81
X82
‘XBB
x84
X85

X86

Table ) cont.

varlable
Clay in A hor/Clay in B hor
4 Stone in profile -

d
Internal profile drainaqe

Depth to distinct mottling ({(cm)

Hydraulic conductivity (cm day—l)

log Hydraulic conductivity
Structure 8 horizoﬁ
Consistence B horizon
Chroma A hOrizone
Hue B horizon
value B horizon
Cﬁroma B horizon
Cancpy ccver
Litter cover
1/log Litter cover

«
Deadfall cover

Thickness organic horizon {cm)

log Thickness organic

. . -1
Regeneration density (stems ha )

Rosa acicularis gover
<
Ledum groenlandicum cover
log Ledum covers
Rubus pedatus cover

Epilobium angustifolium Cover

Cornus canadensls cover

o)

47.36
32.60

-1.37

1.12
1.09

g.26

"+ i+

1+

82

standard deviation
0.282
13.65
0.71
Al
38.99
192.89

0.94
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y

v
Vagiable Mean ' standard deviation

%87 Rubys pubescens cover : . 0.38 o 0.86 '

kBB Calamagrostis canadensis cover 0.15 L 0.41 .
’ Xx89 Vascul;r plant cover 41.132 ‘t_~ 18.C3

X90 log Vascular plant cover 1.58 vl 0.19 \

X91 Hylocomium splendens cover 5.03 ol 6.70

X92 Pleurozium schReber: cover J1.86 : 20.75

X913 log Pleurvzium cover o 1.32 : 0.54

X94 Polytrichum commune cover 0.41 z 0.93

X95 Total moss cover ‘ 45.01 = 23.42

a
' X96 log Total moss cover i.SS M Q.36
97 Total lichen cover 1.56 : T 3.70
. s
Foctn;tes - N
a Mgrchantable volume calculatea using minimum top diametei)of 7.6Ccm '
-
i b X1 to X5 - site variables; X20 to X40 - soil variables; X60 to X64 - stand
variables X80 to X37 - vegetation variables
c Asbect represented by: sine (azimuth.+ 78:})+l
d Internal profile drainage, Structure B horizon and Consistence B8 horizon

scales are described in Appendix 2

e Soil colours are Munsell designation '
L
-
. v
' N
.} ‘ N .
. y K
7
k .
&
« —— -°.
~ [
. N -/////
R .



Table 4 Means and atandacrd deviationw tor white spruce plot data (n=).

Dependent variables used in multiple regression analysen

Variable Mean
3, -1
Total volume (m ha ") ' 462,194
Plot age / 122.83
yo-1 0 -1
Mean Annual Increment (m ha "yr ) 4.016
. 3, -1 -1
Yl MAI (rotation age; mha "yt ) 1.445%
Y2 Tree density (stems ha_l) 1507
¥l Site index at 70 yr 13.96
Dtal volume per tree (m]) 0.538

Y4 periodic annual total volume incremént per

tree 0.003
Maximum PAI per tree T o.0ll
¥YS Age of maximum PAT . 103,88

) o1 .
Total basal area (m ha ) 50.803

Y6 Mean annual basal area increment (mzha-lyr-l) 0.413

Merchantable volume (moha M)* % 413,801
X1 Elevation (m)° \ : 956.06
X2 log Elevation 2.98
X3 Slope % ’ 6.62
X4 Aspectc ot 1.36
XS Aspect X Slope 10.35S
X20 % Si+C in A horizon 56.42
X21 Thickness A horizon {cm) 8.64
X22 Thickness A (Si+C A hor) 464.49
X23 ¢ Si+C in B horizon - 63.20
X24 % Clay in B horizon 30.72
X2S Thickness B horizon (cm) ¥ 16.87

X26 Thickness B (Si+C hor) 1105.74

.

I+ I+ i 1+

1+

I+ i+

I+

grandacd

__are indicated by ?; independent variaties are indicated by X.

99,317

315.54

2.074

an

\o

3.232

0.005
37.65

8.308

~0.41

7.47

25.95
9.37
512.01
21.70
16.73
10.71

812.24

deviation

4



Tat:fe 4 Lunt
var }.lrlr

27 lay in A hop Clay in R '
Y

X28 A Stope in profile
X29 Internal profile Aramm)cfL
XY Depth to distinet ottt iy (o)
1
X1 Hydrauiic conductivaty {omoday v
12 log Hydoaulic conductisaty
N S|
X)) Strycture B hortizon
.
X}4 Consistence B ohoriion
-
15 Jhroma A horizon
X16 Hue B horizon
317 Yalue 3 horizon
X18 Zhroama 3 horiton
X6J Canopy (over
X6l Litter cover
X62 l/loqg Litter cover
x63 Deadfall cover
X319 Thickness orgjanic hortzon (m)
x40 log Thickness organic
-1\
X80 Regeneration denslty i{stems h3 )
X8l Rosa acicularis cover
X82 Ledum jroenlandicum cover
X83 log Ledum cover
%84 Rubus pedatus cover
X85 EFpilobium angustifol:um cover
X86 Cornus canadensis cover

X87 Rubus rCubescens cover

)

ctantar
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L

tat .
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- 1.3 The Black Spruce Forests

5.4YR, value of 4.2 and a chroma of 2.5. The average coarse fragment

content of the profile is 6% (Table 4).

L]
g

The sampled black spruce forests have a mean age of 138 years, MAI of
1.3 m3ha—lyr:1 a mean site index of 11.3 m at 70 yvears and complete their

maximum periodic annual total volume increment #t a mean age of 128 years.

N

These forests occur at a mean elevation of 1044 m, have a mean total vascular

»

plant cover of 32% and a mean total moss cover of 63%, of which 21% is

Hglocoﬁkum splendens and 19% is Pleurozium schreberi (Table 5).

The mean soil proffie is imperfectly drained with a clay in A horizon/

clay in B horizon ratio of 0.8 indicating Luvisols but less clay accumula-

s

Eion in the B than in the white spruce and lodgepocle pine forests. The
mean depth to mottlinggis 23.9 cm; mean thiéknéss of moss and litter is

36.1 cm and mean thickness of A horizon (incluées Ael, A¢2 and Bm if presentL
is 8.9 cm. The average B horizon {usually Bt) ;lso has a ‘thickness of 8.9
cm, is structureless to medium angular blocky with friable consistence, a

hue of 4.8YR, value of 4.1 and a chfoma Of 2.6. The éveragé coarse fragment .
content of the.profile is 3% (Table‘?).

1.4 The Aspen Forests

F

The sampled aspen forests have a mean age of 79 years, a mean

.productivity of 4.48 m3ha-lyr-l, a mean site index of 19.2 m at 70 years

and complete theit maximum periodic annual total voiume increment at a mean
age of 56 years. Théae forests otcur at a mean eleVAtion of 777 m, have a
mean total vascular plaﬁt‘cover of 49% and a mean total moss cover of 10%,

of which 5% is Hylocomium splendeng and 3% is Pleurozium schreberi (Table 6).

The mean soil pfofile is moderately well drained with a clay in A horizon/




/
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Table S Mean;/and standard deviations for black spruce plot data (n=15) .
Dependent variables used in multiple regression analyses

are indicated by Y; independent variables are 'indicated by X.

Variable
3, -1
Total volume (m ha )
Plot age~
‘Mean Annuai Increment (m3ha-lyr—l)
o, . 3 -1 -1
Yl MAI (rotation age; m ha “yr )
Y2 Tree density (stem$ ha-l) .
Y3 site index at 70 yr

Tbtéi volume per tree (m3)

5\Y4 Periodic -annual total volume increment per
tree ’

Maximum PAI per tree

Ys Age of maximum PAI

Total basal area (mzha_l) &

s

t

Mean
253.494
138.25
2.003
1.312
2858
8.25

0.191

0.C02
0.C03
128.16

39.232

Y6 Mean annual basal area increment (mzha_lyr_l) 0.284

Merchantable volume (m3ha—l)a

X1 Elevation (m)b
X2 log Elevation
X3 Slope 1
X4 Aspectc
X5 Aspect X Slope
X20 % Si+C in A horizon
X21 Thickness A horizon (cm) C)
X22 Thickness A (Si+C A hor)
X23 % Si+C in B horizon

-
X24 % Clay in B hor izon

X25 Thickness B horizon (cm)

X26 Thickness B (Si+C B hor)

185.825

1043.69

556.77
58.80

30.43

625.85

+ I+

b+

Standard deviation

116.282
45.47
1.086
1.120 .
1065
3.34

0.119

0.002

o.oﬁz
44.54
11.191

0.081
111.480
166 .68

-0.45

23.56
11.31
740.44
28.82
19.40

10.85

88




X27

X28

X29

X30

X31

X32

X33

X34

X35

X36

X37

X38

X60

X61

X62

X63

X39

X40

X80

X8l

X82

X83

X84

X85

x86

Table 5 cont.

Variable . Mean
Clay in A hor/Clay in B pox . . 0.827
%”Sténe i; profile ﬁ 3.10
Internal_profile drainage‘d 1.60
Depth to distinct mottling (cm) i 23.88
Hydraulié éonductivity {cm day-l) 53.17
log Hydraulic condubtivity_ 0.64
Structuress horizond - * 2.67
Consistence B horizond ) 2.57
Chroma A horizon® 1.60
Hue B horizon 4.83
Value B horizon‘ 4.07
Chroma B horizoﬁ ’ L 2.60
Canopy cover ) 44.35
Litzer cover 12.07
l/log‘Litter cover -0.84
Deadfall cover 4755
Thickness organic horizon (cm) 36.07
log Thickness organic 1.56
Regeneration density (stems ha_l) 753
Rosa acicularis cover 1.01
Ledum grcenlandicum cever 5.91
‘log Ledum cover 0.57
Rubus pedatus cover 0.13
Epilobium angustifolium cover 0.21
Cornus canadensis cover 5.81
Rubus pubescens cover 0.31

+ 1+ [ 3

1+

89

standard deviation

0.269

13.43

5.42

30.87

0.89




scales are described in Appendix 2

e Soil colours are Munsell designation

N
]
Table 5 cont. ' ) e
Variable . Mean Standard deviation

X88 Calamagrostis caradensis ¢pver ; 0.15 z 0.32
89 vasculaf plant cover 11,73 : C12.m

X90 log Vascu%gr pl;nt cover 1.46 .: 0.23

X911 Hg;ocomium splendens cover .20.93 :' 15.02

X92 Pleuroziym schreberi cover . 18.64 ; 20.72

X93 lo leur;;lum cover i ’ A 0.92 t 0.67

X94- lytrichum commune cover ‘ 0.;3_ T 0.29

X95 TOwal moss cover 63.32 : 14.86

X96 logITotal rOsSs cover v 1.79 z 0.11

X97 Total lichen cover 0482 : 1.16
Footnotes

a Merchantable volume calchla;ed using minimum top diameter of 7.6 cm

b X1 to X5 - site variables; X20 to X40 - soil variables; X60 éo 63-

‘stand variables X80 to X97 - végetation variables
[+ Aspect represented by: sine (azimuth + 78.7)+1
d Internal profile drainage, Structuze 8 horizor ané Consistence B horizon

20
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Table 6 Means and standard deviations for aspen‘plot data (n=17).
Dependent variables used in multiple regression analyses
are indicated by Y. independent variables are indicated by X.

Variable ' Mean
' 3 -1
Total volume (m ha ™) . - ; 362.552
Plot age . ) ) 78.85
3, -1 -1
Mean Annual Increment (m ha "“yr '} 4.605
) 3 -1 -1 ’
Yl MAI (rotation age; m"ha “yr ) 4.511
@
Y2 Tree density (stems ha_l) 1727
Y3 Site index at 70 yr 19.26
Total volume per tree (m3) 0.326

Y4 Periodic annual total volume increment

X26 Thickness B (Si+C B hor) 1708.

per tree 0.007
Maximum PAI per tree . ) 0.008
Y5 Age of maximum PAI 56.53

. 2, -1
Total basal area (m ha ) 42.608
¥6 Mean annual basal area increment (nggtlyr—l) 0.540
3 _-1.a ’
Merchantable volume (m"ha ™) 308.075
XL Elevation (m)° . 776.34
X2 log Elevation 2.89
X3 Slope % 3.11
. .
X4 Aspect . . l.23
XS Aspect X Slope 5.83
X20 % Si+C in A horizon 59.85
%21 Thickness A horizon (cm) 11.65
X22 Thickness A (Si+C A hor) 682.44
X23 % Si+C in B horizon 66.94
X24 % Clay. in B horizon 42.91
X25 Thickness B horizon (cm) 24.35
22

bet 1+ 1+

I+

Standard deviation

144

23

1

1

850

31.

12.

136

88

26.

580.

1s.

l6.

11.

938

.496
1€
.205

.483

.97

.248

.C0S
.505
45
387
.157
.829
.45
.44
.90
.93
.76
48
.19
30
32
8l
39

.22

9l




X27

X28

X29

X30

X31

X32

X33

x34

X3S

X37
X38
%60
X61
X62
X63
X39

X40

X80 Regeneration density (stenms ha-l)

X81
X82
X83
X84
X85
X86

X87

Table 6_cont. .
variableg”
Clay in Avho:/Clay‘in B hor
% Stone in profile
. . . d
Internal profile drainage

Depth to distinct mottling (cm)

Hydraulic conductivity {(cm day-l)

log Hydraulic conductivity
. d
Structure B horizon

. . d
Consistence B horizon

. e
.Chroma A horizon

v

Hue B‘horizon

Value B horizon

Chroma ? rorizon

Canopy cover

Litter éover

1/log Litter cover

Deadfall éover /

Thickness organic horizon (cm)

log Thickness organic

Rosa acicularis cover

Lédum groenlandicum cover

log Ledum cover

Rubus pedatus cover

Epi%obium anqustifolium cover
Cornus canadensis cover

Rubus pubescens cover -

92

IMean Standard deviation
0.406 z ' 0.295
L +
0.62 z 1.08
S 2,71 : 0.75
29.26 z 35.51
49.78 . - 132.06 2
-0.06 : 1.23
+ ]
4.29 : 1.36
+
2.82 : 0.64
. .
2.24 : 0.83
+
5.74 z 3.73
+
4.35 : 0.60
+
3.59 z 1.42
53.35 : 8.93
71.21 - 17.08
-1.83 - 0717
o+
5.21 : 3.07
7.69 : 6.47
0.89 : 0.54
319 pA 361
. %
2.94 : 3.02
0.09 : 0.27
+ H
~0.01 o 0.03
0.08 : 6.00
3.08 : 3.10
+
5.56 z 3.98
2.21 : 1.28



X89
x90
x91
X92
x93
x94
X95
X96

X97

\
Table 6 cont.

Variablg’
Calamagrostis cangdensis cover
Vascular plant cover
log vascular plant cover
dylocomium splendens cover
Pleurczium schreberi cover
log Pleurozium cover
Polytrichum commune COVer
Total moss covaear
log Total moss cover

N .
Total lichen cover .

k]
¢

Footnotes

Mean
0:42
40.29
1.55

5.11

standarcd deviation

. . - o .
Merchantable volume calculated using minimum top diameter of 7.6 c¢m

%l to X5 - site variables; X20 to X40 - soil variables; X60 to X63 - stand

variables; X80 to X97 - vegetation variables

Aspecé represented by: sine (azimuth + 78.7)+1

Internal profile drainage, Structure B horizon and Consistence B horizcn

scales are described in Appendix 2

Soil colours are Munsell designation

93
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./‘/

clay in B horizon ratio of D.4/ﬁndicatin Luvisols. -The mean depth to
. . :

mottling is 30.5 cm; mean ty{ckness of /moss and litter is 7.6 cm and mean
thickness of A horizon (}ﬁéludes Ael/ Re2 -and Bm if present) is 11.7 cm. ';

The averéée-B hor:zonrxusually Bt) has a thickness of 24.4 cm, medium
o / v © N i

subangular bxgqg,ﬂétructure with/firm consistence, a hue of 6.7YR, value

of 4.4 and a chrpma of 3.6. The avérége coarse fragment content of the
profile is 1% ( abléﬂQ). ' ‘ : . {

The semi-quantitativeé scales for the soil attributes entered in the

S/

regression analyses apé presented in Appendix 2.

Yo

¥
2

[l

2, Transformat/;on of Independent Variables

The assfimption behind the use of the stepwise multiple regression is
4 / B
that the réiatigpship between the dependent variables and the independent

variables is linear./ To test whether or not this was in fact the case,
/

each of- the dependeﬁ£ variables was plotted against each of the independant

’
variables using a computer scattergram program. A .visually estimated

best-fit line was drawn through the pointsgson each of the resulting scatter-

£}

graméﬁ ‘In most cases a straight line seemedtfaAWell appréximate the
relationship_between the variable pairs. 12 other cases a nonlinear
relationship was e&ident. In the latter cases the\loéhof the values
{(in the case 6f litter cover, the reciprocal of the log) of the ind;;endent‘u
variaﬁ;es was plotted against the dependent variables. The log transform-

ation was regarded as best:.approximating ‘a iinear rélationshipﬁwhere

originally a nonlinear relationship existad. The effectiveness of the log
transformation was evaluated by éomparing the simple correlation coefficients

between the dependent and independent variables before and after §r5n§form— 8

g

ation. The simple correlation between the dependent variable and the
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transformed independent variable shqgld be greater than that betyeen the
dependent and non-transformed independenéfvariable. The log-transformed
variables were subsequenély entered into the regreséion as .separate independent
‘'variables (Tables 3 to 6)I. The untransformed iﬁdepe.ndent variables \i

allowed to remain in the regression because some dependent variables showed

ot

a moré linear reiﬁtionship with the untranéfd;med ipéépendent variable.
The stepwise muitiple regress{o; proér;m permitted the selectiomof either
the trénsformed or untransforméd independent variable depending on which
exhibited the better linear relationship with the>dependent variable.

In two other cases a different transformation was applied. It seemed
likely that an interaction between two related independent variableé (ie.
product of the two) ﬁight contribute more to the R2 value in the regression
than might the two of them alone. The.independéﬁ% variables involved were
Si+C conlent of the A and B horizons and the thicknesses of those horizons.
If the interaction variable-enter%d thé.regression before one or the other
components, that is to say, contributed more to the R2 value, then the
two components (thiékness and Si+C conient) were deleted. Conversely, if
Si1i4+C content of the A or B horizon or thicknéss ofvtﬁe A or B hofizon -
entered the regression before the interaction variable, theﬁ the interaction
variab;e was deleted. It becaﬁe apparent that the interaction of Si+C
content and horizon thickness"did not contribute more toithe R2 value in

/

the black spruce and aspen equations (Tables 12 and 13)/, than did Si+C

content alone.

3. Selection of the Dependent Variables .

, . -

For many years, the usual dependent variable used in forest-site

studies has been site index, or height at a certain index age, usually the
1
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rotation age for that species (Alban 1§72, l9ih} C;rmean 1965, 1967, 1970,
1971;. Graney and Ferguson 1971, 1972; Holmes and Tackle 1962). 1In other
studies (Duffy and England 1967, Duffy and Knight 1967, Kabzems et al. 1972),
mean annual total volume increment (MAI) has been used as an indication of
forest site productiyity. This measure is the basis of.the Canada Land
inventory land capability raging for forestry. Periodic annual total

velume increment XPAI), or the voluﬁe increment per unit aFea at a specified
period of years divided by thé pumber of years, has sometime4 been used as

a measure of forest productivity (e.g. Dumanski et al. 1973). In tﬁis.thesis
sev;ral dependentivariables including'éAI (rotation age), density, site
index, PAI/tree, age of maximum PAI and mean annual basal area increment

are used.

Periodic annual total volume increment per tree (PAf) will be discussed
first. It represents the periodic annual total volume increment for the ten
years prior to rotation age (70 years for lodgepole éine and aspen; 100
years for the three spruce species) as defermined from ;he stem analyses.
This value could notibe multiplied by density to find PAI per unit area
befause bias in selectién of the stem analysis sample trees from which PAI

as estimated. This%bias wés towards trees of superior form and apparent
lack of mechahical or disease damage such as might be expected of trees in

- a well-managed forest stand. Morerelabogate correggions to estimate PAI
on an areal basis were not explored due to the opportunity to determine a
good estimate of MAI, generally regarded as a superior expression of site
productivity, fr@m.the‘stem analysis data.

Mean annual increment is basically the total tree volume of a given
area of land divided by thé a;e of the forest in years, MAI estiﬁates are

most useful when the forest stand in question is at or near the commercially-

Yccepted rotation age for that species in the area in question (i.e. when
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both PAI and MAI has peak%d). Tree growth (volume or height) exhibits the
sigmoid growth curve characteristic of many'organisms apd populations,
with slow initiallgrowth, rapid intermediate growth and finally much
reduced growtﬁ as the organism approaches maturity. This trend fis illustrated
in the stem anaiysis computer plot of height and volume growth of a lodgggole-
‘pine tree in‘plot 12 (Fig. 3). . Thus, mean annual increment estimates tend
to underestlmate potent1a1‘product1v1ty in old mature stands because volume

)
increment decfeaSes after a certain age. Conversely, 1f a MAI estimate is
m;de in a stand much younger than the rotation age, MAI may be overesEimated,
assuming that the population growth will norm#lly have tapered off by £he
time it reaches the rotation age. It is espgcially desirable that prio{
to harvestingbpulpwood'specie; such as lodgepole pine, in ordeéjto,maximize
moneta;y return, the aég of maximum PAI be at least attained, althoﬁgh it
is generally regarded as desirable to wait.until the MAI gr rve also
has peaked, with the rotation age taken as the age when. the PAI and MAI s
curves cross’(Davis 1954 p. 228). For species usually used for lumber,
suchras white spruce, it is often desirable to let the stand grow for a
longer tlme to improve the quality of the saw timber harvested. It is
apparent from bavis' (1954) dlsCQ§slon, that rotation age can not be

determined on the basis of gro$s productivity alone. Different utilization

standards and sites will cause some deviation of rotation age from average

-

(Kirby 1962).

3.ll volume Ratio Calculations
A method to standardize MAI estimates to a base age (70 years for
lodgepole pine and aspen and 100 years for the three spruce species) is used

here. These base ages approximate those currently viewéd as optimum

rotation ages in the western Alberta forest industry, and not those ages

4
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vi

suggested to be optimum from data of this study. The volume ratio corrects
MAI's forward in stands less than the bése age and backwardé in stands
greater than the base age and is specific to the different tree species
sampled for the area concerned. For each plot, the mean volume at rotation
age as determined from the stem analysis, was divided by the mean volume
of the sample trees at time of sampling to obtaiﬁ the "volume ratio."
These volume ratios were plotted against the respective age for all field
plots, with separate graphs for each of the tree species concerned. A
curvilinear relationship was evident. Volume ratio plotted against log
aée produced ‘a nearly linear relat;onship. Subsequently a linear regression
of volume ratio on log age was calculated for each tree §pecies {Fig. 9).
Next the Qolume ratio at rotation age was calculated for each tree species
using the regression equations. This valqe was then multiplied by the
grosngAI to give MAI at rotation age. It is this value that is used as
a dependent variable in the stepwise multiple regression equétions
.calculated. It s likely that this method probably gives somewhat conserva;
Jtive estimates of MAI for the stands much older than‘totation age because
it does not take into account mortality whi;h has oc¢curred between the
rotation age and the age at time of sampling. However, it is believed that in
most cases, the dec;ease‘in the MAT estimate due to decreased productivity
after annual increment has peaked, is greater than loss due to mortality
duting that period of time. The volume ratio regressions are illustratedr
in Fig. 9.

From the volume ratio graphs it became apparent for the white spruce
plots that there yer; two.very distinct white spruce popdlationslin terms
of volume growth (Fig. 9b). A closer examination of the sample plot data

revealed that the poéufation represented by the lower regression line

(Fig. 9b) was composed of sample trees which occupied understory position



Figure 9: Volume ratio equations for .the four
tree species sampled: (a) lodgepole
pine, (b) white spruce, (c) Black
spruce, (d) aspen.
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in either aspen or lodgepole pine forests and were thus somewhat suppressed.

Tree density is not usually used as a dependent variable as it is in
this thesis. It seemed desirable to determine if factors other than stand
history and age were important in determining stand density;

Site index is used in this Stuay as it has been in many others. It
is still the most commonly used expression of forest pfoddctivity.

The age of maximum periodic annual total volume. increment (PAI) is
used hgre as a dependent vériﬁble, and is proposed as a means of estimating
optimum rotation age for a particular site fndependently of direct measure-
ments_of the trees, enabling this determigation.to be ﬁade‘on cleared or‘
burged sites.

Mean angual basal area incremept is another dependent va;iable used
"in this study buﬁAiérnoé;commonly used elsewhere. It is expected that it’

should show similar relationships to the independent variables as shown by

MATI.

4. The Multiple Regression Eguations .

The equations which are listed in Tables 7 to 14 represent data from
83 lodgepole pine stands, 36 white spruce stands, lé black sprucehstands
‘and l; aspen stéﬁds. For each of the 36 equations t%e independent variables
aré“listed in order of importghce, relative to the amount they cantribéﬁe
to the R2 value. A brief description taken>from Tables 3‘to 6 listing
the variables that entered the regression, their meanszfvariances and
standard deviations for each of the sampled stand groups, foll;ws. Component

vegetation types within each of the stand groups are described in more

detail in the previous sections.
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With one exception, the black spruce equations accounted for the largest
. ‘ . \ . . .
amount of variability in the six dependent variables: MAI, tree density, <
site index, PAI per tree, age of maximum PAIL, and mean annual basal area /

_increment, with lesser amounts of variability accounted for by the agpen,
white spruce and lodgepole pine equations (Tables 7 to 14). The only
exceétion was that the tree density prediction equation for aspen (R2=0.99)
was slightly higher than that for black séruce (R2=0.98); The pre?ict;on
equations were on the whole very satisfactory with 5 large proportion of
the variation.in the depgndent variables. being accounted fof'by the equations.
For black spruce and aspen the brediction equations were nearly equally
'effective»with’\R2 values ranging from 0.94 to 0.99 (Tables 9 and 10). For
the white spruce stands, the strongest prediction equation was for mean
annual basal‘aiéa increﬁent (R2=0.94) and the weakest was for stem dénsity
(§2=0.70). For the lodgepolg pine stands the stfongést prediction equation
was for PAI per tree (R2=0.76) and tﬁe weakest wgs for mean anﬁuay_basal
area.inCrement ¢R2=0.44). Site_index and MAI are probably the most widely
used expressions of sité productivity. Fo; all four species, site inde;D
was predicted with slightly greater precision than was MAI. For all ‘the
equatipps presented, the R2 values\are significant at the 1% probability
level.

To' determine' the effect of the physical site factors alone updn the‘

selected dependent variables, MAI (rotation age), site index and age of

maximum PAI, the vegetation cover values and vegehation—related variables ;

& .

o

were deleted from the regression. Equations derived in this manner should
allow estimation of the dependent variables.upon sites where trees, under-

story and litter have been obliterated by major disturbances such as



~3

logging or fire, and should provide estimates for nuglﬁlﬁlvorﬁmﬂhgiiwhefe
plot data can not be obtained. Deletion of the vegetation-related indepen- ‘
dent variables resulted in a decrease in the R2 and F valuas [0y Lhe
regr9531on equatlons. Thesé decreases were greatest in the lodgepole pine
equations, though all F ratios were still 51gn1flcant at the 1% level (Table
11)."The wﬁite spruce equations showed the next greatest decrease in R2

and F values but F ratios were still significant at the 1% level except for {
3 \ ar p o
age of maximum PAI (significant at 5% level; Table 12). The aspen equations ’

. . . 2 . .
showed a smaller reduction in the R” value when vegetation variables were

e
deleted than did those for lodgepole pine Sand white spruce, but showed very

8 IS

substantial decreases in the F ratio values for MAI and site index eguations ’
(Table 13), which were not significant at even the 5% level. The black . : /

spruce equatiOns showed a tendency similar to those for aspenvﬁith relatively

Py

2 .
small decreases in R but 1arge decreases in\F Yatio. The F ratio for the

3
&

black spruce MAI equatlon was 51gn1f1cant oMy\at the 10% level\ggi}e that
for site index was significant at the 5% 1eve1. ‘The black spruce age of"
maximum PAI equatiorn remained significant at-the 1% level (Tabie 14).
Hagglund and tundmark (1977) discovered that site in@ex equations
calcu;ated for Scots pine and Norway spruce in Sweden by vegetation type/
were more reliable than equations calculated for the whole tree species
group as was done in the preseﬁt studyu"The small number of sampled. stands
within several ofvthe vegetation types prohibited this approach for -the
~Wap1t1 map area. Lowry (1976) reported that when both/individual species
and species groups were used in multiple regression equations for black .
spruce in eastern Canada, the species groups showed higher predictive

Precision than did individual species. Species groups were not used in

3

the present study, and it seems unlikely this approach would contribute

substantially in most'cases to the already hiéh R2 values. Hofman (1976)



‘also recently discovered the utility of vegetation vgriahlcs in estimating
beech productivity in East Germany. Twenty site factors including soil
physical and chemical properties plus the ground cover percent of nine
“indicator species were used. '

The significance of the individual independent variables in the
regression equations was determined by t-tests. The level of significance
(S or 1% level) is indicated for each independent variable in the equations
of Tables 7 to Lf. Some variables with non—éigniéicant t-tests appear in
the regreésions. These variabies however still contribute at least. 1% to
the R2 value up,to a maximum of nine independent variables per equation
(the criterion for order of occurrence in regression equation being the
contribution to Rz). Discussion on the ecological significance of the
~independent(;ariables is li%ited to those established to be statistically
significant as determinedtby the t-tests in addition to being significantly

correlated with the dependent variable (r value significant to at least p=.10).

5: Independent Tééff;g of Regression Equations

In order to determine the utiiity of the regression equations presented

. o]
in Tgbles 6 to 9 it seemed desirable to attempt to test their validity.
Multiple regression equa{;;::: even though they have a high R2 Qalue may
not necessaiily be réliable when applied to data independgnt of tHat from
which the equations wété\aerived, dué to inadequate sampling, incomplete
data Enalysis or chance correlation,. ﬁrrors due to the above factors will
noty be dete;ted until ﬁhe equation is tesfea Yith independent data

(M “uilkin 1976). This test was accompliéhed by randémly selecting 70% of .

thé plots for~the\t?ée species in question and developing growth predic-
\

tion equations by stepwise multiple regression techniques, from the data



trom those plots, anitng MAT and stte fndex an dependent vartables.  The

equat tonsg developed itn this manner wete used to predict MAL and site jodex

in the rematnting 10w of the plots. A staple carrtelation coellficient hetween
actual and predicted value:s tor MAT and site pndex was sabhedquent ly
calculated. This procedare was repeated four time:, with vegetation vartablen
included and deleted tor both lodgepole pine and white spruce plots, The
cquat tong developed trom the random svlection were terminated .1!!\:( ;nnw
steps like the originals and atter as many steps an were m-m':;:;.nykr'tf

include all the independent variables present in the orrginal equation:.

The best of the four equations, ie. thouse which corresponded most clonely
to the equations developed {rom all plots tor the particular tree :‘me:;
and dependent variables concerned are presented 1n Tables 1% and leo,

In general, there appeared to be good correspondence between the
original equations and those derived from the random selectiwan, though the
agreement was better for thé lodgepole pine equations than for those develop-
ed for the white spruce plots. The best equation developed from the random
seléction for lodgepole pine MAI (vegetation variables included) contained
the same nine variables as the original equa&ion in nine steps though the
variables were arranged in slightly different order (Tables 7 vs. 15).

The MAI (vegetation variables deleted) equation calculated from the random
plot selection for pine con£ained five of the origiﬁal six variables in
the first six steps (Tables 11 vs. 15). Twelve steps were required to

, ude all six of the original variables. "The results for the pine site

.

index equations developed from the random sample were similaiq with eight

of the original nine variables being present in the equation including

vegetation variables and all seven of the variables of the original equation
with vegetation variables deleted (Tables 7 vs. 15). With the exception of

MAI (vegetation variables deleted), the F-ratios calculated for the lodgepole
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pine equations derived from the random plot selection and all the simple

correlation ccefficients between observed and predicted values. for MAI

and site index were significant to & least p=.05.

The 'best equations developed from the random selection of white spruce
plots showed less resemblance to the 0riginal'equations than did the pine

equations. The equations for white spruce MAI developed from the random

plot selection contained four out of nine and four out of seven of the

N

variables present in the original equations‘with vegetation variables
included and deleted, respectively (Tables 8 vs. .16 and 12 vs. 16). The
white spruce site index equations contained six out of nine and five out T~

~ of seven of the variables present in the original equations with vegetation

'variables included and aeleted, respectively (Tables 8 vs. 16 and 12 vs. 16).
Onlyi{he equations for white spruce MAI and site index (both with vegetation
variables included) had F-ratios significant at p=.05. ‘None of tﬁé/;imple
correlation coefficients calculated between observed and predicted values
for the four white spruce equationg in Table 16 were signifig;nt at p=.05.

In summary, the lodgepole pine regression equations age in general,
reliaﬁle and may be used with caution within thg Wapiti map area. The
white spruce equations are less reiiable. A larger and broader data base
encompassing a wide rahge of soil and sité,characteristics is'desirable for
white spguce, black spruce and asben forests within the Wapiti map area,

)

if the equations for these species are to be widely used.
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I. DEPENIjENT : INDEPENDENT VARIABLE RELATIONSHIPS

The following discdssion is an attempt to discern ecolbgical rela~
tibnships among the  various dependent variables and independent variables
that hadvgtatistically significant t-tests (to at least p = .05)‘wi£hin
the érowth prediction équations (Tables 17 to 20). .Attempts to explain
relationships between theAdependept and independent variables in question
were made only/where significant ;imple correlations to at least the :
p = .10 level occurréd between the dependent and independent variables,
as indicated by asterisgs on the simple corrélation coefficients in
Tables 17 to 20. Thus in the following discussion when references are
made to "significant" independent variables, these variables had
statistically significant t-tests (to:at least p = .05), and when
references are made to "correlations" between dependent and@ independent
variables, it can be assumed that thé simble correlation coefficients
in duestion are statistically significant to at least the p = .10 kevel.

Variables discussed represent physical habitat attributes.and

vegetation attributes (species cover). The physical site attributes are

-~

N f
slope aspect and elevation and also readily field-determinable physical

properties of the soil, especially as they may influence soil moisture

regime and tree rooting characteristics.

1. External Site Factors

External site factors include elevation, Tlope gradient, slope

aspect and slope gradient X aspect interaction.

g
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Table 17

Y-

Simple correlation coefficients between dependent
variables and significant independent variables as
determined by t-tests in multiple regression equations -
for the lodgepole pine plots- (n=83)

Mean ‘annual
total volume Stem - Site

increment,

density index

PAL
pert
tree

Age of
maximum

Mean annual
basal area
PAl increment

Elevation (m)

log Elevation

Slope percent

\
Slope aspect

Aspect X slope

§ Si+C in A‘horizon
Thickness A horizon (cm)
Thickness A (Si+C in A hor)
% SirC in B horizon

% Clay in B horizon
Thickness B horizos (cm)

%
Thickness B (Si+C in B hor)

Clay in A hor/Clay in B hor

% Stone in profile
Internal profile drainage

Depth to distinct

mottling (em) ’

Hydraulgi conductivity
(cm day )

log Hydraulic conductivity
Structure of B horizon
Consistence B horizon
Chroma A horizon

Hue B horizon

Value B horizon

log Total moss cover

Total lichen cover

e

ea

-+.02

*h LR Al

#x* Significant at p = .01
*+ Significant at p = .0S

* Significant at p = .10

*
+ .21

+ .02

* ko

- .27

v Independent variable occurring only in eguations Rith

vegetation variables deleted

118



Table 17 cont.

i

Mean annual
tﬁtal volume
crement

Stem Site per y
density n index tree PAL -

PAI Age of
maximum

Mean annual
basal area
increment

Chroma B horizon

. S

Canopy cover 4:.30

Litter cover

1/log Litter cover ~ .57

Deadfall cover - .07

Stem density

Thickness organic
horizon (cm)

log Thickness organic

Regenerati?n denpsity
(stems ha )
B

Rosa acicularis cover
Ledum étoenlandicum cover
log Zedum cover

Rubus pedatus cover

Epilobium angustifolium cover

* W

Cornus canadensis cover + .28

Rubus pubescens cover
éalamagro§tis canadensis cover
Vascular plant cover

log Vascular plént covér
HleFomium splendens cover
Pleurozium schreberi cover

log Pleurozium cover
Polytrickum commune cover

Total moss cover

Ak AR
- .51 + .61
+ .02
L2 ]
+ .24
.13
LR )
.23 + .15 + .20
.11
* ‘
.19
R
T
+ .33
*n
+ .51
*hh
+ .52
*w R
.47
kR

.04

LE 3

.32

.13

.11

.17

.07

*x

.23
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Table 18 Simple correlation coefficients between dependent
variables and significant independent variables as
determined by t-tests in multiple regression equations
for the.white spruce plots (n = 30)
Mean annual PAI Age of Mean annual
total volume ‘Stem Site  per maximum  basal area
.increment density index tree PAI increment
. ) . '3 TR
Elevation (m) - .41 =, 53
log Elevation + .21
Slope percent + .02, - .02
Slope aspect + .27 - .26
Aspect X slope
4 Si+C in A horizon
Thickness A horizon (cm) .
A
Thickhess A (Si+C in A hor)
§ Si+C in B horizon
3 'Clay in B horizon
£, ‘Thickness B hocizon (cm)

. ’ LAl L X ]
Thickness B (Si+C in B hor) - .42 - .44 .
Clay in A hor/Clay in B hor + .22

&
% Stone in profile - .17
Internal profile drainage + .05
Depth to distinct
mottling (cm)
Hyd:aulii conductivity®
(cm day ) .
. - ) . kK LR
log Hydraulic conductivity - .42v - .41v
structure of B horizon - .24 - .24
Consistence B horizon
Chroma A horizon
* Hue B horizon - .05V
Value B horizon + .23 - .22

Chroma B horizon

.21



.TaSle 18 cont.

Mean annual

total volume
increment
]

PAI
Stem per

density

Site
index

tree

121

Mean annual
basal area
increment

Age of
max imum
PAIL

Candpy cover ' + .29
Litter cover

1/log Litter cover

\Deadfall cover

Stem density

Thickness organic horizon {cm)

log Thickness organic

. Regeqeratiin density

(stems ha ") + .22

Rosa acicularis cover - .13
Zedum groenlandicum cover - .26
log Ledum cover ¢
Rubus pedatus cover
Epilobium angustifolium cover

4
Cornus canadensis cover

Rubus pubescens. cover

calamagrostis canadensis
-cover

A‘-)L.lo
yvascular plant eover

log Vascular plang cover
Hylocomium splendens cover
pleurozium schreberi cover
log Pleurozium cover

polytrichum commune cover

Total moss ¢lver

log Total moss cover

Total lichen cover

bk

LA

- .25

L]

LR 2

*#*» gignificant at p = .01
** gignificant at p = .05
/ .10

v Independent variable occurring only in equations with

* significant at p =

vegetation variables deleted

- - .13

.28+

.16+

+ .17

L2

"
.26+ .31 + .50

"J16

L A

SL )

.16 - .04

o (

.44
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Fable 19

.

simple correlation coefficients between dependent
variables and significant independent variables as
determined by t~tests in multiple regression equations

for the black spruce plots (n = 15).

Mean annual’
total volume
increment

i d

PAI
per
tree

Age of
Site maximum

“index

Stem
density

Mean annual
basal area
increment

Elevagion (m) .

log Elevation

Slope percent

Slope aspect

Aspect X slope

$ Si+C in A horizon
Thickness A horizoa {(cm)
Thickness A (Si+C in>A hor)
3 Si+C in!B horizon,
horizon

3 Clay in B

Thickness B horizcn (cm)

Thickness B (Si+C in B hor)
Clay in A hor/Clay in B hor
3 stdne in .profile

Internal profile drainage

Depth to distinct
mottling (cm)

_:Hyd;aulgi conductivity
° (cm day )

log Hydraulic conductivity
Sstructure of B horizon
Consistence B horizon
Chroma A horizon

Hue B horifh

Value B horizon’

PAI
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Table 19 cont.

e T — ':”
Mean annual PAI age of Mean annual
total volume - - m Site per maximum basal area

increment density index tree PALl increment

. EE A d
chroma B horizon + .82 = .34 - .27

Canopy cover ' + .20 + .14 + .29
Litter cover

1/log Litter cover

peadfall coveﬁ , s N + .27

‘Stem density - .04

Thickness organic horizon (ém) - .47
log Thickﬁess organic

Regenerat{ﬁn density
(stems ha )

Rosa acicularis cover +o.42 “ - .24
Ledum groenlandicum covet - .45

log Ledum covetr '

Rubus pedatus cover - .14 ' - .12

Ep}lobium angustifolium e o .
- cover . + .78 + .65, v+ .53
cornus canadensis cover + .49 , + .54

«k

Rubus pubescens cover ‘ + .13
calamagrostis canadepsis cover ST a27

Vascﬁlgr plant cover

log Vascular plant cover

Hylocomium sélendens cover - .27 - ~ .23 + .45
Pleuroziﬁ? schreberi cover

log Pleurozium cover

Polytrichum &ommune cover

Total moss cover

log Totalvmoss cove;. + .52 - 72

Total lichen cover + .39

~»x* Significant at p = .01
#* gignificant at p = .05

significant at .p = .10
v Independent variable occurring only -in equaticns with'ﬁ
vegetation variables deleted
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Table 20 Simple correlation coefficients between depéiident
’ variables and sighificant independent vartiables as

/ determined by t-tésts in multiple regression eguations
for the aspen plot (n = 17). N '
Mean annual PAI’ Age of Mean annual
total volume . Stem Site per maximum basal area
increment . density index tree PAL" increment

Elevation (m)

log Elevation ' . E . + .ZBV
' *
Slope percent : ' } + .42
“Slope aspect - .2C

Aspect X slope

4 5i+C in A horizon . \ + .35, '
‘?fhickness A horizon (cm) / . 3\.40 ;
- x
: . - \ !
Thickness A (Si+C in A hor) + .43 N "
: N 5
4 Si+C in B horizon - - .18 : \
/ A
4 Clay in B horizon \

ngckness B horizon (cm)
- Thickness B (Si+C in B hor)

clay in A hor/Clay in B hor - .19 + .24

4 Stone in profile ‘ + .17
Internal préfile drainage -..18

pepth to distinct .
mottling (cm) - .29

~Hyd:éulii‘conductivity
(cm day ) .27

log Hydraulic conductivity

structure of B horizon - .34 -21 ) [+ .29v + .30
. /
* /
Consistence B horizon - .47v [ .12
Chroma A horizon - .15 - .01 /
: RRY .
Hue B horizon : - .55
yalue B horizon ’ + .11 +/.22 - .27

-

i —



Table 20 cont.

Chroma'é horizon
-anopy cover
Litter cover

1/log Litter cover
Deadfall cover
Stem density

Thickness organic horizon
(cm)

log Thickness organic

Mean annual
total volume Stem -
increment density

Site
index

PAI
per
tree

‘ Age

max imum

PAL

of

Mean annual
basal area
increment

.Regeneration density (stems ha-l)

Rosa acicularis cover
Ledum grdenlandicum cover
log Ledum cover

Rubus pedatus cover

Epilobium angqustifolium cover - .22

f

Cornus canadensis cover

~

Rubus pubescens cover

*

~ .42

Calamagrostis canadensis cover

Vascular plant cover

log Vascular plant cover

> x

Hylocomium splendens cover

pleurozium schreber! cover + .37

log Pleurozium cover
Polytrichum commune cover
Total moss cover

log Total moss cover

Total lichen cover

*** Significant at p = .01
** Significant at p = .05

* Significant at p = .10

v Independent variable occurring only in equations with

vegetation variables deleted

.10

.07

-06

.19
v

.15

.11

.43

.67

.31

.14

* &k
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1.1 Elevation (X1, X2)
’ 4

Elevation or its log was a significant indépendent variable in seven

equations: .white spruce MAI (végetaq}on variables included and deieted),
sité index (vegetatiqn variables incihded and déleted) and mean annﬁal basql
a;;a increment; black spruce site\index; and aspen age of ma#imum,PAI

J
.(vegetation variabYes deieted) h

bles 8, 9, 12, 14). All the correlations

between the dependent variables and elevation were negative with the
o LY ‘
exception of white spruce mean annual basal area increment (Tables 18-20}.

The negative correlation between growth and elevation is expected and

is an indication of the cooper climate and shorter growing season at high v;k

3

elevations. It is notable that where the elevations of the sampléd stand
groups are within fairly naLrow ranges, such as for black spruce and aspen,

. 4 . 2 L -
factors other than'elevatloL contributed more to the R value in the

I3

- |
.regression equations (Tables 9, 10, 13, 14). The positive correlation of

[

eleyation with white sprucé mean annual basal area increment may be a

reflection of a tendency at high elevations, for volume growth to be added

i

éo the lower part.of theftree (greater taper) as MAI is negatively correlated
| with elevatiqn (Table?i8). Other auﬁhors\ﬁaQe shown similar relatibnships
between p;oductivity and elevation. TFor example, Mader (1963) demonstrated
\ . -
that five-year volume increment for red pine (anus resinosa Ait;) was
negatively correlated with increasing elevation; 'Graney and Ferguson (1971)

- showed that shortleaf pine.(Pinus echinata Mill.) site index in Arkansas
o

) 1
was also negatively correlated with increasing elevation.
. N

1.2 Slope gradient (x3)°

Slope gradient was a significant independent variable in five. equations:

lodgepole pine density; white spruce MAI and site index, both with vegetation

variables deleted; black spruce age of maximum PAI (vegetation variables



N o C 327

deleted)»and aspen age of maximum PAI (vegetation variables deleted) {(Tables .

7, 8, 12,-14). The Qﬁmple correlation coeff1c1ents bet;een slope gradient

and the growth expressions were positive,~w1th the exception of 1odgepole

pine den51ty (Tables 17-20) . . "
The positive'correlation pf s&ope gradlent with several of the dependenti

gariables is in agreement with other workers. pumanski et al. (1973) found h

that xncrea51ng topographic steepness, implying better soil drainage, was

associated'w1th increased PAI for lodgepole pine, with thnmal slopes being

approyimately 15-30%, for the Hinton-Edson area of Alberta.‘ puffy (1964a) . g

- found that lodgepole pine height growth was positively correlated with slope '

gradient on till parent materials in the Rocky Mountain House area, Alberta.
Della—Bianca and Olson (1961) also observed that ‘height growth was' positive—
. u:]

ly correlated with percent slope in Piedmont_hardwood and pine—hardwood

el
upland forests. Myers and van Deusen (1960) noted similar relationships
; -

for ponderosa pine site index in the Black Hills area of SOuth pakota.

b

-

The negative correlation of percent slope with lodgepcle pine dens1t§!
is perhaps an lndicatlon of the diffloulty of seedllng establishment on: y{i
slopes where steepness results in increasing erosion and where young Ssé
or pine seed may also be washed away. oy
s
The positive correlation of slope angle with aSpen age of maximum
PAl>(Tab1e 20) is believed to be due to aspens high frequency of occurrence
“on nearly level to gently sloping, imperfectly drained sites, and subsequent
petter growth on these sites. . In the lodgepole pine plots slope is
negatively correlated with the thickness of the Ae horizon1 (r ==-.25)
reflecting the lesser amount of leaching possible on steep slopes as well
' as probable greater erosion on these slopes,particularly?following forest

fires prior to stand origin. In the white spruce plots, slope was positively

correlated with petter soil profile drainage. It is interesting to note



£

178

o

that the correlation between slope and drainage is nat nigniticant tor
the lodgepole pine plots (R = -0.06) suggesting that the productivity

increases on steeper slopes in the lodgepole pine forests may not be due

. . o

. 1]
to better drainage as was suggested by Dumanski et al. (1973) for west-

bentral Alberta. In fact, steeply sloping sites, especially in the:lower

A v
.A “

slope position may actually be more moist than their more geﬁh&Q sloplng
.o
counterparts due to groundwater discharge or seepage thhln the bite

F I I ¥
"

Unfortunately, the effect of slope position on prodactiVity waSOnot'

evaluated in this study. A more extensivée coh51deratfgn of dralnage is
. i PR \
included in the separate discussion-of drainage. _ g

"

In the black spruce plots, slope gradient was positiVelywcorrelated

with thickness of .the A horizon (usually an Aeg horlzon) and proflle
19 . . \ g‘ R

< drainage. Though this correlation is opposite to that of tbe pxne plots

(r =+.50), it reflects the negatlvekcprrelatlon of slope with thé thlckness
. PN
of the organic layer and the tendency for peat accumulation, and restricted
i | B!
Ae development on level black spruce sites. & - :

]
4

1.3 Slope aspect (X4)

Slope aspect was a significant independel&'vari
prediction equationségglodgepole pine MAT and PAI’ég ‘tree; white spruce

MAI and age of maximum PAI (vegetation variables deleted); black spruce

site index (vegetation variahles deleted); and aspen mean annual basal

area’ increment (Tables 7, 8, 16, 12, 13). > In order %0 be enté}edlés an

Y

independént variabIZ\Thwaﬂstquise multiple regression, aspect must be
| ;
coded'iqtifform other th&n as azimuth degrees due to the cifcular nature
: ( ‘ 3 .
of the compass and the obvious difficulty of coding northerly aspects and

of averaging aspects. This préblem was overcome by using.a method adopted

by Myers and Van Deusen (1960) and several authors since, who expressed



~

aspect as (sine of azimuth clockwise from sottheast)+l, where the south-

east exposure was least productfve. This method gives a range of trans-
. -,

/ 3
formed aspect from 0 to 2 and glves equal ratings to 0 and 360 azimuth.

v

In thls study, the most productlve aspect was found to be between north

- and north-northeast (ll 3 ), and the least- productlve were southeast to

¢
,,

south—southeast aspects, when MAI values were stnatﬂfled accordlng to

‘,slopevaspect.‘ Thﬁs‘northerly aspect was then assigned a maximum value of

g

. h
4

2,(sine 90O +1) . The Qiffefence between 11.3o an 90.0o is the correction

IX)

used. The aspect transformation thus'became‘aspe t = sine (azimuth+78.0)+i.‘

®

Thus, positive correlations with slope aspect refiiect a tepdency towards

maximum productivity’on north to northeast aspects. In the equations

mentioned above for lodgepole pine and black(spr ce, the significant

correlations.of aspect with the dependent'variable were positive (fables

-

17, 19°.
O 3 . [} 3
Zloyd and Lemmon (1970) found that the optimum rectification for oak
- : \\
site index in the Northern Appalacians was 45-60° depending on soil series.
Site index was lowest in the west and highest in the northeast. They
. o . ’
decided to use 58 as an average correction as opposed to 45° used by many "’

authors, but emphasized that too much reiiance should not be placed on the

Re]

appropriate rectification fof‘azim&th,fbf any one soil series due to one
or more of several factors: : (1) perhaps not enough plotsfwere available

to adequate&y sample the population in question, (2) the data may not have

’f‘\.

properly sampled all ‘sectors Qf the azimuwth circle, and (3) some undeflned

o

1nteract10ns may have affected the relationships.
u.‘
SeVeral other authors,have‘dgsgovered preferences of various tree

. S By s -©!

.

species for particular slope aspects. thfy and England (1967) observed

&

that Sé&bs on steep,north/fac1ng slopes were more productive for a given

cjb .

,surface material than those on south-fac1ng slopes in the Kananaskis

ot
o "L £

v
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' L
Experiment Station, Alberta. puffy and Knight (1967) noticed the same

trends and also that the best forest growth occurred on upper north-facing

_slope pds%tions,'but upper and mid south-facing slopes\and imperfectly.

™ -
.

drained hilltops were less productive in the Whitecourt,;klberta forest area.

Dumanski et al. (1973) found that aspect had minimal effect on medium and
fine- textured materlals but the north aspects tended to outproduce south

aspects on sandy and gravelly materlals in the Hinton - Edson area, Alberta.

3

Other studies in the eastern United States have also indicated better .
growth on northerly aspects (Carmean 1965; Graney and Ferguson 1971, 1972;
Lee and  Sypolt 1974) The more favorable moisture regime on northerly | -
aspects 1s often glven as. the explanatlon. Lee and Sypolt (1974) froy

> observations. on adjacent north and south -facing slopes in West VlrgLnla -

v

suggested that in areas of high summer prec1p1tatlon, marked dlfferences ’ "

in growth are not associated with soil moisture differences. At mldday on

1]

south-facing slopes it appears that: (L super—optimum temperatures for

‘net assxmllation occur frequently in forest canopxes (2) 5011 temperatures

G . °

lower than canopy temperatures lim&t absorption of available water ‘and@ (3)

higher canopy temﬁﬁratures“fnérease transpiration demand, create leaf water-

R

deficits earlier in the day and magnify the midday depression of net

assimilation (Lee and Sypolt-1974). In contrast to the findings of the

o

present study, Lowry (1975) found that black spruce site index in eastern

. Canada was higher on south aspects and on mineral soil, indicating that

P

the cooler north aspects were limiting to black’ spruce’ growth.

o

West-facing slopes are warmer than east-facing slopes: The paximum

solar radiation on east-facing walls was observed two to three hours after

dawn, when soils and air are cool. The maximum rad1atg@n on west faorng e

M . RS : x ’b\{ 'j‘",
(ﬂ ”
walls was observed two. to three hours bgfore sunsetﬁ wThus; the same':

&

e . o i -y )
radlat}on 1ntensfty wow;d b%‘expecte&mto heat gjywest-facing slope to a

’ %
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higher temperature than an east-facing slope (Cunniff 1958 cited in

Taylor and Aghcrpft 1972 p. 37).

LY

. Jt has been suggested by some authors (Squillace and Bingham 1958 and

. Hermann and Lavender 1968 cited in Spurr and Barnes 1973 p. 40) that -
\ . . » . )
f\\\aifferenceé‘in aspect and thus soil moisture may. lead to ecotypes found on

certain aspects? /
. : |

\

1.4 _Aspect and slope interaction (X5)

Because slope gfadient and aspect act together to influence tree
L ?

growth, it seemed desirable to include an interaction or produgt of
. ? Vi

4 L&

3
s

. ) : =Y >“‘j‘,k N
gether slope and aspect determine the amount of insolation at the.groufid

I3 v

surface which in turn determines air and soil temperatures, influences -
* B . “ . .
precipitaticn distributicn ‘ard soil moisture corcitions.

‘Surprisingly, the slope X aspect interacticn was a significant indepen-

. .
dent variable in only two equations: black sptuce PAI per tree and mean

*" Dukovnikov' (1975) used an integrated
»?E?tude index for Pinus sylvestris, Picea abies

u

- and Abies alba in Bulgaria, that effectively integrated these variables.

i3

2. Internal Site (Soil) Factors
4/ Included in internal site factors are the various soil physical
properties which influence or reflect differences in forest growth includ-

LB

ing soil texture, horizon thickness, drainage, color, structure 7yﬁ_“
’

consistence. ’
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..2.1 Texture and. horizon thickness } \

Séveral measures of~soil texture used in the reg;ession analysis
inclﬁding silE plus clay coqtents’of thg A (usually'Ae) énd B.(usﬁélly Bt)
hérizons, a ratio of clay in the A‘horizon to clay in the B horiion.and . ﬁf
‘stbne_content of ' the proéfle are discussed. The thickness of the A horizon

e . .
and interactions of thickness of the A and B horizons with silf p;us clay
content of the rqspectivé horizons are also discussed.he:e.

Silt plus clay content 6f the A horizon (Var. X20) was a significant
independent Qari;ble in seven eqdations}\lodgepole pine'age of maximﬁm PAI
(vegetation variables deleted); black sprﬁée MAI, site index, age of maximum
PAT (vegetation‘variables included and deleted) andimean annual ba;al area

incremepgt; and aspen age of maximim PAI (vegetation variables deleted) (Tables
- , . . . . . N

7, 9, 10, 11, 13, 14)5 Lodgepole pine age of maximum PAI, black spruce
siteindex and age of maximum PAI were positively correlated with silt plus
X

clay content. (Tables 17, 19) while black spruce mean ahnual_basal area

increment was negatively correlated (Table 19).

It appears that ind%gases in silt plus clay content of the A hbri%on
iﬁdiCate moré impeded dréinage in the already poorly drained blacwfspruce

. o e
forests./ The positive”?orrelation with age of maximum PAI indicatésislower
matqfation of black spruce on the fine textured soils where'profiié
drainage is likely to be more impeded.

Elsewhere, other authors have found correlations of A horizon silt
plus clay content with forest productivity. Mader (1963) found that five-
year volume increment for red pine was positively correl%ted with moisture
holdiné capacity of fhe A and B horizons.w Mogren and Dolph (1972) found.
for north—centr51 Colorado andmsouth—cengral Wyoming that lodgepole pine

site inéex/was negatively correlated with percent soil particles greater

than 0.25 mm diameter in the A horizon, however there was no significant

AN
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positive correlation with silt plus clay contents in the A and B horizons.

They believed that éorrelations with site index were accounted for by water

' avallablllty.-.Mader (1976) discovered that higher silt plus clay contents

Y
-._l

in the A horlzon were associated with better. whlte pine sites in
Massachusetts, probably as a result of better water availability and
fertility. Lutz and Chandler (1946) emphasized that excessively fine or
co?ree gsoils are not productive.

The intereetion of & hgri;on_silt plus cley content and A horizon
thickness (Var. X22), expressed as a product‘of the two was significaht in
only oneuequatiot: aspen site index (Table 10). The simple correlation of -
this interaction‘with aspen site index is positive (Table 20), indiqatin%
aspen's apparent prefetence for deep, fire textured A horizons. %

Th%pknese of the{AAhorizon (Var. XZl) considered alone was a sig?ifi—
cant‘independeﬁt variable.in only two equationsi black spruce mean annual
basal area increment and aspen PAI/tree,(TaSles 9, 10). The only significant
positive correlation was with aspen PAI per tree (Table 20} and is ptobably
a reflection of more soil profile leaching and better drainage exertidgKQ
favarable iﬁfluence’upoﬁ PAI.

i Several other authexs have determined relationships between A horiion,

hickness and forest productivity. Duffy (1964a) found for the Roeky
M%untain House area, Alberta that lodgepole dine dominant height and
aaetege height were positively correlated with the thickness of the Ae_
horizon, while basal area.per acre, total volume per acre and‘merehantable
volume per‘écre Qere negatively correlated. Holmes and Tackle (1962)
found that lodgepo;e.pine height growth in Montana was positively
correlétea to the hepth of abundant rooting which usually coiecides with

the depth of the Ae horizon. Hansen and McComb (1958), in southeastern

Iowa, observed that height and diameter growth of green asﬁ and bklack
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walnut were inversely correlated with the degree of erosion of the Ae
horizon. Della-Bianca and Olson (1961) observed for the Piedmont hardwood
and pine-hardwood upland forests, that height érowth was positively correlat-

ed with thickness of the A horizon and with percent organic matter in the

[}

A horizon X horizon thickness. Carmeén'(1965)”described black oak site
index in Ohio as a function of the depth of the Al+A2 horizons and several
other factors for medium-textured, Yfll drained soils and for fige-textured
soilé with restricted internal drainage; Mogren ‘and Dolph (1972) had

similar results and observed that lodgepdle pine site index was positively

correlated with golum depth and believed that site index was accounted for

~
~

by water availability. = ‘ [

Silt plus_clay content of}the B (usually Bt) horizon (Vaf. X23) was
a significant indépendent variable in only one equa£ion, aspen density,
(Table 10) and the correlation was ﬁot significanﬁ (Table 20).
Elsewhé?e, other authors have related B horizon silt plus clay content
to fores; productivity. Fralish and Loucks (1975) reported thaf aépéﬂ'éﬁte
" quality in WiscdnSLn was negatively\correlated with éand content of the.Bt
and positively corfela£ed with availaﬁle water-holding capacity. Duffy and
\Knight (1967 found t?e:bést forest growth in the Whitecourt Féreét area
of Alberta on moderately wellerained sandy clay loam till sites on upper,
‘north;facing slopes. Some sites had'alluvial sandy loam overlays. Page

»

(1976) observed that white séruce and balsam fir site .index in Newfoundland

were negatively correlated with silt plusqclay content in.the.lower so1um.

Gessel and Lloyd (1950) obser;ed Douglas-fir site indexbincreases in
'north-westefn Washington when soil te#tures réngéd_from coarse. to ‘b
H'médium textures. Dpuglas—fir éite index also increased on soils under-

lain by an impeding layer . when precipitation increased up to a total of

150 cm per year. Hannah and Zahner (1970) discovered that the site index

)
by
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of jack pine and bigtooth aspen in Michigan was significaﬂtly greater on
soils developed on out%ésh sands with_textural bahds oﬁ_upsorted éill—like
matarial. Red pine site index in Minnesota was 2.5 nlgieateraon plots with
_textural B horizons or textural banding and was more closely related to the
surface soil (top 25 cm) than to subsoil wh;n te*tural bands were absent
(Alban 1974). gader (1976) discpvered thgt inqgeased silt plus clay content
in the B horizon was associated with réduced site quality in natural stands
of‘zﬁite pine in Mas;achusegts, perhaps reflecting feduced aeration and
poorer rooting. Cation exchaégé\capacity is also greater in;fiﬁe textured
soilsi It is thus apparent that no broag géneralizationé can be made upon

the influence of soil texture alone on site quality. A coarse-textured soil

may suppoft excellent productivity if the moisture regime is favorable.

Inflgeﬁce of soil texture must be discussed in terms of other séil properties

if it is to be!mganingful, and genefalizations cannot be gade for large'

areas. For ;xample, a fine-textured soil‘which retains optimum soil

moisturé in one area may retain too much in another area where precipitatioh

is mucg higher,fwith resulting decreased yields aue to flooding or lack of

oxygen for tree roots. v . ‘ . : ~
The interacéion of gilt plus clay conteng\}n the B horizon with horizon :

thickness, expressed as a product of the two (Var. X26), his oftén»prqved tol‘

be a useful measuré for evaluating site quality. In tbis studyi %ﬂigi o

interaction was a significant dependent variable in three equationé:

lbdgepole pine age of maxiﬁum PAI; white spruce age of maximum PAI and

mean annual basal area inqrement (Tables 7, 8). The gignificant simple

correlation of the inﬁeractiqn Qith whigé spruce age pf maximum PAI was

negative (Table 18) indicating more rapid maturity of white spruce on

soil; with a likely high available water—holdin;‘capacity. The negative ‘

correlation of the interaction with white sptuce mean annual basal area
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inc:ement (Table 18) is likely indicative of impéded d:éinége and
festricted oxygen availability for white spruce réotSjon sites with thick,
fine-textured Bt horizons. Other authot's hgvé éhown felationships between
site productivity ané’the interaction of B ho;izon silt pl&é clay content
and thickness. Duffy (1964a) demonstrated that pé&cent‘silt plusAclay'in
the Bt X effecﬁive'horizon thickness /10 was nedatively correlated Qith
1odgépole pine domiﬁant height, average height, total. volume and

: merchaqtable volume on one soil series in the Rocky Mountain House area,
Alberta. 'Thé corfelation with basal area per acre was éositive.

The raﬁio of clay in the A horizon/clay ih the B (Var. X27) was uséd
as an independent variable to express the degree of leaching or profile
development and to determine whether this process might be related to
forest productivity. This ratio was a significantmiﬁdependent variable
in six equ;tions: lodgepole‘pine PAI pervtree;ywhite spruce age of mgximum
PAI (vegetation variables included ané deleted); black séruce site index
and age of maximum PAI kvegetafién vari;bles dgleted); gnd éspen dgnsity
and site index (Tables 7-10, 12, 13). The only significant simple correla-
”tion was with 1odgepolé pine PAI per tree and‘was positive (Table\17),
suggesting that lodgepolé pine PAI per~treé‘is greatest where the Ag
"horizon is well developed or where a sandy aeolianldverlay may be ﬁreséﬁt
with a Fonsequent favorable rooting environmeng\zg\these soils. No
examplé§ were found in the 1iperétgre where clay A/clay B horizén ratios
were used as independent variables in gréwth prediction equétions as just
described.

.Stone content (Vat. X28f based upon a visual estimate of coarse

fragment in the solum greater than 1 cm diameter was a sigﬁificant

independent variable in .three equations: white spruce MAI; black spruce age
N . / ) T .

of maximum PAI (Végetation,variables deleted) and aspen age of maximum PAI
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(Tables g, 10, 13). Only the negative COrrelation.of stone content with
black spruce age of maxlmum PAI was 51gn1flcant (Table 19) - It is generally
regarded that 7tones in the solum or the subsoil do not have an adverse
effect uoon forest productivity unless there are so many that rooting .
volume and/or water-holding caoacity is reduced. Lutz and Chandler (1946)
snggested that root space becomes constricteé when stone content is
greater than 20%, but stone content makes fine- textured soils more porous -
with root penetrablllty fac111tated Also the presence of stones on and
ln the soil decreases evapotransplratlon losses, In the Wapiti map area,
stone content within the profile seldom exceeds 20% and averages fron 7%
in the pine plots to less than 13 in the aspen plots (Tablesm3—6). Black
spruce‘age of maximum PAI is neéatiyely correlated with stone content
(Table lé) but is positively correlated with silt plus clay cohtent in the
A horizon (Table 19) 1nd1cat1ng that stone content 1is a reflection of
coarse texture. Mogren and Dolph (1972) observed that lodgepole pine site

index in north-central Colorado and south- —central Wyoming was negatlvely

-

correlated with percent surface stoniness but theretwas no significant
correlation with percent stone in the solum. They attributed the

relationship with site index to pbe a reflection of water avallability.

2.2 soil profile Drainage

soil prorile drainage and site moisture regime are determined by
tooographic position{ the physical nature of the parent material, depth and
posxtlon of water table, soil profile features and precipitation (Farrar
1960). Three criteria were used as 1ndependent variables to characterize
lnternal soil profile drainage:; internal soil drainage class on a five

point scale (Appendix 2}, depth to dlStlnCt mottlingr(Canada soil Survey

“committee 1970), and hydraulic conduct1v1ty as lnferred from the texture of
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"the least permeéblé horizon (Appendix 2). Only one profile drainage-
related variable was alldwed to @nte? anybone regression equation, pamely
the variable that accounted for the greatest increase in the R2 value.

Internal soil drainage (Var. X29) where 1 = éoor and 5 = rapid, was
a significant indépendent variable in éight equations: iodgepolé pine site
index and mean annhai'basal area increment; white spruce site index; black
spruce MA£ kVegetation variables ﬁeleted), densiﬁy; age of maximum. PAI
and siterindex (vegetation variables deleted) and aspen MAI (vegetation
'variablésudeieted) (Tébles.7, 8, 9, 13, 14).' None of the simple correla;
tions of internaf‘soii drainage with the dependent variables were signifi-
_cant.

Jeélum (1974) reported increased black spruce growth on northern
Ontario peatlands as soil aeration improved and that\méisture—aeration and
‘nutrient regimes explained large pigﬁortioné of the variation in minor
Yeggtation. Similar results were observed by Lcwry,(1974) for black spruce
in eastern Canada.

Depth to disﬁinct mottling (Var. X36), a morphological criterion
useful in assessment. of soil internal dfainage, was é\significant indepen-
z-dent vériable'in seven equations: lodgepoLe pine MAI ané'PAI per tree;
black spruce MAI (vegetation variables deleted), dénsity,?éite index
(vegetation Variables deleted) and agé of ma;imum PAI (vegetation va;iables
deleted); and aspen PAI pér tree (Tables 7, 9, 10, 11). Noné of the simpie
.co;relations of depth to distinct ﬁottling with the dependent variables
were significéﬁt. . ' .

%ydraulic conductivity (Var. X31) or its log (Var. X32), depending
upon which gave the better correlation with the dependent variable, was
a significant independent variablé in seven eduations: whité spruce MAI

(vegetation“variablés included and deleted) and site index (vegetation-
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variables deleted); black sprucliMAI (vegetation variables deleted) and

PAI per tree; and aspen age of maximum PAI (Tables 8, 9, 16, 11, 13).
H?drauliq conductivity was significantly correlated only with white spruce
density and PAI pe; tree (both negative; Table 18). The inferred hydraclic
corductivity is‘very highly,correlated with the silt plus clay content of
tte B hcrizon‘since hydraulic conductivity is {hferréd from texture
{Appendix 2).

Other authors have Zound relationships between soil drainage and
moisture availébilfty with forest productivity. Griffith (1960) founc
that avallable soil moisture in the B horizons during the growing season
(May to September) was the most important single varlable affect1ng
coastal Douglas-fir growth accounting for 47% of the total variability.
Duffy (1964a) discovered tﬁ t\lodgepble,pine total volume per acfe was
negatfvely correlated with 3vailable moisture on a weightvbasis in the
surface 91 cm (36 in) on one soil series in the Rocky Mountain House
area of Alberta. Similar results were found by Holmes and Tacklebf1962)
in Monfana. Spurr and Barnes (1973 p. 95) pointed out that the factors
that contribute towards making a soii wéll drained, especially convex
surfaces’, are apt to ensure goo;‘.dralnage of cold air and indicate a s‘lte
with lower maximum and higher minimum temperatures than would beulndlcated
by the regional climatic average. They further noted that well drained
soils support plants of southerly distribution.‘ These trends were observed
in the Wapiti map ara, and are especially evident.when the vegetation of
the poorly drained black spruée - Labrador tea - cloudberry type. (Type 7),
which is comprised of species of prédominantly northern distribution, is

compared with the rapidly drained lodgepble pine - bluéberry - lichen type

(Type 14) which is comprised of species that have ranges extending much
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farther south than the species of ﬁhe bfgck spruce bog forests (Type 7).
Productivity is limited in the black spruce bog forests (Type '7) due in
part to excess water and is limited in the lodgepole pine - blueberry -

lichen type by insufficient soil moisture.

2.3 Soil Structure (x3j) and Consistence (X34)

Structure and consistence of the B (usually Bt) horizon were enterea
as in‘bpendent variables into the regressions in order to determine if
these properties had utility in péedicting the various aependent vafiables.

The scales used to code these variables are in Appendix 2. 'Structure of

the B horizon (1 = structureless, 7 = platy), implying a gradient from b

1l to 7 of'increased ease of root penetration, was a significant independenF

variable in nine equatioﬁs: lodgepole pine density; white spruce agg of

maximum PAI (vegetation variables inqluded and\delefed) and mean annual

basal area increment; black spruceAMAI; and aspen MAI, density, mean annual,

basal area increment and age of maximum PAI (vegetation variables deleted)

(Tables 7, 8,19, 10, 12, 14). None of the simple correlations of structure

of the B horizon with the dependent varlables were 51gn1flcant

’&}%011 por051ty in part, is a result of structure that allows gaseous :
Eﬂhnge with tree roots as well as providing rapid water infiltration.

Root penetrability is best into soils with aggregates in the 2-6 mm diameter

range (Taylor and Ashcroft 1972). The type of soil aggregation is

important to soil permeability. A well-aggregated fine-textured séil ﬁay

function as a coarse textured soil. Structure is Tost important in soils

high i? silt and clay aqd favorabie'strucéure is promoteé by the presence

of organic matter (Spurr and Barnes 1973). Tree.roots enhance soil

structure by compressing soil particles irto aggregates and decaying. plant

roots tend to bind the aggregates. Favorable‘soil structure is best
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@aintained by healthy forest stands of species well adapted to their
environment (Lutz end Chandler 1946). Soil struqtdre may be destroyed

by the -teimoval of litter and by leaving the soil surface exposed to- the

pounding of rain that causes compaction and leaching (Spurr and Barnes 1973,

Lutz and Chandler 1946). )

i

Soil consistence (Var. x34f was also considered.in the regression

analysis, and was expressed on a five poinf scale (Appendjix 2) for the B
(usually Bt) horizon ranging from loose to extremely firm. Soil

consistence is strongly ‘influenced by soil moisture content that in turn
\ .

is affected by'the time of year, with.soils usually being more moist in
the early part of the owing season, than iater in the summer. For this

)
reason, soil consistence'as used here night not be as strong an indicator

g

of site product1v1ty as some of thé Mmore permanent soil properties such ¥

¢

as texture. Nevertheless, consistence of the B horizon was a significant -

independent variable in five equations: lodgepole pine MAI and site index;
and aspen age of maximum periodic annual increment (vegetation variables
included and deleted) and site index (vegetation variables deleted»(Tables

7, 10, 14). Only aspen site index (vegetqtion variables deleted) was

significantly correlated with consistegce of the B horizon (Table 20).

-Thls 1s»¢he only study the a&thor is aware of w

LA o .' . "‘3
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2.4 Soil Color
Color is probably the most easily determined of soil characteristics.

Several inferences about other soil chasacteristics may be drawn from
v

soil color. Dark colors (low value and chroma) may be indicative of

.

undecomposed organic materials or in scoils low in organic matter, may

indicate comﬁgunds of iron and humus, elemental carbon, or cdmpounds of

manganese, and magnetite (Scil Survey Staff 1951). Red co*g;s in soil are
L N

3
generally relaté¢d to unhydrated iron oxide which is reFativegly unstable

o

under moist copditions and thus indicates good drainage and aeration. The

light gray of e haorizons may indicate a very low content of organic matte[&\;?

¢t
o

and iron (Soil Sur 951).‘ Yellow colors are largely due to the

S

presence of hydrated iron ifles frequently found in imperfectly drained
soils. Dark gray colors may result from poor aeration. The gray color of
gieyed horizons of poorly drained soils may be due to the presence of
ferrous compounds. Seil color is innerited from the parent material and
reflecgs it's composition and lithology (Soil Survey Staff'l951, Lutz, and
" Chandler 1946).

Four attributes of soil color from‘Munsell notation were entered as

¢ P

ipdependeﬂt variables into the fegressiah analysisﬁ“hu%%%f the B horizon,

§ horizon, chroma of the A horizon and chroma of the B horizon.

value of tiu
Hue is the dominant spectral color of the soil. Within the range for

the hue YR (yellow~red), the hue becOmes‘moreIQellow and less.ted as the

hue numbers increase. Within the range for the hue Y (yellow), the hue

becomes more yellow and lgss\green as the hue numbers increase (Soil

Survey Staff 1951). For the wépiti area, within the YR hues, a decrease '

in hue number (increasing reagess) generally corresponds to a change in

internal drainage class from imperfectly to rapidly, increased aeration

Yy

' L3
and -increased oxidation 3f iron compounds -to the ferric form, rather “than

9 *‘

r‘\\ S

RS



with a chgnge in colét asso;iéted.with‘different parent'materins.
-Hue'of the B horizonvfﬁa}.-x36) was a significant indepéndent vari-
able in onl§ five equations: white spruce MAI (vegetation variables delgﬁed);
black spfuce mean annual basal area iﬁpre%entvand age of maximdm'PAI
(Vegetation.variabies deleted) and aspen age of maximum PAI (vegetétion.yari;
ables included andodeleted) (TaSiesv9, 10, 12, 13,<l4). Only the negatiye
simple correlatio ’ith aspen age of maximﬁm PAI was signifieant (Table 20).
In ;he soils of-fﬁe sampled plots, ﬁhewhues‘of the B (Bt, Bm, Bg( Btgi°B§gj,
Btj) horizons'are almosé exélusively within 7.5 YR, 10 YR and’2.5 Y charts,
4"£he 2.5 Y colors indicating more restricted drainage and less oxidation of
iron compounds’thad does the 10 YR chart. The négative correlation with :
éspen age of maximum PAI indicates more rapid hatuf&ty on the soil with 10
YR gues (better drainage). Since hug of the B horizon seems- to be largely
a function of drainage fofvthe'soilékaf the fores;,stands sampled here,
the author believes thét soil ;n§erﬁal drainage class is probably a better
répfesentétion‘of soil moisture regime. Drain;ge‘class is assigned partly
on the basis of soil hue,'and the drainage class scale used here (Appendix
2) permits evaiuation of a muéh wider range of soil drainage conditions‘
than does hue alone. '

Color -value of the B horizon (Var. ¥X37), an expression of the relative
lightnes§ of the color, was a significant independent vériable in eight
equapions: lodgepole pine MAI and mean annual basal area increment;uwhite
sprqcé‘dens;ty and age of maximum PAI (vegetation vaniébles‘deleted); aspen
MAI, PAI per ‘tree and meén aqhuai bééal area’ ‘increment; and blacK“spruce
MAT (;egétation variables deleted) and site'index (yeget§tdoq.variableé
ideleted) (Tables 7, 8, 10, 12, 13). The only significant correlation of

| ] 4 . )

color value of the B horizon was with black spruce PAI per tree (vegetation

variables deleted) and was positive (Table 19). Increaéing value or lightness
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is usually a reflection of more intense weathering or leaching, although
] 4

‘the mineralogic composition of the soil is also an important determinant.

Soil color value darkens by one-half to three steps between dry and moist

‘(Soil SurveyrStaff'l951) Because all of the sorl colors were determlned ﬁ%k

in the field at close to field capac1ty m01sture condltlons, the variation °

among hue, value and chroma due to dlfferences -in SOll moisture should be

~Minimal .. 801ls under lodgepole pine forests often have’ well developed Ae.

horiions,of high color value, often to the extent where a secondary Ae

N . ‘ ﬁ 4

,horizon develops w1th1n the first,giving the "bleached" condition

(Dumanski et al. 1973): High soil color value of the Bt horizon may be an

4

indication of degradlng lodgepole plne 51te quallty Dumanski et al.

(1973) found Blsequa Gray Luvisols (now Brunisolic Gray Luvisols), "Bleached"

'Orthlc Gray Luv1sols and Orthic Humo-Ferric Podzols (i.e. soils with high

~ . Ll
color value in the Ae horizon(s)) to have "highf productiyity for lodgepole
- N

pine in the Hinton-Edson area of Alberta. However., it does not necessarlly

follow that high color value in the Ae horizon c01nc1des with high color

" value in the Bt. It must be conceded that in this study the. -contribution
[

)
i)

of organlc matter or soil mineralogical comp051t10n to 48011 color value

could not be évaluated, and may be 1mportant i . ‘ .

([ A

Chroma of the B- horlzon (Var. X38) was a significant independent” ﬁk
variableﬂln Six equations: white spruce density and PAI per'tree; black :
spruce density, PAI per tree and age~ofamaximum°PAI; and aspén ‘site index

e ¥

(Tables 8,-9, 10). Only the positive correlation With'black spruce density

was significantn This correlatlon may 1nd1cate the greater likelihood of
hlgh black spruce density on soils with better aeration and cgnsequent high
color values through increased oxidation of iron compounds. Again, the

. K. ’

effect of mineralogical composition and organic matter cannot be assessed

here.

o
ol




3. Stand Factors

-3.1 -Cancpy,Cover (X60) and Stem Density (X64)
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&hroma of the A hogizon (Var. .X35) was a significant Endependént vari-
. .

able in seven equations: lodgépole pine Magf\végetation variables deleted);

black- spruce MAI (vegetation variables deleted) ,PAI per tree and age. of

e
.

~maximum PAI Xwith and without vegetation variables); énd.aspen MAI and

density -(Tables 9, 10, 11, 13). Only the positiye correlation:with lodgepole

' .

'p%ne MAI (vegetation variables deleted) was significant (Table 17). Presum-

2
.

ably, the differences in productivity are accountable in the same manner as
those for chroma of the B horizon,

It‘seems likely .that further investigation into the factors determin-
X .
. : . i _
ing soil color would be.worthwhile, and that these factors as well as the

various expressions of soil color might servé’?ﬁ useful indicators of

s

forest site potential productivity. ’ f (

- : : A%

stand factors are characteristics of the fofest stand that are functions .

»

of the physiéal site or internal site (soil) factors and of the site

productivity. Stand attribuges used as independent variables in the-

< . [

regression equétions include forest canepy cover, tree stem density, litter

.

cover, deadfall cover and thickness of the-orgénic horizon.

Canopy cover or extent of forest crown closure as determined from

ocular estimates, was a Significant independent variable in‘eiﬁefequations:

lodgepole pine MAI, PAI per tree, age of maximum PAI and heanvannuaihbasal
‘ C < :
area increment; white §prqce_MAI and mean annual basal area inc¢rement; and

black spruce densiiy, site index and PAI per tree (Tables 7, 8, 9). The

_ ' 2
only significant correlations occurred between canopy cover and lodgepole <«

~ }%?3 ) -

pine MAI, PAI per tree and age of maximum PAI (Table 17), and seem téf

© A
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" indicate that canopy céver is a good indicator of site productivity in

mature lodgepole pine forést$. -
N }?»., e

Stem density (Var. X64) eipkessed gé stems per hectare was a signifi-
cant independent variable in only three equations: lodgeéole pine: age of
maximum PAI; black spruqe age of maxiﬁum PAI (ve?etation Qariablés deleted) ,.
and aspen age of maximum PAi (vegetation variables deleted) (Ta?}es 7,13,14).
Howevef, none of the simple corrgl%tions between stem densiﬁy and the

T .

dependent variables were Significanf; Stem'densiéy is a function of several

a .

factors including fire history, insect or disease outbreaks, site moisture
’ ’ r<,¥ . - ’ l 3
-regime and seed availability at the time of stand origin. No attempt was

s

made to determine the causes of stand densit§j only the effect of density

‘upon productivity was evaluated.

3.2 Organic Matter and Deadfall (X63) sy
EL
Organic matter here refers to twc of the independent variables used

-
/ ':'!

in the regression analysis: litter cover ‘and thickness of organic horizons.

The organic horizon ihcludes'the LFH and/or other organic horizons. It

seemed more approprigte to include thickness of organic horizon in this

section rather than in-the discussion of internal site (soil) variables

v

because it is often an indicaé}gn of conditions at the ground surface,
‘and is largely determined by the nature of the forest the site supports.

i'&‘It”is'thQS closely related to the other stand factors discussed here, namely

»° 7 litter and deadfall. ' -

a

Litter refers to the small dead plant material on the grcund surface
\ s

“and includes conifer needles, decidugus tree leaves, im@ll twigs and branches

. ' -
and understory plant material. Litter yield is dependent upon seyeral
3 - .

factors including climate and latitude (yi%}ﬁ greater in tropics), altitude
g p A !

"~ and exposure- {yield generally greéter at low to mid—elevations and was found
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°

to be higher on NE aspects than on SW aspécts ?n German coniferous forests),

) fertility (greatér on fertile sites) and soil moisture (Xield‘decgeases

from ﬁesic to dry) (Bray and Gorham 1964). Because the relationship

between the deéendent variables and litter cover appeared nonlinear on
thekscatter diagfgms, thé'litter cover values were transformed as<l/1og

‘lifter cover. Thus a negati;e correlation of a dependent variable with the

1/1log litter cover variable refleéts a positive correlation with litter
cover.‘

The 1/log li;té; cover. variable (Var.vX62j was a significant indépen—
dent Vari;ble in seven equations: 1odgepoleipine-MAI, site inaex, ége of
maximgm éAI~and basal area annual increment; white ‘Spruce sife indﬁyVand
age of ﬁaximum PAI; anq black spruce age of maximum PAI (Tables 7,/8, 9).

The 1/log litter cover vagiagle was negatively correlated wiéh lodgepoie

- B
pipe MAI and site index as well as black spruce site index (Tables 17, 19).
. The other correlations were posi;ive (Table 18). The negative correlations -
By

of 1/log litter with the MA; and site index terms are actually positive
with actual 1£tter cover, indicating that sites thét are productive in
terms of volume and height gréwth aléo havé high foliagg production which
in turn is reflected by high needle fall and subsequent accumulatio&3>h
j'BrSy aﬁa Gorham }1964) have also indicéted that leaf litter»may oftenﬂbe
-an inde# to net production.in coniferoﬁs forests. 1itter tends to
accunulate in cold, acid conditions of boreal fofes?s (Spuft and Barnes
1973 p. 182). %Lasa et al. (1974) observéd that Japanese red pine needle -«
fall was greater on better siées. It is inté;éstihg to note that the 1/log
litter cover<?ﬁg;ableAwas not significant in any of the aspen equations,

\

perhaps reflecting the more rapid decomposition and lower accumulation
¥

rat§s.of the deciduous leaf litter. Gfmnosperms have been shown to

yield up to one-sixth more total litter annually than angiosperms (Bray

e R N R R S TR | 3 T T
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and Gorham 1964) . The 1/log litter cover variablgnwas positively

J

‘correlated with age of maximum PAIL in the lodgepcle pine, white spruce and
-black spruce plots, reflecting more rapid maturity (max1mum volume 1ncrement

at an earlier age) on sites with lesser litter cover. The correlatlon of
W Gl e T ' ’ N
~ the 1/logflitter‘cover variable with lodgepole pine mean_ annual basal area

v

increment is positiﬁﬁ (negative with actual litter éover), opposite to )
that with lodgepole p1ne MAI, 1nd1cat1ng that the 1nq;gments in plne volume

Y
growth are reflecté&yln Ebrms of height growth Fore s *ghan stem dlameter

/i

l

growth. The author is not faml ar w1th ther studles where ‘litter cover
a) Q

"
¥ -

has -been used as an 1ndependent variable in growth prediction equations.

Its use in this study indicates it might be a reliable indicator of produc-

tivity in sitelstudies gf coniferous species.
The thickpess of'the o;ganic horizons (Var. X39) above mineral soil,
or the log of its thickness '(Var, X40)‘in the rcases of two lodgepole pine

~ equations (Table 5)_and two aspen egquations (Teule 9) was a significant

independent variable in nine'equaﬁions: lodgepole pine density, age of
N \ N - ° .
maximum PAI (vegetation variables deleted), mean annual basal-area increment;

white spruce PAI per tree and age of maximum PAI; black spruce mean annual

basal area increment; and aspen MAI, site index and PAI per tree kTables 7-11) .
The correlations of organic horizon thickness with lodgepole pine age of
maximum PAI (vegetation variables deleted); white spruce age of maximum PAI

) .
and aspen MAI were positive (Tables 17, 18,  20), that with black spruce

mean annual basal area increment was negative (Table l9)£ The remainder of

the simple correlations were nensignificant.
3

-

In the lodgepole pine forests}the organic horizons afe primarily bine

needles and feathermosses and the positive correlation between organic

" horizon thickness and age of maximum PAI- (vegetationyvariables deleted)

& . AR

R - R ,:;"%ﬁ‘f
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indfg!ies later matugity in stands with thicker.LFH layers. In the white

‘spruce forests, the organic horizon often has a dlffereng composition than

that in the lodgepole pine forests and 'is frequently developed under d1ffer—

ent conditions, eSpeciélly where restrlcted dralnage or seepage OCCUrS. The

f
organic horizon is thickest in the white spruce forests on Gleysolic soils‘ )

\
with humified or very well-decomposed organic matter and on soils with

peaty, fibric, organic horizons. éonditions'of restriceed drainage and
limited aeration may account for the negative correlatlons of organic’
horlzon tnlckness w1th black spruce mean annual basal area 1ncrement and.
the positive correlation with white spruce age of maximum PAIL, indicating’
later maturity on poorly drained soils. Page (1976) observed that white

spruce and balsam fir site index in Newfoundland weré negatively correlated'

-with humus depth. wry (1975) reported that black spruce site index was

Al
higher on eastern Canada sites where the thrckness of the FH layer is less

than 20 centimeters.. The organic horizon in the aspen forests is,composed

‘ primariiy of deciduous leaf Iitter and is usually less than 10 cm thlck

with an. average of 7.5 cm (Table 6). Aspen MAI is positively correlated

1

with organic horizon thlckness, lndlcatlng deep litter accumulation on highly

b
-

1 productive sites.

peadfall, (Var. X63), Or dead trees lyinb on the ground as a result of

‘natural mortality through insect damage, disease;‘windthrow or fire within

the current forés§ generation, expressed as percent cover of ' the ground

<

s | .
surface, was a significant independentcvariable in seven equations: lodgepole

“

pine MAI; white spruce site index, PAI per tree and age of maximum PAIL; black
spruce site index; and aspen site index and age of maximum PAI (Tables 7-10) .
only the negative correlat@pn of deadfall with white spruce site index and

the positive correlation with white spruce age of maximum PAI (Table 18) .

are significant. The negative;correlation with white spruce site index.

~ )

et Loz
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_indicates some event in tﬁe s;and‘s history which has resulted in mort&lity
and subsequent Qindthrow. Such natural stand thinning mayA"reléase"
,residua; trees. The positive correlation between éﬁ%dfall-cove; and white
sp;;ce agé of maximum PAI;\may also be an indicatisn of past eQents which

..

rqsulted in a suppression of the growth rate of the white spruce.

4. Vegetation : -
The discussion of vegetation as independent variables'in,the
regression is separated into four cections: tree regeneration, chrubs, herbs, j

- ,
a large percent-

and mosses and lichens. Vegetation variables acccurted foé
qgg,of the R2 value in many of the equations in Takles 7 to 10. The influence
cf the vegeﬁagion variables on tte R2 value is apparent when Tables 7 to
10 ;;e compared to Takles 11 tovl4.. The R? value for th; lodgepole pine
MAI eduation for example erps from 0.66:tc C.24 when the vegetation variables
are aeleted. This reductioh iﬁ R2 walue was much more evident on the lodge-
_pole piﬁe and white spruce equations than for the‘black spruce or‘aSpén
equations. The drop in F ratio fbr the black spruce and aspen eguations
was more significant, to th;\point that the‘ﬁ ratios fcr”black Spruce MAI;
éspen MAI.and aspen site index were not significant at . the p = 0.05 leQel.
A discussion of each of the vegetation variables follows. .
4.1‘ Tree éegeneratioq Density (x80) .°

Tree regeneration incluaes all tree species less-than 1.5 m tall and b
expressed as stems per hectare. Summation ofbtree regeheration for all
species wasténtereq-fcr each plot in.the regression analysis. Regenera-
tion density was a significant independent Vafiablelin fivé equations:

lodgepole pine trée‘density,-site index and PAI per tree; white spr@ce MAI;

and aspen tree denéity (Tébles 7, 8, 10). The correlation with lodgepole

1
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Mumaxihum PAI indicates later maturity on sites with high Ledum groenlandicum -

3

pine tree density was negative (Table 17),°indicating conditions

favérable té seedling establishment in open stands. The positive correla-
tipn‘of regeneration denéity with lodgepole pine PAi/tree (Table 17)
probably indicatgs greater PAI growth in more open stands, also a function
of tree density. |
4.2 shrub Cover

The cover values of two shrubs, Ledur groenlandicum and Rosa acicularis

|
-were inciﬁded as-independént variabies iﬁ the regression ,analysis. Ledum
.groenlandicum is a common undérstéry.Species_in moist to wet boreal forests,
usually where the soil surface is acidic. Heringa‘and Cormack (1953) found
Ledum most abundaﬁ& on till soils in west—céﬁtral A‘lbertaf ‘Le4um has its
greaéesé cover in the black spruce plots (5.9%: Tablé»S) followed by lodge-
pole pine (4.1%: Table 3), white spruce (0.4%::Table 4) and gspen stands
(O,i%: TableFG). Ledum gfoenlahdicum cover (Var. X82) or the log of Ledum
cover (Var. X83) in the-éase of lodgepole pine stem aensity, was a |
significant independent variable in eight equations: lodgepole pine density;
white spruce-MAI,‘site index, éAi per tree, age of maxiﬁum ﬁAI and mean
annuai basal area increment; black spruce site indéx; and aﬁpen hgé of

) AN
maximum PAI (Tables 7-10). The significant correlations with pine density
and'whité spruce age of maxiﬁum PAI and mean annual- basal area”ipcrement
were poéitive, while that with black spruce site inaex was negative

~ B

_(Tables 17-19). The positive correlation with white spruce age of

~ cover. The pcsitive correlation with mean annual basal area increment
indicates that white spruce trees have %ore taper on sites with higher
Ledgm groenlandicum cover.

Rasa acicularis is another common shrub species and is most abundant

B
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in open areas, especially on disturbed siteg at low elgvations, usually
favoring the drier site. Rosa cover (Var. X8l) is 3% in the aspen plots
(Tabie 6) but is 1% or less for the other tree‘spécies (Tables 3 to 5).
Rosa acicularis cover was a significant independentvvariable in seven
equations: lodgepolg pinéddénsity and mean annuai basal area incremgnﬁ;
white spruce MAI, site index and mean annual basal aréa increment; and -
black spruce MAI and age of maximum PAI (Tables 7-9). The only csignificant-
correlation w%:h Rosa acicularis cover was with'black spruce MAI kTgble 1§i,
and is likely an indication of better growth and earlier maturity with
improved soil drainage as teflected'by higher Rosa acicularis cover.

AN

4.3 Herb Cover

Herbs include all vascular plants with soft, non-woody aerial portions

<

»

which die'héck tc the rootstock each fgll.' They include forbs (broad
leafed) and gréminoids (grasses and sedges): ‘Five common spec}es'of
he;baceous plants weére included in the fegression as independent variables:
Cornus canadensis, Rubus pubescens, Calamégfostis\cgnadensis, Epilobium

angustifolium and Rubus pedatus.
. . . ) . - X » had
Corrus canadensis or Canada bunchberry is a common understory speciles

in the boreal forest. It has its highest cover in the white spruce forests

(8.6%: Table 4) followed by the lodgepole pine forests (8.3%: Table 3),

black spruce forests (5.8%: Table 5) and aspen forests (5.6%: Table 6).

 Cornus canadensis cover (Var. X86) was a cignificant independent variable

. . - . \ '
4in ten equations: lodgepole pine MAI, site index and mean annual basal area

increment; white spruce density and site index; black spruce site index

and mean annual basal area increment; and afpen density, PAI per tree and

age of maximum PAI (Tables 7-10). The significant simple correlaticns

were between Cornus and lodgepole pine MAI, lodgepole bine site index;
4
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black spruce site index and hean annual basal area increment and were
positive (Tables 17, 195. In general the presence of Corrus canadensis
seems to indicate favoranle,site conditions for the four tree species
sampled. Illingworth and Arlidge (1960) fnund that Corrus canadensis
characterized the best lodyepole pine sites in central Bri;iéh Columbia;

Rubus pubescens is less common than Corrus canadensis in the boreal
forest, beiné most abundant at lbqér elevations on moist sites. It has its
higheéf cover in the aspen forests (2.2%: Table 6) follcwed by the white
spruce foresﬁs (1.7%: Table 4), lodgegcle pine fnrests (0.4%: Table 3) and
black spruce forests (0.3%: fable 5) . Rubus pubescens cover (Var. XB87) was
a sign}ficant independent variable in five'eQuations: loagepole pine site
inde#; white’spruCe PAI per tree; biack spruce site index; and aspen MAI
and mean annual'basal area increment (Tabies 7-10). The simplé corfelations
ketween Rubus pubescens and Fhe dependent variables wererpositive andJ
significant (Tables 17,318,m20) with the exceptions of aspen MAI that was
negative (Table 20) and black spruce site index (non-significant),
indicating that even though Rubus pubescens is most abundant in the aspen
forests it is not necessarily a good indicator of favorable aspen site
nonditions. ”

CalamagrOSfis canadensis or marsh reed grass is common on moist sites
especially in dpen areas and is capable of rapid increases in cover follow-
ing drastic disturbances such as clearcutting (Corns and LaRoi 197e).

Marsh reed grass has its highest cover in thé aspen forests (0.4%: Table 6)
followed by the black sbruce forests (0.2%: Table 5), lodgepole pine and
white spruce forests (0.1%: Tables 3, *4). Calamagrostis canadensis cover
(Var. X88) was a.siéhiﬁicant independent variable in five equations: white
sprnne M;I, PAI per tree and mean annual'basal area increment; black spruce

PAI per tree; and aspen PAI per tree (Taﬁles 8-10). All correlations



cignificant. Illingworth and Arlidge (1960) found for central British
Columbia that the lodgepole pine - Calamagrogt;§ type was second only to
v the lodgepole pine - Cornus - moss type with réspe?t to productivi£y. ‘
Epilobiﬁm‘angus;ifolium‘or fireweed is common in open areas in the

boreal forest, partiéularly on recently disturbe@ or cleared:sites after
fire or c%earcuéting. It has ;ts highest cover in‘ﬁhe aspen forests
(3.1%: Table 6), folibwed by the lodgepole pine forests (l.1%: Table 3);
white spruce forests (0.3%: Table 4), and black sprdbe forests’(ol2%:
Table 5). Fireweed cover (Var. X85) was‘a‘significant.independent variable
in six equations: white spruce PAI per tree; bléck 59;uce‘MAI, site index
and mean annual basal area increment; and aspen density and s?fé«index
(Tables 8—18). Only the simple correlations between fireweed coJer and
glack spruce MAI, sité index, and mean annual basal area increment and
aspen PAI per trée were significan£ and all were positive:(Tables 19, 20).
The positive correlations with“the black spruce dependent variables
pfobably reflects the better black sprucelérowth on more well drained sites
whéke fireweed is likely to be more abundant. The positive correlation
with asﬁen site index 1is presumablyian indication of gr;atef height growth
in more open sﬁands. ﬂ

» Rubus pedatus is & species tbhat is often abundant in lodgepole pine-'
black spruce forests at high elevations in the foothills, usually in
associat;on with Vaccinium_membranaceum and appears to be an indicator of .
cool, moist conditio;S. Rubus pedatus has its highest cover in the lodgepole
pine forests (1l.1%: Table 3) followed by the black spruce and white spruce
forests (0.1%: Table; 5, 4) and is absent in thé QSpen forests. Rubus

pedatus cover (Var. ¥84) was a significant independent variable in only

two equations: black spruce MAI and PAI per tree (Table 9). Neither of
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e . the simpl% cortelations was g;%"

:”theﬁﬁhiof the cover values of all

-5§Fd into the regressions in addition to

o A -
fghe“ veg values of the individual plant spec1es. " vascular plant cover

H was hxghgst n wthe lodgepole p1ne forests (41. 3% Table 3) followed by
PR m . i
il

Lo %.thehasPen forestsd J40 3%: Table 6), white ‘spruce forests (34. 1% Table 4y 4 .

fﬁd b;qgg :8Pruce foxesﬁgé(Bl 7%: Table 5). The abundance of vascular plant

. @
. cov %&Seems to be related to the degree of crown clos%ée .and to site moﬂsture
'1\_\‘ = %} .

%‘i regime, with generally hlgher vascular plant cover on the open mo1st gltes.
) Heringa and Cormack (1953) related plant cover to texture and observedf

that most species in lodgepole pine stands of central Alberta were most ° L
L § :
abundant on silt loam textures. . Thia;effect may be a reflection of
. , . ' P
drainage, as drainage and texture are closely. related as discussed earlier.

" Vascular plant cover (Var. X89) or its log (Var. X90), depending on
which gave the closet linear relationship to the dependent variable in

- B . .
question, was a significant independent variable. in nine equations: lodge-
pole pine density, PAI per tree and mean annual basal &rea increment; white
. - o o X . . '
spruce density and PAI per tree; éna aspen denéity, site index, PAI per

tree and mean annual basal area increment (Tables 7, 8, 10). The simple
correlations between vascular plant cover'and'pine mean annual basal area

v 5

increment, white spruce density and aspen denS1ty were- negative, thé re-

e
»

malnder pOSlthé (Tables 17, 18, 20). Only thewcorfeyatlons with“pine P

mean annual basal area incremeént and aspeh site index were non-significant.

These observations can be accounted for by differences in canopy closure

0.

and site moisture regime as discussed above.

4.4 Mosses and Lichens

.
3

Three common mosses, total moss ‘cover. and total lichen cover were



entered into the ression as independent variables. The mosses were

Hylocomium splendens, Pleurozium schreber and Polytrichum commune.

' ¢
§

Hylocomium splendens is a common feathermoss in boreal and subalpine

forests. 1Its cover was greatest in the whlte sSpruce forests (21. 9% : Tdble 4),

followed by the black spruce forests (20 9%: Table 5), aspen forests
(5.1%: Table 6) and lodgepole pine forests (5 0%: Table 3) Hylocomium ,

splendens cover (Var. x91) was a significant’ independent variable in four
. 3

. \
equations: black spruce density, age of maximum PAI and mean annual basal

i

area‘increment; and aspen mean annual basal ‘area increment (Tables 9, 10).

)

LThe only 81gn1f1cant correlatlon was positive between Hylocomium splendens
and black spruce mean annual bssal area increment (Table 9), indicating

greater black spruce basal area growth on well dralned sites where‘Hylocomlum
is likely to be a domfhant moss as opposed to poorly dralned 51tes where

Sphagnum Spp. are likely to be dominant.

N

 Pleurozium schreberi is also & common feathermoss of the boreal forest,

~

Its cover was greatest in the lodgepdie pine forests (31.9%: Table 3),

followed by the black spruce forests (18.6%: Table 5), white spruce forests
E . /

7

(10.6%; TaoLe 4) and aspen forﬁlts i3.0%: Table 6). Pleurozium schfeberi
cover (Var. xéz) or‘iis Iog (Var. x93) depending on which gave the better
linear relationship with the dependen£ variable i; question, was,a signifi-
" cant independénL variable in three equations: aspen density, age of maximum
PAI and‘mean annuql basal area increment JTable 10). A1l the'siﬁpls
correlations between Pledrozium schreberi"cover and the dependent variables
were non—sign;ficant. ’

Polytrichum commune. another.boreal forest moss is locally abundant
_especially on minefal soil after fire, logging or otoer sur face disturbances.

-

This moss_spec%es is sot abundant in the sampled fosest populations h@ving

A . ! N
its greatest cover in the white spruce forests {0.6%: Table 4) and less

@
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than 0.5% in the black spruce, pine and aspen forests (Tables 3, 5, 6).
Le \ "
Polgtrichum commune cover - (\ x94) was a Significant independent variable
. [ g . \
in only one éguation white 5y§§te dEn51ty (Table 8), with which it is

N

positively correlated, perhaps aﬁﬁa reflection of greater seedling denSity

on mineral seedbeds in the early stages of forest development
. . e
Total moss ‘cover or the cumulative cover of the three speCies dis-

cussed above plus others,was greatest in the black spruce forests (63.3%:

'uTable S) followed by the fbdgepole pine forests (45 0% Table 3), white

spruce forests (40.7%: Table 4) and aspen forests (9.6%: Table 6). -Total
o - g

moss cover (Var. X95) or its log (Var. X96), depending upon which gave the
, | k .

" better linear relationship with the dependent variable,was a 51gn1ficant

1ndependent variable in five equations lodgepole pine PAI per tree and
% <
medn annual basal area increment} white spruce mean annwal basal area’

S

increment; and black spruce MAI and PAT per trée~(Tables,7—9),‘ Only the

simple correlations bé%meen total moss cover and pine and black spruce
PAI\ per tree were significant and both were negative (Tables 17, 19),

& o

" perhaps indicating suppressed growth invold dense stands.

Total lichen cover, comprised primarily of CladQnia and Cladina spp.

9 -
plus Peltigera aphthosa was greatest in the lodgep&fe p}ne forests (% 6%

e £

'Table 3), followed by the black spruce forests (0 8%4 Table 5), white spruce

forests (0.4%: Table 4) and aspen forests (0. l%- Table 6) Lichen abundance

- was greatest in the lodgepole pine - blueberry - lithen (Type 14) forests .

on well to.}apidly drained loamy sand to sand textures. Lichen cover
(Var. X97) was a Sigﬁificant 1ndependent variable in four equations lodge-‘
pole pine MAT, Site 1ndex, and PAI per tree (Table *7)  that were'negatively

correlaﬁed with lichen cover (Table 17), and black spruce denSity (Table 9),

‘that showed ‘no Significant correlatiOn. %he negative correlation of pine

productiVity with lichen cover. is probably a reflection of poorer pine
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growth on the dry sites where lichen cover is likely to be greatest,

Ho-

. '0
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“Columbia.
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Illingworth and Arlidge (1960) - found that abundant Cladonia spp. were

"

indicative of poor lodgepole pine site condijions in central British
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J. SOURCES-OF ERROR IN REGRESSION ANALYSIS

e

S : S . . . .
Several sources of error arg%pften inherent in forest - site studies
X R ) . . . !

g -
RN
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(Duffy 1964a, Ralstonv1964,‘and others). These are discussed with reference

o

(1)

(2)

(3

(4)

to the present study.

- In the present study, consideration was giveﬁ”@b

¥

One of the factors investigated may have been truly unrelated to tree

. growth but femained correlated due to chance. In the present study,-

-

attempts were made ;ﬂ derive plausible explanations for significant

correlations between independent and dependent variables. - -Definite
causal relationships were however, difficult to determine. The
validity of certain factors may often be checked by an analysis of

new data.

vegetation properties, bearing in mind that vegetation
/ v :
chéngekis,more‘rapid‘than that of soils (Grigal and ArngAfan 1971) .
) ’ =

6il, site :and

vegetation properties and the qontributio% made to the regression by

The scale of site factor classification is important. Broadening or

narrowing of the scale may yield closer relationships with the

)

dependent variable (Grigal and Arneman 1971). The effect of .

narrowing and broadening variable scales was not evaluated in 'the

! b
L3

pfesent study-. ;

The method of measuring a given indepgfident variable may not have

&



e

(5y

(6)

AT

»

been sufficiently refined tomhave sho&n a correlation withAthe e
dependent variakle. For example, quantitative determinations ib/;dl
laboratory of soil'texture, for example,dmay have yielded closqr
relationshibs between soilftexture properties and the dependent
yariables.than those attained using textural classes as determined

[

in the field.

Large differencesl in local climate may not be considered. Dpue to

-the very limited availability of climatic data pertinent to the pre—

¥

sent study, the effect of local climate could: not be evaluated Except
. . v

in a very broad sense as related to differences in elevatlon, fOr

example, Ralston (1964) suggested that meteorological differences/

NI

; can be partly resdlved by the subdivision of 1arge geographic areas

4

provinces. The climatic
B #

divisions made by McIvet et al. 1d ) for Central Alberta were ‘of |

into. relatively homogeneous climatid
1 na

R

limited utility in the present study due to the very smallemapplng
. . @
scale. , T ‘ o o o

e /
LS4

The correlation between dependent and independent variables may be
nonlinear. This source of error was minimized in the present study

o
by making scattergrams of dependent versus independent variables

‘as described in the methods sectlon, and applying the appropriate

~

transformation to .the 1ndependent varlable to approx1mate a llnear

relatlonshlp.

’

Stand history effects could not be ascertained./ Sites with

abnormalltles in growth caused by pathogens, insects and Competlng

vegetation ‘could often be avoided but effects a55001ated W1th genetlc‘

origin are unknown and must be ‘regarded as sources of error.

<

160/



(8)

(9)

The growth factoé? or "independent" variablesﬁhay be ¢

than‘causes of tree growth (Broadfoot 1969).. Indepenc
usedyin the present study that could‘Be interpreted as
grow#h-include 1itter‘cove£, déadfall cover, thickness
horiz / the percent éo&er.oﬁ the varioué=glanf.speche
soil structure and cohsistence. HoWever; all .the prop
above are undoubtedly influenced‘by'relaéivély pe;mané
: o
Thg inéependent variables should, be s%mpied ;niformly
their range, and a uniform diétribugiod should be used

is uncertain (Dehaerschalk and Kozak 1974); An attempt

\

_the present study to sample stands over wide range of ¢

variation. Linearity of independent variable;@sSponse

variables was handled as in (6). .

< . ~— .
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V' SUMMARY AND CONCLUSIONS . N S

Fifteen forest vegetaﬁ’ion tj‘rpes were identified from data from
137 plots in the Wap.xt:. map area, Alberta (NTS 83L) using
assocjation table ana.lysis and a two-dimensional ordination and
were described in terms of fiLdristic éomposition', forest 'n
p:oductivit;.y and 80ils within Mixedwood, Lower g‘oothills, Upper
Foothills and East lope Rockies (Rowe 1972) Forest Sections The

o~

fifteen forest types with mean producti*)ity (expressed as ' ?

' m3ha-lyr-l) are as follows: (1) Populus tremuloides/Viburnum

edule/Rubus pubescens (4.3 ), (2) Populus baﬁéamifez:a/nqsa ) o

_ aciqularié/Thalictrum venulosum (5.0 ), (3) Picea glauca/Rubus

pubescq_@@é?aianthe'mum canadense (4.7 ), (4) Picea ylauca/Equisetﬁx;z
arvense/Hyloccmtw{z splendens (3.6 )_; (5) Picea glauca/Hylocomium

splendens (3.6 ), (6) Pi'cea mariana/Ledum groenlandicum/

"‘Equibetum arvanse, (2.1 2, ‘(H‘ﬂcea mariana/Ledum groenlwum/

Rubus chamaemorus\. (0. 4), (8) Pir_zus coni_:orta/vibumum edule/ .

' Rubus pubescens (4.2 ), (9) Pinus contorta/Spiraea lucida/

Pleurozium schreberi (3 1), (12) Pinus contprta/ cea mariana/ *

R
Ledunrroenlandicum—v.accinium msmbrana um (3.\1_), (13) Pinus

- dontorta/Menziesia glabella/Rubus pedatus (2.7 ), (14) pinus .

contorta/Vaccinium mgrtilloides/Cladonia spp (1.3), (15)

Picea engelmnmi—Abies 1asiocarpa/Menz.iesia glabella (2.4 )

P -
¢

Sucéessionai relgtionshi"ps among the 15 vegetation types were , ;‘; '

generalized ftom‘the“plotvdat'a. ' Most of the 137 forested plots

H

*

. '163,
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o

H

-

. ‘ : A 4
are of fire origin. Two'major successional trends are apparent:
% A . )
lodgepole pine, aspen angd balsam poplar to Picea glauca/Rubus
; . N ™

pubescens—Meianthemum canadense; and lodgepole pine and upland black

]

163

spruce to Picea spp. -Abies lasiocarpa/Hylocomium splendens forests.

Logging and.pulp—cntting activities will prevent climax vegetetion
from becoming established over large areas and will probably.
result in euccessional series somewhat different from those after
fire. _
o -
The two=dim‘58lonal‘ordination graphically oemonstrated the
similarities among the lé? plots and 15 vegetation types ;id

T e AR R

showea the distributlon of several individual plant species and

the soil units wlthin the ﬁ?btsggndb egetation types. -
. aa«, . RN
N i .“J )s},\, . 4 N . R . .

Separate multiple linear ‘regression equations were calculated for

’

83 lodgepole pine-, 30 white spruce-, 15 black spruce- and 17

e

' aSpenedominated plots, using mean annual total volume increment,

stem density, site index, periodic annual total volume increment
per tree, age of maximum periodic annual total volume increment
and mean annpal basal area increment as dependent variables.

. . S : .
Independent variables included external.site factors including

'elevatlon, slope and aspect; internal site (soil) factors inCludlng

and soil color; stand factors includlng canopy cover, stem den51ty,

‘H

< ..

: organac matter and deadfall and vegetatlon factors lncludlng

3 R :
tree regeneration, Lndxvidual shrub and herb spec1es cover and

* b4 a

P lichen cover. When both vegetatlon and phy31cal srte

factors were allowed to enter the regressrons, all equations were

textureﬁ mlckness,élnternal dramage, structure, consistence



5.

-

significant et the p=.01 ieve; with large amounts of the variabili-
bty in the dependemt variable being accounted for‘bg the equations:
pine_(44-66%), white sprudce (70-94s), blaqk spruce (98-99%) and‘
. a§pen (94f99%). ‘Testing the ‘equations with am independent sample

lications are several:

reinforced their wvalidity. Importent
(L Several»indices of site productivity including MAI, site index,

PAI per tree and basal area annual increment can be reliably

- estimated for all four species groups withi ‘the greater part of -
tie Wapiti map area. (2) Tree stem density in natural stands can

bergeliably estimated for the four tree species utilizimg only site

-

‘and vegetation f;ctors, indicating (&cters”other'than stand history
may be responsible for determining stem ddnsbty._ (3) Age of
maximum PAI can be. rellably estimatga i? ?ymanner sxmilar to that

of stem den31ty for tne ﬁgnZQtree specles Lndxdaginé that management
td‘j
' decigions su&h .as rotation age might be made .by an appraisal of the

site whether or not a mature forest cove{;gfz present. With

!

vegetation variables deleted from the regregsion equatlons, the
equations lost muqﬁ of their predictiVe abilzty with smaller amounts
T N EE o : A

. . TN ,

of variability being ac¢eounted for by the equations: .pine (24-49%)

white spruce (53-58%), black spruce (B88-97%) and aspen (74-94%).
‘ e T f,

.-

Eac@ of.the 49 indepemdenﬁivariables examined appeered in at least‘

one efvthe.pﬁedictiqn equations. ‘Tho;e that eppea:ed with the’

highest frequency were those.related‘toiseil moisture and to

climate.and\microclimate. véeve:al plamt séecies, indicative of

particula;;habitat qond}tioﬁe also entered-into manf of the grthh

predict?on eqmations, greatlyv}mcreaeiné the_predictiye:apility oi“
. A

several equations especially theee for lodgepole pihe and white

]
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spr;uce .

Productivity of the soil mapping units could not be reliably

compared due to within map unit Variabiliey in mean annual total

volume increment being greater than that between map units. This
may in part be due to a small sample size for some map units.

. » ‘ ' T 2
It is concluded that the Wapiti map area includes several well

Pz

’

,orgehized‘systems which can be defined by vegetative, edephic

hdd other environmental criterle. The forest ecosystems and forest
product;VLty—enVLronment rergzlenshlbs -described here for the

Wapiti qu area may be expected to ge similar in adjacent areas

of Western and north-wesfern Alberta foothills where climate,
vegetaﬁgon and soils are similar, though‘cadtion is advised \
where ‘use of growth prediction equations outSLde the study/giea

r_ 7

1s édntemplated.

i
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" APPENDIX 1, Modified Braun-Blanquet cover scale

used for plant cover estimates

Symbol

P Present only; cover infinitesimally low
R Rare; cover very low |

+ Occasional; cover less than 1%

1 Cover between 1 and 5%

2 Cover betweeﬁ 5 and 15% ’
3 Cover beéween 15 and 25%

4 Cover'beﬁween 25 and 50%

5 - Cover between 50 and 73% '

6 Cover befweé; 75 and 95%

7 Eover between 95 and 100%‘ )

L3

o
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N

\

Midpoints for calculation o

0.01%
0.1%
0.5%

3%

»

A
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Quantitative and semi-quantitative scales used
for coding soils propertles ﬁrr multipile

reg_ressxo

n analys1s

Soil color - Hue, value, chroma
Munsell designation

Texture
Class . 3%C %Si %S
HC 80 0 20
c 50 25 25
sic = 50 40 10 -
A}
sC 45 0 55
. SiCL 34 56 10
CL 34 33 33
.SCL 27.5 9 63
Si 6- 84 10
<
SiL 15 65 20 -
L 17 39 44
\ .
o
SL 10 25 65
LS 7.5 15 77.5
s 5 2. 92.5
Drainage
1 Poorly
2 imperfectly
'3 Moderately well
4 Well
5 ‘Rapidly
\

Hydraulic conductivity (cm day

HC . 0.1
c 0.5
SicC 1.0
.SC 4.0 ¢
SiCL 7.0
CL 10.0
séL‘ 32.5
Si 55.0-
SiL - j7.5
L oo
. SL 400
© LS 700
! S‘ 1000
2 .
Cénsistence
6.5 Loose
1.0 Very friable
2,0 Friable
3.0, Firm
4.0\ Very firm
5.0 Extremely firm

o/

/

-

.

_l)

{,
hg.‘

Structure

1 Structufeless

3 Angﬁlar blocky

? Subangular blocky

6 Granular

7 Platy



Plot
No.

10
11
12
13
14
15
iﬁ
17
18
19
20
21
22
. 23

24

.

25

APPENDIX 3. Locations of the 137 sampled plots

Latitude

54° 7.8'N

54°11.8 "N
54°14.3'N
54°15.4'N
54°15.01N
54°21.8'N
54°25.9'N

o]

547 B8.2'N,

(¢]

547 8.3'N

Q

547 7.5'N

g,

54°19,2'N

54°19.8'N
54°27.1'N
54?27.2'N
54°34.5'N

54°56.0'N

54056.Q'N

54754.2'N
54°38.3"N
54°37.4'N
54°47.9'N
54°44.0'N

54°44.7'N

4'N-

119°

Londitude

(o}

118~ 17.5'W

119° 25.0W

119 12.3'W

119 34.3'W

119° 26.5'W

o]

119~ 59.9'W

o

1187 21.4'W

118° 4.3°

"W
119° 34.7'w*’/('

119° 18.4'w

119° 44:52'w

©50.3'wW

Y19
119° 49.4'w

(o]

119" 48.4'W

[e]

119° 43.5'W

£19° 43.8'w
46.9'W
118° 53.4'W
© 53.4'W
47.9'W
15.9'W

(e]

1197 16.6'W

\
118° 39.7'w

118° 33.8'w

o]

118" 33.5'W

. Plot
No.

26

27

28

29

30

® .

31
32
33

34

35

36

37

38
39
40

41

42

43 .

45

,:é‘

47

48

49

44

A3

Latitude

54°47.8'N
54°47.2'N
54°36.5'N
54°34.5'N-
54°30-7'N
54%32.6'N
54° 2.5'N
54°15.8"'N
54°14.9'N
54°12.2"N.

3
45411, 7§

54°10.3'N
54°,8.3(N
54°16.3'N
54°19.6'N
54°50.6'N ,
54°50.5'N
54953.3'n
54%52,7'N
54°43.8'N
54°43.8'N

54° 3.8'N

- 118

Longitude

118° 38.9'w

(e]

1187 "13.5'W

118° 13.4%w

(o}

118° 10.9'w

118° 10.3'w

° 9.3'w

(o]

118~ 35.2'w

118° 23.8'W
24.2'W
25.4'W

27.3'W

1858w
119° 15.¢
118°
118°
© 24.7'w

© 222w

118° 40.0'w

37.1'W
39.7'W
118° 46.0'W
118° 49.2'w

32.7'W

19.0'W,
15.8'w‘-

28.5'W,

30.0'w

37.0'w.

178
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APPENDIX 3 cont.

Plot
No.

51
52
53
54
55
56
57
58
59
60
61

62

163

64
65 |
66
67
68
69
70
71
72
73
74

75

Latitude
54°08,8'N

54°02.8'N
.

54°05.2'N

54%01.3'N
54%00.7'N
54°%00.8'N

.

54°33.0'N

54°31.9'N

54°33.8'N

54°7%.0'N
54°35.7'N
54°33.8'N

54°22.2'N

54°26.5'N

54°27.2'N

54°25.3 N

54°27.4'N

54°31.2'N
54°27.4'N
54°29.5'N
54040il'N
54°25.6'N
54°23.3'N

54°23.8'N

54°24.4'N

Lonqi}ude

o}

. 118

118°

118°

118°

118°

118°

118°

118°

118°

o

-118

118°

118°

118°

118°

- 118°

118°

118°

o]

118

118°

118°

118°

118°

118°

e’

118°

36.0'W
.43.8'w
28:.1'W
36.9'W
03.0'W
09.4'W

31.5'W

33.3'W

27.9'W

31.5'W

33.3'W
42.2'W
36.0'W
44.3'W
36.8'W
48.8'W
47.§3w
59.2'W
46.1'W
45.6'W
45.0'W
56.2'W
58.2'W
58.4'W

58.6'W

\

Plot
No.

76
77
78
79
80
81
182
"83
84
- 85
86
87 .
88
89
90
~91

92

.93 .

94

95’

96

97

98

9§ -

100

N\

Latitude
54°28.3'N
54°33.2'N
54°19.8"'N
+54%21.1'N
54°24.8'N
54°24.2'N

54°24.9'N

54°37.9'N -

54°59.3'N

'54%58.5'N "

55%00.0'N
54°5§.3‘N
54°%50.3'N
54°42.5'N
54%42.7'N
54°43.5'N
LI
54°43.3'N
54°39.5'y
54°45.9'N
954°44.7'N
54°44.9'N
/54%40.5'N

v
54°40.2°'N

54°50.1'N .

54951.5'N

P

119

Longitude

118°

118°

118°

118°
119°

119°

119°

119°

119°

119°

119°

119°

118
‘ o]

118

118°

118°
118°

118°

118°

118°

119°

119°

119°

119°

Q,

o -

59.2'w
59.3'W
55.7'W
57.2'W
l6.6'W

\

12.5'W

179



APPENDIX 3 _cont._

}Plob

NO.
101
102
103
104 -
yos
106
107
108
109
110
111
112
113
113‘
115
‘116
117
118
119
120
121
122
'123
124

125

Latitude
54°51.1'N

54°48.2'N

54947.3'N

54°45.6'N .

54°46.9'N
54°47.7'N
54°49.8'N
54°47.8'N
54°32.9'N
54°35.0'N

.
54°37.0'N
54°43:8'N
54°42.2'N
54°39.6'N
54°41.3'N

54°43.1'N

54°41.4'N

54°43.8'N
54°43.8'N
54°44.3'N
54°43.4'N
54°41.2'N
54946.0'N
54°44.9'N

54°14.4'N

119

119°
119°

119°

28.
27.

30.

Q

119

119°

119°

119°

119°

o

119

119°

119°

119°

119°

119°

119°

(¢}

119

119°

119°

119°

119°

119°

119°

119°

(o]

o

119

35,

23.

25.

28.

30

46.

52.

48

47.

48

46.
41.
31.
31.
39.
38.
31.
31.
32.

35.

50.

Longitude

o'w
o'W
8'%,
2'W
B;W
7'W

3'w

AW

45.2'W

4'W

AW

T'W

.6'W

4'W
0'w
4'w
8'W

4'w

2'W

5'w

6'W

o'w

9'W

8'W

Plot
" No.

126
127

128

131

£ 132

133

134

135

136

137

Latitude

54°19.0'N
54°15.6'N
54°16.5'N
54°19.4'N
54°31.6'N
54°23.0'N
54024{5'N

54923.8'N

54°28.4'N
54926.3'N

54927.6'N

54°26.1'N

180

Longitude’

119° 50.8'W

119° s1.8'w

¥

119° s51.1'w

o

"119° 48.8'W

119° 44.3'w
119° 44.2'w

119° 45.0'wW

119° 45.8'w

O

'119° 43.2'W

119° 43.7'w

119° 43.5'w

o

“119° 40.9'W



181

4
APPENDIX 4 Summarized site data for the 117 sampled plot;
!
Elevation
Plot Parent Soil Internal (ft above
No. material unit Classification drainage sea level) Sloge V Aspect
1 Cn till MBN6 /St Br.GL 1 420Q S . W
to Skyd '
2 Cr till RBB7 0.‘(.‘;[.. I 5500 189 NNE
Br COP1l
\ . » :
3 Ccn till MBN4 /TOR1 0.GL I 4200 1 S
Br. . ) .
4 Cr till SHP1 0.GL MW 4700 8 w
) Av 1081 O.R P 31600 0 leve!l
6 Cr till SHPL 0.GL MW-I 3900 5 N
7 Ay Gv JRV4 E.DYB W 2500 2-53 NE
8 Cn till MBNS5/TOR2 GL.GL Mw-1 4150 8 W
Br
9 Cr till SHP1 C.GL MW 4200 20 S
B |
10 Gv JRV4 0.R W 3900 Q level
Ow
11 Cr till MLBS 0.GL MW 4009 2 N
12 Av Gv JRV4 Z.EB MW 3600 2 S
)
13 Till SHP1 0.GL MW 4000 o] level
14 Org KNZ F P 3500 0 level
15 Org/till SKY1/P R.G P 4100 1-3 W,
16 ows BKM6 O.HFP W 4100 3 W
11 C.’r till MLB8 O.GL W 4200 14” W
18 Av 1csl 0.R W 2250 2 N
19 Lac till DON] 0.GL MW 2250 0 level
20 ‘Lac till  S1PL/P .G I 2250 5 N
21 SsBr TOR1 0.GL MW-T 31850 0 level
22 Br TOR1 0.GL I 3950 3-4 . N
23 Lac till DON1 GLS2.GL I 2400 2 N
24 Lac till  DON] 0.GL Mw-1 2650 2 W
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APPELDIX 4 cont,
Flevation
Plot Parent » 5011 { Int'rnalr (tt above
_ﬁ?:._.ﬂit.l_ ...___-MD.L_L‘»_A___V_’ o L““&i}(“tlf . ﬂ__d'( ‘\ naye  sea 1 eve 1 5
25 tac till - DOML MW 2500
' . . ~
26 .Lac till LDGE 52.GL Mw » 2400
27 ' Lac till LGS GLE.EB { 2750
28 ES HRT1 O.HFP W 27%0
29 Org KNZ TY .M P 2750
30 ES HRTI ‘ E.EB R 1750
31 org KNZ' T.M VP 2750
32 . Cn till. MBNG /3 BR.GL ‘W 5050
3 Av/till LGs - BR. 3L W 1400 1V
MBN6
34 cn till MBN6 BR.GL LMW 31750
TORL oo
35 cn till MBN6 * BR.GL - MW 4100
36 cr. till MBN6 ‘BR.GL MW 4100
37 Ccr till RBB7 0.GL MW 4100
38 Ccr till RBB7 . E.EB MW 4100
LN
39 Cr till RBB7 BR.GL MW 4700
40 cn till MBN6 BR.GL a M 4250
4l cn till MBN6 BR.GL o - 4450
42 Av/Cn till MBN6 BR.GL W 4400
43 cn till MBNG BR.GL LA 41sp
44 * Lac sipl 0.16 P 2250
45 Av/Lac LDG7 GL.GL 1 2250
. £ill £
46 Lac till sipl GL.GL 1 2150
47 Av-Lac Dvs2 0.1G MW-I 2200
48- Till . EDS4 GL.GL 1 2800
49 Br S1P1/P 0.G P 2508

ipope 8

[

30

43

11

142

‘

A.Lm“t

N

N

z

W

NE

level

™

level

level

level

level
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APPENDIX 4 cont.

" 184

Elevation
' Plot Parent Soil: Internal (£t abcve )
No. material unit Classification drainage sea level)’, Slope % Aspect
B - A .
. ;
75 Cn till EDS4 BR.GL MW 3850 10 s
8r - :
76 Cn till EDS4 BR.GL MW 3500 3 s
77 Cn till ECS4 0.GL M 3250 3 E
78 Cn till SKY1/P R.G 3 3850 7 E
79 cnotill EDS4 GLBR.GL -1 3950 1 E
80 Ccn till MBN6 BR.GL My 4600 2 - N
81 Cn till MBN6 BR.GL MW-1 4530 3 SE
82 Cn till EDS4 GL.GL I 4100 level level
Br = [ TOR1 .
83 Br TORL GL.GL 1 3500 1.5 s
84 Cn till or EDS4-~
Lac till DON1 0.GL 1 2850 3 N
85 Cn till DCN1 0.GL MA-1 2520 ‘s level
86 Lac til} DONL GL.GL' 1 2800 0 level
L 4 .
87 Lac till DON1 GL.GL I 2950 0 level
88 5 HRT3 BR.GL MW 2450 3 w
.o
89 Br TOR1 0.GL MW 2650 10 w
90 Br TORL 0.GL MW-T 2700 15 )
91 Br TOR1 0.GL MW 2550 3 N
. \ ]
92 Br TORY GL.GL 1 . 3100 3 w
93 Br TOR1 GL.GL 1 2253 0 level
94 Cn till EDS4 0.GL M-I 2750 9 NE
95 Av Gv BKM8- O.EB MA 2760 15 W
JRV4 )
96 Lac till s1rl 0.G M 2600 8 W
4
97 Cn till 0S4 3R.GL MW 3150 15 w
98 Lac till DON1 GL.GL I 3250 G level
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APPENDIX 4 cont. .
7
i Elevat}on

. Plot «. - Parent Soilc Internal (£t above .

- No. material unit- ,/ Classification drainace sea level) Slorpe % ‘Asvect
99 £S HRT1 E.EB R T . 2550 : 15 N
100 ES LDGS ~ BR.GL oW 2500 0 level.

AvLac ’
101 - AVS * GUN1 0.1G P 2550 . 5 KW
102 AvS* - LDG8 o
Br ccrl BR.GL MW 3100 5 w
’ -
103 -AVS BRM6 BR.GL W 2850 6 NW
104 Lac ‘till DON1 GLSZ.GL 1 ‘2ino 4 TN
105 Br . " CoPL 0.=B W " 3400 22 W
106 . ES LDG6 0.5L W 3150 5 W
7 Cn till EDS4
107 . ES "1DG8 E.EB o 2850 20 C o
Br copl -
Br - copl 0.EB W 2953 15 - NW
Cr till MLB3 BR.GL § 4200 18 W
Eroeill MLBS8 BR.GL ' MA 41300 7 NNE
Cr till MLBES ’ 0.GL MA-1 3200 15 " NE
Cr till . MLB8S BR.GL - MA 1500 15 SW
AvVS MLBES BR.GL MW 3600 5 N
Cr till !
114 AvsS LDG8 °  GLBR.GL 1 3600 6 NNE
Cr till MLB8
115 ¢r till MLB8 BR.GL MW 3600 3 MW
116 Cn till EDS4 BR.GL . MW 3100 22 NW
LY
117 AvS sipl 0.G I- 2500 10 NNE
Lac till P ’ -
118 Lac till pON1 0.GL M 2700 15 W
119 Ca till EDS4 0.GL MW 3000 7 NE
120 Cn till or  EDSH 0.CL M 2900 5 )
Lac till -1
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APPENDIX 4 cont.
. . . ] Elevation'
Plota Parent SoilC g Internal (£t above
No. material unit Classification . drainage _sea level) Slope 3 Aspect
121 . Lac till Sipl/p 0.G P 2750 4 NW
122 Av ' LDG6 or GL.GL 1 .3000 6 NE
Lac till DON1 . . .
i23 ES © BKM8 E.EB W 2750 3 ]
124 av_ LDG6 GL.GL 1 2700 3 NNE
Lac till | /
125 Cr_till RBB7/t 0.GL W 4200 16 -~ NE
Br
126 . AvS . 1081 . CU.R W 4200 3 W
. GV .
127 ow JRV4 0.GL W 3900 0 level
128 cP till RBB7 BR.GL W 35C0 17 v
129 Cr till 3R.GL W 4000 %5 ENE
130 Cr till 0.EB I 4000 9 SE
’ Br
131 Cr till E.DYB W 3800 40 W
132 Cr £ill MLES/ t BR.GL w 4300 23 SW
Br coPl
[ §
133 Av JRV4 BR.GL W 3700 10 g
Cr till
134 Cr till MLB8/t BR.GL MW 4000 9 °NW
Br COPL .
135 Orq N2 T.M P 4000 8 NW
136 Cr till GUN1 Q.G P 4000 11 w
137 Cr till MLBS BR.GL MW 4200 5 SW
Br CcoPrl
Footnotes
a Plots 1 - 43 sampled during 1972
pPlots 44 - 831 sampled during 1973
Plots 84 - 137 sampled during 1974
b Cn till - morainal materials derived frem the continental glacdiation, s-stcny. t-thin

Cr till - morainal materials derived from the cordilleran glaciation,

-

s- stony. &t-thin

v
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APPENIX 4 conkt.

Lac till
Lac

Br

Av

Gv

Ow’ o
E$
Org '

\ x
Soil Unitswﬂte dgscribed in Twardy and Lindsay (1978)

Soil classification abbreviations follow CSSC (197%6)

lacustro -~ till of glacio-lacustrine origin )
stratified fine textured lacustrine deposits of glacio-ldcustrine orig'in

weathered sandstone (Ss) and $hale unless

alluvium of stream deposition
gravels of stream deposition
outwash deposits of flowing water from a neatby glacier, usually gravels

or sand (S)
eclian sand
organic soils.

P-peaty phase

Soil internal drairage scale

R
w

MW
I
p*

VP

Elevation and tree height in Tteters = feet =3.28

rapid
well

moderately well

imperfect
poor

very poQr

'lithic’

R

is indicated

187
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Footnotes : .

a m:‘ha-lyr—l = 1!t3<:<:-1yr:-l x 0.070

b volume in m3 - ft3 X 0.028

¢ m?ha ! = frlac™t x 0.230
-1 -1
d . trees ha a trees ac X 2.471

e , Tree species abbreviations:

Pl - 1lodgepole pine
'Sw - white spruce
Sb - black sétuce 1§
——
~
Se - Engelmann spruce
Fa - sdﬁalpine fir

A - Aspen

Pb balsam poplar
B - white birch
L - tamarack

W - tree willow (Salix scg‘le iana)

209

25

R




o
4 Q,
o~
L9 as ’
1 v*m 8S m.o+m.a N.o+m.o v.a+m.w m.m+o.mv m.a+m.mmﬁ, 14 (39
) T°L,8°SL 4 o¢~.a m.o+o.~ ..N.A+o.w m.:o.:. v.a+m.~.m T4 1
- - - - . - >
. S$TE,STEL A.o*m 0 1°0,8°0 0 o+m 0 H.a+w 1T S m+m €L qas
o.aom.ﬁw . <.o+w.~ N.o+m.o‘ A.a*\..v N.H+m.cv o.~+m.mm 14 11
: . . : L6 14
- - s - _ - _ o
E— m;Um+o 86 4 o+o 4 € o+m T ¢ v;.m, 8- m.v+m LT A.«.+o.o~H MS 01
. 5 ,
€75, (709 270, %1 a.c+o‘ﬁ m.o+~.w v.a+v.mm €T el 1d 6
A.o+o.v>. 170,570 170,570 m.o.v.ﬁ n.o+m.m~ H.o+c.vm o gs .
070,075 - 14 o+m.o A.@+m.o L 4+m 14 0 m+~ £y 0 o+o 4] 1d 8 ;
S5, L76ST v'0,0°C 70,670 8°1,9° 11 . n.v+m.om 8°1,£7991 ms L :
m.m+h.mm ~.0+A.H N.o+m.o 0°T,0°F . o.A+m.mv w.a+m»wﬁ 14 9 ,
h.w.fvm.vm,ﬁ m.o+v.m a.o+q.o m.m+m.a n..a+m.mﬂ A.\.H+m..mma MS 3 S
- m.m+h.nm . A.o+m.o 1°0,9 0 S o+m 3 °9 H+m.ﬁv S o+h [4:] 14 v
N.A+~.mv m.o+h.a A.o+m.o H.o+m.wa m.c+m.vm h.c+o 0L 14 . £ -
T e Cpen Ty nTne 1T e R Py
) S°6T,67°82 1°0,¢ 0 ] £ o+o 1 < B a+m L € m+a LT S NA+N Lyl S [4 .
v g . en o P [P oy e e e
h.mom 95 o.o+m Q T o+v 0 4 o+~ T € N+m LT L' +m T . as
- m.~+m.hn €°0,v°0 ~.o+m.o c.~+m.m 6 w+m vE co 01,0769 14 1 )
1¥d (SEFANEEEE] (39) IOLEY REEN 1Kot 3By BEENEELE oN
wna Y Xew € 13d 1vd @ 2313 32d 2917 1ed 1e xaput 101d
° jo abvy wMOw T XKW Ivd swnTon 1301 311S
. - ) ¢

-gj07d patdwes (f1 2uy3 3103 s3sAyeue wels pazjiewuwns 9 XIaN3dd¥



—
— ¢
- /
H L 12
AR 69 %
A rTyer SR RSN vy L9517 0769 me 124
- , - B + + +
. 99 v
L -
Ty MR IE R T AT FrraT v.ﬁﬁmm LY g f7
R rea e sonay N NIRRT as -
- - - + 4+ .
<z ir g1 ‘ 876 6L 1d z7
U.l/'l."ﬂ .l| .- B - . ;1l . \.v . - . . = -
2710 SRR Py 9°1.5°% 1z T'RF FTZ,079¢ 1d 1z
IIEN N e A a0 g1 S 1179 pop T°9S  F°9 806 s nz
- + + 4 4 4
SISATVHY WALS ON © q4
0% oL v o 61
) €09 7L qd
SISKTVNY WILS ON . v 81
37382 e 60T IEEIRER 570, €°9 9:0,5°1s 970,078 - d Lt
o T . T z°0 v . as
DR €0 T 1°0 970 670 0°b B g L°fE 970 B°LL 1d 91
. + + + + +
- _® 9" a1 0y n-crf (8 ms
T.. = vA heT .Dl . T crTa- RN R
Ty 9°0 b°1 st Tt 62,69 971,972 87, 7700T as ST
PR 6 0 50 00 770 9°0 €2 1Tt 9t 976z 87591 as A
. + + . + +
%4 - (_13] 2313 fut Lmdv n?ﬂ.d»om aby nmmﬁ.ummm TON
®-BIXET t 33d 1v4 3213 1ad 5313 1ad je Xaput . 301d
10 2By oNwIXeW Ivd aunioa 1e1INL 2119
£}
. . TIU0D0 9 X1aNAddv

any



212

(22

T3U0d g XIONdddVY /

&

- v
L'v, B'S9 ALK A €°0,5°1 _ 570,F°L 8 0,b°¥S  L70,5°2L Td ve
9z1 Lz AR s'p . 9° 92 €61 qs
, €01 e
L % >
caTo- e ey saT, . e T Kaert 14 et
0°9,8°TST . I e zro L 0 . Ty 0°hT URE 8 B LS A o R
' - . - - . - - -
S Pz ¥ ST €061 0°0,7°0 01,278 WUT,9782  §T7, v e d e
. : - " ta 14
tacC 4 - A & PP [P ey e 1 e P
. 97 F LTL NN AR 2o, vt R0, 8°¥ RUI,S°TE  271,079¢ as 1€
‘ AR EL €0 171 270,670 970, ¥ ¢ §TT,27LE 170,858 1d ot
657 €7 wLl 10zt 1 o.w,m 9°0,9°¢ e,z Ltz Loz as 67
- ; 6L 1 [ 8¢ S ob 98 qas
- e - _ -~ ) - - - _
- 178, €70 (AU P05t 0z, L0 BE,2795 - 01,1728 1d 82
0°6. Z°ST1 6°0 T1°¥ 0°1 v € 2°9.6°1¢ €76 0°6b £ T.S°f21 ns L
+ + v + + + +
SISATVNY W3ALS ON ; ad
. 69 99 ¥ 92
; i L ¥
bUE E°LS FRNR UL T 979 1°L1 1L 668 TTETIL Ag %
Y + + + + +
) . Ivd ﬂd: 2313 fut oAU.ﬂill n:: 1Kot E18 Q5o10ads *ON
B WO Xew Jad 1vd aaix13y aad aniy 1ad je xapuy 1014
5 jo aby unw y Xew 1vd aunoa (8304 _a31s



213

J8°L,570TT §'0, 1"y vo. et 0°z,8°52 8°1,2°9% T, R°CET Mg 8
- L€,2°56 8°7,9° 871, V'S b9 L1982 8°7,2°T9  §°0,8°101 Mg Ly
L€, 8L L'0,8°¢€ L'o,1¢ sz, ved 62, 1°vS  €£°1,8°98 ng 9%
AL v:0,5°¢ $°0, 1€ . 9°1,9°v1 6,785 (1,088 Mg Sb
. vz, 2 v €002 €0 9°¢ T, 06 7'1.€°8% 8°1.8°'68 ' M5 b
. + + +
€0,5°€S 2'0,8°1 €o,LT 9°0,0°6 871,179 €°0,6°€S 14 £y
€21 ey
6°LT,5°501 vo0 €z T°0,6°0 81,6720 (AR U0 LA O SR A% 7R u v
075,179 S0 bz b0, T2 ST LU L1,8°es LW 14 1
8°L 0wy 10 1% 1°0. 8°0 €0 6°¢€ 1T'T.6°LE  §°0.6° 1L 1d o
+ + + + o+ 4
. . zs qs
0°€,9°19 €05z €0,6°1 L 1,set 8T, C°€S 870,798 1d 6¢
—78°2,5°09 z0,1°2 20,61 80,0°L 9°1,8°95- 9°0,8°89 14 ac
€5, LTS 770,91 AL 870,079 v T,9°¢LS .o.A*p.ﬂh 1d L€
: . ¥ as
o L79,8°85 T70g8°1 270,91 6°0,5°¢L L°T8°TS S0 BEL 1d 9¢
. A : : . w v
Hh 0°1 © o st g-ce 1w as
T ste zey $°0 £°¢ £°0.9°1 6°1 b €1 0°2°9°95 80 2"kt 14 s¢
+ + + + + +
,. 1va (33) 9013 a3 IPEE) IEFINELSD 55V ,55753ds “oR
) wnuryxew ~13d 1vd 2913 xad 99173 2aad je Xapug ’ 101d
3o aby wNW XRK 1vd " aunyoa Te104, 2118

TIU05 9 XIGNIddV



a

214

9°0,2°¥ST s70,1°¢ b10,8°1 15,0762 YT STLY T TR 14 99
h‘q¢m.vm~ 0,01 10,670 U100 ~  ¥TTETLT 1iZ,5TUT as 9
e g en PR e T T e T Ja Ty
0°v, 77291 €0,2°2 170,50 .07z, Tl 9°1,6°0¢ m«m+~ LLt 1d ¥9
£°2,5°861 10,v°1 10,670 870,979 81,9791  [°€,8° (LT as €9
5,57 LL €0,8°2 €°0,0°7 60,6721 6°0,1°65 670,528 1 29
9°€,8 €L £0,1'9 v10,6° 60,612 8°0,9°0L 0,508 ng 9
2°01,2°65 270,82 €067 970,501 ST1,b69  S70,776L 14 09
92 §°60T 0°1.6'9 0°T. 19 9°bv 0°1¢ AR R A A A 8¢ ng 65
+ + + + : + +
$°9 L°0L €012 £°0 6°1T 0'1.L°6 L'1.8°66  9°0. €£°28 14 0s
+ + + + + 4+
£ o1, €02ty 11,86 670,4°S L7s, e 1e 976, T2y €9, L°5ET s Ls
8°0,L°T5 170,571 170,8°0 9'0,2°9 60 €7ty 8°0,L°18 14 95
By €21 0°0,€0 0°0,£°0 0°0,1°2 0°T,6°LL  9°Z,L7621 as 56
8°0,€°0L 270, E° 1 To et -~ §70,5'Y 01,6706 8'0,€£°0L 1€ vS
UL, TN LLT 2°0,5°1 10,071 9°1,1°LT 0°Z,5 v 8an, 87801 14 €5
b 9T 0°TET pe0 €2 z2'0 61 1°6 sz Z2°1.6°05 0°€.0°181 d 149
+ + 4 ) + + T+
- 3 - - . - h . . - . . - - . - .
8°€,0°69 BRI zrolie . AT0.S°L 0°1,6°7S 80, €°ZL 14 15
£°5,5° 06T 10,62 z°0,0°1 677, €"v2 97z 1708 9°1,57812 ng 0s
vr ¥ 07091 9°0. 8" vo0.9°1 9V 6°62 6'2 T°2v  6°1.0°GLT ng 6b
+ + + + - + +
Ivd 1337 9333 1337 NPEE) q33) 1K0L 3By 5910338 oN
wow {xeu t 3ad 1vd wwhum_u& 8917 12d je Xapur 3014
3o aby UmuTXer 2Q1s

1vd sun[oa [e3xol,

- . .

T3U00° 9 XI1aNdddV



215

LIRS

~

2R AAL 270,5°1 170,071 L0,7°6 970,97 6€ h.o“méﬁ 1d 28
. - - . - H . - . - - - - - . - - - N
82,9728 270,61 270,8°1 v'T,0°21 . er,ecee 17297021 4 18
€€,279L 770, LT M.xo,,v; 870,011 £z, 8°8€ H.qHN.Z; 1d 08
Tv,Te €061 270,61 570,59 9:0 L'¥b  ¥70,7°9L 1d Y
T UL E°STT 170,61 270,91 9% 0 ¢ 1T 676,616 6°0T1,€°581 as
56,5821 y10,£°¢ 070,677 U 14 10,p'vy  STY STEET S 8L
£y, sTvL €082 £0,9°2 0°T,5 11 s T,9"6s  BT0,TTT8 1a LL
£°1.5°28 0°0.6°1 1°0.%°1 £°0.2°6 0'1 6wy 270 2°v8 14 9t
+ + + + + +
6% 5 9v1 070,01 10,470 BT LL Tr st as st
v A Al en O° ‘o v g er TeT o e
yr ot 0°HT $'0,9°C 0,z 1 sz, 61, Uty STT0LLT, 14 ve
0°5,5°¥9T 070,470 0°0,v°0 9°0,9°S ST T,L 1 §7Z,87L9T as £L
Ty, 80t 20,61 u.‘.u.,.hq L;0,0°¢ 2T, €76y B70,6°78 14 L
6°€ b-TL g 0 %3¢ 9°0.2°G 7g g 0702 g'T 0°€L v 0. b°¥8 14 1@
+ + + A 4 +
€0z £°L1T €0,6°1 10,100 R B O o) £€,1°9¢  TE 07951 as
8°1,€°9LT v0,8°T 1°0,8°0 77, Uet zrg,90€e 87T, E9LT 14 oL
- b - - - " - - .
0°9,9°8S1 v'0,9°¢ 20,21 12,282 9°T,L705  TTT9TMLT: 1d 69
- - - . - . 3 - . . - . - - - . - - O
81029 z°0, 1'% A 0°T,¥°ST 97T, 5thL  ¥TO,LTED 1d 9
0°5,57 651 070,970 070,270 $°0,0°¥ 11,9791 LTT,TT9LT as L9
TTTIvd 133) 22am3 Amuu« o~mu: 3 nﬁu 1Kot aby nmy«owmm “ON
wnw§ xew £ 1ad 1vd aaiy 19d 3917 3ad 1e x3apul 301d
jo.aby . WNTXeW 1¥d auntoa (2304 331§
’ . TI405 9 XI1aNAddv
\ - .



216

v.o+~.v

L°9,2°99 y'o,pE q.ﬂﬁow L0, €763 b70,7°98 14 L6
N.a“w.mm , m.owm.m m.cwa.m ¢ T7E,9°91 AN AR bUE L9 SL 1 96
9'r.z7eL 61,279 L°1,9°s 5°6,£767 875,019 §°6,2°%6 ns o s6
z9 erven 871,67 PITYS L0177 9¢ 0°9.8°6€ Z'v 9°8ET s v6
- - /- - : _ I
6'v,8°29 . €0t m.o%.m AR STAR S H.NZ,.S 270,808 1d €6
89,V 1L §T0, €6 " 70,176 97¢,9°LL o'z,z'TL €' 1,b°€8 d 26
6707, L7211 0°T,6"¥ z°0,L°¢ €L,0° m.NHH.S N.mwm..mz 1d
6701, L7911 870, €€ Vo, vz o.mws.: 0°6,L79y  L7T,L79vT ms 16
,_,.N,.,o.:w 80, €9 L°0,9°S 0°5,€°52 $'0,L°59  v77,0°L8 ¥ 06
S v,27€9 . 2o, ve 270,61 N.;ﬂm.: .m.AT.S o.ﬁm.(; 14 68
€€,6°5 $'0,8°% sTo,L¢ 871,612 6°0,v°0L m.ouﬁt 14 88
vy, 589 N.ou.m.N z70,€°2 AR SR 6°2,T°LS £°5,57°€8 v L8
L7v,L 88 o.oﬂ.m.ﬂ vo,5°T b1z 9L L'z, 5%y 67,8756 Py
3°1,0°65 m.cﬂm.m z o, vz ’ £ 1,1°02 2°7,6°v9 $°1,0°56 d 98
! - - P - - -
0°Z,£°99 8°0,8°¥ 8°0,8°Y 671,41 §T0,v7LL 077, €799 ¥ S8
L6 i ve 1o 1t 1°9,L°0 0 T,Z7Y TE,E0r  L70,€°¥6 as
6°1,L°TS 770,61 20, €T $*1,0°0T $'E.8°T9 T7E,£°86 14 v8
8°L.8°65 m.o“.n.m A A v T, T°ST 17,6789 70,8718 1d €8
1vd ~muu. EEFE Amumv . uﬂnuuv (337 3KoL @m< mmwaowmm “OR
wnuTxeu 1ad 1vd- 3311 1ad a9ly 1ad e X3put . , J014
jo aby WY XeW 1vd 23115 E

awnToA [R3I0L

“3uod 9 XIQHAddY



el

217

/ .

4 N+v LS 4 O+N z Z O+Q.A h.o+m.a m.o+~..hm ow.o+v.am 1d z11

0°0,0°68 9°0,v"1 5§70, €T L°T,9%s 670, ¥ Ty 00,0766 ns
: ¥iL9°LY 770,12 AL AR Ty $°0,€°95  L70,9°L6 1d 1Tt
0°L,b6S 170,57 .m.o+o z 870,611 970,8°9$ A% S0 12 sl 01T

- . - - - . ya - - . .
9°9,8°¢€8 A4 z70,8°1 0" T, 2T €1,5°95 0T, ZL6 14 60T
ey 0T a- CnTo- tTo- Sl A .
. N £€,2°LS ¥°0,97€ £0,97¢ ¥ T,9°ST §rr,0°e9  TLT6L 1d 80T
o 1z, 0%e8 €ro,L¢e €0, r°E 9°1,L°91 11,5799 S70,0°58 14 LOT
. . ) €€ £°95 1T°1.5°% 1.5 S v 7°ST T v-LL .2°0.8°8S v ;901
+ + + . + Lt + .

- R 16,2769 ,m.oﬂ..m w.,c+m £ 872, €761 €'Z,¥99  L0,Z7€8 14 S0T

.m 0,€°5Y 8:0,0°¢ §°0,L°1 6°7,1°21 L€, 1765 670,€°SL 1d
AL AL 070,02 170,61 $°0,€°9 vT6°TS 60,1700 qs vOT
) §°9,¥°¥9 9°0,0°% L7o.L°¢e PTE,ST0T 0°7,9°69 S'0,¥°Z8 1d €01
8°0,0°€8. €0,9°2 €0,v°e 8°0,6°6 €T, p°¥S  A80,0°€8 14 70T

- - w . - 1; “ . - . ’ . - . - . - . . - - 3
Sy, 972vT €0, 1T€ 10, €71 §°1,0°91 0°7,L°8Z  §70,97¥ST s 101
671,705 1°0,5°1 1°0,9°1 £°0,b°¢€ 0%y, T'SL 671,705 . <. 001
. €°5,8°vL 0°1,5°6 TTEets €g, Lm0z TezTIL §°0,8°6L #s .
. S ¥1,5°L9 9°2,2°S 9 1,270 PUET, 67 €2 LS, v L9 m.o+m,.~$ 1 66
0°5,¥°29 AL 2°0,6°2 6°0,0°S1 TUT,L709 L0, bT08 14 86
’ 1va 1337 3913 33) 1337 Ta3v koL 36¢ . _sa109ds ToN
€ £ 2 ¢ e q . e
wnwixew 18d [vd 9313 13d anljti1ad e Xapul 3 j01d
° 3o aby WOWTXEH Ivd 331s

awnioA Te3I0L

“3uod 9 XIGN3ddY



- \\ :
}
o .
Kl 5
2 -~
1 )
P
5 L7T1,0°69 z°0,8°2 ) 970,2°2 16,6761 vz, 8nuo $'2,07601 1d
N 9°0,0°v 1T 9°0,2°¢ [ALUR A 8:7,9°11 $'0,8°9¥ 970,07 %11 Mg A
L'v 0789 T LY Lo, 1w 7°¢,0°91 m..~+w.G H.H%.om Ms LA
6°8 %69 . m.omhm vo, TV m\.fm.mm 0°1,£°08 670,v°L8 v . €zt
o Ly 8°%9 veo 'z v'0,0°2 0°T.0°L ST, ¥ 19 670,899 v (AT
14 ey e en g n - P ’ e - e 0
) v, 2768 B'0,2°¢t 9°0,5°¢ TR LY Teg0tay 2720 1T MS . 121
; 0 £,0°9L 1,6 TTsY Ty, LSt 172,769 £70,€°6L MS
5°g,€°29 tro 8y | 8:0.8°¢ 07€,0°b2 TT, U6 9°0,0°6L 1d 0zt
. LMY 9L $70,7°¢ 9'0, T°C 9 1,672t 9°1,0°85 9700 08 , 14- 611
. 29 6"V 81 L"67 . s oL z11 14
: : €£°8,07°86 9°0,8°V L0,8°¢ Sz, LUsT €v, €°vs  L70ETETT né 811
. - 6'v 0°FL £°T,5°S e ey 8'v, 9712 ‘ 1°€,9°€9 €°0,L°06 - ms LT
m.mwo.:. (AR 270,0°¢ Lo, v'8 £°T,5°€S V' 0,7 €8 14 911
8°6,8°€9 a.o,,.q z £0,6°1 - 771,501 , $70,579S z'0,8°18 d STT
e [ . S en T en n* en T er e 3
0"y ,0°9L ; mfam vo, e 1°0,0°21 . 8°0,1 mm. 0°1,0°18 S
0°8,0°%9 vip .8t .p.o+o.~ 6'1,6°5T TIvEs € v E"LS 1d . (A9
. !
6°G 9°0L v 0 V'€ v°0o €'t 0°1,0°21 8°1,8°8G L°0,9°9L 14 €11
+ + 4 + + + .
. ivd m 33) 231} 37) u~ 33) nﬁﬁ 3RoL abv mmfooam ‘ON
wnwixew € 1ad 1vd wwuumuum wmuumumm je xXopul 301d
jo aby _ WNUYXeH INd N aunion [vI0L a31s’

S T

f3uod 9 XIaNdddVv



219

‘e

o.m+m.00a N.o+v.~
o.m+ S0l A.c+a.a
w.m+N.mm a.c+n.a
<.<+m.qm m.o+o.v
61 €°€EL " 0" 1. b€
. + L
N.a+v.om m.c+«.m
m.n+v.cm N.o+m.m
N.v+o.mo N.ch.m
N.w¢m.mm v.o+m.N
m.m+m.mm «Ao+h.~
mmv+m.moa m.o+o.m
\1\#’ " _
0°z,0 8 9°0,¥°C
m.v+m.mm L0 €'V
m.v+m.wm m.o+w.m
o.h+h.mo m.c+m.w
o.~+o.~h R m.o+v.m
L4 v+m.cmﬂ mMc+A.v
Ivd ] NmuwMHQouu
wnwyXeuw 19d . 1v¥d
jo aby wnwyXew

0°T,£°6

m.cwm.m

70,679

977,861
g, L0t
80,7701
AR 3t
m.wwm.MH
RN
81,561
9 v, L°0T
Lre L2t
mhmuh.NN
27T, 6°ET
9°¢,5°91
L°T,0°21
v v,2752
wowu wwm_

swnioA 1PIOL

P

€

v N+H 183 m_N¢ﬂ.

m.wﬂp.mm 05,
R J*.ﬁm.
B.Aﬂm.mo £€°0,8°
¢z 67y TELL
2°2,0°¥S AN
TT,67bS 97z, v

va+a.mm ‘N.v+c.

H.A+w.vm L6 €

c.~+~.mm m.c+m.

q.mus.h« ,m.c“m.
L,z 0'€,0°
0°T,5° T _ h.mwo.
8 7,6°6C €70,

m.a+m.mm S T,

m.m¢w.mm o.~+c.

v.a+a.oq A.N+m.

1e xapuT
3318 N

P

T3uco 9. Xxianddav

S0T

S1T

6L

€L

9L

9L

[4 A

68

78

(AN

STt

L1y

L1t

£TT

011

(A

0eT

Mns

qs

1d

1d

ns

1d

14

ag

1d

Td

. Mg

1d

Ms

Mns

1d

T4

¢

el

[A RS

-TeT

0ET

621

821

101d



<

220

L]
. ‘ . o
) ueaw’ jo quuw piepue3s F ueaul P
\:\\l ’
0L0°0 X 1K oe 313 = ey _uf o
: . IO SRATREIRE S .
820°0 X myu = mE Uyl SMWNTOA Q
yoeivwey - 1]
. ;
yo3Itq a3yuym - g
seldod wesyeq - qd
' uadse - <,
R 113 Aurdieqns - evyg
aonads ::MEHumcm. - 35
) aonads joelq - gs
sonids 8ITYM — MS
: auid atodabpor - 1d
suoylerasiqqge satoads aaiy e
-
§230U300d
s . 7
9 m+w.am 1 o+a 1 4 o+h T € e+c.w.uw ’ 12 A+v 8s . 0 ~+o €L 1d LET
0 h+o i 0 o+m 4] 0 c+v 0 w c+m S . S e+o X4 .o m+c.Hma qas
. - . . - - . . - . ”. - . . - 0 - - - m
L o+m cma 9 o+d 4 4 o+m 0 T a+v €1 T a+m sz, ¥ m+m (AN S 9€1
1vd { 33) ?31n (a1 133 (33) 1AoL aby sajoads ‘ON
€ € 2.€ ; q e
wnwxew 19d 1vd aaxy aad o913 13d . 3e Xx3apul 3014
jo aby E::;xmx. 1vd awunyon [eIOL 2118 .
(o

T3U00 9 XIANIddVY



221

APPENDIX 7 Vascular plants identified in forested plots within
the Wapiti map area, arranged by family.

POLYPODIACEAE

Dryopteris spinulosa (Muell.) Watt 7/T, 28/T 33/T7,34/7, 41/T, 62/?,63/T,83/T,
92/T 93/T, 98/T 105/T,108/T, 120/T

\

'Ggmnocarplum~dryopterls (L.) Newm.

)

EQUISETACEAE
, : g
Equisetum arvense L. \
Equisetum scirpoides Michx.
"Equisetum sylvaticum L.
Equisetum variegatum Schleich. 7/T,10/T,88/T
LYCOPODIACEAE
Lycopod ium annotinum L.
Lycopodium glavatum L. 83/1, 92-AI:102/T, 114/T
. \.
Lycopodium complanatum L.
PINACEAE
. . . 2
Abies lasiocarpa (Hook.) Nutt,
Larix laricina (DuRoi) K. Koch
Picea engelmannii Parry
Picea glauca'(Moench) Voss
Picea mariana (Mill.) BSP.
~.
Pinus:contdrta Dougl. var. latifolia Engelm.
GRAMINEAE:
Agropyron repens (L.) Beauv. 18/T, 26/T ‘ e
Calamagrostis canadensis (Michx.) Beauv.
Elymus innovatus Beal
Oryzopsis asperifolia Michx.46/T, 90/1, 118/T

H

carex aenea Fern.

CYPERACEAE



' J
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APPENDIX 7 cont.
) ~
{ |}
Carex capillaris-.L.
Eriophorum vaginatum L. ssp. spissum (Fern.) ‘Hulten 14/T
J - L
LILIACEAE &kx ) ;\gﬁ \
Disporum trachycarpum (§{ Wats.) B+H. 94/1

Maianthemum canadense Desf. var. interius Fern. . u

Smilacina racemosa (L.) Deéf. var. amplexidaulis (Nutt.)
45/T,%1/T,94/T7,95/T,10,/T,119/T,123/T,127/T

A
~.

Streptopﬁs amplexifolius (L.) DC.
Veratrum escholtzii A. Gray 33/T,36/T,40/1,41/5,42/T,43/3
ORCHIDACEAE

Calypso bulbosa (L.) Oakes 47/&,49/T,52/T,68/T,84/T,86/T,88,T,92/T,96/T,
' 97/7T,98/T,106/T ‘

dabenaria hyperborea (L.) R. Br.

N

Habenaria obtusata (Pursh) Torr..44/T,59/T,61/T,67/T,78/T,85/T,97/T,98/T,
to2/T,107/7,117/T,121/T o

Listera cordata (L.) R. Br. 1/T,9/T,17/T,33/T,64/T,65/T,74/T,79/T,82/T,
125/T,128/T,130/T . . S

SALICACEAE
Popuius balsamifera L.
Populus tremuloides Michx.
Sélix bebbiana Sarg.
Salix‘épp.
Salix scouleriana Barratt
BETULACEARE.
Alnus crispa (Ait.) Pursh
Betula papyrifera Marsh

Betula pumila L. var. glandulifera Regel 1/T,15/T,29/T,31/T,35/T,37/T,
80/T,111/T

Corylus cornuta Marsh 45/T

222
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Aneméne parviflora Mich . 2/*

i~
e
( \

\

APPENDIX 7 cont. - ,

SANTALACEAE .

wt N . ‘ . ) .

Geocaulon lividem (Richards.) Fern. 28/T,29/T,45/T,60/1, 70/1,88/T,89/T,
91/T,96/T,104/T,ll4/T,121/T . ' ' .
RANUNCULACEAE

Actaea ruﬁra (Aie.) Wylld. : ) .

Clematis verticellaris D :’var.)éol mbiana (Nutt.) A, Gray 9417”7

Delphlnlum glaucum S. rats. i/r, s/r, 15/1, 18/T,31/T, 50/T 55/T,61/T,118/T, l35/T

Thalictrum venulosum Trel. 18/2, 19/T,46/T, 123/T
SAXIFRAGACEAE»

Mitella nuda L. . .

Ribes glandulosum Grauer 69)T’

Ribes lacustre (Pers) Poir.
K . ~

~

‘riarella trifoliata L. 34/T, 36/T, 4171, 43/T, 93/10, 106/T
'ROSACEAE

Ameiagchier alnifoiis Nutt.. . g

Fragaria vi;giniana Ductecsne var. glauéa S-_Wats-

Geum rivale L. 15/2,4;/2,6}/T,65/T,121/1

Prunus Eensglvanica L.£. 79/T o

Prunus virginiana L. 46/T

Rosa acicularis Lindl.

Rubus acaylis Michx. 1/1,15/1,78/T;é4/T,130/T,135/T'
| .

Rubus chazraemoruc L. 14/27 29/3,31/1,67/4,135/T

Rubus parv1florus Nutt. 25/1 34/1,68/T7,92/1,103/1, 105(1 107/1, 123/1

Rubus pedatus J.E. Smith

Rubus pubescens Raf. o

Rubus strigosus Mickx. -

Sorbus scopulira Green

Spiraea lucida Dougl.



APPENDIX 7 cont.

. '\

“  LEGUMINOSAE
Lathyrus ochroleucus Hook. . . o

Vicia americana x?hl. i0/1,12/T,18/1,19/1,85/T,87/T,90/T,96/T,100/T,106/T,
107,7,122/1,126/T,127/T ’

EMPETRACEAE . ‘ ' - nH\
Empetrum nigrum L.

VIOLACEAE

R

Viola adunca J.E. Smith 91/T,117/T,122/T

Viola renifolia A. Gray e
ELAEAGNACEAE

Sﬁepherdia canadensis (L.) Nﬁtf.

ONAGRACEAE

s

Epilebium anqgustifolium L.

. N N

ARALIACEAE : : )

o I

‘Aralia nudicaulis L.’ ‘ ,
. ‘ . . 7/

* Opplopanax horridum (Sm.) Miq.' 24/T,59/T,71/1,93/T e

v

_UMBELLIFERAE R . i
o _ ,

Heracleum lanatum Michx.‘l/T,S/T,4l/1{61/T,78/T:l26/T,127/T,130/T
Osmorhiza &epaupérata Philippi

CORNACEAE | . | (f/ ‘g@f
Cornus canadensis L. - ‘.‘ . ™
Corﬁus stolonifera Michx.

PYROLACEAE .

© Moneses uniflora (v.) A. Gray 2/T,4/T,6/T,17/T,22/T,59/T,61/T,81/T,99/T,114/T,
124T,130/T . 3

Pyrola asarifolia Michx.
Pyrola secunda L.

Pyrola virens Schweigg. 13/r,112/7,124/T,127/7,132/7,133/7
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APPENDIX 7 cont.
ERICACEAE

Arctostaphylos uva-ursi (L.) Spreng. 10/T,16/T,
" 89/T,133/T
Gaultheria higpidula (L.) Bigel.

Ledum groenlandicum Oeder

Menziesia glabella A. Gray
I .

.Oxycoccus microcarpus Turcz. 14/2,29/1,31/T,67/T

Phyllodoce empetriformis (Smith) D. Don 2/T,11/T
Rhododendron albiflorum Hook
Vaccinium caespitosum Michx,

Vaccinium membranaceum Dougl.

~Vaccinium myrtilloides Michx.

@

Vaccinium vitis-idaea L. var. minus Loddy

BORAGINACEAE

[

Mertensia paniculéta (Ait.) S. Don

SCROPHULARIACEAE

Pedicularis bracteosa Benth. 2/T,6/T,9/T,15/%,16/T7,127/T,130/

RUBIACEAE ) .
Galium boreale L. ‘ % ’ %’
Galium triflorum Michx.

CAPRIFOLIACEAE

Linnaea borealis L. var. americana (Forbes) Rehd..

S

Lonicera dioica L. var. glaucescens (Rydb.) Butters

%0/T,91/T,95/T, 1 \?t%¢~w

Lonicera %>j91ucrata (Rlchard .} Banks

Symphoricarpos albus (L.) Blake 25/T 26/T,44/T, 45/% 101/T,118/T,121/1

Viburnum edule (Michx.) Raf.

A .
Arctostaphylos rubra (Rehder and Wills.) Fern. 13%/T

t9/1,23/T,

.

%
castilleja miniata Dougl. 19/T,83/T,85/T,87/T,100/T,106/3,122/1
- A1) \

jo/r,44/1,87/T,

45/T,47/T,84/T,85/T,
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APPENDIX 7 cont.

COMPOSITAE

Achillea millefolium L..
Antennaria neglecta Greene 9/T

Arnica cordifolia Hook.

.

Arnica latifolia Bong. 3/T,80/1,81/4,125/T
Aster ciliolatus Lindl.

Aster conspicuus Lindl. - - ,
Petasites palmatus (Art.) A. Gray - | 3
- ° . / ’ 4 T
Petasites sagittatus (Pursh) A. Gray 18/T
-

Solidago decumbens Greene 26/1,86/T

o

1 Plot number/percent cover follows species with/ 20% plot presence not

‘ : /
shown in table 1. T<= less than 0.5% cover

2 :lot occurrence of tree species obtainable{frém Appendix 5.

oo

G
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APPENDIX 8 Non-vascular plants 1ndent1f1ed in forested plots -
within the Wapiti map area, arranged by family.

AULACOMNIACEAE

Aulacomnium palustre (Hedw.; Schwaegr. 31/T*
BRACHYTHECIACEAE

}Tomentbypng@ nitens (Hedw.) Loeske 15/15
DICRANACEAE | : ’ : 4 o . ,

Dicranum spp. includes predominantly D. polysetum Sw. and D'. undulatum Brid.
. \ - ‘1

-

-DITRICHACEAE

Ceratodon purpureus (Hedw.) Brid. 15/16,86/T

N 3

ENTODONTACEAE
Pléurozium schreberi -(Brid) Mitt.

HYLOCOMIACEAE

~

Hylocomium splendens (Hedw.) B.S.G.
HYPNACEAE A ' / :

Ptilium c;ista—castrensis (Hedw.) Deﬁot. 5
MNIACEAE -
Mnium spp. includes predominantly M. cuspidatum Hedw. and M. spinulosum B.S.G.
0 POLYTRIC§ACEAE
' Polytrichum commune Hedw.

SPHAGNACEAE o ” : . : .

L7

-0
Sphagnum spp. includes predominantly S. fuscum (Schimp.) Klinggr. and S.
warrstorffii Russ

A
"

MARCHANT IACEAE |

Marchantia polymozpha L. (liverwort) 4/2,105/2

Peiid

LICHENS

PELTIGERACEAE “ : e .

i

Peltigera spp. includes predominantly P. aphthosa (L.f willd. yitﬁ lesser amounté_

e
o B
PN [ :

of P. canina (L.){Willd;

C “ . s X w

O SRS
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APPENDIX 8 cont. ‘ ' .
"Other lichen" includes predominantly species of the Cladoniaceae,
_ especially Ciadina mitis (Sandst.) Hale and W. Culb., C.
) -

rangiferina (L.) Wigg., plus other Cladonia species. 'stereocaulon

P

tomentosum Fr. also often contributes significantly to the generally

very small "other lichen" cover category in Table‘l.

. |
* Plot number/percent cover follows species with <20% plot.presence

not shown in table 1. T = less ;han 0.5% cover.
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APPENDIX 9 Canada Land Inventory Mean Annual
Total Volume Increment Classes

CLI Class" ' ‘MAIm(ft3 acra“l yr_l) ' MAI (m3yha_l yr-l)
.l : ) éreater than lil ' greater than 7.8
2, 91 - 110 ‘ 6.4 - 7.8 '
3; S 71 -90 o 5.0 - 6.3
- -
4 ' 51 - 70 | 3.6 - 4.9
5 < 31 -50. , 2.2 - 3.5
6 11 -30 - : 0.8 - 2.1
7 ‘1ess than 10 . : less than 0.8



