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1.0 INTRODUCTION

Fire is an intimate part of the environment of the forests of northern

British Columbia. In this region, the annual area burned is often large, fire

suppression costs are high, and the value of the majority of the timber

resource is relatively low. Forest managers require information about the

ecological and economic impacts of fire. The Northern Fire Ecology Project

was initiated to investigate the ecology of fire, and to place fire management

in an ecological framework, in northern B.C. above roughly 57 ° N lat.
The Northern Fire Ecology Project is a cooperative study by the

Protection and Research Branches of the B.C. Forest Service, and by the

Pacific Forest Research Centre and Petawawa National Forestry Institute of the

Canadian Forestry Service. One of the objectives of the project is to

describe and delineate the biogeoclimatic zones and subzones of the region

according to the Ministry of Forests' system of ecosystem classification

(Pojar 1983). The classification should provide an overall environmental

framework for studying and describing fire-ecological relationships. This

report deals with the biogeoclimatic units of the Cassiar Timber Supply Area

(T.S.A.) of the Prince Rupert Forest Region (Fig. l). The biogeoclimatic

zones and, in some cases, subzones are drawn on the attached l:500,000 maps.

The adjoining Fort Nelson and Mackenzie T.S.A.'s of the Prince George Forest

Region are classified in a companion report (Meidinger and Lewis in

preparation). A forthcoming report will classify and describe the major types

of ecosystems of the Boreal White and Black Spruce zone in the Cassiar T.S.A.
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Figure 1. Timber Supply Areas of the Prince Rupert Forest Region, British

Columbia.
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2.0 SOURCES OF INFORMATION

The information presented in this report and on the accompanying maps was

drawn from several sources. Forest cover maps produced by British Columbia

Ministry of Forests, Inventory Branch were reduced to a scale of l:50,000, and

provided details of the distribution of dominant tree species. Part of the

study area (primarily in the Stikine River drainage) is covered by

conventional high-level colour photography (scales range from 1:20,000 to

1:40,000), which showed general features of physiography, vegetation,

physiognomy, tree-line, etc. Field work, undertaken by Ministry of Forests,

Smithers Research Section in the summers of 1980 and 1981, included ca 40

hours of helicopter reconnaissance, as well as 24 detailed and 60

reconnaissance plots.

We also incorporated into our analysis 76 plots sampled by Pedology

Consultants (C. Clement, G. Utzig, and M. Walmsley) in July, 1982 in the

Stikine watershed, and 334 plots sampled in the Gladys Lake Ecological

Reserve, upper Stikine drainage, in the summer of 1975 (Pojar 1977).

Additional information was derived from biophysical mapping done by the

Ministry of Environment in the Telegraph Creek area (B.C. Ministry of

Environment 1977), on Level Mountain (Clement and Fenger 198la) and the

Horseranch Range (Clement and Fenger 19810), and for the Dease Lake (N.T.S.

104J) and Cry Lake (N.T.S. 1041) l:250,000 map sheets (Fenger 1982 and in

preparation). Pojar also participated in field investigations of many

northern ecosystems in the 1970's, under the sponsorship of the Ecological

Reserves Program of British Columbia (Krajina et al. 1978). Reconnaissance

information, collected on vegetation and soil, was summarized in IBP reports
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for each reserve proposal. Pojar and S. Houseknecht (Houseknecht 198la & b)

collected similar information while studying vegetation and zonation along two

proposed hydroelectric transmission lines in northern B.C.

3.0 METHODS

Sampling methods for most of the above-mentioned plots followed those

outlined in Walmsley et al. (1980), and the information was collected on

standardized field forms. Analytic, synthetic, and mapping methods were those

of Pojar (1983).

4.0 BIOGEOCLIMATIC ZONES

The 	 Cassiar 	 Timber 	 Supply 	 Area 	 (T.S.A.) 	 circumscribes 	 eight

biogeoclimatic zones (Maps; Table l; Fig. 2). The Boreal White and Black

Spruce Zone occupies lowland and montane areas east of the Coast Range. The

subalpine zone above the Boreal Zone is the Spruce - Willow - Birch Zone.

Small areas of Interior Cedar - Hemlock Lone occur along the middle Iskut and

Stikine Rivers in the southernmost part of the T.S.A. Two small lobes of

Sub-Boreal Spruce Zone are located at low elevations along the Stikine and

Taku rivers, in areas transitional between the Coast and the Interior. The

Engelmann Spruce - Subalpine Fir Zone is the subalpine zone above both the

Interior Cedar - Hemlock and Sub-Boreal Spruce zones. Several small areas of

coastal climate intrude into the T.S.A. along Pacific-drainage rivers, west of

the crest of the Coast Mountains. The Coastal Western Hemlock Zone occupies

the lower coastal elevations; the Mountain Hemlock Zone is the subalpine zone

above the Coastal Western Hemlock Zone. The Alpine Tundra Zone covers the

highest elevations throughout the T.S.A.
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Figure 2. Examples of topographic profiles and biogeoclimatic zonation
in the Cassiar Timber Supply Area. Biogeoclimatic zone abbreviations:
AT - Alpine Tundra; BWBSe - Boreal White and Black Spruce, Cordilleran
subzone; CWH - Coastal Western Hemlock; ESSF - Engelmann Spruce -
Subalpine Fir; ICH - Interior Cedar - Hemlock; MH - Mountain Hemlock;
SBS - Sub-Boreal Spruce; SWB - Spruce - Willow - Birch; SWB/ESSF -
Classification of subalpine zone uncertain.
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4.1 Boreal White and Black Spruce Zone

4:71.l Location and distribution

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

zone that, in northwestern British Columbia, occurs north of roughly 57 ° N
lat. and at elevations ranging from 300 m to 1100 m. In the Cassiar TSA, the

BWBS occupies the lower elevations of the main valleys east of the Coast - St.

Elias Mountains. Major boreal areas occur in the Dease-Kechika-Liard drainage;

the middle Stikine and Taku drainages; around Atlin and Teslin lakes; and in

the middle Tatshenshini drainage of the Haines Triangle. The largest expanse

of BWBS covers the Liam Plain, centred on Lower Post.

4.1.2 Climate

The northern continental climate, with its frequent outbreaks of arctic

air masses, features long, very cold winters and short growing seasons. The

mean annual temperature for long-term climatic stations (Environment Canada

1975 a & o) within or near the study area (i.e., Atlin, Dease Lake, Fort

Nelson, Smith River Airport, and Telegraph Creek in B.C.; Carcross, Teslin,

Watson Lake, and Whitehorse in the Yukon) is -3 ° C to 2° C, although most
of the area has mean annual temperatures below freezing. The average

temperature remains below 0 ° C for 5 to 7 months of the year, and above
10° C for only 3 to 4 (or 5 in Telegraph Creek) months (but may be quite
high in mid-summer). Annual precipitation averages between 260 mm and 465 mm,

with 35% to 55% of this falling as snow.

The ground freezes deeply for a large part of the year, and discontinuous

permafrost may occur on some northern slopes and in organic terrain.
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Permafrost is not widespread in the BWBS in the Cassiar T.S.A., in contrast to

the BWBS of the lowlands of the Fort Nelson T.S.A., where organic terrain is

extensive. The prevailing poor tree growth of the BWBS reflects the adverse

climate, especially the short vegetative season and cold soil temperatures.

4.1.3 Common ecosystems

White spruce, black spruce, subalpine fir, lodgepole pine, trembling

aspen, balsam poplar, and common paper birch are the major tree species of the

zone in northwestern B.C. In general there is more subalpine fir and less

black spruce than in the BWBS northeast of the Rocky Mountains. Tamarack and

Alaska paper birch are virtually restricted to the northeastern corner of the

Cassiar T.S.A., on the Liard Plain.

Forests predominate in the BWBS of the study area. Forest fires are

frequent throughout, maintaining a variety of stand age classes and

successional stages. "Climax" forest is dominated by white spruce, sometimes

with variable amounts of subalpine fir and black spruce. Most older,

pre-"climax" stands have at least a few individuals of the shade-intolerant

species, trembling aspen and/or lodgepole pine. Seral stands of lodgepole

pine, trembling aspen, and mixed white spruce - aspen are common. With

repeated fire, forests have given way to a persistent scrub of willow and

aspen. Inasmuch as wildfire has been so frequent in boreal regions, and is

such an integral part of boreal ecosystems, it may be more valid to think of

the whole mosaic of seral ecosystems as a stable but dynamic climax (cf. Rowe

and Scotter 1973; Wright 1974; Larsen 1980).

Older stands on zonal sites typically have closed canopies dominated by

white spruce. Shrub and herb layers are poorly to moderately developed.

Characteristic understory species include Viburnum edule, Rosa acicularis,
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Shepherdia canadensis, Cornus canadensis, Linnaea borealis, Arnica cordifolia,

and Mertensia paniculata. Other frequent species are Alnus viridis, Ledum 

groenlandicum, Vaccinium vitis-idaea, Festuca altaica, Petasites palmatus,

Geocaulon lividum, and Orthilia secunda. The moss layer is usually

well-developed and more-or-less continuous. It forms a thick carpet dominated

by 'feather mosses, especially Hylocomium splendens with lesser amounts of

Ptilium crista-castrensis and Pleurozium schreberi. Peltigera aphthosa  is a

consistent but rarely abundant lichen in the ground cover.

Zonal soils are dominantly Gray Luvisols on finer textured parent

materials and Dystric Brunisols on coarser textured materials. Predominant

humus forms are Hemimors, usually more than 10 cm thick. Organic horizon (F)

thickness increases as stands age, canopy closes, and deciduous species

decline. The thickening, insulating organic accumulations cause a regressive

decline in soil temperatures (which are cold to very cold), and consequently

retard tree growth.

The most productive forests of the zone occur on moist and rich, but

freely drained alluvial sites. Balsam poplar, white spruce, and often

trembling aspen and paper Birch make up the floodplain forests, which

typically occur on Orthic, Gleyed, or Cumulic Regosols. Older alluvial stands

generally form white spruce - Equisetum spp. communities.

Fairly open pine - lichen forest communities occupy the driest habitats,

usually on rapidly drained glaciofluvial and eolian landforms (particularly on

the Liard Plain). These dry ecosystems usually have Dystric Brunisols and

thin, desiccated humus forms.

Pine - black spruce forest types frequently occur on glaciofluvial

landforms, and also sometimes on fine textured but well-drained morainal soils.
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Dense black spruce - feather moss communities develop usually on

imperfectly drained sites with Gleysols or gleyed subgroups of Luvisols,

Brunisols, and Regosols. Black spruce - Ledum groenlandicum - Equisetum spp.

communities occur on poorly drained, hygric sites with Gleysols, Gleyed

Luvisols, or Terric Folisols.

Wetlands are common but not extensive in the study area. They are best

developed on the Liard Plain and in the broad valley of Teslin Lake. Wetlands

are usually of the more minerotrophic marsh, fen, and swamp classes. Soils

may be Organics (usually shallow peat), Gleysols, or gleyed or peaty Luvisols

and Regosols. Black spruce and occasionally tamarack are the main trees in

organic terrain; they are, however, much reduced in size compared to their

stature on upland sites. Tamarack forms pure stands only in rich fens and

swamps, mainly on the Liard Plain. In contrast to the lowlands of

northeastern B.C., the BWBS in the Cassiar T.S.A. has local rather than

extensive areas of black spruce - Ledum groenlandicum - Sphagnum bog or muskeg.

Dry grassland and scrub vegetation is fairly common (although usually as

small pockets) on steep south-facing colluvial or glacio-fluvial slopes in the

major valleys, especially in areas that seem to be in a rainshadow and have a

drier, warmer local climate. Such areas occur along the middle Stikine and

Taku rivers, in the vicinity of Atlin, and in the Kechika Valley.

Chernozem-like and Brunisolic (Melanic subgroup) soils develop under the

dryland vegetation.

4.1.4 Subzones

A broad, reconnaissance-level view of the BWBS in the Cassiar T.S.A.

indicates that there are at least two subzones: l) a Northern Boreal subzone

(BWBSa), and 2) a Cordilleran Boreal subzone (BWBSe). A Montane subzone



-12-

(BWBSb) identified in the Fort Nelson T.S.A. (T. Lewis and D. Meidinger,

personal communication) evidently does not occur in northwestern B.C.

4.1.4.1 Northern Boreal subzone (BWBSa)

The BWBSa in B.C. occurs mostly in the Fort Nelson T.S.A., on the Fort

Nelson Lowland. In the Cassiar T.S.A., the Liard Plain and most of the Dease

Plateau fall in this subzone. These physiographic regions include the Dease

River drainage downstream roughly of McDame; the lower Blue and Little

Rancheria rivers; the lower Kechika and Rabbit rivers; Coal River; and of

course the main Liard Valley.

The Northern Boreal subzone has, compared to the Cordilleran Boreal

subzone (see Table 2), a more continental climate, with slightly colder mean

annual temperatures mainly due to colder winters, and therefore colder soil

temperatures. The BWBSa is also moister; of special ecological significance

is its warmer, moister growing season with more growing degree days (Table 2).

Zonal ecosystems are mixed coniferous and deciduous forests, usually

aspen - white spruce forest types, typically on Gray Luvisols. Black spruce

communities on organic soils are abundant, and most bogs have permafrost,

although the permafrost is of minor extent in the Cassiar T.S.A. However,

black spruce is not confined to peatlands, but also occurs in some upland

ecosystems. Tamarack and Chamaedaphne calyculata (leatherleaf an

ericaceous shrub) are two typical wetland species virtually restricted to the

BWBSa (see Table 2).

The Northern Boreal subzone in B.C. has been well-described by Annas

(1977).
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4.1.4.2 Cordilleran Boreal subzone (BWBSe)

The BWBSe in the Cassiar T.S.A. occurs mostly in the Cassiar Mountains

and on the Stikine and Yukon plateaus. Boreal areas in these physiographic

regions include parts of the Stikine, Dease, Taku, Teslin, and Atlin

drainages, as well as much of the Kechika system in the Rocky Mountain Trench,

and small, unstudied parts of the Tatshenshini - Alsek drainage in the Haines

Triangle.

.Compared to the Northern Boreal subzone, the Cordilleran subzone is

drier, warmer in winter with less snow, and drier and slightly cooler during

the growing season (Table 2). Although elevations of the BWBSe are generally

only slightly higher than those of the BWBSa, the Cordilleran subzone occurs

almost wholly within mountains, and hence experiences some of the

peculiarities of mountain climates (such as temperature inversions, chinook

winds, local rainshadows, pronounced aspect differences; see Daubenmire 1980)

that do not influence the Northern Boreal subzone.

Climatic climax ecosystems appear to be dominantly white spruce forests,

typically on Dystric Brunisols. Variable amounts of lodgepole pine, trembling

aspen, and subalpine fir usually occur with the spruce, but older stands tend

to be white spruce - moss or white spruce - (subalpine fir) - moss types.

Hylocomium splendens is the dominant moss, and is usually joined by Ptilium

crista-castrensis and Pleurozium schreberi. Black spruce is less common

generally, and much less common in upland ecosystems than it is in the BWBSa.

Black spruce - Sphagnum muskeg is not widespread; minerotrophic wetlands with

both black and white spruce are more common. Tamarack is virtually absent

(see Table 2).

There are probably several variants in the BWBSe, but we do not yet know
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enough to properly distinguish or characterize them. One distinctive region

that might best be treated as a variant occurs in the lee of the Coast

Mountains along the middle stretches of the Stikine and Taku rivers. This

variant occurs at fairly low elevations (mostly less than 650 m, with upper

limits of 500-750 m depending on aspect) and represents an unusually warm/dry

local climate. Black spruce ano subalpine fir appear to e lacking. Dry

grassland and scrub are common, although usually on steep colluvial slopes.

The only known boreal locality of Rocky Mountain juniper is in the Stikine

Canyon. There are also several areas of extensive hybridization between

Juniperus scopulorum and J. horizontalis, and several plant communities that

are uncommon in the BWBS as a whole.

The warm variant includes lower elevations along the middle Stikine River

from roughly the head of the Canyon to Glenora; lower stretches of the

Tahltan, Tuya, Tanzilla, and Mess Creek drainages; lower Sheslay and Nahlin -

Inklin system; and perhaps also the middle Nakina drainage.

The BWBS in the vicinity of Atlin is even drier than at Telegraph Creek,

but is higher and not nearly as warm. The Atlin area could probably be allied

with the dry, rainshadow areas of south central Yukon (Teslin Plateau) in

another variant.

4.1.5 Resource uses

Forest capability of the BWBS is constrained primarily by the severe

Continental climate. Growing seasons are short, although long summer day

length and adequate growing season precipitation allow vegetation to make the

most of the available growing period. Average or mesic sites have the

potential to produce an estimated 4-5 m3/ha-yr (Kowall 1971) for white

spruce or lodgepole pine. Yields of aspen are expected to be higher due to
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its more rapid juvenile growth. The best alluvial sites are estimated to have

mean annual increments (m.a.i.'s) of 5-7 m 3/ha-yr.

Utilization of the BWBS forests in Cassiar TSA is virtually nil to date.

Elsewhere, notably in the Fort Nelson TSA, utilization has overwhelmingly

concentrated on the alluvial spruce stands, although in the last few years a

trend to upland mesic white spruce has been initiated in both Fort Nelson and

Mackenzie TSA's. Lands of similar forest capability have of course been

utilized for many years in the eastern Canadian and Scandinavian Boreal

forests.

Lower forest capability can be somewhat offset by a great extent of such

forest, particularly if extraction costs are relatively low. Such a

relatively favorable situation exists in the Cassiar TSA on the Liard Plain

where extensive, well-drained, fluvioglacial and morainal materials, and the

lack of saturated mineral or organic terrain (in strong contrast to Fort

Nelson Lowland), has led to reasonably productive forest over extensive areas,

good materials for road construction, and good trafficability for mechanized

harvesting equipment.

The Cordilleran Boreal (BWBSe) is a highly fragmented subzone occurring as

linear strips in lower elevation valley bottoms, a configuration that will

discourage utilization. However, more operable blocks include: l) the Dease

Lake - Telegraph Creek area including the lands flanking the Tanzilla River,

middle Stikine (below confluence with the McBride R.), and lower Klappan (the

Stikine above the McBride is plagued by marginally stable lacustrine

materials); 2) the Teslin Lake - lower Swift R. - lower Jennings R. - lower
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Teslin River area (although the middle Teslin River valley is Boreal, it

includes extensive wet organic terrain with poor to nil forest capability).

The Boreal forest's most notable wildlife resources are moose ano fur

bearers, particularly in the BWBSa. In the Cordilleran Boreal subzone (BWBSe)

there is, in addition, locally significant use by deer, elk, and caribou.

Agriculture is strongly constrained by climate in the BWBS. The main

agricultural use is the provision of improved pasture and limited haying to

sustain the horses of the guide-outfitters of the region, typically on fluvial

terraces and fans in major valleys. A notable exception is the Telegraph

Creek area where the warm variant of the BWBSe has a far superior climate for

agriculture. Here the lower slopes and terraces of the Stikine are rated 2c

(Canada Land Inventory capability classification) for agriculture, hence a

considerable range of vegetables can be produced on the etter soils.

The potential of the BWBS zone for wood production is clear. Therefore,

in spite of the fact that the BWBS of the Cassiar TSA is the zone most often

visited by fire and most strongly modified by fire, it deserves a high

priority for fire protection efforts, particularly in the larger more operable

blocks mentioned earlier. The small linear strips of the BWBSe will have to

be managed together with the surrounding SWB zone.

4.2 Spruce - Willow - Birch Zone

4.2.1 Location and distribution

The Spruce - Willow - Birch Zone (SWB) is the most northerly subalpine

zone in B.C. It extends north from 56.5 - 57 ° N lat. well into the Yukon
Territory and the Mackenzie District of the Northwest Territories, where it

reaches 60 - 70° N lat. Elevations of the SWB in the Cassiar T.S.A. range
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between 1000 and 1600 m in the southern part of the zone, between 900 and 1400

m in the north. The SWB is the subalpine zone above the BWBS in northern

B.C., occupying a position comparable to that of the Engelmann Spruce -

Subalpine Fir Zone above the lower elevation zones further south. In the

study area, the SWB occupies primarily the middle elevations of the Cassiar

Mountains, that part of the St. Elias Mountains that extends into the Haines

Triangle, and much of the Stikine and Yukon Plateaus.

4.2.2 Climate

The climate of the Spruce - Willow - Birch Zone is evidently an interior

subalpine type, although long-term climatic data are available from only one

station, Cassiar. The mean annual temperature at Cassiar is -3o C.

Temperature averages above 10 ° C for just one month, below 0 ° C for 7
months of the year. Mean annual precipitation is 760 mm, with 60% as

snowfall. Winters are long and cold, summers brief and cool. Moist Pacific

air from the west frequently causes sudden, often violent, local storms during

summer. A more stable air mass usually prevails in the winter, but cold

spells may be broken by foehn winds.

4.2.3 Common ecosystems

Lower elevations of the SWB are forested, mainly by white spruce ano

subalpine fir. Indeed, in B.C. the zone could well be called the spruce - fir

- willow - birch zone, in view of the abundance of subalpine fir. A general

pattern apparent in many valleys is of intermittent to closed forest cover of

white spruce plus variable amounts of pine and aspen in the valley bottoms ano

on lower slopes. Higher on the slopes subalpine fir dominates, especially on
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northern and eastern exposures, where it often forms nearly pure stands.

Black spruce, lodgepole pine, and trembling aspen are relatively minor

species, although all can be locally abundant. However, none of these three

minor species is nearly as common and widespread in the SWB as they are in the

BWBS. It appears that wildfires have been less frequent and extensive in the

SWB than in the adjacent BWBS, and extensive seral stands of lodgepole pine

are uncommon though they do occur, as in the upper Jennings - Little Rancheria

rivers. Balsam poplar is uncommon, and Engelmann spruce, paper birch, and

tamarack are absent from the SWB.

Upper elevations of the SWB (essentially a scrub/parkland subzone) are

dominated by fairly tall deciduous shrubs, mainly Betula glandulosa (scrub

birch) and several willows, including Salix glauca, S. barclayi, S.

planifolia, S. barrattiana, and S. lanata. Scrub birch appears to dominate

habitats with mesotrophic or poorer nutrient status, whereas the willows seem

to prefer more favourable nutrient regimes. Groves of stunted aspen and

balsam poplar occur at timberline in some areas, usually on steep south

slopes. It has been hypothesized that the long summer days and short, warm,

frostless summer nights promote the dominance of deciduous shrubs in this

zone, since the shrubs, after capitalizing on the short but intense growing

season, shed their leaves in late summer and thus avoid the killing autumn

frosts (Krajina 1975).

In some of the high wide valleys subject to massive cold air ponding, a

mosaic of shrubfields, fens, and mesic to moist grassland occupies the valley

floor and lowermost slopes; a skirt of forest occurs on the lower slopes; and

shrubs again dominate above the intermediate forested belt. Permafrost may be

found in such valleys, especially in finer textured materials above 1200 -

1400 m. Elsewhere in the SWB, permafrost is sporadic, occurring in pockets

mainly on north slopes.
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White spruce - willow - scrub birch ecosystems occur as open forest and

woodland on mesic, moderately well-drained uplands in the lower subzone of the

SWB. White spruce generally dominates the moderately developed tree layer.

Subalpine fir may be co-dominant, while lodgepole pine and trembling aspen are

usually minor in mature stands. Spruce and subalpine fir form most of the

tree regeneration.

Salix glauca and Betula glandulosa (scrub birch) are the characteristic

dominant species of the moderately to very well-developed shrub layer. Other

shrubs that may occur include Salix planifolia, S. scouleriana, S. bebbiana,

Potentilla fruticosa, and Shepherdia canadensis. The dwarf shrub herb/layer

is generally moderately well-developed and typically includes Empetrum nigrum,

Linnaea borealis, Vaccinium vitis-idaea, V. caespitosum, Festuca altaica,

Epilobium angustifolium, Lupinus arcticus, and Mertensia paniculata. The

well-developed moss layer is usually dominated by Pleurozium schreberi and

Hylocomium splendens (note that Ptilium crista-castrensis is a minor species

in the SWB), but there is a diversity of other cryptogams as well, such as

Dicranum acutifolium, Polytrichum juniperinum, and the lichens Cladina mitis,

C. rangiferina, Cladonia ecmocyna, C. gonecha, C. gracilis, Peltigera 

aphthosa, P. malacea, and Nephroma arcticum.

Soils are primarily Humo-Ferric Podzols and Dystric Brunisols. Typical

humus forms are Hemimors and Mormoders.

- Pine - (spruce) - scrub birch - lichen woodland ecosystems occur on some

of the driest poorest sites, usually on rapidly drained outwash deposits with

Dystric Brunisols. Aspen stands are fairly common on submesic to drier sites

along the major valleys, usually on the warmer south-facing slopes of valley

bottom moraines and glaciofluvial landforms, or on steep, south-facing,

colluvial slopes.
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Subalpine fir commonly forms open forest and woodland on steep, moist,

cold mid-slopes, with best development on northern and eastern exposures.

These ecosystems can be characterized as subalpine fir - scrub birch -

Empetrum nigrum on Humo-Ferric Podzols. Shrub-dominated ecosystems are

widespread and range from swamps and fens to dry colluvial scrub. Some common

shrubby ecosystems are:

Salix barclayi - Betula glandulosa - Carex aquatilis - Aulacomnium palustre 

fens

Salix (glauca, barclayi, planifolia) - Petasites frigidus - Aulacomnium

palustre wet willow thickets;

Salix alaxensis - Epilobium latifolium - Drepanocladus uncinatus riparian

willow thickets;

Betula glandulosa - Festuca altaica - Hylocomium splendens mesic to moist

upland scrub;

Salix glauca - Betula glandulosa - Festuca altaica mesic to drier upland

scrub;

Salix scouleriana - Linnaea borealis - Festuca altaica mesic to drier brule

scrub;

Juniperus communis - Arctostaphylos uva-ursi dry dwarf scrub.

Wetlands in the SWB are usually the richer or minerotrophic types,

including white spruce and tall willow swamps, willow - birch - sedge fens,

and sedge marshes. Acid, oligotrophic bogs are uncommon, and generally are

represented by black spruce - scrub birch - Ledum groenlandicum - Sphagnum 

ecosystems.

Subalpine grasslands are frequent but not too extensive in this zone, and

are of two general types:

A. Dry grassland on steep, colluvial or glaciofluvial, south slopes,

with shallow soils (Eutric or Melanic Brunisols, usually) frequently

on calcareous parent materials. Typical species include Poa glauca,
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Calamagrostis purpurascens, Festuca altaica, Elymus innovatus,

Aqropyron trachycaulum, Saxifraga tricuspidata, Potentilla 

pensylvanica, Artemisia frigida,  and A. campestris ssp. borealis.

B. Submesic to moist Festuca altaica grassland on flat to gently rolling

outwash or morainal landforms; sometimes extensive as in

above-mentioned, high wide valleys (e.g., upper Stikine drainage);

with also typically Aconitum delphinifolium, Artemisia arctica,

Polemonium caeruleum, Potentilla diversifolia, Carex macloviana,

Phleum alpinum and numerous other fortis and grasses. Soils are

usually Dystric or Sombric Brunisols.

4.2.4 Subzones

The SWB has two, fundamentally altitudinal subzones in the Cassiar

T.S.A., and probably right across the northern quarter of the province. The

SWBb is the lower elevation, primarily forested subzone. The SWBbs denotes

the upper scrub/parkland subzone, where trees occur as scattered individuals

or in small clumps in a matrix of tall shrubs. Subalpine fir is more common

in the upper subzone.

Valley-bottom grassland/wetland/scrub complexes occur in both subzones.

If such areas are extensive, they can be treated as biogeoclimatic phases,

evidently resulting from cold air ponding in combination with glaciofluvial

landforms.

4.2.5 Neighbouring zones (see Thole 1)

Sometimes the boundaries between the SWB and the BWBS below and AT above

are gradual and somewhat difficult to establish. The zonal boundaries are

sharpest in terrain where definite slope breaks occur along steep-sided,
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relatively narrow valleys. Changes from one zone to another are more gradual

in broad valleys like the Teslin.

Generally speaking, forests in the lower SWB are more open and less

productive than in the neighbouring BWBS. The SWB has much less black spruce,

trembling aspen, and balsam poplar, but much more subalpine fir. Black spruce

communities with abundant shrubs are common in the BWBS (e.g., along the

Stikine River upstream of the Klappan River) on poorly drained, gently sloping

(often northerly) sites that may or may not be over permafrost. These open,

poorly growing stands mimic the appearance of zonal SWB forest, but the SWB

has mostly white rather than black spruce on zonal sites, and of course the

edaphic conditions differ. Valley bottom grasslands are uncommon in the BWBS,

and occur almost exclusively on steep south slopes.

The upper SWB passes into the AT along a gradient of increasing elevation

and decreasing shrub height, although stunted conifers (krummholz) still are

common in the lower alpine. We have specified that areas above (usually) 1200

- 1500 m and dominated by low (less than 70 cm tall) shrubs are in the AT.

The same species usually dominate the adjacent, upper SWB but are taller.

4.2.6 Resource uses

Forest capability of the SWB is very severely limited because of the

combination of northerly latitude and subalpine elevation; the SWB is near the

limit of climatic conditions that can support forest. Much of the zone likely

produces less than 1 m3/ha-yr; sites with somewhat higher soil temperature

and longer growing season (favourable S & W aspects, coarser textured

fluvioglacial with pine, fans and terraces) might produce up to 2 - 2.5

m3/ha-yr. Existing mature stands are short and often quite open and so are

non-commercial now and into the foreseeable future. If managed, rotation

lengths in the order of 150 years could be expected.
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Many of the most productive stands occur on steep morainal and colluvial

slopes (often Abies - dominated) where operability is seriously impaired by

marginally stable materials. Where terrain is most favourable, on valley

floors and on moderately rolling plateaus, stands have the lowest density or

may be absent due to cola air drainage.

Agriculture is virtually precluded y climate. Guide - outfitters have

at times improved horse pasture near main camps.

In strong contrast to forest and agriculture capability, the capability

of the SWB for wildlife is not easily surpassed. The zone provides extensive

areas of excellent habitat for Osborn caribou and moose. Localized areas

provide prime mountain goat, elk, and thin-horn mountain sheep, both Stone and

Dall races (population in the order of 10,000). This high capability in part

derives from the great diversity of ecosystems in the zone, with forage

species present in nearly all ecosystems over the full elevation range of the

zone. Notable predators include the grizzly bear and the wolf.

Virtually all ecosystems of the SWB provide habitat for one or more of

the ungulates at some time of the year. South-facing grassland and scrub are

key winter range habitats for mountain goats and sheep. Moose utilize

riparian ecosystems year-round, and as well may find winter habitat in upland

scrub and forest, especially on south slopes. Osborn caribou depend on a

complex of alpine tundra, shrub thickets, meadows, and associated subalpine

forest of the SWB, preferably developed over rolling mountains and upland

plateaux. They may eat almost any plant at some time during the year and, as

opportunistic feeders and exceptionally mobile ungulates, may move from valley

bottom to alpine ridge in a very short time, even in winter. The SWB zone

seems to provide ideal habitat for the Osborn caribou.
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The potential for recreation, particularly of the "wilderness" type, is

also excellent. The diversity of vegetation communities, the openness of many

ecosystems, the wide variety and large populations of many wildlife species

offer a great deal to those who wish to hike, camp, and observe or those who

wish to hunt. The terrain of the many plateaux and the rolling nature of much

of the Cassiars favours extensive travel in foot or on horseback; routing is

mainly constrained by the imagination rather than by confining ridges and

passes as in much of British Columbia's subalpine terrain in the Rockies,

Selkirks, Coast Mountains, etc.

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

inevitably experience needs to e based on appreciation of the realities of

resource capabilities. The suppression of fire to prevent the loss of

standing "timber" or forest site degradation is not tenable. Inherent

capabilities indicate that a near natural fire regime may well be the best

option for much of the zone. Localized Key habitats could be managed or

enhanced by prescribed fire in accordance with our society's desires for

wildlife for either consumptive or non-consumptive use.

4.3 Sub-Boreal Spruce Zone

4.3.1 General features

Three major rivers in the Cassiar T.S.A. penetrate the Coast Mountains

and make relatively low elevation connections between coastal and interior

systems. Between coast and interior there are areas of transition. However,

the transitional area along the Iskut River is occupied at low and medium

elevations by the Interior Cedar - Hemlock Zone (ICH); along the Taku river by

what appears to be the Sub-Boreal Spruce Zone (SBS); along the Stikine River,

by both zones.
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We have done only limited reconnaissance of this transitional SBS, so can

offer merely general comments about it. Dominant tree species are hybrid

spruce (that looked like white x Sitka), subalpine fir, black cottonwood,

paper birch, and less commonly lodgepole pine and trembling aspen.

Podzolization is probably the prevailing soil-forming process.

Although small in extent, this SBS has abrupt boundaries with adjacent

lower elevation zones, the Coastal Western Hemlock Zone (CWH) or the ICH to

the west, and the BWBS to the east. The CWH has western hemlock and Sitka

spruce as dominant tree species; the ICH is dominated by western hemlock;

while the BWBS in this area is represented by the warm, dry variant, where

white spruce is the dominant climax tree and subalpine fir is lacking.

Although we have no climatic data, the SBS appears to be significantly moister

than the neighbouring BWBS. One obvious indication of this is the abundance

in the SBS of Oplopanax horridus, a species lacking in the adjacent BWBS.

In the near absence of data, we have tentatively assigned the

transitional Stikine - Taku areas to the SBS, mainly on the basis of general

appearances and our previous experience with the SBS in central B.C. If our

preliminary classification turns out to be justified, it may be necessary to

designate a new subzone of the SBS to accommodate these northern transitional

areas.

4r3.2 Resource uses

The forest capability of the SBS is significantly higher than that of the

BWBS because the incipient Coastal influence on climate results in a longer

growing season, a greater accumulation of growing degree days, and increased

moisture. The increased moisture appears to increase the extent of hygric
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(seepage) sites rather than increasing the extent of poorly drained sites with

cold soil temperatures as in the Boreal. Average mesic sites to hygric sites

have estimated potential m.a.i.'s of 5 - 6 m3/ha-yr. Hybrid Sitka x white

spruce appear particularly productive.

The extent of the SBS is quite limited in the Cassiar TSA. However, the

SBS unit in the Stikine could well be managed jointly with the adjacent BWBS

unit. Furthermore, physical operability is favorable on most of the lower

elevation SBS lands flanking the Stikine at this point.

On the contrary, the SBS unit in the Sloko - Inklin - Nakina - upper Taku

is characterized by steep, marginally stable terrain that would seriously

impair physical operability.

Agriculture capability is, as is forestry, enhanced by the climate of the

SBS, particularly in the Stikine below Glenora. However, terrain and soil

conditions preclude agriculture on all but a few terraces and fans. The 2c to

3c climate for agriculture would allow some production of vegetables as well

as of grains and forage.

Wildlife capability is similar to that of the BWBSe, with moose the main

ungulate species and some blacktail deer. The terrain of the SBS of Cassiar

TSA is not as conducive to wetland formation as it is in the main body of SBS

to the south. This likely limits moose production in the Cassiar SBS.

The forest productivity of the SBS and the occurrence of a potentially

significant BWBSe - SBS management unit in the Stikine leads to a high fire

protection priority in this area. The priority for the Sloko - upper Taku

block is judged much lower due to the size, location, and operability of that

block.
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4.4 Interior Cedar - Hemlock Zone

4;4.1 Location and distribution

The only areas of Interior Cedar - Hemlock Zone (ICH) in the Cassiar

T.S.A. occur at low to medium elevations in the central part of the Iskut and

Stikine River valleys, east of the crest of the Coast Mountains. Elevations

of the ICH in these areas range from 150 to 900 m.

4.4.2 Climate

The climate of this portion of the ICH is a transitional Cordilleran

type, neither typically coastal nor interior or continental. The ICH climate

is less continental than that of the adjacent BWBS or SBS, but more

continental than that of the adjacent CWH. During the winter, Continental

Arctic air masses are more frequent in the ICH than in the true coastal

climate of the CWH. Unfortunately, there is no suitable long-term climatic

station in or near the area.

4.4.3 Ecological features

For British Columbia as a whole, the ICH is that interior zone in which

western red-cedar or western hemlock, or both, dominate climatic climax

forests. In the study area, western hemlock is the climatic climax species

and forms extensive, old-growth, often "decadent" stands; western red-cedar is

absent from this northwestern portion of the zone. Subalpine fir and hybrid

Sitka x white spruce sometimes occur in mature forest on zonal sites; both

species are abundant on moist rich sites and in areas of cold air drainage or
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ponding. Black cottonwood, along with the hybrid spruce, forms floodplain

forests. Lodgepole pine, aspen, and paper birch are scattered, forming seral

forest in burned-over areas, especially in the vicinity of Bob Quinn Lake.

The Western hemlock - Vaccinium spp. - Hylocomium splendens - Pleurozium 

schreberi association represents climatic climax vegetation. Western hemlock

dominates the zonal forests, and is sometimes joined by subalpine fir and

hybrid spruce. Subalpine fir and spruce, however, do not persist to a great

extent in old stands. They seem to die at an earlier age than hemlock, and

also regenerate in climax stands primarily in openings or gaps. Typical

shrubs include Vaccinium alaskaense, V. ovalifolium, V. membranaceum, and

Menziesia ferruginea. Characteristic herbs are Cornus canadensis, Orthilia 

secunda, Clintonia uniflora, Rubus pedatus, and Chimaphila umbellata.

Hylocomium splendens, Pleurozium schreberi, and Ptilium crista-castrensis 

dominate the ground cover. Rhytidiadelphus triquetrus and Barbilophozia 

lycopodioides are common but usually not abundant. R. loreus is relatively

uncommon, in contrast to its characteristic dominance in zonal ecosystems of

the CWHj.

Zonal ecosystems typically nave moderately well-drained Humo-Ferric

Podzols with Hemimor or Mormoder humus forms.

Drier forest ecosystems are uncommon in the ICH of the area. They occur

mostly on shallow soils over bedrock (e.g., in the vicinity of the Iskut

Canyon) or on steep, rocky colluvial slopes. Mature stands on dry sites are

usually a mixture of lodgepole pine, western hemlock, subalpine fir, and

hybrid Sitka spruce, whereas earlier seral stands may be dominated by pine,

aspen, and paper birch.
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Moist rich Devil's club ecosystems are common and widespread. They

usually occupy lower slopes or stable alluvial terraces. Hybrid Sitka spruce

and subalpine fir of excellent growth dominate the canopy, while poorly

growing western hemlock often forms a subcanopy or may be abundant as

regeneration. Oplopanax horridus dominates the shrub layers. Gymnocarpium

dryopteris, Dryopteris assimilis, Streptopus spp., Tiarella trifoliata, and

Rubus pedatus are characteristic herbs. Brachythecium spp. and Mnium spp.

dominate the patchy moss layer.

4.4.4 Subzones

The ICH of the Cassiar T.S.A. is within one subzone, the ICHg or

Northwestern transitional subzone. The ICHg occurs wholly in the Prince

Rupert Region, extends from roughly 55 ° to 57° N lat., and includes the
lower Bulkley, mid-Skeena, mid-Nass, Bell-Irving, and mid-Iskut drainages.

Most of the subzone in the Cassiar T.S.A. is in a tentative variant designated

the ICHg5, or Iskut-Stikine variant.

4.4.5 Resources uses

Forest capabilities of the ICH are even higher than in the SBS due to the

even greater Coastal climatic influence that yields more moisture and longer

growing seasons. The ICH is the most productive Interior biogeoclimatic zone;

are in the order of 5 to 8 m3/ha-yr.
Old-growth forest that develops with the relative infrequency of fire in

this zone is commonly comprised of decadent hemlock stands having considerable

defect due to various rots. Although the climate is moderate and moist enough

to support hemlock, it is not an optimal hemlock climate. Seral stands

composed of various mixtures of spruce (white or Sitka x white hybrids),
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subalpine fir and lodgepole pine have g000 to excellent productivity.

Utilization of much of this zone will require the conversion of relatively

low-value old growth to the productive seral stands. Physical operability is

generally favorable in the broad valley bottoms and on lower slopes of the

Stikine and Iskut.

Although the ICH climate is more moderate for agriculture, the increased

wetness detracts. Climate and generally unfavorable terrain and soil in the

Cassiar ICH would restrict agriculture to forage and pasture.

Wildlife capability is strongly limited in this part of the ICH. Moose

is the main ungulate of concern, others are absent or short-term users of the

zone. The major deterrent is the very limited winter range available because

of the deeper, wetter snowpack of the ICH.

Recreation is limited by thicker forest with undesirable brush

conditions, and the wetter summer climate.

4.5 Engelmann Spruce - Subalpine Fir Zone

4.5.1 General features

The Engelmann Spruce - Subalpine Fir Zone (ESSF) lies between alpine

tundra and lower elevation forests over the southern two-thirds of the

interior of B.C. The ESSF occurs only in the southwestern part of the Cassiar

T.S.A., primarily as the transitional subalpine zone east of the Coast

Mountains and above the SBS and ICH, at elevations ranging from (750) 900 m to

1250 m.
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The ESSF of the region is at the wettest and snowiest extremes of the

zone in B.C., occurring as it does in areas broadly transitional between true

coastal subalpine (Mountain Hemlock Zone) and the more continental Spruce -

Willow - Birch Zone to the east. Unfortunately there is no long-term climatic

station in or near the ESSF of the study area.

Lower elevations of the zone are continuously forested (except where

dissected by avalanche tracks), in this region mostly by subalpine fir, with

minor white or hybrid spruce. Lodgepole pine and trembling aspen occasionally

occur as seral species after fire. Western hemlock and sometimes mountain

hemlock are minor species in subalpine forests. Mountain hemlock may be

abundant at upper elevations of the zone, especially in subalpine parkland.

Understory shrubs are typically Ericaceae such as Vaccinium membranaceum, V.

ovalifolium, and Menziesia ferruginea, rather than willows and Betula 

glandulosa.

As in the other subalpine zones of B.C., continuous forest gives way at

higher elevations to subalpine parkland, in which tree clumps occur in a

mosaic with open areas of heath and meadow. Snow avalanche tracks are very

common and have distinctive vegetation dominated by Alnus viridis ssp. sinuata.

The ESSF of the Cassiar T.S.A. has been placed in two northern

transitional subzones, a forested (ESSF) and a parkland (ESSFjp) subzone.

Our mapping of the ESSF is very tentative, because we have hardly studied the

zone in this area.

4.5.2 Resource uses

Forest capability of the ESSF is limited by the adverse sublapine

climate, although not so much as in the SWB where there is little or no
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influence of Coastal air masses. The ESSF of Cassiar TSA is particularly

snowy, an additional factor that tends to shorten growing season. Mean annual

increments of mesic to hygric ecosystems likely range from 1 - 3 m 3/ha-yr.

Higher elevation parkland probably has m.a.i.'s below 1 m 3/ha yr.

Utilization of the Cassiar ESSF would be seriously constrained, in many

areas precluded, by adverse terrain features - steep rocky slopes, marginally

stable surficial materials and soils, high frequency of avalanche tracks.

Much of the old growth is relatively small subalpine fir, a species not

favored nor sought out by the forest industry. It is anticipated that the

adverse climate, particularly the high snowpack, would make post-harvest

regeneration particularly difficult.

Wildlife capability of this transitional Coastal - Interior subalpine

environment is far lower than that of the SWB in the Interior. The adverse

heavy snow winter climate is the major limitation to ungulate populations.

Most ungulate use, which includes mountain goat, Osborn caribou, moose?,

blacktailed deer? takes place in summer and fall. Even then, the browse value

of the sparser ericaceous shrubs of the ESSF is much lower than that of the

lusher Betula - Salix shrubs of the SWB.

Agriculture capability and use is precluded by adverse climate and

terrain.

Recreation potential is much lower than in the SWB zone because of denser

forest, fewer wildlife and difficult terrain.

4.6 Coastal Western Hemlock Zone

4.6.1 Location and distribution

The Coastal Western Hemlock Zone (CWH) occurs at low to middle elevations
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mostly west of the crest of the Coast Mountains. There is not much CWH in the

Cassiar T.S.A.; the most significant areas of the zone are along the lower

stretches of the Iskut-Stikine, Taku, Whiting, Unuk, and Tatshenshini-Alsek

drainages. The CWH occupies elevations from sea level to 300-450 m.

4.6.2 Climate

This northern portion of the CWH in B.C. is inland of the Alaska

Panhandle, does not contact the ocean, and hence has what can e characterized

as a suboceanic, humid (snowy) climate. Stewart is the closest, long-term,

Canadian, climate station (Table 1), but comparisons with data from Alaskan

stations such as Juneau and Wrangell indicate that it has a representative

climate for the zone. Mean annual temperature at Stewart is 5.l ° C.
Average temperature is above 10 ° C for 4 months of the year, and below 0°
C for 3 months. Mean annual precipitation is 1843 mm; mean annual snowfall is

532 cm. Summer is cool and moist; fall is very wet; winter is cool and has

heavy, wet snowfalls.

4.6.3 Common ecosystems

Closed forests dominated by western hemlock and/or Sitka spruce cover

much of the zone. Sitka spruce is most abundant in the valley bottoms, on

alluvial terraces. Black cottonwood forms extensive stands on floodplains,

which often occupy much of the valley bottoms along these braided rivers. Red

alder and occasionally paper birch also occur in the alluvial forests.

Subalpine fir is fairly common as a minor component of many stands, whereas

dry, seral pine stands are uncommon. Wetlands are uncommon in this region,

and when present are primarily riparian types.
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Climatic climax vegetation appears to be represented by the Western

hemlock - (Sitka spruce) - Vaccinium alaskaense - Rhytidiadelphus loreus 

association. Western hemlock generally dominates the canopy of these zonal

forests; Sitka spruce is a frequent associate, but variable in its abundance.

Vaccinium alaskaense is the characteristic dominant shrub. Vaccinium 

ovalifolium, Menziesia ferruginea, and Oplopanax horridus are also frequent.

Typical herbs include Rubus pedatus, Cornus canadensis, Gymnocarpium 

dryopteris, and Orthilia secunda. Characteristic bryophytes are

Rhytidiadelphus loreus, Rhytidiopsis robusta, Hylocomium splendens, Ptilium 

crista-castrensis, and Plagiochila porelloides.

The moderately well-drained soils of zonal ecosystems typically are

Humo-Ferric Podzols with Hemimor and Mormoder humus forms.

Devil's club ecosystems are particularly widespread, probably more so

than mesic ecosystems. Sitka spruce becomes more abundant in such forests,

and subalpine fir also frequently occurs. In addition to Oplopanax horridus,

other species that increase in abundance in these moister and/or richer

ecosystems include Rubus parviflorus, Ribes lacustre, Gymnocarpium dryopteris,

Dryopteris assimilis, Athyrium filix-femina, Streptopus roseus, S.

amplexifolius, Tiarella trifoliata, Mnium spp., and Brachythecium spp.

Red alder, Cornus  sericea, Rubus spectabilis, R. parviflorus, Viburnum 

edule, and Ries bracteosum typically join Sitka spruce and/or black

cottonwood, and 0. horridus in floodplain forests.

4.6.4 Subzones

The CWH of the Cassiar T.S.A. is within one subzone (designated the CWHj)

that occurs on mainland B.C. east of the Alaska Panhandle, from the Portland

Canal - Stewart area to the Haines Triangle.
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4.6.5 Resource uses

Average mesic sites of the CWH have the highest forest capability of the

Cassiar TSA with m.a.i.'s estimated to exceed 8 m3/ha-yr. for hemlock and

Sitka spruce. Seepage sites with Devil's club are widespread on mid to lower

slopes and have even greater productivity. Most fluvial valley bottom

landscapes are actively aggrading and consequently support seral cottonwood

forest, also with excellent capability.

Physical operability is quite good on many lower slopes and toe slopes of

major valleys such as the Stikine, Iskut, Taku and Unuk. However road systems

would be highly linear and frequently threatened by difficult river and stream

crossings due to unstable channels. Utilization will likely further be

hampered by distances to manufacturing centres and a location interior to the

Alaska panhandle.

Agriculture would no longer be hampered by short frost-free period, but

would be restricted by cool moist summers to forages and cool season

vegetables.

Wildlife capability is very low because of the extremely heavy wet

snowfall (commonly 5 m); most ungulate species are absent. Recreation

potential is likewise low because of undesirable summer climate, lack of

wildlife, and dense vegetation.

4.7 Mountain Hemlock Zone

4.7.1 Location and distribution

The subalpine zone primarily west of the crest of the Coast Mountains

falls in the Mountain Hemlock Zone (MH). The MH in the Cassiar T.S.A. occurs
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above the CWH, at elevations from 400 m to 1100 m. There is even less MH than

CWH, as the coastal subalpine zone does not penetrate as far inland through

the mountain barrier as does the CWH; the Coast Mountains are very steep and

rugged and the subalpine belt relatively narrow; and large glaciers and ice

fields descend to low elevations throughout the area, effectively usurping the

subalpine zone.

4.7.2 Climate

The coastal subalpine climate is characterized by short, cool summers,

and long, cool, wet winters, with heavy snow cover for several months. The

deep winter snowpack is slow to disappear, and a short vegetative season is

the result. Unfortunately, there are no long-term climate stations in the MH

of the study area. Premier (near Stewart) has 25 years of climatic data but

at only 420 m is in the uppermost CWH rather than the MH. However, Premier's

mean annual snowfall of 1020 cm gives some idea of the enormous snowfall that

the MH must experience.

4.7.3 Ecological features

At lower elevations of the MH, the typically dense subalpine forest is

dominated by mountain hemlock and varying out still significant amounts of

western hemlock. Spruce (Sitka and Sitka x white ?) and subalpine fir are

common, especially along drainages. Yellow-cedar may occur near the

B.C.-Alaska border above the Stikine River, but otherwise is not a significant

species (as it is in the MH further west). Upper forested elevations of the

MH are dominated by mountain hemlock and subalpine fir.
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Tree growth becomes progressively poorer with increasing elevation due to

the shorter growing season, increased duration of snow cover, and cooler

temperatures. Forests are not continuous in the MH and are largely confined

to lower elevations of the zone. With increasing elevation, the forest thins

out into parkland, with trees (mountain hemlock and subalpine fir) in isolated

clumps, irregular small patches, and along ridge crests where earlier snowmelt

occurs. The tree clumps form a mosaic with subalpine heath, meadow, and fen

vegetation.

The predominance of shrubs of the family Ericaceae is a characteristic

feature of the zone. Vaccinium ovalifolium, V. alaskaense, V. membranaceum,

Cladothamnus pyrolaeflorus, and Menziesia ferruginea, may be dominants in

continuous forest, and in parkland Phyllodoce empetriformis, P. glanduliflora,

Cassiope mertensiana, C. stelleriana, and C. lycopodioides may join the list.

The relatively low importance of herbs, the dominance of bryophytes, and the

high significance of advance regeneration of mountain hemlock are additional

characteristic floristic features of climatic climax forests.

Characteristic soil processes in the MH are the accumulation of acid,

snow-compacted organic matter on the forest floor, mycelia' Mor humus

formation, gleying (many soils are moist to saturated throughout the year),

leaching, eluviation, and illuviation. Podzols and Folisols are the

predominant soils. Although the time over which soils have developed is

comparatively short, they have often acquired strong morphological

characteristics. The low temperature and high moisture content of most soils

promote slow litter decomposition. Thus, they often have a high content of

organic matter. Tree roots are largely confined to the forest floor,

indicating the essential role of the humus layers in tree regeneration and

growth.
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We have done virtually no sampling in the MH of the Cassiar T.S.A., so

cannot say much more about the ecological conditions of the zone.

4.7.4 Subzones

The MH of the study area has features indicating a coastal-transitional

climate, and is classified in two subzones: l) the forested MHe, and 2) the

parkland MHep.

4.7.5 Resource uses

Forest capability is very low because of the combination of adverse

climate (particularly heavy snowpack and thereby short growing season),

terrain, and soil conditions. Most of the old growth would now be considered

non-commercial scrub and will remain so in the foreseeable future. Much of

the forest is discontinuous due to rock, snow avalanching and the parkland

transition to the alpine tundra. Potential m.a.i.'s would be 2 m 3/ha-yr at

best, most are likely below 1 m 3/ha-yr.

Forest harvesting operations are virtually precluded by the highly

adverse terrain and the short snow-free season. The tremendous snowpack would

make regeneration a particularly difficult task. Consequently no utilization

is foreseeable in the Cassiar MH at this time.

Agriculture is precluded by climate and terrain. Wildlife capability is

also strongly restricted; probably some summer foraging and shelter by goats

is the only ungulate use. Potential for recreation is very low in this

coastal subalpine, in marked contrast to the interior subalpine, the SWB.

This arises from the adverse vegetation and terrain and the dearth of wildlife.
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4.8 Alpine Tundra Zone

4;8.1 Location and distribution

The Alpine Tundra Zone (AT) occurs on high mountains throughout the

province. In the Cassiar T.S.A., the AT starts at elevations of 1100 m or so

in coastal regions, at 1400 - 1600 m east of the Coast Mountains.

4.8.2 Climate

The harsh alpine climate is cold, windy, and snowy, and is characterized

by low growing season temperatures and a very short frost-free period. B.C.

has but one long-term, alpine climate station: Old Glory Mountain, near

Trail. Available data indicate that the mean annual temperature of the zone

ranges from -4 to -l.5 ° C. The average temperature remains below 0 ° C for
7 to 11 months. Frost may occur at any time. The AT is the only zone in B.C.

where the mean temperature of the warmest month is less than 10 ° C.

4.8.3 Ecological conditions

The alpine zone is, by definition, treeless, but tree species are common

although in stunted or krummholz form. The most common krummholz species is

subalpine fir; white spruce and mountain hemlock are less frequent. Krummholz

is usually not widespread, however. Alpine vegetation is dominated by shrubs,

herbs, bryophytes, and lichens. Of course, much of the alpine landscape lacks

vegetation, and is the domain of rock, ice and snow.

Typical alpine plants exhibit a variety of adaptations to abrasion (from

wind-driven snow) and desiccation. Woody plants assume dwarfed, prostrate

forms, such as in the arctic-alpine willows (Salix reticulate, S. polaris) or
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the heathers (Cassiope, Phyllodoce, Loiseleuria procumbens). Cushion or

mat-forming plants such as Silene acaulis, Dryas integrifolia , Oxytropis 

nigrescens, and Potentilla uniflora are common.

Alpine scrub or shrubfields of low (less than 70 cm tall), deciduous

shrubs often dominates lower alpine vegetation, especially in the northern

part of the province. Common shrubs are willows (e.g., Salix arctica, S.

barclayi, S. barrattiana, S. glauca, S. planifolia), scrub birch (Betula 

glandulosa), and, in coastal regions, Alnus viridis ssp. sinuata.

A dwarf scrub of prostrate woody plants is the most abundant form of

vegetation in the AT zone as a whole. Dwarf scrub generally is most abundant

in the middle elevations of the alpine zone. It is especially abundant in

moister, snowier regions, while in drier regions it tends to be restricted to

areas of snow accumulation. However, some scrub types (e.g., the Dryas 

integrifolia association) are restricted to windswept, largely snow-free

ridgecrests. Important dwarf shrubs include evergreen-leaved species such as

Cassiope spp., Luetkea pectinata, Arctostaphylos uva-ursi, Phyllodoce spp.

Empetrum nigrum, Vaccinium vitis-idaea, Loiseleuria procumbens, and Dryas 

spp., as well as deciduous species such as Salix polaris, S. reticulata,

Vaccinium uliginosum, and Arctostaphylos rubra. Dryas tundra is especially

abundant over limestone or other calcium-rich bedrock.

Alpine grass vegetation develops best on steep, south and west slopes or

on convex, windswept ridges. Festuca altaica, Elymus innovatus, Agropyron 

violaceum, Calamagrostis purpurascens, Carex microchaeta, C. albo-nigra,

Kobresia myosuroides, Poa rupicola, Hierochloe alpina, and Luzula spicata are

characteristic species of mesic to dry grasslands. Grass vegetation also

dominates some seepage or snowbed ecosystems. Some common graminoid species
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of wetter alpine communities are Calamagrostis lapponica, Arctagrostis

latifolia, Poa arctica, Carex aquatilis, C. saxatilis, C. eleusinoides, C.

nigricans, C. podocarpa, Eriophorum spp., Juncus drummondii, Luzula arcuata,

L. wahlenbergii, and L. nivalis. 

Herb meadows or herbfields dominated by broad-leaved forbs are also

common in the alpine, especially at lower and middle elevations and in coastal

regions. These meadows usually develop on well-drained sites with deep soils,

in seepage areas, or along alpine rivulets and streams. Important species

include Lupinus arcticus, Senecio triangularis, S. lugens, Erigeron

peregrinus, Valeriana sitchensis, Polemonium caeruleum, Veratrum viride,

Aconitum delphinifolium, Pedicularis spp., Castilleja spp., Anemone 

narcissiflora, Caltha leptosepala, Ranunculus eschscholtzii, R. nivalis,

Oxyria digyna, Petasites nivalis, and Artemisia arctica.

Few species of vascular plants (most of which are cushion- or

mat-formers) have adapted to the extreme conditions in the highest parts of

the alpine zone. However, a few mosses and liverworts and numerous lichens

persist and even thrive at the upper limits of vegetation. Plant communities

may occur over bedrock (mostly saxicolous lichens), in fellfield or

boulderfield habitats, or as vegetation stripes on patterned or sorted

ground. Species of the lichen genera Cetraria, Alectoria, Umbilicaria,

Parmelia, Rhizocarpon, and Lecanora, as well as the lichens Thamnolia 

subuliformis and Dactylina arctica, and the mosses Polytrichum piliferum and

Rhacomitrium lanuginosum, typify the sparse, predominantly cryptogamic

vegetation.
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In alpine ecosystems the plants are small, close to the ground, and often

widely separated by bare soil or rock. Unlike a forest, tundra does not

modify microclimate very much, and the physical environment dominates the

vegetation in the alpine zone. The terrain may be gentle or extremely rough,

but in any case the effects of microenvironment are pronounced in such open

and windy places. Even a few centimeters difference in microtopography makes

a significant difference in soil temperature, depth of thaw, wind effects,

snow drifting, and resultant protection to plants.

Alpine vegetation and soil typically occur in a complex mosaic of

communities and polypedons. Major environmental factors are topographic

exposure, wind, solar radiation, soil temperature, and the distribution of

snow and its meltwater. These factors are all interrelated and also

superimposed on patterns of bedrock, soil frost features, and permafrost as

well.

The processes of frost shattering, colluviation, solifluction, nivation,

cryoturbation, and permafrost development are all active. Soil development is

often absent or weak, and is strongly affected by these processes which

disrupt and dislocate horizons, displace and incorporate materials from other

horizons, and mechanically sort soil particles. Such effects combine with the

cold climate (which slows weathering) to greatly retard soil development.

Regosols (Orthic and Humic) are probably the most common soils overall in

the alpine zone. Constant churning of surface and subsoil particles results

in poor horizon differentiation and frequent buried bands of organic-rich

materials resembling former A horizons. Alpine Brunisols are also common, and

may dominate in drier alpine areas or habitats. Where graminoid sods have

developed, organic matter incorporation in upper mineral horizons results in
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Melanie and Sombric Brunisols with turfy Ah horizons. Wet habitats commonly

have Humic Gleysols or Organic soils. Turbic Cryosols and Organic Cryosols

sometimes occur, especially on northern aspects where subsurface drainage is

impeded. Alpine Ferro-Humic Podzols may develop under krummholz, heather, and

scrub birch vegetation.

Alpine humus forms have not been studied very much but it appears that

Rhizomulls are widespread in hero-dominated tundra ecosystems, whereas

Hemimors and Mormoders may be expected beneath alpine scrub and heath

vegetation.

4.8.4 Subzones

The Alpine Tundra Zone of the Cassiar T.S.A. (and probably of the entire

northern one-third of the province) can probably be subdivided into two

fundamental subzones that reflect the two broad climatic regimes of the coast

and the interior. The northern coastal subzone (ATl) occurs primarily on the

Coast Mountains and represents a moister, snowier macroclimate. Although

virtually unstudied, it appears that climatic climax vegetation in this

subzone is an alpine heath-type, dominated by Cassiope spp. The northern

continental subzone (ATn) has a colder, drier climate with less snowfall, and

climatic climax vegetation dominated by dwarf willows, sedges, grasses, and

lichens. Heather-dominated communities in this subzone seem to be largely

confined to areas of snow accumulation.

Each of the fundamental subzones can themselves be broken down into three

altitudinal subunits: low, middle, and high alpine. The altitudinal subunits

could probably qualify as distinct subzones, if the alpine zone were

classified at the same intensity and according to the same criteria as lower

elevation zones.
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Other obvious variation across northern alpine regions could perhaps be

treated at the level of variant. For example, the physiographic and floristic

distinctiveness of the Haines Triangle AT could be recognized by a variant, as

could those areas (northern Rocky Mountains, especially) with predominant

limestone or other base-rich bedrock, which has a marked effect on alpine

vegetation and soils.

4.8.5 Resource uses

The Alpine Tundra Zone, by far the most extensive zone of the Cassiar

TSA, has of course no wood production potential.

In concert with the subalpine SWB it provides some of the most important

wildlife habitat in B.C., perhaps in North America. The wide range of

ungulates includes thin-horn sheep (both Dall and stone sheep), mountain goat,

Osborn caribou, and moose; other notable species include grizzly bear,

marmots, Arctic ground squirrel, lemmings, and ptarmigan.

Potential for recreation is high, due to the wide diversity of alpine

terrain, which ranges from the rugged summits of the Coast Range suited only

to experienced mountain climbers to the more subdued slopes of much of the

Cassiar Mountains suited to extensive hiking and horseback riding. The

recreation experienced is much enhanced, especially when combined with the

SWB, by the diversity of vegetation and wildlife. The relative abundance of

big game species supports a considerable guiding-outfitting business, a

significant segment of the economy in small towns such as Lower Post.

However, geographic separation from large urban centres and costly

transportation has to date led to only very minor utilization of the great

potential of the Cassiar for recreation.
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APPENDIX: FLORA

LIST OF VEGETATION SPECIES MENTIONED IN THE TEXT

MOSSES, LICHENS, AND LIVERWORTS

Alectoria spp.
Aulacomnium palustre (Hedw.) Schwaegr.
Barbilophozia lycopodiodes (Wallr.) Loeske
Brachythecium spp.
Cetraria spp.
Cetraria nivalis (L.) Ach.
Cladina 	  Sandst.) Hale & W. Culb.
Cladina rangiferina (L.) Harm.
Cladonia ecmocyna (Ach.) Nyl.
Cladonia gonecha (Ach.) Asah.
Cladonia gracilis (L.) Willd.
Dactylina arctica (Hook.) Nyl.
Dicranum acutifolium (Lundb. & Arn.) C. Jens.
Drepanocladus uncinatus (Hedw.) Warnst.
Hylocomium splendens (Hedw.) B.S.G.
Lecanora spp.
Mnium spp.
Nephroma articum (L.) Torss.
Parmelia spp.
Peltigera aphthosa (L.) Willd.
Peltigera malacea (Ach.) Funck
Plaqiochila porelloides (Torrey ex Nees) Lindenb.
Pleurozium schreberi (Brid.) Mitt.
Polytrichum ,juniperinum Hedw.
Polytrichum piliferum Hedw.
Ptilium crista-castrensis (Hedw.) De Not.
Rhacomitrium lanuginosum (Hedw.) Brid.
Rhizocarpon spp.
Rhytidiadelphus loreus (Hedw.) Warnst.
Rhytidiadelphus triquetrus (Hedw.) Warnst.
Rhytidiopsis robusta (Hedw.) Broth.
Sphagnum spp.
Thamnolia subuliformis (Ehrh.) W.Culb.
Umbilicaria spp.

HERBS

Aconitum delphinifolium D.C.
Agropyron trachycaulum (Link) Malte.
Agropyron violaceum (Hornem.) Lange
Anemone narcissiflora L.

lichen
ribbed bog moss
liverwort
short-capsuled mosses
lichen
lichen
lichen
reindeer lichen
lichen
lichen
lichen
lichen
moss
sickle moss
stepmoss
lichen
moss
lichen
lichen
lichen
lichen
liverwort
Schreber's moss
juniper haircap moss
awned haircap moss
knight's plume moss
moss
lichen
little shaggy moss
electrified cat's-tail moss
pipecleaner moss
sphagnum moss
lichen
lichen

mountain monkshbod
slender wheatgrass
broad-glumed wheatgrass
Narcissus anemone
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Arctagrostis latifolia (R. Br.) Griseb.
Arctostaphylos rubra (Rehd. & Wilson) Fern.
Arctostaphylos uva-ursi (L.) Spreng.
Arnica cordifolia Hook.
Artemisia arctica Lessing
Artemisia campestris ssp. borealis 

(Pallas) Hall & Clements
Athyrium filix-femina (L.) Roth
Calamagrostis lapponica (Wahlenberg) C. Hartman
Calamagrostis purpurascens R. Br.
Caltha leptosepala DC.
Carex albo-niqra Mack.
Carex aquatilis Wahl.
Carex eleusinoides Turcz.
Carex macloviana d'Urv.
Carex microchaeta H.T. Holm
Carex nigricans C.A. Meg.
Carex podocarpa R. Brown
Carex saxatilis L.
Cassiope lycopoidiodes  (Pall.) D. Don
Cassiope mertensiana (Bong.) G. Don
Cassiope stelleriana (Pall.) DC.
Cassiope tetragona (L.) D. Don
Castilleja spp.
Chimaphila umbellata (L.) Bart.
Clintonia uniflora (Schult.) Kunth
Cornus canadensis L.
Dryas integrifolia Vahl

Dryopteris assimilis Walker
Elymus innovatus Beal
Empetrum nigrum L.
Epilobium angustifolium L.
Epilobium latifolium L.
Equisetum spp.
Erigeron peregrinus (Pursh) Greene
Eriophorum spp.
Festuca altaica Trin.
Geocaulon lividum (Richards) Fernald
Gymnocarpium dryopteris (L.) Newm.
Hierochloe alpina (Swartz) Roem. & Schult
Juncus drummondii E. Mey.
Kobresia myosuroides (Vill.) Fibri
Linnaea borealis L.
Loiseleuria procumbens (L.) Desv.
Luetkea pectinata (Pursh) Kuntze
Lupinus arcticus Wats.
Luzula iiEirgTWahlenb.) Wahlenb.

polargrass
red bearberry
kinnikinnick
heart-leaved arnica
mountain sage

northern cut-leaf wormwood
ladyfern
Lapland reedgrass
purple reedgrass
white marsh-marigold
black-and-white scaled sedge
water sedge
goose-grass sedge
thick-headed sedge
small-awned sedge
black alpine sedge
short stalked sedge
russet sedge
club-moss mountain-heather
white mountain-heather
moss heather
four-angled mountain-heather
paintbrushes
prince's pine
Queen's cup
Canadian bunchberry
entire-leaved white

mountain-avens
spiny wobdfern
fuzzy-spiked wildrye
black crowberry
fireweed
red willow-herb
horsetails
subalpine daisy
cotton-grasses
Altai fescue
northern red-fruited comandra
oak fern
alpine sweetgrass
Drummond's rush
Bellard's kobresia
northern twinflower
alpine azalea
partridgefoot
Arctic lupine
curved alpine woodrush
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Luzula nivalis (Laest.) Beurl
Luzula spicata (L.) DC.
Luzula wahlenberqii Ruprecht
Mertensia paniculata (Ait.) G. Don
Orthilia secunda L.
Oxyria digyna (L.) Hill
Oxytropis nigrescens (Pall.) Fischer
Pedicularis spp.
Petasites frigidus (L.) Fries
Petasites nivalis Greene
Petasites palmatus (Ait.) Gray
Phleum alpinum L.
Phyllodoce empetriformis (SM.) D. Don
Phyllodoce glanduliflora (Hook.) Cov.
Poa arctica R. Br.
Poa glauca M. Vahl
Poa rupicola Nash
Polemonium caeruleum L.
Potentilla diversifolia Lehmann
Potentilla pensylvanica L.
Potentilla uniflora Ledeb.
Ranunculus eschscholtzii Schlecht
Ranunculus nivalis L.
Rubus pedatus J. E. Smith
Salix polaris Wahlenb
Salix reticulate L.
Saxifrage tricuspidata Rottb.
Senecio lugens Rich.
Senecio triangularis Hook.
Silene acaulis (L.) Jacq.
Streptopus amplexifolius (L.) DC
Streptopus roseus Michx.
Tiarella trifoliate L.
Vaccinium caespitosum Michx.
Vaccinium vitis-idaea L. ssp. minus (Lodd.) Hult
Valeriana sitchensis Bong.
Veratrum viride Ait.

SHRUBS

Alnus viridus (Chaix) DC. ssp. fruticosa 
Alnus viridis ssp. sinuata (Reg.) Love and Love
Artemisia frigida Willd.
Betula glandulosa Michx.
Chamaedaphne calyculata (L.) Moench
Cladothamnus pyroliflorus Bong.
Cornus sericea L.
Juniperus communis L.

snow woodrush
spiked woodrush
Wahlenberg's woodrush
tall bluebell
one-sided wintergreen
mountain sorrel
blackish locoweed
louseworts
sweet colt's-foot
Greene's colt's-foot
palmate colt's-foot
alpine timothy
pink mountain-heather
yellow mountain-heather
Arctic bluegrass
glaucous bluegrass
timberline bluegrass
tall Jacob's-ladder
diverse-leaved cinquefoil
prairie cinquefoil
one-flowered cinquefoil
subalpine buttercup
snow buttercup
five-leaved creeping raspberry
polar willow
netted willow
three-toothed saxifrage
black-tipped groundsel
arrowleaved groundsel
moss campion
clasping twistedstalk
rosy twistedstalk
three-leaved foamflower
dwarf blueberry
rock cranberry
Sitka valerian
Indian hellebore

green alder
Sitka alder
pasture sage
scrub birch
leatherleaf
copperbush
red-osier dogwood
common juniper
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Juniperus horizontalis Moench
Juniperus scopulorum Sarg.
Ledum grenlandicum Oeder
Menziesia ferruginea Smith
Oplopanax horridus (Smith) Miq.
Potentilla fruticosa L.
Ribes bracteosum Dougl. ex. Hook.
Ribes lacustre (Pers.) Poir
Rosa acicularis Lindl.
Rubus parviflorus Nutt.
Rubus spectabilis Pursh.
Salix alaxensis (Anderss.) Cov.
Salix barclayi Anderss.
Salix barrattiana Hook.
Salix bebbiana Sarg.
Salix glauca L.
Salix lanata L.
Salix planifolia Pursh.
Salix scouleriana Barratt
Sheperdia canadensis (L.) Nutt.
Vaccinium alaskaense Howell
Vaccinium membranaceum Dougl.
Vaccinium ovalifolium Smith
Vaccinium uliginosum L.
Viburnum edule (Michx.) Raf.

creeping juniper
Rocky Mountain juniper
Labrador tea
false azalea
Devil's club
shrubby cinquefoil
stink currant
black swamp gooseberry
prickly rose
thimbleberry
salmonberry
Alaska willow
Barclay's willow
Barratt's willow
Bebb's willow
glaucous willow
woolly willow
tea-leaved willow
Scouler willow
buffalo-berry
Alaskan blueberry
blue huckleberry
oval-leaved blueberry
bog blueberry
highbush-cranberry

TREES

Abies lasiocarpa (Hook.) Nutt.
Alnus rubra Bong
Betula neoalaskana Sarg.
Betula papyrifera Marsh.
Chaemaecyparis nootkatensis (D. Don) Spach
Larix laricina (Du Roi) K. Koch
Picea engelmannii Parry
Picea glauca (Moench) Voss
Picea mariana (Mill.) B.S.P.
Picea sitchensis (Bong.) Carr.
Pinus contorta Dougl.
Populus balsamifera L.
Populus balsamifera L. ssp. trichocarpa

(T. & G. ex. Hook.) Brayshaw
Populus tremuloides Michx.
Thuja plicata Donn
Tsuga heterophylla (Raf.) Sarg.
Tsuga mertensiana (Bong.) Carr.

subalpine fir
red alder
Alaska paper birch
common paper birch
yellow-cedar
tamarack
Engelmann spruce
white spruce
black spruce
Sitka spruce
lodgepole pine
balsam poplar

black cottonwood
trembling aspen
western redcedar
western hemlock
mountain hemlock
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