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Chapter 1

Introduction and Summary of the Montane
Cordillera Ecozone

G.G.E. Scudder and I.M. Smith

Preview: The purpose of this volume is to present the results of a series of
investigations of the status and dynamics of species diversity and biogeography
for selected taxa belonging to some of the major phylogenetic groups in the
Montane Cordillera Ecozone. We include diverse taxa of fungi, cryptograms,
vascular plants, arthropods and vertebrates whose species represent a wide range
of structural and functional roles within the ecosystems of the Ecozone. We have
recruited as many experts as we could to summarize available information on the
status of species diversity for each taxon and to assess the factors influencing
changes in distributions and community composition in the Montane Cordillera
from the end of the Wisconsinan Glacial Maximum to the present. Our synthesis
of the resulting information and interpretations is aimed at strengthening the
knowledge base for analyzing the dynamics of species level biodiversity in the
Montane Cordillera. Our ultimate goal is to improve understanding of the
relationship between species diversity in the Ecozone and the capacity of
biological communities there to self-organize, self-regulate and adapt to human
intervention.

INTRODUCTION

The Commission for Environmental Cooperation (1997) has developed a classification
for the ecoregions and subregions of North America. According to this scheme, the
Montane Cordillera Ecozone comprises the Canadian parts of the Western Cordillera
subregion of the Northwestern Forested Mountains, and the Western Interior Basins and
Ranges subregion of the North American Deserts region (Table 1). Table 1 summarizes
the terminology and abbreviations in this North American Classification, with their
component Canadian ecozones as determined by the Ecological Stratification Working
Group (1996). It will be noted that while these classification systems are generally
similar, unfortunately, they have not been rigorously rationalized with one another.

The Montane Cordillera Ecozone in Canada extends from the eastern Rocky Mountains
in Alberta to the western slope of the Cascades in British Columbia, and from the latitude
of the Skeena Mountains in northern British Columbia to the United States border. It is
Canada’s sixth largest ecozone, covering more than 49 million hectares. The Montane
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Cordillera is probably our most complex ecozone, with landscapes ranging from alpine
tundra to dense coniferous forests, grasslands, riparian woodlands, dry sagebrush and
Canada's only true desert, reflecting the exceptional diversity of topography and climate.

Modern species and community biodiversity in the Montane Cordillera developed
through a complex process of recolonization by plants and animals following the retreat
of the Cordilleran Ice Sheet (Hebda and Heinrichs, Chapter 2). Post-glacial repopulation
apparently began somewhat earlier in this Ecozone than in more eastern parts of Canada.
Cold-adapted species from periglacial refugia invaded first, followed by warmer-adapted
species moving north along river valleys and intermontane trenches. Invasion of the
Ecozone by plants and animals from peripheral refugia was episodal and correlated with
climatic fluctuations throughout the Holocene.

During the historic period, tundra and taiga habitats have been restricted to high
elevations, coniferous forests have dominated the lower slopes of mountain ranges, and
grasslands and riparian woodlands have occupied intermontane plateaus and valleys.
Extensive watersheds have developed throughout the Ecozone including more than 11000
lakes, seven major river systems, and countless mountain streams, ponds and springs.
Species arriving from neighbouring ecozones progressively enriched the diversity of
Montane Cordillera communities, many of which comprise species assemblages that
occur together nowhere else. Several of the taxonomic groups considered in this study
have more species represented in the Montane Cordillera than in any other Canadian
Ecozone, and all include species reported from Canada only in this Ecozone.

Evidence from paleontological and anthropological studies shows clearly that humans
have interacted with other species in the Montane Cordillera throughout the postglacial
period. Human hunters may have influenced the decline of some of the large mammals
that disappeared from the Ecozone and certain plants and animals associated with human
settlements were introduced and dispersed during the Holocene. The effects of human
activities on species diversity increased following the arrival of Europeans during the
seventeenth century. Early exploration and settlement of the Montane Cordillera during
the eighteenth and nineteenth centuries was largely in response to the search for animal
pelts, with well documented impact on populations of large, fur-bearing mammals.
Human impacts have accelerated dramatically during the twentieth century. Many old
growth forests have been transformed into intensively managed stands, native grasslands
have been extensively grazed or overgrazed, fertile bench lands and valley bottoms have
been irrigated and converted to orchards and vineyards and transportation corridors have
proliferated. Aquatic habitats have been dammed, diverted and channelized, degraded by
riparian deforestation and agricultural run-off and polluted by industrial and municipal
wastes. Transformation of landscapes and watersheds for agricultural, forestry, mining,
hydroelectric, recreational and urban development has strongly and indiscriminately
influenced the distributions and abundance of many species, resulting in reductions of
native biota and introduction and spread of many exotics. As in the case of the
Mixedwood Plains, recent human activities in the Montane Cordillera have resulted in a
substantial increase in the both the total number of species inhabiting the Ecozone and the
risk that many native species will be extirpated.

GEOGRAPHY



About 90% of the area of the Montane Cordillera Ecozone is in the province of British
Columbia and the remaining 10% in western Alberta (Lowe et al. 1996) (Fig. 1). Some
70% of the area is forested, about 27% non-forested, and 3% is covered with water. The
majority (92%) of the forested area is in timber productive forest, mostly of the softwood

type.

For the most part, the ecozone is rugged and mountainous in the south and east, and
incorporates a major interior plateau to the west (Fig. 2). This plateau, largely consisting
of the Nechako-Fraser-Thompson Plateaus, extends through the centre of British
Columbia. It attains a maximum width of about 300 km at latitude 54° N, and a
maximum length of about 650 km from near the 49th parallel to the Peace River reservoir
(Farley 1979). Lying at an average elevation of 600-1200 m, the plateau consists of
rolling upland, dotted with lakes, and mantled with varying thickness of glacial deposits.

The eastern mountainous system consists of several ranges separated by valleys. It
encompasses two distinct physiographic regions, the Columbia Mountains plus Rocky
Mountain Trench, and the eastern Rocky Mountains plus the Rocky Mountain Foothills.
The highest elevations generally occur in the south, where summits may reach 3300 m
above sea level. Examples include Mt. Assiniboine at 3618 m, Mt. Columbia at 3747 m
and Mt. Robson at 3954 m.

Between latitudes 54° N and 56° N, the topography is more subdued, and even the higher
peaks are generally less than 2100 m. Although most major river valleys run in a north-
south direction, the mountain ranges of the eastern system are broken by several passes.
The major ones, used by both rail and road are the Crowsnest Pass at 1357 m, the
Kickinghorse Pass at 1622 m, the Rogers Pass at 1323 m, and the Yellowhead Pass at
1131 m.

Within the Montane Cordillera ecozone, as determined by the Ecological Stratification
Working Group (1996), various levels of ecozone delineation have been recognized.
These are summarized on Table 2. Thus the ecozone comprises two ecodivisions, four
ecoprovinces, 17 ecoregions and 57 ecodistricts (ecosections).

CLIMATE

Such a complex topography, results in large differences in temperature and precipitation
across the Ecozone (Figs. 3-5). The plateau area through the centre of British Columbia,
being in the rain-shadow of the Coast Mountains, has a mean annual precipitation in
some areas less than 30 cm. However in the Selkirk Mountains mean annual precipitation
is 250-350 cm in some areas, with 150-250 cm in much of the Rocky Mountains.

Most of interior British Columbia is strongly influenced by both continental and maritime
air, the latter being more prevalent in the south. In consequence, the southern interior
valleys experience winter temperatures much less rigorous than those in the north. The
warmest summer temperatures are recorded in the southern interior valleys, where, in the
extreme South Okanagan, the mean daily temperature in July is over 22° C.

MAJOR VEGETATION AND HABITAT TYPES

The complex topography and climate of the Ecozone is reflected in the main vegetation
and habitat types. These include alpine tundra, coniferous forests, dry forests, grasslands,
wetlands, riparian areas, and river and streams.



Alpine tundra
The alpine tundra comprises 13% of the Ecozone (Fig. 6). It is found on the high

mountain areas above 1000-1400 m in the north, above 1640 m in the southwest, and
above 2250 m in the southeast. The habitat is essentially treeless (Figure 11), with an
abundance of shrubs, herbs, bryophytes and lichens. Herb meadows predominate at
low and mid-elevations, while low deciduous shrubs are the dominant vegetation type
at the lowest elevations.

Coniferous forests

Coniferous forests comprise approximately 70% of the Ecozone (Fig. 7). Such forests
(Figures 11, 12) are extremely diverse with a wide range of forest types, depending
on the latitude and elevation. Inland, lowland cedar (Thuja) forests are wet and lush,
while those at higher elevations are cool, mixed spruce (Picea) and fir (Abies) forests.
Pine (Pinus) forests are typically present in the central interior.

Dry forests
Dry open forests comprise about 9% of the ecozone, and occur predominately in the

interior of British Columbia, and in the foothills of the Rocky Mountains (Fig. 8).
Ponderosa pine (Pinus ponderosa Dougl.) is the dominant tree species in the driest
forested areas, with stands characterized by an open canopy and a graminoid
dominant understory. Cooler or wetter sites are characterized by Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco), but other conifers may also be present.

Grasslands

Grasslands (Figure 13), defined as plant communities in which graminoid plants are
dominant (Brink 1982), comprise approximately 1% of the Ecozone, and occur
typically in the southern interior of British Columbia at low elevations (Fig. 9).
However, grassland patches also occur on steep, south-facing slopes at higher
elevations and latitudes. | these latter grassland patches, typical grasses are Altaica
Fescue (Festuca altaica Trin.), fuzzy-spiked wildrye (Leymus innovatus (Beal)
Pilger), and slender wheatgrass (Elymus trachycaulus (Link) Gould ex Shinners).

The southern interior grasslands are loosely classified at lower, middle, and upper
grasslands (Nicholson et al. 1982). Lower grasslands, which occur in valley bottoms
below 800 m, are characteristically shrub-steppe with big sagebrush (Artemisia
tridentata Nutt) as the main shrub (Figure 14), which increases in abundance to
dominate overgrazed sites. Undisturbed sites characteristically have widely dispersed
bunches of bluebunch wheatgrass (Pseudoroegneria spicata (Pursh) A. Léve), and a
dense cryptogamic crust. Mosses tend to increase in abundance on overgrazed sites,
while lichens decline. On coarser textured or sandy sites in the southern-most desert
habitat in the Ecozone in British Columbia, Antelope-brush (Purshia tridentata
(Pursh) DC) is the dominant shrub, with grasses dominated by needle-and-thread
grass (Hesperostipa comata (Trin. & Rupr.) Barkw.) and sand dropseed (Sporobolus
cryptandrus (Torr.) A. Gray).



The middle grasslands, which occupy a less arid band above the lower grassland, at
800-1000 m elevation, also is dominated by bluebunch wheatgrass and Sandberg’s
bluegrass (Poa secunda ssp. secunda J. Presl.). The upper grasslands, which occur
above 100 m have a cooler and moister climate, and a dense flora. South of 51°N
there is a bluebunch wheatgrass — Festuca spp. Associated on the submesic and
subhygric sites, with rough fescue (Festuca campestris Rydb.) often dominant. In the
Cariboo-Chilcotin, a bluebunch wheatgrass—junegrass (Koeleria macrantha (Ledeb.)
J.A. Schult.) — prairie sagewort (Artemisia frigida Willd) association occurs on the
mesic to submesic sites, while a spreading needlegrass (Achnatherum richardsonii
(Link) Barkw:.) association occurs on subhygric to hygric sites.

Wetlands and riparian areas

Wetlands comprise almost 5% of the Ecozone, and are widely distributed (Fig. 10).
They range from small bogs, fens and ponds, to extensive lakes. Associated riparian
areas vary from cattail (Typha latifolia L.), and alkaline marshes and sedge (Carex)
meadows, to willow (Salix) swamps and deciduous woodlands on river flood plains,
with water birch (Betula occidientalis Hook.) and black cottonwood (Populus
balsamifera L. ssp. trichocarpa T. & G.).

Rivers and Streams

The major river and stream system in the Ecozone (Fig. 1) comprise most of the
Fraser River drainage, much of the Columbia River system, and the upper reaches of
the Skeena and Peace River drainage systems.

BIOGEOCLIMATIC ZONES

The complex topography and climate is reflected in the vegetation. The biogeoclimatic
ecosystem classification system results from a synthesis of vegetation, climate and soil
data (Pojar et al. 1987). Sixteen distinct biogeoclimatic zones are now recognized in
British Columbia (Meidinger and Pojar 1991; Anon, 2006), 12 of which have major
representation in the Montane Cordillera Ecozone: others, such as Aspen Parkland, not
found in British Columbia occur in the Alberta part of the ecozone (see Frontispiece).

ALPINE TUNDRA. Essentially a treeless region characterized by harsh climate and
occurring on the high mountains. The long, cold winters and short, cool growing seasons
create conditions too severe for the growth of most woody plant, except in dwarf form.
Owing to the severe climate, this zone is extremely sensitive to disturbance, the disturbed
landscapes requiring decades or even centuries to recover to their natural states.

The Alpine Tundra in British Columbia has recently been divided into three distinct
biogeoclimatic zones (Anon. 2006), namely the boreal Altai Fescue Alpine (BAFA), the
coastal Mountain-heather Alpine (CMA), and the Interior Mountain-heather Alpine
(IMA): both the BAFA and the IMA occur in the Montane Cordillera Ecozone.

Boreal Altai Fescue Alpine. This is the alpine zone occurring in the northern Rocky
Mountains, and the lee side of the Coast Mountains as far south as the Chilcotin. Winters
are very cold and long, and the summers are brief and cool. The vegetation is primarily
dwarf willows, grasses, sedges and lichens.



Interior Mountain-heather Alpine. This alpine zone occupies the entire Columbia
Mountains, the southern Rocky Mountains, and the lee side of the Coast and Cascade
Mountains. It occurs above 2500 m in the south, and above 1800 m in the north, with
relatively warm summers, but very variable precipitation. The vegetation is quite
variable, depending on snow depth, with mountain-heather (Phyllodoce spp.) typical in
the snowier climates, and mountain-avens (Dryas spp) typical in the driest climates.

SUB-BOREAL PINE-SPRUCE. This zone occurs on the high plateau of the west central
interior of British Columbia, in the rain shadow of the Coast Mountains. The zone is
characterized by many even-aged lodgepole pine stands, the result of an extensive fire
history. A minor amount of white spruce regeneration occurs. Lichens and/or
feathermosses usually dominate the understory. Pinegrass and kinnikinnick are also
common.

SUB-BOREAL SPRUCE. This zone occurs in the central interior of British Columbia on
gently rolling plateaus. Although the climate is severe, the winters are shorter and the
growing season longer than in the boreal zones. Hybrid Engelmann-White spruce and
subalpine fir are the dominant trees, although there are extensive stands of lodgepole pine
In the drier parts of the zone, the result of numerous past fires. Wetlands are abundant
dotting the landscape in poorly drained areas.

BOREAL WHITE AND BLACK SPRUCE. An extension of the extensive Belt of
coniferous forest occurring across Canada, this zone occupies the valleys in the northern
part of the Ecozone. Winters are long and cold and the growing season short, with the
ground remaining frozen for much of the year. Where flat, the landscape is typically a
mosaic of black spruce bogs, and white spruce and trembling aspen stands.

ENGELMANN SPRUCE-SUBALPINE FIR. This is a subalpine zone, occurring at high
elevations throughout much of the interior of British Columbia. The climate is severe,
with short cool growing seasons and long cold winters. Only those trees capable of
tolerating extended periods of frozen ground occur in this zone. The landscape at upper
elevations is an open parkland, with trees clumped and interspersed with meadow, heath
and grassland. Engelmann spruce, subalpine fir, and lodgepole pine are the dominant
trees. Rhododendron and false azaleas are common understory shrubs. In wetter areas,
where snowfall is more abundant, mountain hemlock occurs.

MONTANE SPRUCE. This zone occurs in the south central interior of British Columbia
at middle elevations, and is most extensive on plateau areas. Winters are cold and
summers moderately short and warm. Engelmann and hybrid spruce, and varying
amounts of subalpine fir, are the characteristic tree species. Owing to past wildfires,
successional forests of lodgepole pine, Douglas-fir and trembling aspen are common.

BUNCHGRASS. This grassland zone is confined to the lower elevations of the driest and
hottest valleys of the southern interior of British Columbia. Bluebunch wheatgrass is the
dominant bunchgrass on disturbed sites. At the lower elevations big sagebunch is
common, particularly on overgrazed areas. Ponderosa pine and Douglas-fir occasionally
occur in draws and on coarse textured soils, although the dry climate restricts their
growth.

INTERIOR DOUGLAS-FIR. This is the second warmest forest zone of the dry southern
interior of British Columbia, occurring in the rain shadow of the Coast, Selkirk and



Purcell Mountains. Douglas-fir is the dominant tree. Fires have resulted in even-aged
lodgepole pine stands at higher elevations in many areas. Ponderosa pine is the common
seral tree at the lower elevations. Pinegrass and feathermoss dominates the understory.
Soopolallie and kinnikinnick are common shrubs. Along its drier limits, the zone often
becomes savannah-like, supporting bunchgrasses, including rough fescue and Bluebunch
wheatgrass.

PONDEROSA PINE. This is the warmest and driest forest zone, confined to a narrow
band in the driest and warmest valleys of the southern interior of British Columbia. It
often borders the Bunchgrass Zone along its lower or drier limits. Ponderosa pine is the
dominant tree, which requires frequent ground fires for its survival. Douglas-fir is
common on the colder and moister sites. Where not overgrazed, the understory includes
abundant grasses such as Bluebunch wheatgrass and rough fescue.

INTERIOR CEDAR-HEMLOCK. This zone occurs at lower to middle elevations in the
interior wet Belt areas of British Columbia. Winters are cool and wet, and summers are
generally warm and dry. Western hemlock and Western red cedar are characteristic trees,
but spruce (White-Engelmann hybrids) and subalpine fir are common. Douglas-fir and
lodgepole pine are generally found on the drier sties. Wet sites generally have a dense
undergrowth of devil's club and/or skunk cabbage.

Vold (1992) has summarized the representation of the biogeoclimatic and ecosections of
the Montane Cordillera in British Columbia. Table 3 summarizes this composition at the
ecoprovince level, and shows them to be very different.

The Interior Douglas-fir zone dominates the Southern Interior ecoprovince, the
Engelmann Spruce-Subalpine Fir zone dominates the Southern Interior Mountains, and
the Sub Boreal Spruce zone dominates the Sub-Boreal Interior. In the Central Interior
ecoprovince, Sub-Boreal Spruce is slightly more dominant than Sub-Boreal Pine-Spruce,
the latter only being represented in this ecoprovince.

Boreal White and Black Spruce zone is only present in the Sub-Boreal Interior, and
Bunchgrass and Ponderosa Pine zones only occur in the Southern Interior ecoprovince.

BIODIVERSITY AND BIODIVERSITY HOTSPOTS

The very varied terrain and diverse ecosystems has resulted in this ecozone in Canada
having a greater number of species than any other ecozone in the country. These species,
which are fully documented in the various chapters of this volume, are however, not
evenly distributed across the landscape.

All taxa studied to date show areas of species richness, termed biodiversity hotspots.
Scudder et al. (Chapter 23) have shown that the biodiversity richness hotspots for most
terrestrial taxa coincide with one another, and also coincide with the rarity hotspots.
Amalgamation of the richness data for the province of British Columbia shows the most
important hotspot for the terrestrial biota occurs in the Montane Cordillera Ecozone, in
South Okanagan. The composite richness hotspot for provincial Red-listed (Endangered
or Threatened) species in British Columbia also is located in this same area.

A similar composite analysis for freshwater taxa show richness hotspots centered in the
Ecozone, in the interior of British Columbia.



NATURAL DISTURBANCES

The main natural disturbance events in the Montane Cordillera involve fire and pest
outbreaks. Climate change will also have major impacts in the future (Scudder, Chapter
25).

Threats to Biodiversity

Scudder (Chapter 25) has summarized the numerous threats to biodiversity in the
Ecozone. The magnitude and extent of many of these are such as to impact mainly in the
areas assessed as having the highest biodiversity. However, there are few areas of the
Ecozone without some threat to biodiversity conservation.

Conservation and Conservation Concerns

In spite of the many conservation initiatives (Scudder, Chapter 25), biodiversity
conservation in the Montane Cordillera ecozone is not in good shape, and should be
assessed further and closely monitored. With less than 2% of the Dry Belt in the southern
areas of the Ecozone in British Columbia protected, and with little hope of increasing this
percentage in a dramatic way, new innovative conservation initiatives are badly needed.
In the South Okanagan Basin ecodistrict, habitat renewal (Sinclair et al. 1995) may have
to become a major task in the years to come. Although there has been many stewardship
initiatives in the ecozone, together with the development of a number of conservation
covenants, these cannot meet the needs that are necessary to protect the ecosystems and
species at risk. There may be many recovery plans developed as a result of the federal
Species at Risk Act, but there is no assurance that the necessary critical habitat can be or
will be protected.

GENERAL CONCLUSIONS

The chapters that follow document that species diversity is changing at various rates in
different taxa and guilds and in the different Montane Cordilleran ecoregions. Many
forest dependent species with reticulate distributions on mountain ranges are vulnerable
to fragmentation of ranges brought about by the opening of transportation corridors for
resource extraction or recreational development. Extensive clear-cutting, selective
reforestation and fire suppression are interacting to change the species composition of
forested ecoregions. Many grassland species that occur throughout the interior basins and
ranges of western North America reach the northern limit of their distributions in the
southern plateaus and valleys of the Southern Interior. Conversion of habitat in this
ecoprovince for agricultural and residential development is transforming the landscape on
a massive scale. Numerous native species associated with sage and bunch grass habitats
survive as isolated populations that are becoming unsustainable. Many aquatic plants and
animals associated with lentic habitats in the Ecozone, especially saline lakes and ponds,
are also found only in the valleys of the Southern Interior. Species inhabiting streams and
springs have restricted and often highly disjunct distributions at higher elevations. In both
cases, habitat degradation has profoundly affected regional species distributions and now
threatens populations of species found nowhere else in Canada.

RECOMMENDATIONS

In order to support societal priorities to use biological resources sustainably and to
protect the habitats of threatened populations, species and communities in the Montane



Cordillera Ecozone, we recommend that resources be focused on research and monitoring
in areas where the impacts of human activities are intensifying, especially in the
ecoregions of the Southern Interior Ecoprovince. We further recommend that the capacity
to interpret and use species diversity information throughout the Ecozone be strengthened
by:
1. Standardizing the recording and storage of taxonomic, spatial and temporal data
associated with specimens and species.

2. Increasing the comprehensiveness of baseline information on species,
communities and ecosystems.

3. Enhancing access to this information in electronic formats.

Integrating and extending monitoring programs on species, communities and
ecosystems.

5. Improving analytical tools for assessing spatial and temporal changes in species
diversity, community and ecosystem structure and habitat availability.
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Table 1. Terminology for North American Ecological Regions and Subregions and their component Canadian Ecozones.

North American Ecological Regions

North American Subregions

Component Canadian Ecozones (Ecoprovinces)

Axrctic Cordillera (AC)

Arctic Cordillera

Taiga Cordillera

Taiga Plain
Taiga Shield

Tundra (TU) Northern Arctic Northern Arctic
Alaska Tundra Southern Arctic (northwestern part of Amundsen Lowlands)
Brooks Range Tundra Taiga Cordillera (Northern Yukon Mountains)
Southern Arctic Southern Arctic (except as noted above)

Taiga (TA) Alaska Boreal Interior Taiga Cordillera (Old Crow - Eagle Plains)

Taiga Cordillera (Ogilvie Mountains, Mackenzie - Selwyn
Mountains)

Taiga Plains

Taiga Shield

Hudson Plain (HP)

Hudson Plains

Northern Forests (NF)

Softwood Shield

Mixed Wood Shield
Atlantic Highlands

Boreal Shield (Western Boreal Shield, Mid-Boreal Shield, Eastern
Boreal Shield, Newfoundland)
Boreal Shield (Lake of the Woods, Southern Boreal Shield)

Atlantic Maritime

Northwestern Forested Mountains (NFM)

Boreal Cordillera

Western Cordillera

Boreal Cordillera
Montane Cordillera (Northern Montane Cordillera, Central
Montane Cordillera, Columbia Montane Cordillera) + Prairies

(Central Grassland, but only Cypress Hills)
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Marine West Coast Forest (MWCF)

Marine West Coast Forest

Pacific Maritime

Eastern Temperate Forests (ETF)

Mixed Wood Plains

Mixed Wood Plains

Central USA Plains N/A
Southeastern USA Plains N/A
Ozark, Ouachita-Appalachian Forests N/A
Mississippi Alluvial and Southeastern USA N/A
Coastal Plains

Great Plains (GP) Boreal Plain Boreal Plains

Temperate Prairies
West-central Semi-arid Prairies
Southcentral Semi-arid Prairies
Texas-Louisiana Coastal Plain

Tamaulipas-Texas Semi-arid Plain

Prairies (Eastern Prairies, Parkland Prairies)

Prairies (Central Grassland, but excluding Cypress Hills)
N/A

N/A

N/A

North American Deserts (NAD)

Western Interior Basins and Ranges

Sonoran and Mohave Deserts

Montane Cordillera (Southern Montane Cordillera)
N/A

Baja Californian Desert N/A
Chihuahuan Desert N/A
Mediterranean California (MC) N/A
Southern Semi-arid Highlands (SSH) N/A
Temperate Sierras (TS) N/A
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Table 2. Levels of ecozone delineation in the Montane Cordillera. Ecodivision, Ecoprovince, and Ecodistrict (Ecosection)
terminology taken from Demarchi 1995; Ecoprovince numbering and alternate terminology (in parentheses) taken
from Marshall et al. 1998); Ecoregion numbering and terminology taken from Ecological Stratification Working
Group 1996, alternate terminology (in parentheses) taken from Demarchi 1996. Ecodistrict numbering taken from
Ecological Stratification Working Group 1996.

Ecodivision Ecoprovince Ecoregion Ecodistrict (Ecosection)

Humid Continental Highlands | 14.1. Subboreal Interior 198. Skeena Mountains 961. Northern Skeena Mountains
(Northern Montane 962. Southern Skeena Mountains
Cordillera) 199. Omineca Mountains 963. Eastern Skeena Mountains

964. Parsnip Trench
965. Southern Ominika Mountains
966. Manson Plateau

200. Central Canadian Rocky Mountains 967. Misinchinka Ranges
968. Peace Foothills

969. Hart Foothills

970. Hart Ranges

203. Fraser Basin 980. Babine Upland
981. McGregor Plateau
982. Nechako Plateau

14.2. Central Interior 201. Bulkley Range 971. Bulkley Ranges
(Central Montane 202. Fraser Plateau 972. Bulkley Basin
Cordillera) 973. Nechako Upland

974. Nazko Upland
975. Western Chilcotin Upland
976. Cariboo Plateau
Quesnel Lowland
977. Chilcotin Plateau
978. Cariboo Basin
979. Fraser River Basin

204. Chilcotin Ranges 983. Western Chilcotin Ranges
984. Central Chilcotin Ranges
Humid Continental Highlands | 14.4. Southern Interior 205. Columbia Mountains and Highland 985. Northern Kootenay Mountains
(cont’d.) Mountains (Columbia Montane | (Columbia Highlands, North Columbia Mountains) Cariboo Mountains

Cordillera)
986. Bowron Valley

987. Quesnel Highland
988. Shuswap Highland
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989. Eastern Purcell Mountains
990. Central Columbia Mountains
991. Southern Columbia Mountains
992. McGillivray Range

206. Western Continental Ranges 993. Northern Park Ranges
994. Central Park Ranges
995. Southern Park Ranges

207. Eastern Continental Ranges 996. Front Ranges

997. Jasper Mountains
212. Selkirk-Bitterroot Foothills 1012. Selkirk Foothills
213. Southern Rocky Mountain Trench 1013. Upper Fraser Trench

1014. Big Bend Trench
1015. East Kootenay Trench

214. Northern Continental Divide 1017. Border Ranges
1019. Crown of the Continent
Semi-arid Steppe Highlands 14.3. Southern Interior 208. Interior Transition Range 1001. Pavilion Ranges
(Southern Montane Cordillera) 1002. Southern Chilcotin Ranges
1003. Leeward Pacific Ranges
209. Thompson-Okanagan Plateau 1004. Northern Thompson Upland

1005. Thompson Basin

1006. Southern Thompson Upland
1007. Northern Okanagan Basin
1008. Northern Okanagan Highland

210. Okanogan Range (Northern Cascade Ranges) | 1009. Okanagan Range

Hozameen Range

211. Okanogan Highlands 1010. Southern Okanogan Basin
1011. Southern Okanogan Highland
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Table 3. Total Percentage Area of Montane Cordillera Ecozone in each
Biogeoclimatic Zone by Ecoprovince of British Columbia.

Biogeoclimatic Zone Ecoprovince

Central Subboreal Southern Interior Southern

Interior Interior Mountains Interior
Bunchgrass - - - 5
Ponderosa Pine - - - 6
Interior Douglas Fir 17 - 4 45
Montane Spruce 10 - 3 27
Englemann Spruce - Subalpine 13 32 37 13
Fir
Subboreal Pine-Spruce 21 - - -
Subboreal Spruce 25 40 4 -
Boreal White and Black Spruce - 5 - -
Interior Cedar-Hemlock - 3 23 -
Alpine Tundra 9ot 16° 27° -
Other 5 4 2 4
Total 100 100 100 100

' Includes both BAFA and IMA
* All BAFA

3 Virtually all IMA

*Includes some IMA
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Figure 3. Mean annual precipitation in British Columbia (Redrawn after Farley 1979).
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Over 5C°

5°C —0°C

0°C —-5°C

-6°C —-10°C

-10°C—-15°C

-15°C —-20°C

Under -20°C

Figure 4. Mean daily temperature for January in British Columbia (Redrawn after Farley 1979).
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Over 22C°

20°C —22°C

18°C — 20°C
16°C —18°C
14°C — 16°C

Under 14°C

Figure 5. Mean daily temperature for July in British Columbia (Redrawn after Farley 1979).



Page |21

British Columbia Alberta

Figure 6. Alpine tundra vegetation and habitat type in the British Columbia part of the Montane
Cordillera Ecozone (reproduced from CIJV 2003, with permission).
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British Columbia

Figure 7. Coniferous forest vegetation and habitat type in the British Columbia part of the
Montane Cordillera Ecozone (reproduced from CIJV 2003, with permission).
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British Columbia Alberta

Figure 8. Dry forest vegetation and habitat type in the British Columbia part of the Montane
Cordillera Ecozone (reproduced from CIJV 2003, with permission).
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British Columbia Alberta

Figure 9. Grasslands vegetation and habitat type in the British Columbia part of the Montane
Cordillera Ecozone (reproduced from CIJV 2003, with permission).



British Columbia Alberta

Figure 10. Wetlands and riparian areas vegetation and habitat type in the British Columbia part of
the Montane Cordillera Ecozone (reproduced from CIJV 2003, with permission).
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Figures 11-14. Some examples of British Columbia habitat in the Montane Cordillera Ecozone.
11. Alpine tundra and high elevation coniferous forest, Emerald Lake, BC.
12. Coniferous forest, Thompson River, BC. 13. Grassland habitat, South Okanagan,

BC. 14. Lower grassland, shrub-steppe with big sagebrush (Artemisia tridentata),
near Cache Creek, BC.
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Chapter 2

Environmental History of the Montane
Cordillera Ecozone

Richard J. Hebda and Markus L. Heinrichs

Abstract: The Montane Cordillera comprises the most complex biophysical setting in
Canada ranging from deep narrow valleys through high plateaus to towering mountain
peaks. The terrain is overlain by three climatic trends: cooling from south to north and
valley bottom to mountain top, and increasing continentality from west to east. Glacial
ice covered much of the landscape under a cold dry climate 15,000-13,000 years ago
gouging out valleys and smoothing upland terrain. Scrubby sub-alpine fir and sage may
have formed tundra—like vegetation on southern ice-free peaks. Melting ice 13,000-
10,000 years ago left behind a blanket of till and filled many valley bottoms with
enormous lakes. Under a generally cool and dry climate, uplands supported herbaceous
vegetation with marsh and aquatic communities well established. Aspen or
poplar/cottonwood formed the first tree stands 12,000-11,000 years ago. Sudden and
marked warming at 10,000 years ago ushered in widespread sagebrush steppe
communities on valley bottoms and slopes, and stretching to mountain tops in the south.
Lodgepole pine arrived and spread at high elevations and in the north. The climate was
warmer and drier than present from 10,000 - 7000 years ago. During thus interval steppe
vegetation was at its greatest extent and lakes and wetlands at their least extent at any
time since the last 13,000 years. Increasing moisture and cooling brought larger lakes,
shrinking grasslands, and forest expansion 7000-4500 years ago. Modern forested and
savannah ecosystems took form and Douglas-fir and Engelmann/white spruce began to
play ever-increasing roles. Relatively cool and moist modern climate arrived about 4000
years ago and fostered widespread development of high elevation Engelmann spruce-
subalpine fir forests and western hemlock western red cedar stands on moist valley
bottoms and midslopes, as fire activity declined. Cold water midge faunas returned to
high elevation lakes and glaciers advanced. Ash from several volcanic eruptions in the
last 7000 years led to periodic increased erosion, fostered successional communities and
temporarily altered water chemistry. For millennia people harvested game and plant
resources using fire for ecological management. Recently, European settlers converted
valley bottom ecosystems, introduced non-native plant and animal species, and altered
fire regimes.

INTRODUCTION

Richard J. Hebda. Botany and Earth History, Royal British Columbia Museum, 675 Belleville St., Victoria, BC, V8W 9W?2,
Canada and Biology, School of Earth and Ocean Sciences, and School of Environmental Studies, University of Victoria, PO
Box 1700, Victoria, BC, V8W 2Y2, Canada.

Markus L. Heinrichs. Limnologische Station TU Muenchen, Hofmark 3, 82393 Iffeldorf, Germany.

Correct citation: Hebda, R.J. and Heinrichs, M.L. 2011. Environmental History of the Montane Cordillera Ecozone. In
Assessment of Species Diversity in the Montane Cordillera Ecozone. Edited by G.G.E. Scudder and .M. Smith. Available at
http://www.royalbcmuseum.bc.ca/assets/Montane-Cordillera-Ecozone.pdf. Pp. 27-37.
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The Montane Cordillera Ecozone's environmental history is complicated and poorly known
largely because the region comprises the most complex biophysical setting in Canada. The
region's irregular topography ranges from deeply incised valley bottoms in the south to some of
Canada's highest peaks immediately adjacent to the east and west. In the north, medium to high
elevation plateaux are punctuated by mountain masses and bordered by continental mountain
chains on both the east and west sides (Holland 1976).

Three broad climatic trends are superimposed upon this landscape resulting in a bewildering
array of poorly described subregional and local climates (Pojar and Meidinger 1991). First, mean
annual temperatures decrease northward across the 7-8 degrees of latitude occupied by the zone.
Second, the climate becomes progressively more continental along a gradient from the ocean-
ward margin of the zone to the Rocky Mountains on the east. Extensive north-south dry belts
occur in the east-facing lee of the Coast-Cascade Mountain system. Third, temperatures cool
with elevation from hot valley bottoms to frigid mountain tops. Precipitation also increases with
elevation though declining towards the summits.

The zone's flora and fauna are of diverse origins, spreading after deglaciation from southern arid
regions, mild coastal lands in the west, cold landscapes to the north, and the interior of the
continent to the east and southeast. Some cold-tolerant, hardy species may have survived on
nunataks, exposed islands of land in a sea of ice. This biotic diversity, when combined with the
physical diversity of the region, has resulted in the ecologically most complex region of Canada.
What we know of the region's environmental history helps us begin to understand how this
diversity arose, provides insight into basic long-term ecological processes, and explains the
distribution of ecosystems and species we see today. The ages used in the following text are
radiocarbon years before the present based on radiocarbon dates; they are not calendar years.

PHYSICAL ENVIRONMENTS

The region's physical setting has undergone major changes in the last 15 000 years (ages are
given in radiocarbon years, for calendar years see Walker and Pellatt 2008) after the glacial
maximum. In the cold and dry early stage of the region’s history, 15 000-13 000 years ago,
glacial processes dominated the landscape. Ice accumulated at high and medium elevations and
flowed down valleys onto the plateau and then out deep valleys like the Okanagan Valley to the
edge of the Cordilleran ice sheet (Ryder and Clague 1989). Glacial refugia likely existed at high
elevations, especially at sites near the margins of the ice sheet such as Cathedral Provincial Park
of the southern interior. But at this point their character and extent are not known.

Glacial ice melted and retreated from the edges of the ice sheet, during warming 13 000 — 10 000
years ago, ice-eroded debris was left behind as a blanket of till or reworked by meltwater into
fluvial and lake deposits. Mountain peaks and upland slopes, where the ice sheet was thinnest,
emerged from the ice first. These scattered ice-free uplands served as sites of recolonization of
the once glaciated landscape. Large glacial lakes formed in major basins, such as the Thompson,
Fraser and Okanagan systems, as the ice sheet broke up and melted away. The landforms left
behind by glacial activity established much of the substrate upon which modern-day ecosystems
developed.

Sudden and major warming of several degrees Celsius at the beginning of the Holocene Epoch
10 000 years ago led to the development of arid-land processes characteristic of hot dry climates,
especially in the south. The generally wet landscape of the late glacial episode dried up as water
evaporated and rivers and streams incised channels, lowering lake levels and leaving behind
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terraces or benches on valley slopes. Dry-land processes such as wind erosion and precipitation
of salts predominated (Walker and Pellatt 2008).

About 7000 years ago moistening and possibly cooling climate led to increasing water levels in
lakes (Mathewes and King 1989) and decreased eolian activity. From 5000-4000 years ago
cooling and moistening climate stimulated glacial re-advances at high elevations, major growth
of lakes and ponds and development and expansion of wetlands (Hebda 1995). At Tugulnuit
Lake, near Oliver, in the southern Okanagan valley, this climatic change may have led to
increased erosion and a major stage of aggradation (in-filling) in the valley bottom (Ruck et al.
1997). Arctic and alpine geomorphic processes such as solifluction (ice-related soil creep) and
cryoturbation (freeze-thaw soil mixing) likely returned to high elevations at this time.

VEGETATION HISTORY

Vegetation history varies from south to north in the zone and from valley bottom to mountain
top. The history is best known for the southern interior where studies have focused on valley
bottom grasslands (Hebda 1982b, 1995, 1996) (see Figure 1 for summary) and on high elevation
forests and the subalpine environment (Pellatt 1996; Heinrichs 1999a, 1999b; Heinrichs et al.
19993, 1999b; Heinrichs et al. 2001a, 2002, Hebda and Brown 1999; Pellatt et al. 2000, Walker
and Pellatt 2008).

Today the southern part of the Montane Cordillera supports Bunchgrass and Ponderosa Pine
Biogeoclimatic zones in the valley bottoms and on lower slopes (Meidinger and Pojar 1991).
Interior Douglas-fir (IDF) forests occupy warm dry mid-elevation slopes and extensive tracts of
similar climate on the southern interior plateau. Montane spruce forests occur on slopes above
these Douglas-fir forests, but below the subalpine coniferous forests and parklands of the
Engelmann Spruce (Picea engelmannii)-Subalpine Fir (Abies lasiocarpa) (ESSF) zone. A mixed
coniferous forest, the Interior Cedar Hemlock (ICH) biogeoclimatic zone, covers moist lower
and mid slopes of the west-facing windward sector of the mountains of the eastern Montane
Cordillera. Patches of alpine tundra crown high peaks, becoming more widespread in the north.

The earliest ecosystems after deglaciation are not yet well described. Based on observations at
Finney Lake, west of Cache Creek, and Nazko Cone west of Quesnel, low to mid elevations
supported open herbaceous vegetation perhaps with scattered shrubs (Hebda 1982a, Souther et
al. 1987). Marsh and aquatic vegetation seems to have been well established and was dominated
perhaps by cattail (Typha latifolia) (Hebda 1982a) (See zone FL-1 in Fig. 2, see Walker and
Pellatt, 2008 for similar conditions in the adjacent US). A species of Populus was the first tree to
arrive and form stands 12 000 - 11 000 years ago at Finney Lake (Zone FL-2 in Fig. 2). Pine,
assumed to be lodgepole pine (Pinus contorta), arrived by 10 000 years ago, and spread at higher
elevations and possibly to northern sites. Its sources are not established, though certainly it
moved northward from refugia south of the Cordilleran ice sheet. However, early occurrence of
abundant pine pollen in the Heckmann Pass, east of Bella Coola in west central British
Columbia, suggests a coastal source too (Hebda and Whitlock 1997).

Sage (Artemisia) steppe or forest-tundra developed and predominated at high elevations
(Heinrichs 1999a) between 12 000 and 10 000 years ago or possibly earlier. Scattered subalpine
fir likely grew in these sites (Heinrichs et al. 2002a), having perhaps survived on unglaciated
mountain tops. Open ecosystems containing sage species and grasses persisted on valley bottoms
(Hebda 1995). During the hot, dry early Holocene (10 000 - 8000 years ago) grasslands and
sagelands were widespread, ranging up to at least 1300 m above sea level (Zone FL-3 Fig. 2),
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and to mountain tops on southern south-facing slopes, thus connecting valley-bottom to
mountain-top non-arboreal communities (Heinrichs 1999b, Heinrichs et al. 2001a). An
interesting feature of montane sites of the southern interior at this time and perhaps even earlier,
was the occurrence of shrubby vegetation probably including Rocky Mountain juniper
(Juniperus scopulorum), soapberry (Shepherdia canadensis), and willows (Salix spp.) (Hebda
1995, see also zone FL-2 in Fig. 2). Further north in the region in the Rocky Mountains, beyond
the northern limits of grasslands, birch and a mix of conifer species predominated (Gavin et al.
2009).

From 8000 to 4500 years ago the grassland area shrank because of expanding forest ecosystems,
a decline well under way by 6000 BP. Nevertheless these steppe ecosystems were still more
extensive than today (Walker and Pellatt 2008). At Kilpoola Lake, just west of Osoyoos, British
Columbia, a species of sage, likely big sagebrush (Artemisia tridentata), dominated the mid
elevation valley floor and slopes (Heinrichs et al. 1999b). Under the moister climate of this
interval, forest species, especially Douglas-fir (Pseudotsuga menziesii), expanded and modern-
day forest and savannah ecosystems like the Ponderosa Pine (Pinus ponderosa), Interior
Douglas-fir and Montane Spruce zones began to take shape. The forest-steppe ecotone
descended the slopes toward valley bottoms. More northern sites experienced a decline in birch
and a rise in spruce (Gavin et al. 2009).

At Finney Lake, the increasingly moister conditions are clearly revealed by the prominent
expansion of Douglas-fir at the expense of grasses and sage about 6800 years ago (upper half of
zone FL-4 in Fig. 2). Spruce (presumably Picea engelmannii and hybrids with Picea glauca) also
increased in abundance at this time. The expansion of Douglas-fir may have been detected as far
north as the Robson Valley (Gavin et al. 2008).

Between 4500 and 3000 years ago grassland/steppe reached its minimum extent, being restricted
to valley bottoms. Modern forests finally developed under progressively modern climate that had
become relatively cool and moist (Walker and Pellatt 2008). Pollen diagrams from several sites
suggest that grasslands have expanded slightly during the last 3000 years, even before major
disturbance and clearing by European settlers in the 1800's (Hebda 1982b).

The relatively moist western red cedar (Thuja plicata) and western hemlock (Tsuga
heterophylla) mixed conifer (ICH) forest was a late development in the history of the Cordillera.
Though these two diagnostic species may have been present in the middle Holocene, they only
rose to dominance between 2000 and 4000 years ago (Hebda 1995, Rosenberg et al. 2003,
Walker and Pellatt 2008). At the northern limits of the ICH in the Robson Valley area western
redcedar seems to have arrived several centuries after western hemlock and some of the old
living trees may even represent the first colonists (Gavin et al. 2009).

The study of high elevation sites has focused largely on tree-line changes as a measure of climate
fluctuations. In southern British Columbia and adjacent Alberta the upper tree line stood higher
than present throughout most of the first half of the Holocene until about 5000 years ago (Hebda
1995). In some regions tree line declined to its present position as late as 3000 - 2000 years ago.
In Alberta timber lines have been similar to present or lower since 4500 BP (Luckman and
Kearney 1986).

At high elevations, near the southern limits of the Montane Cordillera Ecozone, Heinrichs
(19994, b; Heinrichs et al. 2001a, 2002b) has revealed major changes in vegetation over the last
10 000 years. As already mentioned, the relatively dry summit of Mount Kobau (elevation 1810
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m) near Oliver supported steppe vegetation and was not forested. To the south and west at Crater
Mountain (elevation 2120 m), in a slightly moister climate, pine parkland occurred. Only 15 km
to the south, at Lake of the Woods (elevation 2060 m) pine forest occupied a north-facing valley
during the same period. With increasing moisture about 7000 years ago, pine parkland replaced
open communities on Mount Kobau, pine forests developed at Crater Lake and a form of the
ESSF ecosystem became established around Lake of the Woods in Cathedral Provincial Park.
With neoglacial cooling about 4000 years ago modern ESSF forests developed at all three of
these high elevation sites. Notably as was the case with western hemlock, mountain hemlock
appears to have arrived late on the region perhaps only 2100 years ago (Rosenberg et al. 2003).

The fire behaviour of these sites changed with climate and vegetation too (Heinrichs 1999b,
Heinrichs et al. 1999a). The more open vegetation of the early Holocene was less prone to
regular intense fires whereas middle Holocene forests experienced recurring, severe, often stand-
destroying fires. Fires were less frequent and severe in the relatively cool and moist landscape of
the last 4000 years.

Studies of high elevation sites at the moist western border of the Montane Cordillera Ecozone
reveal major ecological changes just as those within the southern part of the zone do (Pellatt
1996, Pellatt et al. 1998, 2000). Near Stoyoma Mountain in the northern Cascade Mountains, the
vegetation near the modern treeline consisted of open dry spruce parkland from 10 000 to 7000
years ago. From 7000 to about 4000 (+/-500) years ago ESSF forests persisted. From about 4000
years ago to the present modern subalpine parkland communities have prevailed.

Northern interior plateau sites have been little studied. Today ecosystems transitional from those
typical of the Cordillera to those related to the great Boreal Forest occupy low to mid elevations
and Engelmann spruce and subalpine fir forests and alpine tundra occur at high elevations. Much
of the plateau and lower slopes is covered by mixed lodgepole pine and spruce forests of the
Sub-Boreal-Pine-Spruce biogeoclimatic zone and by spruce stands of the Sub Boreal Spruce
zone (Meidinger and Pojar 1991). This area's environmental changes seem, at this point of our
knowledge, to be less extreme than those further to the south. Lodgepole pine appears to have
been a major element of the vegetation throughout the Holocene, though there is a hint that the
central plateau may have supported open forest and even extensive patches of steppe in the early
Holocene as far north as Quesnel (Hebda 1995). The only other site from the area, located at a
higher elevation, does not show this feature. Spruce and true fir, presumably subalpine fir,
became more abundant in the mid Holocene, suggesting that modern zonal ecosystems have
developed since that time.

Fluctuating climates are demonstrated for the last millennium too. Walker and Pellatt (2008)
summarize numerous droughts, and warm and cool intervals discovered through the study of
tree-rings from the Montane Cordillera. The 19" century was exceptionally cold for the thousand
year interval where as the 20" century was exceptionally warm.

AQUATIC ECOSYSTEMS

Climate change, a major factor in shaping ecosystems, can also be inferred through observing
changes in larval chironomid and diatom assemblages, in a similar manner as in pollen-based
vegetation history (Chase et al 2008, Walker and Pellatt 2008). The sub-fossil remains of these
aquatic organisms have recently been used to quantitatively estimate both mean-July air
temperature and lake water salinity, as general indicators of past climates in the Holocene. Often
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these diatom and chironomid assemblages appear to respond sooner to climatic changes than
vegetation, as trees have an environmental inertia, or tolerance, to climate change.

In several lower-elevation saline lakes in the Montane Cordillera Ecozone, there are indications of a
trend from freshwater to more saline conditions in the early postglacial as indicated by increasing
abundance of diatoms and chironomids adapted to saline waters (Walker and Pellatt 2008).
Increasing salinity is linked to warming, lowered lake levels and the concentration of solutes
(Heinrichs et al. 2001b). At Stoyoma Mountain and in the high-elevation Ashnola region, air
temperatures were approximately 4 degrees warmer in the early- to mid-Holocene, as indicated by
the chironomid assemblages (Palmer 1998; Pellatt et al. 2000, Palmer et al. 2002). Temperatures are
inferred to have decreased since the mid-Holocene, especially 4000 years ago. However, salinity
records during this period show more variation. For example, diatom and chironomid assemblages
from low elevation Mahoney Lake suggest decreased salinities, inferring that cooling occurred
during in the mid to late Holocene, whereas the salinity inferences for Kilpoola Lake suggest a trend
to increasing salinity and warming (Heinrichs et al. 1997). These differences are likely in response
to local variation in precipitation or lake-basin/watershed form.

A recent midge investigation by Chase et al. (2008) provides additional quantitative summer
temperature reconstructions for the southeast BC portion of the Montane Cordillera. At two
southern sites air temperature was markedly cooler in the late-glacial interval than in the early
Holocene with 4-8°C warming at the Pleistocene-Holocene boundary. The early Holocene was 3° to
4° C warmer than today followed by cooling in the last 4000-5000 years. The northernmost lake in
east central BC has shown little temperature change possibly because it was under the continued

NATURAL AND ANTHROPOGENIC DISTURBANCE

Disturbances have been important in shaping the ecosystems of the Montane Cordillera Ecozone.
Fire intensity, extent and frequency as measured by charcoal production have certainly changed
with time, fires being more frequent during the warm dry climate of the early Holocene. In recent
times the impact of fire has varied according to vegetation and climate. In the south, high
elevation fires tend to be more of a stand-destroying character whereas those to the north only act
to modify stand structure (Heinrichs 1999a, Hebda and Brown 1999). Ongoing research will

shed more light on the nature of these fires and their impact.

Several eruptions from volcanic centres in the United States and British Columbia have spread
ash over the southern interior of British Columbia and adjacent Alberta. Preliminary studies
suggest that these eruptions had dramatic effects on the landscape, leading to increased erosion,
possibly, establishment of successional plant communities and changes in the characteristics of
wetland and aquatic ecosystems (Heinrichs et al. 1999b). For example the deposition of Mazama
ash about 6800 years ago at Kilpoola Lake resulted in extensive landscape instability and
erosion, and dramatically increased ionic content (salinity) in the lake (Heinrichs et al. 1999b).
Based on research so far, the impact of single or combined disturbances may last for several
centuries before the return of pre-disturbance conditions.

Humans have disturbed much of the landscape in the Montane Cordillera Ecozone. First Nations
peoples used many species of trees, shrubs, and herbs for food, clothing, and shelter (Turner
1997). At this time there is little evidence of large-scale cultural landscapes created by extensive
exploitation by aboriginal peoples, yet it is recognised that fire was used to improve grazing for
attracting game and to improve berry harvests. Mather (2000) documents some of the earliest use
and destruction of grasslands during the 19th and 20th centuries with the arrival of European
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settlers in the southern interior. Most of the cattle grazing operations occurred on lower elevation
slopes and in valley bottoms. The remote, high elevation grasslands were probably left
undisturbed by sustained use, not only because they were inaccessible, but because there was an
abundance of available grazing land further north in the Cariboo district. As forests were
harvested for timber, increasingly larger cutblocks in more remote areas altered the landscape on
a large scale. The high elevation ecosystems remained largely undisturbed by cattle grazing and
logging, although recently this too is changing, with timber operations moving further up slope
into the ESSF Biogeoclimatic zone. Free-range cattle grazing is also having significant
deleterious impacts on high elevations riparian zones and grasslands.

SUMMARY

Studies of the environmental history of the Montane Cordillera Ecozone reveal that it has
experienced a complex history of species migration and vegetation change related to changes in
climate and associated landscape processes. The cold landscape that followed the melting of the
glaciers was largely open with few trees. With warming at the beginning of the Holocene Epoch
10 000 years ago, steppe communities developed on valley bottoms and mountain slopes
reaching far beyond their current extent both geographically and in elevation. Lakes and ponds
were shallower and warmer than today and supported warm-water midge faunas. Trees,
especially lodgepole pine, spread at higher elevations. With increasing moisture, and perhaps
cooling, steppe vegetation seemed to contain more grasses and less sage at lower elevations.
Forests expanded down slopes and species such as Douglas-fir, Engelmann, and white spruce
began to play a greater role. Ponds and lakes deepened and expanded. The arrival of modern
relatively cool and moist climate about 4000 years ago resulted in the restriction of steppe
vegetation largely to valley bottoms in the south and the widespread development of Engelmann
spruce-subalpine fir forests at high elevations. Tree lines declined from a relatively high position
in the early to mid Holocene, wetlands expanded and glaciers grew. Cold-water midge faunas
developed in lakes at high elevations and fire frequency declined. Recent human activity has also
been an important factor in shaping ecosystems in the Montane Cordillera Ecozone.
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Figure 1. Summary of stages of grassland/steppe vegetation history from the southern interior of
British Columbia and adjacent regions. Modified from Hebda (1982b, 1996). The
chronology is in radiocarbon years. For comparison to a calendar year chronology please
consult Walker and Pellatt (2008).
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Finney Ldke, British Cofumbia: Percenfage Pollen and Spore Diogram
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Figure 2. Relative pollen and spore percentages for Finney Lake, Hat Creek Valley, British
Columbia. The sequence is constructed from two separate records combined at the
Mazama Ash. All pollen and spore types are included in the sum. The results presented
in this diagram were first summarized in Hebda (1982a).
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Chapter 3

Changing Landscapes of the Montane
Cordillera Ecozone: Strategic indicators to
monitor habitat change

Walt Klenner

Abstract: Approaches to monitoring habitat change in the Montane Cordillera Ecozone are discussed
in the context of the need to quantify indicators across large spatial scales. Direct measures of species
or community level changes may be preferable, but monetary and technical resources to track changes
in the abundance or distribution of diverse biota across extensive areas prohibit this approach. The
systematic monitoring of landscape-level habitat features that are known to have an established
relationship with biological diversity would facilitate the timely implementation of action plans to
prevent the further loss of habitat required to maintain the abundance and distribution of species or
ecosystem processes of concern. Six landscape characteristics are identified for use as indicators of
terrestrial landscape change, and as surrogates for threats to biodiversity in forested ecosystems: 1.
Seral condition and ecological representation, 2. Patch size of forest and openings, 3. Tree species
composition, 4. Density and dispersion of roads, 5. Area disturbed and type of disturbance, and 6.
Ownership and land use designation. Systematic monitoring and the timely distribution of these
results, along with the need to link results to operational planning are discussed as an interim measure
while approaches to the direct monitoring of biological diversity are developed and implemented.

INTRODUCTION

The Montane Cordillera Ecozone (MCE) is a vast and complex area composed of 13 recognized
biogeoclimatic zones (Meidinger and Pojar 1991, Harding and McCullum 1994a), ranging from
dry, valley-bottom bunchgrass ecosystems to alpine tundra. Although the MCE represents only
about 5% of the terrestrial land area of Canada (Lowe et al. 1996), the combination of a high
average timber volume (204.6 m*/ha) and a high percentage of timber producing land in the
ecozone (65%) creates a valuable natural resource that forms the basis for a large timber
harvesting and manufacturing industry. For example, since 1980 approximately 75 million m?® of
timber was harvested annually in BC (British Columbia Ministry of Forests, Lands and Mines
2010), and about 80% of this came from lands within the MCE. Maintaining biological diversity
in forested ecosystems has become a recognized and important land management objective at the
local and global scale (Salwasser 1990), but an increasing human population, the global demand
for forest commodities, sophisticated resource extraction technologies and an efficient
transportation infrastructure linking the forest and consumer have created a condition where non-
timber resources could easily be compromised.

Prior to the management of forests for timber commodities, a wide range of natural disturbances
(e.g. wildfire, insect attack, windthrow, etc.; Canham and Marks 1985, Runkle 1985, Huggard et
al. 1999, Agee 1993, Westfall and Ebata 2007) and aboriginal burning (Krech 1999) influenced
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forest ecosystems. These events created a diverse mosaic of seral stages and patch sizes across
the landscape (Lehmkuhl et al. 1991, Mladenoff et al. 1993), and within stands, structural
complexity such as snags, downed wood or residual patches of live trees were maintained
(Franklin and Spies 1991, Spies and Franklin 1991). Such disturbances promoted high biological
diversity on sites following disturbance (Martin et al. 2006, Hutto 2008, Drever et al. 2009 ).
Furthermore, natural disturbances are seldom equilibrium processes (Botkin 1990, Sprugel
1991). Unlike managed forests where a constant and reliable flow of timber is desirable (Van
Wagner 1983), natural forests experience much greater variability in the type and return interval
of disturbances.

Conventional forest harvesting can modify the temporal and spatial distribution of habitat types
that formerly originated through natural disturbances. Decreased amounts of late seral habitat,
increased amounts of edge, a decrease in the complexity of edges, and an increase in the
interspersion of early and late seral habitats clearly have significant implications for maintaining
biodiversity (Lehmkuhl and Ruggiero 1991, Lindenmayer and Franklin 2002, Lindenmayer et al.
2006). Along with changes in habitat patterns, the abundance and distribution of several habitat
structures important to maintaining biological diversity, especially those associated with old
forest conditions or dead and dying trees are different in managed and natural forests (Cline et al.
1980, Franklin and Spies 1991, Spies and Franklin 1991, Halpern and Spies 1995, Lindenmayer
and Franklin 2002). The numerous large green trees, snags and abundant downed wood
characteristic of old growth forests will decline in managed forests unless special practices are
implemented to maintain these features (Swanson and Franklin 1992). Tracking the complex
habitat changes associated with forest management, and the reduced abundance or extirpation of
species is a formidable challenge to any monitoring program.

2010 has been given the status of the “International Year of Biodiversity” by the United Nations,
and a key objective of this initiative has been to achieve “a significant reduction in the current
rate of loss of biological diversity” (Mace and Baille 2007). Given the widespread concerns on
the loss of biodiversity across virtually all ecosystems globally (Chapin et al. 2000, Dirzo and
Raven 2003, FAO 2007) and the likely effects biodiversity loss will have on ecological systems
(Naeem 2002, Duffy 2009) this is a necessary and critical objective. In addition to garnering the
social and political will to implement such a program, a key technical issue that remains is the
ability to assess current conditions and monitor the response to actions intended to reduce the
rate of loss. Boutin et al. (2009) emphasized the concept of “you manage what you measure”
(Lowenstein 1996) as a key starting point for maintaining biological diversity, outlining a
extensive surveillance monitoring program (see Alberta Biodiversity Monitoring Institute
[www.abmi.ca]) whose intent is to track changes in biological diversity in relation to
anthropogenic and natural disturbances across large spatial scales. Systematic assessments of
biological diversity from the landscape to the provincial or national scale, and which track
changes in species diversity over time are critical since the perspective “you can't manage what
you don't measure” is also true.

However, systematically collected, analyzed and readily available data on trends is often lacking
and replaced by expert opinion or unique analyses that enable a static assessment of present
conditions (e.g. B.C. Ministry of Forests and Range 2006, Austin et al. 2008) but which severely
compromise our ability to assess rates of change. To quote the 2010 summary report on
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Canadian Biodiversity (Federal, Provincial and Territorial Governments of Canada. 2010)
“Long-term, standardized, spatially complete, and readily accessible monitoring information,
complemented by ecosystem research, provides the most useful findings for policy-relevant
assessments of status and trends. The lack of this type of information in many areas has hindered
development of this assessment.” This shortfall in available data on changes in biological
diversity will not be overcome in the near future as costs and logistics are formidable, although
efforts to address such issues are underway in some jurisdictions (see Boutin et al. 2009). Other
approaches, such as the use of indicator species as surrogates for biological diversity, remain
attractive but controversial (e.g. see Sergio et al. 2006, 2008, Roth and Weber 2008). To address
the immediate need for systematic and long-term indicators of species loss, an interim solution
may be to place increased effort towards identifying and tracking changes in “coarse filter”
(Hunter 1990, 1997) habitat features known to be critical to the maintenance of biodiversity. The
most important driver of species loss is habitat loss (Pimm and Raven 2000, Hoekstra et al.
2005), hence the loss and condition of critical habitat must be measured and addressed if the rate
of species loss is to be reduced.

Large-scale and integrated approaches to monitoring diverse indicators of habitat quality have
been advocated for some time (e.g. Bricker and Ruggiero 1998) but are not well established in
many jurisdictions (Federal, Provincial and Territorial Governments of Canada 2010) or are in
the early stages of monitoring in others (Boutin et al. 2009). Tracking all of the habitats and
species in an ecosystem is not possible with any monitoring program, especially if the size of the
MCE (49 million ha) and other ecozones in Canada are considered (e.g. the Boreal Shield
encompasses approximately 194 million ha). It is therefore important to choose a monitoring
program and indicators that: 1. Are suitable for evaluating the spatial scale of interest, 2. Are
precise (sensitive), unbiased and which will provide advanced warning of changes that will likely
have undesirable ecological consequences for biota, 3. Use procedures that are repeatable and
compatible across administrative jurisdictions in the area being evaluated, 4. Are cost-effective
to collect and report, 5. Are causally related or correlated with the ecological issues of interest,
and 6. Detect undesirable conditions which can be mitigated by changes to management (also see
Noss 1990). Choosing suitable indicators that are consistent with the scale of the area being
evaluated and which are useful surrogates of ecological change is not a trivial task. Assumptions
inherent in the choice of indicators need to be clearly defined (Landres et al. 1988), the poor
correlation between biota and some indices of landscape condition recognized (Schumaker 1996,
Lindenmayer et al. 2000, Lindenmayer et al. 2002), and the selection of indicators must be
tailored to the size of the area to be monitored. The concept of using strategic habitat indicators
of landscape condition is not new (e.g. Noss 1990, 1999, Williams and Marcot 1991,
Lindenmayer 1999), but the implementation of well designed, systematic approaches to assess
trends in habitat condition is long over due.

In this chapter I focus on large-scale features that are correlated with ecological processes or
biota, and which are appropriate for monitoring habitat changes at the regional, provincial or
ecozone scale. Although the monitoring system | outline focuses on the Montane Cordillera
Ecozone, the results are applicable to most forested lands for which inventory or remote sensing
information is available. Other ecosystems would benefit from a similar approach, but aquatic,
grassland, or other non-forested habitats require the development of parallel indicators that could
be used to reflect changes in those habitats (e.g. Dyer and Lea 2001, 2002). This approach does
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not imply that monitoring or research efforts that focus directly on assessing biological diversity
or specific indicator species are not important. On the contrary, these activities provide the basis
for evaluating the large-scale habitat change trends, and complement the approach described
below. | focus on six strategic indicators that can be monitored by remote sensing technologies
(satellite imagery or aerial photography), or which can be derived from existing inventories: 1.
Seral condition and ecological representation, 2. Patch size of forest and openings, 3. Tree
species composition, 4. Density and dispersion of roads, 5. The area disturbed and type of
disturbance, and 6. Ownership and land use designation. Other landscape features are
undoubtedly important in their effects on ecological processes, and | present and discuss the
above list as a first approximation. Although the reporting mechanism to systematically evaluate
the status of these or other indicators across large spatial scales is sporadic and limited (Federal,
Provincial and Territorial Governments of Canada 2010), remote sensing techniques (Coppin and
Bauer 1996, Steyaert et al. 1997) that would complement ground-based inventories (Reams et al.
2010) have been well developed. The overall objective of the indicators outlined below is the
development of a systematic analysis and reporting process that uses updated inventories and
remote sensing where necessary to report on annual or multi-annual changes in the status of
indicators.

INDICATORS OF HABITAT CHANGE

1. Seral condition and ecological representation

The amount of late mature and old forest will decline in forests managed for timber production
as older stands are harvested and few mature stands are maintained beyond rotation age (Van
Wagner 1983, Swanson and Franklin 1992). Consequently, species dependent on old forests and
the conditions associated with old forests (e.g. an abundance of large diameter snags and down
wood, abundant arboreal lichens and epiphytes) are likely to decline (Zarnowitz and Manuwal
1985, Essen et al. 1992, Angelstam and Mikusinski 1994). Many species representing diverse
taxa use old forest habitats (Ruggiero et al. 1991, MacKinnon 1998, Arsenault 2003), but the
complex life histories of many species make it difficult to define precisely the number of species
that are dependent on these habitats.

There is a wide range in the return frequency of stand-replacing natural disturbances in the forest
types found in the Montane Cordillera (Agee 1993, Parminter 1998, Arsenault 2003, Klenner et
al 2008). Evidence suggests that these differences also affect the vertebrate fauna (Bunnell 1995)
and non-vascular plants (Arsenault 2003) in these habitats. Hence, disturbances that change the
seral condition of forests will impact biological diversity, especially in forests that historically
contained a high proportion of old-growth habitat. Hence, a monitoring program to track changes
in seral condition will need to differentiate between forest types with dissimilar natural
disturbance histories. Monitoring the seral condition of the entire MCE would obscure important
differences created by biogeoclimatic zone-specific fire return intervals.

The 13 biogeoclimatic zones occurring within the MCE in British Columbia reflect differences
in abiotic factors (e.g. soils, precipitation, etc.) and ecological features such as understory
vegetation (Meidinger and Pojar 1991). Biogeoclimatic zones encompass forest types that span a
wide range of moisture and elevation gradients, and which have historically developed under
disturbance regimes that varied in the severity and frequency of disturbances. The distribution
and abundance of vascular plants is often determined by site conditions (Hutchinson et al. 1999),
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and species richness or rarity may be correlated with productivity (Gustafsson 1994, Stokland
1997, Mendel and Kirkpatrick 2002). Hence, large areas of late seral but unproductive forest
may do little to maintain the full suite of native late seral flora and fauna. To develop
ecologically meaningful seral condition assessments, a more detailed analysis is required. Site
series (Meidinger and Pojar 1991) represent relatively homogenous and distinct plant
associations that can be identified in the field by indicator plants. Seral condition analyses
conducted at the site series level would ensure that distinct patterns are not masked by averaging
across forest types, but inventory information at the site series level of detail is not often
available. Ongoing initiatives to develop predictive ecosystem mapping (PEM) designations
(http://www.env.gov.bc.ca/ecology/tem/) which represent groupings of relatively similar site
series provide an intermediate level of resolution between site series mapping and much broader
biogeoclimatic subzones. PEM information, once incorporated into existing inventories would
provide a suitable balance between strategic analyses and ecological detail (Huggard et al. 2006).

Age categories for describing seral condition should be chosen to represent the full range of ages
documented in existing or future inventories. For example, a significant proportion of the stands
in some inland rain forests (Arsenault and Goward 2000) within the MCE have not experienced a
stand-replacing disturbance for several hundred years or more. Seral categories need to capture
the presence of such “ancient” forest types to present an accurate depiction of seral change in
relation to managed and natural disturbances. However, caution should be applied to the use and
interpretation of forest inventories. The primary objective of most is to estimate the standing
volume of merchantable timber, and their use in describing ecological conditions needs to
recognize the assumptions, procedures and the nature of the data used in their development.

2. Patch size of forest and openings

Historically, a fine-scale interspersion of seral stages that created abundant edge habitat was
thought to favour wildlife. More recently however, the ecological value of small patches of forest
that are primarily edge habitat has been examined more closely and concerns raised over the
undesirable effects fragmentation may have on biota (Harris 1984, Hunter 1990, 1997,
Angelstam 1992, Andren 1994). As late seral habitat is converted into an earlier seral condition,
several changes occur including: (i) An increase in the number of roads, (ii) A decrease in the
amount of late seral habitat, (iii) Increased interspersion of late and early seral habitat, (iv) A
shift in the size distribution of habitat patches, with fewer large patches and a higher proportion
of small patches (e.g. less than 40 ha) than existed in the unmanaged landscape, and (v) the loss
of connectivity between remnant old forest habitats.

Current perspectives on the landscape patterns necessary to maintain species and ecological
processes continue to evolve. Studies in areas where forests are surrounded by agricultural or
urban lands suggest a positive relationship between increasing patch area and species persistence
or abundance (Urban et al 1987). This pattern is less clear where forestry is the main land use
practice, creating a changing mosaic of early successional, immature and mature forest
(McGarigal and McComb 1995, Schiek et al. 1995). Similarly, there is some debate about the
relative importance of the separate issues encompassed by the term “fragmentation”. For
example, Kareiva and Wennergren (1995) suggest that maintaining a suitable spatial
configuration of habitats can help mitigate the effects of habitat loss, but Fahrig (1997, 2003)
presented evidence that indicates the amount of habitat is the main issue.
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Conventional forest management practices usually lead to a reduction in the abundance of large
patches of old forest (Harris 1984, Mladenoff et al. 1993, Klenner et al. 2000). For example,
Spies et al. (1994) report that in a managed landscape in Oregon, less than 12% of private lands
had patches of coniferous forest with forest interior conditions defined as greater than 100m from
adjacent early seral habitat, compared to approximately 43% on public lands. Much of this
difference was attributed to the dispersed cutblock pattern of harvesting and higher rates of
harvest on many private lands. The only large patches (i.e. greater than 1000 ha) of contiguous
interior forest were found on lands managed as wilderness areas or research natural areas. These
changes have implications to species that require large tracts of similar and contiguous habitat, or
are adversely affected by adjacent early seral habitat (e.g. nest predation). Patch size, and the
area of patches that are buffered from the influence of adjacent habitats (core area), are indicators
that should be monitored.

Changes in the patch size distribution of forests in the MCE will need to be reported for broad
age class categories (e.g. 0-40, 40-80 years etc.), and be conducted at a scale that excludes
excessive detail but captures key differences between ecosystems or disturbance regimes. The
Biodiversity Guidebook (British Columbia Forest Service and British Columbia Environment
1995, Fenger 1996) outlines patch and age categories that represent an initial attempt to provide
sufficient resolution for defining desired ecological conditions.

3. Tree species composition

Forest management practices that favour the early dominance of a site by conifers, or shift the
species composition of the stand to fast-growing conifers such as lodgepole pine (Pinus contorta
Douglas ex Louden) pose a risk to maintaining biological diversity if practiced on an extensive
scale. There is general agreement that maintaining a component of broadleaved trees in
coniferous forests increases the species diversity of birds and invertebrates. Birds choose
different vegetation types or strata for foraging or nesting, hence more complex mixed species
stands will likely support a greater diversity of birds. Huff and Raley (1991) examined 132
Douglas-fir stands and concluded that even small inclusions of hardwoods increased bird species
diversity. The association with broadleafed trees is clear for cavity-nesting birds which often
prefer these trees for excavation (Kiesker 1987) since the decay of heartwood usually begins
earlier in broadleafed species than conifers.

Planting selected tree species and vegetation management practices to control competing
broadleaf vegetation are two activities that may affect succession and alter tree species
composition. Harding (1994) noted that of the tree species planted in BC in 1989-90, the vast
majority were either Englemann or white spruce (Picea engelmannii Parry ex Engelm., P. glauca
(Moench) Voss), lodgepole pine or Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). These
practices may diminish not only the abundance of broadleafed species, but also conifers such as
western hemlock (Tsuga heterophylla (Raf.) Sarg.) that are not favoured in planting or stand
tending activities. Whether the planted species continue to dominate the site on a long-term basis
without further intervention is not clear and needs to be evaluated.



Page |44

4. Density and dispersion of roads

Conventional dispersed cutblock harvesting requires an extensive and largely permanent network
of roads to access timber on an ongoing basis. A wide range of negative ecological consequences
relating to roads has been identified (see reviews by Forman and Alexander 1998, Trombulak
and Frissell 2000, Lindenmayer and Franklin 2002, Forman et al. 2003) including: 1. Forming
barriers to dispersing organisms, 2. Contributing directly to increased animal mortality (vehicle
collisions and facilitating access by hunters), 3. Increasing the likelihood of animal-human
encounters and associated harassment of wildlife, 4. Providing corridors along which invading
organisms (e.g. weeds) enter an ecosystem, 5. Creating permanent edges, 6. Increasing the
incidence of human-caused fires, and 7. Contributing to soil erosion and sedimentation of aquatic
habitats in steep terrain or in areas of unstable soils. The ecological effect of a particular road is
highly variable and will depend on the amount, nature and timing of use, the habitats it crosses,
the overall road network in the region and the biota in the region.

Several studies have described patterns of increasing landscape dissection caused by roads
(Harding and McCullum 1994b, Miller et al. 1996, Reed et al. 1996, Hunter 1997). Throughout
the MCE, most roads are built to facilitate resource extraction activities such as forestry and
mining, and are subsequently often used for recreation. VVold (1992) classified land in BC with
respect to road access and patch size. Primitive areas were characterized as being greater than
5000 ha and at least eight km from an access road. Only about 25% of BC fell into the primitive
category, and almost all of this occurs in steep mountainous terrain in either the Boreal
Cordillera or Pacific Maritime Ecozones. Most of the forested land in the MCE, especially areas
at lower elevations (e.g. the Interior Douglas-fir biogeoclimatic zone) are accessible by two or
four-wheel drive vehicles. In the last decade, the use of all terrain vehicles has increased and
virtually all roads provide access for this form of transportation. Other biogeoclimatic zones in
the MCE likely have fewer roads (e.g. the high elevation alpine tundra zone), but roads and
access should be monitored throughout the MCE and reported in relation to biogeoclimatic zone
and variant to establish trends. The overall kilometres of road, the nature of the road (e.g. four-
lane highway vs. seasonal logging road) and the dispersion of roads across the landscape need to
be documented as part of a complex of road indicators. The amount of area located at increasing
distances from roads (e.g. <100m, 101-400m, etc., see example in VVold 1992) would provide a
useful index of dispersion.

5. Area disturbed and type of disturbance

A large body of literature clearly indicates the strong relationship between stand structure (e.g.
large live trees, snags, downed wood, within-stand gaps, grass and forbs, etc) and various biota.
For example, woodpeckers and other cavity nesting birds are often dependant on large snags for
nesting, and on declining or recently dead trees for foraging habitat. However, little stand
structure information is available in inventories, hence tracking the structural condition of stands
across large spatial scales will necessitate the use of surrogate indicators. | maintain that a useful
surrogate of within stand structural conditions is the time since and nature (i.e. the agent and
severity) of disturbances. By monitoring the area disturbed annually by different types of
harvesting and natural disturbances, an index of changing stand structural diversity can be
developed. Studies that relate stand conditions to specific disturbances can then provide the basis
for estimating the nature, magnitude and duration of structural change.
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The use of silvicultural practices to direct stand development is well established (Smith 1986). A
wide range of silvicultural interventions during harvesting, site regeneration and stand tending
can be applied to maintain structural legacies in the post-harvest stand. For example, variable
retention harvesting systems (Franklin et al. 1997, Lindenmayer and Franklin 2002, Beese et al.
2003) have received considerable attention for use in maintaining post-harvest structural
complexity (large live trees, snags, downed wood, etc.) that would not be maintained in clear-cut
harvesting. Other partial-cut harvest systems (e.g. single tree selection or group selection) also
have utility in maintaining structural complexity in the stand. Similarly, natural disturbances play
a key role in creating and maintaining complex stand structures. Although high severity wildfires
may leave few living trees in the stand, wildfires of lesser severity create complex stand
conditions by killing some stems, creating gaps and not affecting other areas of the stand at a fine
scale (Agee 1993). Insect attack, pathogens (Van der Kamp 1991) and windthrow (Huggard et al.
1999) create snags or downed wood, and in the process contribute to stand heterogeneity.

Monitoring the area disturbed annually by types of harvesting systems and natural disturbance
agents that leave increasing amounts of live tree or snag retention would provide a working
surrogate for stand structural conditions across large spatial scales. Harvesting systems are
complex, and a designation such as “partial-cut” harvesting encompasses many diverse activities
which can have very different stand structure consequences. Areas affected by natural
disturbances are often salvage harvested with ecological effects at the stand structure and
landscape pattern level (Radeloff et al. 2000, Lindenmayer and Noss 2006, Lindenmayer et al.
2004, Lindenmayer et al. 2008) that will need to be captured in a monitoring system. Reporting
will need to provide more detail than simply designating clear-cut or partial-cut or natural
disturbance and focus on the conditions created by cumulative activities should they occur.

6. Ownership and land use designation

Parks, wilderness areas and sites with special land use designations (e.g. old-growth management
areas, riparian reserve zones, etc.) that restrict resource extraction provide refugia for species
sensitive to the habitat changes associated with forest management, and serve as baselines
against which other areas can be compared (Morrison and Turner 1994). Land ownership and
designated use changes often occur gradually, but as public lands are converted to private
holdings, forested lands to agriculture (Mladenoff et al. 1993), or agricultural lands to urban
developments, significant cumulative ecological changes occur. Most of the forested lands in the
MCE are crown land which have not been converted to private ownership or urban development,
but this may change in the future. In addition, other habitats such as grasslands are situated in
lower valley bottoms and have undergone extensive conversion to agriculture or other land use
practices common on private lands (Austin et al. 2008). For example, in a 1770 km? study area in
the South Okanagan, Dyer and Lea (2001, 2002) documented changes in the amount and
distribution of several habitat types that have taken place from 1938 to 2001. In this 63 year
period, the greatest changes in habitat condition occurred in low elevation grass-shrub and
riparian areas. Over 60% of the antelope brush — needle-and-thread grass (Purshia tridentata
(Pursh) DC. — Hesperostipa comata (Trin. & Rupr.) Barkworth) habitats, and 87% of the water
birch - red osier dogwood (Betula occidentalis Hook. - Cornus stolonifera Michx.) habitat
associations were converted to agriculture or urban developments. Many of the changes noted
were not associated with shifts in ownership. Private holdings of native shrub - grassland have
gradually been converted into orchards and vineyards, and some of these subsequently became



Page |46

residential developments. Such extensive changes in the abundance and distribution of critical
habitat types inevitably affect the species dependant on them.

Changes in the land use designation of public lands, such as the loss or acquisition of parks and
protected areas (Morrison and Turner 1994), are important management actions that affect our
ability to manage for biological diversity (Lindenmayer and Franklin 2002, Lindenmayer et al.
2006). Private lands, or public lands with special designations (e.g. military reserves) often
encompass critical habitats for species at risk, but efforts to manage these lands for conservation
purposes may face special challenges. Monitoring ownership and land use designation trends can
serve as an early warning system to alert managers of the scarcity or loss of certain habitats,
especially when the rate of habitat change is slow and ecological impacts appear as long-term
cumulative effects. Species at risk require functioning ecosystems if efforts to restore them are to
be successful (Scudder 2000). Once lost, conservation efforts face the costly challenge of
restoring degraded or highly fragmented habitats, illustrating the importance of monitoring
programs that could help identify priority areas for conservation programs on the basis of their
extent and the rate of habitat loss.

Future Opportunities and Challenges

To successfully implement a monitoring program, several key activities will need to be initiated
if a co-ordinated program is to be developed. The following is a partial list of activities that will
need to be undertaken. (1) Designation of a central co-ordinating and reporting agency. This
agency would help: (i) facilitate the selection of strategic indicators following consultation with
ecologists and technical staff familiar with current forest inventories or remote sensing
technologies. There will be tradeoffs here, as data in current inventories is not consistent with
high resolution queries, and the human tendency to want more information may be incompatible
with developing a key suite of strategic indicators, (ii) develop a standard template and format
for presenting results, (iii) undertake or co-ordinate the periodic (e.g. every 5 years) evaluation of
indicators, and (iv) establish a site where data are openly available to all users. (2) Co-ordinate a
review of forest inventories across the administrative jurisdictions encompassed by the
ecological area of interest to identify opportunities and limitations for defining ecologically
meaningful and reliable indicators. (3) In consultation with ecologists and analysts (e.g. GIS and
remote sensing), develop and maintain a standard and consistent process that can be used to
query inventories to evaluate indicators. Both indicators and queries need to reflect changing
habitat conditions and not simply the evolution of the inventory methodology. (4) Explore the
use of cost-effective, satellite image technologies to monitor changes in the indicators of interest.
Remote sensing technologies (e.g. Nemani and Running 1997, Steyaert et al. 1997, Riera et al.
1998) continue to improve, but results will need to be tested and correlations developed with
conventional inventories (e.g. Reams et al. 2010). (5) Co-ordinate or undertake the periodic
analysis, publication and distribution of results. (6) Clearly identify assumptions about the
relationships between landscape indicators and inventory or remote sensing data, and the
correlation between indicators and biota (Landres et al. 1988, Kremen 1992, Lindenmayer et al.
2000, Lindenmayer et al. 2002, Kremsater et al. 2003). It is important to note that any
monitoring process based on inventory data will only be as good as the information in the
inventory. Current and precise data on forest condition is a priority issue for more than habitat
monitoring since forest harvest determinations require similar information (B.C. Ministry of
Forests, Mines and Lands. 2010). In the MCE, this represents an additional challenge since
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widespread disturbance by the mountain pine beetle (Dendroctonus ponderosae Hopkins) has
affected more than 10 million ha since 1995 (Westfall and Ebata 2007), and the seral condition
and habitat value of many unsalvaged stands remain uncertain.

The overall objective of a monitoring program should be to ensure that corrective actions are
applied when indicators identify an undesirable situation. To borrow an analogy from the
medical profession, the goal of monitoring a patient during surgery is to track physiologic
variables and intervene, if necessary, to keep these variables within predetermined acceptable
ranges. This statement has three key components: 1. To track physiologic variables, 2. To
identify an undesirable situation, and 3. To intervene if necessary. Much of the published
literature on monitoring biological diversity focuses on what are the key variables to monitor,
and there is less clarity with respect to defining thresholds and clear remedial actions. It would
be of little use to monitor the heart rate of a patient during surgery and simply watch it fall from
100 to 30 to 10 and finally stop. Ecological systems are the same. Simply monitoring changes in
indicator conditions without defined thresholds and corrective actions are also of little use.
Undoubtedly, due to the much greater complexity of an ecosystem vs. an individual, monitoring
and managing ecosystems is fraught with much greater uncertainty. However, the literature is
replete with information on the habitat requirements of species, and although consensus is often
difficult to achieve among ecologists, habitat loss thresholds or “danger zones” need to be
developed for indicators and implemented if biological diversity loss rates are to be reduced. The
mechanism to ensure implementation of corrective actions also remains obscure. Maintaining
biological diversity has many clear benefits to society (e.g. see Chapin et al. 2000, Naeem 2002,
Duffy 2009) but long-term benefits are vulnerable to short-term competing demands for
resources. One potential mechanism to ensure corrective actions to avoid biodiversity loss are
implemented could be administered via the forest products certification process. Agencies that
evaluate practices to ensure social, ecological and economic benefits are addressed in the
stewardship of natural resources (e.g. Forest Steward Council
(http://www.fsccanada.org/default.htm), Canadian Standards Association
(http://www.csa.ca/cm/ca/en/standards)) could play a key role in ensuring the ecological
recommendations of a monitoring program are implemented. If monitoring and assessment
programs aimed at reducing the rate of biodiversity loss are to be even moderately successful,
intervention strategies must be tied to operational planning activities such as timber harvest
allocations or product certification.
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Chapter 4

Inland Waters and Aquatic Habitats of the
Montane Cordillera Ecozone

T.G. Northcote

Abstract: Coverage of the inland waters of the Montane Cordillera Ecozone (MCE)
included fresh and saline groundwaters, springs, marshes, ponds, lakes, reservoirs,
streams, and rivers. Though not a large Canadian ecozone, the MCE is most diverse in
climate, geology and topography so important in determining basic differences in
regional limnology. It has sizable parts of nine major watersheds, five draining to the
Pacific Ocean (Columbia, Fraser, Skeena, Nass, Stikine), two to the Arctic Ocean
(Athabasca, Peace), and two draining to Hudson Bay (North and South Saskatchewan). It
also contains major portions of seven of the 12 limnological regions in B.C. and six of the
14 lake basins in Alberta.

Of some 22,000 lakes conservatively estimated in B.C., about half lie in the MCE, as do
nine of the ten largest unregulated lakes in the province, and all of the ten largest
regulated lakes or reservoirs. There are many saline as well as meromictic lakes and
ponds in the MCE. Its wetlands, marshes, and ponds harbour a rich and diverse biota, but
in major parts of this ecozone more than 85% of these fragile habitats already have been
lost to the pressures of human population growth and development. Mainstem reaches of
most of the large rivers arising in the MCE have not been impounded. A notable
exception is the upper Columbia system where there are now three mainstem dams and at
least another five on its major tributary, the Kootenay. Some of the latter occurred
decades ago, but effects on biodiversity have not been carefully examined. Smaller rivers
and streams especially in their headwater reaches support unique stocks of fishes, only
recently recognized. In arid parts of the MCE many waters have been impounded for
agricultural or potable water use, with little study of their previous or subsequent biotic
diversity.

Human effects on inland waters and biodiversity of the MCE were considered at two
levels, one resulting from global scale changes such as climate warming, and the other
from more local effects of population growth and its extractive resource uses. Even
recreational use and management of inland waters have had significant effects on
biodiversity as is evident from sportfish introductions to previously fishless ones, as well
as those of exotic invertebrates. Despite the wealth of inland waters and aquatic habitats
in the MCE, prognosis for maintenance of its rich biodiversity seems bleak unless major
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change can soon be effected in human population growth demands and in appreciation of
its biotic sensitivity.

INTRODUCTION

The Ecological Stratification Working Group (1995) report and ecozone mapping did consider
the importance of inland waters in distinction of ecoregions and ecodistricts as is evidenced by
map notes giving their definition, and by inclusion of sections on freshwater molluscs, crayfish
and fishes in its recent summary and assessment of species diversity for the Mixedwood Plains
Ecozone (Smith 1996). Nevertheless the major thrust of coverage to date has been terrestrial, so
the request to prepare a chapter on inland waters of the Montane Cordillera Ecozone (MCE)
came as a welcome challenge to a limnologist who has spent over sixty years of his career
working in that area.

Coverage of the inland waters of the MCE should include not only its large and small fresh
waters, but also its naturally saline waters as well as those now less than "fresh™ because of
various human activities. Therefore attention needs to be given to its lakes and reservoirs, its
ponds, marshes, and wetlands, its saline and meromictic lakes, and its flowing waters (rivers,
streams, and springs including seasonally ephemeral ones).

Groundwater should also have been considered, but could not because of information constraints.
Only one of the five groundwater aquifers included in a recent review of B.C. water quality
status (Anonymous 1996a) is in the MCE - that at Grand Forks, which ranked only fair because
of high nitrate-nitrogen concentrations.

Though by no means one of the larger Canadian terrestrial ecozones (geographic areas that show
relatively consistent character throughout in factors such as climate, geology and topography -
Smith 1996), the MCE surely is the most diverse for all three of these factors (Ecological
Stratification Working Group 1995) so important in determining basic differences in regional
limnology (Northcote and Larkin 1956). This ecozone includes sizable parts of at least nine
major watersheds, five draining to the Pacific Ocean (Columbia, Fraser, Skeena, Nass, Stikine),
two to the Arctic Ocean (Athabasca, Peace), and two draining to Hudson Bay (North and South
Saskatchewan). Furthermore it also contains major portions of seven of the 12 limnological
regions in British Columbia (Northcote and Larkin 1956, 1963) and six of the 13 lake basins
recognized in Alberta (Mitchell and Prepas 1990); see Fig. 1. Parts of or the whole of at least six
of the dozen or more large glacial and early postglacial lakes of British Columbia (Farley 1979)
were located in the MCE. These also had important effects on its present aquatic biodiversity.

Of some 22,000 lakes conservatively estimated in British Columbia (Northcote 1964) about half
lie in the MCE, as do nine of the ten largest unregulated natural lakes in the province, and all of
the ten largest regulated lakes or reservoirs (Balkwill 1991). Many saline as well as meromictic
lakes and ponds also are found in this ecozone (Northcote and Larkin 1963; Northcote and
Halsey 1969). Ponds, marshes, and wetlands harbour a rich abundance and diversity of aquatic
biota and must be included in coverage of such features.

There are at least 17 standing waterbodies with surface areas exceeding 100 km? in the MCE, the
four largest of which have been formed by recent impoundment for hydroelectric generation.
Babine is the largest natural lake in this ecozone, and Quesnel the deepest (530 m; also the third
deepest in the western hemisphere). Water levels of two other large lakes (Kootenay and
Okanagan) are regulated to a minor extent by impoundment and several other major reservoirs in
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the upper Columbia River system undergo large fluctuations in water level under Columbia
River Treaty regulations between Canada and USA.

This chapter will review the limnological features of inland water habitats within the MCE,
consider how they support the underpinnings of an amazing range of aquatic biodiversity there,
show causes for concern where they are threatened by various human activities, and suggest
means for more effective conservation of their diversity.

LIMNOLOGICAL REGIONAL DIVERSITY

In the early to mid 1950s broad limnological surveys of British Columbia inland waters were
showing the importance of their dissolved mineral content (total dissolved solids - TDS) in
determining at least some of the marked regional differences to be found in that province, as well
as the wide range of aquatic productivity occurring there (Northcote 1953; Northcote and Larkin
1956; Larkin and Northcote 1958). But this recognition was based on little more than a hundred
lakes, and mainly those supporting recreational salmonid fisheries, rather than on consideration
of the many other types of inland waters present. Today information has been summarized on
over 2,900 B.C. lakes and ponds (Balkwill 1991; see also Perrin and Blyth 1998) and
computerized data banks are being assembled to include many more. Because of various
limitations in this review, | have only been able to include partial coverage of some 1441 lakes,
reservoirs, and ponds (Table 1).

The assembly of TDS values for lakes within ecoregions and ecodistricts of the MCE brings out
a pattern (Fig. 2, Table 1) that seems to follow in general features that were proposed over forty
years ago (Northcote and Larkin 1956), but in much finer detail.

Of the 17 ecoregions in the MCE, at least six have major parts of their ecodistricts adjoining the
eastern slopes of the coastal mountains (cf. Figs. 1, 2), an area recognized earlier to be
characterized by low TDS waters (Northcote and Larkin 1956, 1963). Thus six ecodistricts there
have mean TDS values below 50 mg/L, with one ecodistrict (984) at 92 mg/L (Table 1).
Differences in mean TDS among ecodistricts within ecoregions can be explored using
appropriate statistical tests for small sample sizes and non-parametric problems (Table 1).

Several other ecoregions have ecodistricts where lakes and ponds are characterized by very low
TDS. These include ecodistricts 963, 981, 1000, and 1009A. For the most part these represent
high elevation areas where standing waters and their drainages are small and heavily influenced
by ice and snow melt. Other smaller areas could have been distinguished for similar reasons,
such as those for example in Kokanee Glacier Park north of the West Arm of Kootenay Lake,
Valhalla Park west of Slocan Lake, Mount Revelstoke National Park and in Rocky Mountain
parks, but for reasons of scale could not be shown on Fig. 2 and Fig. 3. Data for other water
quality parameters such as pH and water colour, are sparse for most east slope coastal mountain
ecodistricts; those for Ecodistrict 1009 are characterized by pH near neutrality (7.2 - 7.5) and low
brown-stained water colour (13 - 46 Pt units). In other small high elevation areas within
ecodistricts noted above, lake pH values also were rather low ranging from 6.4 to 7.6 in Valhalla
Park and 5.5 to 6.9 in Kokanee Glacier Park. For lakes in the low TDS Ecodistrict 1000, pH
values were higher, ranging from 7.4 to 8.3.

There are five separate areas within the MCE where lakes have moderately low mean TDS
values (51 - 100 mg/L., Fig. 2). The most northerly is that consisting of four ecodistricts (965,
966, 980 and 972). These nearly adjoin the next most northerly one, Ecodistrict 970. Ecodistrict
984 has low TDS lakes along its side joining the coastal mountains and higher values further
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inland. Higher elevation parts of Ecodistrict 1006A (Fig. 2, Table 1) have an internal moderately
low TDS area (mean 65.7 mg/L) roughly corresponding to the western isolated part of the
Southern Interior Plateau limnological region of Northcote and Larkin (1956, 1963). For 18
waters mean pH was 7.03 (range 5.89 - 7.58) and mean colour 54.1 Pt units (range 32 - 82)
indicating moderate amounts of brown staining dissolved organics. By far the largest continuous
area of moderately low TDS waters is that formed by most of the southeastern part of Ecoregion
209, by most of Ecoregion 205, all of Ecoregion 212, and the northern third of Ecoregion 213
(Fig. 2. Table 1.).The lakes of Ecodistrict 1008A are typically brown-stained and low in pH (6.6
- 7.0), whereas those of Ecoregion 212 are low in colour, but higher in pH (usually > 7) as are
those of most other ecodistricts in the moderately low TDS area.

Standing waters with moderate TDS means (101 - 150 mg/L) mainly occur in two large parts of
the MCE, one extending from Ecodistrict 987 up through ecodistricts 974, 975 and 982 to join
with 964 on the western margins of Williston Reservoir and its easterly adjoining ecodistricts
967, 968 and 969. The second large area of moderate TDS extends along most of the eastern
margins of the Rocky Mountain Trench and into the Albertan foothills, excluding Ecodistrict
1000. A few lakes in the northeastern portion of Ecodistrict 961A also have moderately low
mean TDS values, as do those in Ecodistrict 1002 (Fig. 2, Table 1). The pH for most lakes of
moderate TDS are in the low alkaline range (>7 to < 8.5) and few have evidence of dissolved
brown-staining organics.

Lakes with moderately high TDS (151 - 250 mg/L) are found in four areas, ecodistricts 979, 992,
1011 and in the middle of the Southern Rocky Mountain Trench (Ecodistrict 1014). Too few
TDS readings are available for any of these to place much confidence in mean values (Table 1).

Lakes of high mean TDS values (251 - 350 mg/L) occur in two nearly adjoining areas of the
MCE (Fig. 2), in the central to southern interior plateau.

There are three areas where lakes are characterized by very high mean TDS values (>350 mg/L)
- one central (Ecodistrict 978), one south-central (Ecodistrict 1010), and one in the lower part of
the Southern Rocky Mountain Trench (Ecodistrict 1015). All were recognized in part within
limnological regions 4 and 7 of Northcote and Larkin (1956, 1963), but their definition now can
be established more clearly. In all three areas there are some highly saline lakes and ponds, as
there are in a few restricted localities of the high mean TDS areas noted above; for details see
Hall and Northcote 1990, 2002, Northcote and Halsey 1969, Northcote and Hall 1983, Scudder
1969, Topping and Scudder 1977, Walker et al. 1995.

A curvilinear decline (Fig. 4A) in conductivity with elevation of lakes included in ecodistricts
1007 and 1008 was shown by Wilcox et al. (1957); TDS values should be about half those of
conductivity. A similar relationship with much scatter seems to hold for lakes and ponds of
ecoregions 205 and 212 (Fig. 4B) and perhaps also for those of ecoregions 206, 207 and 214
(Fig. 4C).

The distinction of ecoregions and ecodistricts within the MCE provides a useful fine-scale
partitioning for the regional distribution of dissolved mineral content of its standing waters, and
one which needs to be fully taken into consideration for management purposes and for protection
of aquatic biodiversity. Indeed TDS may be a more conservative indicator of general lake
productivity than are the concentrations of the two primary micronutrients, phosphorus and
nitrogen, which often during the growing season may be at low levels because they are rapidly
taken up and incorporated into algal and invertebrate biomass. Nevertheless for lakes and ponds
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in two areas of the MCE, those with low TDS rarely have high concentrations of these nutrients
and those with moderately high TDS often show moderately high nutrient levels (Fig. 5).

LIMNOLOGICAL FEATURES AND AQUATIC BIODIVERSITY
1. Large glacial/postglacial lakes

Most of the major drainage systems within the MCE at the close of last glaciation had sizable
glacial lakes occupying parts of their emerging watersheds (Fig. 6). By far the largest of these
extended from the Peace River into parts of what now is Williston Reservoir and one of the
smallest was located in the lower reaches of the Skeena River. At least four occupied major parts
of the upper Fraser River and its tributary Nechako system. Further downstream a large
postglacial lake extended over much of the present Nicola/Thompson systems which for a time
drained into the Okanagan/Columbia system rather than the Fraser system as occurs today. Two
others were associated with uppermost reaches of the Columbia and Kootenay systems and the
South Arm of present Kootenay Lake drained south into the enormous glacial Lake Kootenai
(Northcote 1973).

These large glacial and early postglacial lakes with their various water level stages and drainage
connections no doubt formed important migratory corridors for recolonization by freshwater
organisms, particularly fishes. Surely they would have been important centres for redevelopment
of aquatic biodiversity of the MCE during the early periods of last glaciation.

2. Present-day lakes and reservoirs

The map of the MCE showing most major standing water bodies (Fig. 2) demonstrates that these
occur mainly in several large "lake districts”. The most northern one sweeps diagonally across
the northern ecodistricts of ecoregions 200, 203 and 202. It includes the massive Williston
Reservoir formed by impoundment of the upper Peace River and lower reaches of its two major
tributaries, the Finlay and Parsnip rivers. Also included are four lakes over 100 km? in area
(Stuart, Takla, Francois, Trembleur) draining via the Nechako River to the upper Fraser, the
largest natural lake in the MCE - Babine draining to the Skeena River, the large Nechako
Reservoir now diverted to the upper B.C. coast from the Fraser system, and a large number of
intermediate-sized lakes. The fishes and aquatic invertebrate diversity of several of these lakes
and the two reservoirs have been examined mainly with respect to proposed impoundments and
following them (Withler 1959; Barrett and Halsey 1985; Bruce and Starr 1985; Lyons and Larkin
1952; Northcote and Atagi 1997), or with respect to their importance as spawning and rearing
waters for anadromous salmonids (many reports and publications by limnologists and fish
biologists of the International Pacific Salmon Fisheries Commission and the federal Pacific
Biological Station at Nanaimo).

A second lake district extends along the eastern flank of the coastal mountains including Chilko
and other large associated lakes of the Chilcotin River system well studied for sockeye salmon
production (see references in Roos 1991; Stockner and Shortreed 1978, 1979, 1983), along with
moderate sized lakes and reservoirs of the Bridge River system (Geen and Andrew 1961; Geen
1974). A third lake district extends vertically through central parts of the MCE. Again
limnological studies associated with salmonid production have provided most information on
their conditions and aquatic diversity (see above references). The fourth large lake and reservoir
district lies mainly in the Columbia mountains and flanking parts of the Southern Rocky
Mountain Trench, with conditions and diversity covered largely in a number of review
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publications dealing with their eutrophication, oligotrophication and impoundment (Northcote
1973; Ashley et al. 1996; Watson 1985; Fleming and Smith 1988).

Reference to large-scale maps within some areas of the MCE show that there are "small lake
districts” where mainly glacial processes of lake formation have left an amazing number of small
(<100 ha), often orientated waterbodies. These are very common within the Fraser Plateau
Ecoregion, the Thompson Okanagan Plateau Ecoregion, and the southernmost part of the Rocky
Mountain Trench.

3. Saline lakes and ponds

Saline lakes and ponds occur mainly in areas characterized by high or very high mean TDS
values (Fig. 2). Some ponds in such areas exceed 300,000 mg/L and have highly specialized
floras and invertebrate faunas including the brine shrimp Artemia salina and other phyllopods
(Cameron 1953; Blinn 1971 a,b; 1993).

Small lakes in these regions can be highly meromictic (Northcote and Halsey 1969) with one
(Mahoney) being studied since 1961 where its purple sulphur bacterial plate (mainly
Amoebobacter purpureus) reaches the highest concentrations ever recorded in the world
(Overmann et al. 1991), and with the diatom Chaetoceros sp., most common in marine waters,
being found there in high abundance. Fig. 7 shows several examples of these lakes. Other
features of their limnology and biotic diversity also have been studied (Northcote and Halsey
1969; Scudder 1969; Topping and Scudder 1977; Northcote and Hall 1983; Hall, K.J. and
Northcote, T.G. 1990; Northcote and Hall 1990; Walker et al. 1995; Northcote and Hall 2000;
Hall and Northcote 2000; Hall and Northcote 2002; Northcote and Hall 2010).

4. Marshes and wetlands

Aguatic habitats associated with marshes and wetlands provide rich environments to support
high diversity aquatic flora (algae, macrophytes), invertebrates, fishes, amphibians, aquatic
reptiles, birds and mammals. Extensive areas of such habitat are found in the valley bottoms and
sometimes uplands in parts of many ecoregions of the MCE (Fig. 2). In the Okanagan over 85 %
of such habitat has been lost as a result of development (Anonymous 1993a). Research,
restoration and land purchase by a number of agencies such as the Canadian Wildlife Service,
B.C. Environment, B.C. Habitat Conservation Trust Fund, The Nature Trust, Ducks Unlimited,
and the Creston Valley Wildlife Authority have helped in maintaining some marsh and wetland
habitats and regaining others.

5. Rivers and streams

Of the nine major river systems draining the MCE, few have been subject to long-term or
detailed study. The most notable exception is the Fraser, largely because of its great importance
as a salmonid producer (Northcote and Larkin 1989), which promoted the long series of work on
it by several fisheries agencies especially the International Pacific Salmon Fisheries Commission
(Roos 1991) from the 1940s through to the mid 1980s, and the focus on it by the Westwater
Research Centre at the University of British Columbia (Dorcey 1976, 1991; Dorcey and Griggs
1991). Some studies of relevance have been made on parts of the Columbia River system within
the MCE (Anonymous 1992, 1993b; Bodkin et al. 1991), but very few on any of the other seven
major river systems whose headwaters arise in this ecozone. In general, work on lotic aquatic
habitats in the MCE has lagged far behind that on lentic ones.
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6. Springs

Inland water spring communities generally have a highly restricted, but specialized flora and
fauna that depend greatly upon the temperature and chemical characteristics of the emerging
groundwater as well as the distance from its emergence (Reid 1961; Macan 1963; Bayly and
Williams 1973). For these reasons alone it is vital that such waters be included in any study of
aquatic biodiversity of a region. Unfortunately they are often poorly known or largely ignored
except for their recreational and commercial interest.

There are nearly 50 springs in the MCE (Table 2) and undoubtedly many more occur there,
especially cool (<20°C) temperature ones. Ecodistricts 990, 995 and 999 are especially well
endowed with springs. Of the 8 cool temperature springs (Table 2), those with recorded pH
values are all acidic (mean pH 6.3), but moderately high in total dissolved solids (1044 - 3782
mg/L). The nine warm springs (21 - 32°C) have higher pH values (mean 7.4), but generally
lower TDS (mean 935 mg/L). The 21 hot springs (>32°C) tend to have pH values close to
neutrality (mean 7.2) and moderate TDS (mean 1292). Several of the springs in all three thermal
classes have strong sulphrous odours indicating hydrogen sulphide which will condition their
biotic communities. Woodsworth (1997) occasionally notes the occurrence of variously coloured
algae as well as the presence of bacterial mats and/or mosses around some spring margins. No
faunal information is given. In some cases water of different temperatures are found in a spring
area (Table 2). See Fig. 8 for springs in the Montane Cordillera Ecozone.

Cold springs can greatly enhance local aquatic productivity and diversity. Those in the South
Okanagan provide very localized, but endangered sites for a rare damselfly species (Argia
vivida) which elsewhere in southern British Columbia is associated with hot springs (Cannings
and Cannings 1995). High productivity and invertebrate diversity of a small shoreline marsh-
pond of Okanagan Lake are in large part maintained by localized entry of cool, stable, nutrient-
rich spring water (Northcote and Northcote 1996).

Spring biodiversity is particularly vulnerable to most of the human activities, in part because of
the small, very localized and scattered positions of occurrence, as well as that resulting from
massive habitat alteration associated with their commercial development. There is great need for
detailed study and documentation of their specialized biotic communities so means of protection
and where necessary restoration can be effected.

HUMAN EFFECTS ON MCE AQUATIC HABITATS
Global scale causes and effects

There now seems very little doubt, with some 20,000 scientific papers on greenhouse warming
alone published in conservative, peer-reviewed journals (Schindler 1997), that global climatic
change is upon us. That predicted for British Columbia overall as a result of equilibrium doubled
CO,, (McBean et al. 1991) involves greater change in winter (up to 7°C temperature increase and
a 0.5 mm/day increase in precipitation especially along coastal mountains) than in summer (4°C
temperature increase and little change in precipitation). The high topographic relief of the MCE
makes prediction there difficult, but the most probable effect will be decreased rainfall during
summer and early autumn. Therefore mainstem discharge of large interior rivers may not be as
seriously affected as will be their tributary streams. These and other associated effects in part
anthropogenic are considered in detail by Northcote (1992) and Henderson et al. (1992).

In addition for southern interior ecoregions where summer precipitation may well decrease and
evaporation rates increase, causing a general lowering in lake levels and stream flows, there
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should be an increase in major ions and nutrients as Schindler et al. (1990, 1996a) show for lakes
and streams in western Ontario. The associated effects of increased lake clarity combined with
increased UV radiation as a result of the thinning ozone layer has had major effects on lake algal
community structure and diversity (Schindler et al. 1996b). These and other global climate
changes will have greatest effects on ecoregions in lower latitudes of the MCE. Northcote and
Hall (to be published) have recorded sharp lowering of water levels in Mahoney Lake over the
recent decade.

Local scale causes and effects
(a) First Nation population effects

According to careful review (Harris 1997) the massive and disease-related decline in the First
Nation population of B.C. in the late 1700s was in the order of 90%. Some 150,000 people could
have lived then within the MCE - i.e. more than double most previous estimates. Nevertheless
this population was in part seasonally nomadic and generally lacked technological capability
except for fire to effect major environmental change on the landscape. But the situation has now
greatly changed and an expanding First Nation population is rapidly taking up and in some cases
intensifying the negative effects of development introduced by immigrants resettling the area a
century and a half ago.

b) Recent resettlement effects

The post- 1800 resettlement (Harris 1997) of the MCE, at first mainly by European peoples, but
also by those from the Far East, combined with an upswing in the First Nation population, has
not occurred without degradation of its aquatic habitats especially in southern ecoregions where
population increase has been greatest. The sequence of natural resource exploitation followed
that imposed on more eastern ecozones of Canada - that of the fur trade and then by mining
(placer then bedrock), agriculture and forestry and fisheries, though inland the latter never
reached a significant level until the mid 1900s. Combined with these and other demands of
exponentially increasing resident and tourist populations has been the impacts on aquatic habitats
expressed by demands for increased potable water supplies, irrigation uses, hydroelectric
generation, improved transportation corridors, and large-scale clearcut logging, as well as that
for riparian dwelling and recreation. These cannot be dealt with in detail here for the whole
ecozone, but representative examples will be discussed for some specific areas.

(i) surface mining

Perhaps nowhere in the MCE are the effects of surface mining more severely evident than in the
southern parts of Ecodistrict 986 and northern parts of Ecodistrict 987. These started in the
Barkerville goldrush era of the 1860s and '70s, but have carried on at reduced levels up through
recent decades. Gold-bearing gravels of creeks and rivers were worked first largely by hand with
small sluice- box operations, then with large hydraulic monitors and then by mechanized
dredges, resulting in almost complete degradation of aquatic habitat locally (Fig. 9) and
downstream by sediment deposition.

(i) railway corridors

The most disastrous effect of railway construction and/or improvement on waters of the MCE
occurred over a four year period (1911 - 1914) in the middle canyon of the Fraser River
(Ecodistrict 1003) at Hell's Gate, where rock dumping and slides made an always difficult
upstream passage for migrating salmon nearly impassable for a number of years (see
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photographs in Roos 1991). By the mid 1940s fishway construction started partial restoration of
decimated stocks. Upriver pink salmon (Oncorhynchus gorbuscha ) runs numbering about 40
million biannually (Ricker 1989) were virtually wiped out after 1913 for decades and sockeye
salmon (0. nerka ) runs in the order of millions were greatly reduced for many years. Railway
bed construction along lakeshores can block access to productive riparian rearing habitats used
by some species of fish, though it may provide good habitat for young burbot (Lota lota )
according to Dr. P. Mylechreest (personal communication); see Fig. 11.

(iii) agricultural irrigation dams

The Okanagan River basin of the MCE (mainly Ecodistrict 1007) has the highest density of
agricultural irrigation dams and diversions to be found anywhere in this ecozone, - nearly ten
times that in the Fraser River basin (Northcote 1996). Irrigational use of water in this area started
in the late 1800s, probably first for hay and vegetable crops (Anonymous 1997a), as well as
livestock watering, but soon for orcharding with entrepreneurial schemes at Peachland (1899),
Summerland (1900) and Kelowna (1904) promoting speculative entry mainly from eastern
Canada and Britain (Harris 1997). By 1913 there were at least 11 irrigation dams impounding
upper reaches of ten sizable tributaries to the Okanagan system (Fig. 12A) , as well as 19
irrigation diversions on these and other tributaries. Shortly over four decades later (1956) there
were some 45 large irrigation dams (Fig. 12B). By 1972 at least 30 of the about 50 tributary
streams draining into the basin lakes and rivers had been dammed or diverted (Fig. 12C), with 80
of some 130 headwater lakes in the system being impounded (Koshinsky and Andres 1972), and
by 1998 nearly 150.

Recently available data provide an opportunity to examine the sequential changes in number and
volume of impoundments on tributaries to the Okanagan mainstem basin lakes and river (Table
3). Few were in place before 1900, but in the following decade at least 15 dams were added
impounding the largest volume of water for any decade thereafter. In total there are now at least
180 dams on Okanagan tributaries impounding over 178 km? of water.

The combination of major impoundment and diversion of discharge on most tributaries, with
channelization and riparian cover removal in their lower reaches for flood control has resulted in
some severe aquatic habitat degradation and loss of biodiversity. For example, discharge in
lower Trout Creek (Fig. 13) which drains the second largest watershed in the basin is now
reduced to a trickle many years in late summer and autumn with water temperatures exceeding
29°C - about 6°C above the upper lethal level for salmonid fishes. Most promising results of
recent cooperation in restoring aquatic habitat in Peter Hope Lake, dammed for ranch irrigation
in 1937, have benefited all users (Anonymous 1996b).

(iv) other impoundments

The three large impoundments in the MCE - those on the Peace, on the Columbia River system
in B.C., and on the Nechako River, a major tributary of the upper Fraser system -have already
been noted briefly. The Bennett Dam on the Peace River has negatively affected spawning and
rearing habitat for river dwelling species such as the Arctic grayling, Thymallus arcticus,
(Northcote 1993) and also has caused drying out of the Peace - Athabasca Delta downstream,
one of the most productive and diverse marsh and wetland habitats in Canada (Schindler 1997).
The others also have had some negative effects on aquatic habitat and diversity. For the
Columbia nearly 70% of its mainstem length is now staircased by dams from little more than
forty kilometres north of the American border to it's origin at Columbia Lake in the Rocky
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Mountain Trench, a distance of some 700 km. The tributary Kootenay River system also has
been dammed at several places along its mainstem length with serious effects on some of its
freshwater fish stocks. Impoundment of the upper Nechako River system greatly affected aquatic
habitats in the chain of large lakes and connecting rivers in Tweedsmuir Provincial Park (Lyons
and Larkin 1952; Northcote and Atagi 1997) and threatened several Pacific salmon stocks of the
Fraser River system (Hartman 1996). Water quality effects of harvesting submerged trees in this
reservoir have been assessed (Perrin et al. 1997). Riparian plant communities of rivers dammed
for hydroelectric power have much lower biodiversity than those of adjacent freeflowing rivers
(Nilsson et al. 1997).

(v) forest harvesting

In the early 1990s yet another improvement in British Columbia'’s forest harvesting (B.C. Forest
Practices Code - see the 1993 Discussion Paper - "Changing the way we manage our forests.
Tough enforcement™) was to herald in a new era in reducing harmful environmental effects of
logging and maintaining biological diversity of the province. Major new requirements would
prevent clearcutting in riparian areas, reduce opening size of clearcuts and so on. There is
obvious evidence from almost any airplane flight or satellite image taken over Okanagan or
Columbia Mountain highlands that recently deforested areas on the large patch-cut checkerboard
are temporarily removing the green spaces. But advocates of clearcut logging are quick to point
out that this practice greatly reduces road density and thereby siltation and other harmful effects
on the aquatic environment. Whether or not this really is the case, roads will soon entwine much
of southeastern B.C. (Fig. 14), except of course for the areas covered with permanent snow and
ice or by impounded waters or by golf courses!

Guidebooks have been prepared to assist in identification and protection of fish-streams
(Anonymous 1995a,b) based on stream width and gradient as well as off-channel habitat
(fisheries sensitive zones) and fish species. These would provide considerable protection to even
small stream habitat if followed. However pressures are mounting to relax regulations on forest
harvesting practices in efforts to make the industry more competitive internationally. Promise for
improvement in protection of aquatic habitat from forest harvesting effects is to be seen in the
advent of detailed forest development plans integrated with stream by stream aquatic biota
information, as is being undertaken for example in the Arrow Forest District (1997 - 2001 draft
map, 1:250,000 scale), but the high intensity forest removal planned on virtually every watershed
is alarming. Another positive move is the extensive stream restoration work being undertaken
partly in the MCE under Forest Renewal B.C. support (Slaney and Martin 1997), though more
extensive and long-term evaluation of such work is needed. Now much of the support for it has
been stopped.

(vi) biotic introductions

Inadvertent or intentional introductions of non-native species of aquatic plants and animals
usually does little to maintain biodiversity of an ecozone and often has serious and unexpected
results. The appearance of Eurasian milfoil (Myriophyllum spicatum ) in Okanagan basin lakes in
the early 1970s (Stockner and Northcote 1974) has had negative effects on recreational use of
their waters, has rapidly infested other systems and has cost millions of dollars in unsuccessful
attempts at eradication. More recent spread of introduced purple loosestrife (Lythrum salicaria) )
along riparian habitats of the region seems poised to create similar problems.
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The macroinvertebrate Mysis relicta was first intentionally introduced to Kootenay Lake in the
late 1940s to provide an intermediate-sized food item to enhance growth rate of the large Gerrard
stock rainbow trout (Oncorhynchus mykiss ). This aim was unsuccessful, but a decade or so later
kokanee (Oncorhynchus nerka ) greatly increased in size and this resulted in development of a
large sport fishery for several decades (Northcote 1973), as well as mysid introductions to many
other lakes in the MCE and elsewhere in the Pacific Northwest (Martin and Northcote 1991).
Subsequently a number of harmful effects of such introductions have appeared (see review by
Northcote 1991), some of which include virtual loss of large species of cladoceran zooplankton,
and reduction in growth and abundance of fish species dependent upon them (Ashley and
Shepherd 1996).

For nearly a century a common and widespread practice to develop recreational sport fisheries in
the MCE has been introduction of native and non-native salmonids to formerly fishless lakes
(Northcote 1970), usually those at intermediate or high elevation. Virtually no studies were made
on the aquatic biota present in the lakes before the introductions, and few thereafter. But where
fish introduction effects have been specifically looked for in other areas, the results have
indicated marked changes in the invertebrate community structure and size composition, often
with elimination of some species (see for example, Northcote and Clarotto 1975; Northcote et al.
1978 and references therein). Almost certainly similar effects occurred in fishless lakes of the
MCE after fish introductions, especially in those of the southern interior, Columbia and Rocky
Mountains.

There is a prodigious assembly of computerized data on fish introductions (mainly salmonids) to
waters of B.C. regions and management units coded by watersheds. For example that since 1915
for the Kootenay Region lists 4935 introductions (many of them repeated annually into the same
waters) of some ten different species of fish (not including distinct stocks and hybrids), into
some 368 different waters. Unfortunately no information is given on which introductions were
made into formerly fishless lakes or streams. Furthermore this listing is by no means complete. A
check of records and data files in the Nelson and Cranbrook MoELP Fisheries Branch offices
revealed many differently named and additional waters that had been stocked since the 1970s.
From earlier discussions with fisheries staff in the late 1940s and '50s, | learned that many
unrecorded stockings of fish were made into fishless high elevation lakes in the region by
packhorse.

Stocking of salmonids into waters of the B.C. parts of the MCE began before the turn of the
century with lake whitefish (Coregonis clupeaformis) into Okanagan Lake in 1894 (Clemens et
al. 1939), and soon thereafter with rainbow trout and Atlantic salmon (Salmo salar) in or before
1912, brook trout (Savelinus fontinalis) in 1916. Yellowstone cutthroat (Oncorhynchus clarki) in
1926, cutthroat / rainbow cross in 1929, kokanee in 1930, Arctic grayling (Thymallus arcticus) in
1955, coastal cutthroat trout in 1977, bull trout (Salvelinus confluentus) in 1979, and Dolly
Varden (Salvelinus malma) in 1996 (dates mainly from computerized listings). Brown trout
(Salmo trutta) were introduced into the Kettle River in the 1960s. Several of these species as
well as the golden trout (Oncorhynchus aguabonita) also have been introduced to headwater
lakes and streams in the Albertan part of the ecozone (Nelson and Paetz 1992). Unfortunately
again information on presence or absence of other fish species in the waters is not readily
available in most cases, but certainly many were fishless. Effects of such introductions on the
structure and size composition of the invertebrate community are sure to have been profound and
long-term, though largely undocumented - a fertile field for paleolimnological work. Effects of
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chemical removal of unwanted fish species in some of the high elevation lakes were devastating
on their zooplankton communities, but largely short-term (Anderson 1970; see also Larkin et al.
1970).

PROGNOSIS FOR MCE AQUATIC HABITATS AND BIODIVERSITY

Can there be much reason for concern about aquatic habitat protection and maintenance of
biodiversity in such a large and varied ecozone as that of the Montane Cordillera? Most certainly
yes!

In the first place, the demands, or the "ecological footprint" of large centres well outside this
ecozone, drain from it and at times tread heavily upon it for numerous resources to be used
elsewhere to fire their own needs for growth. Furthermore such centres also make other demands
within the ecozone for uses such as recreation and alternate dwellings which often heavily affect
riparian habitats of the ecozone. As we have seen in the case of one of its large lakes - Kootenay
- human activities within the ecozone, but still hundreds of kilometres away, brought about
serious eutrophication with all its attendant implications on biodiversity, followed by
oligotrophication to the point where restoration now only seems possible by controlled
fertilization.

Secondly, human activities close at hand on large waters such as the upper Columbia River
reservoirs by sequential impoundment (“"aquatic staircasing™) combined with introductions seem
to have been involved in the major declines in abundance of some fish species. Also for other
impoundments producing the largest bodies of standing water in the MCE, Williston and
Nechako, there is little assurance that former aquatic habitat diversity will be maintained. So size
and diversity of aquatic habitats provide little protection against their demise, especially with
increasing human technological ability for rapid and massive habitat alteration coupled with the
escalating demands for recreational activities many of which are not so environmentally friendly
to aquatic systems.

What then can be the future for the small aquatic habitats - the ponds, minor streams, springs,
wetlands, and marshes? Are there so many of these everywhere that there is little need for
concern? | strongly suggest not.

Except for special cases in a few areas, we have little solid or long-term limnological information
on such waters. One outstanding exception is for ponds in part of the Rocky Mountains
(Anderson 1974), and perhaps for wetlands and riparian habitats in the South Okanagan
(Anonymous 1997b, c). We do know that more than 85% of Okanagan basin wetlands have been
lost to human development (Anonymous 1993a) and that about 80% of the high biodiversity
marsh habitats along the southwestern and northern shoreline of large Okanagan Lake have been
negatively modified by various human activities (Northcote and Northcote 1996). We also know
that at least two species of rare aquatic invertebrates (western ridge mussel, Gonidea angulata,
and the vivid dancer damselfly, Argia vivida) are endangered by habitat loss or alteration
(Cannings and Cannings 1995). Overall in the MCE biodiversity loss probably has not reached
levels reported for freshwater biota in the United States where the proportion classed as rare or in
danger of extinction ranges from 34% for fish to 65% for crayfishes and 75% for unionid
mussels (Naiman et al. 1995). But that is little reason for complacency. There is an amazing lack
of information on the small waters generally in the MCE. And it is difficult to protect habitats
that are unknown or poorly known.
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Better information is of course an essential, but only a preliminary step in keeping the aquatic
habitats needed for ecosystem functioning and maintenance of biodiversity. Two other vital steps
are necessary - the first fairly easy and the second I'm afraid very difficult, if not indeed
impossible. First the general public and their political representatives at all levels must become
better informed and solidly convinced that for very many compelling reasons - physical, mental,
and social health being but some of them - we need to keep ecologically functional pieces of
aquatic habitat in our landscapes, as seemingly large, varied and inexhaustible as those still may
appear to be in parts of the MCE. The second and the most difficult one involves changing what
has become an ingrained and irrational dogma pervading nearly every aspect of the way we now
live - "you can't stop growth”. Well why can't you and why shouldn't you? What we never can
stop of course is change, but does change have to be driven by exponential growth of human
populations?

Do we really want to see all habitable and marginally inhabitable areas of this ecozone littered
with the trappings and problems of densely populated areas elsewhere? Surely we need to
consider quality and not just largely quantity of living. But this will require a major shift in the
way we think and act at every level of society. Sadly, but realistically, | don't have much hope of
it happening in time to keep a rich and functional aquatic biodiversity in some important and
vital parts of the Montane Cordillera Ecozone!
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Table 1. Total dissolved solid (TDS) characteristics of Canadian Montane Cordillera
Ecozone lakes, reservoirs and ponds.

Ecoregion Ecodistrict No. of TDS TDS mg/L Signif. diff.* among
water mg/L - - range ecodistricts
bodies mean

Skeena Mountains (1) 961 A 4 142.0 82-170 (1)/(2) p>0.01
198
(2) 961 B 5 30.8 21-60 (1)/(3) p.0.05
(3) 962 11 38.9 23-61
Omineca Mountains (1) 963 12 371 19-58 (1)/(2)/(3) p<0.0001
199
(2) 964 16 116.5 46-242
(3) 965 8 61.8 22-84
(4) 966 11 57.1 32-88
Central Canadian (1) 967 4 134.3 93-182
Rocky Mountains
200 (2) 968 3 129.3 93-157
(3) 969 11 126.2 82-210
(4) 970 13 96.6 28.175
Bulkley Ranges 201 (1) 971 6 33.8 24-45
Fraser Plateau 202 (1) 972 75 89.5 44-203 all signi. diff. except (1)/(3),
(1)/(4), (3)/(4), (5)/(6), and
(2) 973 34 36.4 8-80 (B)(T)
(3) 974 50 118.5 46-366
(4) 975 20 120.6 20-530
(5) 976 43 256.1 58-776
(6) 977 56 308.9 6-2000
(7) 978 48 659.7 152-7000
(8) 979 2 168.0 106-230
Fraser Basin 203 (1) 980 62 74.7 30-257 (1)/(2) p>0.05
(2) 981 13 439 8-99 (2)/(3) p<0.01
(3) 982 113 114.4 24-4233
Chilcotin Ranges 204 (1) 983 11 24.5 15-39 (1)/(2) p<0.0001
(2) 984 9 92.0 37-200
Columbia Mountains, (1) 985 26 61.7 4-164 (1)/(8) p<0.05
Highlands 205
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Ecoregion Ecodistrict No. of TDS TDS mg/L Signif. diff.* among
water mg/L - - range ecodistricts
bodies mean

(2) 986 19 66.3 26-295 (3)/(4) p<0.05
(3) 987 42 107.2 19-240 (3)/(6) p<0.001
(4) 988 27 58.2 5-211 (3)/(7) p<0.01
(5) 989 8 117.9 65-215 (4)/(8) p<0.05
(6) 990 57 65.1 2-402 (5)/(8) p<0.01
(7) 991 21 61.5 2-206 (6)/(8) p<0.01
(8) 992 8 156.5 91-237 (7)/(8) p<0.01
Western Continental (1) 993 8 145.9 76-210
Ranges 206
(2) 994 1 86 86
(3) 995 53 104.5 9-393
Eastern Continental (1) 996 0 104.0 2-358 (4)/(5) p<0.01
Ranges 207
(2) 997 9 148.7 104-198
(3) 998 0 43.9 2-101
(4) 999 7
(5) 1000 7
Interior Transition (1) 1001 7 323.3 229-646 (1)/(2)/(3) p<0.0002
Ranges 208
(2) 1002 12 143.8 52-282
(3) 1003 6 35.3 20-64
Thompson Okanagan (1) 1004 77 3144 30-13600 (1)/(4) p<0.001
Plateau 209
(2) 1005 4 325.3 78-694 (1)/(5) p<0.001
(3) 1006A 25 65.7 10-203 (3)(6)/(1)(4)(6) p<0.001
(4) 1006B 65 267.3 45-1200
(5) 1007 29 287.7 70-1200
(6) 1008A 61 60.7 2-165
(7) 1008B 2 297.0
Okanagan Range 210 (1) 1009A 15 42.2 12-102
(2) 1009B 3 322.0 156-566
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Ecoregion Ecodistrict No. of TDS TDS mg/L Signif. diff.* among
water mg/L - - range ecodistricts
bodies mean

Okanagan Highland (1) 1010 13 755.6 88-3110
211
(2) 1011 4 236.0 184-300
Selkirk Bitteroot (1) 1012 22 92.7 17-277
Foothills 212
Southern Rocky (1) 1013 4 92.3 68-109 (1)/(2)/(3) p<0.0001
Mountain Trench 213
(2) 1014 8 168.3 81-470
(3) 1015 84 417.3 67-4223
Northern Continental (1) 1016 1 172 172
Divide 214
(2) 1017 18 118.8 26-272
(3) 1018 2 211.0 109-313
(4) 1019 46 96.9 4-322

*p values only given where differences were significant; all others not significant at p>0.05
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Table 2.  Summary of major springs in the Montane Cordillera Ecozone assembled from
information in Woodsworth (1997).

No. Name Ecoregion Ecodistrict Maximum -C pH TDS*
1 Tchentlo Lake 199 966 24
2 Hudson’s Hope 200 968 “hot”
3 Williams Lake 202 976 12 6.5
4 Brigham 202 978 8 6.3 3782
5 Canoe Creek 202 978
6 Riske 202 979 8 6.3 2897
7 Albert Canyon 205 985 26 7.5 411
8 Buhl Creek 205 989 c.40
9 Toby Creek 205 989 11 6.3 2423
10 Ainsworth 205 990 45 6.2 1766
11 Dewar Creek 205 990 82
12 Fosthall 205 990
13 Fry Creek 205 990 “hot” (?)
14 Halcyon 205 990 48 7.3 788
15 Halfway River (lower) 205 990 55 7.5
16 Halfway River (upper) 205 990 c. 28
17 Kaslo Creek 205 990 11 6.1 2055
18 Mt. Baldur 205 990
19 Nakusp 205 990 54 7.1 510
20 Octopus Creek 205 990 49 7.6 633
21 Riondel 205 990 40 7.3 3542
22 Taylor 205 990 25 8.5 210
23 St. Leon 205 990 49 8 886
24 Whiskey Point 205 990
25 Wilson Lake 205 990 30
26 Crawford Bay 205 991 32 6.4 65
27 Lussier 206 995 43 7.1 2207
28 Mutton Creek 206 995
29 Radium 206 995 43 7.3 630
30 Ram Creek 206 995 35 7.6 225
31 Red Rock 206 995 c. 20
32 Wild Horse River 206 995 12.5; 29 - 7.4 | -; 1333
33 Cave & Basin 207 999 31
34 Kidney 207 999 39
35 Middle 207 999 35
36 Miette 207 999 46-55
37 Upper 207 999 41
38 Vermilion Lakes 207 999 20
39 Angel 209 1007 21-29
40 Jordan Ranch 212 1012 12 6.4 1044
41 Snowshoe Rabbit 212 1012
42 Canoe River 213 1013 50 7.1 991
43 Kinbasket 213 1014 44-60
44 Columbia Lake 213 1015
45 Fairmont 213 1015 49 6.8 2038
46 Fording Mountain 214 1017 25 7.1 2655
47 Mist Mountain 214 1017 33

*Total Dissolved Solids (mg/L)
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Table 3. Sequential changes in impoundments (mainly for agricultural purposes) on
tributary watersheds to the Okanagan basin system.*
Years Number of Number of | Total volume impounded | Impoundment mean volume
dams - New | dams - Total (thousands of cubic ((thousands of cubic metres)
metres)
1885- 3 3 39.3 12.9
1899
1900- 15 15 43,895.8 2,926.4
1909
1910- 3 4 2,865.7 716.4
1919
1920- 17 21 15,119.7 720.0
1929
1930- 18 21 15,534.2 739.7
1939
1940- 19 26 18,776.8 722.2
1949
1950- 6 14 3,252.5 232.3
1959
1960- 33 52 36,315.0 698.4
1969
1970- 38 61 24,374.2 399.6
1979
1980- 25 45 9,353.3 207.9
1989
1990- 3 15 8,849.0 589.9
1996
Totals: 180 178.3 km®

* based on B.C. Ministry of Environment, Lands and Parks. Water Rights Information System Summary Report, 20
December 1996; distinction of all impoundment sites could not be made without detailed examination of water
rights applications so above impoundment numbers are conservative.
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Figure 1. Montane Cordillera Ecozone (within dashed line) and major river systems, draining
from it.
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Figure 2. Limnological regions of B.C. and lake/river basins of Alberta.
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Figure 3. Mean total dissolved solids, in waters of the Montane Cordillera Ecozone.
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Figure 7. A meromictic and two saline lakes. Mahoney Lake (upper left); TGN showing water
sample tube taken at about 8m, containing purple sulphur bacterial layer (upper right);
Dr. John Green, N.Z. showing near surface, about 8m, and near bottom water samples

(lower left); Spotted Lake west of Osoyoos (middle right); a highly saline pond west
of Kamloops, B.C. (bottom right).
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Figure 8. Some examples of springs in the Montane Cordillera Ecozone.
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Figure 9. Evidence of placer gold-mining operations from the 1860s to the present-day in
Barkerville and Likely area streams (ecodistricts 986 and 987) tributary to the middle
Fraser River.
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Figure 10. The blockage of upstream salmon migration at Hell’s Gate in the middle canyon of
the mainstem Fraser River. Lower left shows early salmon passage facilities to be
effective at different water levels.
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Figure 11. Columbia Lake showing unmodified shoreline (upper) and shoreline modified by
riprap of a railway corridor (lower).



Figure 12. Sequential development of irrigation dams and diversions in the Okanagan Basin of
British Columbia.
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Figure 13. Satellite view of the area west of southern Okanagan Lake showing the mainly small,
but widely scattered forest harvesting clearcut patches, surrounding the lower Trout
Creek watershed to the west.
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Chapter 5

Mushrooms, Lichens and other Fungi
(Kingdom Fungi, Phylum Mycota) of the
Montane Cordillera Ecozone

J. Ginns, S.A. Redhead, and T. Goward

Abstract: The Montane Cordillera Ecozone of British Columbia and adjacent
Rocky Mountains of Alberta supports a flora of several thousand species of fungi,
such as mushrooms, lichens, polypores, puffballs, jelly-fungi, rusts, cup-fungi,
mildews, and molds. However, prior research on the fungi in this ecozone has
been piecemeal and often meagre, except for a number of studies on lichens, and a
few studies on plant parasitic fungi, soil fungi, and wood-decay fungi. Research
has been primarily directed towards general surveys to determine which species
are present rather than ecological documentation. The readily accessible studies
document only 1481 fungal species in this ecozone, half of which are lichens.
Approximately 5070 fungi, including about 1350 lichens (Goward, unpublished),
have been reported from B.C. Thus well over 7,000 species of fungi are probably
present in B.C. Additional records exist, but they must be carefully extracted from
(1) the incidental citations primarily in research journals and (2) the institutions
that house collections of fungi. These data should be used to develop baseline
information on occurrence, frequency, habitats, phenology, current species
numbers and as a tool for biodiversity analysis of the fungi in this ecozone. These
projects must involve scientists expert in the identification and classification of
fungi, as useful data can only result from correct naming of the species. The
mycoflora (the total number of fungal species in the ecozone) is reviewed with
emphasis on the conspicuous fungi, their diversity, the interaction of fungi with
plants and animals, the state of our knowledge of the major groups, and the
potential for flagging endangered species.

INTRODUCTION

The Kingdom Fungi is an extremely diverse group of organisms (Barr 1992). The fungi
familiar to most people are the mushrooms (Figures 1 & 2), followed by molds on food,
and for gardeners, some plant diseases. In appearance the species of fungi vary widely

from the yeasts, which are microscopic, single-celled fungi, to the Giant Puffball, which

J. Ginns. 1970 Sutherland Road, Penticton, BC, V2A 8T8, Canada.

S.A. Redhead. National Mycological Herbarium (DAOM), Biodiversity (Botany and Mycology), 960 Carling Ave.,
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T. Goward. Herbarium, Department of Botany, University of British Columbia, Vancouver, BC V6G 2B1, Canada
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Cordillera Ecozone. Edited by G.G.E. Scudder and .M. Smith. Available at
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typically produces a fruiting body the size of a soccer ball. The common groups of large
or macrofungi, i.e., those easily seen with the naked eye, are mushrooms, boletes,
puffballs, stinkhorns, cup-fungi, jelly-fungi, bracket-fungi, and coral-fungi. In North
America the field guides including fungi from western North America, for example,
Bandoni and Szczawinski (1976), Evenson (1997), Lincoff (1981), McKenny et al.
(1987), McKnight and McKnight (1987), Schalkwijk-Barendsen (1991) and Smith
(1975), use the term mushroom in the broadest sense to include all the above groups.
Generally the lichens are not included in these guides although they are fungi and many
qualify as macrofungi. Lichens are more often included in field guides along with
mosses, ferns and similar plants, for example, Goward (1996a), MacKinnon et al. (1992),
and Vitt et al. (1988). In a major contribution to our knowledge of the lichens of North
America Brodo et al. (2001) provided detailed descriptions, color photographs and
distribution maps for about 380 lichens in the Montane Cordillera Ecozone. One
distinctive feature of lichens is their intimate mutualistic association with algae or, in a
few cases, with cyanobacteria. Thus they behave quite differently from the mushrooms
and their allies, most of whom are free living saprophytes, plant parasites, or are
symbiotic with plant roots forming mycorrhizae. A synopsis of lichen collecting in
British Columbia (B.C.) was given by Goward et al. (1998).

In this report emphasis is on the conspicuous, large, or macrofungi. Although there are
probably more species of microfungi in the ecozone than macrofungi, the data on the
microfungi are sparse and widely scattered.

FUNGUS NUMBERS

The fungus flora of the World is estimated to be 1.5 million species (Hawksworth 1992).
Therefore the number of species of fungi would be second only to the numbers of insects.
Using the same criteria it is estimated that the total number of fungus species in Canada is
nearly 20,000 (Hawksworth 1992). The approximately 9600 species of fungi that have
been recorded from Canada therefore represent only half the total mycoflora, if
Hawksworth’s estimate is correct.

A comparison of the numbers of species reported in various taxonomic groups of fungi in
B.C. and the Montane Cordillera Ecozone is given in Table 1. These data were compiled
from several sources. In B.C. about 1350 species of lichens have been tallied (Goward,
unpublished). There are about 1250 species of macrofungi, excluding rusts and smuts
(Redhead 1997a; Ginns and Lefebvre 1993). Rusts and smuts are represented by 425
species, the micro-ascomycetes 1050 species and miscellaneous microfungi 995 species.
These data were extracted from Conners (1967), Ginns (1986a) and a database
maintained by DAOM (unpublished), with adjustments being made for repetitions
between reports and synonymies. Thus approximately 5070 fungi (including lichens)
have been reported from B.C. It must be remembered that the fungi in several significant
habitats, such as soils and aquatic niches, are not included in the above citations. Soils
harbour numerous and diverse groups of fungi. For example, depauperate alpine soils in
the Rockies of Alberta (within the Montane Cordillera Ecozone) contained more than 125
species of soil fungi (mostly Hyphomycetes) (Bissett and Parkinson 1979 a, b, ¢, 1980).
And the numbers of unreported Basidiomycota exceeds those reported (Redhead,
unpublished). Thus well over 7,000 species of fungi are probably present in B.C.
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There are few reports of fungi specifically dealing with regions within the Montane
Cordillera Ecozone. However, collating the fungi mentioned in published studies of parks
or specific areas within the Montane Cordillera gives a conservative picture of the species
present. Thus there are 725 species of lichens known from this ecozone (Goward,
unpublished). The main contributions on lichens have been by Goward and colleagues
(for example, 1992, 1994, 1996b, 1999). The reports of surveys or studies of plant
parasitic and wood decay fungi (Bier, Salisbury and Waldie 1948; Foster, Craig and
Wallis 1954; Gremmen and Parmelee 1973; Lawrence and Hiratsuka 1972a-e; Morrison
et al. 1985; Mugala et al. 1989; Parmelee 1984; Thomas and Podmore 1953) include 513
species. Additional records were accumulated by scanning papers by authors known to
have collected in the area, e.g., Abbott and Currah (1989, 1997), Harrison and Smith
(1968), Norvell et al. (1994), Redhead (1973-1994), Redhead et al. (1982-1995),
Schalkwyk (1989), and Schalkwijk-Barendsen (1991). Finally, in monographs of
taxonomic groups, especially genera or families, specimens are often cited to the town or
city level. For example, specimens from the Montane Cordillera were incidentally cited
as part of systematic studies by Ginns and Freeman (1994), and by Ginns (1970, 1974,
1976, 1978, 1982h, 1988, 1989, 1990, 1997). When these sources are collated and
arranged in a taxonomic scheme there are 1481 species represented (Table 1). However,
the actual number of species in the ecozone is probably about 3000.

FUNGUS DISTRIBUTIONS

Distribution can be measured in a variety of ways. Within the Montane Cordillera
Ecozone there is some data on geographic and biogeoclimatic distributions.

Geographic distribution data in most surveys of Canadian and B.C. fungi typically list
fungi only down to the Provincial level (Conners 1967; Ginns 1986a; Ginns and Lefebvre
1993; Redhead 1997a), i.e., no intraprovincial localities are included.

Distribution maps for individual species of Canadian fungi are uncommon. Seven notable
exceptions are dot maps by Abbott and Currah (1997), Ginns (1968, 1982a), Goward et
al. (1994), Goward (1999), Morrison et al. 1985, Redhead (1988, 1989) and Wood
(1986), where each dot indicates an individual collection. Abbott and Currah plotted 44
species, including 17 occurring in the Montane Cordillera, of the Helvellaceae in northern
and northwestern North America. Ginns' maps were for Aleurodiscus amorphus, A.
grantii and Rhizina undulata in western North America, emphasizing B.C. records.
Goward's maps of rare or localized lichens in B.C. included 123 species found in the
Montane Cordillera (Table 2). Here it may be noted that an atlas of approximately 600
macrolichen species occurring in B.C. as a whole is being prepared by Goward. The
distributions of the Canadian species of Xeromphalina were plotted by Redhead (1988)
and 6 species were in B.C. and 5 in the Montane Cordillera. In Redhead's (1989) analysis
of the North American distributions of 74 species of mushrooms, 42 species were from
B.C. and 27 of these were within the Montane Cordillera. Wood's 59 maps based on
extensive surveys of forest tree diseases by the Canadian Forestry Service, showed 49
fungi in the Montane Cordillera.

Using geographic data in literature reports, which were not designed to give the
distribution of a species in a selected area, such as the Montane Cordillera, may give a
warped picture. This happens when a relatively small land area is collected intensely. For
example, in a 3 week period in the summer of 1966, K.A. Harrison collected 21 species
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of the false truffle genus Rhizopogon in the Nelson, B.C. area (Harrison and Smith 1968).
Since essentially no records exist for Rhizopogon species in B.C., the results of Harrison's
collecting suggest that the Nelson area is an exceedingly rich area in B.C.

On the other hand, the detailed study of the zonal distribution of macrolichens in Wells
Gray Provincial Park, B.C. (Goward and Ahti 1992) revealed a surprisingly diverse flora
of 293 species. Ninety-eight percent of these species are primarily boreal and/or arctic
species. In addition, Goward's (1996b) listing of biogeoclimatic zones of greatest
importance for lichen conservation included 20 rare and/or endangered lichens of the
Montane Cordillera Ecozone (Table 3).

SOURCES OF INFORMATION

There exists data on macrofungi in the Montane Cordillera not included in this review.
They occur in one of three forms:

1.  Published scientific papers,
2.  Collections in government research institutes or universities, and

3. Electronic databases. The databases are based upon either collections or
scientific literature.

Regardless of the form the data are somewhat inaccessible because each pertinent record
must be located and extracted, because none of the papers, institutional collections or
databases was specifically designed to provide summaries of data in the Montane
Cordillera.

However, a great deal of progress has been made in compiling the reports of Canadian
fungi existing in the scientific literature. This work has been done principally at the
National Mycological Herbarium (DAOM)in Ottawa. The books by Conners (1965) and
Ginns (1986a), covering the literature up to the end of 1980, brought together nearly 1900
references on fungi in Canada and cited the Provinces mentioned in each. Since these
data are now in an electronic database at DAOM, the B.C. citations can be extracted from
the nearly 60,000 records. Also at DAOM is a 30,000 record database covering the
literature from 1980, when Ginns' survey concluded, to the end of 1992. The Canadian
literature on mushrooms, boletes, and chanterelles is currently being databased and
contains 1,700 records (not species) from B.C. (see Redhead 1997a) and 1355 from
Alberta. Fernando et al. (1999) included literature reports and specimens for nearly 3500
fungi in B.C. Their data is included in the Pacific Research Centre’s searchable database
which includes distribution maps. These sources enable B.C. and Albertan fungi to be
extracted from the mass of scientific literature. That data will have to be scanned for
localities within the Montane Cordillera.

Several thousand unpublished records of fungi from B.C. and Alberta exist in five
centres:

1. The National Mycological Herbarium, ECORC, Ottawa,

2. The Herbarium of the Botany Department at the University of British Columbia,
Vancouver,

3. The Department of Biological Sciences and Devonian Botanic Garden at the
University of Alberta, Edmonton,
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4. The Pacific Forestry Centre, Canadian Forestry Service, Victoria and
5. The Northern Forestry Centre, Canadian Forestry Service, Edmonton.

It will take time to compile the records pertaining to the Montane Cordillera from the
collections. However, several of the above centres have already extracted data from the
specimen labels. The National Mycological Herbarium’s electronic database, begun in
1989, contains the collection data for nearly 95,000 specimens. The collections database
at the University of British Columbia contains about 50,000 records, including 35,000 on
lichens, and is online (http://herbarium.botany.ubc.ca/index.html). And the Pacific
Forestry Centre has its collection data available online (http://www.pfc.forestry.ca/
biodiversity/herbarium/index_e.html.

THREATENED FUNGI

In an effort to tag rare or endangered species, scientists have used various definitions of
what constitutes a threatened species. About 12 European countries have a "Red List" of
their own fungi that are in need of protection by conservation measures. Five categories
defining threatened macrofungi have been used by the International Union for the
Conservation of Nature (see Arnolds and de Vries 1993:213) to indicate the endangered
status of species as well as to indicate the type of conservation methods required to
preserve species:

1. Extinct species: Species which have not been found for several decades (in spite of
intensive fieldwork).

2. Endangered species: Rare species which have strongly decreased in this century
and/or occupying habitats which are endangered and declining.

3. Vulnerable species: Species which are likely to become endangered in the near future
if the [causal] agents of their decline are not reduced or removed.

4. Rare (potentially threatened) species: Species with small populations or few sites
which are not at present threatened, but may become at risk without protection.

5. Indeterminate: Care demanding species which cannot be placed in one of the above
categories due to lack of information.

In 1994, over 45 mycologists interested in western fungi met in Corvallis, Oregon to
discuss a quantitative definition of the term "rare" for macrofungi. The final draft
definition by a subcommittee of 7 mycologists (Redhead 1994, unpubl. report) was:

"A rare species is one known from ten or fewer vouchered occurrences,

wherein an occurrence is defined as one or more sightings/collections

within an extant square kilometre site."
There were various caveats attached to this definition. In particular, for fungi which are
largely inconspicuous until they fruit, and especially for fleshy fungi which fruit briefly
and then the evidence decays, there are numerous reasons why a species might be grossly
under recorded (Redhead 1989, 1997a; Arnolds 1995). These factors make it difficult to
flag any of the known Montane Cordillera fungi as being in categories 1 (extinct), 2
(endangered), 3 (vulnerable), or 4 (rare). The majority of possibly threatened fungi thus
far recorded would necessarily be assigned to category 5 (indeterminate) because the
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recorded mycological history of the area for macrofungi is relatively recent, very
incomplete (Redhead 1989, 1997a), and erratic. The testable quantitative criteria for
rarity outlined above would flag many species as rare because of the absence of specific
surveys.

Fungi that occupy and are restricted to endangered habitats such as the original
grasslands of the Okanagan Valley, B.C. that exist only in limited patches (now only 1%
of the original grasslands area) might well be flagged as endangered. However, the
habitat has never been sampled for such species. In the Montane Cordillera Ecozone there
are a number of nonlichenized macrofungi which have been reported once or a few times
(Table 4). Some are known to be generally common species across Canada or in western
North America. Others were either discovered and described from the ecozone or are
believed to be relatively rare based upon intuitive judgement. Much remains to be
documented and explored in this, one of the presumed biologically richest areas in
Canada. For the lichens the situation is better documented. Some rare and/or endangered
species in the Montane Cordillera Ecozone have been geographically mapped (Goward et
al. 1994) and tallied by biogeoclimatic zones (Goward 1996b). One hundred twenty three
lichens were included on dot maps (Table 2). Twenty species were listed by
biogeoclimatic zone (Table 3). Goward emphasized that future collecting will alter these
species lists in two ways. Some species on the lists will subsequently be shown to be
common and not endangered, whereas other species, not on the lists, will be added to
them as more is learned about lichen distributions in B.C.

CONTRIBUTION TO ECOSYSTEM AND COMMUNITY FUNCTION

The fungi of the Montane Cordillera Ecozone function in several ways:

1. Most are saprophytes, that is they obtain nourishment by enzymatically breaking
down dead plants, and to a lesser extent animal and fungal remains. Thus they
play a major role in degrading woody debris into humus and recycling carbon.
Lichens have a role in rock weathering, and they improve soil fertility by adding
nitrogen to the soil. Lichens form crusts, that on poor, arid soils and steep slopes,
prevent erosion and inhibit the colonization by weedy plants. Soil inhabiting fungi
improve soil structure and water holding capacity by binding soil particles and
decaying organic matter.

2. Assymbionts, the fungi are crucial components of lichens and mycorrhizae.
Lichens are a close association between a fungus and typically a green alga.
Mycorrhizae are swollen root tips containing a fungus and plant cells. Eighty
percent of the world's vascular plants have mycorrhizal fungal partnerships. A
large number of the mushrooms, boletes and allied groups are mycorrhizal. These
symbiotic associations benefit both the fungi and the plants. One tree species may
form mycorrhizal links with over 100 different fungi. These fungi are essential to
the development of those forest types (Hawksworth 1992). And in some situations
the survival of the young plants is dependent upon the mycorrhizae being formed.

3. Some fungi are parasites on green plants (see Allen et al. 1996). Rust fungi
growing in branches and stems may girdle them and kill the tree. White pine
blister rust is the major limiting factor in the use of Western White Pine to
regenerate stands. Some polypores attack live trees and cause root rots or trunk
rots. Trees attacked by these fungi are more susceptible to windthrow and stem
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breakage in storms. A few of these species are major modifiers of the composition
of tree species in the forests. In particular, Armillaria ostoyae and Phellinus weirii
attacks the roots of Douglas fir and kills trees. The fungus moves from one tree to
the next through connections between the roots of adjoining trees.

The death of a number of trees in one centre creates an opening in the forest which is
usually colonized by fast growing poplars, resistant to P. weirii. In this manner pockets of
poplars arise in a formerly homogeneous stand of conifers.

There are a number of species that occur in very specialized habitats. For example, in the
Montane Cordillera the coral fungus, Typhula mycophaga, is only known worldwide
from one collection in Glacier National Park, on old decaying puffballs. A pretty pinkish
mushroom, Mycena tubarioides occurs only on water soaked decaying cattails, Typha sp.,
in marshes, and has a very limited known distribution in North America. Another
mushroom, Marasmius epidryas, occurs only on mountain avens, Dryas species. The
roles of these mushrooms in these unusual habitats are unknown

Some species of fungi create suitable and essential colonization sites for a variety of
animals and insects. For example, the wood decay fungi, usually species of the
Polyporaceae (sensu lato), invade the wood of live and dead trees, and enzymatically
degrade (soften) the wood. The soft, decayed wood can then be excavated relatively
easily by the cavity nesting birds and squirrels. The cavities initially created by
nuthatches and woodpeckers are often taken over by owls, small hawks, Bluebirds, Tree
Swallows and Starlings. The American Kestrel prefers nesting in woodpecker holes in
trees or tree stubs, especially those made by the Northern Flicker (Cannings et al. 1987).

Some macrofungi, especially the polypores and mushrooms, are a major source of food
for numerous insects, particularly certain groups of beetles and flies (Hammond and
Lawrence 1989). Also a variety of mammals feed on fungi. Perhaps the most critical
association is the dependency of Canadian caribou on lichenized fungi for food during
winter. The Reindeer Lichens (Cladina spp.) are a winter staple in northern B.C., whereas
in southern B.C. the deeper snowpacks force caribou, elk, deer, moose, as well as flying
squirrels, to feed on the tree-dwelling Hair Lichens (Bryoria spp.) (Goward 1996a, 1998).

The relationship between the Spotted Owl and truffles, although another example of a
food source, illustrates a complex interdependency between organisms in a community.
When the truffles are dug-up, moved about and eventually eaten by squirrels, the spores
of the truffle are spread to new locations. The prime food for the Spotted Owl is the
squirrel. Thus good truffle production means high survival of well-fed squirrels and
easier hunting for the owls.

Finally, the harvesting of wild mushrooms in B.C. for sale throughout the World is a
multimillion dollar business annually (de Geus et al. 1992; de Geus and Berch 1997;
Redhead 1997b; Redhead et al. 1997; Welland 1997). The major macrofungi harvested
are the Pine Mushroom, Chanterelles, Boletes and Morels. All these occur in the Montane
Cordillera (although scientific documentation may be lacking).

MAJOR GAPS IN KNOWLEDGE
1. There is insufficient data indicating which species are present in the area.

2. There is no baseline data against which changing populations can be evaluated.
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3. There is no report collating the widely scattered literature reports of fungi in the area.

4. There is little detailed frequency information indicating which fungi are common or
which are rare and endangered in the area.

5. There is a lack of field guides and manuals to assist in the identification of fungi
specifically in the area.

RECOMMENDATIONS FOR FUTURE RESEARCH AND MONITORING

There are two means by which the fungus flora in the Montane Cordillera Ecozone can
become better known. First, compile the existing literature and collections data, and
second, conduct specific surveys.

1. Using currently existing resources prepare a list of the macrofungi in the ecozone
to be used as a baseline for assessing population changes, etc. That is, extract the
existing data in collections, databases and published reports into a database
focusing on this ecozone. These data must be critically evaluated by professionals
to assure suspect reports are tagged and the taxonomy is current, and each fungus
is listed only under one name.

2. Evaluate the mycoflora, at least, in the major habitats, establishing both the
numbers of species, their frequency and role in the community. This can be done
by working with the land use managers in the many parks and forests in this
ecozone. That is, select relatively small areas, i.e., one or two parks, within the
ecozone for intensive survey and gradually build-up knowledge of the mycoflora
of the ecozone. Because of the transient nature of mushrooms, any site evaluations
would have to be done several times within a season and, preferably continue,
over several seasons. Lichen assessments, by contrast, would be more
straightforward.

3. Prepare a list of the apparently rare and/or endangered species. This working list
would have the objective of advertising these species, thus stimulating study of
them to confirm or reject their listing as rare, infrequent, etc. The initial list could
be based upon existing data.

4. Establish an infrastructure to coordinate the development and documentation of
the fungi in this area. It is necessary to assure that representative specimens are
permanently preserved so claims of occurrence or rarity of a fungus can be
reevaluated in the future.
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Table 1. Taxonomic diversity and numbers of Fungi reported from the

Montane Cordillera.
TAXONOMIC GROUP GEOGRAPHIC AREA

Montane Cordillera British Columbia

ASCOMYCOTA
Deuteromycetes 170 [-]
Discomycetes 56 [-]
Erysiphaceae 12 [-]
Lichens 725 (1150) 1350 (1800)
Pyrenomycetes, et al. 73 [-]
Taphrinales 1 [-]
Miscellaneous micro
ascomycetes on plants [-] 1050

BASIDIOMYCOTA

Gasteromycetes 22 [57]
Heterobasidiomycetes 8 [50]
Hymenomycetes
Agaricales 157 [491]
Aphyllophorales
Corticiaceae 52 [317]
Hydnaceae, et al. 8 [43]
Polyporaceae 70 [162]
Exobasidiales 6 [-1
Combined Basidiomycota
(excluding rusts and smuts) [1 1250
Teliomycetes
Uredinales (rusts) 109 [-]
Ustilaginales (smuts) 9 [-]
Combined Teliomycetes [-1 425
MISCELLANEOUS
Chytridomycetes (Chytridiales) 1 [-1
Myxomycetes 1 [-1
Oomycetes (Peronosporales) 1 [-1
Miscellaneous
Microfungi totals [-] 995
Totals 1481 5070

Numbers in parentheses are estimates of the total mycoflora, while those in square brackets are included in
another tally and therefore not totaled again in the sum. [-] indicates no detailed tally attempted.
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(after Goward 1996b, 1999).
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Rare and infrequent macrolichens of the Montane Cordillera Ecozone

Agonimia tristicula
Agrestia hispida
Alectoria imshaugii
Alectoria sarmentosa ssp.
vexillifera
Anaptychia setifera
Arctoparmelia subcentrifuga
Baeomyces carneus
Baeomyces placophyllus
Bryoria friabilis
Caldonia coccifera
Caldonia cyanipes
Cladonia decorticate
Cladonia grayii
Caldonia luteoalba
Cladonia macroceras
Caldonia macrophylla
Cladonia merchlorophaea
Cladonia metacorallifera
Caldonia parasitica
Cladonia prolifica
Cladonia rei
Calicium abietinum
Calicium adaequatum
Calicium adspersum
Calicium corynellum
Calicium parvum
Calicium salicinum
Calicium trabinellum
Catapyrenium daedaleum
Chaenotheca brachypoda
Chaenotheca cinerea
Chaenotheca gradlenta
Chaenotheca laevigata
Chaenotheca stemonea
Chaenotheca xyloxena
Chaenothecopsis consociate
Chaenothecopsis debilis
Chaenothecopsis edbergii
Chaenothecopsis haematopus
Chaenothecopsis pusilla
Chaenothecopsis pusiola
Chaenothecopsis savonica
Chaenothecopsis tsugae
Chaenothecopsis viridialba
Chaenothecopsis viridireagens
Collema auriforme
Collema bachmanianum
Collema coccophorum
Collema cristatum

Collema glebulentum
Collema multipartitum
Collema subflaccidum
Collema subparvum
Cystocolens ebeneus
Dermatocarpon rivulorum
Endocarpon pulvinatum
Ephebe hispidula

Ephebe perspinulosa
Evernia divaricata
Flavopunctelia flaventior
Fuscopannaria "saubinetii™
Fuscopannaria ahlneri
Fuscopannaria leucostictoides
Fuscopannaria mediterranea
Gonohymenia nigritella
Gyalideopsis piceicola
Heppia lutosa

Hydrothyria venosa
Hypocenomyce friesii
Hypocenomyce leucococca
Lasallia pensylvanica
Leciophysma furfurascens
Lempholemma fennicum
Lempholemma polyanthes
Leprocaulon subalbicans
Leptogium burnetiae
Leptogium cyanescens
Leptogium furfuraceum
Leptogium schraderi
Leptogium subtile
Lichinella stipatula
Lichinodium canadense
Lichinodium sirosiphoideum
Lobaria retigera

Lobaria silvae-veteris
Massalongia cf. microphylliza
Melanelia agnata
Melanelia commixta
Melanelia olivaceoides
Melanelia septentrionalis
Melanelia subargentifera
Melanelia trabeculata
Microcalicium ahlneri
Microcalicium arenarium
Microcalicium chineri
Microlychnus epicorticis
Neofuscelia loxodes
Neofuscelia subhosseana
Nephroma isidiosum

Nodobryoria subdivergens
Parmelia squarrosa
"Parmeliella" cheiroloba
Parmeliella triptophylla
Peltigera evansiana
Peltula euploca
Phaeocalicium betulinum
Phaeocalicium compressulum
Phaeophysica adiastola
Phaeophysica hirsuta
Phaeophysica hispidula
Phaeophysica nigricans
Pilophorus cereolus
Pilophorus robustus
Physconia isidiigera
Physica biziana

Physica dimidiata

Physica tribacia
Pilophorus cereolus
Placynthium flabellosum
Placynthium nigrum
Placynthium stenophyllum
Placynthium subradiatum
Platismatia stenophylla
Polychidium dendriscum
Psora cerebriformis

Psora Montana

Racodium rupestre
Ramalina intermedia
Ramalina pollinaria
Rhizoplaca peltata
Sclerophora amabilis
Sclerophora coniophaea
Sclerophora peronella
Solorina bispora

Solorina octospora
Stereocaulon botryosum
Stereocaulon condensatum
Stereocaulon glareosum
Stereocaulon spathuliferums. I.
Stenocybe pullatula

Sticta oroborealis

Sticta wrightii

Teloschistes contortuplicatus
Umbilicaria krascheninnikovii
Umbilicaria lambii
Umbilicaria lyngei
Umbilicaria muehlenbergii
Vestergrenopsis isidiata
Xanthoparmelia mexicana
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Xanthoparmelia planilobata Xanthoria sorediata Zahlbrucknerella calcarea
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Table 3. The biogeoclimatic zones for rare and/or endangered lichens of the
Montane Cordillera Ecozone (after Goward 1996b and Goward,

unpublished).

BUNCHGRASS ZONE
Flavopunctelia flaventior
Heppia lutosa
Leptogium schraderi
Massalongia cf. microphylliza
Phaeophyscia hirsuta
Physica tribacia
Physcia dimidiata

PONDEROSA PINE ZONE
Lichinella stipatula
Phaeophyscia hirsuta
Physica tribacia

INTERIOR DOUGLAS-FIR ZONE
Agreshia hispida
Anaptychia setifera
Collema auriforme
Ephebe hispidula
Phaeophyscia nigricans
Ramalina cf. intermedia
Teloschistes contortuplicatus
Zahlbrucknerella calcarea

ENGELMANN SPRUCE-

SUBALPINE FIR ZONE
Cladonia coccifera
Hydrothyria venosa

SUB-BOREAL PINE-SPRUCE ZONE
Melanelia olivaceoides
Seterocaulon glareosum

SUB-BOREAL SPRUCE ZONE
Phaeophyscia hispidula
Seterocaulon glareosum

INTERIOR CEDAR-HEMLOCK ZONE
Alectoria imshaugii
Baeomyces carneus
Baeomyces placophyllus
Calicium adspersum
Calicium corynellum
Calicium salicinum
Calicium trabinellum
Chaenotheca stemonea
Caldonia cyanipes
Caldonia luteoalba
Caldonia parasitica
Ephebe hispidula
Ephebe perspinulosa

Evernia divaricata
Fuscopannaria ahlneri
Gyalideopsis piceicola
Lempholemma polyanthes
Leptogium cyanescens
Lobaria retigera
Lobaria silvae-veteris
Lichinodium canadense
Microcalicium ahlneri
Phaeophyscia adiastola
Pilophorus cereolus
Sclerophora amabilis
Sclerophora peronella
Sticta oroborealis

Stica wrightii
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Table 4. Tentative list of uncommon, rare or possibly rare non-lichenized fungi and their
known frequency in the Montane Cordillera Ecozone (see Categories 1-5 in text,
[4] = Rare; [5] = indeterminate status).

TAXONOMIC GROUP

FREQUENCY AND OCCURRENCE

BASIDIOMYCOTA
Gasteromycetes
Battarrea stevenii

Rhizopogon canadensis
Rhizopogon cinnamomeus
Rhizopogon columbianus
Rhizopogon defectus
Rhizopogon florencianus
Rhizopogon hawkerae
Rhizopogon molallaensis
Rhizopogon ochraceorubens
Rhizopogon pseudoroseolus
Rhizopogon roseolus

Corda sensu Smith
Rhizopogon rubescens

var. ochraceus
Rhizopogon rubescens

var. rubescens
Rhizopogon rubescens

var. rileyi
Rhizopogon subcaerulescens

var. subcaerulescens
Rhizopogon subcaerulescens

var. subpannosus
Rhizopogon subsalmonius

Hymenomycetes
Agaricales

Hemimycena cyphelloides
Hemimycena nebulophila
Hemimycena substellata
Hemimycena albicolor
Hemimycena ignobilis
Marasmius caricis
Marasmius tremulae
Mycena tubarioides
Mycenella nodulosa
Mythicomyces corneipes
Ossicaulis lignatilis
Pachylepyrium carbonicola

Pholiota brunnescens
Pholiota molesta
Pseudobaeospora pillodii

Psilocybe sabulosa
Resinomycena montana

[5] Twice, Kamloops (Schalkwijk-Barendsen 1991), Penticton (Ginns,
unpublished).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Balfour, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Three collections, near Nelson, BC (Harrison and Smith 1968).
[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Twice, near Nelson, BC (Harrison and Smith 1968).

[5] Three collections, near Nelson, BC (Harrison and Smith 1968).
[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Once, near Nelson, BC (Harrison and Smith 1968).

[5] Three collections, near Nelson, BC (Harrison and Smith 1968).
[5] Once, near Nelson, BC (Harrison and Smith 1968).

[4] Twice, Glacier Nat. Park and near Golden, BC (Redhead 1982, 1997a).

[4] Once, Glacier Nat. Park (Redhead 1982, 1997a).

[4] Once, Glacier Nat. Park (Redhead 1982, 1997a).

[5] Rocky Mountain Trench (Redhead 1982, 1997a).

[4] Columbia Mountains (Redhead 1997a).

[4] Once, north of Golden, BC (Redhead 1981).

[5] Once, Glacier Nat. Park (Redhead 1989).

[4] Twice, Glacier Nat. Park and near Golden, BC (Redhead 1984c).

[4] Columbia Mountains (Redhead 1997a).

[4] Once, Glacier Nat. Park (Redhead and Smith 1986).

[5] Once, near Quesnel, BC (Redhead and Ginns 1985).

[5] Columbia Mountains, on burnt ground now flooded by the Revelstoke dam
(Redhead 1997a).

[5] Columbia Mountains, on burnt ground now flooded by the Revelstoke dam
(Redhead 1997a).

[5] Columbia Mountains on burnt ground now flooded by the Revelstoke dam
(Redhead 1997a).

[4] Columbia Mountains (Redhead 1997a).

[4] Thompson-Okanagan Plateau (Redhead 1997a).

[5] Once, Rocky Mt. Trench (Redhead 1989, Redhead and Singer 1981).



Rimbachia neckerae
Stagnicola perplexa
Xeromphalina brunneola
Xeromphalina cirris

Clavariaceae
Typhula mycophaga

Stereaceae

Gloeocystidiellum clavuligerum
Gloiothele citrina

Laxitextum bicolor
Scytinostromella heterogena
Scytinostromella humifaciens

Polyporaceae
Albatrellus caeruleoporus
Albatrellus syringae

Heterobasidiomycetes
Syzygospora subsolida
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[4] Once, Glacier Nat. Park (Redhead 1984b).

[5] Once, Glacier Nat. Park (Redhead and Smith 1986).
[5] Once, Kananaskis Prov. Park, Alberta (Redhead 1988).
[5] Once, Glacier Nat. Park (Redhead 1988).

[4] Once, Glacier Nat. Park (Berthier et Redhead 1982).

[5] Once, Quesnel, BC (Ginns and Freeman 1994).

[5] Twice, Banff Nat. Park and Clearwater, BC (Ginns and Freeman 1994).
[5] Once, Quesnel, BC (Ginns and Freeman 1994).

[5] Once, Cinema, BC (Ginns and Freeman 1994).

[5] Three collections, Silverton, BC (Ginns and Freeman 1994).

[4] Once, Spahats Prov. Park, BC (Ginns 1997).
[4] Once, Glacier Nat. Park (Ginns 1997).

[4] Once, Glacier Nat. Park (Ginns 1986b).
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Figure 1. Shingled Hedgehog (Hydnum imbricatum) in Manning Park, British Columbia.
Photo: J. Ginns.

Figure 2. False Chanterelle (Hygrophoropsis aurantiaca) in Manning Park, British Columbia.
Photo: J. Ginns.
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Chapter 6

Bryophytes: Mosses, Liverworts, and
Hornworts of the Montane Cordillera Ecozone

W.B. Schofield

Abstract: The bryoflora of the Montane Cordillera Ecozone is comprised of 653 species
in 234 genera and 77 families. This represents approximately 67% of the provincial
bryoflora. The mosses provide nearly 80% of the diversity. Environmental diversity in
the ecozone is very high, with bryophytes most richly represented in the wetter climatic
portions. For Canada, this ecozone shows an unusually large number of species not
known elsewhere in the country (36 species), and many of these are rare or endangered.
The danger to persistence is mainly a result of human disturbance of the restricted habitat
of these species. Preservation of these restricted habitats is the most reasonable means of
protecting these species.

INTRODUCTION

The bryoflora of the Montane Cordillera Ecozone is comprised of 653 species in 234 genera and
77 families. Of these, the mosses contain 523 species in 166 genera and 45 families, the
liverworts contain 128 species in 57 genera and 31 families, and the hornworts are represented
by a single species of Anthoceros in the family Anthocerotaceae. This constitutes approximately
67% of the known bryoflora of the province.

ENVIRONMENTAL DIVERSITY AND BIODIVERSITY

This ecozone possesses immense environmental diversity as illustrated by the presence there of
nine of the eleven biogeoclimatic zones of British Columbia as defined by V.J. Krajina (1965,
1973). This diversity, plus considerable variety in substratum and landscape, contribute to the
floristic richness. Most of the ecozone was completely buried in ice of the last glaciation,
therefore the immediate source of the flora was south of the glacial boundary in the United
States. The introduction of species by humans appears to be negligible: no species has been
noted that can be considered, without qualification, an anthropogenic introduction. It is probable,
however, that species, especially in the semi-arid portions of the ecozone, could have been
extinguished before the record of their presence was documented. In this climatic area the
presence of bryophytes is difficult to note except for a limited period in the spring and early
summer. The most comprehensive documentation has been provided by T.T. Mclntosh (1986).
In this semi-arid climate in or associated with steppe vegetation are several mosses in their only
Canadian localities:

W.B. Schofield (Deceased November 5, 2008). University of British Columbia, Vancouver, BC, V6T 174, Canada.

Correct citation: Schofield, W.B. 2011. Bryophytes: Mosses, Liverworts, and Hornworts of the Montane Cordillera Ecozone.
In Assessment of Species Diversity in the Montane Cordillera Ecozone. Edited by G.G.E. Scudder and .M. Smith. Available
at http://www.royalbcmuseum.bc.ca/assets/Montane-Cordillera-Ecozone.pdf. Pp. 111-132.



http://www.royalbcmuseum.bc.ca/assets/Montane-Cordillera-Ecozone.pdf.

Aloina bifrons
Barbula eustegia

Bryoerythrophyllum columbianum

Coscinodon calyptratus
Crossidium aberrans
Crossidium rosei
Crossidium seriatum
Desmatodon convolutus
Desmatodon guepinii
Didymodon nevadensis
Didymodon nicholsonii
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Encalypta spathulata
Entosthodon rubiginosus
Phascum vlassovii

Pottia wilsonii
Pseudocrossidium obtusulum
Pterygoneurum kozlovii
Schistidium heterophyllum
Tortula brevipes

Tortula caninervis
Trichostomopsis australasiae

Outside this semi-arid area, mainly in the mountains or foothills, the following mosses have their

only known Canadian localities:

Bartramia halleriana
Campylium calcareum
Echinophyllum sachalinensis
Entodon schleicheri
Grimmia leibergii
Homalothecium aeneum
Homalothecium nevadense
Hygrohypnum norvegicum

Hypnum geminum
Pohlia bolanderi
Racomitrium pygmaeum
Schistidium atrichum
Schistidium atrofuscum
Schistidium flaccidum
Scouleria marginata
Voitia nivalis

Also here are the liverworts Bucegia romanica and Cephaloziella brinkmani in their only
recorded North American localities. This represents nearly 6% of the total bryoflora of the
ecoregion, thus is a significant portion of the bryological diversity of the country.

A comparison of this ecozone with the Pacific Maritime Ecozone places it in perspective. The
Pacific Maritime Ecozone is constituted of four biogeoclimatic zones as defined by Krajina
(1965, 1973). The bryoflora is somewhat larger (747 species versus 653 in the Montane
Cordillera). It is the hepatic flora that is markedly larger (200 species versus 128 in the Montane
Cordillera). This reflects, in part, the greater moisture availability near the coast, combined with
the greater number of sources for the bryoflora. The hepatics are especially affected by increased
and continuous moisture availability. The luxuriance of bryophyte growth and cover near the
coast is apparent even to a casual observer.

DISTRIBUTIONAL PATTERNS

At least 75% of the moss flora of the Montane Cordillera Ecozone is made up of widespread
circumboreal species. A high proportion of these species are found in all provinces of Canada. In
the mountains of the ecozone, especially the Rocky Mountains of Alberta harbour a number of
arctic-alpine species more richly represented in arctic regions, especially arctic Alaska.
Representative species include the mosses:

Aongstroemia longipes
Bryobrittonia longipes

Bryum calophyllum
Cyrtomnium hymenophylloides
Didymodon johansenii

Encalypta alpina
Hygrohypnum cochlearifolium
Hypnum bambergeri

Hypnum procerrimum
Schistidium frigidum
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Unusually rare species in North America that show a very interrupted distribution in the
Northern Hemisphere include:

Oreas martiana
Schistidium flaccidum
Schistidium atrofuscum
Tetrodontium repandum

Bartramia halleriana
Campylium calcareum
Hygrohypnum norvegicum
Myrinia pulvinata

All of these occur outside the semi-arid steppe.

Approximately 11% of the moss species of this ecoregion are endemic to western North
America, mainly west of the Rocky Mountains. Of these, only two, the moss Hypnum geminum
and the liverwort Cephaloziella brinkmani are endemic to the ecoregion. Both are known only
from the type collections. The material of Hypnum geminum suggests that Hypnum is not
involved, but the material is extremely limited, thus a confident assessment is difficult.

A high proportion of western North American endemic bryophytes are most richly represented
near the coast. Those that are in the Montane Cordillera represent a fraction of this group. These
are distributed in all vegetation types, although the humid interior forest and alpine-subalpine
vegetation contribute most. Representative species for the humid interior forest include the

MOSSes:

Brachythecium frigidum
Buxbaumia piperi
Ditrichum montanum
Eurhynchium oreganum
Heterocladium procurrens
Homalothecium fulgescens
Hypnum circinale

Isothecium stoloniferum
Leucolepis acanthoneuron
Neckera douglasii
Plagiomnium insigne
Rhizomnium glabrescens
Scleropodium obtusifolium
Sphagnum mendocinum
Thamnobryum neckeroides

and the liverworts Gyrothyra underwoodiana and Scapania americana. The higher elevations

harbour, among others:

Brachythecium holzingeri
Brachythecium hylotapetum
Claopodium bolanderi
Dichodontium olympicum
Heterocladium procurrens

Polytrichum lyallii
Pseudoleskea baileyi
Racomitrium pygmaeum
Rhytidiopsis robusta
Roellia roellii

Approximately 3% of the moss flora of the ecoregion is composed of species disjunctive
between Europe and western North America and absent elsewhere in the world. This includes
representatives from most of the biogeoclimatic zones. Again the mosses show this pattern:

Antitrichia californica
Buxbaumia viridis
Campylium calcareum
Dicranum tauricum
Hookeria lucens
Metaneckera menziesii

Orthotrichum lyellii
Phascum vlassovii
Plagiothecium undulatum
Pterygoneurum kozlovii
Schistidium atrofuscum
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Schistidium flaccidum Tortula brevipes

The moss flora of the ecoregion also includes approximately 3% of the species that are
disjunctive to east Asia. These are mainly from higher elevations in the region and include:

Oligotrichum aligerum

Bartramiopsis lescurii Oligotrichum parallelum
Didymodon nigrescens Pogonatum contortum
Echinophyllum sachalinensis Racomitrium muticum
Hypnum dieckii Rhizomnium nudum
Hypnum subimponens Scouleria aquatica

A number of species of mosses extend into Canada from a predominantly western United States
range. Some extend up the mountain ranges, while others are in the foothills or in the semi-arid
steppe. The following species are representative. These include diverse world distribution
patterns:

Funaria muhlenbergii

Barbula eustegia Homalothecium aeneum
Brachythecium holzingeri Homalothecium nevadense
Brachythecium hylotapetum Plagiomnium venustum
Bryoerythrophyllum columbianum Pottia nevadensis
Coscinodon calyptratus Schistidium flaccidum
Crossidium aberrans Scouleria marginata
Crossidium seriatum Tortula caninervis

Ditrichum montanum Trichostomopsis australasiae

Entodon schleicheri

RARE AND/OR ENDANGERED SPECIES

In the context of Canada, a significant number of bryophytes (particularly mosses) of this
ecozone are rare and/or endangered. Indeed, a number are rare and/or endangered for North
America or the world. The definition of rare includes the current knowledge that fewer than five
Canadian localities are known for the species. Endangered is interpreted as a species with as few
as two known localities and/or a species in which the suitable habitat is rare or rapidly
decreasing.

A) Species known from only the Montane Cordillera Ecozone in Canada and unknown
elsewhere in North America, north of Mexico. Those marked with an asterisk (*) are known
from a single locality and single collection.

Bartramia halleriana *Pottia wilsonii
Campylium calcareum Pterygoneurum kozlovii
*Crossidium rosei *Schistidium atrofuscum
*Entosthodon rubiginosus Bucegia romanica
*Hypnum geminum *Cephaloziella brinkmani

Phascum vlassovii

B) Species known in Canada only from the Montane Cordillera Ecozone. Those marked with a
dagger () are known in Canada from a single locality and single collection.
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Aloina bifrons +Hygrohypnum norvegicum
Barbula eustegia tPohlia bolanderi
Coscinodon calyptratus Pseudocrossidium obtusulum
Crossidium aberrans ‘tRacomitrium pygmaeum
Crossidium seriatum Schistidium atrichum
Desmatodon convolutus +Schistidium flaccidum
Desmatodon guepinii Schistidium heterophyllum
Didymodon brachyphyllus tScouleria marginata
tEchinophyllum sachalinensis Tortula brevipes

Encalypta spathulata Tortula caninervis

Entodon schleicheri Trichostomopsis australasiae
Homalothecium aeneum tVoitia nivalis

Homalothecium nevadense

The species listed represent those that require special attention to their preservation. It must be
emphasized that, with increasing human disturbance and destruction of available suitable
habitats, even relatively widespread and now common species can be drastically reduced,
especially if they are confined to a habitat that can be altered rapidly to one unsuitable for
survival of particular bryophytes. Since moisture is critical to various aspects of the life cycle of
bryophytes, any change in moisture regime through forest removal or soil surface disturbance, in
particular, is especially perilous.

HABITATS AND RARE AND/OR ENDANGERED SPECIES

The following species of the semi-arid steppe are vulnerable to soil surface disturbance and are
negatively affected by removal of the native shrubby or herbaceous vegetation that provides
shelter from rapid desiccation. It also shades the soil surface where dew accumulation can be a
major factor in sexual reproduction and growth. Although these bryophytes are drought tolerant,
they require liquid moisture for survival during the growth and reproductive part of their life
cycle.

Aloina bifrons Phascum vlassovii
Crossidium rosei Pottia wilsonii

Crossidium seriatum Pterygoneurum kozlovii
Desmatodon convolutus Tortula brevipes
Desmatodon guepinii Tortula caninervis
Entosthodon rubiginosus Trichostomopsis australasiae

A number of these grow on banks, but these sites, too, are usually shaded, in part, by vegetation.

A number of other species are very drought tolerant and occur on rock outcrops or on boulders in
steppe vegetation. Such sites are destroyed or altered by changes in land use through bulldozing,
agriculture, or overgrazing by livestock. They hold the following species:

Coscinodon calyptratus Schistidium flaccidum
Schistidium atrofuscum Schistidium heterophyllum

A few species are confined to outcrops near or along watercourses or boulder slopes:
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Bartramia halleriana Hygrohypnum norvegicum
Campylium calcareum

Echinophyllum sachalinesis, within this ecozone, appears to be confined to old-growth higher
elevation forest, although outside this zone, in Alaska, it is in crowberry tundra. Voitia nivalis, a
rare species throughout the world, is a higher elevation tundra species. Pohlia bolanderi is also a
tundra species, but its distribution is poorly documented throughout its probable range. The
ecology of Hypnum geminum and Cephaloziella brinkmani are poorly understood while Bucegia
romanica is a calcicole of cliff shelves at alpine and subalpine elevations.

It seems probable that many of these rare species are more common than the present
documentation indicates. The only means to settle this question is through thorough exploration
and documentation by experienced bryologists with a background of rich field experience of the
detailed habitat requirements of the species. Such research is likely to reveal further rare and
endangered species that have not yet been recorded.

PERIGLACIAL AND POSTGLACIAL INFLUENCES ON THE BRYOFLORA

Most of the ecozone was ice-covered during the most recent continental glaciations, with the
exception of limited unglaciated areas in the Rocky Mountains. The bryoflora therefore entered
the ecoregion from refugia south of the glacial boundary or from the refugia within the
ecoregion. Some, of course, may have entered from other ecoregions well after deglaciation.
Airborne diaspores, characteristic of bryophytes, have a potential for wide dispersibility and
presumably still reach the area from distant sources, but their establishment in the region is
determined by the availability of suitable unoccupied habitats and the coincidence of favourable
climatic conditions at their duration of viability or time of arrival. Bryophyte subfossils tend to
be poorly represented except in species of wetlands. Studies of what subfossils might exist in the
region appear to be lacking.

DATABASE

For the mosses the database involving enumeration of species present in the ecoregion is
reasonably complete, although detail is lacking and bryophyte role in vegetation structure and
dynamics is extremely limited.

Major collections of the bryophytes have been accumulated by H. Ahti and L. Hamet-Ahti, R.
Belland, H.A. Crum, W.S. Hong, T.T. McIntosh, B.C. Tan, W.B. Schofield and D.H. Vitt.
Smaller collections are those of F.A. MacFadden and John Macoun. These collections are housed
mainly at the National Herbarium of Canada, University of Alberta Herbarium, University of
British Columbia Herbarium, University of Helsinki Herbarium and University of Great Falls
Herbarium.

All of the region is in need of thorough exploration and documentation. Indeed, it is probable
that some species have been extinguished without documentation, especially from the semi-arid
steppe. A popular treatment of some of the common species is included in Parish et.al. (1996).
The doctoral theses of MclIntosh (1986) and Tan (1980) present documentation and discussion of
the moss floras of portions of the ecozone. Ahti and Fagerstén (1967) cover another portion. The
papers of Hong (1979, 1981, 1994), Hong and Vitt (1976) and Brinkman (1937) provide
information for the hepatics. Unpublished records from the herbaria of the University of Alberta
and University of British Columbia are also included. Small collections, when available from
collectors who made these in ecological studies, especially in forests, are also included.
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Further publications useful in the database include Bird (1962, 1968) and Bird and Hong (1969,
1975). Discussions of the bryogeography and ecology are treated by Schofield (1980, 1984,
1988) and Schofield and Crum (1972).

The number of researchers in bryophytes has been extremely limited, largely resulting from the
lack of reliable research support, both federally and provincially. It is particularly serious that
neither universities nor museums are maintaining positions for professional bryologists. In
consequence, the available experts are disappearing as retirements and age reduce the few that
remain.
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LIST OF BRYOPHYTE SPECIES: MOSSES

Abietinella abietina (Hedw.) Fleisch. (=Thuidium abietinum (Hedw.) Schimp. in B.S.G.)
Aloina bifrons (DeNot.) Delg.

Aloina brevirostris (Hook and Grev.) Kindb.

Aloina rigida (Hedw.) Limpr.

Amblyodon dealbatus (Hedw.) Bruch and Schimp. in B.S.G.
Amblystegium serpens (Hedw.) Schimp.

Amphidium lapponicum (Hedw.) Schimp.

Amphidium mougeotii (Bruch and Schimp. in B.S.G.) Schimp.
Anacolia menziesii (Turn.) Par.

Andreaea blyttii Schimp.

Andreaea nivalis Hook

Andreaea rupestris Hedw.

Anoectangium aestivum (Hedw.) Mitt.

Anomobryum filiforme (Dicks.) Solms in Rabenh.

Antitrichia californica Sull in Lesqg.

Antitrichia curtipendula (Hedw.) Brid.

Aongstroemia longipes (Somm.) Bruch and Schimp. in B.S.G.
Arctoa fulvella (Dicks) Bruch and Schimp in B.S.G.
Atrichum selwynii Aust.

Atrichum tenellum (Roehl.) Bruch and Schimp in B.S.G.
Aulacomnium androgynum (Hedw.) Schwaegr.

Aulacomnium palustre (Hedw.) Schwaegr.

Barbula convoluta Hedw.

Barbula eustegia Card. and Thér.

Barbula unguiculata Hedw.

Bartramia halleriana Hedw.

Bartramia ithyphylla Brid.

Bartramia pomiformis Hedw.

Bartramiopsis lescurii (James) Kindb.

Blindia acuta (Hedw.) Bruch. and Schimp. in B.S.G.
Brachythecium albicans (Hedw.) Schimp. in B.S.G.
Brachythecium asperrimum (Mitt.) Sull.

Brachythecium calcareum Kindb.

Brachythecium campestre (C. Muell.) Schimp. in B.S.G.
Brachythecium collinum (Schleich ex C. Muell) Schimp. in B.S.G.
Brachythecium erythrorrhizon Schimp. in B.S.G.
Brachythecium frigidum (C. Muell) Besch.

Brachythecium holzingeri (Grout) Grout

Brachythecium hylotapetum B.Hig. and N. Hig.
Brachythecium latifolium Kindb. (=B. nelsonii Grant)
Brachythecium leibergii Grout

Brachythecium oxycladon (Brid.) Jaeg.

Brachythecium plumosum (Hedw.) Schimp. in B.S.G.
Brachythecium populeum (Hedw.) Schimp. in B.S.G.
Brachythecium reflexum (Starke in Web. and Mohr) Schimp. in B.S.G.



Brachythecium rivulare Schimp. in B.S.G.
Brachythecium rutabulum (Hedw.) Schimp. in B.S.G.

Brachythecium salebrosum (Web. and Mohr) Schimp. in B.S.G.

Brachythecium starkei (Brid.) Schimp. in B.S.G.
Brachythecium turgidum (Hartm.) Kindb.
Brachythecium velutinum (Hedw.) Schimp. in B.S.G.
Bryobrittonia longipes (Williams) Horton
Bryoerythrophyllum columbianum (Herm. and Lawt.) Zand.
Bryoerythrophyllum ferruginascens (Stirt.) Giac.
Bryoerythrophyllum recurvirostrum (Hedw.) Chen
Bryum algovicum Sendtn. ex C.Muell

Bryum amblyodon C.Muell

Bryum argenteum Hedw.

Bryum blindii Bruch and Schimp. in B.S.G.

Bryum caespiticium Hedw.

Bryum calophyllum R. Br.

Bryum capillare Hedw.

Bryum cyclophyllum (Schwaegr.) Bruch and Schimp. in B.S.G.
Bryum flaccidum Brid.

Bryum lisae De Not

Bryum meesioides Kindb. in Mac.

Bryum miniatum Lesq.

Bryum muhlenbeckii Bruch and Schimp. in B.S.G.
Bryum pallens (Brid.) Sw. in Roehl.

Bryum pallescens Schleich. ex Schwaegr.

Bryum pseudotriquetrum (Hedw.) Gaertn. et al.
Bryum turbinatum (Hedw.) Turn.

Bryum uliginosum (Brid.) Bruch and Schimp. in B.S.G.
Bryum weigelii Spreng in Biehler

Buxbaumia aphylla Hedw.

Buxbaumia piperi Best

Buxbaumia viridis (DC) Moug. and Nestl.
Calliergon cordifolium (Hedw.) Kindb.

Calliergon giganteum (Schimp.) Kindb.

Calliergon stramineum (Brid.) Kindb.

Calliergon trifarium (Web. and Mohr) Kindb.
Calliergonella cuspidata (Hedw.) Loeske
Campylium calcareum Crundw. and Nyh.
Campylium chrysophyllum (Brid.) J. Lange
Campylium halleri (Hedw.) Lindb.

Campylium hispidulum (Brid.) Mitt.

Campylium polygamum (Schimp. in B.S.G.) C. Jens.
Campylium radicale (P. Beauv.) Grout

Campylium stellatum (Hedw.) C. Jens.

Catascopium nigritum (Hedw.) Brid.

Ceratodon purpureus (Hedw.) Brid.
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Cinclidium stygium Sw. in Schrad.

Cirriphyllum cirrosum (Schwaegr. in Schultes) Grout
Claopodium bolanderi Best

Climacium dendroides (Hedw.) Web. and Mohr
Conardia compacta (C. Muell.) Robins

Conostomum tetragonum (Hedw.) Lindb.

Coscinodon calyptratus (Hook in Drumm.) C. Jens ex Kindb.

Cratoneuron filicinum (Hedw.) Spruce
Crossidium aberrans Holz. and Bartr.
Crossidium rosei Williams

Crossidium seriatum Crum and Steere
Cynodontium alpestre (Wablenb.) Milde
Cynodontium jenneri (Schimp. in Howie) Stirt.
Cynodontium schisti (Web. and Mohr) Lindb.
Cynodontium strumiferum (Hedw.) Lindb.

Cynodontium tenellum (Bruch and Schimp. in B.S.G.) Limpr.

Cyronmnium hymenophylloides (Hueb.) Nyh. ex T. Kop.
Desmatodon cernuus (Hueb.) Bruch and Schimp. in B.S.G.
Desmatodon convolutus (Brid.) Grout

Desmatodon guepinii Bruch. and Schimp. in B.S.G.
Desmatodon heimii (Hedw.) Mitt.

Desmatodon latifolius (Hedw.) Brid.

Desmatodon obtusifolius (Schwaegr.) Schimp.
Desmatodon randii (Kenn.) Laz.

Dichelyma falcatum (Hedw.) Myr.

Dichelyma uncinatum Mitt.

Dichodontium olympicum Ren. and Card.
Dichodontium pellucidum (Hedw.) Schimp.
Dicranella cerviculata (Hedw.) Schimp.

Dicranella crispa (Hedw.) Schimp.

Dicranella grevilleana (Brid.) Schimp.

Dicranella heteromalla (Hedw.) Schimp.
Dicranella palustris (Dicks.) Crundw. ex Warb.
Dicranella rufescens (With.) Schimp.

Dicranella schreberiana (Hedw.) Hilf.

Dicranella subulata (Hedw.) Schimp.

Dicranella varia (Hedw.) Schimp.

Dicranoweisia crispula (Hedw.) Lindb. ex Milde

Dicranum acutifolium (Lindb. and Arnell) C. Jens ex Weinm.

Dicranum angustum Lindb.

Dicranum brevifolium (Lindb.) Lindb.
Dicranum elongatum Schleich. ex Schwaegr.
Dicranum flagellare Hedw.

Dicranum fragilifolium Lindb.

Dicranum fuscescens Turn.

Dicranum groenlandicum Brid.
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Dicranum majus Sm.

Dicranum montanum Hedw.

Dicranum muehlenbeckii Bruch and Schimp. ex B.S.G.

Dicranum pallidisetum (Bail. in Holz.) Irel.

Dicranum polysetum Sw.

Dicranum scoparium Hedw.

Dicranum spadiceum Zett.

Dicranum tauricum Sapeh.

Dicranum undulatum Brid.

Didymodon asperifolius (Mitt.) H.A. Crum

Didymodon brachyphyllus (Sull. in Whippl.) Zander

Didymodon fallax (Hedw.) Zand

Didymodon ferrugineus (Besch.) M.O. Hill

Didymodon johansenii (Williams) Crum

Didymodon nevadensis Zand.

Didymodon nigrescens (Mitt.) Saito

Didymodon nicholsonii Culm.

Didymodon rigidulus Hedw.

Didymodon subandreaeoides (Kindb.) Zand.

Didymodon tophaceus (Brid.) Lisa

Didymodon vinealis (Brid.) Zand.

Distichium capillaceum (Hedw.) Bruch and Schimp. in B.S.G.

Distichium inclinatum (Hedw.) Bruch and Schimp in B.S.G.

Ditrichum flexicaule (Schwaegr.) Hampe (including D. crispatissimum (C. Muell.) Par.)

Ditrichum heteromallum (Hedw.) Britt.

Ditrichum montanum Leib.

Ditrichum pusillum (Hedw.) Hampe

Drepanocladus aduncus (Hedw.) Warnst.

Drepanocladus longifolius (Mitt.) Broth. (=D. crassifolius Janssens)

Dryptodon patens (Hedw.) Brid. (=Grimmia ramondii (Lam and DC) Marg.)

Echinophyllum sachalinensis (Lindb.) O’Brien in O’Brien and Horton (=Helodium sachelinense
(Lindb.) Broth.)

Encalypta affinis Hedw. f. in Web. and Mohr

Encalypta alpina Sm.

Encalypta brevicolla (Bruch and Schimp. in B.S.G.) Bruch ex Aongstr.

Encalypta brevipes Schljak.

Encalypta ciliata Hedw.

Encalypta intermedia Jur. in Jur. and Milde

Encalypta longicolla Bruch

Encalypta mutica Hag.

Encalypta procera Bruch.

Encalypta rhaptocarpa Schwaegr.

Encalypta spathulata C. Muell

Encalypta vulgaris Hedw.

Entodon concinnus (DeNot) Par.

Entodon schleicheri (Schimp.) Demeter
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Entosthodon fascicularis (Hedw.) C. Muell

Entosthodon rubiginosus (Williams) Steere

Eucladium verticillatum (Brid.) Bruch and Schimp. in B.S.G.
Eurhynchium oreganum (Sull.) Jaeg. (=Kindhergia oregana (Sull.) Ochyra)
Eurhynchium praelongum (Hedw.) Schimp. in B.S.G. (=Kindhergia praelonga (Hedw.) Ochyra)
Eurhynchium pulchellum (Hedw.) Jenn.

Fabronia pusilla Raddi

Fissidens adianthoides Hedw.

Fissidens bryoides Hedw.

Fissidens grandifrons Brid.

Fissidens osmundioides Hedw.

Fontinalis antipyretica Hedw.

Fontinalis hypnoides Hartm.

Fontinalis neomexicana Sull. and Lesq.

Funaria hygrometrica Hedw.

Funaria muhlenbergii Turn.

Grimmia alpestris (Web. & Mohr) Schleich)

Grimmia anodon Bruch and Schimp. in B.S.G.

Grimmia anomala Schimp.

Grimmia caespiticia (Brid.) Jur.

Grimmia donniana Sm

Grimmia elatior Bals. & DeNot.

Grimmia elongata Kaufm. in Sturm

Grimmia laevigata (Brid.) Brid.

Grimmia leibergii Paris

Grimmia longirostris Hook.

Grimmia mollis Bruch and Schimp. in B.S.G.

Grimmia montana Bruch and Schimp. in B.S.G.

Grimmia ovalis (Hedw.) Lindb.

Grimmia plagiopodia Hedw.

Grimmia pulvinata (Hedw.) Sm.

Grimmia sessitana DeNot.

Grimmia teretinervis Limpr.

Grimmia torquata Hornsch. in Grev.

Grimmia trichophylla Grev.

Gymnostomum aeruginosum Sm.

Hamatocaulis lapponicus (Norrl.) Hedenues (=Drepunocladus lapponicus (Norrl.) Z. Smirn.)
Hamatocaulis vernicosus (Mitt.) Hedenas (=Drepanocladus vernicosus (Lindb. Warnst.)
Hedwigia ciliata (Hedw.) P. Beauv.

Helodium blandowii (Web. and Mohr) Warnst.

Herzogiella seligeri (Brid.) Iwats.

Herzogiella striatella (Brid.) lwats.

Heterocladium dimorphum (Brid.) Schimp. in B.S.G.
Heterocladium macounii Best.

Heterocladium procurrens (Mitt.) Jaeg.

Homalia trichomanoides (Hedw.) Schimp. in B.S.G.



Homalothecium aeneum (Mitt.) Lawt.

Homalothecium fulgescens (Mitt. ex C. Muell) Lawt.
Homalothecium nevadense (Lesg.) Ren. and Card.
Hookeria lucens (Hedw.) Sm.

Hygroamblystegium noterophilum (Sull. and Lesq. in Sull.) Warnst.
Hygroamblystegium tenax (Hedw.) Jenn.
Hygrohypnum alpinum (Lindb.) Loeske

Hygrohypnum bestii (Ren. and Bryhn. in Ren.) Broth.
Hygrohypnum cochlearifolium (Vent. ex De Not.) Broth.
Hygrohypnum duriusculum (De Not.) Jamieson
Hygrohypnum luridum (Hedw.) Jenn.

Hygrohypnum molle (Hedw.) Loeske

Hygrohypnum norvegicum (Schimp. in B.S.G.) Amann
Hygrohypnum ochraceum (Turn. ex Wils.) Loeske
Hygrohypnum smithii (Sw. in Lilj.) Broth.
Hygrohypnum styriacum (Limpr.) Broth.
Hylocamiastrum pyrenaicum (Spruce) Fleisch. in Broth.
Hylocomiastrum umbratum (Hedw.) Fleisch. in Broth.
Hylocomium splendens (Hedw.) Schimp. in B.S.G.
Hymenostylium recurvirostre (Hedw.) Dix.

Hypnum bambergeri Schimp.

Hypnum callichroum Funck. ex Brid.

Hypnum circinale Hook.

Hypnum cupressiforme Hedw.

Hypnum dieckii Ren. and Card. in Roell

Hypnum geminum (Mitt.) Lesq. and James

Hypnum lindbergii Mitt.

Hypnum pallescens (Hedw.) P.Beauv.

Hypnum plicatulum (Lindb.) Jaeg.

Hypnum pratense (Rabenh.) W.Koch ex Spruce
Hypnum procerrimum Mol.

Hypnum recurvatum (Lindb. and Arnell) Kindb.
Hypnum revolutum (Mitt.) Lindb.

Hypnum subimponens Lesq.

Hypnum vaucheri Lesq.

Isopterygiopsis pulchella (Hedw.) Iwats. (=Isopterygium pulchellum (Hedw.) Jaeg.)
Isothecium stoloniferum Brid.

Kiaeria blyttii (Schimp.) Broth.

Kiaeria falcata (Hedw.) Jaeg.

Kiaeria glacialis (Berggr.) Hag.

Kiaeria starkei (Web. and Mohr) Hag.

Leptobryum pyriforme (Hedw.) Wils.

Leptodictyum riparium (Hedw.) Warnst.

Lescuraea saxicola (Schimp. in B.S.G.) Milde

Leskea polycarpa Hedw.

Leskeella nervosa (Brid.) Loeske.
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Leucolepis acanthoneuron (Schwaegr.) Lindb. (=L. menziesii (Hook.) Steere in L. Koch)

Limprichtia cossonii (Schimp.) Anderson et al. (=Drepanocladus revolvens var. cossonii
(Schimp.) Podp.)

Limprichtia revolvens (Sw.) Loeske (=Drepanocladus revolvens (Sw.) Warnst.)

Meesia longiseta Hedw.

Meesia triquetra (Richt.) Aongstr.

Meesia uliginosa Hedw.

Metaneckera menziesii (Hook. in Drumm.) Steere

Mielichhoferia macrocarpa (Hook. in Drumm.) Loeske (=Bryum porsildii (Hag.) Cox and
Hedd.)

Mnium ambiguum H.Muell.

Mnium arizonicum Amann

Mnium blyttii Bruch and Schimp. in B.S.G.

Mnium marginatum (With.) Brid. ex p.Beauv.

Mnium spinulosum Bruch. and Schimp. in B.S.G.

Mnium thomsonii Schimp.

Molendoa sendtneriana (Bruch and Schimp. in B.S.G.)

Myrinia pulvinata (Wahlenb.) Schimp.

Myurella julacea (Schwaegr.) Schimp. in B.S.G.

Myurella tenerrima (brid.) Lindb.

Neckera douglasii Hook

Neckera pennata Hedw.

Oedipodium griffithianum (Dicks.) Schwaegr.

Oligotrichum aligerum Mitt.

Oligotrichum hercynicum (Hedw.) Lam. and DC

Oligotrichum parallelum (Mitt.) Kindb.

Oncophorus virens (Hedw.) Brid.

Oncophorus wahlenbergii Brid.

Oreas martiana (Hoppe and Hornsch. in Hornsch.) Brid

Orthothecium chryseum (Schwaegr. in Schultes) Schimp. in B.S.G.

Orthothecium strictum Lor.

Orthotrichum affine Brid.

Orthotrichum alpestre Hornsch. in B.S.G.

Orthotrichum anomalum Hedw.

Orthotrichum cupulatum Brid.

Orthotrichum laevigatum Zett.

Orthotrichum lyellii Hook. and Tayl.

Orthotrichum obtusifolium Brid.

Orthotrichum pallens Bruch. ex Brid.

Orthotrichum pellucidum Lindb.

Orthotrichum pylaisii Brid.

Orthotrichum rupestre Schleich. ex Schwaegr.

Orthotrichum speciosum Nees in Sturm

Oxystegus tenuirostris (Hook. and Tayl.) A.J.E.Sm.

Paludella squarrosa (Hedw.) Brid.

Palustriella falcata (Brid.) Hedenéas (=Cratoneuroncommutatum var. falcatum (Brid.) Moenk.)
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Paraleucobryum enerve (Thed. in Hartm.) Loeske
Paraleucobryum longifolium (Hedw.) Loeske

Phascum cuspidatum Hedw. (=Tortula atherodes Zand.)
Phascum vlassovii Laz. (=Microbryum vlassovii (Laz.) Zand.)
Philonotis capillaris Lindb. in Hartm.

Philonotis fontana (Hedw.) Brid.

Philonotis marchica (Hedw.) Brid.

Philonotis yezoana Besch. and Card. in Grout
Physcomitrella patens (Hedw.) Bruch and Schimp. in B.S.G.
Plagiobryum demissum (Hook.) Lindb.

Plagiobryum zierii (Hedw.) Lindb.

Plagiomnium ciliare (C.Muell) T.Kop.

Plagiomnium cuspidatum (Hedw.) T.Kop.

Plagiomnium drummondii (Bruch and Schimp.) T.Kop
Plagiomnium ellipticum (Brid.) T.Kop.

Plagiomnium insigne (Mitt.) T.Kop.

Plagiomnium medium (Bruch and Schimp. in B.S.G.) T.Kop
Plagiomnium rostratum (Schrad.) T.Kop

Plagiomnium venustum (Mitt.) T.Kop.

Plagiopus oederiana (Sw.) Crum and Anderson
Plagiothecium cavifolium (Brid.) lwats.

Plagiothecium denticulatum (Hedw.) Schimp. in B.S.G.
Plagiothecium laetum Schimp. in B.S.G.

Plagiothecium piliferum (Sw. ex Hartm.) Schimp. in B.S.G.
Plagiothecium undulatum (Hedw.) Schimp in B.S.G. (=Buckiella undulata (Hedw.) Irel.)
Platydictya jungermannioides (Brid.) Crum
Platyhypnidium riparioides (Hedw.) Dix.

Pleurozium schreberi (Brid.) Mitt.

Pogonatum contortum (Brid.) Lesq.

Pogonatum dentatum (Brid.) Brid.

Pogonatum urnigerum (Hedw.) P.Beauv.

Pohlia andalusica (Hoehn) Broth.

Pohlia annotina (Hedw.) Lindb.

Pohlia atropurpurea (Wahlenb. in Fuernr.) H.Lindb.
Pohlia bolanderi (Sull.) Broth.

Pohlia brevinervis Lindb. and Arnell

Pohlia bulbifera (Warnst.) Warnst.

Pohlia camptotrachela (Ren. and Card.) Broth.

Pohlia columbica (Kindb. in Mac. and Kindb.) Andrews
Pohlia cruda (Hedw.) Lindb.

Pohlia drummondii (C.Muell) Andrews

Pohlia elongata Hedw.

Pohlia filum (Schimp.) Mitt.

Pohlia longicolla (Hedw.) Lindb.

Pohlia ludwigii (Spreng. ex Schwaegr.) Broth.

Pohlia nutans (Hedw.) Lindb.



Pohlia obtusifolia (Brid.) L.Koch

Pohlia proligera (Kindb. ex Breidl.) Lindb. ex Arnell
Pohlia vexans (Limpr.) H.Lindb.

Pohlia wahlenbergii (Web. and Mohr) Andrews
Polytrichastrum alpinum (Hedw.) G.L.Sm.

Polytrichum commune Hedw.

Polytrichum formosum Hedw.

Polytrichum juniperinum Hedw.

Polytrichum longisetum Brid.

Polytrichum lyallii (Mitt.) Kindb. (=Meiotrichum lyallii (Mitt.) G.L.S. Merrill)
Polytrichum piliferum Hedw.

Polytrichum sexangulare Brid.

Polytrichum strictum Brid.

Porotrichum bigelovii (Sull.) Kindb.

Pottia bryoides (Dicks.) Mitt.

Pottia nevadensis Card and Thér.

Pottia wilsonii (Hook.) Bruch and Schimp. in B.S.G.
Psuedobryum cinclidioides (Hueb.) T.Kop
Pseudocalliergon turgescens (T.Jens.) Loeske
Pseudocrossidium obtusulum (Lindb.) Crum and Anderson
Pseudoleskea atricha (Kindb. in Mac. and Kindb.) Kindb.
Pseudoleskea baileyi Best and Grout in Grout
Pseudoleskea incurvata (Hedw.) Loeske

Pseudoleskea patens (Lindb.) Kindb.

Pseudoleskea radicosa (Mitt.) Mac. and Kindb.
Pseudoleskea stenophylla Ren. and Card. in Roell.
Pseudoleskeella tectorum (Funck. ex Brid.) Kindb. in Broth.
Pseudotaxiphyllum elegans (Brid.) Iwats.
Pterigynandrum filiforme Hedw.

Pterigoneurum kozlovii Lazar. ex Lazar.

Pterygoneurum lamellatum (Lindb.) Jur.

Pterygoneurum ovatum (Hedw.) Dix.

Pterygoneurum subsessile (Brid.) Jur.

Ptilium cristacastrensis (Hedw.) DeNot.

Pylaisiella polyantha (Hedw.) Grout

Racomitrium aciculare (Hedw.) Brid.

Racomitrium affine (Schleich. ex Web. and Mohr) Lindb.
Racomitrium aquaticum (Brid. ex Schrad.) Brid.
Racomitrium brevipes Kindb. in Mac.

Racomitrium canescens (Hedw.) Brid.

Racomitrium elongatum Ehrh. ex Frisv.

Racomitrium ericoides (Web. ex Brid.) Brid.
Racomitrium fasciculare (Hedw.) Brid.

Racomitrium heterostichum (Hedw.) Brid.

Racomitrium lanuginosum (Hedw.) Brid.

Racomitrium lawtonae Irel.
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Racomitrium macounii Kindb. in Mac.

Racomitrium microcarpon (Hedw.) Brid.

Racomitrium muticum (Kindb. in Mac.) Frisv.

Racomitrium occidentale (Ren. and Card.) Ren. and Card.

Racomitrium pygmaeum Frisv.

Racomitrium sudeticum (Funck) Bruch and Schimp. in B.S.G.

Racomitrium varium (Mitt.) Jaeg.

Rhizomnium glabrescens (Kindb.) T.Kop

Rhizomnium gracile T.Kop

Rhizomnium magnifolium (Horik.) T.Kop

Rhizomnium nudum (Britt. and Williams) T.Kop

Rhizomnium pseudopunctatum (Bruch and Schimp.) T.Kop

Rhizomnium punctatum (Hedw.) T.Kop

Rhodobryum roseum (Hedw.) Limpr.

Rhytidiadelphus loreus (Hedw.) Warnst.

Rhytidiadelphus squarrosus (Hedw.) Warnst.

Rhytidiadelphus triquetrus (Hedw.) Warnst

Rhytidium rugosum (Hedw.) Kindb.

Roellia roellii (Broth. in Roell.) Andrews ex Crum

Saelania glaucescens (Hedw.) Broth. in Bomanss. and Broth.

Sanionia uncinata (Hedw.) Loeske (=Drepanocladus unicinatus (Hedw.) Warnst.)

Sarmenthypnum sarmentosum (Wahlenb.) Tuom. and T.Kop (=Calliergon sarmentosum
(Wahlenb.) Kindb.)

Schistidium agassizii Sull. and Lesq. in Sull.

Schistidium atrofuscum (Schimp.) Limpr.

Schistidium atrichum (C. Muell. and Kindb. in Mac.) W.A.Weber

Schistidium boreale Poelt

Schistidium confertum (Funck) Bruch and Schimp. in B.S.G.

Schistidium crassipilum Blom

Schistidium dupretii (Thér.) W.A.Weber

Schistidium flaccidum (DeNot.) Ochyra

Schistidium frigidum Blom

Schistidium heterophyllum (Kindb. in Mac. and Kindb.) McIntosh

Schistidium lancifolium (Kindb.) Blom

Schistidium papillosum Culm. in Amann

Schistidium pulchrum Blom

Schistidium rivulare (Brid.) Podp.

Schistidium robustum (Nees and Hornsch.) Blom

Schistidium scabrum Blom ined

Schistidium tenerum (Zett.) Nyh.

Schistidium trichodon (Brid.) Poelt

Schistidium umbrosum (Zett.) Blom

Schistidium venetum Blom

Schistostega pennata (Hedw.) Web. and Mohr

Scleropodium cespitans (C.Muell) L.Koch

Scleropodium obtusifolium (Jaeg.) Kindb. in Mac. and Kindb.



Scorpidium scorpioides (Hedw.) Limpr.

Scouleria aquatica Hook. in Drumm.

Scouleria marginata Britt.

Seligeria campylopoda Kindb. in Mac. and Kindb.
Seligeria donniana (Sm.) C.Muell.

Seligeria recurvata (Hedw.) Bruch and Schimp. in B.S.G.
Seligeria subimmersa Lindb.

Seligeria tristichoides Kindb.

Sphagnum capillifolium (Ehrh.) Hedw.

Sphagnum centrale C.Jens. in Arnell and C.Jens.
Sphagnum compactum DC in Lam. and Dc
Sphagnum fuscum (Schimp.) Klinggr.

Sphagnum girgensohnii Russ

Sphagnum jensenii H.Lindb.

Sphagnum lindbergii Schimp. in Lindb.

Sphagnum magellanicum Brid.

Sphagnum mendocinum Sull. and Lesqg. in Sull.
Sphagnum riparium Aongstr.

Sphagnum rubellum Wils.

Sphagnum russowii Warnst.

Sphagnum squarrosum Crome

Sphagnum subnitens Russ. and Warnst. in Warnst.
Sphagnum subsecundum Nees in Sturm

Sphagnum tenerum Sull. and Lesg. in Sull. in Gray
Sphagnum teres (Schimp.) Aongstr. in Hartm.
Sphagnum warnstorfii Russ.

Sphagnum wulfianum Girg.

Splachnum ampullaceum Hedw.

Splachnum rubrum Hedw.

Splachnum sphaericum Hedw.

Stegonia latifolia (Schwaegr. in Schultes) Vent. ex Broth.
Stegonia pilifera (Brid.) Crum and Anderson
Tayloria froelichiana (Hedw.) Mitt. ex Broth.
Tayloria hornschuchii (Grev. and Arnott) Broth.
Tayloria ligulata (Dicks.) Lindb.

Tayloria serrata (Hedw.) Bruch. and Schimp. in B.S.G.
Tayloria splachnoides (Schleich. ex Schwaegr.) Hook
Tetraphis geniculata Girg. ex Milde

Tetraphis pellucida Hedw.

Tetraplodon angustatus (Hedw.) Bruch and Schimp. in B.S.G.

Tetraplodon mnioides (Hedw.) Bruch and Schimp. in B.S.G.
Tetrodontium repandum (Funck in Sturm) Schwaegr.
Thamnobryum neckeroides (Hook.) Lawt.

Thuidium recognitum (Hedw.) Lindb.

Timmia austriaca Hedw.

Timmia megapolitana Hedw.
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Tomentypnum falcifolium (Ren. ex Nichols) Tuom in Ahti and Fagers.

Tomentypnum nitens (Hedw.) Loeske

Tortella fragilis (Hook and Wils. in Drumm.) Limpr.

Tortella inclinata (Hedw.f.) Limpr.

Tortella tortuosa (Hedw.) Limpr.

Tortula brevipes (Lesq.) Broth.

Tortula caninervis (Mitt.) Broth.

Tortula latifolia Bruch ex Hartm.

Tortula mucronifolia Schwaegr.

Tortula norvegica (Web.) Wahlenb. ex Lindb.

Tortula ruralis (Hedw.) Gaertn. et.al.

Tortula subulata Hedw.

Trichodon cylindricus (Hedw.) Schimp.

Trichostomopsis australasiae (Grev. and Hook.) Robins.

Ulota curvifolia (Wahlenb.) Lilj.

Voitia nivalis Hornsch.

Warnstorfia exannulata (Schimp. in B.S.G.) Loeske (=Drepanocladus exannulatus (Schimp. in
B.S.G.) Warnst.)

Warnstorfia fluitans (Hedw.) Loeske (=Drepanocladus fluitans (Hedw.) Warnst.)

Warnstorfia procera (Ren. and Arnell in Husn.) Tuom. and Kop (=Drepanocladus procerus
(Ren. and Arnell in Husn.) Warnst.)

Warnstorfia pseudostraminea (C.Muell.) Tuom. and Kop

Weissia controversa Hedw. (=Calliergidium pseudostriamineum (C. Muell.) Grout)
(=Drepanocladus pseudostramineus (C. Muell.) Roth)

Weissia hedwigii Crum

LIST OF BRYOPHYTE SPECIES: HORNWORTS
Anthoceros punctatus L.

LIST OF BRYOPHYTE SPECIES: HEPATICS
Anastrophyllum hellerianum (Nees) Schust.
Anastrophyllum minutum (Schreb.) Schust.

Aneura pinguis (I.) Dum.

Anthelia juratzkana (Limpr.) Trev.

Apometzgeria pubescens (Schrank) Kuwah. (=Metzgeria pubescens (Schrank) Raddi)
Arnellia fennica (Gott.) Lindb.

Asterella gracilis (Web.) Underw.

Asterella lindenbergiana (Corda) Lindb.

Athalamia hyalina (Sommerf.) Hatt.

Barbilophozia attenuata (Mart.) Loeske
Barbilophozia barbata (Schmid. ex Scherb.) Loeske
Barbilophozia floerkei (Web. and Mohr) Loeske
Barbilophozia hatcheri (Evans) Loeske
Barbilophozia kunzeana (Hueb) Gams
Barbilophozia lycopodioides (Wallr.) Loeske
Barbilophozia quadriloba (Lindb.) Loeske
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Bazzania denudata (Torrey ex Gott. et.al.) Trev.
Blasia pusilla L.

Blepharostoma trichophyllum(L.) Dum.
Bucegia romanica Radian

Calypogeia azurea Stotl. and Crotz (=C. trichomanis (L.) Corda)
Calypogeia integristipula Steph.

Calypogeia muelleriana (Schiffn.) C.Muell
Calypogeia suecica (H.Arnell and J.Perss.) K.Muell
Cephalozia bicuspidata (L.) Dum.

Cephalozia leucantha Spruce

Cephalozia lunulifolia (Dum.) Dum.
Cephalozia macounii (Aust.) Aust.

Cephalozia pleniceps (Aust.) Lindb.
Cephaloziella brinkmani Douin

Cephaloziella divaricata (Sm.) Schiffn.
Cephaloziella hampeana (Nees) Schiffn.
Cephaloziella rubella (Nees) Warnst.
Chiloscyphus pallescens (Ehrh. ex Hoffm.) Dum.
Chiloscyphus polyanthos (L.) Corda
Cladopodiella fluitans (Nees) Joerg.
Conocephalum conicum (L.) Lindb.
Diplophyllum albicans (L.) Dum.

Diplophyllum imbricatum (M.A.Howe) C.Muell.
Diplophyllum taxifolium (Wahlenb.) Dum.
Frullania hattoriana J.Godfr. and G.Godfr.
Geocalyx graveolens (Schrad.) Nees
Gymnocolea inflata (Huds.) Dum.
Gymnomitrion concinnatum (Lightf.) Corda
Gymnomitrion corallioides Nees

Gymnomitrion obtusum (Lindb.) Pears.
Gyrothyra underwoodiana M.A.Howe
Haplomitrium hookeri (Sm.) Nees

Harpanthus flotovianus (Nees) Nees

Herbertus aduncus (Dicks.) S.Gray
Hygrobiella laxifolia (Hook.) Spruce
Jamesoniella autumnalis (DC) Steph.
Jungermannia exsertifolia Steph.
Jungermannia leiantha Grolle

Jungermannia pumila With.

Jungermannia sphaerocarpa Hook.

Lepidozia reptans (L.) Dum.

Lophocolea bidentata (L.) Dum.

Lophocolea heterophylla (Schrad.) Dum.
Lophocolea minor Nees

Lophozia ascendens (Warnst.) Schust.

Lophozia badensis (Gott. ex Rabenh.) Schiffn.
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Lophozia bantriensis (Hook.) Steph.
Lophozia collaris (Nees) Dum.

Lophozia excisa (Dicks.) Dum.

Lophozia gillmanii (Aust.) Schust.
Lophozia groenlandica (Nees) Macoun
Lophozia heterocolpos (Thed.) M.A.Howe
Lophozia incisa (Schrad.) Dum.
Lophozia longidens (Lindb.) Macoun
Lophozia longifolia (Nees) Schiffn. (=L. guttulata (Lindb. and Arnell) Evans)
Lophozia obtusa (Lindb.) Evans
Lophozia opacifolia Culm

Lophozia rutheana (Limpr.) M.A.Howe
Lophozia sudetica (Nees) Grolle
Lophozia ventricosa (Dicks.) Dum.
Lophozia wenzelii (Nees) Steph.

Mannia fragrans (Balbis) Grye and Clark
Marchantia alpestris (Nees) Burgeff
Marchantia polymorpha L.

Marsupella brevissima (Dum.) Grolle
Marsupella emarginata (Ehrh.) Dum.
Marsupella revoluta (Nees) Dum.
Marsupella sparsifolia (Lindb.) Dum.
Marsupella sphacelata (Gieseke) Dum.
Moerckia blyttii (Moerck) Brockm.
Mylia anomala (Hook.) S.Gray

Mylia taylorii (Hook.) S.Gray

Nardia compressa (Hook.) S.Gray
Nardia geoscyphus (DeNot) Lindb.
Nardia scalaris S.Gray

Pellia endiviifolia (Dicks.) Dum.

Pellia epiphylla (L.) Corda

Pellia neesiana (Gott.) Limpr.

Peltolepis quadrata (Saut.) K.Muell.
Plagiochila porelloides (Torrey ex Nees) Lindenb. (=P. asplenioides (L.) Dum.)
Pleurocladula albescens (Hook.) Spruce
Porella cordaeana (Hueb.) Moore
Preissia quadrata (Scop.) Nees

Ptilidium californicum (Aust.) Underw.
Ptilidium ciliare (L.) Hampe

Ptilidium pulcherrimum (G.Web.) Hampe
Radula complanata (L.) Dum.

Reboulia hemisphaerica (L.) Raddi
Riccardia latifrons Lindb.

Riccardia multifida (L.) S.Gray
Riccardia palmata (Hedw.) Carruth.
Riccia cavernosa Hoffm.
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Riccia sorocarpa Bisch.

Sauteria alpina (Nees) Nees

Scapania americana K.Muell.

Scapania apiculata Spruce

Scapania bolanderi Aust.

Scapania curta (Mart.) Dum.

Scapania cuspiduligera (Nees) K.Muell.
Scapania irrigua (Nees) Gott.

Scapania mucronata Buch

Scapania paludicola Loeske and K.Muell.
Scapania paludosa (K.Muell.) K.Muell.
Scapania spitzbergensis (Lindb.) K.Muell.
Scapania subalpina (Nees) Dum.
Scapania umbrosa (Schrad.) Dum.
Scapania undulata (L.) Dum.
Tetralophozia setiformis (Ehrh.) Lammes (=Chandonanthus setiformis (Ehrh.) Lindb.)
Tritomaria exsectiformis (Breidl.) Loeske
Tritomaria polita (Nees) Joerg.
Tritomaria quinquedentata (Huds.) Buch
Tritomaria scitula (Tayl.) Joerg
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Chapter 7

Vascular Plants of the Montane Cordillera
Ecozone

R.T. Ogilvie

ABSTRACT

Abstract: The complex past geological history and the current physiographic complexity
has resulted in a diverse vascular plant flora in the ecozone, dominated by circumpolar,
circumboreal and North American elements. Unfortunately, there is no taxonomic
treatment of the vascular flora as a single entity, only separate floras of Alberta and
British Columbia exist. The total vascular flora of Alberta is 1475 species, of which 1182
occur in the Montane Cordillera Ecozone. The British Columbia vascular flora totals
2475 native taxa, of which 1543 are present in the ecozone. A 1990 list gives 237 are
cordillera taxa for British Columbia, and 74 are cordillera taxa for Alberta. A number of
disjunct elements are present in the ecozone, with some evidence for glacial refugia in the
“ice free corridor” in the central Rocky Mountains of Alberta. Distinct floras are found in
specialized habitats, such as hotsprings, limestone and calcareous habitats, ultramafic
(serpentine) habitats, and saline and alkaline habitats. About 16% of the Alberta flora is
introduced, while about 20% of the British Columbia vascular flora is alien.

INTRODUCTION

The gross geographic features of the Montane Cordillera Ecozone result in extremes of a mild
temperate climate in the south and a pronounced cold boreal climate in the north; a contrasting
oceanic climate in the west and a pronounced continental climate in the east (Austin et al. 2008).
Superimposed on this variability is the extreme range in topography and altitude. The western
cordillera region has been described as a sea of mountains: a sequence of mountain ranges like
wave-crests alternating with a series of valleys and plateaus like the troughs of waves.

The western windward sides of the mountain ranges are wet, having high rainfall and deep
snowpack, the eastern lee-side of the mountain ranges show the rain-shadow effect with lower
precipitation and arid conditions. Altitudinal effects are pronounced, with increasing
precipitation and decreasing temperatures with higher elevation, resulting in pronounced arid
conditions in the southern interior valleys and cold temperatures and deep snow conditions at
high elevations, with glaciers and icefields on the highest peaks and ridges in all the main
mountain systems. Correlated with this is a distinctive altitudinal zonation of the vegetation, for
example: at valley bottom semi-desert sagebrush and bunchgrass vegetation, above which is
ponderosa pine and Douglas-fir savanna, and with increasing altitude closed coniferous forest of
Douglas-fir, red cedar, and hemlock, rising up to the subalpine forest of spruce and fir, and on

R.T. Ogilvie (Deceased November 29, 1998). Department of Biology, University of Victoria, P.O. Box 1700, MS 7094,
Victoria, BC, VBW 2Y2, Canada.

Correct citation: Ogilvie, R.T. 2011. Vascular Plants of the Montane Cordillera Ecozone. In Assessment of Species Diversity
in the Montane Cordillera Ecozone. Edited by G.G.E. Scudder and I.M. Smith. Available at
http://www.royalbcmuseum.bc.ca/assets/Montane-Cordillera-Ecozone.pdf. Pp. 133-163.
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the highest vegetated mountain summits alpine heath and meadow vegetation (Meidinger and
Pojar 1991, Austin et al. 2008).

The floristic diversity of British Columbia is the result of many factors including high diversity
in geological substrates ranging from basic sedimentary bedrock to acidic metamorphic and
granitic strata, as well as specialized serpentine deposits; varying physiography, and diverse
climates. A complex geological history involving recent mountain uplift, volcanism, and several
glacial advances and recessions have acted also as evolutionary selection forces on colonizing
floras from the south, west (amphipacific), the north (circumpolar), and the east (the central
plains). Recent chloroplast DNA studies in the Montane Cordillera zone suggest that some of the
diversity, at high elevations at least, may owe its origins to in situ evolution in glacial refugia
(Marr et al. 2008).

GEOLOGICAL AND PHYTOGEOGRAPHIC HISTORY

The Tertiary geological and phytogeographical history of the montane cordillera area is
discussed by Daubenmire (1975, 1978), Wolfe (1969, 1987), Leopold and Denton (1987) and
Graham (1999). During the Eocene the western North American landscape was of low relief: a
plain with scattered small mountains, the climate was much warmer, frost-free, and
geographically uniform; the major vegetation was quasi-tropical broadleaved evergreen forest.
On the low isolated hills there was frost-tolerant forest of evergreen conifers (e.g. Pinus, Taxus)
and deciduous broadleafed trees (e.g. Betula, Acer). Climatic cooling in late Eocene and early
Oligocene time (about 35 MA. BP), resulted in a decrease in the tropical broadleafed evergreen
species and increase in the cold-tolerant temperate species (e.g. Pseudotsuga, Tsuga, Fraxinus)
migrating from the north and from the low hills. In late Oligocene and Miocene (starting about
25 MA. BP.) uplift of the Rocky Mountains occurred, resulting in interception of moisture from
the Pacific Ocean, and producing a moist climate on the west slope of the mountains and an
increasingly arid rain shadow on the east flank in the Great Plains. The latter area had thinning of
the forest, bare hilltops, and immigration of grass species adapted to more arid conditions (e.g. in
the genera Stipa, Panicum) and increase in ungulate grazing animals. On the west side of the
Rocky Mountains the abundant moisture supported a rich mixed coniferous-deciduous forest
which became isolated, by the arid prairie grasslands, from the eastern deciduous forest.
Continuation of the Rocky Mountain uplift led to migration from the boreal region of
microthermal species which occupied the upper mountains slopes: a subalpine coniferous forest
of Picea, Abies, Pinus contorta, Tsuga mertensiana, and many cold-tolerant heath species. The
Cascade Mountains were uplifted in mid-Pliocene (3.5 MA. BP.), resulting in rain-shadow and
arid conditions on their east slopes which eastward across the intermountain basin and plateaus
to the Rocky Mountains. In this arid area the forest thinned and was composed of drought-
tolerant species of the boreal flora (e.g. Artemisia tridentata, Pseudoroegneria spicata, Festuca
idahoensis, Poa secunda), and also of xerophytic immigrants from the southern intermountain
area (e.g. Pinus ponderosa, Purshia tridentata, Chrysothamnus, Eriogonum). On the moist
western slopes of the Rocky Mountains there was temperate evergreen coniferous forest, but
elimination of most of the ancient deciduous forest trees which were less cold-tolerant than the
evergreen conifers.

Thus, the major floristic patterns of western North America have an ancient geological origin
linked to major mountain building and global cooling which separated western conifer forests
from the eastern deciduous and evergreen forests and fostered the development of arid
ecosystems and their species in between. Following these ancient events the more recent
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Pleistocene glaciations resulted in a series of fluctuating climates, significant modification of the
physical landscape, wide-ranging extirpation of biota, followed by migrations and immigrations
which led to the present floristic composition and vegetation patterns (for details see Austin et al.
2008).

GENERAL DISTRIBUTION PATTERNS
Phytogeographic Elements

The vascular flora of the montane cordillera region has not been categorized into
phytogeographic (floristic) elements. Taylor and MacBryde (1977) give a general descriptive
breakdown of the floristic elements in the B.C. flora, which includes: Circumpolar,
Circumboreal, and the North American element which contains the majority of the taxa and
which is further subdivided into: Southern Cordilleran, Southern Great Plains, Southern
Columbia Basin, and Southern Pacific Coastal.

Schofield (1969, 1980, 1984, 1988) gives a very detailed analysis of the vascular and bryophyte
flora of northwestern North America (i.e. the Pacific Northwest and the Cordilleran regions). He
lists six major floristic elements: Boreal, Circumarctic, Arctic-alpine, Circumalpine, Endemics,
and Disjuncts, and for each of these he gives a long list of species, and discusses their origin.

Douglas et al. (1989-1994) use the following floristic elements for the native B.C. vascular flora:
Cosmopolitan, Bipolar, Circumpolar (16%), Amphiberingian (Amphipacific) (7%), North
American Cordilleran (35%), North American Radiants (= wideranging) (27%), Pacific Coast
Endemics (10%).

More recently, Douglas et al. (1998-2002) use the following elements for the native B.C.
vascular plants: Cosmopolitan (1.2%), Bipolar Disjuncts (1.9%), Circumpolar (15.7%),
Amphiberingian (7.7%), North American Maritime (0.4%), North American Radiants (26.4%),
Cordilleran (35.2%), Alaska-Yukon-Northwestern British Columbia Endemics (1.1%), Pacific
Coast Endemics (10.3%), and British Columbia Endemics (2.0%). Douglas (1996) gives an
overview of British Columbia Endemics in a separate treatment.

On a smaller, but more detailed scale, Ogilvie and Ceska (unpublished data) analysed the
floristic elements in the grasslands of four geographic areas in B.C.: Northern B.C., Central
(Cariboo-Chilcotin), Southern (Thompson-Okanagon-Similkameen), and Southeastern
(Kootenay-Columbia-Trench). A Coefficient of Similarity was calculated for the four grassland
areas: the south and southeastern grasslands share the largest number of species, followed by the
south and central grasslands; the northern grasslands have the fewest species in common with the
other grassland areas. Each grassland species was assigned to a floristic element, and the
percentage of each floristic element was calculated for each grassland area (Table 1). Of the total
grassland flora, 86% are wide-ranging North American, of which the largest element is Dry
Interior species, and then Cordilleran species. This applies to the Southern, Southeastern, and
Central grasslands, but the Northern grassland has a high percentage of Circumboreal element,
and lower percentage of the North American element of which the main species are boreal and
cordilleran.

In an extensive analysis Daubenmire (1975) used dated plant fossil records to determine three
major migration patterns in the flora of eastern Washington and northern Idaho: the temperate
mesothermal mesophytic forest flora from early Cenozoic time, the boreal microthermal
mesophytic flora from the Miocene, and the southern megathermal xerophytic element of the
Pliocene and Holocene Hypsithermal (=xerothermic interval of Hebda 1995). Using
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autecological and phytogeographic criteria he categorized the flora into these three floristic
elements, and calculated the percentage occurrence of the floristic elements in eleven plant
associations extending along a transect from the arid lowland steppe to the high elevation
subalpine forest. His analysis showed that each plant association contained species from at least
two of the three floristic elements, and that there is a decrease in megathermal xerophytes and
increase in the mesothermal and microthermal mesophytes along the transect.

Such analyses of phytogeographic elements give a synopsis of the geographic composition of a
regional flora, and how the composition varies in different areas. There has been considerable
discussion of whether such data can be used to infer patterns and history of plant migrations;
Murray (1981), and Ritchie (1984) are examples of recent authors that caution against inferring
migration information without additional dated fossil data and other substantiating evidence.

Disjunct species distributions

The contrast between the flora of the wet Pacific Coast and the dryer Interior region area is most
obvious; but there are some interesting examples of disjunct patterns of otherwise coastal species
that occur in the southern moist Interior zone of the Montane Cordillera (mostly the Interior
Cedar Hemlock (ICH) Biogeoclimatic zone of Meidinger and Pojar 1991). Some examples of
these, with their disjunct localities, are as follows:

Abies grandis - Kootenay, Adiantum aleuticum - s. moist interior; Blechnum spicant —
Revelstoke and Tum Tum Lake; Chamaecyparis nootkatensis - Slocan Lk.; Chimaphila
menziesii - Kootenay Lk.; Equisetum telmateia — Mable Lake., Gaultheria shallon - Kootenay
Lk., Hemitomes congestum - New Denver, Kootenay LKk.; Physocarpus capitatus - Revelstoke,
Shuswap LK., Arrow Lks.; Polystichum munitum - s. moist interior; Ribes sanguineum - New
Denver, Arrow Lks.; Satureja douglasii - Armstrong, Enderby, Kootenay Lk., Kaslo;
Trautvetteria carolinensis - Kettle Vy., Salmo-Creston; Tsuga mertensiana - Monashees,
Selkirks, Purcells; Vaccinium ovalifolium - moist Columbia forest; Vaccinium parvifolium -
Revelstoke, Kootenay Lk.; Viola sempervirens - Kootenay LK.

Some species have a different coastal subspecies or variety from the interior Camassia quamash
var. maxima - coastal, var. quamash - interior; Calypso bulbosa var. occidentalis - coastal, var.
americana - interior and boreal: Menziesia ferruginea var. ferruginea - coastal shores, var.
glabella - interior subalpine in Columbia Mts., Wells Gray Pk., Rocky Mts.; Olsynium douglasii
var. douglasii - coastal, var. inflatum — Chase; Pseudotsuga menziesii var. menziesii — coastal,
var. glauca — interior. Interior Abies bifolia has been recently considered distinct enough to be
treated as a species separate from coastal Abies lasiocarpa.

Daubenmire (1970), discussed this pattern of disjunct coastal species occurring in the interior,
and proposed a interpretation of their origin. He suggests that originally the "coastal element”
was a widespread mesophytic element ranging from the coast throughout the interior, and
following the uplift of the Cascade Mountains and the formation of the rain shadow and arid
conditions in the interior, most of this mesophytic flora was eliminated except west of the Coast-
Cascade Mountains and a few disjunct occurrences in the moister parts of the interior, i.e. the
ICH zone.

More recent studies of fossil pollen suggest that the moist interior forest ecosystem is a relatively
recent development (2000-4000 years) (Hebda 1995, see also Hebda and Heinrichs in this
volume). In this scenario, the disjunct pattern may have arisen through very recent immigration
of coastal species into suitable interior habitats.
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There are also a few interesting examples of disjunct dry interior species occurring on the drier
southeastern parts of Vancouver Island and Gulf Islands: Achnatherum nelsonii, Ceanothus
sanguineus, Ceanothus velutinus, Crocidium multicaule, Festuca roemeri, Heterocodon
rariflorum, Idahoa scapigera, Lonicera utahensis, Opuntia fragilis, Populus tremuloides var.
vancouveriana, and Shepherdia canadensis.

REFUGIA

Distinctive phytogeographic patterns in the cordilleran region have been discussed in relation to
postulated non-glaciated areas. Ogilvie (1962) listed the large number of plant species and
distinctive plant communities restricted to the Waterton-Crowsnest area of southwestern Alberta,
and discussed this in relation to the ice-free area shown on the glacial map in the vicinity of the
Porcupine Hills. This question is discussed again by Kuijt (1983) in his Flora of Waterton Lakes
National Park. Kuijt and co-workers discuss other floristic patterns in southwestern Alberta and
adjacent areas: Juniperus scopulorum (Kuijt and Trofymow 1975); floristics of the Sweetgrass
Hills (Thompson and Kuijt 1976); and the discovery of two large populations of Lewisia rediviva
(Figure 3) new for Alberta (Kuijt and Michener 1985). The origin of these populations is
attributed to long-distance wind dispersal from the nearest occurrence of the species 80 km
westward in the Rocky Mountain Trench of southeastern B.C. Wilson et al. (1988) discuss the
occurrence of these Lewisia populations as a result of either aboriginal transfer, or by range
expansion during the early Holocene warm dry interval (see Hebda and Heinrichs this volume).

Packer and Vitt (1974) discuss a possible mountain park refugium in the postulated "ice-free
corridor” in the central Rocky Mountains of Alberta. In south-central B.C. the upper Ashnola
Valley (Cathedral Lakes area) is indicated on the glacial map as an unglaciated area, and floristic
studies in this area are pertinent to this (Pojar 1975; Douglas and Ratcliffe 1981).

DNA analyses have provided a new tool to examine the questions of post-glacial migrations and
likely locations of full glacial refugia for plants. Marr et al. (2008) discovered remarkable
diversity in the widespread arctic-alpine species Oxyria digyna). The distribution of chloroplast
DNA variants in this species suggests the possibility of high-elevation refugia in the northern
montane cordillera zone spanning at least the last glacial maximum. Studies of other species (i.e.
Silene acaulis, Polygonum viviparum) of similar habitats are underway. The results of these
investigations will surely improve our understanding of the occurrence and location of refugia
(see Marr et al. 2008 for related references).

SOURCES OF INFORMATION

The subjects of biological diversity and rare species in B.C. have had frequent reviews over the
last fifteen years. The earliest review, Stace-Smith et al. (1980) is a thorough coverage of the
subject, and 18 years later there is little to be added to the paper by Scudder (1980) on threats to
the Osoyoos-Arid biotic area, and Pojar's papers on threatened forest ecosystems and threatened
habitats of rare vascular plants. The symposium on endangered species of B.C. (Rautio 1992)
contains several papers pertinent to this chapter on vascular plants: Ceska - rare aquatics; Lea
and Douglas - endangered plants of the southern interior; and Ogilvie - rare and endangered
alpine plants. A symposium on biological diversity (Fenger et al. 1993) covers a broader range of
topics, but includes terrestrial B.C. ecosystems - Pojar, and the southern Okanagan - Harper et
al., Hlady. Biodiversity in B.C. (Harding and McCullum 1994) contains papers specifically
relevant to this chapter: Roemer et al. - rare and endangered vascular plants, and the B.C.
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ecological reserves program; Pitt and Hooper - threats to grasslands; Harding - forest
ecosystems, and introduced wildflowers and range and agricultural weeds.

A bibliographic compilation of floristic and vegetation literature for B.C. and adjacent areas is
given in Douglas et al. (1983), and is updated in Douglas et al. (1989-1994).

Floras

There is no taxonomic treatment of the vascular flora of the montane cordillera region as an
entity; only separate floras of Alberta and British Columbia exist. The standard taxonomic
treatment for Alberta is Moss (1959) and its revised second edition with distribution maps
(Packer 1983). Notes on additions to the Alberta flora have been published by Moss and Pegg
(1963), Ogilvie (1963), Packer and Dumais (1972), Kuijt (1973), Packer (1974), Achuff and
Corns (1985). The Flora of the Prairie Provinces (Looman and Best 1979) includes the prairie
portions of the southern Rocky Mountain foothills of Alberta.

The most widely used taxonomic treatment for British Columbia until recently was the five
volume Vascular Plants of the Pacific Northwest by Hitchcock et al. (1955-1969); this work has
been abridged to a single-volume flora (Hitchcock and Cronquist 1973). Eastham (1947) added a
large number of species, especially for the interior and northern B.C., to the pioneer treatment of
Henry (1915). Taylor and MacBryde (1977) is a checklist of the vascular flora of British
Columbia, with species range distribution information. Douglas et al. (1989-1994) is a serially
published list of the B.C. flora with keys and references, based on the Hitchcock and Cronquist
(1973) Flora.

The most recent treatment of British Columbia flora is the Illustrated Flora of British Columbia
(Douglas, Straley, Meidinger and Pojar 1998a,b; and Douglas et al. 1998-2002). This treatment
is a revision in part of Douglas et al. (1989-1994) and gives keys, synonymy, full description,
data on distribution and distribution maps for 2993 species of vascular plants in British
Columbia. Some of these from the dry interior are shown in Figures 1-8.

For south-central B.C. the six volume Flora of the Intermountain Region by Cronquist et al.
(1972-1997) is a very useful modern treatment. For northernmost B.C. Hultén's Flora of Alaska
and Yukon (Hultén 1968), with his Comments (Hultén 1967) and Supplement (Hultén 1973), is
useful; also Porsild and Cody (1980) Flora of the Northwest Territories; and Cody (1996) Flora
of Yukon Territory; all three of these works contain species distribution maps.

Taxonomic monographic treatments of plant families of B.C. have been published by the B.C.
Provincial Museum (Royal B.C. Museum): Hubbard (1969): Grasses; Taylor (1956, 1970):
Ferns; Szczawinski (1959): Orchids; Szczawinski (1962): Heathers; Taylor (1966): Lilies; Taylor
(1973): Rose Family; Taylor (1974a): Figwort Family; Taylor (1974b): Pea Family; Douglas
(1982): Asteraceae, Vol. 1; Taylor (1983): Sedge Family; Brayshaw (1985, 2000): Pondweeds;
Brayshaw (1989): Ranales; Douglas (1995): Asteraceae, VVol. 2; Brayshaw (1996a): Amentiferae;
Brayshaw (1996b): Trees and Shrubs; Stewart & Hebda (2000): Grasses of the Columbia Basin
of British Columbia.

Some useful taxonomic treatments covering all of Canada are: Gillett (1963): Gentians; Dunn
and Gillett (1966): Lupines; Bassett (1973): Plantains; Aiken and Derbyshire (1983, 1990):
Grasses; Cody and Britton (1989): Ferns and Fern Allies. Pavlick (1995) deals with the genus
Bromus in North America and Saarela (2008) with the same genus in British Columbia.
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The Flora North America series, composed of numerous individually authored taxonomic
descriptions for all vascular plant species, such as Marr et al.'s (2007) treatment of
Calamagrostis, is a particularly invaluable reference for improving the understanding of the
montane cordillera flora and for identifying plants from the region. Several volumes in the series
have been published and for example the two treatments of grasses (Volume 24 Barkworth et al.
2007); Volume 25 Barkworth et al. (2003)) include current keys, taxonomic treatments and
continental scale distribution maps that cover the montane cordillera zone.

Local and regional vascular species lists, and in some cases descriptions, have been prepared for
Yoho National Park (Ulke 1934); Mt. Revelstoke and Glacier National Parks (Haber and Soper
1980); Banff National Park (Kojima 1977); Wells Gray Provincial Park (Hamet-Ahti 1965); Big
White Provincial Park (Eady 1971); Mt. Robson Provincial Park (Chuang 1975); Revelstoke
National Park (Soper and Szczawinski 1976); Manning Provincial Park (Underhill and Chuang
1976); Akamina-Kishinena Area (Polster 1977).

Amongst the multitude of colour flower books there are a few which are accurate, informative
and well illustrated: Porsild (1974) Rocky Mountain Wild Flowers; MacKinnon et al. (1992)
Plants of Northern British Columbia; Pojar and MacKinnon (1994) Plants of Coastal British
Columbia; Johnson et al. (1995) Plants of the Western Boreal Forest and Aspen Parkland; Parish
et al. (1996) Plants of Southern Interior British Columbia (Figs. 1-8); Scotter and Flygare (1986)
Wildflowers of the Canadian Rockies; Hallworth and Chinnappa (1997) Plants of Kananaskis
Country.

Electronic data bases have evolved rapidly since the original preparation for this chapter. For
British Columbia the e-flora website of the University of British Columbia (www.eflora.bc.ca)
has comprehensive descriptions and illustrations of the province's plants and is a good first
source of information. Web site pages contain many useful links to some of the reports cited in
this chapter and to more recent publications.

Vegetation Community Research

An early summary of the vegetation of Alberta is reviewed in Moss (1955). The mountain forest
communities in Alberta are described in Ogilvie (1961) and Kirby and Ogilvie (1969); the
subalpine and alpine vegetation by Ogilvie (1969, 1976) and his students: Beder (1967), Baptie
(1968), MacKenzie-Grieve (1970), Trottier (1972), Baig (1972), Broad (1973), Crack (1977);
and additional mountain vegetation papers by: Bryant and Scheinberg (1970), Hrapko and La
Roi (1978), Knapik et al. (1973), Kuchar (1975), Stringer (1973), Stringer and La Roi (1970),
Tande (1979), La Roi and Hnatiuk (1980), Kojima (1980, 1984). Vegetation classification and
mapping as part of biophysical inventories have been done in the Mountain National Parks:
Kuchar (1978) - Yoho N.P.; Achuff et al., eds. (1982) - Banff and Jasper N.P.; Achuff et al.
(1984a) - Kootenay N.P.; Achuff et al. (1984b) - Revelstoke and Glacier N.P.; Coen and Holland
(1976) - Waterton Lakes N.P.

The literature on B.C. cordilleran vegetation is voluminous, much of it instigated from forestry
and range management needs, and from university based research. Some of the earlier studies
are: Spilsbury and Tisdale (1944a, 1944b), Tisdale (1947), Spilsbury and Smith (1947), Tisdale
and McLean (1957), McLean and Holland (1958), Illingworth and Arlidge (1960), Marchand
(1964), McLean and Marchand (1968), McLean (1970), McLean and Tisdale (1972), Parsons et
al. (1971), van Ryswyck et al. (1966).
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Vegetation research by Krajina and his students are a major source of information: Krajina
(1954, 1959, 1965, 1969, 1973, 1975); Arlidge (1955), Brayshaw (1955, 1965, 1970), Bell
(1964, 1965), Eady (1971), Beil (1969, 1974), Kojima and Krumlik (1979), Kojima (1980); and
a summary of the Krajina biogeoclimatic zones is given in Beil et al. (1976), and the current
revised system in Meidinger and Pojar (1991). More recent B.C. cordilleran studies are by
Polster (1977), Selby and Pitt (1985), Ratcliffe and Turkington (1987), Kojima (1984), Lea
(19844, 1984b), Meidinger et al. (1984), Utzig et al. (1978), Vold et al. (1980), Yole et al.
(1989), Braumandl and Curran (1992), Steen and Coupe (1997). Symposium volumes relevant to
cordilleran vegetation are: for alpine and subalpine, Luttmerding and Shields (1976); the Cariboo
vegetation, Annas and Coupe (1979); grasslands, Nicholson et al. (1982). Two publications
covering the distribution and autecology of B.C. plants are: Krajina et al. (1982) and Klinka et al.
(1989).

Vegetation studies from adjacent states of relevance to B.C. and Alberta are: Daubenmire (1943,
1953, 1968, 1970)-Central Washington and Idaho; Franklin and Dyrness (1973)-Washington and
Oregon; Pfister et al. (1977)-Montana; and Steele et al. (1981)-1daho.

Coarse vegetation classification was offered in works by Peinado et. al. (1997, 1998) and by
Rivas-Martinez et al. (1999a,b,c). All these works follow the Zlrich-Montpellier methodology
and in some degree refer to the Cordillera, however, their scope is much larger. More detailed
analysis of forest vegetation is offered by Spribille (1999, 2002) and by Stachurska-Swako
(2002) and these works represent a good start in application of the floristic method to the
vegetation study. Damm (2001) described the vegetation of Glacier National Park, Montana and
presented a detailed classification of western North American alpine vegetation.

Overview of Vegetation

The most recent coverage of B.C. Vegetation/Ecosystems is Meidinger and Pojar (1991). The
montane-cordilleran region in British Columbia (see Fronticepiece) includes the following
Biogeoclimatic Zones: Interior Cedar-Hemlock, Interior Douglas-fir, Ponderosa Pine,
Bunchgrass, Montane Spruce, Engelmann Spruce-Subalpine Fir, Sub-Boreal Spruce, Sub-Boreal
Pine-Spruce, and Alpine. The altitudinal vegetation zonation (referred to in Section 1.1) in each
of these biogeoclimatic zones is illustrated by a series of cross sections of the province at
different latitudes (Meidinger and Pojar 1991: fig. 11).

Comprehensive descriptions of forested plant communities are provided in the periodically
updated Field Guides to site Identification and Interpretation of Site series of the Ministry of
Forests and Range of British Columbia (for example Meidinger et al. 1988; Steen an Coupe
1997). Each field guide contains diagnostic vascular and non-vascular plant species lists and
typical abundance values for relatively local parts of the montane cordillera zone. These are
keyed to geospatial polygons called biogeoclimatic variant polygons mapped to cover the entire
zone within the province of BC (Meidinger and Pojar 1991). In a similar way the wetland
communities of British Columbia are also described (MacKenzie and Moran 2005).

In Alberta the montane-cordilleran is confined to the Rocky Mountain Main Ranges, Front
Ranges, and High Foothills, and has a sequence of east-west vegetation zones in each of which is
a series of altitudinal zones. The mountain vegetation at highest altitude consists of alpine heath
and meadow communities, below which is subalpine forest of Engelmann spruce, subalpine fir,
hybrid spruce, whitebark pine, and alpine larch; low elevation dry habitats have small savannah-
like stands of Douglas fir and limber pine; and in the northern mountains there is limited
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occurrence of black spruce stands on ponded soils at low elevation. The High Foothills forest
consists of white spruce, hybrid spruce, and subalpine fir at higher elevations. Throughout the
mountain and foothill forests lodgepole pine and aspen form extensive fire successional stands.
Small stands of fescue grassland extend along the dryer valley bottoms into the foothills and
mountains.

Rare Species

The rare vascular plants of the montane cordilleran region have been documented separately in
Alberta and B.C. A preliminary list of rare vascular plants of Alberta was compiled by Wallis
(1977), which was incorporated into the Syllogeus publication for Alberta (Argus and White
1978). Later, another checklist of rare plants in Alberta was published by Packer and Bradley
(1984). A comprehensive description of Alberta rare vascular plants was recently prepared by
Kershaw et al. (2001) and information on non-vascular and vascular plants compiled by Gould
(2006).

The rare vascular plants of B.C. were inventoried and documented by a committee of botanists
during 1977-1985, and the results edited by Straley et al. (1985) and published in the Syllogeus
series. Subsequently the Conservation Data Centre, Ministry of Environment, Victoria, has
maintained and updated tracking lists of the rare vascular plants and produced two editions of the
rare vascular plant manuals for British Columbia (Douglas, Straley and Meidinger 1998a; and
Douglas, Meidinger and Penny 2002). Data on rare plant species and ecosytems are accessible
on-line though the British Columbia Conservation Data Centre using the BC Systems and
Ecosystem Explorer accessible at http://www.env.gov.bc.ca/atrisk/toolintro.html.

A compendium of lists of rare vascular plants in Canada prepared by the Rare and Endangered
Plants Project, Canadian Museum of Nature, Ottawa, was published by Argus and Pryer (1990).
This compendium includes lists of rare plants for all of Canada, separate lists for each province
and territory, and lists of endemic plants.

Infraspecific Variation

There is a very large volume of research on intraspecific variation in vascular plants, extending
over the past fifty years. The literature includes cytotaxonomic studies, morphometric analyses,
and more recently phytochemical analyses on species populations. These studies cover many of
the vascular plant families and genera. Rather than list all of this literature here, the reader is
referred to the bibliographic sources given in this Chapter. More recently studies of DNA
variation are beginning to reveal considerable infra-specific variation in the montane cordillera
zone and will in the future provide key information in understanding the diversity and character
of the flora as well as its origins and history (see Marr et al. 2008 and references therein).

FLORISTICS STATISTICS
Total Vascular Flora

The total vascular flora in Alberta (Packer 1983) is 1,475 taxa, of these there are 1,182 in the
montane cordillera area. The major families (with bracketed species numbers) are: Asteraceae
(159), Poaceae (127), Cyperaceae (125), Rosaceae (53), Brassicaceae (53), Ranunculaceae (47),
Fabaceae (41), and Scrophulariaceae (41).

In British Columbia, Taylor and MacBryde (1977) list 2,475 native vascular taxa, and Douglas et
al. (1994) 2,300 taxa; of these there are 1,543 taxa present in the montane cordillera area. The
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major families here are: Cyperaceae (156), Poaceae (111), Asteraceae (111), Rosaceae (87).
Brassicaceae (69), Fabaceae (67), Ranunculaceae (67), and Scrophulariaceae (67).

Rare and Significant Taxa

For Alberta, Argus and White (1978) list 470 rare vascular cordillera taxa, and Packer and
Bradley (1984) list 234 taxa. The ANHIC Tracking List has 314 rare (S1 and S2) taxa, and on
the Watch List there are 41 taxa (S3) for the cordilleran area. Gould's (2006) is not analyzed in
this chapter but should be consulted as a more recent source of data.

For the cordilleran area of British Columbia, Straley et al. (1985) list 470 rare vascular taxa, and
the CDC Tracking List (1997) lists 339 rare vascular taxa. Currently available numbers can be
obtained from the BC Conservation Data Centre website at
http://www.env.gov.bc.ca/atrisk/toolintro.html. Through this data base it is possible to develop
lists for specific geographic regions in the montane cordillera or by biogeoclimatic variant,
Unpublished collections made by Hebda, Marr and MacKenzie in northern BC during the 2002-
2008 field seasons have added many thousands of vascular plant specimens from the montane
cordillera in British Columbia and particularly informed the understanding of rare and non-native
species.

Argus and Pryer (1990) list 237 rare cordilleran vascular taxa for B.C., and 74 rare cordilleran
vascular taxa for Alberta.

Argus and Pryer (1990) do not use the term endemic in the conventional sense; they define
endemic as a taxon "occurring in a very small area, e.g. one province, two or more provinces, or
one or more states". Using this definition they list 47 endemic taxa for B.C., only 10 of which are
restricted to B.C., the rest occurring also in various other provinces and states; the same authors
list 16 endemic taxa for Alberta, all of which also occur in other provinces and states.

The following is Argus and Pryer's list of Alberta cordilleran endemics (with the additional
province or state in which it occurs): Erigeron trifidus (BC), Braya humilis var. maccallae (BC),
Epilobium mirabile (BC, WN), Papaver pygmaeum (BC, MT), Senecio conterminus (BC, MT),
Stellaria americana (BC, MT), Lomatium sandbergii (BC, MT, ID), Angelica dawsonii (BC,
MT, ID), Phacelia lyallii (BC, MT, ID), Botrychium paradoxum (BC, MT, SK, UT), Papaver
freedmanianum (YK), Penstemon lyallii (BC, WN, ID, MT), Oxytropis lagopus var. conjugens
(MT), Prenanthes sagittata (MT, ID).

COSEWIC Status Reports have been prepared for 22 cordillera taxa as of the year 2000:
Adiantum capillus-veneris, Ammannia robusta, Antennaria flagellaris, Azolla mexicana,
Brickellia grandiflora, Calochortus lyalii, Collomia tenella, Draba kananaskis, Epipactis
gigantea, Ericameria bloomeri, Erigeron radicatus, Floerkia proserpinacoides, Isoetes
bolanderi, Iris missouriensis, Lipocarpha micrantha, Lupinus lepidus var. lepidus, Polystichum
lemmonii, Psilocarphus brevissimus, Ranunculus alismifolius, Rhododendron macrophyllum,
Rotala ramosior, and Talinum sediforme.

Areas of Concentration of Rare Cordilleran Taxa

In Alberta there are two major areas where rare cordilleran plants are concentrated: northern
Rocky Mountains (north of the Athabasca River), and southern Rocky Mountains (the Waterton-
Crowsnest area).

In the northern Rocky Mountains of Alberta there are 41 rare plant species restricted here,
though these may be more abundant in adjacent British Columbia. Some examples of these are:
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Cystopteris montana, Festuca altaica, Hierochloe alpina, Koenigia islandica, Aconitum
delphiniifolium, Ranunculus nivalis, Papaver freedmanianum, Heuchera glabra, Lupinus
nootkatensis, Geranium erianthum, Hippuris montana, Loiseleuria procumbens, Rhododendron
lapponicum, Primula egaliksensis, Primula stricta, Pedicularis lanata, Artemisia furcata,
Artemisia norvegica, Erigeron trifidus.

In the southern Rocky Mountains of Alberta there are 116 taxa restricted in Alberta to the
Crowsnest-Waterton area. Of these, there are 53 taxa restricted to Waterton alone, some
examples of these are: Isoetes bolanderi, Cheilanthes gracillima, Adiantum aleuticum, Trillium
ovatum, Cypripedium montanum, Lewisia pygmaea, Aquilegia jonesii, Papaver pygmaeum,
Physocarpus malvaceus, Spiraea densiflora, lliamna rivularis, Douglasia montana,
Adenocaulon bicolor, Brickellia grandiflora, Prenanthes sagittata, Saussurea americana,
Senecio megacephalus. And some examples of other taxa rare in Alberta taxa restricted to the
Crowsnest-Waterton area: Danthonia unispicata, Festuca idahoensis, Calochortus apiculatus,
Allium geyeri, Camassia quamash var. quamash, Fritillaria pudica, Xerophyllum tenax,
Mahonia repens, Conimitella williamsii, Philadelphus lewisii, Lupinus polyphyllus, Paxistima
myrsinites, Ceanothus velutinus, Angelica dawsonii, Lomatium sandbergii, Osmorhiza
occidentalis, Phacelia lyallii, Mimulus floribundus, Penstemon erianthus, P. lyallii, Lonicera
utahensis, Artemisia tridentata, Balsamorhiza sagittata (Figures 1 and 2), Townsendia
condensata, Bromus vulgaris.

In the B.C. Cordillera there are several areas of high species diversity and high species rarity: the
Rocky Mountain west slope, the southern Rocky Mountain Trench, the Dry Interior, the southern
Okanagan and Similkameen, the Moist Interior and West Kootenays, the Cascade Range, the
Okanagan Range, and the Junction Area and west Chilcotin.

There are approximately 25 rare species centred in the alpine of the west slope of the Rocky
Mountains, some examples of these are: Arnica louisiana, Androsace chamaejasme, Besseya
wyomingensis, Claytonia megarhiza, Delphinium bicolor, Douglasia montana, Draba ventosa,
Erigeron lanatus, Eriogonum pauciflorum, Gentiana calycosa, Lomatium sandbergii, Papaver
pygmaeum, Phacelia lyallii, Physaria didymocarpa, Potentilla ovina, Senecio conterminus,
Senecio megacephalus, Smelowskia calycina.

In the southern Rocky Mountain Trench there are approximately 20 rare species primarily
occurring along the valley bottom, some examples are: Allium validum, Astragalus crassicarpus,
Bouteloua gracilis (and Cariboo), Calamagrositis montanensis, Gentianella crinita, Lupinus
arbustus, Penstemon nitidus, Phlox hoodii, Polygonum austiniae, Thermopsis montana (and
Peace R.), Townsendia exscapa, T. hookeri, T. parryi. A few rare species of the northern Rocky
Mountain Trench, which also occur northward, are: Koenigia islandica, Kobresia sibirica,
Tofieldia coccinea.

The Dry Interior rare species are wide-ranging, occurring in the low elevation most arid parts of
the Fraser Canyon, south Thompson and Nicola Valleys, the Similkameen, Okanagan and south
Kettle Valleys, and the south Columbia and Kootenay Valleys. Approximately 45 species occur
here, for example: Artemisia cana, Astragalus convallarius, Draba reptans, Gaura coccinea,
Gayophytum ramosissimum, Helianthus nuttallii, Idahoa scapigera, Ipomopsis aggregata
(Figure 7), I. minutiflora, Lithospermum incisum, Lupinus argenteus, L. sulphureus, L. wyethii,
Lygodesmia juncea, Machaeranthera canescens, Mentzelia albicaulis, Nemophila breviflora,
Penstemon richardsonii, Potentilla paradoxa, Haplopappus (Pyrrocoma) carthamoides, Rotala
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ramosior, Sidalcea oregana, Sphaeralcea coccinea, Stipa spartea, Talinum sediforme,
Tetradymia canescens, Triteleia grandiflora.

The southern Okanagan and Similkameen Valleys have a major concentration of rare species,
approximately 35, for example: Ammannia robusta, Astragalus sclerocarpus, Brickellia
oblongifolia, Calochortus lyallii, Camissonia andina, Erigeron poliospermus, Eriogonum
strictum, Gilia sinuata, Artemisia tripartita, Halimolobos whitedii, Haplopappus (Ericameria)
bloomeri, Lithophragma tenellum, Lupinus leucophyllus, Lupinus lyallii, Oenothera pallida,
Orobanche corymbosa, Phacelia ramosissima, Phlox speciosa, Sphaeralcea munroana,
Sporobolus airoides.

The Moist Interior and West Kootenays comprise the moister parts of the Columbia and
Kootenay region, in which there are approximately 30 rare species concentrated, some examples
are: Olsynium inflatum, Vaccinium globulare, Viola maccabeana (nephrophylla), Clarkia
rhomboidea, Glycyrrhiza lepidota, Ligusticum canbyi, L. verticillatum, Ranunculus flabellaris,
Ranunculus macounii, Thalictrum dasycarpum, Thermopsis rhombifolia, Floerkea
proserpinacoides, Xerophyllum tenax (subalpine and Rocky Mts.).

The Cascade Range has approximately 20 rare species, for example: Elmera racemosa,
Castilleja rupicola, Cimicifuga elata, Cryptogramma cascadensis, Gayophytum humile, Lewisia
columbiana, L. tweedyi, Luina (Cacaliopsis) nardosmia, Smelowskia ovalis, Viola purpurea var.
venosa.

The Okanagan (Ashnola) Range has approximately 10 rare taxa centred there, some examples
are: Calyptridium umbellatum, Erigeron leibergii, Eriogonum pyrolifolium var. coryphaeum,
Lomatium brandegei, Lupinus minimus, Ranunculus suksdorfii, Ranunculus pedatifidus.

The Junction Area and West Chilcotin is an area designated by Pojar (1982) for having
distinctive floristics and rare species; it comprises the confluence of the Chilcotin and Fraser
Rivers, Riske Creek, and outlying llgachuz, Itcha, Rainbow and Chilcotin Mountains;
approximately 35 rare taxa are concentrated here, for example: Saxifraga flagellaris, Senecio
plattensis, Potentilla multifida, Chaenactis alpina, Carex prairea, Carex simulata, Camissonia
breviflora, Erigeron flagellaris, Campanula uniflora, Ranunculus gelidus (grayi), R. inamoenus,
Senecio elmeri.

Flora of Specialised Habitats
Flora of Hot Springs

Eastham (1949a,b) described the flora of Fairmount Hotsprings, a habitat of warm waters
seeping through marl. Two of the rarest species are: Adiantum capillus-veneris and Epipactis
gigantea; other species include: Triglochin palustris, Muhlenbergia glomerata (M. racemosa),
Panicum thermale (P. occidentale), Juncus torrreyi, Rhus toxicodendron. Eastham gives an
interesting history of the Fairmount flora: the first written record of it is from 1888 by the
Duchess of Somerset, and the first specimen collected of Adiantum capillus-veneris is by a Miss
A.B. MacKenzie in 1915, sent to the botanist John Davidson in Vancouver. COSEWIC Status
Reports have been made for both Adiantum capillus-veneris and Epipactis gigantea (Brunton
19864, 1986b, and 1988).

Flora of limestone and calcareous habitats

An early paper on lime-rich habitats around Kinbasket Lake in the Rocky Mountain Trench is by
Eastham (1952); additional species to his list are as follows. A large number of ferns are typical
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of limestone and calcareous substrates: Asplenium adulterinum, A. viride, Cheilanthes feei
(cliffs), Cryptogramma stelleri (cliffs), Cystopteris montana, Gymnocarpium dryopteris, Pellaea
gastonyi, P. glabella, Phegopteris connectilis, Woodsia glabella, W. oregana, W. scopulina.
Other calcareous species are: Allium schoenoprasum, Amerorchis rotundifolia, Androsace
chamaejasme, Astragalus vexilliflexus, Braya humilis, Carex microglochin, C. nardina,
Cypripedium calceolus, Draba porsildii, D. reptans, Dryas drummondii, D. integrifolia, D.
octopetala, Epilobium latifolium, Hedysarum mackenzii, Juncus albescens, Lilium
philadelphicum, Lobelia kalmii, Muhlenbergia racemosa, Oxytropis podocarpa, Pedicularis
capitata, P. flammea, P. sudetica ssp. interior, Physaria didymocarpa, Polemonium
pulcherrimum, Piperia candida, Primula incana, P. mistassinica, Salix vestita, Saxifraga
aizoides, S. oppositifolia, Selaginella selaginoides, Spiranthes romanzoffiana, Triantha
glutinosa, T. occidentalis , Triglochin palustris.

Flora of ultramafic (serpentine) habitats

Serpentines are one of the most extreme habitats for plant growth; the soils are deficient in
calcium, nitrogen, phosphorus, and molybdenum, and they have toxic concentrations of
magnesium, iron, nickel, and chromium. The ground is barren, vegetation is sparse and dwarfed,
and the flora is poor in species. A limited number of plant species and genotypes (ecotypes)
tolerant of these extreme conditions are found on serpentine soils.

A.R. Kruckeberg (1969 a,b) has researched serpentine flora and vegetation in the Pacific
Northwest. He has written on three serpentine areas in central B.C.: the eastern Coast Mountains
- Bralorne and Choate; the upper Tulameen River - Olivine Mt., Grasshopper Mt.; and the
southwest Kootenays - Christina Lake and Grand Forks. Aspidotis densa (Cheilanthes siliquosa)
occurs on serpentine in all of these areas, and Polystichum kruckebergii occurs in the Tulameen
and Bralorne sites. Other species commonly occurring on serpentines are: Cryptogramma
acrostichoides, Achillea lanulosa, Adiantum aleuticum.

Three rare ferns of serpentine habitats occur in B.C.: Polystichum lemmonii - Okanagan
Highland, and Polystichum scopulinum - Tulameen Valley. Also, Polystichum kruckebergii (type
locality near Lillooet in the montane cordillera) is known from more northerly B.C. serpentine
habitats in the Cassiar Mts., north of Prince George (Kruckeberg 1982), in southeastern Alaska
(Stensvold 2000), and in the Chilcotin area (Cody and Britton 1989).

Flora of Saline and Alkaline Habitats

Saline and alkaline habitats have very high concentrations of sodium, calcium and magnesium,
carbonates, bicarbonates, and sulphates. Concentrations can range up to 12,000 micro mhos/cm,
and pH can be as high as 9.7 and 10.5. These conditions are toxic to most plants except for a few
halophytes. Some examples of halophytes from the dry interior of B.C. are, many chenopods:
Salicornia rubra, Chenopodium rubrum, C. leptophyllum var. oblongifolium, C. atrovirens,
Atriplex argentea, A. subspicata, A. truncata, Suaeda calceoliformis, Monolepis nuttalliana; a
number of specialised grasses: Distichlis stricta, Puccinellia nuttalliana, P. interior, P. distans,
Spartina gracilis, Muhlenbergia asperifolia, M. richardsonis, Poa juncifolia; and other
halophytes such as: Juncus balticus, Scirpus validus, Eleocharis rostellata, Triglochin
maritimum, T. palustre, Glaux maritimum, Hutchinsia (Hymenolobos) procumbens,
Thellungiella (Arabidopsis) salsuginosa, Spergularia marina, Polygonum ramosissimum,
Amaranthus retroflexus, Ruppia maritima.
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Introduced vascular plants

Packer (1983) lists 280 introduced vascular species for Alberta, which is approximately 16% of
the total flora. Wheeler and Steerman (1983) is an illustrated manual of 93 species of weeds of
Alberta.

Douglas et al. (1998-2002) list 667 species of introduced vascular species for B.C., which is
approximately 20% of the total vascular flora. Cranston et al. (1989-1996) list 40 species of
noxious weeds in B.C., and Powell et al. (1994) provide a field guide to biological control of 17
weed species in B.C. The "Weeds BC" website (www.weedsbc.ca) profiles 80 weed species for
the province many of which occur in the montane cordillera and includes information on
identification and control. Legislation for weed control in B.C. is covered by the Weed Control
Act (1979), to which is appended a scheduled list of 30 noxious species to which the act applies.

Among the serious weeds that have invaded grazed rangelands of southern and central B.C. are
several annual brome grasses (chess) - Bromus tectorum, B. japonicus, B. mollis; knapweeds -
Centaurea diffusa, C. repens, C. maculosa; common St. John’s-wort - Hypericum perforatum;
tansy ragwort - Senecio jacobaea. Other common serious weeds are: Canada thistle - Cirsium
arvense, sow-thistles - Sonchus arvensis, S. asper, leafy spurge - Euphorbia esula, toadflaxes -
Linaria vulgaris, L. dalmatica; field morning glory - Convolvulus arvensis, tansy - Tanacetum
vulgare, quackgrass - Agropyron (Elymus) repens, foxtail barley - Hordeum jubatum,
hawksbeard - Crepis tectorum. A serious weed of the southern British Columbia lakes is water-
milfoil - Myriophyllum spicatum, introduced and spread by recreation boats; and another
potentially invasive weed of marshes is purple loosestrife - Lythrum salicaria. Forest and
streamside habitats are threatened by a more recent introduction, Fallopia cuspidata and related
species.

DOCUMENTED PROTECTED SITES

Protection of sites in the cordilleran region is by means of National Parks and Wildlife Refuges,
Provincial Parks and Wilderness Areas, Ecological Reserves (Natural Areas), and Municipal
Parks. Most of these sites have had plant and animal inventories at the time they were proposed
for protection, and many have had subsequent detailed biological inventories and surveys.

B.C. Protected Sites

There are four National Parks in cordilleran B.C.: Kootenay (1,406 sg. km.) and Yoho (1,313 sq.
km.) in the Rocky Mountains, and Glacier (1,350 sq. km.) and Revelstoke (263 sg. km.) in the
Selkirk Mountains. The total area of these National Parks is 4,332 sg. km.

The B.C. Ecological Reserves program, initiated in the 1960's was formalized with passage of
the Ecological Reserves Act in 1971, and hiring of a permanent staff to co-ordinate the program
in 1974. The Ecological Reserves are administered and managed by the B.C. Ministry of
Environment, Lands and Parks. At present (October 2002) there are 152 Ecological Reserves,
with total area of 166,918 hectares, of which 53 are in the montane cordilleran region with total
area of 18,590 ha. Most of these are concentrated in the southern part of the interior where
ecosystems and species are most threatened.

There are, as of 2002, 434 B.C. Provincial Parks, Wilderness Areas and Recreation Areas. Of
these, 48 occur in the montane cordilleran region, with a total area of approximately 33,287.4 sq.
km. There are 10 provincial parks in the Rocky Mountains, with a total area of 5,571 sg. km. ; in
the Purcell Mts. there are 4 parks with approximately 1,564 sq. km.; in the Selkirk Mts. 5 parks
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with approximately 1,490 sqg. km.; in the Monashee Mts. 3 parks, with approximately 875 sq.
km.; the Cariboo Mts. with 2 parks of the total area of 6,529 sg. km.; the Okanagan Plateau and
Highlands with 3 parks and total area of 171.3 sq. km.; the Cascade Mts. with 5 parks and total
area of 1,551 sqg. km.; the Fraser Plateau with 8 parks and approximately 1,600 sq. km.; and the
Coast Mts.-east slope with 8 parks and 14,117.5 sq. km.

Alberta Sites

There are as of 2002, three National Parks in montane cordilleran Alberta: Waterton Lakes (525
sg. km.), Banff (6,641 sq. km.), and Jasper (10,878 sg. km.). Their total area is 18,044 sq. km.

There are six montane cordilleran Provincial and Wilderness Parks in Alberta: Willow Creek,
Kananaskis and Peter Lougheed, Bow Valley, Ghost River, Siffleur, and Willmore. Their total
area is 10,349 sq. km.

ECOZONE BOUNDARIES

The montane cordilleran ecozone is too vast an area for covering biodiversity except
superficially. As discussed in this chapter the environmental, altitudinal, and habitat diversity is
extreme, as is the consequent biological diversity. It is known from mapping mountain
vegetation and habitat-types that the extremely fine-scale distribution of plant communities and
habitats necessitate a mapping scale of 1:5,000 or at most 1:10,000 to depict these patterns.
Compare this scale with the 1:1,500,000 scale of the montane cordilleran ecozone map for this
chapter.

Another difficulty with the circumscription of the montane cordilleran ecozone is that it straddles
the provincial boundary of B.C. and Alberta; geographically it appears to be a "natural unit"
pragmatically it presents considerable challenges. All floras and plant-lists are separate for B.C.
and Alberta, as are all government documents, reports, and publications concerning forest
vegetation, grassland and agricultural vegetation, weeds and alien species, parks and ecological
reserves, legislation and management regulations for protection of ecosystems and species. Since
natural resources are under provincial jurisdiction the legislation pertaining to them is provincial
as is their administration and management, and the financing for the inventories of these
resources.

A more practical working unit for the treatment of species of the montane cordilleran region is to
subdivide it into at least five smaller ecozones. Thus: a Rocky Mountain ecozone covering the
east slope (Alberta) and west slope and trench of the Rocky Mountains; a Columbia-Cariboo
Mountain Ecozone covering the eastern mountain ranges of B.C. (still very vast and diverse); an
Interior Plateau and Mountains ecozone extending to the east slope of the Coast Mountains; a
Coast Mountain ecozone including the west slope and maritime shore of the Coast Mountains;
and an Insular Mountains ecozone including the Vancouver Island Mountains and shores, the
Queen Charlotte Islands and shores, and the islands of Georgia, Johnstone, Queen Charlotte, and
Hecate Straits. The same level of defining ecozones is required for other mountainous regions,
such as northern B.C., Yukon, and western Mackenzie District of the Northwest Territories.

INFORMATION GAPS AND RESEARCH NEEDS
Vegetation and Ecosystems

After approximately fifty years of vegetation and ecosystem inventories, classification, and
mapping in the montane cordilleran region, the subject is well documented (Meidinger and Pojar
1991). However, large areas of remote, inaccessible, and poorly sampled terrain, especially in the
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north will require further research. Most important is continuing, long-term monitoring and
measuring of experimental exclosures and permanent sample plots for seedling regeneration,
mortality, ecotonal and successional changes and other dynamic processes. Also, autecological
and ecophysiological studies on native species are needed for deeper understanding of their role
in the ecosystems.

Species inventories

With more than a century of vascular plant collecting, surveys, inventories, check-lists and
floras, the vascular flora of the montane cordilleran region is well known. Indiscriminate and
unfocussed plant collecting should not be done, neither for the sake of damage to the native flora,
but also to avoid waste of time, labour, and expense. There is a wealth of vascular plant
collections in the provincial, university, and national herbaria, most of which are computerized,
and these sources of species data should be consulted before any further collecting is done. This
especially applies to the re-collecting of rare, threatened and endangered plants.

Detailed floristic inventories are still needed for unsampled localities, and remote areas,
particularly in the north, but this should be done after a full analysis of existing collections, data,
and inventories. Most important are long-term detailed population studies on rare species. Along
with population studies are studies on pollination and reproductive biology, cytotaxonomical and
phytochemical and DNA analyses, which can provide a fuller understanding of the rarity of these
species and their taxonomic complexity and offer insight to their management and conservation.

PROTECTION STATUS

Protection of habitats and ecosystems in the cordilleran ecozone is by means of Ecological
Reserves and Natural Areas, National Parks and Wildlife Refuges, Provincial Parks and
Wilderness Areas. Although none of these levels of protection are totally satisfactory, especially
in areas close to urbanisation and accessible to the public, they do provide a potential form of
protection, although the very act of designating park status often serves as an attractant for heavy
public usage and resultant disturbance and damage to the ecosystems.

Another factor which minimizes the protection of ecosystems and species, is inadequate staff for
enforcing existing legislation and regulations. This is true for the Parks Act and the Ecological
Reserves Act, as a consequence of current budget deficits, austerity programs and staff reduction.
An additional factor is the inadequate penalties for violation of legislation; if the penalty is lower
than the market valley of the species or habitat being protected, the legislation will not be
effective. Such may be case for protecting large game animals, or protecting parks and reserves
form human damage, or protecting native ornamental plants in demand by the horticulture
nursery trade.

There is no legislation specifically protecting rare plant species in BC or Alberta, except on
Federal government land covered by the Government of Canada Species at Risk Act which
includes few plant species of the montane cordillera
(www.sararegistry.gc.ca/species/schedules_e.cfm?id=1). In B.C., before it was repealed, the
Dogwood, Rhododendron, and Trillium Protection Act (B.C. 1948) protected Cornus nuttalii,
Rhododendron macrophyllum, and Trillium ovatum from being cut, dug, or injured on municipal
or crown land. Of these three species only Rhododendron macrophyllum was considered rare
(Straley et al. 1985; Argus and Pryer 1990); but it is not now included on the B.C. Conservation
Data Centre Tracking List. In 1986 draft legislation was prepared for the protection of rare and
endangered vascular plants in B.C., with a scheduled list of species for protection. The proposal



Page |149

was tabled in the legislature and has not been introduced since at subsequent sittings of the
legislature. With the accelerated rate of loss of habitats and depletion of rare plant species it is
important that this legislation be enacted now. The same urgency applies to enacting the
proposed federal legislation for protection of rare species on federal lands. Considering that in
the U.S. federal legislation for protecting rare and endangered species was enacted in 1975, it is
shocking that we are still waiting for this to be done in Canada.

Source of Threats

The source of threats to the flora varies with different localities Austin et al. (2008). The
southern steppe flora and vegetation of interior B.C. is subject to heavy pressure from
urbanisation and industrial expansion, agricultural pressures of grazing, orchards, vineyards, and
hayfields. Additional to these is the intensive network of transportation corridors: highways,
roads, railroads, hydroelectic lines, oil and gas lines. On the mountain slopes grazing and logging
are threats; in the subalpine and alpine: open pit mining, recreation resorts, skiing facilities,
helicopter skiing and hiking, trails for hiking and backpacking. This topic is covered in detail in
Stace-Smith et al. (1980), Fenger et al. (1993), and Harding and McCullum (1994) and
comprehensively analysed and reviewed by Austin et al. (2008). Climate change is a recently
recognized threat to all of biodiversity ranging from the species to ecosystem levels (Austin et al.
2008, Wilson and Hebda 2008). Major climate change impacts on the biodiversity of the
montane cordillera are almost certain and strategies to increase the resilience of the flora and its
ecosystems and adapt it to upcoming climatic changes are required now (Wilson and Hebda
2008).

ACKNOWLEDGEMENTS

This contribution was originally prepared by Robert T. Ogilvie. Before the completion of the
final version the author passed away and Adolf Ceska completed the bibliography that was
missing in the original manuscript. Upon the request of the Montane Cordillera volume editors,
and in consideration of comments made by an external reviewer, A. Ceska, and Richard J. Hebda
and Kendrick L. Marr of the Royal BC Museum revised the manuscript. These changes and
additions serve to bring the chapter up to date in a summary manner only and make changes
where feasible in response to the reviewer's comments. The text and concepts remain largely as
prepared by the original author.

The Department of Biology, University of Victoria is thanked for use of departmental facilities.
Cliff Wallis (Rare Plants, Cottonwood Consultants, Calgary) and Joyce Gould (Alberta Natural
Heritage Information Centre) provided information on Alberta rare flora and additions. Jennifer
Penny and Andrew Harcombe (Conservation Data Centre, B.C. Ministry of Environment)
provided information on rare plants and COSEWIC species, and Dr. Hans Roemer provided
information on B.C. Ecological Reserves. Lastly, Dr. Jim Pojar (B.C. Ministry of Forests,
Smithers) reviewed the manuscript.

REFERENCES

Achuff, P.L., Allan, D.T., Coen, G.M., Corns, 1.G.W., Hillman, G.R., Holland, W.D., Taylor,
W.S., Walker, B.D., and Wells, R.E. 1982. Ecological (biophysical) land classification of
Banff and Jasper National Parks. Vol. Il. Soil and vegetation resources. Alta. Inst. Pedol.,
Publ. No. ss-82-44. Edmonton, Alberta.

Achuff, P.L., Holland, W.D., Coen, G.M., and Van Tighem, K. (eds.). 1984a. Ecological land
classification of Kootenay National Park, British Columbia. Vol. I: Integrated resource
description. Alta. Inst. Pedol., Publ. No. M-84-10, Edmonton, Alberta.



Page |150

Achuff, P.L., Holland, W.D., Coen, G.M., and Van Tighem, K. (eds.). 1984b. Ecological land
classification of Revelstoke and Glacier National Parks, British Columbia. Vol. 1:
Integrated resource description. Alta. Inst. Pedol., Publ. No. M-84-11, Edmonton,
Alberta.

Achuff, P.L., and Corns 1.G.W. 1985. Plants new to Alberta from Banff and Jasper National
Parks. Can. Field-Nat. 99: 94-98.

Aiken, S.G., and Derbyshire, S.J. 1983. Grass genera of western Canadian cattle rangelands.
Biosystematics Research Institute, Agriculture Canada, Monograph No. 29. Ottawa.

Aiken, S.G., and Derbyshire, S.J. 1990. Fescue grasses of Canada. Biosystematics Research
Centre, Agriculture Canada, publication 1844/E. Ottawa.

Annas, R.M., and Coupe, R. (eds.). 1979. Biogeoclimatic zones and sub zones of the Cariboo
Forest Region. B.C. Min. For., Williams Lake, B.C.

Argus, G.W., and Pryer, K.M. 1990. Rare vascular plants in Canada. Can. Mus. of Nature,
Ottawa.

Argus, G.W., and White, D.J. 1978. The rare vascular plants of Alberta. Syllogeus No. 17.

Arlidge, J.W.C. 1955. A preliminary classification and evaluation of Engelmann spruce-alpine
fir forest at Bolean Lake, British Columbia. M.F. Thesis, University of British Columbia,
Vancouver, B.C.

Austin, M.A., Buffett, D.A., Nicolson, D.J., Scudder, G.G. E., and Stevens, V. (eds.). 2008.
Taking Nature’s Pulse: The Status of Biodiversity in British Columbia. Biodiversity BC,
Victoria, BC. 268 p. www.biodiversitybc.org.

Baig, M.N. 1972. Ecology of timberline vegetation in the Rocky Mountains, Alberta. Ph.D.
Thesis. University of Calgary, Alberta: xi + 444 p., 1 map.

Baptie, B. 1968. Ecology of the alpine soils of Snow Creek valley, Banff National Park, Alberta.
M.Sc. Thesis, University of Calgary, Alberta: x + 135 p.

Barkworth, M.E., Capels, K.M., Long, S., Anderton, L.K., and Piep, M.B. (eds.). 2003. Flora of
North America, North of Mexico. Volume 25. Magnoliophyta: Commelinidae (in part):
Poaceae, Part 2. Oxford University Press, New York.

Barkworth, M.E., Capels, K.M., Long, S., Anderton, L.K., and Piep, M.B. (eds.). 2007. Flora of
North America, North of Mexico. Volume 24. Magnoliophyta: Commelinidae (in part):
Poaceae, Part 1. Oxford University Press, New York.

Bassett, 1.J. 1973. The plantains of Canada. Research Branch, Canada Department Agriculture
Monogr. 7: 47 p.

Beder, K. 1967. Ecology of the alpine vegetation of Snow Creek Valley, Banff National Park,
Alberta. M.Sc. Thesis, University if Calgary, Alberta: xiii + 243 p.

Beil, C.E. 1969. The plant associations of the Cariboo-Aspen-Lodgepole pine- Douglas-fir
Parkland Zone. Ph.D. Thesis, University of British Columbia, Vancouver, B.C.

Beil, C.E. 1974. Forest associations of the southern Cariboo zone, British Columbia. Syesis 7:
201-233.

Beil, C.E., Taylor, R.L., and Guppy, G.A. 1976. The biogeoclimatic zones of British Columbia.
Davidsonia 7: 45-55.

Bell, M.A.M. 1964. Phytocenoses in the dry sub zone of the Interior Western Hemlock Zone of
British Columbia. Ph.D. Thesis, University of British Columbia, Vancouver, B.C.

Bell, M.A.M. 1965. The dry sub zone of the Interior Western Hemlock Zone. Part i:
Phytocoenoses. Ecology of western North America 1: 42-56.



Page |151

Braumandl, T.F., and Curran, M.P. 1992. A field guide for site identification and interpretation
for the Nelson Forest Region. Land Management Handbook No 20. British Columbia
Ministry of Forests, Victoria, B.C.: 311 p.

Brayshaw, T.C. 1955. An ecological classification of the ponderosa pine stands in the
southwestern interior of British Columbia. Ph.D. Thesis, University of British Columbia,
Vancouver, B.C.

Brayshaw, T.C. 1965. The dry forests of southern British Columbia. Ecol. Western North
America 1: 65-75.

Brayshaw, T.C. 1970. The dry forests of British Columbia. Syesis 3: 17-43.

Brayshaw, T.C. 1985. Pondweeds and bur-reeds, and their relatives: aquatic families of
monocotyledons in British Columbia. Occasional Papers of the British Columbia
Provincial Museum No. 26. Victoria, B.C. 166 p.

Brayshaw, T.C. 1989. Buttercups, waterlilies, and their relatives: (the Order Ranales) in British
Columbia. Memoir No. 1. Royal British Columbia Museum, Victoria, B.C. 253 p.

Brayshaw, T.C. 1996a. Catkin-bearing plants of British Columbia. Royal British Columbia
Museum, Victoria, BC: 220 p.

Brayshaw, T.C. 1996b. Trees and shrubs of British Columbia. Royal British Columbia Museum
handbook. UBC Press, Vancouver,. B.C.: 374 p.

Brayshaw, T.C. 2000. Pondweeds and bur-reeds, and their relatives: aquatic families of
monocotyledons in British Columbia. [2nd Edition] Royal British Columbia Museum,
Victoria, B.C.: 250 p.

Broad, J. 1973. Ecology of alpine vegetation at Bow Summit, Banff National Park. M.Sc. Thesis,
University of Calgary, Alberta: x + 93 p.

Brunton, D.F. 1986a. Status of giant helleborine, Epipactis gigantea (Orchidaceae), in Canada.
Can. Field-Nat. 100: 414-417.

Brunton, D.F. 1986b. Status of southern maidenhair fern, Adiantum capillus-veneris
(Adiantaceae), in Canada. Can. Field-Nat. 100: 404-408.

Brunton, D.F. 1988. Up-date: status of the southern maidenhair fern, Adiantum capillus-veneris
(Adiantaceae), in Canada. Can. Field-Natur. 101: 4609.

Bryant, J.R., and Scheinberg, E. 1970. Vegetation and frost activity in an alpine fellfield on the
summit of Plateau Mountain, Alberta. Can. J. Bot. 48: 751-772.

Chuang, C.-C. 1975. Inventory of Mount Robson Park's flora. British Columbia Provincial
Museum, Victoria, B.C.: 31 p.

Cody, W.J. 1996. Flora of the Yukon Territory. NRC Research Press, Ottawa: xvii + 643 p.

Cody, W.J., and Britton, D.M. 1989. Ferns and fern allies of Canada. Agriculture Canada,
Research Branch, Publ. 1829/E: 430 p.

Coen, G.M., and Holland, W.D. 1976. Soils of Waterton Lakes National Park, Alberta. Alberta
Institute of Pedology S-73-33: 116 p. + maps.

Crack, S.N. 1977. Flora and vegetation of Wilcox Pass, Jasper National Park, Alberta. M.Sc.
Thesis, University of Calgary, Alberta.

Cranston, R., Ralph, D., and Wikeem, B. B. 1996. Field guide to the biological control of weeds
in British Columbia. B.C. Ministry of Agriculture and Food and B.C. Ministry of Forests.
[reprinted in 1998].

Cronquist, A., Holmgren, A.H., Holmgren, N.H., Reveal, J.L., and Holmgren, P.K. (eds.). 1972-
1997. Intremountain flora: Vascular plants of the Intermountain West. Vol. 1-6. New
York Botanical Garden, Bronx, NY (Vol. 6 - Columbia University Press, New York).



Page |152

Damm, Ch. 2001. A phytosociological study of Glacier National Park, Montana, U.S.A., with
notes on syntaxonomy of alpine vegetation in western North America. Ph.D. Thesis,
Mathematisch-naturwissenschaftliche Fakultaeten, Georg-August Universitaet
Goettingen, Germany.

Daubenmire, R. 1943. Vegetation zonation in the Rocky Mountains. Bot. Rev. 9: 326-393.

Daubenmire, R. 1953. Notes on the vegetation of forested regions of the far northern Rockies
and Alaska. Northwest Sci. 27: 125-138.

Daubenmire, R. 1968. Some geographic variations in Picea sitchensis and their ecological
interpretation. Can. J. Bot. 46: 787-798

Daubenmire, R. 1970. Steppe vegetation of Washington. Tech. Bull. Wash. Exp. Sta. 62. 161 p.

Daubenmire, R. 1975. Floristic plant geography of eastern Washington and northern Idaho. J.
Biogeogr. 2: 1-18.

Daubenmire, R. 1978. Plant geography with special reference to North America. Academic
Press, New York: 338 p.

Douglas, G.W. 1982. The sunflower family (Asteraceae) of British Columbia, vol. I.
Senecioneae. British Columbia Prov. Mus. Occ. Pap. Series 23: 180 p.

Douglas, G.W. 1995. The sunflower family (Asteraceae) of British Columbia, vol. 1l. Astereae,
Anthemideae, Eupatoreae and Inuleae. Royal British Columbia Prov. Mus., Victoria: 400
p.

Douglas, G.W. 1996. Endemic vascular plants of British Columbia and immediately adjacent
regions. Can. Field-Nat. 110: 387-391.

Douglas, G.W., Ceska, A., and Ruyle, G.G. 1983. A floristic bibliography for British Columbia.
Land Management Rept. No. 15. BC Ministry of Forests, Victoria: 143 p.

Douglas, G.W., Meidinger, D., and Penny, J.L. 1998. Rare native vascular plants of British
Columbia. 2™ edition. British Columbia Conservation Data Centre, Victoria, BC.

Douglas, G.W., Meidinger, D., and Pojar, J. (eds.) 1998-2002. Illustrated Flora of British
Columbia. Volume 3 through Volume 8. Ministry of Environment, Lands and Parks [later
Ministry of Sustainable Resource Management] and Ministry of Forests, Victoria, BC.

Douglas, G.W., and Ratcliffe, M.J. 1981. Some rare plant collections, including three new
records for Canada, from Cathedral Provincial Park, southern British Columbia. Can. J.
Bot. 59: 1537- 1538.

Douglas, G.W., Straley, G.B., and Meidinger, D. (eds.) 1989-1994. The vascular plants of British
Columbia. Part 1 through Part 4. B.C. Ministry of Forests Spec. Rept. Ser., Victoria.

Douglas, G.W., Straley, G.B., and Meidinger, D. (eds.) 1998a. Rare native vascular plants of
British Columbia. British Columbia Conservation Data Centre. 423 p.

Douglas, G.W., Straley, G.B., Meidinger, D., and Pojar, J. (eds.) 1998b. Illustrated Flora of
British Columbia. Volume 1 and Volume 2. Ministry of Environment, Lands and Parks
and Ministry of Forests, Victoria, BC.

Dunn, D.B., and Gillett, J.M. 1966. The lupines of Canada and Alaska. Research Branch, Canada
Department Agriculture Monogr. No. 2: 89 p.

Eady, K. 1971. Ecology of the alpine and timberline vegetation of Big White Mountain, British
Columbia. Ph.D. Thesis, University of British Columbia, Vancouver, B.C.: xiii + 217 p.

Eastham, J.W. 1947. Supplement to 'Flora of southern British Columbia’ (J.K. Henry)
comprising description of additional species and varieties, significant extensions of range,
and corrections. Special Publication No 1., B.C. Provincial Museum, Victoria, B.C.: 119

p.



Page |153

Eastham, J.W. 1949a. Observations on the flora of the southern Rocky Mountain Trench in
British Columbia. Royal Soc. Can. Trans. Vol. 43 (Ser. 3, Section 5): 1-9 p.

Eastham. J.W. 1949b. Adiantum capillus-veneris L. in British Columbia. Can. Field-Nat. 63:
112-114.

Eastham, J.W. 1952. Botanising along the Big Bend Highway, British Columbia. B.C. Prov.
Museum, Nat. Hist. Anthropol. Rep. 1951:B39- B45.

Fenger, M.A., Miller, E.H., Johnson, J.F., and Williams, E.J.R. (eds.). 1993. Our living legacy:
Proceedings of a symposium on biological diversity. Royal B.C. Museum, Victoria, B.C.:
392 p.

Franklin, J.F., and Dyrnes, C.T. 1973. Natural vegetation of Oregon and Washington. Forest
Service Gen. Tech. Report PNW-8, USDA.

Gillett, J.M. 1963. The gentians of Canada, Alaska and Greenland. Research Branch, Canadian
Department Agriculture, Publ. No. 1180. 99 p.

Gould, J. 2006. Alberta Natural Heritage Information Centre Tracking and Watch Lists —
Vasc