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1 INTRODUCTION

Fire plays an extremely important role in the coniferous forests of

northern North America and has been the subject of a large number of

investigations (Ahlgren and Ahlgren 1960; Rowe and Scotter 1973; Viereck

1973; Kelsall et al. 1977; Viereck and Schandelmeier 1980). Fire is the

major agent in: initiating and terminating vegetation successions;

controlling the age class structure, species composition, and physiognomy

of the vegetation; producing the vegetation mosaic on the landscape; and

influencing the nutrient cycles, energy flows, productivity, diversity,

and stability within the ecosystems (Heinselman 1981). Since fire is such

an integral feature of the northern forest environment, management of the

northern forest resource requires knowledge of fire's many roles.

In northern British Columbia, the annual area burned is often large,

fire suppression costs are usually high, and the value of the majority of

the timber is relatively low. In response to requests by forest managers

for information on the ecological and economic impacts of these fires, the

Northern Fire Ecology Project was initiated. The overall goal of this

project is to place fire management in northern British Columbia (above
approximately 57° N lat.) in an ecological framework.

The Northern Fire Ecology Project is a co-operative study by the

Protection and Research branches of the B.C. Ministry of Forests, and the

Pacific Forest Research Centre and Petawawa National Forestry Institute of

the Canadian Forestry Service. One aspect of the study (see Parminter

[1984] for others) is to describe and delineate the biogeoclimatic zones

and subzones of the region according to the Ministry of Forests' system of

ecosystem classification (Pojar (editor) 1983a). The classification will

provide an overall environmental framework for studying and describing

fire-ecological relationships.

This report presents the biogeoclimatic classification of the northern

portion of the Mackenzie Timber Supply Area (TSA) (Figure l). The

biogeoclimatic subzones are drawn on the accompanying l:250000 scale
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maps. The classifications of the adjoining Cassiar and Fort Nelson TSA's

are presented in companion reports by Pojar et al. (1982) and Meidinger

and Lewis (1983), respectively. Reports classifying and describing the

major types of ecosystems of the Boreal White and Black Spruce Zone in the

Cassiar and Fort Nelson TSA's have been prepared by Trowbridge et al.

(1983) and Jang and Williams (1984). A similar report is in preparation

for the boreal ecosystems of the Mackenzie TSA.

FIGURE l. Location of the study area in British Columbia



3

2 SOURCES OF INFORMATION

The information presented in this report and on the accompanying maps

was compiled from several sources. Ministry of Forests forest cover maps

at scales of l:50 000 and l:125 000 were used to determine the

distribution of dominant tree species and, for some species, the

age/height relationship on different sites. Some 80-chain air photography

and LANDSAT images were used to explore general patterns of the

physiography and vegetation. Field work included approximately 19 hours

of helicopter reconnaissance and 17 reconnaissance plots in 1981, and 20

hours and 47 plots in 1983.

Also included in the analysis were the 12 "detailed" plots collected

by J. Parminter for the fire ecology portion of the study and the 39

"detailed" plots collected by the Prince George Region ecology staff. The

222 vegetation plots collected by consultants to B. C. Hydro for the Liard

River Basin Vegetation Study (Techman Ltd. 1980), 334 plots collected by

J. Pojar from the Gladys Lake Ecological Reserve, ' and approximately 31

plots collected by A. J. Luckhurst on Nevis Mountain for his M.Sc. thesis

(Luckhurst 1973) were used as well.

1 Pojar, J. 1977. Vegetation and some plant-animal relationships of
Ecological Reserve No. 68, Gladys Lake, British Columbia. B.C. Dep.
Environ., Land Manage. Branch, Ecolog. Reserve Unit, Victoria, B.C.
Unpubl. rep.



3 METHODS

Data collection methods followed the procedures and definitions

outlined in Walmsley et al. (editors, 1980). Ministry of Forests

reconnaissance forms (F.S. 882) were used for recording information.

Analytic, synthetic, and mapping methods are outlined in Pojar (editor,

1983a). Botanical nomenclature follows Hale and Culberson (1970), Crum

et al. (1973), and Taylor and MacBryde (1977). Common names are listed in
Appendix l.



4 BIOGEOCLIMATIC ZONES

Three biogeoclimatic zones are found within the study area (Figure l)

of the Mackenzie TSA (Table l, maps): the Boreal White and Black Spruce

(BWBS); the Spruce - Willow - Birch (SWB); and the Alpine Tundra (AT)

zones. The BWBS occupies the low-elevation areas throughout the TSA. The

SWB and AT are found in the subalpine and alpine areas, respectively.

Bordering the study area, to the south, are two other biogeoclimatic

zones -- the low-elevation Sub-Boreal Spruce (SBS) Zone and the subalpine

Engelmann Spruce - Subalpine Fir (ESSF) Zone.

4.l Boreal White and Black Spruce (BWBS) Zone

The Boreal White and Black Spruce (BWBS) Zone is a lowland to

montane zone that occurs mainly east of the continental divide in

northeastern British Columbia and north of approximately 57° N lat. in

northwestern British Columbia, between 250 and 1100 m elevation. In

the Mackenzie TSA, the BWBS Zone is found at elevations below

approximately 1050 m in the main river valleys north of Germansen Lake

in the Omineca Mountains, north of the Davis River in the Muskwa

Ranges of the Rocky Mountains, and north of the Chowika Creek in the

Rocky Mountain Trench (Figures 2 and 3) 2 .

4.l.l Climate

The BWBS has a northern continental climate characterized

by long, very cold winters and short, but warm summers. The mean

annual temperature at long-term climate stations in or near the

TSA (i.e., Ingenika Pt., Ware, Germansen Landing, Dease Lake, and

Good Hope Lake) ranges from -l.3 to 0.5°C. The average monthly

temperature remains below 0°C for 5 months a year and above 10°C

for only 3 months. Annual precipitation averages 406 to 503 mm,

with 40-45% falling as snow.

2 Physiographic regions follow Holland (1976).



°0
N

.41 4-1

0

00 0 0
 01 VN

NC)

CO

•.-1
4-
CU

•■--1

0:10., 1

C7

(-1

% 	 ........
0-

0
,-1 	 CU

C)
.07

...... 	 ,...
a' .P 9-
0 ...-)0

0 4,0 .....I 	 •.--1

itg _. i
•o--1 (.4 CD I

C)

E 4-,

NCO 	 a)
CA E Cf1

.-1 7 113
.1pm, M -1-1 ••......

U) 	 1 c0
CU VI 0 	 C

.4.441 ...in .._,CL -0....) -Hal

1  C •.. ai0 . _... E
.7 ......C1. 0. ,r,a1 co

c0 a) a)
.•-■ 14 4_ o
C (1) C1)•-1 .--1
a) •-1 C
e 	

14
0..44

c 0 •-I

1-1
0 O. )2 W a)
•,-1 e cu

4- m I 
Nu j ,U) -1, .1z .0.

> CO 1-1 113 -I
C 

• 1 	
a) (.1

Q...... al
>, •-1
4.1 .0 • ..0 .0

4-1 0 e-, 0
Ul < CO 1-1 I

..-1 	 0,
C 	 f-I .ra n
.i. .--tu).• uom '-ai u:co 0 .0 O.". •
...I .8 .0, 0:1 al

-12 >

• 

, C-1 
a+, 

U
0

71/1 4.-1 C ..,0 „,:,7

0 0 • 1 C
C...) ,a) m.o. 0 uo
.c 0 0 CJ X

••-.1 0. CO 1741 [

"4-1 a/ 4-2) al.' 01

4.4 0 1-1 	 c H
co 	 co

c° 2

•

 V • ...'-'
17 1- CO ..--. 0) .-1 0)
C 	 O7 CO C 0.)
CV 	 .-..1 	 41

• CD a C 0
-. C .0 	 11

8 0 0 0
--• 0 0 	 CU ..-.1
--CM 0

•

 .21 	 17.° C.112-1

05
C C F4 -"
CU 0 0 •.-1 • .• 0 C
E 4-, 4-, 4---‘4.) a)
C 11.1 4-, CO -I v)
0 -Y 0 0) C L CU

WC.) C.) -HC 410 0.4.4

> N Y 0.•1 13 a)
C C1 -4 &a H
U.1	 a) 

-0-1
E 13 -a?

4 al 	 1 	 1

0

(.1 C.) .-1_J X
44 CO 0

xr 4,

a) cc 	 v) 2
Si` 	 0

CO .0 	 o

fa cn o
'a cc') a cn o
CO CU 	 0 	 a)

CPO- CO

.
.0 	 •-•
U)3-N

. .0 s.-..
.--i 	 (.1
a_ cc 	 -

..--I

3 	 ..co 	 .--,
..-.. 0 .-.

. JD 0

.-I
0_ 4-1m

 ...
4., 	 •.•

`r U)VI
..

4-I0_
4-I
0

4-, CI a)
a u) ---

U)

e-1 V) < <
CI. ......,..., .....,

CO

C) CL
c:C 11.1

CO

a)
V)

1.0
.....

..-.1
3 CO
U) ..--

N
C.I)

X
( 1)

01
V)

0 Q 	 1,1

O
111
1/4.1 	 ON

O

(0 	 1/40 ON
ON 	 ON

•-1

ap
•-1 n 

3

1,• ON 	 ON ON 0
ON 	 0 ON 	 1/4,1

5c) 	 Q
ON
b

a)
a)

cr.
-4.

04.
O

• 

°9

80 a.
4-, 	0)	 GC 	 0 	 t'l
0- gy

ro
[
	 al 	

ON

MCal 	 .J 	 .-I	 a) ..-.
_Y	 1-1 •-•	 .--. 	 N ---... 	 0) .... V) 0

	

.-...-1 .--. 	 al N. o u-N 	
S 8 	 (U 0 C CV

	

1.- C 00 	 4-1 	 11) 	 .0 (V T CV

	

0.1 N 0) a0 	 v) C1 0 00. 	 .y N 	 a cs,
	C -1 I. 0) 1/40 	 U.) 	 C •-•-• 	 Q v 	 41 	 1-1 •.1

10 ....-- 	 ..... 	 CO •-I 0 2 	 D .--1 0
3	 1--1

C 	
C.) ....• X 	 Z..... 0 .....,

0 •-•
.4-1 0 Q 0 R 	 a) o
v‘ o ul 	 ..N

0 0 N 0 0 Z 	 0 41
.4)

4-1 ,-1 	 .-.4 	 •-I 	 Ja ,--4

C
-Y 	 C.)

cif 	
14

4-1
-I 	 CO
co 	 I

I-o 	 a)
c --- 	 x P 	 s . V) 	 0

)0 T 	 ,--),-) 	 a 	 4-) u_
a

4-, co 	 -I 	 V) 0)
..-1...-- 	 3 	 -1 	 C
.0 	 CO 	 C .41
3 CU 	 1	 a) 	 c a---

--t S 	 a) in 	
H •-• 	

M JA.1a) 1-1 	 0 N
a) cL 	 7 ../1 	

81 - ILI
I. (!) 	 4-1 ---, 	 .0 •-• 	 Er'' -O a 	 z
CO	 In 	 V) 	 W  

V)  
X

01 0) CO
W E

U)
a)
C
0
N 
C.)

-4-)
CD
E

C

C-)
O 0
0) 0

0O0)_0
L

• 0)
• ,-•1
CD

CL) C

-1-)

(4- CO
0

co
(.1) a)
C.) F-4

4/-1 c:r
•-)

;-1 a
0.) O.

(1)
CO
P-4
CO CD
-C
O E

0.)
C

CD 	 0
(1) N

C
N C.)

E C
C a) -I-)
O CO
• C.)

▪ CO
>
C 	 C.)

L
Cl) 0

0.1
a) 4-, 0)
E 0
0 q--
(r) 0 -0 

2 3
C 10i-1

X CO 0 ••-•

0 •
0' 2 E-0
U)i0-) 0•-•

C
0

C 4-,
0 CO

>
W E
-1
0. 0   

crN

O



//////////////// ///////// //// //////// ///////////////////////////

2
/ 	 1 	

/
/

STUDY 
AREA 	

. River / . 	 /
Ware /

/ 	 Toodoggone ' Q0 	G`	 /
ik 4 ' 	 /

k` 

/
/

O
1. 	 4* 	 /
s

10 km

SCALE

7

FIGURE 2. Major drainages of the northern Mackenzie Timber Supply Area.
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The ground freezes deeply for much of the year but

permafrost is uncommon. The effects of the generally cold soil

temperatures and the short growing season are reflected in the

overall poor tree growth. The best tree growth occurs on sites

with warmer soil temperatures and adequate soil moisture.

4.l.2 Vegetation

The forests of the BWBS Zone in the TSA are a complex mosaic

of different "forest types", in response to differences in soils

and fire history. Upland boreal forests throughout most of the

TSA are dominated by lodgepole pine (Pinus contorta) and white

spruce (Picea qlauca). Trembling aspen (Populus tremuloides),

subalpine fir (Abies lasiocarpa), and black spruce (Picea

mariana) are also fairly common. Paper birch (Betula papyrifera)

and balsam poplar (Populus balsamifera) 3 are fairly uncommon on

upland sites.

The understories of many of the upland forests are only

moderately developed and are dominated by highbush-cranberry

(Viburnum edule), prickly rose (Rosa acicularis), soopolallie

(Shepherdia canadensis), twinflower (Linnaea borealis),

bunchberry (Cornus canadensis), and feathermosses such as step

moss (Hylocomium splendens), red-stemmed feathermoss (Pleurozium 

schreberi), and knight's plume (Ptilium crista-castrensis). Many

of the drier lodgepole pine dominated forests have a similar

understory, but with more Labrador tea (Ledum groenlandicum),

soopolallie, lingonberry (Vaccinium vitis-idaea), and Cladina 

lichens.

Active floodplains along most of the rivers and major

streams are dominated by balsam poplar and white spruce stands,

3 The Populus balsamifera in the study area is likely all subspecies
balsamifera or a hybrid between subspecies balsamifera and trichocarpa.
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usually with an understory of predominantly mountain alder (Alnus
incana ssp. tenuifolia), prickly rose, highbush-cranberry,
bunchberry, palmate colt's-foot (Petasites palmatus), horsetails
(Equisetum spp.), and feathermosses.

Contrary to their occurrence in most of the boreal, wetlands

are uncommon in the BWBS of the Mackenzie TSA. Open, forested

black spruce bogs are uncommon and are usually found as a narrow

band around the open wetlands. Non-forested wetlands are more

common and are scattered throughout the hummocky outwash terrain

of the Rocky Mountain Trench. Common bog understory species

include Labrador tea, bog cranberry (Vaccinium oxycoccos), and
sphagnum moss (Sphagnum spp.). Common fen understory species are

scrub birch (Betula glandulosa), horsetails, bogbean (Menyanthes 
trifoliata), golden fuzzy fen moss (Tomenthypnum nitens), and
glow moss (Aulacomnium palustre). Also, in contrast to much of

the boreal, there is lack of tamarack (Larix laricina) in the
BWBS of the Mackenzie TSA.

4.l.3 Soils

During the last glacial period, all of the area in the BWBS

of the Mackenzie TSA was glaciated. As the glaciers retreated,

they left a thin mantle of glacial drift and boulders over the

region. Many glacial deposits were reworked by water from the

melting ice and deposited as glaciofluvial and lacustrine (lake

bottom) materials. The actions of wind, water, and gravity in

eroding and further redepositing glacial material and weathered

bedrock now results in eolian, fluvial, and colluvial

post-glacial deposition. Organic deposits are recent

accumulations of decaying plant material, usually in depressions

and other poorly drained sites.

Soils developing on very gently to moderately sloping

morainal or lacustrine materials are Orthic or Brunisolic Gray



Luvisols (Luvisols have a subsurface horizon with a recognized

accumulation of clay, i.e., a Bt horizon) or Eutric or Dystric

Brunisols (Brunisols generally have a brownish-colored B

horizon). Morainal and lacustrine soils are generally medium- to

moderately fine-textured, moderately to slowly pervious and

moderately well drained. On lower slopes, or near level areas of

imperfect drainage, Gleyed subgroups of these soils have commonly

developed. Where the materials are level and poorly drained,

Orthic Humic or Orthic Gleysols develop (Gleysols are

characterized by blue-gray colours, indicating wet, poorly

aerated conditions).

Glaciofluvial deposits are common in the BWBS Zone of the

TSA. They dominate the landscape in the lower elevations of most

of the major valleys. Glaciofluvial deposits are generally

coarse-textured, rapidly pervious, well drained and with a high

component of coarse fragments. Soils are usually Orthic Dystric

Brunisols although Eluviated Brunisols, and Orthic Humo-Ferric

Podzols are occasionally found.

Two different fluvial landforms occur in this boreal region:

fans and terraced floodplains. Orthic Regosols (young, poorly

developed soils) are often found on fluvial fans. The fans are

usually moderately coarse-textured, contain a high volume of

coarse fragments, and are moderately well drained.

Cumulic Regosols (regularly flooded young soils) are found

on the lower floodplain terraces, whereas on the upper terraces,

where seasonal flooding is rare, Orthic Regosols to Brunisols

often develop. Soil textures range from loamy sand to silt loam,

and these soils are imperfectly to well drained, depending on

such factors as texture and height above water table. The

organic soils in the depressions are usually Fibrisols or

Mesisols.



- 12 -

A variety of soils can develop on colluvial deposits

(materials deposited by the action of gravity). Texture and

drainage varies with bedrock type, parent material source, and

degree of slope. Typically though, these soils are associated

with strong to extreme slopes and are moderately coarse-textured

and well drained. Orthic Regosols or Brunisols are the most

common colluvial soils; Regosols are found on the most active

deposits.

4.l.4 Cordilleran Boreal White and Black Spruce (BWBSe) Subzone

A reconnaissance-level overview of the BWBS Zone in the

Mackenzie TSA indicates that there is only one subzone, the

Cordilleran Boreal White and Black Spruce (BWBSe). This subzone

occurs, as well, throughout most of the Cassiar TSA in the

Cassiar Mountains and the Stikine and Yukon plateaus. It extends

southward from the study area into the Mesilinka, Osilinka, and

Omineca rivers, and northward up the Kechika and Gataga rivers as

far as the Turnagain River where the Cordilleran changes to the

BWBSa, or Northern subzone.

Compared to the BWBSa, the Cordilleran subzone is drier,

warmer in winter and cooler in summer (Pojar et al. 1983).

Relative to the Sub-Boreal Spruce zone to the south, the BWBSe is

again drier, but cooler all year round (see Table l).

There are probably several variants of the Cordilleran

subzone. Pojar et al. (1983) discuss the possibility of at least

three variants in the Cassiar TSA -- a warm/dry variant around

Telegraph Creek, a cold/dry variant in the vicinity of Atlin, and

the "modal" variant which is in the Teslin and upper Dease,

Stikine, and Kechika drainages. In the Mackenzie TSA there are

two more variants -- one occurring in the study area and the

other occurring south of the study area in the Mesilinka,

Osilinka and Omineca drainages. The variant in the study area is

very similar to the modal variant in the Cassiar TSA. The
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variant south of the study area is transitional to the

Sub-Boreal Spruce Zone.

4.1.4.1 Common ecosystems 

The zonal or climatic climax ecosystem of the BWBSe

is represented by a White Spruce - Step Moss association.

The older stands are dominated by white spruce, but because

of the frequency of fires most stands have a component of

lodgepole pine. Trembling aspen, subalpine fir, and black

spruce are a minor component of many mature stands. These

ecosystems occur predominantly on moderately well to well

drained upland sites, on medium-textured soils with

Brunisolic development. Parent materials are usually

morainal, but can be fluvial, glaciofluvial, lacustrine, or

colluvial. The moisture regime of the sites varies from

submesic to mesic and the nutrient regime from medium to

rich.

The shrub and herb layers of the stands are usually

poorly developed. Common understory species include

highbush-cranberry, prickly rose, soopolallie, twinflower,

bunchberry, tall bluebell (Mertensia paniculata), fireweed
(Epilobium angustifolium), one-sided wintergreen (Orthilia 
secunda), and palmate colt's-foot. The well developed moss

layer is dominated by the feathermosses: step moss,

red-stemmed feathermoss, and knight's plume.

The zonal ecosystems in the variant south of the

study area tend to have more black spruce and less trembling

aspen, and more soopolallie, dwarf blueberry (Vaccinium
caespitosum), and heart-leaved arnica (Arnica cordifolia).

Xeric to subxeric (very dry) ecosystems are uncommon

in the BWBSe. They occur on coarse-textured glaciofluvial

materials. These Lodgepole Pine - Lichen ecosystems are

characterized by a lodgepole pine canopy with some white
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spruce regeneration; poorly developed shrub and herb strata

dominated by soopolallie, lingonberry, kinnikinnick

(Arctostaphylos uva-ursi), and dwarf blueberry; and a well

developed moss layer dominated by red-stemmed feathermoss, 
Cladina and Cladonia lichens, Dicranum spp. mosses, juniper
hair-cap moss (Polytrichum juniperinum), and Stereocaulon 
spp. lichens.

The Lodgepole Pine - Black Spruce - Feathermoss
association occurs on submesic (dry) glaciofluvial sites

throughout the subzone. The soils are generally well

drained Brunisols. The vegetation is characterized by a

tree canopy dominated by lodgepole pine; the shrubs Labrador

tea, soopolallie, and prickly rose; the herbs twinflower,

bunchberry, lingonberry, fuzzy-spiked wild rye
(Elymus innovatus), and bastard toadflax (Geocaulon 
lividum); and a moss carpet of red-stemmed feathermoss, step
moss, and knight's plume. Black spruce is found mainly in

the subcanopy or shrub layers. The shrub and herb strata

are moderately to poorly developed, whereas the tree and

moss layers are generally well developed. In the variant to
the south of the study area, the ecosystems in this plant

association have less black spruce, Labrador tea, and

lingonberry, and more kinnikinnick, black huckleberry
(Vaccinium membranaceum), heart-leaved arnica, and pink
wintergreen (Pyrola asarifolia).

Subhygric (moist) sites in the BWBSe of the Mackenzie

TSA can be split into fluvial (alluvial) and non-fluvial

units. The fluvial White Spruce - Horsetail association is
found on the fluvial terraces along most of the rivers and

major streams. These sites are subhygric to hygric (moist

to wet) in moisture regime, and are nutrient rich. The

soils can be termed "immature" or young, in that periodic

flooding keeps them in the Regosolic development (Cumulic
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and Orthic Regosols). The tree layer of the older terraces

is dominated by white spruce. The shrub and herb layers are

moderately well developed and include mountain alder,

prickly rose, highbush-cranberry, red-osier dogwood

(Cornus sericea), horsetails, bunchberry, common mitrewort

(Mitella nuda), trailing raspberry (Rubus pubescens), tall

bluebell, palmate colt's-foot, and twinflower. The moss

layer is dominated by step moss, with some red-stemmed

feathermoss and knight's plume.

On the large rivers, younger terraces are often

dominated by balsam poplar, with some trembling aspen.

White spruce usually invades after competition thins the

initially dense balsam poplar/aspen stands.

The "non-fluvial" subhygric sites are a White

Spruce - Black Twinberry association. This association is

uncommon in the study area but is more prevalent in the

variant to the south. White spruce is the major tree

species but black spruce, lodgepole pine, and subalpine fir

are also present most of the time. Trembling aspen and

balsam poplar are occasionally present. The main shrubs in

a relatively diverse shrub stratum are prickly rose,

Labrador tea, black gooseberry (Ribes lacustre),

highbush-cranberry, black twinberry (Lonicera involucrata),

red swamp currant (Ribes triste), and black huckleberry.

Common herbs include twinflower, bunchberry, fireweed, tall

bluebells, palmate colt's-foot, common mitrewort, pink

wintergreen, horsetails, lingonberry, northern bedstraw

(Galium boreale), and heart-leaved twayblade (Listera 

cordata). Red-stemmed feathermoss and step moss are the

most abundant mosses, but knight's plume is usually present

as well.

The moist to wet Black Spruce - Labrador Tea

association is generally found on lower slopes receiving
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"continuous" seepage. The soils are Gleysols with

moderately deep (ca. 15 cm) humus layers. Black spruce is

the major tree species, often with some lodgepole pine.

Labrador tea dominates the moderately well to well developed

shrub stratum, with some prickly rose, bilberry willow

(Salix myrtillifolia), and shrubby cinquefoil (Potentilla

fruticosa) present. The herb layer is characterized by

lingonberry, horsetails, one-sided wintergreen, bunchberry,

twinflower, and tall bluebells. Step moss and red-stemmed

feathermoss are the dominant mosses and the lichens

Peltigera aphthosa and Cladina spp. are commonly present.

Wetland ecosystems are uncommon in the BWBSe. Fens

are more common than bogs, but both are present. The bog

vegetation is characterized by an open "canopy" of black

spruce and understory plants that include Labrador tea,

lingonberry, horsetails, sedges (Carex spp.), sphagnum moss,

step moss, red-stemmed feathermoss, golden fuzzy fen moss,

and glow moss. This indicates that the bogs are really

transitional to fens. Untreed fens are more common on the

landscape but do not usually cover large areas. Common

species of these "richer" wetlands include: scrub birch,

willows (Salix spp.), sedges, horsetails, glow moss, and

golden fuzzy fen moss. The soils of these wetland

ecosystems are usually organic (Fibrisols or Mesisols), but

can be mineral with a reasonably thick (15-50 cm) organic

capping (e.g., peaty phases of Humic or Rego Gleysols).

4.l.5 Forest productivity

The forestry capability of the BWBS is constrained primarily

by the severe climate. The ground freezes in the fall and the

cold soils take considerable time to warm up in the spring. The

growing season is short, although the long summer days and

adequate precipitation during the growing season allow the

vegetation to compensate.
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Table 2 provides estimates of mean annual increment (MAI)

for the major tree species on the most common ecosystems. The

most productive sites are the fluvial white spruce stands,

especially those along the Finlay River. These ecosystems are

capable of producing up to 5-6 m 3/ha per year of white spruce,

although most of the White Spruce - Horsetail ecosystems produce

around 4-5 m3 per year. The MAI for balsam poplar may even be

higher over short rotations because of rapid juvenile growth.

The mesic upland sites with white spruce, lodgepole pine, and

trembling aspen are capable of producing approximately

3-5 m3/ha per year for white spruce, lodgepole pine, or

trembling aspen. The submesic Lodgepole Pine - Black Spruce -

Feathermoss ecosystems, and likely the White Spruce - Black

Twinberry ecosystems, are capable of producing approximately 3-4

m3/ha per year. Most other sites produce less than 3 m 3/ha

per year of black spruce or lodgepole pine -- these ecosystems do

not dominate the BWBS landscape in the Mackenzie TSA so the

overall productivity of the forest is fairly good. Harvestable

or potentially productive sites occur throughout the BWBS, but

their remoteness and difficult access hinder their use.

4.2 Spruce - Willow - Birch (SWB) Zone

The Spruce - Willow - Birch (SWB) is the subalpine zone that

occurs north of approximately 56.5 - 57° N lat. in British

Columbia. It extends northward well into the Yukon Territory and

Mackenzie District of the Northwest Territories. In the

Mackenzie TSA, the SWB is found throughout the Rocky, Cassiar,

Omineca, and Skeena mountains and the Stikine Plateau (Figure 3).

In this study area, the SWB ranges in elevation from about

1050 to 1550 m (Table l), but may occur as low as 800 m in some

cold valleys. The Boreal White and Black Spruce (BWBS) Zone is

the lowland to montane zone below the SWB, and usually occurs at
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elevations below 1100 m in the Rocky Mountain Trench, and below

1050 m in the other valleys. The Alpine Tundra (AT) Zone occurs

above the SWB and is found at elevations above approximately

1550 m.

4.2.l Climate

The SWB has an interior subalpine type of climate, although

long-term climatic measurements are available from only two

stations -- Cassiar and Muncho Lake. The mean annual

temperatures at these stations are -3.2°C and -0.7°C,

respectively (see Table l). Cassiar is more representative of

the zone as a whole, but two long-term stations can hardly be

considered adequate to characterize a zone that has such a wide

distribution and elevational range.

Annual temperature measurements are available from four

Ministry of Environment short-term stations, but these are all

from the Tuchodi River valley near the BWBS. Summer measurements

are available from two stations in the Omineca network. Of all

the stations, the four lowest elevation stations and one near the

BWBS boundary have mean monthly temperatures less than 0°C for 5

months of the year, and above 10°C for 3 months. The other three

mid- to high-elevation stations have mean monthly temperatures

less than 0°C for 7 months; and greater than 10°C for up to 1

month of the year. It is likely that most of the SWB would have

mean monthly temperatures less than 0°C for 5-7 months; and

greater than 10°C for 0-3 months.

Precipitation varies from 459 to 699 mm annually, with

35-55% falling as snow. May to September precipitation averages

232 mm (200-280 mm).

In summary, the winters are generally long and cold, and the

summers brief and cool. In comparison to the BWBS zone, the

winters in the SWB are probably slightly colder and longer with

cooler summers. Precipitation data show higher summer and annual

precipitation in the SWB.
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4.2.2 Vegetation

In British Columbia, the forests of the SWB Zone are

dominated by white spruce and subalpine fir. Subalpine fir is

absent from the majority of the zone, which occurs outside

British Columbia in the Yukon and Northwest Territories, and

therefore it was excluded from the name of the zone. Lodgepole

pine and trembling aspen are reasonably common, but far less

common than in most of the BWBS. The increased abundance of

subalpine fir, and the decreased amount of lodgepole pine and

trembling aspen suggest that fire is less frequent than in the

BWBS. Black spruce is present in the lower elevations, and may

dominate low-elevation bog wetlands. Balsam poplar is relatively

uncommon in the SWB, and paper birch, tamarack, and Engelmann

spruce (Picea engelmannii) are absent.

At the upper elevations of the SWB, the already reasonably

open forests become even more open, as they develop into a

scrub/parkland area. Trees are less common, and are usually

stunted and clumped. Shrubs become the dominant vegetation. The

major shrubs are scrub birch, especially on nutrient poorer

sites, and several willows, including grey-leaved willow (Salix 

qlauca), Barclay's willow (Salix barclayi), tea-leaved willow

(Salix planifolia), Barratt's willow (Salix barrattiana), and

woolly willow (Salix lanata), especially on nutrient richer sites.

On some steep south-facing slopes, stunted forests of

trembling aspen and/or balsam poplar are found near timberline.

Krajina (1975) hypothesized that deciduous shrubs are promoted in

this zone by the long summer days, and short, warm, frostless

nights. The theory is that the deciduous shrubs capitalize on

the short but intense growing season, and then shed their leaves

before the killing autumn frosts.

Some of the wide high-elevation valleys in the SWB are

subject to massive cold air ponding, and the vegetation of the

valley bottoms and lower slopes tends to be a complex mosaic of
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shrub-fields, fens, and mesic to moist grasslands. Above this

open "meadow", there is a band of forest, and then shrubs again

dominate the scrub/parkland above. Permafrost may be present in

the finer-textured soils of these valleys. In the rest of the

SWB, permafrost usually occurs only on steep north-facing slopes.

4.2.3 Soils

The Cordilleran ice-sheet covered the mountainous part of

the TSA during the last glacial period. Morainal and

glaciofluvial landforms were most commonly produced by the

glaciers. Since glaciation, the effects of gravity and water

have produced colluvial and fluvial landforms. Lacustrine and

eolian landforms may well be present in some parts of the SWB

Zone, but their distribution and extent are unknown.

While very little information is available on the soils of

the SWB Zone, their texture, perviousness, and drainage

characteristics should be similar to the soils described for the

BWBS. In the SWB, on most of the moderately well to well drained

colluvial and morainal landforms, poorly developed Eutric and

Dystric Brunisols are common. In some cases, poorly developed

Orthic Humo-Ferric Podzols, Eluviated Dystric and Eutric

Brunisols, or Orthic Grey Luvisols develop. On imperfectly to

poorly drained sites, Gleysols or Gleyed subgroups of the above

soils develop.

Well to rapidly drained glaciofluvial and fluvial landforms

usually develop Orthic or Eluviated Dystric and Eutric

Brunisols. On young fluvial parent materials, Regosols are most

common. Poorly drained fluvial and glaciofluvial materials have

Gleysolic soils, or Gleyed subgroups of Brunisols or Luvisols.

Organic soils are found in wetland sites, often with

permafrost. Permafrost can also occur on steep north-facing

slopes.
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4.2.4 Biogeoclimatic subzones

A reconnaissance-level overview of the SWB indicates that

there are likely only two subzones in most of northern British

Columbia: 1) the SWBb, or Southern Moister Forested Spruce -

Willow - Birch; and 2) the SWBbs, or Southern Moister Scrub

Spruce - Willow - Birch. The SWBb is the lower elevation, mainly

forested subzone, and the SWBbs is the upper elevation

scrub/parkland subzone, where trees occur only as scattered

individuals or in small clumps in an area of primarily "tall"

shrubs.

Valley bottom grassland/wetland/scrub complexes occur in

both subzones, and if extensive, they can be treated as

biogeoclimatic phases (Pojar (editor) 1983a) as a result of local

cold air ponding.

The two subzones have been mapped as one (the SWBb)

throughout the Mackenzie TSA, as in most cases, because of the

steep topography, the SWBbs Subzone is only present as a narrow

band between the "forested" SWBb and the Alpine Tundra (AT) Zone.

The SWB in the Mackenzie TSA is at the southernmost extent

of the zone and therefore the forests tend to be more closed and

of higher productivity than most of the zone.

4.2.4.l Common ecosystems of the Southern Moister Forested 

Spruce - Willow - Birch (SWBb) Subzone 

4.2.4.l.l Zonal ecosystem 

Zonal ecosystems (i.e., ecosystems on medium moisture

and nutrient regime sites) of the SWBb are a White Spruce -

Grey-leaved Willow - Scrub Birch association. The

relatively open tree canopy is usually dominated by white

spruce, with a minor component of subalpine fir, although

the latter species may co-dominate with white spruce in some

stands. Of the seral species in this association, lodgepole

pine is often present and trembling aspen sometimes.
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The shrub layer is usually moderately to well developed

and is dominated by scrub birch and grey-leaved willow.

Other common shrubs include tea-leaved willow, Scouler's

willow (Salix scouleriana), Bebb's willow (Salix bebbiana),
shrubby cinquefoil, and soopolallie. The moderately to

poorly developed herb layer is dominated by the dwarf woody

plants crowberry (Empetrum nigrum) and lingonberry. Other

common herbs are arctic lupine (Lupinus arcticus), Altai
fescue (Festuca altaica), Labrador lousewort (Pedicularis 
labradorica), and fireweed. The well developed moss layer

is dominated by step moss, although red-stemmed feathermoss

is often common. Cladina lichens and the thalloid lichens

Peltigera aphthosa and Nephroma arcticum are usually present.
Soils are usually Eutric or Dystric Brunisols,

Luvisols, or Humo-Ferric Podzols. These ecosystems usually

occur on the middle to upper slopes of morainal deposits, on

the mid slopes of colluvial deposits, or on the upper slopes

of glaciofluvial deposits.

4.2.4.l.2 Drier forested ecosystems 

On dry (subxeric), coarse-textured glaciofluvial

materials or on south-facing slopes of coarse morainal

deposits, a Lodgepole Pine - Scrub Birch - Lichen

association is found. The relatively open canopy of these

woodland ecosystems is dominated by lodgepole pine, with a

minor component of white spruce. Trembling aspen and

subalpine fir occasionally occur as well.

The shrub layer is usually dominated by scrub birch.

Sometimes white spruce, lodgepole pine, or subalpine fir may

dominate the understory. Other shrubs in this moderately to

poorly developed layer are grey-leaved willow, Scouler's

willow, and common juniper (Juniperus communis). The herb

layer is dominated by dwarf woody plants such as crowberry,
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kinnikinnick, lingonberry, and dwarf blueberry. Altai

fescue, arctic lupine, fireweed, Labrador lousewort, and

bunchberry are commonly present, but not abundant. The moss

layer is only moderately developed and is co-dominated by

mosses and lichens; litter cover is significant. The common

lichens are in the genera Cladina, Cladonia, Peltigera,

Stereocaulon, Cetraria, and Nephroma. The common mosses are

red-stemmed feathermoss, curly heron's-bill moss (Dicranum

fuscescens), juniper hair-cap moss, and step moss.

On gravelly fluvial materials (fans and upper terraces)

a slightly moister ecosystem is found. This is usually due

to a finer-textured surface soil, a lower slope position, or

a richer coarse fragment source. This group of ecosystems

is a White Spruce - (Lodgepole Pine) - Step Moss association.

The tree layer is well developed and is dominated by

white spruce, often with a significant component of

lodgepole pine. Trembling aspen and black spruce are

infrequent species. The shrub layer is poorly developed,

likely as a result of the denser canopy. Common species are

grey-leaved willow, soopolallie, and common juniper. The

herb layer is moderately developed, with fuzzy-spiked

wildrye, Altai fescue, arctic lupine, one-sided wintergreen,

bastard toadflax, and twinflower being the common species.

The well developed moss layer is dominated by step moss.

The soils of both of these dry, coarse-textured

associations are predomintly Orthic and Eluviated Dystric

and Eutric Brunisols.

On dry, high-elevation, steep south aspects, stunted

groves of trembling aspen or balsam poplar are often found.

The two types often occur adjacent to each other but there

are seldom mixed stands. The trembling aspen stands occur

on colluvial slopes, which are subxeric to submesic in
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moisture regime, while the balsam poplar stands are usually

on the moister sites 4 .

Both the trembling aspen and balsam poplar stands are

comprised of stunted and gnarled trees of at least 50-80

years old. The shrub and herb layers are diverse and well

developed. Common understory species are soopolallie,

prickly rose, highbush-cranberry, willows (Scouler's,

grey-leaved, and Barclay's), fireweed, arctic lupine, tall

bluebells, heart-leaved arnica, wild strawberry (Fragaria 
virginiana), and tall larkspur (Delphinium qlaucum).
Kinnikinnick and twinflower are more common in the trembling

aspen stands, and species such as fuzzy-spiked wildrye and
mountain monkshood (Aconitum delphiniifolium) are more
common in the balsam poplar stands. The moss layers are

very poorly developed in both these ecosystems, the most
common being Thuidium abietinum and Hypnum revolutum.

Although these stands are likely successional to some

white spruce ecosystem, no conifer regeneration was noted in

the stands examined. Because of repeated fires, they are

considered to be fire sub-climax ecosystems 5 .

The soils are usually Orthic Eutric Brunisols.

4.2.4.l.3 Wetter forested ecosystems 

On fine-textured morainal materials with subhygric to

hygric moisture regimes, open white spruce - subalpine fir

stands with well-developed herb layers are found. The soils

are usually Sombric or Gleyed Sombric Brunisols, or Humic

Gleysols.

The shrub layer is dominated by grey-leaved willow,

with scrub birch also common. Common herbs include Altai

4 Pojar, 1977.
5 	 Pojar, 1977.
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fescue, Arctic lupine, tall bluebells, heart-leaved arnica,

tall larkspur, mountain monkshood, and subalpine daisy

(Erigeron peregrinus). The well developed moss layer is

dominated by step moss and red-stemmed feathermoss. Common

leafy liverwort (Barbilophozia lycopodioides) is also

present.

Forested transitional bogs are quite variable, but

commonly have open canopies of black spruce, white spruce,

and sometimes subalpine fir. Scrub birch is the most common

shrub in the well developed shrub layer. Grey-leaved

willow, Barclay's willow, and Labrador tea are also common.

Common herbs are lingonberry, cloudberry, crowberry, and

wood horsetail (Equisetum sylvaticum). The mosses vary in

abundance, but include sphagnum mosses, glow moss,

red-stemmed feathermoss, and common hair-cap moss

(Polytrichum commune). The soils of these transitional bogs

are peaty phases of Humic and Rego Gleysols.

On very steep north aspects, open stands of white

spruce on permafrost soils may occur. Black spruce may also

be present at lower elevations. These stands have

moderately to well developed shrub and herb layers,

dominated by Labrador tea, scrub birch, grey-leaved willow,

northern bush willow (Salix arbusculoides), Alaska willow

(S. alaxensis), netted willow (Salix reticulata), arctic

lupine, tall Jacob's-ladder (Polemonium caeruleum),

polargrass (Arctagrostis latifolia), dwarf scouring rush

(Equisetum scirpoides), red bearberry (Arctostaphylos 

rubra), tall larkspur, cloudberry (Rubus chamaemorus), and

lingonberry. The well developed moss layer is dominated by

step moss and glow moss. The soils are Organic Cryosols,

with permafrost at a depth of 50-75 cm.
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4.2.4.l.4 Shrub and grassland ecosystems (Pojar

1983b); Pojar6

Shrub-dominated ecosystems are common, ranging from

swamps and fens to dry colluvial scrub. Shrubby ecosystems

are especially common in the wide valleys influenced by cold

air drainage, dry colluvial slopes, and the upper elevation

parkland-scrub. Some common shrub-dominated ecosystems are:

. Barclay's willow - scrub birch - water sedge (Carex 

aquatilis) - glow moss fens;

. Willows (grey-leaved, Barclay's, tea-leaved) -

palmate colt's-foot - glow moss wet thickets;

. Alaska willow - red willow-herb (Epilobium 

latifolium) - sickle moss (Drepanocladus 

uncinatus) riparian willow thickets;

. scrub birch - Altai fescue - step moss mesic to

moist upland scrub;

. grey-leaved willow - scrub birch - Altai fescue

mesic to drier upland scrub;

. Scouler's willow - twinflower - Altai

fescue mesic to drier brule scrub; and,

. common juniper - kinnikinnick dry dwarf scrub.

Subalpine grasslands are frequent, but not extensive in

the SWB (Pojar 1983b). They can be grouped into two general

types:

1. dry grassland on steep, south slopes characterized

by glaucous bluegrass (Poa ellauca), purple reedgrass

(Calamagrostis purpurascens), Altai fescue,

fuzzy-spiked wildrye, slender wheatgrass (Agropyron 

trachycaulum), three-toothed saxifrage (Saxifraga 

tricuspidata), prairie cinquefoil (Potentilla 

6 Pojar, 1977.
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pensylvanica), prairie sage (Artemisia frigida), and

northern cut-leaf wormwood (Artemisia campestris ssp.

borealis); and,

2. submesic to moist Altai fescue grassland on flat

to gently rolling glaciofluvia1 or morainal materials

characterized by Altai fescue, mountain monkshood,

mountain sage (Artemisia arctica), tall Jacob's-ladder,

diverse-leaved cinquefoil (Potentilla diversifolia),

thick-headed sedge (Carex macloviana), and alpine

timothy (Phleum alpinum). These grasslands are

sometimes extensive in the high wide valleys subject to

cold air drainage, although these valley situations are

more common in the Cassiar area than in the Mackenzie
TSA.

4.2.5 Forest productivity

Forestry capability of the SWB is very severely limited

because of the northerly latitude and subalpine continental

climate. The SWB is near the limit of climatic conditions that

can support forest growth. Most of the zone likely produces less

than 1 m3/ha per year, although sites with warmer soil

temperatures and a longer growing season (i.e., favourable S and

W aspects, coarser-textured glaciofluvial fans and terraces,

lower elevations) might produce up to 2-2.5 m 3/ha per year.

The SWB in the Mackenzie TSA is the southernmost part of the zone

and sites are generally more productive than the zone as a

whole. Existing mature stands, however, are short and often

quite open, and are therefore mostly non-commercial now and into

the foreseeable future. If managed, rotation lengths in the order

of 150 years could be expected.

Many of the most productive stands occur on steep morainal

and colluvial slopes (often dominated by subalpine fir) where

operability is seriously impaired by marginally stable
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materials. Where the terrain is most favourable, on valley

floors and on moderately rolling plateaus, stands have the lowest

density or may be absent because of cold air drainage.

The management of lands in the SWB and of the fires that

these lands inevitably experience needs to be based on

appreciation of the realities of resource capabilities. The

capability of the SWB for wildlife is not easily surpassed (Pojar

et al. 1983). The zone provides extensive areas of excellent

habitat for Osborn caribou and moose. Localized areas provide

prime mountain goat, elk, and thin-horn sheep habitat. The

potential for recreation, particularly of the wilderness type, is

also excellent. In accordance with society's desire for wildlife

for consumptive and non-consumptive use, localized key habitats

could be managed or enhanced by prescribed fire.

4.3 Alpine Tundra (AT) Zone

The Alpine Tundra (AT) Zone is the highest elevation zone in

British Columbia. It occurs above the parkland (or scrub) subzone of

all three subalpine zones in the province (Krajina 1975). In the

Mackenzie TSA, the AT zone is found above approximately 1500 m.

4.3.1 Climate

The climate of the AT is the most severe of any zone in

British Columbia. The AT is usually cold, windy, and snowy. Old

Glory Mountain is the only long-term AT climate station in the

province, and it is located in the southern Interior. There are

no stations collecting temperature data in the AT of northern

British Columbia. However, data from Old Glory Mountain and from

five short-term climate stations in the high-elevation parkland

areas of east-central British Columbia -- Dome Mountain (1945 m);

Teare 5900 (1857 m); Bullmoose (1669 m); Quintette 4 (1661 m);

and Carbon Upr (1690 m) -- suggest that the AT in the MacKenzie

TSA would have a mean annual temperature of less than
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0°C (likely less than -3°C). There would be no months with mean

temperatures greater than 10°C, and at least 7 months with mean

temperatures below 0°C.

Low growing season temperatures are characteristic of the

AT. The mean monthly July temperature of the coldest of the

parkland stations (i.e., Quintette 4) is 3.2°C. The alpine is

also characterized by a very short frost-free period (Quintette 4

has an average frost-free period of 30 days). Frost can occur at

any time, although most alpine plants are relatively cold hardy.

4.3.2 Vegetation

The AT is characteristically a treeless zone. Trees,

however, do occur sporadically in the alpine, but usually in a

krummholz form. Alpine vegetation is dominated by shrubs, herbs,

bryophytes, and lichens. Rocks, ice, and snow are also

characteristic of much of the alpine landscape.

Alpine plant communities vary from shrubfields or scrub-

dominated vegetation at lower elevations, to grass and/or

herb- dominated vegetation at middle elevations, to

lichen-dominated vegetation at the highest elevations.

Alpine plants are usually small, close to the ground, and

often separated by bare soil or rock. The environment is harsh

in the alpine and the tundra vegetation does little to modify the

micro-environment. Therefore, the effect of environmental

factors such as topographic position, exposure to wind and

insolation, and distribution of snow and meltwater, are strongly

expressed in alpine plant communities. Hence, alpine vegetation

is often present as a complex mosaic in response to environmental

and soil conditions.

4.3.3 Soils

The Alpine Tundra occurs throughout the high-elevation

mountains of the Mackenzie TSA. The topography of these
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mountains is mainly due to the sculpturing effects of both

ice-cap and alpine glaciers. Ridges and summits below

approximately 1830 m are generally rounded as a result of the

erosional effects of the Pleistocene ice sheet, whereas peaks and

ridges above this elevation tend to be sharply sculptured by

cirque glaciers (Holland 1976).

Periglacial geomorphic processes have been the dominant

weathering agents since glaciation. The physical processes of
frost shattering, heaving and sorting, and avalanching have

produced a wide variety of colluvial landforms. Morainal

materials are also present but they are often colluviated as

well. The processes of nivation (snowpatch erosion),

solifluction (downslope movement of saturated soil and rock), and

wind are also important in forming and modifying alpine parent

materials. Although colluvial materials are dominant in the AT,

morainal, fluvial, and glaciofluvial materials do occur.

The combination of the aforementioned periglacial processes,

permafrost development, and a short "unfrozen" season results in

generally poorly developed soils in the AT. Regosols are the

most common. Where frost churning (cryoturbation) and

solifluction are not too severe, Eutric or Dystric Brunisols can

develop. In permafrost areas, Turbic and Static Cryosols are

often found. On wetter sites where organic matter accumulates,

Organic Cryosols or Organic soils occur.

In many alpine areas, organic matter is accumulated in the

upper mineral horizon forming an Ah horizon. Depending on the

calcareousness of the parent material, Sombric or Melanic

Brunisols can develop. In one case, on Nevis Mountain, Lord and

Luckhurst (1974) describe a "Black Chernozem-like" soil on

calcareous colluvium.

4.3.4 Biogeoclimatic subzones and ecosystems

The entire alpine of most of the northern Interior of
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British Columbia is considered to be one subzone -- Northern

Continental Alpine Tundra (ATn). This subzone occurs primarily

above the SWBb and SWBbs, although it may occur above some

Engelmann Spruce - Subalpine Fir (ESSF) subzones.

Although the alpine has been treated as one subzone, three

distinct altitudinal subunits could be recognized within the ATn

upon further investigation -- low, middle, and high alpine (see

Pojar et al. 1983).

Much of the information for the following discussion of

common ecosystems is from Pojar 7 and Luckhurst (1973).

4.3.4.1 Common ecosystems of the Northern Continental 

Alpine Tundra (ATn) Subzone 

"Tundra" vegetation, consisting of prostrate shrubs,

short-stemmed perennial herbs, bryophytes, and lichens,

dominates the ATn. Some shrub thicket or scrub vegetation

is found at the lower elevations.

The zonal ecosystem of the ATn is a "dwarf willow -

sedge - grass - cryptogam" tundra. The dominant and

characteristic species are netted willow, polar willow

(Salix polaris), small-awned sedge (Carex microchaeta),
awned hair-cap moss (Polytrichum piliferum), and the lichens
Cetraria spp., Stereocaulon spp., and Thamnolia 

vermicularis. Other common species are alpine sweetgrass

(Hierochloe alpina), Altai fescue, alpine bluegrass (Poa

alpina), alpine fescue (Festuca brachyphylla), alpine

bistort (Bistorta vivipara), and moss campion (Silene 

acaulis). The zonal ecosystem occurs over a wide range of

mesic to moist (subhygric) sites on moderately sloping to

flat topography. Soils are usually Sombric and Melanic

Brunisols, Regosols, and Cryosols.

7 Pojar, 1977.
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On exposed, windswept, convex ridges, a "cushion plant"

tundra is found. Soils are usually Brunisols or Regosols on

gravelly or rubbly colluvial veneers. Bare mineral soil is

often exposed and frost sorting and heaving are active

processes producing patterned ground. Common plants include

entire-leaved white mountain-avens (Dryas integrifolia),

blackish locoweed (Oxytropis nigrescens), moss campion,

one-flowered cinquefoil (Potentilla uniflora), netted

willow, alpine sweetgrass, small-awned sedge, and Bellard's

kobresia (Kobresia myosuroides).

Another widespread ecosystem is the "alpine heath",

characterized by four-angled mountain-heather (Cassiope 

tetragona), entire-leaved white mountain-avens, and netted

and polar willows. Although it is possibly zonal at low

elevations of the ATn, it is best developed on moist to

mesic northern and eastern slopes. This is likely due to

the greater snow accumulation and duration on these

aspects. Soils are variable, and may be Dystric Brunisols,

Regosols, Gleysols, Cryosols, or Organics. Seepage and

solifluction are common processes. Although the dwarf

shrubs are dominant, common herbs include moss campion,

capitate lousewort (Pedicularis capitata), alpine bistort,

small-awned sedge, short-stalked sedge (Carex podocarpa),

arctic bluegrass (Poa arctica), and Altai fescue.

Fairly common on steep, generally south-facing slopes

is an "Altai fescue - lichen tundra". Sites are well

drained, mesic to slightly drier, and with light,

discontinuous winter snow cover. Soils are usually Sombric

or Melanic Brunisols. Vegetation is dominated by Altai

fescue and mountain sage. Other common herbs are alpine

sweetgrass, small-awned sedge, and spiked woodrush (Luzula 

spicata). Common cryptogams include awned hair-cap moss and

the lichens Cetraria spp., Cladina spp., Cladonia spp., and

Stereocaulon spp.
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Alpine seepage and snowbed areas are common, although

often small. The vegetation is heterogeneous, so only the

most widespread middle to high-elevation seepage/snowbed

type will be described here. The vegetation of this type is

dominated by netted and polar willows, short-stalked sedge,

arctic colt's-foot (Petasites frigidus), mountain sage,

subalpine buttercup (Ranunculus eschscholtzii), and northern

anemone (Anemone parviflora). A great diversity of other

herbs are found, including white marsh-marigold (Caltha 

leptosepala), red willowherb, dwarf scouring rush, alpine

bistort, red-stemmed saxifrage (Saxifraga lyallii), alpine

speedwell (Veronica wormskjoldii), Lapland reedgrass

(Calamagrostis lapponica), three-flowered rush (Juncus 

triglumis), chestnut rush (Luzula parviflora), and alpine

bluegrass. The soils are Gleysolic, Cryosolic, or Organic.

Alpine fellfield occurs on many mountain tops and high

ridge crests. Terms such as "mountain-top detritus",

"rubble sheet", and "blockfield" are used to describe this

landscape unit. Fellfields are extensive areas of coarse,

angular debris that form on level or gently sloping areas as

a result of frost shattering and heaving. The windswept,

complex terrain is a mosaic of snow-free patches and

accumulation areas, and this factor influences the

distribution of plants within the fellfield. Although a

number of plant communities could be described on a

microscale, overall the fellfields can be treated as a

single unit. Vascular plants and most mosses and fruticose

lichens are restricted to protected depressions and

crevices. The most common herbs are alpine bitter-cress

(Cardamine bellidifolia), alpine rockcress (Draba alpina),

moss campion, tufted saxifrage (Saxifriga caespitosa),

three-toothed saxifrage, purple mountain saxifrage
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(Saxifrage oppositifolia), arctic cinquefoil (Potentilla

hyparctica), short-awned sedge, alpine fescue, and curved

alpine woodrush (Luzula arcuata). Dominant cryptogams are

the mosses Rhacomitrium lanuginosum and awned hair-cap moss,

and the lichens Cetraria spp., Dactylina spp., Parmelia 

spp., Umbilicaria spp., Sterocaulon spp., and Thamnolia 

vermicularis. The soils of these periglacially active areas

are Regosols.
Alpine shrub-dominated ecosystems are common at low to

middle elevations. They are of two basic types: scrub birch

thickets and Barratt's willow thickets. The scrub birch

communities are common on mesic to moist, upper colluvial

slopes and on glaciofluvial materials in high, exposed

passes. The Barratt's willow communities are found on wet

sites in alpine valleys, usually on gently sloping alluvial
fans at the base of long slopes and within the meander plain

of low-gradient alpine streams.

4.3.5 Resource uses

There is no wood production potential in the Alpine Tundra

Zone. However, in conjunction with the subalpine SWB Zone, it

provides some of the most important wildlife habitat in British

Columbia. The wide range of ungulates includes thin-horn sheep,

mountain goat, Osborn caribou, and moose. Other important

species are grizzly bear, hoary marmot, and ptarmigan.

The potential for recreation is high. The alpine terrain

varies from the rugged Battle of Britain Range to the more

rounded Omineca Mountains. Most areas provide a wide diversity

of alpine vegetation. In combination with the SWB, most of the

area has considerable vegetation and wildlife diversity, and

provides many opportunities for hiking, horseback riding, and

hunting. A few guide-outfitters operate in the area. Despite
the great potential, the remoteness of this area continues to

limit the recreational use of the alpine.
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APPENDIX 1 (a). Species listed alphabetically by scientific name and
general life form

TREES

Abies lasiocarpa (Hook.) Nutt.
Betula papyrifera Marsh.
Larix laricina (DuRoi) K. Koch
Picea engelmannii Parry
Picea engelmannii x glauca
Picea glauca (Moench) Voss
Picea mariana (Mill.) B.S.P.
Pinus contorta Dougl.
Populus balsamifera L.
Populus balsamifera L. ssp. trichocarpa 

(Torr. & Gray ex. Hook.) Brayshaw
Populus tremuloides Michx.

subalpine fir
paper birch
tamarack
Engelmann spruce
hybrid white spruce
white spruce
black spruce
lodgepole pine
balsam poplar
black cottonwood

trembling aspen

SHRUBS

Alnus incana (L.) Moench ssp. tenuifolia
---(Nutt.) Breitung
Betula glandulosa Michx.
Cornus sericea L.
Juniperus communis L.
Ledum groenlandicum Oeder
Lonicera involucrata (Rich.) Banks
Potentilla fruticosa L.
Ribes lacustre (Pers.) Poir.
Ribes triste Pall.
Rosa acicularis Lindl.
Salix spp.
Salix alaxensis (Anderss.) Cov.
Salix arbusculoides Anderss.
Salix barclayi Anderss.
Salix barrattiana Hook.
Salix glauca L.
Salix lanata L.
Salix myrtillifolia Anderss.
Salix planifolia Pursh
Salix scouleriana Barratt
Shepherdia canadenis (L.) Nutt.
Vaccinium membranaceum Dougl.
Viburnum edule (Michx.) Raf.

mountain alder
scrub birch
red-osier dogwood
common juniper
Labrador tea
black twinberry
shrubby cinquefoil
black gooseberry
red swamp currant
prickly rose
willows
Alaska willow
northern bush willow
Barclay's willow
Barratt's willow
grey-leaved willow
woolly willow
bilberry willow
tea-leaved willow
Scouler's willow
soopolallie
black huckleberry
highbush-cranberry
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APPENDIX 1 (a). (Continued)

HERBS AND DWARF SHRUBS

Aconitum delphiniifolium DC.
Aqropyron trachycaulum (Link) Malte.
Anemone parviflora Michx.
Arctagrostis latifolia (R.Br.) Griseb.
Arctostaphylos rubra (Rehd. & Wilson) Fern.
Arctostaphylos uva-ursi (L.) Spreng.
Arnica cordifolia Hook.
Artemisia arctica Less.
Artemisia campestris L. ssp. borealis 

(Pall.) Hall & Clements
Artemisia frigida Willd.
Bistorta vivipara (L.) S.F. Gray
Calamagrostis lapponica (Wahlenb.) Hartm.
Calamagrostis purpurascens R.Br.
Caltha leptosepala DC.
Cardamine bellidifolia L.
Carex spp.
Carex aquatilis Wahlenb.
Carex macloviana d'Urv.
Carex microchaeta H.T. Holm
Carex podocarpa R. Br.

ns
CDarsasiaopaelp: a L gentraona (L.) D. Don
Cornus canadensis L.
Delphinium qlaucum Wats.
Drabs 	
Dryas integrifolia M. Vahl
Elymus innovatus Beal.
Empetrum nigrum L.
Epilobium angustifolium L.
Epilobium latifolium L.
Equisetum scirpoides Michx.
Equisetum spp.
Equisetum sylvaticum L.
Erigeron peregrinus (Pursh) Greene
Festuca altaica Trin.
Festuca brachyphylla Schult.
Galium boreale L.

H7=TOellLi:Icli Ln1 (T-vc. 1-)1aVoseM). Fece2h ult.
Juncus triglumis L.
Kobresia myosuroides (Vill.) Fiori
Linnaea borealis L.
Listera cordata (L.) R. Br.
Lupinus arcticus Wats.

mountain monkshood
slender wheatgrass
northern anemone
polargrass
red bearberry
kinnikinnick
heart-leaved arnica
mountain sage

northern cut-leaf wormwood
prairie sage
alpine bistort
Lapland reedgrass
purple reedgrass
white marsh-marigold
alpine bitter-cress
sedges
water sedge
thick-headed sedge
small-awned sedge
short-stalked sedge
four-angled mountain-heather
bunchberry
tall larkspur
alpine rockcress
entire-leaved white mountain-avens
fuzzy-spiked wildrye
crowberry
fireweed
red willowherb
dwarf scouring-rush
horsetails
wood horsetail
subalpine daisy
Altai fescue
alpine fescue
northern bedstraw
bastard toadflax
alpine sweetgrass
three-flowered rush
Bellard's kobresia
twinflower
heart-leaved twayblade
arctic lupine
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APPENDIX 1 (a). (continued)

Luzula arcuata (Wahlenb.) Wahlenb.
Luzula parviflora (Ehrh.) Desv.
Luzula spicata (L.) DC.
Menyanthes trifoliata L.
Mertensia paniculata (Ait.) G.Don.
Mitella nuda L.
Orthilia secunda L.
Oxytropis nigrescens (Pall.) Fisch.
Pedicularis capitata Adams
Pedicularis labradorica Wirsing
Petasites palmatus (Ait.) Gray
Petasites frigidus (L.) E. Fries
Phleum alpinum L.
Poa alpina L.
Poa arctica R. Br.
Poa glauca M. Vahl
Polemonium caeruleum L.
Potentilla diversifolia Lehm.
Potentilla hyparctica Malta
Potentilla pensylvanica L.
Potentilla uniflora Ledeb.
Pyrola asarifolia Michx.
Ranunculus eschscholtzii Schlecht.
Rubus chamaemorus L.
Rubus pubescens Raf.
Salix polaris Wahlenb.
Salix reticulata L.
Saxifraga caespitosa L.
Saxifraga lyallii Engler
Saxifraga oppositifolia L.
Saxifraga tricuspidata Rottb.
Silene acaulis (L.) Jacq.
Vaccinium caespitosum Michx.
Vaccinium oxycoccus L.
Vaccinium vitis-idaea L.
Veronica wosmskjoldii Roem. & Schult.

MOSSES, LIVERWORTS AND LICHENS

curved alpine woodrush
small-flowered woodrush
spiked woodrush
bogbean
tall bluebells
common mitrewort
one-sided wintergreen
blackish locoweed
capitate lousewort
Labrador lousewort
palmate colt's-foot
arctic colt's-foot
alpine timothy
alpine bluegrass
arctic bluegrass
glaucous bluegrass
tall Jacob's-ladder
diverse-leaved cinquefoil
arctic cinquefoil
prairie cinquefoil
one-flowered cinquefoil
pink wintergreen
subalpine buttercup
cloudberry
trailing raspberry
polar willow
netted willow
tufted saxifrage
red-stemmed saxifrage
purple mountain saxifrage
three-toothed saxifrage
moss campion
dwarf blueberry
bog cranberry
lingonberry
alpine speedwell

Aulocommium palustre (Hedw.) Schwaegr. 	 glow moss
Barbilophozia lycopodioides (Wallr.) Loeske common leafy liverwort
Cetraria spp.
Cladina spp.
Cladonia spp.
Dactylina spp.
Dicranum fuscescens Turn. 	 curly heron's-bill moss
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APPENDIX 1 (a). (Concluded)

Dicranum spp.
Drepanocladus uncinatus (Hedw.) Warnst.
Hylocomium splendens (Hedw.) B.S.G.
Hypnum revolutum (Mitt.) Lindl.
Nephroma spp.
Nephroma arcticum (L.) Torss.
Parmelia spp.
Peltigera spp.
Peltigera aphthosa (L.) Willd.
Pleurozium schreberi (Brid.) Mitt.
Polytrichum commune Hedw.
Polytrichum ,juniperinum Hedw.
Polytrichum piliferum Hedw.
Ptilium crista-castrensis (Hedw.) De Not.
Rhacomitrium lanuginosum (Hedw.) Brid.
Sphagnum spp.
Stereocaulon spp.
Thamnolia vermicularis (Sw.) Ach. ex Schaer.
Thuidium abietinum (Hedw.) B.S.G.
Tomenthypnum nitens (Hedw.) Loeske
Umbilicaria spp.

heron's-bill moss
sickle moss
step moss

red-stemmed feathermoss
common hair-cap moss
juniper hair-cap moss
awned hair-cap moss
knight's plume

sphagnum moss

golden fuzzy fen moss
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APPENDIX 1 (b). Species listed alphabetically by common name

Alaska willow
alpine bistort
alpine bitter-cress
alpine bluegrass
alpine fescue
alpine rockcress
alpine speedwell
alpine sweetgrass
alpine timothy
Altai fescue
arctic bluegrass
arctic cinquefoil
arctic colt's-foot
arctic lupine
awned hair-cap moss
balsam poplar
Barclay's willow
Barratt's willow
bastard toadflax
Bellard's kobresia
bilberry willow
black cottonwood

black gooseberry
black huckleberry
black spruce
black twinberry
blackish locoweed
bogbean
bog cranberry
bunchberry
capitate lousewort
cloudberry
common hair-cap moss
common juniper
common leafy liverwort
common mitrewort
crowberry
curly heron's-bill moss
curved alpine woodrush
diverse-leaved cinquefoil
dwarf blueberry
dwarf scouring-rush
Engelmann spruce
entire-leaved white mountain-avens
fireweed
four-angled mountain-heather
fuzzy-spiked wildrye
glaucous bluegrass

Salix alaxensis (Anderss.) Cov.
Bistorta vivipara (L.) S.F. Gray
Cardamine bellidifolia L.
Poa alpina L.
Festuca brachyphylla Schult.
Draba alpina L.
Veronica wosmskjoldii Roem. & Schult.
Hierochloe alpina (Sw.) Roem. & Schult.
Phleum alpinum L.
Festuca altaica Trin.
Poa arctica R. Br.
Potentilla hyparctica Malte
Petasites frigidus (L.) E. Fries
Lupinus arcticus Wats.
Polytrichum piliferum  Hedw.
Populus balsamifera L.
Salix barclayi Anderss.
Salix barrattiana Hook.
Geocaulon lividum (Richards.) Fern.
Kobresia myosuroides (Vill.) Fiori
Salix myrtillifolia Anderss.
Populus balsamifera L. ssp. trichocarpa 

(Torr. & Gray ex. Hook.) Brayshaw
Ribes lacustre (Pers.) Poir.
Vaccinium membranaceum Dougl.
Picea mariana (Mill.) B.S.P.
Lonicera involucrata (Rich.) Banks
Oxytropis nigrescens (Pall.) Fisch.
Menyanthes trifoliata L.
Vaccinium oxycoccus L.
Cornus canadensis L.
Pedicularis capitata Adams
Rubus chamaemorus L.
Polytrichum commune Hedw.
Juniperus communis L.
Barbilophozia lycopodioides (Wallr.) Loeske
Mitella nuda L.
Empetrum nigrum L.
Dicranum fuscescens Turn.
Luzula arcuata (Wahlenb.) Wahlenb.
Potentilla diversifolia Lehm.
Vaccinium caespitosum Michx.
Equisetum scirpoides Michx.
Picea engelmannii  Parry
Dryas integrifolia M. Vahl
Epilobium angustifolium L.
Cassiope tetragona (L.) D. Don
Elymus innovatus Beal.
Poa qlauca M. Vahl
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APPENDIX 1 (b). (Continued)

glow moss
golden fuzzy fen moss
grey-leaved willow
heart-leaved arnica
heart-leaved twayblade
heron's-bill moss
highbush-cranberry
horsetails
hybrid white spruce
juniper hair-cap moss
kinnikinnick
knight's plume
Labrador lousewort
Labrador tea
Lapland reedgrass
lingonberry
lodgepole pine
moss campion
mountain alder

mountain monkshood
mountain sage
netted willow
northern anemone
northern bedstraw
northern bush willow
northern cut-leaf wormwood

one-flowered cinquefoil
one-sided wintergreen
palmate colt's-foot
paper birch
pink wintergreen
polar willow
polargrass
prairie cinquefoil
prairie sage
prickly rose
purple mountain saxifrage
purple reedgrass
red bearberry
red swamp currant
red willowherb
red-osier dogwood
red-stemmed feathermoss
red-stemmed saxifrage
Scouler's willow
scrub birch
sedges
short-stalked sedge

Aulocommium palustre (Hedw.) Schwaegr.
Tomenthypnum nitens (Hedw.) Loeske
Salix glauca L.
Arnica cordifolia Hook.
Listera cordata (L.) R. Br.
Dicranum spp.
Viburnum edule (Michx.) Raf.
Equisetum spp.
Picea engelmannii x qlauca 
Polytrichum juniperinum Hedw.
Arctostaphylos uva-ursi (L.) Spreng.
Ptilium crista-castrensis (Hedw.) De Not.
Pedicularis labradorica Wirsing
Ledum groenlandicum Oeder
Calamagrostis lapponica (Wahlenb.) Hartm.
Vaccinium vitis-idaea L.
Pinus contorta Dougl.
Silene acaulis (L.) Jacq.
wririg-firviETTL.) Moench ssp. tenuifolia 
(Nutt.) Breitung
Aconitum delphiniifolium DC.
Artemisia arctica Less.
Salix reticulata L.
Anemone parviflora Michx.
Galium boreale L.
Salix arbusculoides Anderss.
Artemisia campestris L. ssp. borealis 

(Pall.) Hall & Clements
Potentilla uniflora Ledeb.
Orthilia secunda L.
Petasites palmatus (Ait.) Gray
Betula papyrifera Marsh.
Pyrola asarifolia Michx.
Salix polaris Wahlenb.
Arctagrostis latifolia (R.Br.) Griseb.
Potentilla peTETTCWITEa L.
Artemisia frigida Willd.
Rosa acicularis Lindl.
Saxifraga oppositifolia L.
Calamagrostis purpurascens R.Br.
Arctostaphylos rubra (Rehd. & Wilson) Fern.
Ribes triste Pall.
Epilobium latifolium L.
Cornus sericea L.
Pleurozium schreberi (Brid.) Mitt.
Saxifraga lyallii Engler
Salix scouleriana Barratt
Betula glandulosa Michx.
Carex spp.
Carex podocarpa R. Br.
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APPENDIX 1 (b). (Concluded)

shrubby cinquefoil
sickle moss
slender wheatgrass
small-awned sedge
small-flowered woodrush
soopolallie
sphagnum moss
spiked woodrush
step moss
subalpine buttercup
subalpine daisy
subalpine fir
tall bluebells
tall Jacob's-ladder
tall larkspur
tamarack
tea-leaved willow
thick-headed sedge
three-flowered rush
three-toothed saxifrage
trailing raspberry
trembling aspen
tufted saxifrage
twinflower
water sedge
white marsh-marigold
white spruce
willows
wood horsetail
woolly willow

Potentilla fruticosa L.
Drepanocladus uncinatus (Hedw.) Warnst.
Agropyron trachycaulum (Link) Malte.
Carex microchaeta H.T. Holm
Luzula parviflora (Ehrh.) Desv.
Shepherdia canadenis (L.) Nutt.
Sphagnum spp.
Luzula spicata (L.) DC.
Hylocomium splendens (Hedw.) B.S.G.
Ranunculus eschscholtzii Schlecht.
Erigeron peregrinus (Pursh) Greene
Abies lasiocarpa (Hook.) Nutt.
Mertensia paniculata (Ait.) G.Don.
Polemonium caeruleum L.
Delphinium qlaucum Wats.
Larix laricina (DuRoi) K. Koch
Salix planifolia Pursh
Carex macloviana d'Urv.
Juncus triglumis L.
Saxifraga tricuspidata Rottb.
Rubus pubescens Raf.
Populus tremuloides Michx.
Saxifraga caespitosa L.
Linnaea borealis L.
Carex aquatilis Wahlenb.
Caltha leptosepala DC.
Picea glauca (Moench) Voss
Salix spp.
Equisetum sylvaticum L.
Salix lanata L.
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