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ABSTRACT

This Resource Description and Analysis is an integral part of the Canadian
Parks Service' Natural Resource Management Planning Process. It brings
together all of the known available information about Glacier National Park
to form the basis for a comprehensive natural resource data base. It then
analyses this information and evaluates it in terms of the Canadian Parks
Service mandate. In this way, thedocumentprovides both parkmanagersand
Canadians as a whole, with a reference digest of the known natural resources
and the more pressing environmental concerns feeing Glacier National Park.

The data are presented as an integrated narrative which describes the natural
resource components of the park, and then evaluates those components in
terms of management concerns and the status of knowledge. An evaluation
of each resource described is then conducted, and broad resource capability
and limitation statements are made, followed by an extrapolation of the
scientific importance and interest of the resource. Management options and
alternatives are then presented which are based on the f oregoinginformation.

Finally, the above activities provide a platform from which a set of resource
management objectives are derived. These objectives take into account any
concerns previously identified and translates them into resource management
requirements for Glacier National Park.
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RESUME

L'analyse et la description des ressources fait partie integrante du processus
de gestion des ressources naturelles du Service canadien des pares, fl s'agit
de rassembler tous les renseignements connus au sujet du pare national du
Glacier dans le but d'etablir les fondements d'une base de donnees detaillee
sur les ressources naturelles. On analyse ensuite ces renseignements pour les
evaluer en fonction du mandat du Service canadien des pares. De cette facpn,
le document procure, tant aux gestionnaires des pares qu'aux Canadiens en
general, un ouvrage de reference condense sur les ressources naturelles et sur
les preoccupations environnementales plus pressantes qui touchent le pare
national du Glacier.

Les donnees sont presentees sous la forme d'un expose integre dans lequel
on decrit les ressources naturelles du pare pour ensuite les evaluer en
fonction de 1'etat des connaissances et des preoccupations relatives £ la
gestion. On procede ensuite a une evaluation de chacune des ressources
decrites et on exprime des enonces generaux quant aux possibilites
d'utilisation et de limitation des ressources. Apres cela, on extrapole sur
1'importance des ressources du point de vue sdentifique et, & partir des
renseignements obtenus, on presente des solutions possibles relativement a
la gestion.

Enfin, les activites mentionnees ci-dessus permettent de constituer un
programme a partir duquel on etablit une serie d'objectifs relativement a la
gestion des ressources. Dans ces objectifs, on tient compte de toutes les
preoccupations relevees precedemment et, £ partir de celles-ci, on definit
des exigences en matiere de gestion des ressources au pare national du
Glacier.
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INTRODUCTION

The Natural Resource Management Process sets out a logical sequence of actioas
which guide the management of natural resources in national parks. It is possible
to follow the process sequence (refer to PRM 40-6) when dealing with a newly
established national park. However, in the case of existing national parks, the
process is frequently altered. Thus, the Resource Description and Analysis (R.D.&
A.) for Glacier National Park has been prepared subsequent to several other
documents described by PRM 40-6 as preceding it. The R.D.& A. is still intended
to fulfill its role as providing as consolidated description and analysis of the heritage
resources of Glacier National Park.

In keeping with theNaturalResource Management Planning Process, the objectives
of this Resource Description and Analysis are:

1. to provide planners and managers with a highly visual and consolidated
description and analysis of the natural resource base of the park;

2. to serve as an expansion of that aspect of the Interim Management
Guidelines relating to the setting of objectives and the identification of
resource management concerns;

3. to familiarize Resource Conservation staff with the information available
on the park; and

4. to serve as a public information medium to assist in the presentation and
subsequent understanding of the park by the public.

In the light of the foregoing statements, the description and analysis of the resource
data is presented in a broad overview with an integrated evaluation to indicate the
significance of the natural and cultural resources of the park at a level of generali-
zation consistent with that of the original data. However, the level of detail
presented varies depending on data availability, diversity, severity of environmen-
tal problems perceived, and other natural resource management problems related
to human utilization of the natural and cultural resources of the park.

1



This entire process does, wherever possible, reflect an ecological approach to
resource management and has taken into consideration the role of the park within
the national park system, as well as some of the constraints relating to park location,
configuration, traditional use, the park agreement, and legal status of the park
boundaries.

For the purpose of this document, the R.D.& A.s for Mount Revelstoke National
Park, Banff National Park, and South Moresby/Gwaii Haanas National Park
Reserve were used as guides. A significant portion of the methodology and
document infrastructure was replicated to facilitate the timely preparation of this
Resource Description and Analysis. The content, however, is pertinent only to
Glacier National Park.
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DATA SYNTHESIS

GENERAL COMMENTS

To the greatest degree possible, all known resource inventory data judged to be
relevant to the central purpose of this document were compiled during periods of
extensive literature searches. They were critically reviewed and then combined and
composed into a connected whole of scientifically sound information, capable of
describing the complex environmental character of Glacier National Park.

The literature searches and subsequent reviews conducted, clearly identified
inherent weaknesses and inconsistencies in the data base which are bound to affect
the overall quality of the forthcoming resource description, the analysis, and the
evaluation. They are as follows:

1. the key biophysical data available at this time were collected in a multi-
disciplinary and integrated manner;

2. much of the thematic data are very site- and/or subject-specific,based on
single observations which may not be temporally or spatially reliable, nor
may the collection techniques be repeatable;

3. some information is out of date.

In spite of the foregoing comments, the available data base has yielded a consider-
able amount of environmental information previously not readily available to
resource managers. Future research projects will serve to refine the data base and
fill the knowledge gaps.
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SYNTHESIS AND INTEGRATION

The search for relevant information uncovered and explored a variety of sources,
including a number of in-house specialists, park and regional libraries, the Depart-
mental library, electronic library services, and the Canadian Parks Service Docu-
mentation Centre in Ottawa, the University of Calgary, the British Columbia
Departments of Environment, Wildlife, and Forestry, Atmospheric Environment
Service Canada, several professional journals, and numerous personal communi-
cations with Canadian Parks Service personnel.

The resource data finally selected for further treatment hereunder, were integrated
in a logical and sequential format as prescribed by the general guidelines of the
Natural Resource Management Process Manual (1979), Chapter 5, Sections 5.4.1 to
5.4.6.

For a complete listing of all the information sources that were consulted, the reader
is directed to the "General References".
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RESOURCE DESCRIPTION AND
ANALYSIS

GENERAL METHODOLOGY

Because this document is the main input from the Natural Resource Management
Process to the Park Management Planning Process, it mustreflect the Parks Canada
Policy and the overall direction adopted by the national system for resource
conservation, protection, and management. Therefore, the Resource Description &
Analysis:

- must represent a broad overview, integration, and evaluation for sig-
nificance of natural resource data at a level of generalization which
reflects the complexity of the park's ecosystems and which is consist-
ent with that of the original data;

- will show where the levels of datail will vary depending on data avail-
ability, diversity, complexity and severity of the environmental con-
cerns, and natural resource management issues related to the past
present and expected human utilization of the park's natural resource
base;

- will take into consideration the park objectives, role within the national
park system and any constraints relating to park location, size, or
traditional use;

- will reflect the temporal and financial constraints imposed by manage-
ment;

- will, wherever possible, utilize an ecological or integrated approach;

- will allow for future updating of the methodology, product format,
and the information data base;

- will reflect the need to identify and priorize resource management
issues and problems;

- will take into account the projected audience.
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It is also necessary to the understanding of the methodology as a whole that
a clear outline be presented of the treatment and flow of the natural
resource information throughout the various parts of this Resource De-
scription & Analysis.

Following is a graphic outline of the methodology developed and applied
to the central tenets of this Resource Description and Analysis:

Resource Description and Analysis

- Overview
- Analysis
- Status of Knowledge
- Management Concerns

Resource Description
- Regional Perspective
- Regional Climate
- Water Resources
- Geological Resources
- Soil Resources
- Vegetation Resources
- Wildlife Resources
- Archaeol. & Hist. Resources
- Past & Present Land Use
- High Visibility & Sensitive Resources
- Ecological History & Processes (Trends)

Resource Evaluation
- Capabilities
- Limitations
- Scientific Importance
- Management Options/Alternatives

Resource Mgmt. Requirements r
* PARK CONSERVATION PLAN

"Not included in this Document

Resource Management Objectives
- Landscape Resources
- Water Resources
- Biotic Resources
- Human Heritage Resources
- Resource Utilization
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REGIONAL PARK PERSPECTIVE
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

Glacier National Park became Canada's 2nd national park in 1886 under the
provisions of the Dominion Lands Act (Van lighem & Gyug 1984) along with Yoho,
a year after the first national park, Banff, was formed. Today, it is one of 34 national
parks and national park reserves found in Canada and one of ten national parks and
national park reserves located in the Western Region (Figure 1).

The boundaries of the park, which originally contained only 76 square kilometres
until 1911, encompass 1349 square kilometres of predominantly mountainous
terrain (Holland 1964, Bostock 1970) in the southeastern portion of British
Columbia. Glacier National Park encompasses two major mountain systems
within the Columbia Mountains - the Selkirks and the Purcells. Located between
51°02' and 51°29' N. and 117°12' and 117°55' W., Glacier National Park lies at the
confluence of the Dlecillewaet and Beaver Rivers which drain into British Colum-
bia's second largest river, the Columbia.

Access to Glacier National Park is possible by various means. Approximately
eighteen kilometres of private and provincial lands separate Glacier National Park
from Mount Re velstoke National Park, which is located directly to the west By road
(Highway #1), Glacier National Park is 199 kilometres west of Banff and 255
kilometres east of Kamloops (Figure 2 & 3).

The Trans-Canada Highway (Highway #1) has a dual role as both a major national
transportation route and as the main access corridor to and through the park. This
highway enters the park for 40 kilometres and transects the park from the
northeastern corner along the Beaver River to the western boundary along the
niedllewaet River. Access to the boundary areas just outside the park is provided
by logging roads and helicopters (heli-skiing, heli-hiking). Public and provincial
government pressures are expected in the future to result in the twinning of the
Trans-Canada Highway through the park.

Impacts resulting from the development of both the Trans-Canada Highway and
the Canadian Pacific Railway have affected much of what little valley-bottom
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18. Elk Island

•proposed **Reserve

Figure 1 National Parks and National Historic Sites in
British Columbia/Alberta
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BRITISH COLUMBIA

Figure 2 Relation of Glacier National Park to
Surroundings

(after: Schleiss 1990)
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habitat exists in Glacier National Park. The fragmentation and disturbance that has
resulted has influenced the integrity of a number of park resources, including
wildlife, fisheries, water, geology, and soils.

The railway is not a viable means of accessing the park. Passenger rail transporta-
tion through the park is restricted at the time of the writing of this document to a
'daylight7 luxury train service between Vancouver and Banff, Jasper, or Calgary
(Great Canadian Rail Tour Company). This tour is available mid-May to mid-
October and includes an overnight stop at Kamloops. However, passengers do not
embark or disembark at points between the start and end of the line. The Canadian
Pacific Railway main line, which is now used almost exclusively for freight
purposes, bisects the park, from the western boundary to the northeastern corner
of the park. Its route begins at the park boundary at either end at approximately
3,000 feet and climbs toward the Connaught Tunnel, entering it at around 4,000 feet,
to bipass Rogers Pass (4340 ft).

The existence of the CRRail main line within the park has resulted in indelible
landscape changes. Right-of-ways, tunnels, snowsheds, work camps, access roads,
and vent structures to be found along the railway the park attest to the importance
of the railway in the area.

The locations of both the highway and the railway (Figure 4) have, in fact,
determined the pattern of use and distribution of park facilities within the park.
Most facilities are concentrated along these corridors, with minimal development
and marginal use of the backcountry. Other access developments, such as hunting
and heli-skiing/hiking lodges near the park boundaries challenge the mandate of
the Canadian Parks Service and the ecological integrity of the wilderness character
of Glacier National Park. These will be described in more details in the Past and
Present Land Use section of this R.D. & A.

The closest international airports are located in the large urban centers of Vancouver,
Calgary, and Edmonton. Intermediate-sized domestic airports, such as the ones
found in Kamloops and Kelowna, connect these larger centers with the rest of the
region. Finally, a passenger arriving at a domestic airport wanting to continue to
Glacier National Park would most likely catch a busline. Small aircraft transporta-
tion is also available in the communities of Revelstoke and Golden, near Glacier
National Park.

The park is characterized by a primitive and wild landscape and is comprised of
steep, rugged mountains, deep, narrow valleys, and numerous icefields, glaciers,
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Figure 4 Locations of Trans-Canada Highway and
Canadian Pacific Railway in Glacier National
Park

(after: Schleiss 1990)
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and avalanche paths. This varied landscape provides for a variety of educational
and recreational outdoor activities (Figure 5). Among these activities are sightsee-
ing, hiking, climbing, camping, picnicking, and cycling (with some canoeing,
kayaking, and caving) in the summer months, and snowshoeing, ski mountaineer-
ing, and cross-country skiing in the winter months.

Day use and overnight facilities are available in Glacier National Park. Trails (18),
picnic sites (6), campsites (2), hotel (1), and a hostel-style cabin, maintained by the
Alpine Club of Canada, Revelstoke, are provided for the convenience and pleasure
of the Glacier National Park visitor. In addition, both Revelstoke and Golden lie only
a one hour drive west and east of Rogers Pass where accommodation and service
facilities compliment those available in the park. Mount Revelstoke National Park,
just eighteen kilometres to the southwest, also provides day use facilities and
numerous recreational opportunities.

About 3 million people pass through Glacier National Park annually. Of these,
approximately 5% actually visit the park as a destination, stopping to hike the trails,
visiting the Information Center, or making use of the day-use facilities. Visitors
originate mainly from the nearby communities of Golden and Revelstoke, however,
they also come from other British Columbia, Alberta, United States, and European
sources (Anon. 1991). A significant percentage of these visitors (95%) pass through
the park en route to other destinations. For comparison purposes, it is interesting
to note that in Banff National Park 50% of the people travelling through the park
actually visit the park.

Land use surrounding the park is predominantly resource consumptive in nature
and primarily involves logging. In addition to this, recreational activities such as
hunting, snowmobiling, heli-hiking, and heli-skiing are also being pursued in areas
surrounding the park. These types of land use are administered and regulated by
the Province of British Columbia. Joint interagency-public reviews through the
provincial referral process are used to deal with potential conflicts caused by
peripheral land use and attain workable agreements or settlements.

PURPOSE OF GLACIER NATIONAL PARK

The purpose of Glacier National Park is to protect "for all time a natural area of
Canadian significance, representative of the Columbia Mountains Natural Region; and [to
provide] the opportunity for present and future generations to appreciate, understand and
enjoy this natural and wilderness environment area." (Anon. 1991). The resource
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management objectives include the protection of representative and special natural
heritage resources and processes, including the natural features and wildlife of the
area. In addition, the nationally recognized cultural resources, such as the original
Rogers Pass C.RR. line, Rogers Pass (a National Historic Site), the Nakimu Caves,
and the birthplace of Canadian mountaineering, the Glacier House site, are to be
protected. Ultimately, the Management Planning Program for the park has directed
that the rustic and wilderness character of Glacier National Park be maintained into
the next century (Anon. 1989a).

GLACIER NATIONAL PARK AND ITS REGION

The term "region", as used in this document, refers to the physical and social setting
which surrounds Glacier National Park and within which the park operates. A
regionisasubjectiveconceptduetothearbitraryselectionof physical characteristics
which are considered to comprise a region. Characteristics which illustrate regional
structure were identified and selected according to the methodology provided by
McCann(1980).

In the present day, Glacier National Park commands an international reputation as
a wild, mountainous wilderness area. Historically, North American mountaineer-
ing had its roots in this part of the Columbia Mountains. In the 1880's it attracted
the attention of serious mountaineers from all over the world. The Glacier House
hotel, a modern, European-style resort hotel became the focal point for explorers,
adventurers, and travellers and was rated in popularity with the Banff Springs
Hotel and Chateau Lake Louise. Today, the site is marked by a plaque marker
located in the forest, and is located near the Trans-Canada Highway just west of
Rogers Pass. The Nakimu Caves, discovered in 1902, also became an important
touristfocalpointuntill935, when theteahouse and thecaves were dosed as asafety
measure. The park continues to receive international attention which can be partly
attributed tomarketingefforts conducted by theCanadianParks Service, provincial
government, municipal government, and various Chamber of Commerce organi-
zations. This has resulted in the continued national and international awareness of
Glacier National Park and of Canadian National Parks in general (Table 1).

Nationally, the park is a component of the federal National Park System, and in that
way becomes a part of a national region. On a national basis, Glacier National Park
ranks fourth in Western Region for 1991-1992 with 3,004,927 people entering the
park annually (person-entries). However, only 162,920 visitors actually stop within
the park (person-visits) and this ranks Glacier National Park only 7th among 7
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Table 1 Visitor Origins for Mount Revelstoke and
Glacier National Parks -1990/91

(after: Anon. 1989b)

CANADA

British Columbia

Alberta

Ontario

Saskatchewan

Manitoba

Quebec

Other

UNITED STATES

California

Washington

Oregon

Other

32%

31%

5%

3%

2%

1%

2%

7%

5%

3%

9%
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Table 2 Western Region Traffic Statistics -1991/92

(after: Anon. 1991b)

PARK

Banff

Jasper

Kootenay

Yoho

Glacier

Revelstoke

Waterton

Pacific Rim

Elk Island

ANNUAL
PERSON-
ENTRIES

8,818320

2,634,048

1,850,017

3,151,977

3,004,927

3,154,961

556,090

1,577,907

436,223

ANNUAL
PERSON-
VISITS

4,153,118

1,422,045

1,179,985

693,865

162,920

170,957

356388

-

-

ANNUAL
PERSON-
VISIT-DAYS

10,020,868

3,231,712

2387,055

1,166354

204,651

170,957

747,280

-

-

person-entry

person-visits

person-visit-days

no. of people entering the park regardless of
purpose of entry; figure is calculated by
assuming 2.5 persons per vehicle,
no. of people that stop in the park for the
purposes of heritage appreciation or recrea-
tion regardless of how many nights they stay.
A person-visit-day occurs when a visitor stays
for a day or part thereof in a park.
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national parks for which visitor stats are available (Table 2). Of this total, a number
of visitors stay overnight (204,651 person-visit-days). This figure reflects that, on the
average, some visitors stay more than one night. Ultimately, the majority (95%) of
people entering the park pass through enroute to other destinations than Glacier
National Park. The main use of the park occurs along the Trans-Canada Highway
where facilities such as picnic sites, interpretive viewpoints, campgrounds, and the
Glacier Park Lodge which provides food, guiding, and automobile services, are
located. Some of these facilities accommodate up to 200,000 visitors per year (Anon.
1991a).

Compared nationally (Table 3), Glacier ranks second among the 34 national parks
for total number of persons entering the park (person-entries). Banff outranks
Glacier for person-entries by 287%. Yoho and Mount Revelstoke National Parks tie
Glacier with equal numbers of person-entries. However, the majority of this figure
represents through traffic, not those persons whose destination is Glacier National
Park. This situation is due to the location of the highway corridor through the park
which provides access to other, sometimes more preferred, tourism destinations
east and west of the park. Only about 5% of the visitors entering the park actually
stop in the park for recreation purposes. This establishes Glacier as 19th among all
of Canada's national parks for the number of person-visits (Table 3).

ThefoimdingofGladerNationalParkwasdc>sdyassociatedwiththedevelopment
of the Canadian Pacific Railway. In 1883 Sandford Fleming, CPR's chief engineer,
proposed that a park be established at Rogers Pass. Glacier House was built at
Rogers Pass to accomodate a multitude of visitors, some of them mountaineers. In
1888,1,020 peoplestayedthere,andinl915thatfigurehadincreasedtol2,977. After
the introduction of Swiss guides in 1899, some of the guests of Glacier House took
up mountaineering. However, this group represented a minority of the total staying
as guests at the Glacier House establishment (Dunn 1993). It was after this humble
beginning that the area developed in reputation to become the 'birthplace of North
American mountaineering/

Temporary construction camps, housing thousands of men in their heyday (Dunn
1993), existed at Rogers Pass, Beavermouth, and Donald, and, after 1916, a small
community developed at Glacier Station located at the western end of the Con-
naught Tunnel.

The present economic policy in British Columbia emphasizes the diversification of
the economy. As a result, a greater emphasis is being placed on the tourism/ service
sector. Tourism is seen as resulting in regional prosperity and wealth. The
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Table 3 National Parks Attendance Statistics
Fiscal Year to date -1990/91

(after: Anon. 1991b)

PARK

Cape Breton Highlands
Fundy
Gros Morne
Kejimkujik
Kouchibouguac
P.E.I.
Terra Nova
Forillon
La Mauricie
Mingan Archipelago
Bruo3 Peninsula
Fathom Five
Georgian Bay Islands
Point Pelee
Pukaskwa
StLawrence Islands
Auyuittuq
Ellesmere Island
Grasslands
Kluane
Nahanni
Northern Yukon
Prince Albert
Riding Mountain
Wood Buffalo
Banff
Elk Island
Glacier
Jasper
Kootenay
Mount Revelstoke
Pacific Rim
Waterton Lakes
Yoho

PERSON-
ENTRIES

1,560,000
760,000

1,210,000
210,000
810,000

1,700,000
2,530,000

810,000
300,000
32,000
51,000
1,300

55,000
430,000

19,000
67,000

1,400
410

1,400
84,000

1,000
1,400

280,000
1,240,000

7,100
8,450,000

380,000
2,940,000
2,400,000
1380,000
2,940,000

840,000
540,000

2,940,000

PERSON-
VISITS

530,000
220,000
100,000
170,000
170,000
670,000
200,000
200,000
270,000
28,000
43,000
1,300

51,000
420,000
14,000
54,000
1300

310
1,400

75,000
1,000

160
190,000
350,000

7,100
3,980,000

290,000
160,000

1̂ 00,000
1,200,000

160,000
620,000
350,000
650,000
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promotion of Glacier's international reputation as a rugged wilderness area and
western gateway to the mountain national parks has stimulated travel in the region.
In 1991 tourism revenues generated 5.5 billion dollars in British Columbia for 2.7
percent of the gross domestic (provincial) product (Anon. 1992a), part of which is
attributable to the presence of national parks.

A joint program initiated in 1992 by B.C. Parks and B.C. Forest Service with input
from Mount Revelstoke and Glacier National Parks (Pers. Comm. Turnbull) may
provide additional future protection of lands between Mount Revelstoke and
Glacier National Parks. The Protected Areas Strategy for B.C., as this program is
called, has identified an area between both parks called "Serenity Peaks" as a
potential provincial park or wilderness area designation. By the year 1995 planning
processes and public review will decide how this area is to be protected for
conservation and recreation objectives (Figure 6).

The protection of ecosystem dynamics is outlined as a priority in the Park Conser-
vation Plan of Glacier National Park. Ecosystem dynamics apply to biotic and
abiotic components of the environment. Fauna, flora, soils, water, and air are all a
part of this ecosystem. Suitable habitat for such wide-ranging animals as caribou
and grizzly, for example, is scarce in the small park area of Glacier National Park.
Thus, to ensure the continuation of such species as these and their habitats, diligent
management and protection must reach beyond park boundaries (Anon. 1991a).

To consider Glacier National Park as an island isolated from its surroundings would
be myopic. In reality, its relationship with the region is complex environmentally,
economically, and socially. The paucity of commercial developments within the
park,forinstance,fadHteteseconomicopportur^^
and Golden which provide the park visitors with support services. The park, in
turn, gains convenient access to goods, services, and an accessible job market while
the local region gains from the employment and revenue that are generated. The
park also plays a social role by contributing to the local standard of living.

Glacier National Park is also influenced by the recreational opportunities available
fromthesurroundingregion. MountRevelstoke, Yoho, Banff, Kootenay, and Jasper
National Parks, as well as private and provincial operators in the local region,
provide a diverse array of activities within an easy drive of the park (Figure 3). They
alleviate pressures on the park to provide more recreational developments which
may ultimately threaten the preservation of the natural, cultural, and aesthetic
resources of the park.
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THE NATURAL REGIONS OF CANADA

Bostock (1970) established the formal framework for the physiographic subdivi-
sionsofmeten^trMenviromnentsofCanada.TheParksCanadaSystemPlanning
Process (1974) divided the country into 8 broad geographical regions - Western
Mountains, Interior Plains, Canadian Shield, Hudson Bay Lowlands, Great Lakes-
St. Lawrence Lowlands, Appalachian, Arctic Lowlands, and High Arctic Islands
(Figure 7). The process then further subdivided the country into 39 distinct
"National Park Natural Regions". These regions are based on physiography and
vegetation (Anon. 1990a). At the present time, 21 natural regions are represented
by 34 national parks and national park reserves. Glacier National Park falls within
the Western Mountains Region and Natural Region 4 which consists of the
Columbia Mountains and a part of the Rocky Mountain Trench (Figure 8).

A detailed study of Natural Region 4 was conducted by DHC Consultants in 1984.
This consisted of a description and inventory of themes significant to the regions
followed by an analysis of the roles that Mount Revelstoke and Glacier National
Parks played within the region in relation to the established themes. The theme
categories consisted of geology and associated landforms, physiography and
regional landforms, geomorphology, soils, climate, hydrology and fluvial land-
forms, vegetation, and fauna. An analysis of the representation was conducted for
the parks individually and for the two parks combined (Table 4).

Glacier NationalParkrepresentstheregionbetterthandoesMountRevelstoke,and
in combination, the two parks are even slightly more representative. Mount
Revelstoke National Park has mammal, reptile, bird, and fish species not found in
Glacier National Park while Glacier has the Nakimu Caves, which are identified as
an exceptional feature. According to the authors of Regional Analysis Natural
Region 4 (Anon. 1984), Mount Revelstoke provides 59 percent representation and
Glacier provides an average of 68 percent representation of the natural region in
which they are located. Combined they provide 70 percent representation (Anon.
1984). A list of the themes not represented for Natural Region 4 by the two parks
is presented in Table 5.

The criteria for Natural Areas of Canadian Significance (NACS) require that an area
must represent the diverse geological, physiological, oceanographical, and biologi-
cal themes of the natural regions and have had little modification by man or, if there
is modification, that it can be restored to its natural condition. Both Glacier and
Mount Revelstoke National Parks fulfil the second requirement but are not of
sufficient size to represent the diverse and spatially extensive biological themes
(Anon. 1984).
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Glacier National Park

Figure 7 Geographical Regions of Canada

(from: Jasper RD&A 1987)
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APPALACHIANS
30. Notro Dame - Meganiic Mountains
31. Maritime Acadian Highlands
32. Maritime Plain
33. Atlantic Coast Uplands
34. Western Newfoundland Island High/anas
35. Eastern Newfoundland Island Atlantic Region

ARCTIC LOWLANDS
36. Western Arctic Lowlands
37. Eastern Arctic Lowlands

HIGH ARCTIC ISLANDS
36. Western High Arctic Region
39. Eastern High Arctic Glacier Region

WESTERN MOUNTAINS
1. Pacific Coast Mountains
2. Strait of Georgia Lowlands
3. Interior Dry Plateau
4. Columbia Mountains
5. Rocky Mountains
6. Northern Coast Mountains
7. Northern Interior Plateaux

and Mountains
8. Mackenzie Mountains
9. Northern Yukon Region

INTERIOR PLAINS
10. Mackenzie Delta
T1. Northern Boreal Plains
12. Southern Boreal Plains

and Plateaux
13. Prairie Grasslands
14. Manitoba Lowlands

CANADIAN SHIELD
15. Tundra Hills
16. Central Tundra Region
17. Northwestern Boreal Uplands
18. Central Boreal Uplands
19. a) West Great Lake - St. Lawrence Precambrian Region

b) Central Great Lake • SL Lawrence Precambrian Region
c) East Great Lake - St. Lawrence Precambrian Region

20. Laurentian Boreal Highlands
21. East Coast Boreal Region
22. Boreal Lake Plateau
23. Whale River Region
24. Northern Labrador Mountains
25. Ungava Tundra Plateau
26. Northern Davis Region

HUDSON BA Y LOWLANDS
27. Hudson-James Lowlands
28. Southampton Plain

LAWRENCE LOWLANDS
29. a) West SL Lawrence Lowland

b) Central SL Lawrence Lowland
c) East St. Lawrence Lowland

Figure 8 Natural Regions of Canada

(after: Anon. 1991)
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Table 4 Unweighted Assessment of Regional Themes
and Fauna Represented in Glacier and Mount
Revelstoke National Parks

(after: Anon. 1984)

SIGNIFICANT
REGIONAL G.N.P.

CATEGORY

Geology &
Associated Landforms

Physiography &
Associated Landforms

Geomorphology

Soils

Climate

Hydrology &
Fluvial Landforms

Vegetation

Total Significant
Themes

THEMES

17

7

14

8

3

19

11

79

No.

12

6

12

5

2

14

6

57

%

71

86

86

63

67

74

55

72

M.R.N.P.
No.

12

5

9

5

1

11

4

47

%

71

71

64

63

33

58

36

59

COMBINED
PARKS

No.

13

6

12

5

2

14

6

58

%

76

86

86

63

67

74

55

73
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Table 5 Natural Region 4 - Deficient Themes

THEME

Lineaments
Rocky Mountain Trench
Drumlinoid Features
Glacial Spillways
Dark Brown Chernozems
Grey Chernozems
Ferro-Humic Podzols
Dry Climate
Anastomosed Rivers
Medium Lakes
Medium/Large Lakes
Large Lakes
Dry Ponderosa Pine - Bunchgrass
Dry Interior Douglas Fir
Dry Montane Spruce
Dry Engelmann Spruce - Subalpine Fir
Dry Alpine Tundra
Moist Interior Cedar - Hemlock*
Moist Engelmann Spruce - Subalpine Fir*
Moist Alpine Tundra

NOTE: * These themes are inadequately represented in existing parks due
to changes in vegetation community associations from north to
south in the region. Representation value given is the difference
between region and park representation scores (Anon. 1984).
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RESOURCE ANALYSIS

Glacier National Park is a favourite destination for the tourist, however, it also
provides a transportation corridor (road and rail). The park receives approximately
3 million visitors yearly. These travel the Trans-Canada Highway enroute to other
destinations, while approximately 5% of this number come for the purpose of
enjoying the natural and cultural heritage attractions that are offered by the park.
The location of the park and the natural themes provided by the park significantly
contribute to the B.C. tourism economy of the High Country Tourism Region
(Figure 9). This contribution will continue in light of the growing influence of
tourism marketing.

MANAGEMENT CONCERNS

In view of the continued population increase in Canada the need for a balance
between preservation and use will become increasingly important. As with Mount
Revelstoke National Park, a significant component of the visitation in Glacier
National Park is concentrated in the frontcountry areas along the Trans-Canada
Highway, transportation corridor.

The proximity of resource exploitation and recreational development in areas
surrounding the park are also of paramount concern to park managers. The
development of interagency cooperation and open communication must be fos-
tered between managers or operators and the Canadian Parks Service so that
potentially negative impacts on the region are minimized and ecological integrity
is preserved where possible.

Mount Revelstoke and Glacier National Parks jointly provide 70 percent
representivity for Natural Region 4 (Columbia Highlands). Absent themes are dry
to moist grasslands and woodlands south of 50 degrees north latitude, wetlands,
riparian shrublands and woodlands, very large rivers and lakes.

Based on the Regional Analysis Natural Region 4 - The Columbia Mountains - Park
Representivity and Special Area Identification conducted by DCH Consultants Inc.
in 1984, it is recommended that Glacier National Park be given N ACS status despite
some biotic deficiencies. Glacier National Park was chosen as a NACS primarily
because it was found that no single undeveloped area its size was likely to better
represent the diverse themes of the region.
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Peace River,
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Vancouver / penticton /Kootenay
• / Country

Okanagan-
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Figure 9 The Tourism Regions of British Columbia

(after: Anon. 1990b)
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STATUS OF KNOWLEDGE

There are several information gaps which did not allow for a comprehensive
examination of the regional overview for Glacier National Park Structured
information is absent regarding the significance of British Columbia residents as
tourists in the provincial tourism market. Nor has there been a formal assessment
of the origins of visitors or their expectations, specifically for Glacier National Park.
This additional information is required in order to fully examine the role of the park
and interactions at the various regional scales.
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REGIONAL CLIMATE
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

The weather of Glacier National Park is typical of mountain regions. Located in the
Columbia Mountains natural region of British Columbia, in the interior wet belt of
the Cordilleran climatic region (Figure 10). Glacier National Park's climate charac-
teristics generally consist of high annual precipitation, heavy snowfall, and rela-
tively moderate winter temperatures.

Two main weather regimes affect the park. In the western parts the Pacific
influences are most prevalent, whereas in the eastern parts the Continental influ-
ences are often active. The former create moist, mild winters, while the latter are
responsible for dry, cold winters.

To fully appreciate the dynamics governing the weather patterns of Glacier
National Park, the discussion of the climate will focus mainly on a description of
macrodimate. Macrodimate includes those climatic events, processes, and the
interactions between airmasses and the surface of the land that occur on a broad,
continental scale. The movements of cyclones and airmasses across North America
andrneresultantlc>caldailytemperaturefluc^
phenomena (Hare & Thomas 1979).

The North American climate is greatly influenced by the movements of large
airmasses. Airmasses originate either over the Pacific or the Atlantic Oceans, or over
the continent itself, and migrate in the form of endless processions of cyclones and
anti-cyclones. In doing so, they influence the broad regional and local weather
patterns (Hare & Thomas 1979).

Bryson and Hare (1974) described two large geographical features that dominate
the climatic patterns of North America. The first feature is the north-south
orientation of the Western Cordillera Mountains located along the western margin
of the continent. The second feature consists of the Great Plains Lowlands lying to
the east (Figure 11).
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CLIMATIC REGIONS

Paci f ic
Cordil leran
Prairies
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Figure 10 Climatic Regions of Canada

(after: Hare & Thomas 1979)
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Figure 11 North America and its Major Topographic
Regions

(after: Bryson & Hare 1974)
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The Westerlies that drive the Pacific airstream across these topographical barriers
follow three main routes (Bryson & Hare 1974):

1. near latitudes 45-50 degrees N., where the Westerlies reaching
the coast are usually the strongest;

2. through the Columbia River - Snake River-Wyoming Basin gap; and

3. through the southern, Mexico-United States border region.
(Figure 12)

It is the Pacific air wedge of these strong Westerlies following the direct trans-
Cordilleran route that affects the regional climate of Glacier National Park the most.
This wedge usually is responsible for preventing the encroachment and mixing of
other airmasses over the Columbia Mountains of British Columbia (Figure 13).

From the Pacific Ocean the mild, humid airmasses are driven across this series of
topographical barriers interspersed with plateaux and trenches (Coast Mountains,
Interior Plateau, Columbia Mountains - Glacier National Park, Rocky Mountain
Trench, Rocky Mountains, Interior Plains) by the Westerlies.

In contrast, the Interior Plains, east of the Rockies, offer very little resistance to Arctic
and tropical airmasses. Air streams tend, in this area, to move at will in all directions.
Although the prevailing direction of flow is from the west, Arctic airmasses can
easily move southward to the Gulf of Mexico, while tropical airmasses can move
more or less unimpeded northward.

Essentially, the weather of the park region develops orographically, which is typical
of mountainous areas. Moisture-laden air from the Pacific, driven by the Westerly
winds, moves eastward and as it passes from the coast toward the Rockies it climbs
steadily (Figure 14). From the Thompson Plateau it encounters the Shuswap-
Okanagan Highlands, then the Monashee Mountains, and finally, the Columbia
Mountains. Decreasing pressures and the cooling of the airmasses results in
significant precipitation over the Columbia Mountains, particularly during the
winter months.

Granville C. Cunningham was one of the first individuals to make weather
observations in the Selkirks (Cunningham 1887). He spent the winter of 1885-6 in
the Rogers Pass area mainly observing avalanche activity. He concluded that the
most avalanche activity occurred mid-January to February and also made reference
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stream Crosses the Cordillera at Low Levels

(after: Bryson & Hare 1979)
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(after: Schleiss 1989)
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to the effectiveness of the wooden "snowsheds" that had been built to protect the
railway. He also made a number of other interesting comments related to the local
climate:

1. Snow or rainfall on the western slopes is greater than that which
falls on the eastern slopes,

2. Mild winters bring less snow and more wind while cold winters
bring more snow, and

3. Recorded winter temperatures as low as -42 degrees F and snow
depths as deep as 30 ft.

A 1906 paper by R.E Stupart (Director of the Meteorological Service of Canada)
based on 6-8 years of data provides even more detailed climate information. In his
observations, Stupart noted both the influence of continentalality and the Pacific
Ocean:

Geographically, the whole district is so situated that at times continen-
tal climatic conditions dominate the weather, and at other times ocean
influence extends over the whole region. This amply accounts for the
fact that during the winter the range of temperature is decidedly large
between the warm and cold spells. Then again, the topographical
features of this region areamong themost pronounced in theworld,and
consequently a sharp contrast exists as regards both temperature and
precipitation, between places not far distant from each other.

Two tables depicting 1900's temperature and precipitation data from Donald, B.C.,
just east of the park on the Columbia River, and Glacier House, B.C., near Rogers
Pass, are included for interest and comparison purposes (Tables 6 & 7).

C.H. Shaw made some very broad observations in 1909 about the climatic charac-
teristics of wind and snowfall in Glacier National Park and how this affected the
position of snowline. These can be found in an article submitted in the magazine

The Plant World (Shaw 1909).

Prior to the construction of the Trans-Canada Highway in 1962, the only weather
station in Glacier National Park was located at Glacier House located just west of
Rogers Pass. Preliminary snow cover, weather, and avalanche conditions were
monitored as early as 1953 so that specifications of the avalanche defences could be
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Table 6 Weather Data taken at Donald, B.C.
Circa 1900

(after: W.O. Wheeler 1905)

MONTH

January

February

March

April

May

June

July

August

September

October

November

December

TOTAL

Year

TEMPERATURE

MEAN OF TEN YEARS'
OBSERVATIONS

O f
S o ,lj <

% 5 1 1
°F

19.5

27.8

41.3

52.1

63.1

70.1

78.0

77.6

64.0

50.3

31.8

20.5

596.1

49.7

op

1.9

6.6

15.9

27.2

34.4

39.8

44.1

42.7

353

28.9

19.0

5.6

301.4

25.1

op

10.7

17.2

28.6

39.6

48.8

55.0

61.0

60.2

49.6

39.6

25.4

13.0

448.7

37.4

op

17.6

21.2

25.4

24.9

28.7

30.3

33.9

34.9

28.7

21.4

12.8

14.9

HIGHEST AND
LOWEST

RECORDED EM
TEN YEARS

i

H

1 3
op

42

47

67

74

87

97

94

87

86

74

50

41

97

op

-45

-39

-25

-20

19

29

32

32

20

14

-21

-38

-45

PRECIPITATION

MEAN OF TEN YEARS'
OBSERVATION

*•*
w

|
! c £
£ £ &
in.
0.23

0.52

0.91

0.63

1.27

1.39

0.81

1.62

2.79

0.63

1.14

0.40

12.34

in.
32

19

8

5

1.5

0

0

0

0

2

25

38

130.5

10.9ft

in.
3.43

2.42

1.71

1.13

1.42

1.39

0.81

1.62

2.79

0.83

3.64

4.20

25.39
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Table 7 Weather Data taken at Glacier House, B.C.
Circa 1900

(after: W.O. Wheeler 1905)

MONTH

January

February

March

April

May

June

July

August

September

October

November

December

TOTAL

Year

TEMPERATURE

MEAN OF TEN YEARS'
OBSERVATIONS

| H

£ 2 d

5 S 1 1
op

22.6

29.9

33.6

45.4

56.7

62.1

71.2

69.8

55.8

47.3

32.0

23.4

549.8

45.8

op

12.8

18.9

16.4

28.2

36.9

37.5

44.4

43.7

37.4

31.3

18.3

11.5

337.3

28.1

op

17.7

24.4

25.0

36.8

46.8

49.8

57.8

56.7

46.4

39.3

25.1

17.4

443.4

36.9

°F
9.8

11.0

17.2

17.2

19.8

24.6

26.8

26.1

18.4

16.0

13.7

9.9

HIGHEST AND
LOWEST

RECORDED IN
TEN YEARS

H

o S
h3 O

op

39

43

50

58

70

80

86

80

74

75

48

43

86

op
-18

-21

-13

3

20

30

34

38

27

21

-17

-21

-21

PRECIPITATION

MEAN OF TEN YEARS'
OBSERVATION

2
W

2 1 1

in.
0.35

0.00

0.33

0.18

1.05

2.96

1.33

0.83

4.32

1.38

0.25

0.00

12.98

in.
85

80

40

39

9

0

0

0

2

10

96

76

437

36ft.

in
8.85

8.00

4.33

4.08

1.95

2.96

1.33

0.83

4.52

2.38

9.85

7.60

56.68

48



established (Schaerer 1961). However, after the construction, additional weather
stations were erected at Mt. Fidelity, Glacier Station, Rogers Pass, and a number of
Warden stations within the park

Additional weather data was collected to the present day. Snow depth and water
equivalent data is found in A Summary of Snow Survey Measurements 1935-1970
(Anon. 1971a) and was collected at Glacier, Mount Abbott, Fidelity Mountain, and
New Glacier within Glacier National Park. Snowpack and other weather informa-
tion is also available from the Snow Research and Avalanche Warning Section
(SRAWS) which is located at Rogers Pass in Glacier National Park.

More traditional climatic classification approaches were taken by Strahler &
Strahler, Hare & Thomas, and Koppen. Perhaps the oldest and simplest classifica-
tions were based on the parameters of temperature and precipitation. Later, these
components were described in terms of air mass activity. Strahler & Strahler (1983)
provide a classification of this type (Figure 15). Their map is "based on location of
air mass source regions and the nature and movement of air masses, fronts and
cyclonic storms". Hare & Thomas used a similar approach to develop a climatic
classification of forest regions (Figure 16). An analysis of this map dearly shows the
interrelationship between climate and vegetation.

Using these two parameters (climate, vegetation), Koppen established bio-
geodimatic zones in 1918. Koppen, who was both dimatologist and plant geogra-
pher was able to devise a map that merged both of these components (Figure 17),

Beginning about three decades ago there has been a tendency in climatic classifica-
tion to begin to consider other parameters besides climatic and vegetation ones -
soils and wildlife, for example. This integrated or ecological approach was
pioneered by a number of individuals induding G.A. Hills, M. Jurant, and VJ.
Krajina. Fourdrniaticclassificationdesoiptions-Kiajma'sbiogecjcliniaticzonatio
(1959, 1965), Achuff et al.'s biophysical dassification (1984), and Environment
Canada's ecoclimatic regions (1989) - will be described in some detail forthwith.

Krajina (1959) dassified the British Columbian landscape based on vegetation, soil,
and dimaticparameters. Intotalhedivided BritishColumbiaintotwelvebioclimatic
zones. These zones were named either by the most characteristic plants of the
climatic climax, or by their geographical (latitudinal or altitudinal) distribution.
Later, in 1965, he proposed a revision of biodimatic zones to biogeodimatic zones.
This time there were seven biogodimatic regions (formations), which were further
divided into eleven biogeodimatic zones (Krajina 1965). His definition of
biogeodimatic zone follows:

49



Group I Low-Latitude Climates
1 WM equatorial climate
2 Monsoon and tnida-wind tttoral climate
3 Wat-dry tropical rfmatn
4 0<y tropical cimata

Group // Mldlatitude Climates
5 Dry subtropical cimate
6 Mast subtropical clman
7 Mediterranean cimat*
8 Wanrw wBS-coast cfcmflts
0 Dry mfllaaluoe rimate
10 Moist continental clmate

Group /// High-Latitude Climates
11 Boreal toraat cimat*
12 Tunora ornate
13 I™ sheet ctmat*

H-Unditterentiated Highland Climates
1 Samand (Steppe)
sd Semdaaed (Stappe-desert transition)
d Desert
dw Desart, woatem littoral
sh Subhumd
h Hurmd
p Parhumd

Glacier National Park

Figure 15 North America Climate Regions and their
Relationship with Glacier National Park

(after: Strahler & Strahler 1983)
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Figure 16 The Climatic and Forest Regions of Canada

(after: Hare & Thomas 1983)
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... biogeodimatic zones are geographical segments of the earth's
climate, soil and biota that are characterized by the same general
macroclimate and the same zonal soil and biota... Any biogeodimatic
zone may be divided into subzones, each characterized by the same
climatic climax (mesic or zonal) in both an ecotope (dimatope and
edaphotope) and a biocoenosis (Krajina 1965).

Essentially in the biogeodimatic system, climate is considered to the primary factor
determining the location and character of biogeodimatic zones. The presence of
mountain ranges, elevation, and latitude substantially influence the climatic re-
gimes. AMinistry of Forests map (1988), based on Krajina's biogeodimatic system,
shows that, except for the areas of glacier/ice field, three zones exist in Glacier
National Park

1. Alpine Tundra - Essentially a treeless region, this high mountain zone
has long, cold winters and short, cool growing seasons that create
conditions too severe for the growth of most woody plants - except in
dwarf form. This zone is important range for mountain goats and
mountain sheep. Extremely sensitive to use, this landscape requires
decades to recover if disturbed. This zone has high recreational
appeal.

2. Engelmann Spruce - Subalpine Fir - The climate in this subalpine
zone is severe, with short, cool growing seasons and long, cold win-
ters. Trees capable of tolerating extended periods of frozen ground
occur. In upper elevations one finds open parkland, with trees
dumped and interspersed with meadow, heath, and grassland.
Engelmann Spruce, Subalpine Fir, and Lodgepole Pine are the domi-
nant trees. This zone is important Woodland Caribou habitat.
Common understory shrubs are rhododendron and false azalea. In
drier areas, extensive Lodgepole Pine and Whitebark Pine forests are
common, whereas in wetter regions where snowfall is more abundant,
Mountain Hemlock trees occur.

3. Interior Cedar - Hemlock - Occurring at lower to middle elevations
(the valley bottoms, in the case of Glacier National Park), this zone is
characterized by cool and wet winters, and warm and dry summers.
It has the widest variety of coniferous tree spedes found in the prov
ince. In drier areas one finds Douglas Fir and Lodgepole Pine,
whereas in wetter regions one finds Western Hemlock, Western Red
Cedar, and Subalpine Fir. In wetter areas grows a dense understory of
devil's dub and/or skunk cabbage.
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Schleiss (1970) identifies three climatic sub-zones for Glacier National Park in
Figure 18:

The west side of the park is influenced by the Pacific weather systems,
the east side by Arctic weather fronts and the clashing of both systems
influences the weather of the central section.

The frequency with which these dry, cold Arctic fronts from the eastern lying Rocky
Mountain or Plain regions spill over into theColumbia Mountains is rare (Chapman
1952, Janz & Storr 1977). When they do, these fronts usually flow parallel to the
topographical relief of features in the interior valleys of British Columbia and
generally produce frigid conditions with dear skies, which, during the winter, can
last for several days (Chapman 1952).

Inl984Achuffeta/. divided Glacier NationalParkinto units called ecoregionswhich
are based on vegetation physiognomy and wildlife species composition, but reflect
the climatic conditions. The four ecoregions that constitute Glacier National Park:
Interior Cedar-Hemlock Ecoregion, Engelmann Spruce-Subalpine Fir Ecoregion
with Lower Subalpine and Upper Subalpine portions, and Alpine Ecoregion. A
map showing their distribution appears in the Vegetation section of this Resource
Description and Analysis. A summary of the climatic characteristics of each region
follows:

1. Interior Cedar-Hemlock Ecoregion (ICH):
- warmest and driest of all ecoregions.
- wetter than elevational equivalent (Montane Ecoregion) in Rockies.
- mean annual temperature is greater than 1 degree C.
- temperature range is -30 to -35 degrees C to 40 degrees C.

(extreme minima and maxima).
- temperature range is -10 to -15 degrees C to 21 to 28 degrees C.

(mean minima and maxima).
- mild climate is indicated by the low frequency of summer frost.
- inversions are most common in summers with cold air drainage

especially pronounced below glaciers and warm air on valley walls.
- mean annual precipitation is 1000 to 1700 mm. with most occurring

in the winter.
- mean annual snowfall is 35 to 70% of total precipitation and

amount increases with elevation.
- wind is light in the valleys with strongest winds occurring in the

summer.
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Figure 18 Climatic Zones in Glacier National Park, B.C.

(after: Schleiss 1990)
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2. Engelmann Spruce-Subalpine Fir Ecoregion (ESSF):
- moister and cooler than ICH
- mean annual temperature is less than 1 degree C
- mean and extreme temperature ranges are narrower than ICH
- mean annual precipitation is 1700 to greater than 2100 mm. and

amount increases with elevation
- 60-80% or more of precipitation falls as snow
- winds are light and increase with elevation
- windiest locations occur in the mountain passes and highest ESSF

elevations.

3. Alpine Ecoregion:
- coldest, most severe climate of all ecoregions
- temperature range is probably the narrowest in this ecoregion
- wind exposure is great
- wind often redistributes snow to lower elevations and avalanche

starting zones.

Finally, in Ecoclimatic Regions of Canada (Anon. 1989) climate is portrayed as being
the prime factor in determining the distribution and character of ecosystems.
Understanding the basic role that climate plays in sustaining these ecosystems (or
their components such as vegetation and soils) is stressed. The climate diagrams for
Banff, Revelstoke, and Armstrong are included for comparative purposes (Figures
19a, 19b, 20a, 20b, 20c). A legend (Figure 21) will be helpful to the reader in
interpreting the climate diagrams.

An analysis of all locations shows marked differences especially in precipitation
regimes. Banff (in the Alpine Southern Cordilleran-Subalpine Montane ecodimatic
region) shows a precipitation maximum in the summer months of June andAugust,
Revelstoke (in the Subalpine Southern Cordilleran-Moist Montane ecodimatic
region) shows a definite precipitation peak in winter (December), and Armstrong
(in the Interior Cordilleran, vertically stratified) shows a peak in winter, however,
with far less precipitation than either Banff or Revelstoke.

Revelstoke most represents the Glader National Park area. Both fall within the
Subalpine Southern Cordilleran-Moist Montane which is depicted in Figure 20.
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Figure 21 Key to Climate Diagrams

(after: Anon. 1989c)
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CLIMATIC HISTORY

The variability of past climates in North America is a well known fact that has been
substantiated by biological, chemical, and geomorphicfossil evidence. FromFigure
22 we can see that we are currently living under interglacial climatic conditions in
the postglacial period of the Holocene Epoch which has been characterized by
minor oscillations of climatic conditions (Terasmae 1973;Morner 1972). It is often
less than a change of 6 degrees C in global temperature that separates warmer
periods from periods of gladation (Figure 23). The Geological Section of this
Resource Description and Analysis will include a more detailed description of the
past climatic conditions.

MODERN CLIMATE

The collection of weather data for Glacier National Park began as early as the 1900's
(Stupart 1905), however, it was not until the early 1950's that more detailed snow
cover, weather, and avalanche conditions were monitored. By the winter of 1955-
1956, a regular observation program had been established (Schaerer 1961). Figure
24 pinpoints the weather observation sites within the park as recorded by Schleiss
(1990). As indicated in the General Overview, the climate of Glacier National Park
is influenced greatly by themoisrure-ladenPadficairmasses that are orographically
lifted as they pass over the Shuswap Flighlands, the Monashee Mountains, and,
finally, the Columbia Mountains. It is the interaction of the Westerlies with the
topography of the park that is largely responsible for the cool and wet climate for
which this mountainous region is known.

SUNLIGHT AND CLOUD COVERAGE

Radiation determines atmospheric circulation and many other processes in the
atmosphere and the surface layers of the earth (Fisheries and Environment Canada
1978). Energy exchange, snowmelt, evaporation, vegetation growth, and human
comfort are all affected by this important climatic parameter. It could well be the
most important and fundamental climatic element (Janz & Storr 1977).

A marked latitudinal variation is the most visible feature of the spatial distribution
of the annual global solar radiation, the mean annual net radiation, and the
insolation at selected latitudes (Figures 25,26, and 27). Figure 28 shows the maritime
influence of the Pacific, that is, lower average annual hours of sunshine due to
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Figure 22 Tentative Climate Changes during the last
Glaciation and Holocene

(after: Terasmae 1973)
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Figure 23 Historic Climate Change

(after: Anon. 1986)
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(after: Strahler & Strahler 1983)
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Figure 26 Mean Annual Net Solar Radiation in
Kilocalories per cm2 for Western Canada

(after: Anon. 1978)
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Figure 27 Mean Annual Global Solar Radiation in
Kilocalories per cm2 for Western Canada

(after: Anon. 1978)
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Figure 28 Marine Influence of the Pacific Ocean

(after: Anon. 1990c)
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increased cloud, fog, or moisture at the coast - approximately 1200 hours /year,
except for Vancouver Island. Over the Coastal Mountains there is slightly more
sunshine -1200-1400 hours/year, while over the Shuswap-Okanagan Plateau, an
increase in sunshine -1800-2000 hours/year. Finally, in the mountainous region of
Glacier National Park, a lower value compared to the plateau of 1600-1800 hours /
year. The Rockies appear to receive similar sunshine amounts.

The Hydrological Atlas of Canada (1978) states that in Canada:

On an average, all... land surfaces have a negative radiation balance
between November and January, whereas between May and August
the mean net radiation at all locations is positive. In winter and in
summer, the latitudinal gradients in net radiation are relatively weak,
with the range in values being less than 100 calories per centimetre
squared, per day. The strongest gradients are characteristic of the
spring months.

The large spatial variability in net radiation also results in the spring
months also having a large interannual variability.

When the moist airmasses rise on their track from the Pacific towards the Rockies,
decreasing pressure causes expansion and cooling of this air. Clouds and rain are
produced as the air condenses over the Columbia Highlands and the Columbia
Mountains. By the time the air reaches the rain shadow region of the Rocky
Mountain Trench, the air descends, warming above the condensation point and
drying, thereby causing the clearing of the skies. The orographic process is repeated
as the air continues along its path over the Rockies. All in all, the weather tends to
be cloudier over the Columbia Mountains than in the Rockies. Consequently, less
sunlight reaches the Columbia Mountains than does the Rocky Mountains (Gadd
1978).

Detailed radiation data collection using sophisticated instrumentation for Glacier
National Park does not exist. However, the Snow Research and Avalanche Warning
Section, Rogers Pass, monitor the snow pack temperatures as part of their avalanche
forecasting program. This temperature data taken from beneath the snow surface
has some correlation with the intensity of radiation that is prevalent above the
surface.
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TEMPERATURE

Temperature is probably the most important component of climate as it profoundly
influences life on this planet. In addition to affecting vegetation and wildlife,
temperature determines such phenomena as weather behavior, erosion, and soil
formation. Latitude, elevation, land/water distribution, and prevailing winds and
storm tracks aremedeterminingfactors of temperature (Fisheries and Environment
Canada 1978).

Canadian temperature regimes are characterized by large scale seasonal changes.
Strahler & Strahler (1983) note an annual mean temperature range from 30 to 35
degrees Celsius from January to July. Glacier National Park reflects this character-
istic seasonal range (Table 8).

It can be seen from the isotherm map in Figure 29, that the temperatures decrease
gradually from southwest to northeast. Thus, because of this temperature gradient,
Glacier National Park temperatures are generally warmer than those of the Rockies.
The mean annual temperature at Roger's Pass (1300 m), for example, is 2.1 °C while
at Lake Louise (1522 m) it is -0.1 °C Figure 30 shows mean monthly temperature
and mean monthly extreme temperature data taken at Rogers Pass for the period
1965-1976. Clearly, the temperature ranges are greater during the summer months
than during the winter months. The mean monthly extremes are also greater in the
summer months.

Table9 displays temperature data for four stations within Glacier National Park and
four stations outside the park The data indicates that temperature variations
between stations are not as much a function of their location on a horizontal plane
as they are a function of their elevation.

The comparison of weather data from various western Canadian stations (Table 9)
indicates that the temperature regime of Glacier National Park resembles a conti-
nental climate (Prince George Airport, Edmonton International Airport) more than
it does a maritime climate (Prince Rupert). However, winter temperatures appear
weakly moderated by the Pacific airmasses and, in most cases, mean and extreme
minima are lower in the Rockies (Table 9). The mild extreme and mean minima at
Mt. Fidelity may be explained by the fact that inversions are a common event in
mountainous regions (Chapman 1952,Janz&Storr 1977). In most of the other cases
it is obvious that the maritime influence increases with elevation (Walker & Achuff
1984).
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Table 8 Temperature Data (°C) for Stations in and near MRGNPs

(after: Achuff era/. 1984)

NOTE: ICH = Interior Cedar-Hemlock
ESSF = Engelmann Spruce-Subalpine Fir

STATION EXT. EXT.

AND ELEVATION ECOREGION MAX. MIN.

Revelstoke ICH 36.1 -29.4
Airport
443m

Revelstoke ICH 40.6 -34.4
456m

Glacier ICH 35.0 -35.6
Avalanche RS
1177m

Glacier ICH 36.7 -35.6
1248m

Rogers Pass ICH 32.8 -38.9
1323m

Mount Fidelity ESSF 27.8 -30.5
1875m

Golden Montane 40.0 -46.1
787m

YNP Boulder Montane 33.0 -35.0
Creek
1219m

OBSERVATION

PERIOD

1941-70
1951-80

1941-70
1951-80

1951-80

1941-70

1941-70
1951-80

1951-80

1941-70
1951-80

1951-80

MEAN MAXIMA

MAY JUN Jut AUG SEP

20.6 23.0 26.6 25.0 19.2
19.7 22.3 26.5 25.3 19.0

20.6 23.7 27.8 25.8 20.4
20.2 23.4 27.2 25.8 19.3

13.3 17.5 22.1 20.3 14.6

14.1 18.3 22.2 20.4 14.8

11.5 16.9 21.8 20.2 14.8
11.4 16.6 20.9 19.7 13.6

7.9 10.9 16.3 16.0 9.8

19.9 23.3 27.1 25.1 20.0
19.2 22.7 26.1 24.8 18.8

15.7 19.7 23.7 22.2 16.7

MEAN MINIMA

Nov DEC JAN FEB MAR

-2.0 -6.8 -11.1 -7.5 -4.4
-2.0 -6.2 -9.8 -5.9 -3.8

-1.8 -6.1 -9.1 -5.8 -3.2
-2.5 -6.8 -9.2 -5.1 -3.3

-6.6 -10.9 -13.1 -10.1 -7.9

-7.1 -10.7 -14.1 -11.2 -8.4

-7.3 -11.7 -14.7 -10.4 -9.0
-7.4 -11.4 -13.6 -9.4 -8.2

-8.4 -11.0 -11.9 -9.1 -9.0

-5.9 -11.3 -15.3 -11.1 -7.0
-6.3 -11.5 -15.3 -10.6 -6.9

-8.4 -12.0 -14.5 -10.3 -7.5

ANNUAL

MEAN

6.5
6.6

7.2
6.9

2.3

2.1

1.5
1.5

0.2

4.8
4.6

2.9



Figure 29 Mean Daily Temperature in the Columbia
Mountains Region (1941 -1970)

(after: Gadd 1978)
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Table 9 Temperature (°C) Ranges of Selected Western
Canadian Stations

(afterAchuffefa/. 1984)

DAILY x

WARMEST
STATION MONTH

Prince Rupert 13.5
52m

Prince George A. 15.1
676m

Revelstoke 19.0
456m

Mount Fidelity 11.1
1875m

Rogers Pass 13.3
1323m

YNP Boulder Ck. 153
1219m

Banff 14.8
1397m

Edmonton Inti. A. 15.8
715m

COLDEST MEAN EXT.
MONTH ANNUAL MAX.

RANGE

1.7 11.8 32.2

-12.1 27.2 34.4

-6.1 25.1 40.6

-9.5 20.6 27.8

-10.9 24.2 32.8

-10.9 26.2 33.0

-11.5 26.3 34.4

-16.5 323 35.0

EXT. EXT.
MIN. RANGE

-21.1 533

-50.0 84.4

-34.4 75.0

-30.5 58.3

-38.9 71.7

-35.0 68.0

-51.1 85.5

-483 83.3
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Since elevations in Glacier National Park range from approximately 850 m to 3390
m ASL, frost data is likely to be extremely variable. Recorded data within the park
represents elevations in the 1177 m to 1875 m ASL range.

Theaverage frost-free periods for selected stations in theregion appear tobedirectly
proportional to the elevations of each station (Table 10). Frost is more likely to occur
at higher elevations near glaciers or icefields, or in hollows where cold air tends to
pool(Janz&Storr 1977). TheGlacierNationalParkMt.Fidelitystation(1875mASL)
has the shortest averagefrost-free period of 65days, whereas theRevelstoke Airport
station (443 m ASL) has the longest frost-free period of 152 days. In general, the first
fall frost for the region will have occurred by early in September and the last spring
frost will have occurred by last week in June.

Summer lasts from approximately mid-April to mid-October. The mean mid-
summer temperature is about 11-14° Celsius, although extreme maximum tem-
peratures within Glacier National Park as high as 35.0° (Glacier Avalanche RS)
Celsius have been recorded (Table 11). Table 12 (Normals Temperature 1951-1980)
depicts mean daily maximums recorded at stations during the period spanning
1951 -1980. Thelowestdailymean maximum temperatures in GlacierNationalPark
occur during the month of January while the highest daily mean maximums occur
in July.

Table 13 (Schleiss 1990) shows the mean max./min. and mean temperatures for
Rogers Pass and Mt. Fidelity for the winter months of October to May (1966-1986).

Degree-days data above five, below zero and above zero relate to growing, freezing,
and thawing conditions respectively (Anon. 1982e) and appear in the Canadian
Climate Normals (Table 14). From a study of the degree-day data, it can be
concluded that the growing season in Glacier National Park falls mainly within a
period spanning May to September. Negative departures for 0°C appear mainly
during the months of October-April.

Current trends indicate that the effects of the combined concentrations of atmos-
pheric CO2 and other greenhouse gases would be the equivalent of doubling the
CO2 by about 2030 A.D. (Bolin et al 1986). Some schools of thought suggest that in
western interior Canada an increase of 13-48% above the normal growing degree
days will occur under the forementioned conditions (Wheaton and Singh 1988),
indicating an increase in temperatures. Others, on the other hand, believe that a
decrease in temperatures is underway. Whatever the ultimate trend will be,
unmitigated global warming caused by the greenhouse effect will likely have
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Table 10 Averages and Extremes for Stations within or
near Glacier National Park

(after: Anon. 1982)

STATION

Glacier

Glacier
Avalanche RS

Glacier NP
MT Fidelity

Glacier NP
Rogers Pass

Golden

Revelstoke

Revelstoke A

r•

51 14

51 16

51 14

51 17

51 18

51 00

50 58

r1

P

117 29

117 30

117 43

117 31

116 58

118 12

118 11

H
O

1

1
ly.

8$
2
tn

1248

1177

1875

1323

787

456

443

AVERAGERS BASED ON
1951-80

PERIOD OF RECORD

£

1

7

12

16

30

19

11

93

H

i
a
o

f1

104

65

79

115

149

152

ET
§
3

R

ia

May 30

June 23

June 17

May 25

May 11

May 3

DP
3

1

f
£

Sept. 12

Aug. 28

Sept. 5

Sept. 18

Oct. 8

Oct. 3

EXTREMES BASED ON FULL PERIOD OF RECORD

«•
i

54

7

12

16

78

69

11

LAST FROST
(SPRING)

«
r1

1

May 13

May 18

May 28

May 31

May 6

Apr. 16

Apr. 15

r
1

July 13

June 11

July 10

July 13

July 13

JulyS

May 19

FIRST FROST
(FALL)

tn

1
July 27

Sept.l

July 16

Aug. 17

July 17

Aug. 11

Sept. 12

fi
Oct. 6

Oct. 8

Sept. 28

Sept. 30

Oct. 9

Nov. 7

Oct. 21

LONGEST

~£
M 3)

a§

May 14

May 20

June 9

June 3

Apr. 23

Apr. 21

May 2

I

f a
£§

Sept. 19

Oct. 8

Sept. 25

Sept. 10

Sept. 25

Oct. 19

Oct. 21

•

§
0

127

140

107

98

154

180

171

SHORTEST

%c/r Hi 3
e§

July 6

June 11

July 2

July3

May 31

JulyS

May 18

1

^3
E§

Aug. 19

Sept.l

July 19

Aug. 31

July 17

Aug. 11

Sept. 12

O

§
O

I

43

81

16

58

46

33

116

tn



Table 11 Regional Weather Information 1951 -1980
(after: Anon. 1982k)

REVELSTOKE AIRPORT
50°58'N 118° 11'W 443m

Daily Maximum Temperature
Daily Minimum Temperature
Dally Temperature
Standard Deviation, Daily Temperature

Extreme Maximum Temperature
Years of Record

Extreme Minimum Temperature
Years of Record

REVELSTOKE
51°0'N nS'^W 456m

Daily Maximum Temperature

Daily Minimum Temperature
Dally Temperature
Standard Deviation, Daily Temperature

Extreme Maximum Temperature
Years of Record

Extreme Minimum Temperature
Years of Record

JAN

-3.8
-9.8
-6.6
2.5

11.7
11

-29.4
11

-3.4
-9.2
-6.1
3.6

10.6
67

-34.4
67

FEB

1.1
-5.9
-2.3
2.3

7.2
11

-25.6
11

1.7
-5.1
-1.3
2.3

12.8
67

-32.2
67

MAR

5.0
-3.8
0.7
1.2

12.9
11

-20.6
11

6.4
-3.3
1.7
1.8

22.2
67

-22.2
68

Am

11.8
-0.1
6.4
1.7

27.2
11

-9.4
11

12.8
0.7
7.1
1.2

28.3
68

-15.0
67

MAY

19.7
4.9

12.5
1.0

30.0
11

-2.2
11

20.2
5.1

12.5
1.6

37.2
68

-6.7
67

JUN

22.3
8.6

15.9

1.4

35.0

11

0.6

11

23.4

9.4

16.3
1.8

36.7

66

-1.7
66

JUL

26.5
10.3

18.4
1.2

36.1

11

3.9

11

27.2

11.4
19.0

1.5

40.6

66

0.6

64

AUG

25.3

10.0
17.6

1.7

36.1

11

2.2

11

25.8

10.8

18.2
1.7

38.3
66

-6.1
63

SEP

19.0
6.7

12.8

1.4

31.1

11

-2.2
11

19.3

7.4

13.2
1.6

37.2
66

-6.7
64

OCT

10.3
2.7

6.9

0.9

20.2
11

-6.7
11

10.4
2.7

6.4

1.0

25.6

67

-12.2

67

Nov

3.2

-2.0
0.7

1.6

17.2
11

-18.3
11

2.9

-2.5

0.2

2.5

15.0

67

-22.8

66

DEC

-1.8

-6.2
-3.8
3.0

7.8

12

-27.2

12

-1.3

-6.8
-4.1

2.6

17.2

67

-32.8

66

YEAR

11.6
1.3

6.6

0.6

36.1

-29.4

12.1

1.7

6.9

0.8

40.6

-34.4

•xl
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Table 11 Regional Weather Information 1951 -1980 (cont.)
(after: Anon. 1982k)

GOLDEN
51°18'N 11 6° SSW 787m

Daily Maximum Temperature
Daily Minimum Temperature
Daily Temperature
Standard Deviation, Daily Temperature

Extreme Maximum Temperature

Years of Record
Extreme Minimum Temperature

Years of Record

GOLDEN AVALANCHE RS
51°16'N 117° SOW 1177m

Daily Maximum Temperature

Daily Minimum Temperature
Dally Temperature
Standard Deviation, Daily Temperature

Extreme Maximum Temperature
Years of Record

Extreme Minimum Temperature

Years of Record

JAN

-6.6
-15.3
-11.0

3.9

8.3

77

-46.1
77

-7.7

-13.1
-10.5

3.0

2.8

8

-34.4
8

FED

0.5

-10.6

-5.1
3.0

12.2

76

-39.4

76

-2.6

-10.1
-6.4
2.1

7.2

8

-26.7
8

MAR

5.9

-6.9
-0.5

2.1

19.4

73

-31.7
73

1.6

-7.9
•3.2
1.6

15.6

8

-27.8
8

APR

12.9
-1.5

5.7

1.3

28.9

75

-19.4
76

7.2

-2.6
2.4

0.9

17.2
8

-12.2

8

MAY

19.2

3.0

11.1
1.3

35.6

78

-9.4
77

13.3

0.6

7.0

1.6

25.6
8

-6.1

8

JUN

22.7
7.3

15.0

1.3

37.2

76

-6.7
75

17.5

4.5

11.1

1.9

28.9
7

-3.9

7

JUL

26.1
9.1

17.6
1.1

40.0

76

-2.2
76

22.1

6.9

14.5
1.3

35.0

7

1.1

7

AUG

24.8

8.3

16.5

1.6

37.8

75

-2.8
76

20.3

6.7

13.5

1.9

32.8

7

1.1

7

SEP

18.8

4.3

11.5
1.6

33.9

77

-9.4
77

14.6

3.4

9.0

2.1

28.3

7

-4.4

7

OCT

10.8
-0.4
5.2

1.0

25.6

76

-18.3
76

6.5

-0.6

3.0

1.4

20.6

7

-8.3
7

Nov

0.9

-6.3
-2.7

2.6

17.2

76

-32.8
76

-2.1

-6.6

-4.4

2.2

6.1

7

-26.7
8

DEC

-4.5

-11.5
-8.0

3.3

10.0

75

-43.9
75

-5.5

-10.9

-8.2

2.3

3.9

8

-35.6
8

YEAR

11.0

-1.7
4.6

0.8

40.0

-46.1

7.1

-2.5
2.3

0.8

35.0

-35.6



Table 11 Regional Weather Information 1951 -1980 (cont.)
(after: Anon. 1982k)

GLACIER NP MT FIDELITY
51°14'N 117°43'W 1875m

Daily Maximum Temperature
Daily Minimum Temperature
Dally Temperature
Standard Deviation, Daily Temperature

Extreme Maximum Temperature
Years of Record

Extreme Minimum Temperature
Years of Record

GLACIER NP ROGERS PASS
51'17'N 117°31'W 1323m

Daily Maximum Temperature
Daily Minimum Temperature
Dally Temperature
Standard Deviation, Daily Temperature
Extreme Maximum Temperature

Years of Record
Extreme Minimum Temperature

Years of Record

JAN

-7.2

-11.9
-9.5

2.5

2.8

12

-28.9

12

-8.2
-13.6
-10.9

3.2

3.3

15

•32.8
15

FEB

-4.1

-9.1
-6.5

1.9

8.9

12

-23.9
12

-3.2

-9.4
-6.3
2.0

6.1

15

•27.8
15

MAR

-2.7

-9.0
-5.9

1.7

8.3

12

-26.1
12

0.8

-8.2
-3.7
1.5

12.8
15

-26.7

15

APR

2.2

-4.6
-1.0

1.7

17.2
12

-16.7

12

6.4

-3.7
1.3

1.3

16.7

15

-21.1
15

MAY

7.9

-0.1

4.0

1.6

20.0

12

-8.9
11

11.4

-0.4
5.5

0.8

21 1
15

5.6

15

JUN

10.9

3.2

7.3

1.8

24.4

12

-4.4

12

16.6

3.2

9.9

1.7

28.3
15

2.2

14

JUL

16.3
6.1

11.1
1.4

26.7

12

-2.0

12

20.9
5.6

13.3

1.1

31 7
16

2.2

16

AUG

16.0

6.4

10.8
2.3

27.8
12

-1.7

12

19.7

5.2

12.5

1.8

32.6
16

1.7

16

SEP

9.8

2.1

6.2

2.1

22.2
11

-11.7

12

13.6

2.4

8.0

2.1

27.8

16

-8.9

16

OCT

3.5

-2.1
0.8

1.5

17.0

12

-17.8
12

5.4

-1.4

2.0

1.0

19.0

16

19.4

16

Nov

-3.5

-8.4

-5.9
1.7

9.4

12

-25.6

12

-2.9
-7.4

-5.2
1.5

7.2

16

27.8

16

DEC

-7.2

-11.0

-8.9
2.6

5.5

12

-30.5
12

-6.6

-11.4

-9.0
2.7

3.3

16

•38.9
16

YEAR

3.5

-3.2

0.2

0.4

27.8

-30.5

6.2

-3.3

1.5

0.6

32.8

-38.9

00



Table 12 Mean Daily Maximum Temperature 1951 - 80
(after: Anon. 1982c)

GLACIER AVALANCHE RS

GLACIER NP MT FIDELITY

GLACIER NP ROGERS PASS

GOLDEN

REVELSTOKE

REVELSTOKE AIRPORT

JAN

-7.7

-7.2

-8.2

-6.6

-3.4

-3.8

FEB

-2.6

-4.1

-3.2

0.5

1.7

1.1

MAR

1.6

-2.7

0.8

5.9

6.4

5.0

APR

7.2

2.2

6.4

12.9

12.8

11.8

MAY

13.3

7.9

11.4

19.2

20.2

19.7

JUN

17.5

10.9

16.6

22.7

23.4

22.3

JUL

22.1

16.3

20.9

26.1

27.2

26.5

AUG

20.3

16.0

19.7

24.8

25.8

25.3

SEP

14.6

9.8

13.6

18.8

19.3

19.0

OCT

6.5

3.5

5.4

10.8

10.4

10.3

Nov

-2.1

-3.5

-2.9

0.9

2.9

3.2

DEC

-5.5

-7.2

-6.6

-4.5

-1.3

-1.8

YEAR

7.1

3.5

6.2

11.0

12.1

11.6

-vl
co



Table 13 Climatic Data - Temperature
(October-May, 1966-86)

(after: Schleiss 1990)

ROGERS PASS STUDY PLOT (1315 M)

PARAMETER Per Nov DEC JAN FEB MAR APR MAY YEAR

Temperature: Mean Max (°C) 4.7 -3.2 -7.3 -8.1 -3.4 1.5 6.2 10.8 5.8

Temperature: Mean Min (°C) -1.6 -7.5 -11.9 -13.1- 9.6 -6.9 -3.5 -0.1 -3.1

Temperature: Mean (°C) 1.6 -5.3 -9.6 -10.7 -6.5 -2.7 1.4 5.4 1.4

MT. FIDELITY STUDY PLOT (1905 M)

Temperature: Mean Max (°C) 3.0 -4.1 -7.4 -7.4 -4.3 -2.0 2.3 7.4 3.2

Temperature: Mean Min (°C) -2.7 -8.8 -12.0 -12.5 -9.5 -7.9 -4.7 0.2 -3.2

Temperature: Mean (°C) 0.2 -6.4 -9.7 -9.9 -6.9 -5.0 -1.1 3.8 0.0
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Table 14 Degree - Days (1951-80) for Locations within and near Glacier National Park
(M = missing)
(after: Anon. 1982)

British Columbia

A B O V E 5. 0* C
GLACIER AVALANCHE RS

GLACIER NP MT FIDELITY

GLACIER NP ROGERS PASS
GOLDEN

REVELSTOKE
REVELSTOKE AIRPORT

A B O V E 0. 0° C
GLACIER AVALANCHE RS

GLACIER NP MT FIDELITY
GLACIER NP ROGERS PASS
GOLDEN

REVELSTOKE

REVELSTOKE AIRPORT

B E L O W 0. 0* C
GLACIER AVALANCHE RS

GLACIER NP MT FIDELITY

GLACIER NP ROGERS PASS
GOLDEN

REVELSTOKE
REVELSTOKE AIRPORT

JAN

0.0

0.0

0.0

0.0

0.0

0.0

0.5

2.7

0.5

4.1

8.9

10.3

311.2
295.8

335.7
340.0

189.9
248.5

FEB

0.0

0.0

0.0

0.0

0.3

0.0

2.3

1.7

0.9

10.4

21.7

13.3

167.9
191.8

179.9
144.2
71.2

108.5

MAR

0.2

1.2

0.1

3.0

5.3

2.6

18.7
2.8

9.1

51.4

76.5

47.8

117.5
206.0

137.6
68.4
24.2
38.8

APR

6.9
1.3

2.3

47.4
69.1
44.1

82.3

39.2
61.3

173.4

211.6

168.9

20.3

73.2

24.9

2.7
0.7
1.0

MAY

80.3
33.9

33.9
192.4
233.7

212.8

224.1
124.0

168.5
346.8

389.3

366.4

0.0
6.5

0.1
0.0
0.0
0.0

JUN

198.8
M

144.1

302.1
341.3

M

348.7

219.8
295.1

452.1

491.2

M

0.0

0.3

0.0

0.0
0.0

M

JUL

290.6
181.8

260.1
393.4

436.6
409.3

444.9

342.2
412.4
548.4

591.7

563.9

0.0

0.0

0.0
0.0
0.0
0.0

AUG

256.8
211.8

250.0
354.7
408.1
376.9

413.4
327.3
388.8
509.7

562.9

534.5

0.0

0.0

0.0
0.0
0.0
0.0

SEP

138.3
62.3

101.9
197.6
245.9
232.8

280.7

185.1
239.0
346.1
396.3

380.8

0.1
2.0

0.3

0.1
0.1
0.0

OCT

18.8

13.0

8.9

47.1
64.9
52.8

98.7

71.8
76.3

165.9

198.3

187.2

19.1
31.5

13.3

3.2
0.9
1.6

Nov

0.0
0.5

0.4
1.0
3.4

2.7

4.6

4.1
2.3

24.5

49.1

51.5

135.4

172.5

163.1

107.0
42.1
35.6

DEC

0.0
0.0

0.0
0.0
0.0

0.0

0.8
2.0
0.2
4.6
7.1

7.4

267.8
274.2

284.0
262.7
139.4
154.8

YEAR

990.7

M

801.7

1538.7
1808.6

M

1919.7
1322.7
1654.4
2637.4

3004.6

M

1039.3

1253.8

1138.9

928.3
468.5

M



impacts on the climate, the water resources, the soils, the vegetation resources, the
wildlife resources, and many other natural processes occurring within Glacier
National Park. These will be discussed in greater detail in the Ecological Resource
Trends Section of this Resource Description and Analysis.

PRECIPITATION

Annual precipitation varies greatly across Canada. The Pacific and Atlantic coasts
receive most of the precipitation - up to 1600 mm on the Atlantic and up to 3200 mm
on the Pacific - mostly during the winter months. However, in these regions rainfall
greatly exceeds the water equivalent of the snowfall. In contrast, weather data
collected in Glacier National Park indicates that in this part of the country precipi-
tation in the form of snow exceeds the amount that falls as rain. The total
precipitation in both forms is still comparable to what is received on the east coast
and parts of the west coast 1600-2200 mm annually (Figures 31,32, and 33, Tables
15 and 16). Within the park most of the precipitation occurs during the winter
months of December and January and, generally, at the higher elevations.

As mentioned once before, most of the precipitation in Glacier National Park results
from the orographic uplift of moist, warm Pacific air as it is moved inland over the
Columbia Mountains topographic barrier by the prevailing Westerlies and cooled
to below dew-point temperatures. The Rocky Mountain Trench, east of the
Columbias, as well as areas east of the Rockies lie in rain shadow areas which are
characterized by lower precipitation. Figure 34 illustrates the rain shadow effect
and also depicts the relative topography and location of theColumbias and Rockies.

Generally, as airmasses move eastward, the precipitable moisture decreases (Figure
35) and precipitation tends to occur in greater quantities on the western, windward
mountain slopes of the Columbias in the form of snow or rain. Table 17 indicates
that the Columbia Mountains receive approximately three times the precipitation
received by the Rockies, 65 to 70% of this amount occurring during the winter
months.

Precipitation trends related to the west to east flow of Pacific airmasses are further
illustrated by incidence of drier locations, such as the east wall of the Beaver River
valley, within Glacier National Park. This area is located on the leeward side of the
Columbia Mountains. A comparison of snow depth data (Table 18) also indicates
the same phenomenon of less precipitation on the leeward locations (Sunbeam
Lake, Bugaboo Creek, and Vermont Creek) as compared to the windward locations.
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Table 15 Precipitation Within and Near Glacier National Park

(after Anon 1980a)

JAN FEB

BRITISH COLUMBIA

MAR APR MAY JUN JUL AUG SEP OCT Nov DEC YEAR

REVELSTOKE AIRPORT 50° 58'N 118°11'W 443m
Rainfall
Snowfall
Total Precipitation

Standard Deviation, Total Precipitation

Greatest Rainfall in 24 hours
Years of Record

Greatest Snowfall in 24 hours
Years of Record

Greatest Precipitation in 24 hours
Years ot Record

Days with Rain
Days with Snow
Days with Precipitation

REVELSTOKE 51°0'N 118°12'W
Rainfall
Snowfall
Total Precipitation

Standard Deviation, Total Precipitation

Greatest Rainfall in 24 hours
Years of Record

Greatest Snowfall in 24 hours
Years of Record

Greatest Precipitation in 24 hours
Years of Record

Days with Rain
Days with Snow
Days with Precipitation

18.9
145.2
122.0

57.8

30.2
11

52.3
11

34.5
11
4

15
16

456m

27.1
153.6
177.0

58.2

40.6
67

96.0
66

96.0
67
4

22
25

49.7
76.7
89.8

39.8

15.0
11

38.2
11

25.7
11
7

12
14

21.5
74.2
95.3

32.3

52.6
67

62.2
65

62.2
66
5

14
18

55.1
31.4
88.2

28.3

16.8
11

38.9
11

25.1
11
9
9

15

38.2
20.3
61.1

21.3

36.3
67

43.2
67

43.2
68
11
6

15

51.1
17.7
59.1

17.1

17.8
11

9.9
11

17.8
11
9
2

10

53.1
1.8

51.4

30.3

36.8
67

24.4
68

36.8
68
13
1

13

52.3
0.0

52.5

27.6

20.3
11
T

11
20.3

11

10
0

10

54.9
0.0

54.4

19.9

36.8
67
5.1
68

36.8
67
14
0

14

64.8
0.0

64.8

31.1

25.7
11

0.0
11

25.7
11
11
0

11

78.4
0.0

78.4

27.4

51.8
65
T

67
51.8

66
15
0

15

56.8
0.0

56.8

21.7

25.7
11

0.0
11

25.7
11

9
0
9

52.3
0.0

52.3

32.6

59.2
66

0.0
66

59.2
67
13
0

13

41.3
0.0

42.3

44.1

22.1
11

0.0
11

22.1
11
8
0
8

57.0
0.0

58.5

39.3

51.1
63
0.0
65

51.1
64
13
0

13

59.4
0.1

58.5

39.6

32.8
11

0.8
11

32.8
11
9
0
9

80.4
0.4

81.4

41.4

47.2
65

0.0
66

47.2
66
16
0

16

82.4
0.5

83.9

43.1

25.9
11

2.5
11

25.9
11
11
1

11

92.0
1.5

84.4

41.3

78.0
67

24.9
68

78.0
68
18
0

17

37.1
51.1
84.9

43.7

28.2
11

41.0
11

36.2
11
8
8

13

65.6
46.9

115.3

43.4

52.8
65

48.0
66

52.8
65
12
8

19

28.7
139.0
143.6

56.2

23.0
12

60.2
12

66.6
12
5

15
17

25.8
123.1
154.2

44.0

41.9
66

48.5
66

48.5
66
5

19
24

597.6
461.7
946.6

123.7

32.8

60.2

66.6

100
62

143

646.3
421.8

1063.7

146.0

78.0

96.0

96.0

139
70

202

00
o>



Table 15 Precipitation Within and Near Glacier National Park (cont.)

(after: Anon. 1980a)

JAN FEB

BRITISH COLUMBIA

MAR APR MAY JUN JUL AUG SEP OCT Nov DEC YEAR

GOLDEN 51 °18'N 116°58'W 787m

Rainfall
Snowfall
Total Precipitation
Standard Deviation, Total Precipitation

Greatest Rainfall in 24 hours
Years of Record

Greatest Snowfall in 24 hours
Years of Record

Greatest Precipitation in 24 hours
Years of Record

Days with Rain
Days with Snow
Days with Precipitation

GLACIER AVALANCHE RS 51°
Rainfall
Snowfall
Total Precipitation

Standard Deviation, Total Precipitation

Greatest Rainfall in 24 hours
Years of Record

Greatest Snowfall in 24 hours
Years of Record

Greatest Precipitation in 24 hours
Years of Record

Days with Rain
Days with Snow
Days with Precipitation

4.4
64.3
68.8
30.9

53.3
73

45.7
64

53.3
64

1
11
12

16'N 117°

5.4
277.6
274.3

71.2

23.4
8

66.0
7

66.0
7
0

28
26

4.7
29.9
34.6
20.2

23.4
71

56.6
63

56.6
63

1
6
7

30'W 1

12.3
213.0
218.5

56.2

36.8
7

50.8
8

50.8
7
1

26
26

7.0
11.7
18.8
13.0

25.4
65

30.5
68

30.5
64
2
3
5

177m

5.7
120.1
109.0

56.7

11.9
8

35.1
7

35.1
7
2

18
20

19.8
4.5

24.2
19.3

54.4
68

21.6
69

54.4
67
4
1
5

51.2
42.1

106.0

49.4

42.4
8

25.7
8

48.5
8
8
9

15

33.5
0.1

33.6
18.3

49.5
62
8.4
73

49.5
62

7
*

7

76.9
3.6

93.6

30.8

25.1
8

16.5
8

25.1
8

18
1

19

41,5
0.0

41.5
21.0

39.4
62
0.0
73

39.4
62
8
0
8

104.3
0.0

104.3

46.8

28.2
6

0.0
8

28.2
6

20
0

20

32.9
0.0

32.9
16.2

47.0
62
0.0
73

47.0
62
7
0
7

57.1
0.0

57.1

47.3

25.9
7

0.0
7

25.9
7

16
0

16

37.4
0.0

38.2
22.7

36.1
69
0.0
74

36.1
69
7
0
7

103.5
0.0

105.6

32.1

39.4
7

0.0
7

39.4
7

23
0

23

36.8
0.4

37.3
20.8

58.9
67

15.2
74

58.9
67

8
*

8

95.1
4.6

99.9

43.5

36.8
7

15.7
7

36.8
7

18
1

19

29.5
3.1

32.6
17.9

47.5
69

54.6
73

54.6
69
7
1
7

93.0
29.4

126.1

31.5

39.6
7

29.2
7

39.6
7

19
5

24

15.4
30.2
46.6
27.6

50.8
67

45.7
63

50.8
63
3
5
8

17.4
150.3
184.1

55.5

41.7
7

40.6
8

54.4
8
3

18
23

6.5
61.5
68.1
35.3

53.3
68

58.4
65

58.4
62

1
10
11

4.0
250.1
246.0

68.3

14.0
8

50.8
8

50.8
8
1

24
25

269.4
205.7
477.2

75.4

58.9

58.4

58.9

56
37
92

625.9
1090.8
1725.4

140.9

42.4

66.0

66.0

129
130
256

00



Table 15 Precipitation Within and Near Glacier National Park (cont.)

(after: Anon. 1980a)

JAN FEB

BRITISH COLUMBIA

MAR APR MAY JUN JUL AUG SEP OCT Nov DEC YEAR

GLACIER NPMT FIDELITY 51 °14N 117043'W 1875m
Rainfall
Snowfall
Total Precipitation
Standard Deviation, Total Precipitation
Greatest Rainfall in 24 hours

Years of Record
Greatest Snowfall in 24 hours

Years of Record
Greatest Precipitation in 24 hours

Years of Record
Days with Rain
Days with Snow
Days with Precipitation

GLACIER NP ROGERS PASS 51°
Rainfall
Snowfall
Total Precipitation

Standard Deviation, Total Precipitation

Greatest Rainfall in 24 hours
Years of Record

Greatest Snowfall in 24 hours
Years of Record

Greatest Precipitation in 24 hours
Years of Record

Days with Rain
Days with Snow
Days with Precipitation

0.2
236.3
261.2
111.4

T
12

71.9
12

71.9
12
0

18
17

17'N 117

9.2
228.7
239.9

114.1

41.4
15

64.0
15

64.0
15
1

18
19

4.6
191.9
225.2

91.4
3.5
12

41.9
12

41.9
12
0

17
16

°31'W

5.6
169.7
182.0

81.7

10.2
15

41.9
15

41.9
15

1
17
16

2.9
178.2
266.2

53.3
16.3

12
50.3

12
50.3

12
0

17
18

1323m

9.5
123.7
135.4

38.7

22.6
15

42.9
15

42.9
15
2

14
17

4.9
641.6
119.8

41.3
15.0

12
30.0

12
30.0

12
3

11
14

22.7
87.1
77.1

27.5

18.8
15

25.4
15

35.6
15
7
8

14

54.4
48.2

109.1
38.7
31.0

12
21.8

12
41.9

12
10
8

12

54.7
8.8

64.8

27.3

47.6
15

10.2
15

47.6
15
12
6

13

89.0
14.8

128.6
52.5
72.1

12
25.4

12
72.1

12
13
3

13

89.4
0.2

89.5

38.1

51.6
14

3.0
16

51.6
14
16
0

13

84.7
2.1

99.3
24.5
33.5

12
10.9

12
33.5

12
10

1
10

62.8
0.0

78.3

22.2

34.8
16

0.0
16

34.8
16
11
0

12

93.8
0.9

92.9
64.9
32.0

12
4.1
12

35.0
12
10
0

10

71.2
0.0

73.6

42.9

24.4
15

0.0
16

24.4
15
12
0

11

93.4
24.6

132.1
73.8
42.9

12
30.0

12
42.9

12
10
2

11

91.6
1.0

101.2

50.4

44.8
16

7.1
16

44.8
16
13
0

12

40.7
92.8

180.1
75.1
30.0

12
42.9

12
42.9

12
6

13
13

89.3
77.6

141.8

74.4

48.5
16

35.6
15

52.6
15
12
8

14

1.0
242.9
228.5

81.8
24.6

12
48.0

12
48.0

12
1

17
16

11.4
173.6
181.4

58.1

78.1
16

37.0
16

81.1
16
2

16
17

4.1
300.5
326.1

87.4
27.0

12
50.0

12
50.0

12
0

19
19

3.8
236.3
241.0

62.7

31.2
16

50.8
16

50.8
16
0

19
19

473.7
1974.8
2169.1
208.6

72.1

71.9

72.1

63
126
169

521.2
1106.7
1606.0

230.8

78.1

64.0

81.1

89
106
177

00
00



Table 16 Mean Annual Climatic Characteristics for
Selected Stations

(after: Anon. 1980a)

Revelstoke

Mount
Fidelity

Rogers Pass

Golden

Eleva-
TION

(METRES)

560

1905

1300

787

ANNUAL
MEAN

TEMP.
(°C)

6.8

0.0

2.1

4.6

TOTAL
PRECIP.
(MM)

1081

2181

1493

469

RAIN-
FALL
(MM)

670

489

523

263

SNOW-
FALL
(CM)

411

1692

970

206

DAYS
WITH

PRECIP.

187

not
available

200

68

USUAL SNOW
SEASON

Nov.-Apr.

Oct.-Jul.

mid-Oct
Mid-June

MEAN MAX.
MEASURED
ON GROUND
(CM)

97 (mar.)

373
(late March)

221
(midMarch)

not available
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Aa elevation decreases, the
air a warmed above thf

conderaatutn point.
Air a dry A ikies

clear produced by the
rnin-ihniinu. effect

Plains

Thompson

Plateau

Shuswap-

Okanagan

Highlands

Monastics
Mis.

ROCKY MOUNTAINS
COLUMBIA MOUNTAINS

Figure 34 The Rainshadow Effect

(after: Anon. 1989d, Inglis 1982)
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January April

July

0.75

October

1.25

Figure 35 Precipitable Moisture Across the Western
Cordillera (inches)

(after: Walker 1961)
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Table 17 Mean Annual Precipitation (MAP) for Station
in and Near Revelstoke & Glacier National
Parks

(afterAchuffefa/. 1984)

STATION BY ECOREGION

Interior Cedar-Hemlock

Revelstoke A

Revelstoke

Albert Canyon

Glacier Avalanche R.S.

Glacier

Rogers Pass

Montane

Golden

YNP Boulder Cr.

Banff

Engelmann
Spruce-Subalpine Fir

Mount Fidelity

1 Atmospheric Environment
2 Atmospheric Environment
3 Atmospheric Environment

ELEVATION MAP %OCT-MAR %

443m

456m

640 m

1177m

1248m

1323m

787m

1219m

1397m

1875m

1914m

Average=1278 mm

94T2

10961

10642

10143

17252

14931

16062

Average=495 mm

4731

47T2

55T2

4771

471 2

Average=1995 mm

21 G&

18213

Service (1 975b): 1 941 - 70, 5 - 30 yrs
Service (n.d.a & n.d.b): 1951 - 80, 5 -
Service (n.d.c): 1 - 7 yrs. data.

65

65

65

64

67

66

70

57

56

47

40

40

69

65

. data.
30 yrs. data.

AS SNOW

37

36

39

nd

64

65

68

44

44

45

43

44

78

nd
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Table 18 Snow Depths for Stations in and near
MRNP and GNP (nd = no data)

(afterAchuffefa/. 1984)

MEAN SNOW DEPTH (CM)

STATION AND ELEVATION

ICH

Revelstoke
560m

Glacier
1250m

New Glacier
1250m

Montane
Field 1280m

ESSF

Mount Copeland
1700m

Mount Revelstoke
1830m

Mount Fidelity
1870m

Mount Abbott
1980m

Sunbeam Lake
2010m

Sub alpine

Bugaboo Creek
1510m

Vermont Creek
1520m

MARCH!

95

185

179

65

358

285

313

297

235

128

144

APRILl

71

188

179

53

375

311

333

337

272

129

154

MAY!

24

155

141

10

360

288

310

326

248

78

131

JUNEl

nd

59

58

nd

235

196

239

265

nd

1

nd
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Similarity, based on locations of equal elevation, the Purcell Mountains will likely
be drier than the Selkirk Mountains. Table 19 illustrates the distribution of
precipitation from west to east, especially the rainshadow effect.

Similar local variations in precipitation throughout the Columbia Mountains and
are attributable to changes in elevation. In most cases, the precipitation increases
with increasing elevation. The mean annual precipitation for Glacier, for example,
(elevation 1248 m ASL) is 1490 mm, with 9.5 m of snow (Gadd 1978), while for
Mount Fidelity (elevation 1875 m ASL) itis2169mm, with almost 17metres of snow.
It is only in the highest elevations that this direct proportion may sometimes be
reversed (Walker & Achuff 1984) as a result of wind redistributing snow to lower
elevations and to avalanche starting zones.

Snowfall in Glacier National Park is possible at any time of the year, especially at the
higher elevations. Approximately 60-80% ormoreof the total precipitation thatfalls
in the mountainous regions of the park is snow. Table 20 indicates the climate
characteristics for the winter period (Oct.-May) spanning the years 1966-1986.
Tables 21 and 22 graphically illustrate snowpack characteristics for Rogers Pass and
Mt. Fidelity for 1963-1987,

Finally, the precipitation regime of Glacier National Park is marked by a character-
istic winter maximum in December or January, and a summer minimum (Table
15). With many locations, the dry season occurs from May through to August; in
others it begins in March or April with a rise in precipitation during June (Gadd
1978).

AIRMASSES AND WIND

The climate of Glacier National Park is affected by the movements of airmasses and
the winds that are generated. These are described by various authors, among them
Klein (1957), Walker (1961), Bryson & Hare (1974), and Hare & Thomas (1979).

As indicated before, Glacier National Park is dominated mainly by the Pacific
airmasses that are driven by the Westerly air flow which falls within the 'zone of the
Westerlies' lyingbetween 30 degrees N to 60 degrees N latitude. Figure 36 illustrates
the mean frontal zone positions of theContinentalArctic,MaritimeArctic, Maritime
Polar, and Maritime Tropical airmasses and the mean positions of the frontal zones
during the summer and the winter in relation to Glacier National Park. The
Continental Arctic airmass influences the park only occassionally, when these
airmasses spill through high mountain passes through the virtually impenetrable
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Table 19 Variations in Precipitation with Elevation Gain

(after: Gadd 1978)

Location /Elevation
(metres)

Mean Annual Precip
(cm/year)

Kamloops (Shuswap Plateau)
350m

Sicamous (Foothills of Monashees)
2500m

Mt. Fidelity (Selkirk Mountains)
1905m

Rogers Pass (Selkirk Mountains)
1300m

(surrounding peaks)
3254m

Golden (Rocky Mt. Trench)
790m

Lake Louise (Rocky Mountains)
1677m

26

59

218

147

47
(in rainshadow)

76
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Table 20 National Parks Attendance Statistics -
Fiscal Year to Date -1990/91

(after: Anon. 1991b)

ROGERS PASS STUDY PLOT (1315m)

PARAMETER OCT. Nov. DEC. JAN. FEB. MAR. APR. MAY YEAR

Snowfall: Max. (on) 196.0 265.0 323.0 441.0 379.0 177.0 83.0 29.7 1553.0*
Snowfall: Min. (cm) 6.0 11.0 97.0 31.0 64.0 34.0 9.0 0.0 714.0
Snowfall: Av. (cm) 53.5 160.3 222.1 222.0 169.0 11.2 48.9 8.5 997.4
Rain (mm) 84.6 19.6 9.0 10.0 5.4 14.4 31.6 63.7 605.5

* Maximum recorded winter snowfall is 1727 cm in 1953-54; maximum recorded snow on the ground is 319 cm in 1971-72

MT. FIDELITY STUDY PLOT (1905m)

Snowfall: Max. (cm) 355.0 380.0 475.0 575.0 396.0 272.0 241.0 97.0 2151.0*
Snowfall: Min. (cm) 24.0 74.0 128.0 42.0 105.0 66.0 31.0 7.0 1176.0
Snowfall: Av. (cm) 124.8 233.9 283.9 256.2 217.2 182.3 119.6 47.5 1502.9
Rain (mm) 51.9 5.1 3.3 3.6 1.6 2.5 11.9 60.5 602.8

* Maximum recorded winter snowfall is 2151 cm in 1966-67; maximum recorded snow on the ground is 493 cm in 1971-72.
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Table 21 Rogers Pass Snowpack Range, 1963-87

(after: Schleiss 1990)

*
q

600

500

400

300

200

100

0
10 20

Oct. 1 Weeks

Max.

Min.

30

June 23
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Table 22 Mt. Fidelity Snowpack Range, 1963-87

(after: Schleiss 1990)

600 ,-

500

400

I1
300

200

100

0
10 20

Oct. 1 Weeks

Max.

Min.

30

June 27

98



(a) Winter (b) Summer

Figure 36 Mean Frontal Positions

(after: Walker 1961)
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Rocky Mountains into theRockyMountain Trench and the eastern areas of the park.
On the other hand, the Maritime Arctic airmass and the MaiitimePolarairmasstend
to dominate the weather patterns of the park and surrounding areas.

Situated in the northern belt of the mid-latitude Westerlies, Glacier National Park
is subjected to the prevailing winds initiated by the airmass movements towards the
Cordillera, often accompainied by "cold lows" following typical tracks for a certain
percentage of the time. Hage (1957) indicated thatthemoisture-laden cold lows that
likely affect the park the most follow Track 1 for about sixty (60) percent of the time
(Figure 37). As these cold lows cross the park, disturbances in the form of intensified
uplift at the level of the mid and upper troposphere generate an area of intensified
precipitation. Synoptic studies of the movements of these cold lows revealed that
they are virtually unaffected by terrain. The reader is encouraged to refer to Klein
(1957), who traced and described other tracks of high and low pressure center
movements across North America.

Table 23 a & b (from Anon. 1982f) show some of the wind data that is available for
the Glacier National Park region. Mean wind speeds are fairly uniform throughout
the year (3.5 - 6.0 km/hr) with the higher speeds occurring during the summer
months (April - July). Maximum hourly gust speeds occur in January and
December for Revelstoke and in January, October and December for Revelstoke
Airport. In all cases they originate from the NW.

The prevailing wind direction for Revelstoke is NE from October to February and
NW from April to August. In the case of Revelstoke Airport, prevailing winds are
NE in all months except February during which they are SE. Calm periods are rare
during the summer but more frequent during the winter.

As a rule, winds increase with elevation. Windiest areas tend to be in the passes and
mountain peaks (Walker & Achuff 1984). In these higher areas wind is responsible
for the redistributing of snow into lower elevations. This explains the reversal in the
trend of increased precipitation with increased altitude.

SNOW AND AVALANCHES

As noted earlier, Glacier National Park is well known for its excessive winter
snowpack. Glacier (Rogers Pass-1300m) receives up to 9.5 metres a year while Mt.
Fidelity (1905 m) receives nearly 17 metres (Gadd 1978). It is the combination of
this exorbitant snowfall with the steep mountainous topography that results in the
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Figure 37 Typical Tracks of Cold Low Centres and
Percent Along Each Track

(after: Hage 1957)
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Table 23a Wind Conditions, Revelstoke B.C. 1963-1980
(after: Anon. 1982e)

JAN FEB MAR APR MAY JUN JUL AUG SEP

ELEVATION 456m

OCT Nov DEC YEAR

PERCENTAGE FREQUENCY

N

NE

E

SE

S

SW

W

NW

3.9

2.1

15.9

253

7.6

4.4

11.6

15.9

Calm 13.3

N

NE

E

SE

S

SW

W

NW

All

3.9

4.0

3.2

4.0

2.7

3.3

3.4

12.7

4.2

2.5

13.5

18.3

13.6

6.4

17.3

14.2

10.0

3.7

3.6

3.3

3.5

2.9

3.4

3.1

6.2

5.3

2.9

9.5

17.0

12.3

7.3

16.8

23.7

5.2

MEAN

3.9

3.8

3.6

4.3

3.3

4.1

3.4

7.3

4.4 5.4 6.4

3.0 2.4 3.9

7.6 7.0 8.4

15.5 14.5 17.2

8.0 5.3 6.4

9.0 9.1 9.5

23.7 19.7 14.5

27.3 35.3 32.9

1.5 1.3 0.8

6.0

3.9

9.4

17.7

7.1

10.0

13.5

30.7

1.7

5.5

3.7

9.3

16.7

9.3

9.5

16.3

27.0

2.7

5.5

3.1

10.0

16.3

11.8

10.5

14.7

24.0

4.1

5.1

3.1

13.1

21.7

12.1

8.9

14.5

16.5

5.0

4.8

2.9

19.6

23.9

8.2

5.9

12.9

14.1

7.7

3.3

2.4

19.6

29.5

8.1

5.8

9.1

11.1

11.1

5.0

3.0

11.9

19.5

9.1

8.0

15.4

22.7

5.4

WIND SPEED IN KILOMETRES PER HOUR

5.0 4.0 3.6

4.9 4.1 4.2

4.6 3.7 3.5

6.0 6.1 6.1

4.6 4.5 4.5

5.5 6.2 6.2

4.2 5.1 4.4

8.3 8.7 8.0

3.4

3.5

3.3

4.9

4.5

5.4

4.4

7.6

3.2

3.1

3.2

4.7

3.8

5.0

4.1

6.8

3.2

3.3

3.3

4.0

3.4

4.2

3.6

6.5

3.7

3.5

3.4

3.8

3.3

3.2

3.9

5.1

3.3

3.6

3.2

3.5

3.0

3.0

3.7

6.3

3.4

3.9

3.1

3.3

2.7

3.0

3.7

10.9

3.7

3.8

3.5

4.5

3.6

4.4

3.9

7.9

Directions

4.5

Maximum

66

NW

3.4 4.4 5.8 6.3 5.9 5.3 4.7 4.2 3.7 3.5 3.7 4.6

Hourly Speed

29

NW

35

NW

45 34 43

NW NW NW

37

NW

Height of anemometer

35

NW

10.0m

35

NW

23

NW

27

NW

48

NW

66

NW

STATION INFORMATION
Good exposure on the edge of a flat benchland on the east side of Columbia River Valley. The valley runs NW-SE
and is quite broad at this point Selkirk Mountains are to the east and the Monashee Mountains are to the west.
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Table 23b Wind Conditions, Revelstoke Airport 1969-1980
(after: Anon. 1982e)

iiw i E^. ovi_ = several

JAN FEB MAR APR MAY JUN JUL AUG SEP

EliEVAT1ON443m

OCT Nov DEC YEAR

PERCENTAGE FREQUENCY

N

NE

E

SE

S

SW

W

NW

6.6

17.0

7.0

13.8

11.2

5.7

5.3

11.5

Calm 21 9

N

NE

E

SE

S

SW

W

NW

All

5.1

5.5

2.5

5.7

5.3

3.3

2.7

7.2

5.3

15.3

6.4

16.0

13.2

8.1

6.4

9.9

194

4.4

5.6

2.7

6.3

4.7

3.0

2.7

6.4

6.5

19.5

8.8

14.7

10.9

6.9

7.5

12.6

12.6

MEAN

5.7

5.6

2.6

6.9

5.7

3.6

3.0

8.7

5.6 5.1 3.3

22.9 26.9 25.5

9.1 6.4 6.4

11.9 12.5 15.8

9.6 9.9 10.6

10.3 9.2 12.4

8.8 7.6 6.9

16.7 20.1 17.3

5.1 2.3 1.8

3.0

21.3

7.8

15.0

9.8

16.6

8.8

14.5

3.2

3.3

21.9

7.3

12.0

9.2

15.1

9.6

15.3

6.3

3.4 5.1

24.9 22.7

8.9

12.0

7.8

13.8

8.9

11.7

8.6

11.0

13.8

8.1

9.9

8.2

12.6

8.6

7.9

21.3

8.3

19.3

9.5

5.4

5.5

12.1

10.7

6.9

20.6

6.5

17.7

10.0

4.6

4.5

11.2

18.0

5.2

21.7

7.8

14.5

10.0

9.8

7.3

13.8

9.9

WIND SPEED IN KILOMETRES PER HOUR

5.7 4.9 4.3

5.9 7.0 6.4

2.6 2.8 2.8

5.3 5.7 5.9

6.7 7.9 6.8

5.1 5.9 5.6

4.1 4.0 3.9

8.8 8.1 8.1

4.3

5.2

2.7

5.1

5.8

4.8

3.7

7.6

4.0

4.9

2.6

4.4

5.5

4.6

3.5

7.5

3.7

5.0

2.4

4.5

5.4

4.5

3.3

7.4

3.8

4.7

2.5

4.9

6.7

4.5

3.1

7.5

4.2

5.5

2.7

6.3

6.1

5.3

2.8

6.7

5.0

5.8

2.8

6.2

5.3

6.2

2.7

9.4

4.6

5.6

2.6

5.6

6.0

4.7

3.3

7.8

Directions

4.0

Maximum

;

39

SVL

3.9 4.9 5.5 6.3 6.0 5.0 4.6 4.3 4.4 4.8 4.8 4.9

Hourly Speed

42

NW

39

SVL

39 31 40

NW SVL SE

37

S

Height of anemometer

37

NW

10.0m

35

NW

51

NW

40

NW

51

NW

51

NW

STATION INFORMATION
Good exposure on the edge of a flat benchland on the east side of Columbia River Valley. The valley runs NW-SE
and is quite broad at this point. Selkirk Mountains are to the east and the Monashee Mountains are to the west.

103



Glacier National Park's extreme avalanche activity along the transportation corri-
dor. Since the establishment of the Canadian Pacific Railway (1885) in Rogers Pass
to the time of the construction of the Trans-Canada Highway in 1962 along the same
valleys, an unending battle has continued in order to maintain the safe and
unobstructed passage of railway and highway traffic (Schaerer 1965). Inthatperiod
more than 200 fatalities occurred due to avalanches.

Until 1962 it was only a few wooden snowsheds that served to protect the
transportation corridor. By 1916, the Connaught Tunnel eliminated the avalanche
hazard in the pass, however, at either end the hazard still existed (Schleiss, V.G.
1990). Inl 956 a Swiss civil engineer by the name of Peter Schaerer was recruited to
assist in the planning and development of an avalanche defence system for the
Trans-Canada Highway in Glacier National Park. Preliminary observations on
snow cover, weather, and avalanche conditions were initiated as early as 1953
(Schaerer 1961). By 1962 the highway and its defence structures had been
completed.

Three years earlier the Snow Research and Avalanche Warning Section (SRAWS)
was established to protect the 40 km segment of highway and railway corridor
within Glacier National Park. The avalanche control program maintained by
SRAWS is one of the largest in the world and deals with 134 slidepaths using both
static defences and a mobile control program (Figure 38). Since the early 60's, a
number of additional defence structures have been added, including snowsheds,
diverting dams, retaining barriers, earth dams/mounds, benches, catch basins, and
artillery placements. The readeris referred toSchleiss' Rogers PassSnow Avalanche
Adas, (1989) for further details regarding the Rogers Pass avalanche defence
operation.

CLIMATIC RECREATIONAL SUITABILITY

The recreational suitability ratings for Revelstoke and Glacier (Rogers Pass) are
listed in Bennett's Climatic Suitability for Recreation in British Columbia (1977). These
indicate that for Glacier the summers (June-August) and winters (December-
February) are the most suitable seasons for recreation (land-active - fishing, snow
shoeing, hiking, cross-country skiing, alpine skiing, etc., land-passive - walking,
picnicking, family camping, etc., and aquatic-passive - swimming, etc. types). The
transition season months (April, May, October, November) are not very suitable for
any form of recreation due to factors such as insufficient snow or excessive snow.
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Figure 38 Static Defence Structures and Gun Positions,
1989

(after: Anon. 1991b)
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The climatic parameters used by Bennett to develop the recreational suitability
ratings for the three seasons are also given and, although not detailed, may be of
interest to the reader.

Length of summer and winter data for Revelstoke and Glacier that is supplied by
Bennett (1977) is useful for recreation planners and is included in Figure 39. A
definition of terms is given below:

SUMMER
T(max) = daily average of the maximum temperature.
S.D. = standard deviation of T(max).

(a) Summer begins when T(max) + S.D. first exceeds 18 degrees C
(b) High summer begins when T(max) first exceeds 18 degrees C

and subsequently stays > 18 degrees C
(c) High summer ends when T(max) first becomes < 18 degrees C
(d) Summer ends when T(max) + S.D. exceeds 18 degrees C for the

last time.
During high summer T(max) always exceeds 18 degrees C

WINTER
T(mean) = daily average of the mean temperature.
S.D. = standard deviation of T(mean).

(a) Winter begins when T(mean) - S.D. first drops below
0 degrees C

(b) Deep winter begins when T(mean) becomes less than 0 degrees
C and stays < 0 degrees C

(c) Deep winter ends when T(mean) first exceeds 0 degrees C
(d) Winter ends when T(mean) - S.D. falls below 0 degrees C for the

last time - i.e. after the end of the winter T(mean) - S.D. is
always > 0 degrees C

During deep winter T(mean) is always less than 0 degrees C
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Figure 39 Length of Summer and Winter, Glacier & Revelstoke

(after: Bennett 1977)

STATION NAME LENGTH OF SUMMER WINTER DURATION (DAYS)
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RESOURCE ANALYSIS

Far more weather data is available for Glacier National Park than there is for Mount
Revelstoke National Park, much of it from within the boundaries of the park. The
additional data obtained from the EnvironmentCanada Weather OfficeatRevelstoke,
the Revelstoke Airport, and Golden is also very useful for comparative purposes as
discussed earlier in this section.

Precipitation, and particularly heavy winter snowfalls, are the most significant
climatic features of the park. One of the world's largest direct action avalanche
control programs has been developed in Glacier National Park as a direct result of
the extreme avalanche activity. Avalanches affect visitor facilities, visitor comfort
and safety, and the natural ecosystems of the park.

Climatic conditions within Glacier National Park affectthe well-being and activities
pursued by the park visitor. Rainfall, in combination with high rates of spring
runoff, can result in mass wasting and flood conditions. The occurrence of
thunderstorms can create forest fire conditions which can present threats to man, his
facilities, and greatly alter the ecosystem. Winds can cause windthrow, particularly
in mature forests where fungal diseases have weakened the structural integrity of
the forest.

In summary, the climatic variability found in Glacier National Park can influence
general resource management imperatives, conservation efforts, land use, and
recreational utilization. The continued collection and analysis of climatic data
should be continued into the future to maintain present levels protection and
conservation.

MANAGEMENT CONCERNS

Although it is not possible to control the climate of a geographical area, the
continuation of the climatic monitoring program presently being used for the park
will allow snow technicians and managers to collect weather data for forecasting
and for effective avalanche stabilization purposes. Managers will continue to
benefit from the weather stations present in theparkby being able to forecast trends,
such as global warming, and certain imminent situations, such as avalanches.

Climate-related management concerns also include fire management, forest dis-
ease and insect infestation, erosion, wildlife management, and public safety.
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STATUS OF KNOWLEDGE

Climatic data for the Columbia Mountains region of southeastern British Columbia
region is generally scarce. However, a substantial amount of weather and
snowpack data has been collected since 1962 in Glacier National Park at 2 continu-
ouslymannedstations/4secondarystations/and3telernetrystations(Schleissl990)
which provides data for a successful avalanche control program. Weather data
from several other Warden stations throughout thebackcountry (Pers. Comm. John
Flaa) and data from Revelstoke and Golden present a fairly comprehensive weather
picture of the region.

Radiation data for Glacier National Park is scarce. If it is found to be practical,
insolation-radiation data should be collected within the park. Otherwise, the
existing climatic data base is adequate in supporting most resource management
activities in Glacier National Park.
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WATER RESOURCES
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

Water is essential to lifeand impinges uponalrnost every aspectof human endeavor.
The science of water is known as hydrology. It is the study of the occurrence and
distribution of water on and under the earth, and is concerned with the hydrological
cycle of which water is the main component. This cycle depicts the movement of
water: its constant reaction with its physical, chemical, and biological environment,
its changing of state (liquid, vapour, or solid), its ability to reshape the earth, and its
benefits of life on the planet (Anon. 1978). The cyclic movement of water through
evaporation, wind transport, stream flow, percolation, and related processes is
shown in Figure 40 (from Flint & Skinner).

According to the Hydrological Atlas of Canada (1978), Canada is classified into six
major watersheds (Figure 41). The Cordilleran Region, which includes western
Canada, contains seven major drainage basins which deliver water into the Pacific
Ocean. All waters from draining Glacier National Park enter the Columbia River
watershed. That section of the Columbia River drainage basin which lies within
British Columbia encompasses 155,000 square kilometers (Figure 42) and drains
into the Pacific Ocean (Figure 43). The entire region is on the western slope of the
continental divide (Gadd 1978).

A number of tributaries drain Glacier National Park and enter the Ulecillewaet,
Beaver, and Incomappleux Rivers (Figure 44). All of these larger streams eventually
drain intotheColumbiaRiver,the Beaver Riverdiainingtothenorth,thelllecillewaet
River to the west, and the Incomappleux River to the south. The streams of the park
demonstrate the trellis drainage pattern, and in most cases, this pattern is influenced
by the geology of the area and by subsequent gladation. Peak flows of park waters
are generally reached in June and July, with minimum flows occurring during the
period of December to March. The majority of the annual discharge occurs during
the months of June to August. This is largely due to the influence of extensive ice
and snow fields which tend to increase and prolong the duration of high runoff
during the summer months.
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Figure 40 The Water Cycle
(All arrows that point upward represent evaporation and/or transpiration)

(after: Flint & Skinner 1974)
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Figure 41 The Major Watersheds of Canada

(after: Anon. 1978a)
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Figure 42 The Columbia River and Adjoining Basin
Within the Columbia Mountains Natural
Region

(after: Anon. 1984d)
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Figure 44 Rivers, Creeks, and Brooks of Glacier
National Park
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Very few lakes are found within Glacier National Park. The only lakes that are
named are Schuss Lake on Mount Fidelity and Marion Lake above Glacier station.
Another larger lake is found at the mouth of Glacier Circle and is unnamed. A
number of smaller unnamed lakes and ponds are found in backwater locations on
the Beaver River and Mountain Creek and in other higher locations. The total area
of lakes surveyed by D.B. Donald and D.J. Alger (1984) totals 18.8 hectares. A few
lakes of Glacier National Park owe their origins to glacial scouring.

CLIMATE

As described in detail in the Climate section, Glacier National Park and the
surrounding region, are affected by moist, eastward-moving Pacific airmasses
which release moisture orographically over the Columbia Mountains. Figure 45
illustrates the abundance of precipitation found in the park. As can be seen in Table
24, the annual precipitation for Glacier National Park is three to four times greater
than that falling in areas of the Rocky Mountains (Walker & Achuff 1984). The
climate of Glacier National Park is probably the greatest determining factor of the
water resources present within the park.

Past climatic events have also greatly affected the pattern and distribution of the
rivers and lakes currently found in the park by causingreshapirtgby ice and erosion
by water. The glaciers and ice fields that are found in Glacier National Park today
are remnents of the Pinedale maximum which was reached about 15,000 years ago
(Gadd 1978). Deglaciation of the main river valleys occurred about 6,000 ago when
temperatures were higher than they are today.

TOPOGRAPHY AND GLACIATION

Glacier National Park lies within the Columbia Mountains of the Southern Plateau
and Mountain Area which, in turn, are located in the Interior System of the
Canadian Cordillera (Holland 1964, Bostock 1970). Two mountain ranges are
found in the park - the Selkirks, which cover most of the western regions of the park,
and the Purcells, which are located east of the Beaver River.

The physiography of Glacier National Park results from the product of geomorphic
processes, bedrock character, and mountain-building history. It is mainly com-
posed of folded and faulted metasedimentary rocks (Achuff et al 1984). The
geological events that led to the formation of the Purcells to the east and the Selkirks
to the west will be outlined in more detail in the Geological section of this Resource
Description and Analysis.
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Figure 45 Precipitation in the Columbia Mountains

(after: Anon. 1978)
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Table 24 Mean Annual Precipitation (MAP) for Stations
in and Near Mount Revelstoke and Glacier
National Parks

(after: Achuff efa/. 1984)
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Briefly stated, the geological history of Glacier National Park began when sea-
bottom sediments were uplifted during five orogenies about 1.5 million years ago.
The folds, faults, and rock metamorphosis that resulted are extremely complex and
poorly understood (Gadd 1978). Two large features are associated with the two
ranges that are found in the park, namely, the Purcell Antidinorium and the Selkirk
Fan. The main orogeny, the Columbian Orogeny (145-90 million years ago), created
the major folds and faults and provided the heat and pressure for bedrock
metamorphism. Additional deformation occurred later, during the Laramide
Orogeny (60-25 million years ago).

It was after these mountain-building episodes that fluvial and glacial erosion
followed, creating the topography that is evident today. The bedrock in much of the
park has imposed a 'trellissed' type of pattern on the drainage systems (Holland
1964). This type is often associated with alternating outcrops of hard and soft rocks,
the latter being the zones of weakness along which the dominant alignment of the
stream or tributary is found (Dickinson 1969). Gadd (1978) indicated that during
the uplift of the Columbia Mountains over 100 million years ago (McKee 1972) the
Columbia River was perhaps powerful enough to keep pace, bending its course as
the land rose. The total drainage of Glacier National Park also developed for other
reasons:

Smaller streams in the region were unable to keep up with the uplift,
and were forced to flow in directions of least resistance. In the Columbia
Mountains, weak zones in the bedrock are aligned northwest to
southeast in the northern regions, and north to south in the southern
regions, so the lesser rivers were gradually forced into this kind of
alignment, which is called trellis drainage: perceived over a wide area,
thestream layout isangularandrepetitive,likeatrettis (Gadd 1978).

Glaciation has been instrumental in shaping the mountains and valleys of Glacier
National Park and began between one and two million years ago, during the
Pleistocene Epoch. The Fraser glaciation of the Wisconsinan Stage represents the
most recent glacial event affecting the whole park (Fulton 1984). Ice thicknesses
reached 1,000 m during the Wisconsin Bull Lake and Pinedale advances (Gadd
1978). Valleys such as the Beaver River valley have the classic U-shaped cross-
sectional configuration which is typical of glaciated valleys.

The glaciers of Glacier National Parkfunction as importantreservoirs of clean, fresh
water. As stated by Seel & Strachan, 1985, this glacial meltwater is usually high in
suspended solids and sediments. As well, the natural storage of water in the form
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of glacial ice serves to spread normal early summer runoff over longer periods of
time.

Currently, Glacier National Park possesses over 130 glaciers. A more detailed
inventory of these glaciers with a description of the findings of glaciological studies
that have been conducted on a select number appears in the Geological Resources
section of this Resource Description and Analysis.

HYDROLOGICAL DESCRIPTION

The first observations of the lakes and streams of Glacier National Park were
probably made by the early pioneers that explored this part of the country and the
native peoples before them. These dealt mainly with their location and nature
(whether it contained fish or not, for example). The first European to spent
significant time in the area was Walter Moberly (1864-1866). It was the gold rush on
the "Big Bend" of the Columbia River (Akriggeta/. 1977) in the 1860s thatprompted
the Federal Government to send Moberly into the area to report on activities and the
feasability of constructing a "Waggon Road" into the area (Moberly 1865). The
natives were reluctant to accompany Moberly into thearea thatnow is called Glacier
National Park because of the heavy snowfalls found there. However, despite these
difficulties, Moberly was able to explore the niecillewaet River and establish that a
wagon route through its drainage was feasible (Caton 1977).

In 1881, Major A.B. Rogers of theCanadianPacificRailway Company explored and
surveyed the south fork of the Dlecillewaet River to the pass that was later to bear
his name. Later, in 1883, Sir Sandf ord Fleming and three companions were the first
to traverse the Selkirks via this pass from east to west, following the Ulecillewaet
River and Connaught Creek (Caton 1977). The purpose of these early explorations
in the area was to establish routes for roads and railways and these pioneers merely
followed the path of least resistance - the valley-bottoms in which these rivers
flowed.

The earliest stream flow records for the Glacier National Park area date back to 1911
when theFederalGovernmentsurveyed the water resources alongtheCPRrailway
in British Columbia (Anon. 1983f). However, only very short records of data exist
for the Beaver River and Connaught Creek (each 2 years). Relevant stream flow
records for streams with comparable drainage area will be listed under the Stream
Flow Rates'.
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More recent limnological data of lakes and rivers on record comes from V.E.F.
Solman (1947). The parameters recorded were temperature, pH, width, average
depth, and rate of flow (Solman 1947). This data was gathered as part of a fish
stocking program and provided physical, chemical, and biological information of
Marion Lake, Cougar Brook, Rogers Pass Creek, Loop Creek, and the Ulecillewaet
River.

Additional limnological data (physical, chemical, and aquatic biota) was collected
to provide baseline data of the Connaught Creek - Beaver River drainage in 1977.
This information was to be used in an assessment of the impact of two sewage
lagoons which had been built in 1962. One, located near the EastGate on the Beaver
River, has been discontinued, while the other, located at Rogers Pass, has been
replaced with a modern treatment facility. The study area includes three survey
areas - Mountain Creek, Beaver River, Connaught Creek, and an unnamed creek
near Rogers Pass. Parameters that were recorded were altitude, stream fall, number
of channels, width, max / mean depth, max. flow rate, substrate, bank composition,
bank height, turbidity, aquatic vegetation, fish species, temperature, dissolved
oxygen, and pH (Den Beste et al. 1977).

Finally, a number of limnological studies were completed on the streams in the
Rogers Pass area and downstream as a preliminary requirement before the Cana-
dian Pacific Railway could precede with the construction of a second main track
(rail grade improvement) and a second tunnel (MacDonald Tunnel), and the
establishment of two work camps within the park. The camps were located near the
Ulecillewaet and Beaver Campsites (Figure 46). This figure also shows the locations
of the proposed rail grade improvement and the MacDonald Tunnel. Physical,
chemical, and biological characteristics are described in a number of reports
completed for the C.P.R. and may be of interest to the reader (Anon. 1980b, 1983c,
1983d).

Table 25 rates the hydrologic themes of the park in terms of park representativeness
within Natural Region 4 (The Columbia Mountains). It appears that lakes are not
considered to be common features of Glacier National Park. Small (0-5 ha), small/
medium (5-20 ha), and glacial lakes are rare or uncommon hydrologic themes
within Glacier National Park. Medium (20-250 ha), med./large (250-2000 ha), and
large (>2000 ha) lakes are not represented (Anon. 1984).

Rivers, on the other hand, arewellrepresented. Small rivers, medium rivers, rapids
& waterfalls, and straight rivers are common. Meandering rivers (Beaver R.,
Mountain Cr.) and large rivers (Beaver R.) are uncommon. Anastomosed (cross-
connecting) rivers are not represented (Anon. 1984).
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LEGEND
Glacier National Park boundary

Campsite

Picnic site
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ROGERS PASS
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\P

Figure 46 Location of CP Rail Rogers Pass
Development

(after: Anon. 1983g)
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Table 25 Representation of Hydrologic Themes

(after: Anon. 1984)

THEME DISTRIBUTION IN GLACIER REP. VALUE

Small and medium rivers

Large rivers

Rapids, waterfalls, and
straight rivers
Meandering

Anastomosed
Small Lakes (0-5ha)

Small/medium lakes (5-20ha)

Med. lakes (20-250ha)
MedVlarge lakes (250-2000)

Large lakes (over 2000)
Open drainage
Glacial lakes
Canyons

ubiquitous

Beaver River

common
Beaver River,
Mountain Cr.

not represented
scattered in

Beaver R. Valley
along Mountain Cr.
and in Beaver River Valley

not represented

not represented
not represented
lakes along Mountain Creek
few
along Incomappleux River
& several dropping into

Beaver River Valley

6

2

4

0

2

0

0

0

2

2

NOTE:
The representativeness value is defined as the product of a theme's regional significance
and extent of occurrence in the park. Values were assigned as follows:

REGIONAL SIGNIFICANCE VALUE EXTENT VALUE REPRESENTATIVENESS VALUE

Prime significance

Prime significance

Prime significance

Some significance

Some significance

2

2

2

1

1

Common

Uncommon

Rare
Uncommon

Rare

3
2
1

2

1

6
4
2
2

1

Representativeness values in the park(s) were assigned up to the maximum of the regional value. Thus, even if a given
theme was more common in a park than in the region as a whole, its representative value in the park was not permitted
to exceed that of the region.
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Finally, canyons (along Incomappleux R. and Beaver R.) and gullies are ubiquitous,
fans and floodplains (both along Beaver R. and Mountain Cr.) are not uncommon,
and open drainage (along Mountain Cr.) and terraces (Beaver Pit, mouth of Rat Cr.,
and Casualty Cr.) are rare within the park (Anon. 1984).

It should be noted that two waterfalls found in Glacier National Park were chosen
by Reilly & Beardmore (1980) for Waterfalls of Canada. The selection of these falls was
based on their representativity of the types of falls occurring in Natural Region 4.
These waterfalls are located on Aluskan Brook and on Cascade Creek, east of the
Mt.Tupperkarst area (Figure 47). Both falls are thought to be of recent origin. Both
are characterized also by a marked lack of sculpturing, which is partially due to the
low sediment load, but moreso to the short seasonal duration of the streams (Reilly
etal. 1980).

LAKES

Figure 48 shows the locations of 26 lakes Ward (1974)foundinGlatierNationalPark.
The majority of the lakes are found in higher mountainous elevations, not in river
bottoms. Many of these are tarn lakes that occupy glacial cirques. Most of those
lakes found in the valley bottoms are found in backwater localities along the Beaver
River and Mountain Creek (Achuff et al. 1984).

Table 26 lists ten lakes studied by Donald and Alger in 1984, their areas, grid
references, and maximum depths. All lakes, except for G7, are small and shallow.
This largest and deepest lake (located in Glacier Circle) is 5.1 hectares in size and has
a maximum depth of 10.0 meters. All lakes are found at elevations between 831 m
(G21) and 2332 m (G15). Break-up ranges from May to August and freeze-up from
September to November.

Figures 49-58 provide lake names, grid references, altitudes, volumes, areas, mean
depths, maximum depths, shoreline development, shoal areas, water level fluctua-
tion, total dissolved solids (TDS), drainage basin areas, pH, break-up, and freeze-
up of a number of lakes studied by Donald & Alger in 1984. The methodology
employed by these researchers is outlined in Limnological Studies in Glacier and
Mount Revelstoke National Parks, Part One: The Lakes (Donald & Alger 1984).

131



Figure 47 Karst Areas in GNP
(Mt. Tupper, Nakimu Caves)

(after: Anon. 1978)
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km

Figure 48 Lakes of Glacier National Park
(Each Lake is identified by a Number)

(after: Ward 1974)
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Table 26 Descriptions of Lakes found in Glacier
National Park studied by Donald and Alger

(after: Donald & Alger 1984)

LAKE

Marion

Schuss

G7

G13

G15

G16

G18

G21

G22

G24

NUMBER*

10

8

7

13

15

16

18

21

22

24

GRID REFERENCE

11U/MG 646787

11U/MG 506766

11U/MG 730688

11U/MG 750763

11U/MG 801899

11U/MG 761834

11U/MG 602856

11U/MG 666959

11U/MG 666950

11U/MG 419028

AREA (HA)

0.9

3.1

5.1

3.1

0.5

0.7

0.5

2.2

2.5

0.2

MAXIMUM
DEPTH (m)

5.0

4.0

10.0

1.0

1.0

6.5

5.0

2.0

2.5

-
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G10
GridRef. -11U/MG646787
Altitude ASL-1723m

100
I

metres

cua 2
-c
8-
Q 4

Temperature 'C
5 10 15 20

Volume X 10"

Area

Mean depth

Minimum depth

Shoreline development

Shoal area (% <5m deep)

Water level fluctuation

Total dissolved solids

Drainage basin area

PH

Break-up

Freeze-up

1.9m3

0.9 ha

2.2m

5.0 m

1.1

100%

0.5 m

1.0 mg/1

24.9 ha

5.6

early July

mid October

Figure 49 Marion Lake (G10), Glacier National Park

(after: Alger & Donald 1984)
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G8
Grid Ref. -11U/MG506766
Altitude ASL- 1866m

o
I

£

& AQ 4

Temperature 'C
5 10 15

Volume X 104

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

PH

Break-up

Freeze-up

6.3m3

3.1 ha

2.0m

4.0 m

100%

1.2

0.5m

164.5 ha

56.5 mg/1

7.8

mid July

mid October

Figure 50 Schuss Lake (G8), Glacier National Park

(after: Alger & Donald 1984)
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G7
Grid Ref. -11U/MG730688
Altitude ASL- 1771 m

Volume X 10"

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

pH

Break-up

Freeze-up

18.8 m3

5.1 ha

3.6 m

10.0m

64%

2.0

0.5m

746.8 ha

27.6 mg/1

7.6

early July

mid October

Figure 51 G7, Glacier National Park

(after: Alger & Donald 1984)
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G13
GridRef. -11U/MG750763
Altitude ASL- 1137m

100

Volume X 10"

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

PH

Break-up

Freeze-up

2.6m3

3.1 ha

0.9 m

1.0m

100%

1.4

0.5m

15.9 ha

76.3 mg/1

8.0

late April

late October

Figure 52 G13, Glacier National Park

(after: Alger & Donald 1984)
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G15
Grid Ref. -11U/MG801899
Altitude ASL - 2332 m

100
I

metres

Volume X104

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

PH

Break-up

Freeze-up

0.2m3

0.5 ha

0.3 m

1.0m

100%

1.1

1.0m

15.7 ha

4.4 mg/1

7.1
August

September

Figure 53 G15, Glacier National Park

(after: Alger & Donald 1984)
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G16
Grid Ref. - 11U/MG761834
Altitude ASL-211 Om

100

0

-c
Q. 4

6

Temperature 'C
5 10 15

Volume X 104

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

pH

Break-up

Freeze-up

2.2m3

0.7 ha

3.2m

6.5m

74%

1.1

0.5 m

21.0 ha

17.7 mg/1

7.6

late July

early October

Figure 54 G16, Glacier National Park

(after: Alger & Donald 1984)
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G18
Grid Ref. - 11U/MG602856
Altitude ASL-2157m

Temperature 'C

5 10

Volume X 10"

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

pH

Break-up

Freeze-up

1.2m3

0.5 ha

2.2m

5.0m

100%

1.3

0.5 m

188.8 ha

31.5 mg/1

7.7

late July

early October

Figure 55 G18, Glacier National Park

(after: Alger & Donald 1984)
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G21
Grid Ref. -11U/MG666959
Altitude ASL - 831 m

100
metres

Volume X 10"

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

PH
Break-up

Freeze-up
November

2.0m3

2.2 ha

0.9 m
2.0m

100%
2.4

0.5 m

323.2 ha

103.7mg/1

7.3

mid April

early

Figure 56 G21, Glacier National Park

(after: Alger & Donald 1984)
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G22
GridRef. -11U/MG666950
Altitude ASL - 832 m

t

100i
metres

Volume X104

Area

Mean depth

Minimum depth

Shoal area (% <5m deep)

Shoreline development

Water level fluctuation

Drainage basin area

Total dissolved solids

PH

Break-up

Freeze-up

4.0m3

2.5 ha

1.6m

2.5m

100%

1.9

0.5m

91.6 ha

113.7mg/1

7.8

mid April

early November

Figure 57 G22, Glacier National Park

(after: Alger & Donald 1984)
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G24
Grid Ref.-11U/MG419028
Altitude ASL - 2271 m

100
i

metres

Area 0.2 ha

Shoreline development 1.1

Total dissolved solids 0.9 mg/1

pH 6.2

Break-up late July

Freeze-up early October

Figure 58 G24, Glacier National Park

(after: Alger & Donald 1984)
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RIVERS

All of the streams and the tributaries found in Glacier National Park eventually flow
into the Columbia River. Figure 59 shows the four (4) main drainage basins of
Glacier National Park. The major streams of these basins are the Beaver River, the
niecillewaet River, and the Incomappleux River. The Beaver River, which drains by
far the largest area in the park, enters the Columbia northeast of the park. It flows
along what is called the Purcell Trench (Wheeler 1963), between the Purcells to the
east and the Selkirks to the west. This water course is probably the most strongly
aligned of all waterways found in Glacier National Park and extends over 40 km,
following a fault line. The niedllewaet River empties into the Columbia at the City
of Revelstoke. Finally, the Incomappleux flows south of Glacier National Park to
enter Upper AirowI^eattheNortheastArrnapproximately 45 kmfromRevelstoke.

A detailed synopsis of the morphologies of a number of streams is listed in Initial
Environmental Evaluation-CP Rail Grade Improvement (Anon. 1980b). Thesestreams
include Connaught Creek, Unnamed Creek (near Mt. Tupper), Stoney Creek,
Surprise Creek, Raspberry Creek, Cedar Creek, and Mountain Creek. Parameters
described include stream slopes, stream velocities, stream depths, channel widths,
and stream substrates.

Table 27 summarized the most important stream flow records taken from streams
within and around the Glacier National Park area (Anon. 1981). This table shows
the drainage area, the number of years with annual daily maximum, and maximum
daily runoff. Table 28 shows the 50-year, 100-year, and 200-year floods for those
streams that appear to have the higher flood runoff values and have been recorded
for more than 10 years. Analysis of the longer records, such as those for the
Incomappleux River, indicates that the recent period 1973-1980 is "characterized by
relat ively constantin termediate to law annual flood peaks in the SefldrkMauntains" (Anca\.
19830.'

Figures 60-71 depict a number of streams studied by Donald and Alger (1984) and
shows their stream length (within park), drainage area (within park), stream order,
mean slope, slope of reaches, TDS, pH, and turbidity. It is apparent at a glance, that
Beaver River drains the largest area within Glacier National Park (879.9 km2),
followed by Mountain Creek (340.4 km2), Incomappleux River (229.0 km2), and
niecillewaet River (226.0 km2). As stated earlier, the methodology used to calculate
the various parameters is outlined in Donald and Alger (1984).
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Figure 59 Drainage Basins of Glacier National Park
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Table 27 Stream Flow Records in the Region of Glacier
National Park

(after: Anon. 1983f)

REF.
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

wsc
No.

08NB015

08NB012

08NB001

08NB016

08NB008

08NB018

08NB013

08NB014

08NC001

08NC004

08NC002

08ND012

08ND018

08ND019

08ND009

08ND014

08ND005

08ND013

08ND001

08NE001

FOOTNOTES:

STATION NAME DRAINAGE No. OF YEARS
AREA (km2) WITH ANNUAL

MAX. DAILY

Blaeberry R. below Ensign Ck

Blaeberry R. above Willowbank Ck

Blaeberry R near Golden

Split Ck. at the mouth

Beaver R. near Rogers

Connaught Ck. above diversion

Gold R. above Batchelor Ck.

Gold R. above Palmer Ck.

Wood R. near Donald

Canoe R. below Kimmel Ck.

Canoe R. near Donald

Goldstream R below Old Camp Ck

Stitt Ck. at the mouth

Kirby ville Ck. near the mouth

Downie Ck near Revelstoke

Jordan R. above Kirkup Ck

Dlecillewaet R near Glacier

nietillewaet R at Greeley

Akolkolex R. near Revelstoke

Incomappleux R. near Beaton

(1) August 27

(2) September 5

230

588

738

81.3

1140

11.9

135

427

956

298

3290

938

139

112

655

272

53.4

1170

394

1020

7

11

7

7

MAX. DAILY

RUNOFF
(nrVs/km2)

0.255

0.224

0.169

0.160

No complete year of records

No complete year

7

8

15

9

12

18

8

8

6

17

2

17

11

31

of records

0.419

0.269

0.299

0.296

0.195

0.456

0.429

0.533

0.429

0.540

0.504

0.308

0.518

0.527
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Table 28 Flood Frequency Results

(after: Anon. 1983f)

STREAM

Gold R. above Batchelar Ck.

Gold R. above Palmer Ck.

Wood R. near Donald (1)

Canoe R. near Donald (1)

Goldstream R. below
Old Camp Ck.

Downie Ck. near Revelstoke

Jordan R. above Kirkup Ck.

Dlecillewaet R. at Queley

Akolkolex R. near Revelstoke

Incomappleux R. near Beaton

FLOOD DISCHARGE
(m3/s)

50 yr. 100 yr. 200 yr.

70 76 81

125 130 135

333 360 389

765 810 850

428 497 576

278 312 348

172 187 203

396 422 449

217 234 249

497 550 606

50 yr.

0.519

0.293

0.348

0.233

0.456

0.424

0.632

0.338

0.551

0.487

UNIT RUNOFF
(m3/s/km2)

100 yr. 200 yr.

0.563 0.600

0.304 0.316

0.377 0.407

0.246 0.258

0.530 0.614

0.476 0.531

0.688 0.746

0.361 0.384

0.594 0.632

0.539 0.594

NOTES: Flood frequency computations done by the B.C. Ministry of the Environment, except for streams marked (1).
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2000

1500

c
g

-5 1000
LU

500

Water Sample Jf^
Site

10 20 30 40

Kilometres from Headwaters

I
I

-«

Park Boundary

50 60

Length:
Area drained:
Stream order
Mean slope
Slope of reaches
by stream order:

1
2
3
4
5

Total dissolved solids

PH

Turbidity

(within park)
(within park)

58.0 km
879.9 kmz

5
1.2 %

4.0 %
0.9 %
2.4 %
0.6 %
0.5 %

44.8 mg/l
7.7

13 JTUs

Figure 60 Beaver River, Glacier National Park

(after: Alger & Donald 1984)
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2000

g

1500

re
-2 1000
LLJ

500

Illecillewaet River

Water/
Sample

Site

2 3 4

Kilometres from Headwaters

Length

Area drained

Stream order

Mean slope

Slope of reaches
by stream order:

1
2
3

Total dissolved solids

PH
Turbidity

6.2km
23.9 km2

3
12%

23%
12%
8.9 %

63.6 mg/l
7.9

5.3 JTUs

Figure 61 Bostock Creek, Glacier National Park

(after: Alger & Donald 1984)
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2000 i—

1500

1000

500

Water Sample
Site

—i—
10

Kilometres from Headwaters

'Beaver
'River

15

Length
Area drained
Stream order
Mean slope
Slope of reaches
by stream order:

1
2
3

Total dissolved solids

PH
Turbidity

13.9km
51.6km2

3
7.4 %

19%
7.0 %
5.2 %

19.8mg/l
7.4
1.8 JTUs

Figure 62 Connaught Creek, Glacier National Park

(after: Alger & Donald 1984)
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2000

«• 1500

S
.5 1000
Ul

500

Nakimu
Caves

Illecillewaet
River

Water Sample
Site

2 3 4

Kilometres from Headwaters

Length

Area drained

Stream order

Mean slope
Total dissolved solids

PH
Turbidity

5.5 km
15.0km2

1
15%
33.3 mg/l

7.9
0.5 JTUs

Figure 63 Cougar Brook, Glacier National Park
(after: Alger & Donald 1984)
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2000 i—

1500

Jj 1000

500

Water Sample Site'

'Beaver
''River

1 2

Kilometres from Headwaters

Length
Area drained
Stream order
Mean slope
Total dissolved solids

PH
Turbidity

3.2km
4.9 km2

1
30%
59.4 mg/l

7.8

0.3 JTUs

Figure 64 Cut Creek, Glacier National Park

(after: Alger & Donald 1984)
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2000 i—

co
CD

1500 —

c
o

•£3
03

| 1000

500

Water Sample Site <
nilecillewaet

River

Kilometres from Headwaters

10

Length

Area drained
Stream order

Mean slope
Slope of reaches
by stream order:

1
2

Total dissolved solids

PH
Turbidity

8.8 km

35.8 kmz

2

12%

36%
7.0%

71.1 mg/l
7.9
0.5 JTUs

Figure 65 Flat Creek, Glacier National Park

(after: Alger & Donald 1984)
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1150°
1
c
2
S

1 1000 (-
Water Sample Site

Kilometres from Headwaters

Length
Area drained
Stream order
Mean slope

Slope of reaches
by stream order:

1
2
3
4

Total dissolved solids

PH
Turbidity

16.0km
93.0 km2

4
7.8 %

11 %
3.4 %
6.4 %
6.8 %

104.5 mg/l
8.0
0.8 JTUs

Figure 66 Grizzly Creek, Glacier National Park

(after: Alger & Donald 1984)
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2000 r-

«r -500
0)

co

5
2 -000in

500

Water
Sample Site

Park Boundary

10

Kilometres from Headwaters

20

Length:

Area drained:
Stream order

Mean slope

Slope of reaches
by stream order:

1
2
3
4

Total dissolved solids

PH

Turbidity

(within park)
(within park)

21.8km

226.0 km2

4

3.4 %

16%
3.6 %
1.4 %
1.8 %
5.0 mg/l
6.8
2.9 JTUs

Figure 67 Illecillewaet River, Glacier National Park

(after: Alger & Donald 1984)
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2000 i—

1500

01

co
a

1000

500

Park Boundary

10

Kilometres from Headwaters

20

Length:
Area drained:
Stream order
Mean slope
Slope of reaches
by stream order:

1
2
3
4

Total dissolved solids
pH
Turbidity

(within park)
(within park)

18.1 km
229.0 km2

4
4.2 %

26%
7.3 %
3.8 %
1.3 %

no data
no data

no data

Figure 68 Incomappleux River, Glacier National Park

(after: Alger & Donald 1984)
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2000 i—

•«• 1500

-® 1000
LU

500

Water Sample Site

Illecillewaet
River

1 2 3

Kilometres from Headwaters

Length

Area drained

Stream order

Mean slope

Slope of reaches
by stream order:

1
2

Total dissolved solids

PH

Turbidity

5.0km
22.5 km2

2
13%

13%
13%
24.0 mg/l
7.6
8.3 JTUs

Figure 69 Loop Brook, Glacier National Park

(after: Alger & Donald 1984)
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2500 r-

2000

1500

Water Sample Site

10 20 30 40

Kilometres from Headwaters

so

Length
Area drained
Stream order
Mean slope
Slope of reaches
by stream order:

1
2
3
4
5

Total dissolved solids
PH
Turbidity

41.2 km
340.4 km2

5
3.5 %

29%
16%
3.2 %
0.5 %
1.8%

32.9 mg/l
7.6
2.5 JTUs

Figure 70 Mountain Creek, Glacier National Park

(after: Alger & Donald 1984)
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2600 —

2000 --

Water Sample Site

A

Beaver River

1 2

Kilometres from Headwaters

Length
Area drained
Stream order

Mean slope
Slope of reaches
by stream order:

1
2

Total dissolved solids
pH

Turbidity

3.6km
3.4 km2

2
32%

32%
32%
95.7 mg/l
7.9

0.5 JTUs

Figure 71 Sturdee Creek, Glacier National Park

(after: Alger & Donald 1984)
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The steepness of these rivers is relatively low (1.2-42%). The Beaver River has the
lowest mean slope of 1.2% whilethe Incomappleaux River has amean slope of 4.2%.
Of the secondary streams, only Mountain Creek has a low slope comparable to the
major rivers (3.5%). However, the majority of the others have steeper slopes (7.4-
32%) with Sturdee Creek having the steepest mean slope of 32%. Table 29 compares
the mean slope to stream order. The mean slope ranged from 26.22% to 1.15% for
stream orders 1 through 5 respectively.

In addition to the collection of the above data, it should be mentioned that the
Canadian Parks Service sponsored daily measurements of water levels on the
Beaver River at Mountain Creek and the fllecillewaet River near Loop Brook during
thesummersofl976and 1977 (Anon. 1980b). Two reportsbyCPRail (Anon. 1983d,
Anon. 1980b)) include some stream velocity and discharge information, however,
much of the data is estimated and available for only one time of the day and,
therefore, will likely not be of much use to the reader.

SECONDARY STREAMS

Secondary tributaries (Figure 44) include Mountain Creek, Connaught Creek,
Grizzly Creek, Bostock Creek, Cougar Creek, Flat Creek, Loop Brook, Slick Creek,
Bain Brook, Van Home Brook, and Copperstain Creek. Umnological data is
available for a number of these in Donald and Alger (1984). It appears that of all the
secondary tributaries, Sturdee Creek and Cut Creek have the steepest mean slopes
(32% and 30% respectively). Mountain Creek has the smallest slope (3.5%).

Most of the park streams are fast-flowing, well-oxygenated, and usually have
substrates composed of rocks, gravel and stones (Hynes 1970). The lower reaches
are predominantly flanked by dense alder thickets, which are characteristic of
avalanche path vegetation.

WATER TEMPERATURE AND LIGHT PENETRATION

LAKES AND STREAMS
The water temperatures of park lakes were highly variable, depending on daily
climatic factors. Alger and Donald (1984) measured the temperatures of five lakes
and found average August surface temperatures to be 11.6 degrees C. At a depth of
4metres,thewatertemperatiireaveraged7.8degreesC.Itisnotloiownatwhattirne
of the day these temperatures were taken, however, the temperatures are relatively
low and are attributed to the sustained melting of snow and ice late into the summer,
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Table 29 Mean Slope* of Streams in Glacier National
Park grouped by Stream Order
* Mean Slope % = vertical drop x 100 %

length

(after: Alger & Donald 1984)

STREAM ORDER

1

2

3

4

5

MEAN SLOPE (%)

26.22

11.21

7.56

2.20

1.15

STANDARD DEVIATION

13.15

8.40

6.95

2.62

0.92

NUMBER OF REACHES

18

15

10

5

2
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and to the relatively high elevations at which most of the lakes are found (average
elevation of lakes whose temperatures were taken equals 1925 m). As mentioned
before, lake freeze-up occurs betweenOctober and November and break-up occurs
from late June to mid-July.

Alger & Donald (1984), in measuring light penetration, reported some variability
with light penetrating to the bottoms of shallow lakes. In all cases, except for lake
G7, Secchi disc visibility was to the bottom of the lake. Surprisingly, the Secchi disk
reading of the deepest lake (G7 -10 m) indicated light penetrations of only 3 metres
in depth. High turbidity in lakes was likely caused by the inflow of sediments (rock
flour) suspended in glacially fed streams.

Temperatures taken alongtheDlecillewaet River in Glacier NationalParkvary from
0 degrees C in January, to 11 degreesC in August (Anon. 1989f). Water temperatures
measured by Den Beste et al. (1977) ranged from 4-12degreesC during the summer
months on the Connaught Creek-Beaver River drainage, and remained less than 1
degrees C throughout the winter. In a CP Rail study (Anon. 1980b) temperatures
in Connaught Creek and other Beaver River tributaries were between 1-5 degrees
Clower than those found in the downstream reaches of the Beaver River. Other than
the data from these sources, stream temperatures have not been recorded on a
regular basis within Glacier National Park.

Finally, streams intersecting active avalanche paths occasionally become con-
stricted with snow and uprooted vegetation which is known to cause stream
diversions and an increase in suspended sediments and poor light penetration.

WATER QUALITY

LAKES
Of all lakes studied in Glacier National Park all have low quantities of dissolved
substances (total dissolved solids - TDS) - levels ranging from 1.0 mg/1 (Marion
Lake) to 113.7 mg/1 (G22). The water in these lakes was, in all cases except G7, dear.
In G7 the Secchi depth was 3 m.

Table 30 lists water chemistry data for the ten lakes studied by Donald and Alger
(1984). The main dissolved ions found in the lakes of Glacier National Park were
calcium, magnesium, and bicarbonate. These same dominant ions were found in
Mount Revelstoke National Park and the mountain national parks.
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Table 30 Summary of Water Chemistry for Lakes found in Glacier National Park

(after: Alger & Donald 1984)

Marion
Schuss
G7
G13
G15

G16
G18
G21
G22
G24

Marion
Schuss



Quantities of dissolved substances in Glacier National Park lakes are relatively low.
The TDS for all but four lakes in Donald and Alger's studies were less than 50
mg/1. Lakes G22 and G21 had the highest TDS values of 113.7 mg/1 and 103.7
mg/1 respectively. The high values were attributable to spring waters which enter
these small lakes. Scientists observed springs in G22 and noted that G21 was
connected to G22 by a complex system of bog channels. Since subterranean waters
are in contact with the substrate for a longer period than surface waters they
generally contain more dissolved substances (Donald & Alger 1984). Exceptionally
low TDS levels were found in Marion Lake and G24 (1.0 mg/1 and 0.9 mg/1
respectively).

Established drinking water standards (McNeely et al 1979) are compared in Table
31 with maximum dissolved substances concentrations in a number of lakes found
in Glacier National Park. It is evident form the data shown that the lake water within
Glacier National Park, at least for those lakes monitored, is suitable for human
consumption. Saline or brine lakes are not found in the park.

The main dissolved ions found in the streams studied in Glacier National Park
during Donald & Alger's (1984) were bicarbonate, sulphate, calcium, and magne-
sium. Table 32 shows the water chemistry data for the eleven (11) streams that were
studied. Most of the streams were found to be unproductive because of low levels
of nutrients such as nitrogen and phosphorus. TDS levels in all streams were low
with the highest found in Grizzly Creek (104.5 mg/1) and the lowest in the
niecillewaet River (5.0 mg/1). These low levels are probably due to the composition
of thesubstratethroughwhichthewaterflows(Donald&Alger 1984). Themineral
content of water depends on thecomposition of therockfound inthedrainagebasin
(Hunt 1967) and since the composition of the Columbia Mountains is largely of
metamorphic rock, which is highly resistant to weathering, it is not surprising that
Glacier National Park waters have low TDS levels.

Total dissolved solids (TDS) are known to increase as the elevations of lake and
stream sites in the park decrease (Figure 72). This phenomenon is probably related
to the warmer temperatures that are generally found at lower elevations, which
would encourage chemical weathering and increased TDS values, and to the fact
that waters at lower elevations have, in most cases, had more opportunity to flow
over more substrate than those at higher elevations. The composition of the
substrate is, of course, also a factor in how much is dissolved since some substrates
are more easily dissolved than others.
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Table 31 Comparison of the Acceptable or Desirable
Levels of several Dissolved Substances for
Drinking Water with the Maximum Concentra-
tion for Lakes in Glacier National Park

(after: McNeely etal. 1979)

ACCEPTABLE OR GLACIER
DESIRABLE MAXIMUM REVELSTOKE

CONCENTRATION MAXIMUM
mgA mgA

Calcium

Fluoride

Hardness (total)

Magnesium

Nitrogen

Phosphorus

Potassium

Silica

Selenium

Sodium

Specific
conductance

Sulphate

200

1.2

500

150

10

0.2

no guidelines established

no guidelines established

0.01

270

no guidelines established

250

Total dissolved solids 300

27.5

0.24

97.9

7.1

0.25

0.006

1.8

6.4

<0.0005

2.7

212

18.0

113.7

LAKE

G22

R22

G22

G22

G13

G21

G22

G21

all lakes

G22

G22

G22

G22
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Table 32 Summary of Water Chemistry Data for Streams, Glacier National Park

(after: Alger & Donald 1984)

Beaver River 25-7-82 850 13.0 7.7 <5 90 34 41.0 44.8 41.4 0.0 6.6 0.3 <0.05 2.2 0.07 0.08 <0.003 0.63 11.3 3.1 0.4 0.2
Bostock Creek 24-8-82 1005 5.3 7.9 <5 105 48 55.4 63.6 58.5 0.0 12.0 0.1 <0.05 2.2 0.04 0.08 <0.003 0.97 16.9 3.2 0.1 0.1
Connaught Creek 25-7-82 1370 1.8 7.4 <5 65 12 14.9 19.8 14.6 0.0 5.0 <0.1 <0.05 1.8 0.11 0.12 <0.003 0.47 3.5 1.5 0.2 0.1
Cougar Creek 24-7-82 1095 0.5 7.9 <5 59 28 31.9 33.3 34.1 0.0 2.4 <0.1 <0.05 1.5 0.07 0.08 <0.003 3.67 10.8 1.2 0.2 0.1
Cut Creek 01-8-82 885 0.3 7.8 <5 103 35 50.5 59.4 42.7 0.0 14.0 0.1 <0.05 4.4 0.15 0.16 <0.003 0.25 13.3 4.2 0.7 1.0

Flat Creek 24-7-82 990 0.5 7.9 <5 124 52 65.8 71.1 63.4 0.0 12.0 0.2 <0.05 3.0 0.09 0.09 <0.003 0.93 19.9 3.9 0.3 0.2
Grizzly Creek 25-7-82 985 0.8 8.0 <5 194 82 100.2 104.5 100.0 0.0 17.0 0.2 <0.05 4.2 0.03 0.05 <0.003 0.80 21.5 11.3 0.8 0.2
Illecillewaet River 25-7-82 1280 2.9 6.8 5 10 2 3.2 5.0 2.4 0.0 1.4 0.2 <0.05 0.8 0.04 0.06 <0.003 0.38 0.3 0.6 0.2 0.1
LoopCreek 24-7-82 1175 8.3 7.6 5 46 16 20.3 24.0 19.5 0.0 4.8 0.1 <0.05 1.3 0.08 0.08 0.006 0.52 6.3 1.1 0.2 0.2
Mountain Creek 24-7-82 820 2.5 7.6 5 59 23 28.8 32.9 28.0 0.0 5.2 0.1 <0.05 2.6 0.09 0.11 <0.003 0.74 8.4 1.9 0.3 0.2
Sturdee Creek 01-8-82 885 0.5 7.9 5 158 63 84.4 95.7 76.8 0.0 19.0 0.2 <0.05 6.3 0.08 0.10 0.005 0.61 24.4 5.7 0.9 1.0
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STREAM FLOW RATES

Park streams exhibit the runoff patterns characteristic of mountain environments.
These streams generally reach their peak flows in June and July, when they are fed
by spring runoff and increased rainfall. Stream discharge then diminishes in late
summer, even though small peaks may occur followingheavy or prolonged rainfall
events (Seel & Strachan 1985). Block and Gummer (1976) stated that "the magnitude
and duration of peak spring flows are highly contingent upon the antecedent and prevailing
conditions of precipitation, temperature, etc."

Figure 73 shows the seasonal distribution of runoff in Canada. For British
Columbia, the summer season (June-August) is shown to produce the most runoff.
This is true of the Glacier National Park as well. Abargraph showing the monthly
mean discharge (m3 / s) f or all months for the period 1964-1981 (Figure 74) illustrates
maximum and minimum flows in the Illecillewaet River at Greeley, which is located
downstream of Glacier National Park, and shows the maximum runoff months to
be May-August. This data conforms with the data of the mean monthly discharge
of the Illecillewaet River taken from a gauging station near Glacier and the Beaver
River (Six-Mile Creek) in the period of record from 1913 to 1914 (Table 33, Figure 75).
Similarily, a graph of discharge vs. months indicates the peak months to be June,
July, and August.

BEDLOAD MOVEMENT AND EROSION

Although there have been few studies of stream dynamics and their substrate
characteristics in the Glacier National Park, some general statements can be made.
As in Mount Revelstoke National Park, most streams of Glacier National Park are
subject to bank and channel instability as a result of periodic high volume runoff
conditions. The headwaters of streams with steep, unvegetated banks, such as Cut
Creek (30% mean slope) and Sturdee Creek (32% mean slope) are most susceptible
to erosion and are capable of creating high levels of suspended sediments. Annual
runoff periods are known to increase the levels of suspended sediments in streams,
thereby affecting water quality.

The lower reaches of Connaught Creek and the Illecillewaet River, in particular, are
prone to bed and bank erosion each spring, as evidenced by the deposits of coarse
materials downstream. Park maintenance and "stream-training'' activities are
often required to protect culverts and bridges against high episodic bedload
movements.

169



Figure 73 Seasonal Distribution of Runoff in Canada (in percent)

(after: Anon. 1979)
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Table 33 Mean Monthly Discharges of the Illecillewaet River near
Glacier, B.C., 1913-1914

(after: Water Survey of Canada 1974)

YEAR JAN. FEB. MAR APR. MAY JUNE JULY AUG. SEPT. OCT. Nov. DEC.

m3/s

1913
1914

- - - - - - 9.31
- - - - - - 7.42 6.77

13.67
11.69

15.00
9.40

2.29
3.65

0.75
1.52

0.44
1.12

0.45
0.80
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During the spring runoff period and following prolonged summer rainfalls, high
suspended sediment levels have been noted to affect drinking water quality.

WATER QUALITY MONITORING

The water quality monitoring program conducted within Glacier National Park
currently includes monthly coliform sampling of frontcountry drinking water
sources. Sampling is conducted ataboutlS stationsduringthesurnmerandatabout
4-5 stations in the winter and is performed by General Works. Theprogramincludes
all day-use areas, the Canadian Park Service compound at Rogers Pass, and the Best
Western Glacier Park Lodge (Higgins 1992). Water samples are submitted to the
British Columbia Ministry of Health for analysis.

Water sampling for chemical analysis is conducted by the Warden Service at two
locations in Glacier National Park. These locations are found on the Ulecillewaet
River approximately 1 -2 km east of the west boundary and on the Beaver River just
west of the East Gate.

The use of bacterial parameters as indicators of the presence of harmful organisms
such as fecal coliform has been documented by Anderson and Krochak (1972) and
Dutka (1973). There is a potential for obtaining high readings of pathogenic
organisms in any waters within Glacier National Park because of the presence of
many warm blooded animals in the park (elk, coyotes, bears, etc.). However, from
what is known of lakes and streams monitored, the waters within Glacier National
Park contain coliform bacteria density levels that are low enough to render most, if
not all, waters acceptable for human use. This does not, however, preclude the
necessity for water treatment by park visitors.

The only exception was found near Connaught Creek, at locations just 1 km
downstream from the sewage treatment facility at Rogers Pass, where elevated
bacterial concentrations and maoo-nutrient levels (nitrogen, phosphates) were
found during studies conducted in 1976 and 1977 (Den Beste et al. 1977). A sewage
lagoon, which was built near Connaught Creek at Rogers Pass in 1962, is shown in
Figure 76. Proven to be inadequate primarily because of its small size, it was
replaced with a mechanical secondary sewage treatment plant, consisting of a
rotary biological contactor in 1980 (Howe 1992, Beech 1992). Water quality testing
has continued on a regular basis at the outfall of the plant and on the Beaver River.
VeiyfavorableresultsmdicatethatmepresenttreatmentsystemisWgWysuccessful
which is attributable to the operation, maintenance, and design of the new plant.
The sewage lagoon at the east gate (on the Beaver River), which was also built in
1962, has since then been phased out.
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Prior to these 1976 and 1977 monitoring efforts of Den Beste et al, water quality data
was collected during the summer of 1971 by the Water Survey of Canada (Anon.
1980b).

Some deleterious substances were noted to be present in water samples during
Donald & Alger's studies (1984), however, they were considered to be within
federal water quality standards. A comparison of acceptable levels of dissolved
substances for drinking water (McNeeley et al. 1979) with the maximum levels
recorded for a number of Glacier National Park streams can be seen in Table 34.

Although almost unknown as an illness more than 20 years ago, giardiasis can
become a public health problem. To date there are only vague indications of the
Giardia lamblia parasite being present within the park waters of Glacier National
Park, however, the treatment (boiling) of raw water in back-country areas should
be encouraged. Current water quality monitoring being conducted in front-
country park waters should be continued.

KARST DRAINAGE

The unique ground water systems found in two karst areas within Glacier National
Park (Nakimu Caves, Mt. Tupper) deserve mention in this section of the Resource
Description and Analysis. Their locations are shown in Figure 47. These areas are
characterized by a number of karst features that are formed both by solution, and
by enlargement of smaller features by erosion (Anon. 1978b,Ford 1967). These
features include sinks, sinking creeks, swallow holes, and springs (stream resur-
gence).

The larger and more famous of the two areas, the Nakimu Caves, was discovered
in 1902 (Wheeler & Ay ers 1912) and is located in the Cougar Brook watershed, about
eleven(ll) km westofRogersPassabovetheTrans-CanadaHighway. Specifickarst
features found in the Cougar Valley consist of sink holes, sinking creeks, collapse
sinks, creek resurgence, abandoned stream channels, (dry) karst valleys, and
swallow holes (Anon. 1978c).

The hydrology of Cougar Brook is similar to streams and rivers of similar size. The
flow regime varies greatly with the seasons and responds to rainfall and snowmelt.
Melt waters are continuous through the summer season because of numerous ice
fields and glaciers. Heavy rains resultmpeakdischarges that could range from 11.3-
22.6 mVs (400-800 cfs) or higher (Anon. 1978c). Winter flows are lower, ranging
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Table 34 The Acceptable or Desirable Levels of Several
Dissolved Substances for Drinking Water
compared to the Maximum Concentration
Recorded for Streams in Glacier National
Park

(after: Den Beste 1977)

Calcium

Hardness (total)

Magnesium

Sulphate

Total dissloved solids

Nitrogen

ACCEPTABLE
DESIRABLE MAXIMUM

CONCENTRATION
mg/1

200

500

150

250

500

10

GLACIER
MAXIMUM

mg/1

24.4

100.2

11.3

19.0

104.5

0.16

STREAM

Sturdee

Grizzly

Grizzly

Sturdee

Grizzly

Cut
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from about 0.06-0.2 m3 /s (2-6 cfs). During snowmelt periods discharges in Cougar
Brook are thought to range from 1.1-1.7 m3/s (40-60 cfs).

The Cougar Brook drainage basin has an area of approximately 13.9 km2. From its
origin to its confluence with the Uledllewaet River, Cougar Brook loses more than
1400 m of elevation (Anon. 1978b).

Above the Nakimu Caves, Cougar Brook's gradient is controlled by the composi-
tion of the bedrock (metamorphic quartzites, schist, and slate). The result is a series
of rapids and cascades (Anon. 1978b). The stream then disappears several times
into the limestone Badshot formation in which the caves are found. Finally, in the
lower valley, it is again controlled to a large extent by the bedrock.

The presence of groundwater in the Cougar Valley is determined by the composi-
tion of the valley bottom:

The occurrence of groundwater within Cougar Valley is limited, for
practicalpurposes, to the deeper alluvial,colluvialand glacial morainic
deposits along the valley bottom by the generally low permeability of
the bedrock strata and the shallow nature of the surficial materials
overlying bedrock. Whereas the metamorphic strata which underlie
the upper and lower reaches of the valley are of low permeability, the
limestone strata underlying the central part of Cougar Valley possess
significant fracture permeability which has been enhanced by solution
(Anon. 1978b).

The other area, situated below Mt. Tupper, is located about five km east of Rogers
Pass above the Trans-Canada Highway. Topographical maps and air photographs
suggested a normal surface drainage, however, field studies by a McMaster
University group of karst specialists in 1966 uncovered a cave, two active sinks,
severalsinkholes,andoneortwosprings(Ford 1967). Figure77showsthelocations
of these karst features. Analyses of water samples taken from the Tupper Glacier
Sink (Ts5730) and Raspberry Spring (S4130) revealed that Tupper Glacier water
dissolves 4-5 ppm of the limestone during its underground passage from the sink
to the spring (Ford 1967).
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Figure 77 Karst Features of the Mt. Tupper Area,
Glacier National Park

(after: Ford 1967)
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RESOURCE ANALYSIS

Glacier National Park is well-endowed with water and, in terms of its water
resources, is generally representative of Natural Region 4 (the Columbia Moun-
tains). Most of the river themes are well represented - small and medium rivers,
rapids and waterfalls, and straight channels are ubiquitous or common. One large
river (Beaver River) is present and the Beaver River and Mountain Creek represent
the 'meandering' river theme. Anastomosed rivers, however, are not represented
in Glacier National Park (Anon. 1984).

Lakes, on the other hand, are not well represented in the park A few small lakes (0-
5 ha) are present in the Beaver Valley. An equal number of small/medium lakes (5-
20 ha) are found along Mountain Creek and in the Beaver River Valley. Similarily,
a few glacial lakes are found scattered throughout the park probably because of the
abundance of glacier and snow fields that are found at elevations where these lakes
are usually found. Medium lakes (20-250 ha), medium/large lakes (250-2,000 ha),
and large lakes (>2,000 ha) are not represented at all within Glacier National Park
(Anon. 1984).

An abundance of fluvial features (canyons, fans, and flood plains) are found along
the main river valleys. Pleistocene-aged terraces are found in three locations and
gullies are a common feature along all steep slopes (Anon. 1984).

The higher the TDS value of the lake and stream waters, the higher the overall
productivity of these waters. The low TDS values found in Glacier National Park
waters translates into low productivity and manifests itself in poor growth rates in
trout which shall be described in the Wildlife section of this Resource Description
and Analysis.

On a national level, the park is significant because it contains part of the headwaters
of the Columbia River drainage system. This implies a responsibility by the park
to maintain both the quality and quantity of this important water resource. On a
local level, the waters of the park provide additional aesthetics to a landscape that
is already a tourist attraction in its own right. They also offer some recreational
opportunities.
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MANAGEMENT CONCERNS

The overall concern is for increased levels of resource protection. Park visitation will
continue to increase which will also increase the potential for pollutants to enter
park waters. Future management actions will need to address this problem by
protecting water resources from potential pollution sources.

The present water treatment system located at the Rogers Pass has been been
deemed highly successful by the Inspection Branch of the Environmental Protec-
tion, Conservation and Protection, Environment Canada agency. Water quality is
being monitored continually by the park. The excellent water quality results are
attributable to the plant operator, regular maintenance, and the design of the plant.

Flooding streams have repeatedly threatened park facilities. Heavy equipment has
had to intervene with flooded stream courses in order to alter their flow and thereby
protect park facilities from structural damage. Alternatives to the use of heavy
equipment in streambed maintenance must be identified as part of a long-term
approach to sound watercourse management. Streambed integrity and water
quality can best be maintained by minimizing activity in or near streams.

A hydro-electric development onConnaughtCreek was approved and constructed
in 1983. This project resulted in improvements over the diesel generation plant as
it resulted in a reduction in noise and pollution. It also uses a renewable energy
source (Anon. 1982h).

STATUS OF KNOWLEDGE

The present level of knowledge concerning water resources is based on the works
of Achuffrffl/. (1984),Alger and Donald (1984),and the work of consultants (Solman
1947, Den Bested al. 1977, Anon. 1980, Anon. 1983d, Anon. 1983e,Anon. 1983f,
Anon. 1983g.). NotaUlakesandstreamsmatarepresentwithintheparkhavebeen
surveyed. Except for Alger and Donald (1984), many of the streams were studied
because they related directly to a project or development within Glacier National
Park.

The results of the water quality monitoring program conducted regularly within
Glacier National Park are used for current management purposes. Since the water
quality picture can change through time, monitoring efforts should continue with
regularity and exactitude. It appears that the present monitoring program being
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conducted by General Works and the Warden Service is adequate in keeping pace
with potential changes within the park.

Little is known about the groundwater resources and natural spring outlets, nor
have many studies of their chemical and biological status been conducted. The
present status of knowledge about stream flows and lake discharges is thought to
be adequate.

Aserious data gap exists in streamflow information of small (less thanSO km2), steep
drainage basins in the Selkirks. Data from Connaught Creek is complete for less
than two years and therefore does not fulfil information requirements. Concerning
other gauging sites, records are relatively sparse and the period of record is short.
Only two gauging sites in the region of Glacier National Park have periods of record
longer than 20 years (Anon. 1983f).

The Canadian Parks Service should continue to liase with other agencies which are
morutoringwaterquaHtyinmeregionmordertomaintainitsawareness.Ifakborne
pollutants appear in waters of surrounding areas then their presence should be
suspected in the park.
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GEOLOGICAL RESOURCES
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

The origins of the geological features that are evident in Glacier National Park today
are a result of prolonged mountain-building processes that began about 1.5 billion
years ago. Relatively recent (200-25 million years ago) deformations and uplift of the
earth's surface, the origin of which has been widely debated in the past few decades
(Wilson 1963, Huntley 1968, Jones etal. 1982), resulted in the mountains as we find
them in the park today.

The deformations influenced the entire North American Cordillera, and most
intensely its western region, where the now exposed rocks provide only limited
evidence of ancient environments. In contrast, the eastern region of the Cordillera
has undergone continuous uplift and erosion for the past 100 million years, sparing
it from burial beneath thick deposits of Cenozoic sediments (McKee 1972).

Glacier National Park is located within the Columbia Mountains of the Cordilleran
Region (Figure 78) and occupies an area just west of the 2000 km long rift valley
known as the Rocky Mountain Trench (Figure 79). This trench separates the
eugeosyndinal deposits of the WesternCordillerafromtherniogeosyndinal depos-
its of the Eastern Cordillera which will be described later in this section. Further-
more, these two divisions can be subdivided into structural elements and
physiographic subdivisions as seen in Figures 80 & 81. As can be seen from the
map of the major structural elements the park falls within the southern section of
the Omineca Crystalline Belt.

The Rocky Mountain Trench is a linear feature separating the Rocky Mountains to
the east from the Columbias to the west. Its floor is covered with deep glacial
deposits, and since very little deep exploratory drilling has been done, the nature
of the underlying rock is poorly understood. Differences between the rock on either
side of the trench, however, is striking. Those on the west side have undergone a
higher degree of disturbance (folding, faulting, and applied pressure) than those on
the eastern slopes (Gadd 1978).
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Figure 78a Principal Physiographic
Provinces of Western
Canada
(after: Douglas 1976)

Figure 78b The Five Major Geologic-
Physiographic Belts of
the Canadian Cordillera
(after: Price era/. 1985)
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Figure 78c Physiographic and Geologic Cross-section of Wester Canada from
the Canadian Shield to the Pacific OCean
(after: Bally et at. 1966)

Figure 78 Physiographic and Geologic Divisions of the
Canadian Cordilleran Region
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Figure 79 Principal Geological Elements of Western
Canada with the Rocky Mountain Trench
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Figure 80 Regional Geological Elements of the North
American Cordillera

(after: Monger & Preto 1972)
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The mountains of the park are composed of several prominent rock units. Among
them are the Purcell Group, the Windermere Supergroup, the Hamill Group, the
Badshot Limestone (within the Hamill Group), and the Lardeau Group. These rock
units will be described in detail later in this section.

GEOSYNCLINAL THEORY & PLATE TECTONICS

Before describing in detail the stratigraphy, structure, and lithology of the rock units
found within Glacier National Park, we will begin with a discussion of the
geosynclinal theory developed by James Hall (late 1850s) and the theory of plate
tectonics and sea-floor spreading based on a number of authors (J.T. Wilson 1965,
Dewey&Bird 1970, J.W.H. Monger ef al. 1972,McKee 1972, Hunt 1974, Dickinson
&Yarborough 1976, Gadd 1978, Devlin 1990). These theories are now widely
accepted by the earth scientists, and help to explain the origins of the Cordillera, and
hence the Columbia Mountains in which Glacier National Park is found.

The geosynclinal theory, which was first proposed during the middle of the
nineteenth century by James Hall, attempted to explain theformation of mountains.
Hall stated that mountains were formed by the deformation and uplifting of thick,
marine, sedimentary deposits with a long history of subsidence and accumulation
in a large trough or basin (McKee 1972).

Later, this theory was expanded and modified to include a segment of crystalline
metamorphic and igneous rocks. A two-part division of the geosyncline
(eugeosyndineand miogeosyndine) enabled geologists toapply the theory toother
mountain systems. The eugeosyndinal materials represent that part of the
geosyncline that was the predominantly volcanic, highly metamorphosed, and
intruded offshore segment, while the miogeosyndinal materials are the relatively
unmetamorphosed, sedimentary, inland segment composed of river-borne
sediments and of the carbonate skeletons of marine organisms (McKee 1972, Jones
etal. 1982). Figure 82 illustrates the geosyncline concept just described.

Hunt(1974) described thestructural history of Canada'sCordillerabyindudingthe
south-trending Beltian geosyncline with theearlier southwest-trendingPrecambrian
structures of the North American craton - the Canadian Shield (Figure 83). This
induded the geosynclinal seas that intermittentiy flooded the stable cratonic
platform (Figure 84), which are now called the Interior Platform.
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"Appalachia", "Cascadia"

SECTION A

^ - M I O G E O S Y N C L I N E

Continental
interior

E U G E O S Y N C L I N E

Volcanic
archipelago

Ocean trench

SECTION B

Figure 82 The Geosyncline Concept

(after: McKee 1972)

Section A represents the original concepts of a shallow, subsiding
trough adjacent to a relatively stable continental margin. The sediment
that fills the geosyndine is derived in large measure form an offshore
landmass, such as Appalachia or Cascadia.

Section B shows a more modern interpretation. The geosyncline has
within it a volcanic archipelago, which is an important source of sedi-
ment. Much of the geosyncline is in deep water.
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Figure 83 Structural Setting of the Rocky Mountains
and Other Western Structural Provinces

(after: Hunt 1974)
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B Triassic ana JurassicA Paleozoic

Crtltcioiii gvotyndind *••

C Cretaceous

Figure 84 Palaeographic Maps of North America

(after: Hunt 1974)

Showing principal Paleozoic and Mesozoic mountains, geosynclinal
seas, and the shallow seas that intermittently flooded the stable
platform around the Canadian Shield. During the Paleozoic, the shield
was flooded by shallow seas.
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Alfred Wegener, a meteorologist and early proponent of the continental drift or plate
tectonic concept (1915) of separating continents coined the term Pangaea - "all
lands" (Figure 85). This mighty continent, located in a universal ocean called
Panthalassa about 200 million years ago, slowly broke into two continents around
135 million years ago called Laurasia and Gondwanaland. These continents
divided further into the configuration of continents seen on the earth today. The
process of continental drift (plate movement) continues in the present day and
dynamic changes to the earth's landscape are likely to continue into the future.
Wegener's theory serves to explain the forces that are necessary to cause the crustal
warping and folding that has occurred.

Within the framework of plate tectonics, several simplified scenarios are presented:
two diverging continents or plates creating in the intervening rift, new ocean floor,
two converging continents or plates consuming one of the plates into the Earth's
mantle (subduction), and two plates colliding with one another to result in crustal
deformation (Figure 86 a & b).

Inmost cases, thepaleogeographyandtectonicevolutionoftheCanadianCordillera
had been discussed in terms of the geosyndinal theory. However, it was not until
the advent of crustal plate tectonics that a more complete and unified picture was
possible (Zaslow 1975). The plate tectonic approach was used to describe the
evolution of theCordilleranregionby Monger eta/. (1972), and involved five distinct
zones (Insular Belt, Coast Plutonic Complex, Intermontane Belt, Omineca Crystal-
line Belt, and Rocky Mountain Belt. These had been affected "by recurring cycles
of mid-oceanic spreading ridges, outward-moving oceanic crustal plates, and
subduction movements." An abstract from Monger et al.'s paper provides a short
summary of the geological history of the Canadian Cordillera:

The Canadian Cordillera is presumed to have been initiated by an
episode of rifting in the mid Proterozoic. Subsequently a miogeoclinal
wedge developed until late Devonian time. During late Paleozoic and
later time complex interaction between the continental margin and a
Pacific plate resulted in large scale overthrusting of oceanic crust in the
early Mississippian, development of island arcs and a deep metamor-
phic root zone during the early Mesozoic and finally rebound of the
continental margin accompanied by block faulting and emplacement
of granitic rocks during the late Mesozoic and Cenozoic.

(Monger etal 1972)
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Figure 85 "Supercontinent" called Pangaea

(after: McKee 1972)

The 'lit" of continents on the two sides of the Atlantic Ocean has been
recognized for many decades as strongly suggestive of continental
drift.
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Fig. 86a Schematic View of Plate Movement

(after: Price 1981}

SEDIMENTS
RISE DEPOSITED

IN TRENCH

CHEMICAL
FRACTION ATI ON OF
DESCENDING PLATE

Fig. 86b A Plate Tectonic
Model

(after: Zaslow 1975)
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The plate tectonics model discussed above, describes the margin of western North
America as being fairly passive through the late Paleozoic and early Mesozoic eras
(about 350 to 210 million years ago) after which it became active. New evidence
indicates the growth of continents is not slow and steady but rather episodic and
involves the accretion of crustal blocks called terranes (Monger et al. 1982, Jones et
al 1982, Price etal 1985):

... the last major pulse in the growth of North America beginning no
more than 200 million years ago ... [the western coast of North
Ameri<&]extendingin1andanaveragedistanceofsome500Mometers,
was grafted onto the preexisting continent by the piecemeal addition
of large, prefabricated blocks of crust, most of which were carried
thousands of kilometers east and north from their sites of origin in the
Pacificbasin... The processbywhichthe edge of a continent is modified
by the transport, accretion and rotation of large crustal blocks [called
terranes] is now often called microplate tectonics Qonesetal. 1982).

The same authors propose that western North America has grown by over 25
percent due to accretion since the early Jurassic time. The final result was crustal
thickening by thrusting and an increase in size of the old continent.

PAST RESEARCH

The Canadian Cordilleran Region has received the attention of geologists since
early reconnaissance by H. Bauerman for the Boundary Commission Expedition
between 1859 and 1861 (Stockwell 1957). Althoughtiiisandmuchofthesubsequent
earlyexplorations were concentrated to thesouth, east, and westofGlacier National
Park, other work within the region was completed. The majority of geological
investigations continue to be conducted under the auspices of the Geological
Survey of Canada. Selwyn (1871), GM.Dawson (1870s - 1890s), GMMcConnell
(1880s),R.A.Daly(1901/1915),andBrock(1901)areprominentgeologistsattributed
with early studies of southeastern British Columbia.

Morerecentiy,investigationsbyJ.EWalker(1920s&1930s)J.F.Walker&M.F.Bancroft
(1929), H.C.Gunning (1929), C.S.Evans (1933), L.D.Burling (1940s), VJ.Okulitch
(1948), J.E.Reesor (1957), J.TFyles (1960,1962), J.O.Wheeler (1963,1964), Stockwell
(1968) develop a structural interpretation of mountain-building events which led
to the development of the Selkirk Mountains. Devlin (1980s) continued investiga-
tions into interpretation and dating of the geological record in the Monashee
and Selkirk Mountains.
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GEOLOGICAL HISTORY

Muchofwhatfollows has been summarized from iheGeology and Economic Minerals
of Canada (G.S.C. 1970), The Columbia Mountains of Southeastern British Columbia
(Gadd 1978), and The Geology of Glacier National Park (Devlin 1990). A number of
other sources were also used and are recommended reading. They appear in the
select references listed at the end of this section. Figures 87,88, & 89 are supplied as
geological time scales and will assist the reader in following the sequence of
geological events described.

The rocks found along the eastern margin of Glacier National Park (Purcells) are
thought to be the oldest in the Columbia Mountains. They are composed of marine
sediments consisting of sand, silt, and gravels which began accumulating about 1.5
billion years ago upon the granitic North American Plate (Figure 90a).

These sedimentary deposits were washed into the ocean by rivers for about 750
million years and built up to a layer approximately 13,000 m thick at the thickest
point. The layer of deposition probably thinned toward the ancient coastline, which
was then located just west of the modern Rocky Mountains.

Following this period of deposition and subsidence, a change in the plate configu-
ration resulted in compression of the continental edge. Over a period of about 75
million years (to 675 million years ago) the formation of folds and uplift of the Purcell
Group sediments raised the seabed forming hills and possibly mountains (Figure
90b).

This period of uplift is called the East Kootenay Orogeny. Traces of this orogeny are
found as folds which are evident today in an irregular, eroded surface. The
radiometric dating of this orogeny was fascillitated by the presence of granite
intrusions in the southern Purcells, however, a precise age cannot be determined
due to the lack of index fossils in overlying deposits of the Windermere sediments.

A second period of deposition occurred when the western margin of North America
sank under a sea about 700 million years ago. This period spanned 390 million years
and was accompanied by the eastward movement of the North American Plate
(Figure 90c). First to be laid down were pebbles and cobbles eroded from the
uplifted Purcell Group. This formation is up to 1800 m thick and is identified in the
modern Purcells and Selkirks as the Toby Conglomerate. It marks the base of the
Windermere Group.
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Figure 87 Historical Summary of the Geology of Western
Canada: Interior and Western Systems
(after: McCrossan et al. 1970)

ERA PERIOD
CORDILLERA

INTERIOR AND WESTERN SYSTEM

CENOZOC Quaternary

Tertiary

Continued volcanism and uplift. Glaciation.

Minor local sedimentation and volcanism. Strong folding, faulting,uplift,
local sedimentation and some further instrusion (Puget orogeny).

MESOZCMC Late Cretaceous

Early Cretaceous

Jurassic

Triassic

Some local basins, such as Vancouver, were marked downwarps in
which poorly sorted sediments accumulated. Gravity faulting and
uplift followed main period of the orogeny, Vancouver Island and Rockies
remained depressed.

Continuation of Coast Range orogeny which reached a peak at this time
but continued in a diminished form later. Some syntectonic immature
clastic sediments laid down. Selkirks and Purcells deformed.

Further volcanic activity and some local sedimentation with apparent axis
of maximum deposition farther west again; beginning of Coast Range
orogeny(Nevadan) in Late Jurassic, with uplift, folding, faulting and
extensive granitic intrusion.

Beginning of extensive volcanism with sediments deposted in local areas.

PALEOZOIC Permian

Devonian and
Carboniferous

Ordovician and
Silurian

Late Cambrian

Middle Cambrian

Early Cambrian

Inundation of large areas of British Columbia, with great volumes of
siliceous sedimentary and volcanic rocks formed. First time a western
source (Reesor, 1957). Folding, uplift and ultramafic instrusions (Cassiar
orogeny). Apparent axis of maximum deposition shifted west.

Deep burial and metamorphism of Precambian (?) sedimentary rocks in
Monashee and Interior Plateaux area. Uplift and extensive erosion of
these metasedimentary rocks.

Deposition Lardeau Group in Lower Palaeozoic. Clastics and some
carbonate. Widespread uplift and erosion (Cariboo orogeny).

Possibly deposition near International Boundary. Deposition Lardeau
Group elastics and some carbonate.

Small areas of deposition near International Boundary. Deposition
Lardeau Group elastics and some carbonate.

Continued deposition in limited area. In most areas deposition occurred
after period of erosion.

PRECAMBRIAN Late Proterozoic

Middle Proterozoic

Early Proterozoic

Archaean

Purcell rocks gently warped with dykes and sills intruded near base (East
Kootenay orogeny). These rocks provided part of the sediment to form
Windermere deposits. Also, some feldspathic components derived from
high basement arch under Rocky Mountains, Axis of trough now farther
west.

Very fine clastic derived from the Shield to the east were deposited in
the form of deltas along the old continental margin (?). Geosyncline
downwarped very slowly accumulating the great thickness of the Purcell
Series. It probably extended to the Interior Plateaux area.

As in Archaean.

Shuswap complex might include some Archaean but current works
suggest Late Proterozoic more likely.
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Figure 88 Summary of Depositional, Plutonic, and Structural Records of the
Southern Canadian Cordillera

(after: Monger & Preto 1972)
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Figure 89 Geological Time Scale

(after: Palmer 1983)
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Fig. 90a Deposition 1:1.5 billion - 750 million years ago
(after: Gadd 1978)

Purcell Group

WEST Site of Columbia Mountains
I

Site of Rocky Mountains EAST

Purcell Group on granite basement

North American Plate pulling apart

New oceanic crust congeals from the mantle to fill the space

Fig. 90b Uplift I: East Kootenay Orogeny (675-750 million)
(after: Gadd 1978)

Purcell Group sediments folded, uplifted, and intruded

North American Plate overrides Pacific Plate
Pacific Piate

Fig. 90c Deposition II: 750 million - 360 million
(after: Gadd 1978)

Windermere Group, Hamill Group, Lardeau Group, Cariboo Group

Volcanic rocks derived from the mantle
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The upper part of the Windermere Group is called the Horsethief Creek Formation.
Composed of slightly metamorphosed shale, conglomerate, sandstone, and lime-
stone, it is approximately 1800 m thick. Above this, is the Hamill Group, a layer up
to 2100 m thick and composed of Lower Cambrian sandstone and siltstone.

Finally, deposits found above the Hamill Group are called the Lardeau Group.
These are composed of a mixture of folded and faulted beds of shales and volcanics
that have been metamorphosed to slate and phyllite. During this time the sea
encroached to as far inland as the present location of Winnipeg, Manitoba, while the
Columbia Mountains region lay near the edge of the North American plate under
fairly deep water on the continental shelf. At the junction of the North American
Plate and the Pacific Plate, volcanic activity resulted in lava flows and intrusions of
magma into the sediments of the continental shelf.

Instability in the North American Plate resulted in the formation of two elevated
regions which persisted at different times. The first formed in Purcell Mountains /
southern Rocky Mountain Trench region, and was called the Purcell Arch or
Windermere High. This region lasted approximately 50 million years. The second
formed in the vicinity of the Rocky Mountains region, and was called the Alberta
Arch. This formation lasted about 20 million years. Having been islands at some
time in history, erosion has stripped some layers from these formations.

Following this second period of deposition came the Cariboo Orogeny about 360
million years ago. This orogeny was more severe than the East Kootenay Orogeny
with tectonic forces folding and metamorphosing the sediments of the Purcell,
Windermere, and Lardeau Groups. Some areas of the Windermere Group were
thrust-faulted to the east. Sediments originating from the uplifted terrain of this
orogeny were deposited in an ocean trough that lay in the present location of the
Rocky Mountains (Figure 91a). The Columbia Mountains region also received
sediments after sinking below sea level when compressive forces abated and the
North American Plate resumed its eastward movement. Later, during the
Pennsylvanian Period, the limestone-shale Milford Group was laid down in the
area of the present day Selkirks (Figure 91b).

A change in direction of movement of the North American Plate toward the west,
set the stage for the next period of mountain building. The Inklian and Nassian
Orogenies resulted in uplifting of the Coast Mountains, Columbia Highlands, and
the Columbia Mountains during the period from 200 to 165 million years ago in the
Jurassic Period. During this time granite masses were intruded into the older
sedimentary rock.
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Fig. 91 a Uplift II: Cariboo Orogeny (360 million years)
(after: Gadd 1978)

Windermere sediments thrust over younger layers

Ocean trough receives sediments

North American Plate overrides Pacific Plate

Fig. 90b Deposition III: 360 million - 200 million
(after: Gadd 1978)

Fairholme Group, Milford Group, Slide Mountain Group

Volcanic islands well offshore

Plate configuration uncertain

Fig. 90c Uplifts III, IV, V: Nassian, Columbian, and Laramide Orogenies
(after: Gadd 1978)

Folding, faulting, thrusting, metamorphism, granite, lava flows
200 million - 25 million

Columbia Mts. Rockies

Plates strongly compressed
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An even more massive orogeny occurred immediately after these lesser orogenies
during the Cretaceous Period. Called the Columbian Orogeny, it began about 145
million years ago and was charactrized by three surges of intense uplifting, folding,
faulting, deformation, metamorphism, and granite emplacement until
approximatedly 90 million years ago (Figure 91c). It was during this time that the
main structural features of Glacier National Park were formed - the Purcell
Antidinorium, the Selkirk Fan, and the Selkirk Allochthon which will be described
later in this section.

The Laramide Orogeny took place some 60 million years ago during the Paleocene
and Eocene Epochs, was mainly responsible for the uplift of the Rocky Mountains.
Stresses caused by associated folding, faulting, and granite emplacement in the
Columbia Mountains during the same orogeny resulted in the bedrock structure
that is evident today.

A minor disturbance that occurred about 25 million years ago during the Miocene
and Pliocene Epochs did not have a great affect on the park. Its main influence was
felt in the Interior Plateau and parts of the Columbia Highlands where lava flows
covered areas of the land. The only effect in southeastern British Columbia was
gentle uplift.

Today, the North American Plate overrides the Pacific Plate as shown in Figure 91 c.
Except for post-glacial isostatic rebound, mountain building does not appear to be
occurring in the Columbias.

STRATIGRAPHIC GEOLOGY

Stratigraphy is defined as the study of strata. Strata or rock layers can be grouped
together into 'rock units' or formations. A rock formation is defined as "the smaller
package of strata or similar rock type that can be recognized by its inherent geologic
characteristics and mapped over a given area. "(Devlin 1990)

The following description of the stratigraphy of Glacier National Park is found in
Achuff et al's Ecological Land Classification (1984) and Devlin's The Geology of Glacier
National Park(l99ff). Other sources used wereOkuUtch (1948), Wheeler (1962,1964),
Nelson (1970), and Gadd (1978).
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The geology of Glacier National Park has been a challenge to stratigraphic descrip-
tion. Many different rock units have been combined through periods of deposition
and erosion, and subsequently have been subjected to a long history of folding and
faulting. The results are ''re-folded folds, re-faulted faults, folded faults, and other
structures that are difficult to describe in textbooks, let alone identify in the field."(Gadd
1978)

A large proportion of the bedrock of Glacier National Park originated as sediments
oftheCordilleranGeosyndine. Overtime,fourmajorstratigrapWcunitsorbedrock
groups developed. These have been compiled from Wheeler (1963,1%5). Figure
92 is a simplified illustration of these main bedrock groups. They include (from east
to west) the Windermere Supergroup, the Hamill Group, the Badshot Limestone,
and the Lardeau Group. Of these four units, the Windermere Supergroup and the
Hamill Group are the most extensively exposed in Glacier National Park.

The Windermere Supergroup consists of a lower conglomerate unit called the Toby
Formation, and a thicker, upper unit called the Horsethief Creek Group. Based on
dominant rock type (shale, sandstone, slate, schist, or limestone), the latter is further
subdivided into four units. Of these, only the uppermost is exposed in Glacier
National Park except along the Trans-Canada Highway where all four units are
evident on the eastern slopes of the Beaver River Valley.

The Windermere stratigraphic unit is non-fossiliferous and, thus, difficult to age.
However, based upon the age of the strata above and below, it has been dated to late
Precambrian (late Proterozoic). Its composition is dominated by fine-grained shales
and sandstone, suggesting quiet water conditions. Much of the rock has been
subjected to high temperatures and high pressures, and has been metamorphosed
into slate, phyllite, schist, and quartzite.

The Hamill Group is also widespread throughout the Purcell and Selkirk Moun-
tains. It forms the prominent mountain cliffs of the park (Hermit Range, Sir Donald,
Avalanche Crest, and Asulkan Ridge). Originally deposited as quartz sandstone,
this unit was later compressed and lithified into interbedded quartzites, schists, and
quartzitic phyllites (Okulitch 1949). Subsequently, tectonic forces recrystallized
some of the quartzite into quartz.

Other, less resilient rock (schist, slate, and phyllite), is less common in the Hamill
Group. These layers erode and weather more easily than the predominant, well-
stratified quartzite.
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Figure 92 Major Bedrock Groups of Glacier National
Park

(afterAchuffefa/. 1984)
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As with the Windermere Supergroup, the Hamill Group is difficult to age. Clues
from regional geologic relationships and other dated strata, have placed its lower
age limit at 600 million years ago. However, a unconformity exists at the contact
with the Windermere Supergroup below it and consequently the geological time
sequence is only an estimate. Above the Hamill Group lies the Badshot Limestone.
Fossils found in this layer have been identified as archeocyathids which are known
to have existed during the Early Cambrian period (545 to 550 million years ago).

Upon dose examination of the Hamill Group sediments, it becomes evident that a
change in depositional conditions took place. This is thought to have been attribut-
able to an episode of faulting, which caused a lowering of the sea bottom and,
thereby, created deeper water conditions.

The Badshot Limestone has limited exposure in Glacier National Park. This rock
unit is composed of metamorphosed limestone (marble) and some shaley and
carbonaceous material (phyllite). It is within this rock, in the upper Cougar Valley,
that the Nakimu Caves are found (Figure 93). These will be described briefly later
in this section.

Finally, the Lardeau Group consists of the youngest metasedimentary rocks found
in the park. They are dominated by phyllite, slate, schist, and lesser amounts of
argillite, metasiltstone, limestone, quartzite, and conglomerate. It is thought that the
rocks of the Lardeau Group originated as sediments in a deeper-water environment
of the early Middle Cambrian Period.

A number of large structural features that relate to Glacier National Park deserve
mention:

1. The Purcell Anticlinorium:

This feature (Figure 94) describes the Purcell Mountains. This
mountain range is actually a large anticline or upfold which has
been wrinkled at the top margin to produce numerous small folds
superimposed onto one another. The actual shape of the underlying
antidinorium (large upfold) was deduced from averaging the posi-
tions of these small folds (Gadd 1978, Price et al 1985, Devlin 1990).
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Figure 93 Sketch of Formations near the C.RR., Glacier National Park

(after: Okulitch 1949)
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2. The Selkirk Fan:

This feature (Figure 95), located east of the Selkirk antidinorium, is
assymetric (Price et al. 1985) and runs through the middle of Glacier
National Park (Devlin 1990). As with the PurceU Antidinorium, its
shape has been deduced from the surface fold and fault pattern.
It is thought that the formation of the Selkirks began as a large
antidinorium, but due to greater compression forces the fold was
broken up into numerous thrust faults. The thrust faults in the
Selkirk Fan structure are actually examples of overturned faults
which are, in fact, folded backwards (Brown et al. 1978, Gadd
1978). Devlin (1990) describes the evolution of the Selkirk Fan
dearly:

Crustal pieces in what is now the Selkirk Rangewere intensely
foldedbytheh0rizontalpressuresexertedontherocks,andthefolds
and thrust faults now exposed in Glacier National Park were
formed. The folds and faults were first directed toward the west, but
then they flipped direction, 'fanning' over toward the east. This
formed the Selkirk Fan, a structure whose axis runs right through
the middle of the park.

3. The Beaver River Fault:

The location of this fault is shown in Figure 96. It is also known as
the Purcell Trench and separates the Purcells and the Selkirks.
It is along this feature within Glader National Park that the Beaver
River flows. This fault's total length is approximately 100 km and it
extends through to Duncan Lake and Kootenay Lake. Its formation,
structure, and depth are poorly understood by geologists.

4. The Rocky Mountain Trench:

This linear feature extends for thousands of miles along the western
margin of the Rocky Mountains and just east of Glader National
Park (Figure 79,95). It separates the Purcells of Glader National
Park from the Rocky Mountains. The trench is covered with deep
gladofluvial deposits and has been greatly modified by
geomorphological, glacial, and fluvial processes over the past 50
million years. The underlying rock is known to be composed of
limestone, schist, slate, and breccia. The degree of modification of
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Figure 95 The Selkirk Fan (Selkirk Mountains)

(after: Gadd 1978)
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Figure 96 Beaver River Fault

(after: Marsh 1975, Devlin 1991)
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the rock on either sides of the trench vary greately: folding, faulting,
and applied pressure are greater on the western margins than on
the eastern ones.

The origin of the Rocky Mountain Trench is thought to have been
caused byfaulting (Devlin 1990):

The mountain ranges of the Purcell and Selkirk Mountains are
contained on a huge "sub-block" of the detached crustal plate. The
fault that bounds the western side of this "sub-block' runs along
the Columbia River Valley near Revelstdke; the eastern fault that
boundsthiscrusMpieceninsalongtheeasternslopesofthePurcell
Mountains in the Rocky Mountain Trench.

5. Selkirk Allochthon:

This formation (Figures 97 & 98) is essentially a detached crustal
piece, a mass of rock displaced from its original position by tectonic
forces (Devlin 1990). The origin of the lower part of the Earth's
crust, from which the Selkirk Allochthon was detached, is thought to
be either above or west of the Monashee Mountains. Its movement
eastward due to compressive stresses has placed it over the rocks
now exposed in the Monashee Mountains.

ACCRETED \ CRF ROCKY MOUNTAIN BELT
TERRANE SSHUSWAP

APPROXIMATE SCALE

Figure 97 Selkirk Allochthon

(after: Brown & Read 1983)
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Figure 98 Geological Features in the Vicinity of Glacier National Park

(after: Brown & Read 1981)



UNCONSOLIDATED MATERIALS

Unconsolidated materials owe their physical characteristics to a combination of
bedrock origin and mode of formation or deposition. Table 35 lists the eight genetic
material classes that are recognized in Achuff et al.'s (1984) Ecological Land Classifi-
cation of Mount Revelstoke and Glacier National Parks, British Columbia. The eight
genetic classes originate from a number of sources or agents and include bedrock,
gravity, ice, flowing water, and air.

A detailed description of each type of genetic material is given in the above
publication. Therefore, only a brief outline of each genetic material class will be
given in this document and the reader is encouraged to refer to other information
sources if more detail is required.

The term residual material is defined as "unconsolidated or partly weathered parent
material of a soil, presumed to have developed in place (by weathering) from the consolidated
rock on which it lies; it is the material from which soils are formed." (Anon. 1973) Since
the bedrock on which this thin veneer lies is metasedimentary, the residual material
is generally noncalcareous. Its characteristics are predominantly medium texture
(<60% sand and <10% day) with a pH of 4.4 to 5.0 (Achuff et al 1984). The
characteristics of the residual material listed in Table 35 (Residium A) is described
in Table 36.

Landslides are usually induced by the force of gravity but can also be caused by
cataclysmic failure. Accumulation of colluvial materials is usually also induced by
gravity. The former is generated by rapid gravity-induced movement of mineral
material en masse, while the latter is generated by either slow or rapid, gravity-
induced movement of rock fragments (Achuff et al. 1984).

Landslides in Glacier National Park are in almost all cases too small to map. One
larger,landsUdelocatednearmeconfluenoeofmeAsiilkanBiookandmeIUedUew
River, however, is large enough to be mapped. It is composed mainly of rubbly
material is noncalcareous (pH <5.5) and course textured (<60% sand, <5% day, and
50-90% angular rock fragments or boulders).

Colluvium is denned as "any loose, heterogeneous, and incoherent mass of soil material
or rock fragments deposited chiefly by mass-wasting, usually at the base of a steep slope or
cliff; e.g. talus, cliff degris, and avalanche material"(Anon. 1973)
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Table 35 Characteristics of Model Unconsolidated Mineral Genetic Materials in
Glacier National Park
(after: Achuffef al. 1984)

MATERIAL CHARACTERISTICS

ORIGIN CLASS Calcareousness Texture GENETIC MATERIAL UNITS

Bedrock Residual Noncalcareous Medium to coarse Residuum A

£ Gravity Landslide Noncalcareous Coarse to fragmental Landslide material

* Colluvial Noncalcareous Coarse ColluviumA
§ 5 Noncalcareous Medium Cdluvium B

2*J ice Morainal Noncalcareous Coarse Till A
'i g Noncalcareous Medium Till B
fJ! Calcareous Medium TilIC

•S^ij Ice Contact Noncalcareous Variable Ice Contact Stratified Drift C
c~ Stratified
<3|

.c Flowing water Glaciofluvial Noncalcareous Coarse Glaciofluvial material A

| Fluvial Non to weak Coarse-stratified Fluvial material A

1 ' Air Aeolian Altered Medium Aeolian material B



Table 36 Characteristics of Residium A

(after: Achuff etal. 1984)

GENETIC
MATERIAL

Residuum

UNIT

A

DOMINANT
SOURCE

Noncalcareous,
medium and
medium to
coarse grained,
metasedimentary
bedrock

CALCAREOUS-
NESS

Noncalcareous

TEXTURAL PROPERTIES

FINE
EARTH

20 -90% sand,
0 - 20% clay

COARSE
FRAGMENTS

50-90%

This type of genetic material is most abundant at higher elevations and is generally
postglacial in origin and lines the steep valley walls of Glacier National Park. Other,
less abundant deposits of this type, are found at lower elevations. The deepest
deposits are found in colluvial aprons. These are associated with avalanche,
rockf all, and fluvial activity. Two colluvial types were identified in the park and are
based upon textural characteristics (Table 37).

Morainal material, otherwise known as till, is defined as "unsorted, unstratified glacial
drift,predominantly till, [which is] deposited chiefly by direct action of glacier ice in a variety
of topographic landforms that are independent of control by the surface on which the drift
lies. "(Anon. 1973) Found extensively throughout the park, this type of material is
common on cirque and pass floors, valley wall shoulders, broad mountain tops,
moderately sloping valley walls, and on benchlands of some broader valley floors
(Admttetal. 1984). Processes that mcdifymorainal landscapes are snow avalanch-
ing and solifluction. These deposits can be divided into three types based on
chemical and textural characteristics (see Table 38).

Ice contact stratified geneticmaterial is defined as material thatis "deposited in contact
with melting glacier ice, such as an esker, kame, kame terrace, or a feature marked by
numerous kettles."(Anon. 1973) Associated reworking by glacial meltwaters results
in moraine-like landforms on benchlands and lower banks of the park's major
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Table 37 Characteristics of Colluvial Genetic Materials

(after: Achuff etal. 1984)

GENETIC
MATERIAL

Colluvium

Colluvium

UNIT

A

B

DOMINANT
SOURCE

Noncalcareous,
medium to
coarse grained,
metasedimentary
and granitic
bedrock

Noncalcareous,
medium grained,
metasedimentary
bedrock

CALCAREOUS-
NESS

Noncalcareous

Noncalcareous

TEXTURAL PROPERTIES

FINE
EARTH

60 - 90% sand,
0 - 10% clay

20 - 60% sand,
0 - 20% clay

COARSE
FRAGMENTS

50 - 90%

35 - 70%

Table 38 Characteristics of Morainal Genetic Materials

(after: Achuff et al. 1984)

GENETIC
MATERIAL

Till

Till

Till

UNIT

A

B

C

DOMINANT
SOURCE

Noncalcareous,
medium to
coarse grained,
metasedimentary
and granitic
bedrock

Noncalcareous,
medium grained,
metasedimentary
bedrock

Medium grained
carbonate bedrock

CALCAREOUS-
NESS

Noncalcareous

Noncalcareous

> 15% CaCO3
equivalent

TEXTURAL PROPERTIES

FINE
EARTH

60 - 90% sand,
0 - 10% clay

20 - 60% sand,
0-20% day

20 - 60% sand,
0 - 20% clay

COARSE
FRAGMENTS

35-70%

20-50%

20-50%
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valleys. Modification of this terrain results from slope failure, channelling, gullying,
and snow avalanching. The chemical and textural properties shown in Table 39
indicate that this material falls between morainal and gladofluvial materials.

Glaciofluvial genetic material pertains to those materials that are transported and
deposited by "meltwater streams flowing from wasting glacier ice and especially to the
deposits and landforms produced by such streams, as kame terraces and outwash plains"
(Anon. 1973). Glaciofluvial deposits have also been termed as fluviogkrial or
glarioaqueous deposits.

Within Glacier National Park gladofluvial deposits are found at the mouth of Flat
Creek, in the Stoney Creek fan, along the Beaver River, and on the braided
floodplains of the Lncomappleux River. In many cases it is difficult to distinguish
between gladofluvial and fluvial deposits (Achuff et al. 1984), however, one thing
is known:

Gladofluvial material grades to fluvial material with increasing
distancefromtheglacierasflcnvfluc^uationsardsedimentloadareless
influenced by the melting ice or as stream flow becomes restricted by
landforms (Achuff etal 1984).

Fluvial genetic material indudes those materials deposited primarily by streams or
rivers, or by mudflows and debris flows. The characteristics of this type of material
generally indude stratification (sometimes well-sorted), and a wide textural vari-
ability. This is indicated by the details found in Table 40 and Figure 99.

Floodplains, fans, and aprons are examples of fluvial landforms. Floodplains are
formed only by flowing water while fans and aprons are formed by a combination
of flowing water and mudflows (Achuff et al. 1984).

The differences between flowing water and mudflow deposits are many. The
former are moderately to well sorted, vertically stratified, and variable across the
landscape. m contrast, thelatter are usuaUyimsorted,moreimifon^
have little or no internal stratification (Achuff et al. 1984).

Finally, eolian genetic material is material thathasbeendeposited by the wind. Also
termed loess, this material is "widespread, homogeneous, commonly nonstratified,
porous, friable, unconsolidated but slightly coherent, usually highly calcareous, [and] fine-
grained." (Anon. 1973) Its characteristics are outlined in Table 41.
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Table 39 Characteristics of Ice Contact Stratified Drift C.

(after: Achuff era/. 1984)

GENETIC
MATERIAL

Ice Contact
Stratified
Drift

UNIT

C

DOMINANT
SOURCE

Noncalcareous,
medium and
coarse grained
metasedimentary
bedrock

CALCAREOUS-
NESS

Noncalcareous

TEXTURAL PROPERTIES

FINE
EARTH

20 - 100% sand,
0 -20% day

COARSE
FRAGMENTS

5-70%

Table 40 Textural Variation among Fluvial Material
A Samples

(after: Achuff etal. 1984)

GENETIC
MATERIAL

Fluvial
material

UNIT

A

DOMINANT
SOURCE

Noncalcareous,
consolidated and
unconsolidated
deposits

CALCAREOUS-
NESS

< 5% CaCO3
equivalent

TEXTURAL PROPERTIES

FINE
EARTH

10 - 90% sand,
0-20% day

COARSE
FRAGMENTS

0-70%
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Table 41 Characteristics of Eolian Material B

(after: Achuff ef a/. 1984)

GENETIC
MATERIAL

Eolian
material

UNIT

B

DOMINANT
SOURCE

Local materials
and bedrock
plus volcanic ash

CALCAREOUS-
NESS

Pedogenic
alteration

TEXTURAL PROPERTIES

FINE
EARTH

0 - 50% sand,
0-20% clay

COARSE
FRAGMENTS

<5%

Only eolian material B occurs in Glacier National Park. This type is chemically
altered and medium textured (Achuff etal. 1984). Italsocontainsvolcanicash which
has been traced to four major postglacial sources (Powers & Wilcox 1964, Achuff et
al. 1984, Claque 1981): Glacier Peak, Oregon (67,000 years before present), Mount
Mazama (Crater Lake) (6600 years before present), Mount St. Helens (about 3200
years before present), and Bridge River (about 2400 years before present).

FOSSIL RECORD

The advanced state of metamorphism within the mountain ranges has essentially
masked the depositional record for Glacier National Park. The previously de-
scribed geological processes, combined with pre-glarial, glacial, and glacio-fluvial
erosion, have resulted in an almost complete lack of fossil record or marker bed
stratigraphy which can be correlated to the park's geological history. The extent of
the fossil record increases as one moves north and east of the Columbia Mountains.

The events responsible for regional metamorphism and the relatively early uplift of
the Columbia Mountain Region both removed most of the evidence of f ossilization
and physically kept the area elevated above the shallow basins which received
Cretaceous sedimentation. Tables 42 and 43 provide reference to the major faunal
and plant guide fossils identified as occurring in the Rocky Mountains, the Interior
of British Columbia, and on the WestCoast(Frebold&McGregor, 1970). Figures 100
and 101 illustrate the relative location of Lower to Mid-upper Cretaceous Seas
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Table 42 Distribution and Succession of Jurassic Guide
Fossils in Canadian Cordillera
(after: Douglas 1970)
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B. terebratutoides

B. fischeriana

Buchia of. blanfordiana

Buchia mosquensis

Amoeboceras spp..
Buchia concentrica

Cardioceras spp.

Not Known

UHoettia HHoettensis
Stenocadoceras spp.

Pseudocadoceras spp.

Kepptoritss spp.
Cadoceras sp.,

Paracadoceras sp. ate.

Not Known

Stephanoceras spp..
Chondroceras spp.

Tmetoceras reglevi

Grammoceras
Phymatoceras sp.

Dactylioceras spp.,
Harpoceras cf. exaratum

?

Amaltheus stokesi.
Arieticeras spp.,
L pseudoradians

Becheiceras cf. bechei
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Echioceras sp.

Asteroceras sp.

Amiotitas spp.
Coroniooras

Psif. (Curv.) columbiae
Psiloceras canadense

Psil. aff. pianortos
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Table 43 Known Occurrences (1966) of Taxonomically
Identifiable Plant Fossils in Canada

(after: Douglas 1970)
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lili Middle to upper Valanginian seas

1 I Hauterivian and Barremian seas

[ I Middle Valanginian to Barremian landmasses

Shoreline (approximate, inferred)

Figure 100 Inferred Maximum Extent of Lower
Cretaceous (Berriasian to Barremian)
Seas in Western and Arctic Canada

(after: Douglas 1970)
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l~:-j Early middle Altaian seas

JJJIi Mid-Upper Cretaceous seas

I I Albian and mid-Upper Cretaceous seas

[~^] Albian and mid-Upper Cretaceous landmasses

Shoreline (inferred) km

Figure 101 Inferred Maximum Extent of Early Albin
and Mid-upper Cretaceous Seas in Western
and Arctic Canada

(after: Douglas 1970)
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which did not submerge the area now occupied by the park and therefore, did not
leave much of a Cenozoic marine fossil record. Most of the fossil deposition within
Glacier National Park has been removed by glaciation and erosional processes.

Fossils documented in the park appear in the Badshot Formation limestones of the
Nakimu Caves area (Wheeler 1963, Anon. 1979b). Identified as archaeocyathids,
these were first discovered in 1961 by Earl Dodson of Falconbridge Nickel Mines
Ltd. near Mount Moloch which is located just west of the park (Wheeler 1963). J.O.
Wheeler confirms the existence of these Lower Cambrian fossils overlying the
Hamill Group in the Badshot Formation within Glacier National Park. Finally, an
unpublished document (Haggerstone 1978) makes reference to archaeocyathids
and ooliths at the following fossil locations:

(a) on slopes south and east of Mt. Carson.
(b) between Quartz Creek and the Rocky Mountain Trench.

V.J. Okulitch (1948) made some earlier references to fossils in a Department of Mines
and Resources, Geological Survey Bulletin:

The rock [of the Nakimu limestone] is not appreciably metamor-
phosed, but the most painstaking search failed to reveal any fossils
beyond some doubtful worm burrows,which havebeen noted in several
beds... some are slightly wavy and some are straight. Their presence
gives some surfaces of the limestone the "bird's-eye" appearance
common in the Palaeozoic limestone. These structures, auite defi-
nitely, cannot be regarded as diagnostic fossils.

In the Dogtooth Mountains, located at the eastern boundary of the park, Lower
Cambrian fauna of mesonacid trilobites and pleosponges are found in the Donald
Formation. This formation is stratigraphically equivalentto the Badshot formation.
Similarly, the southern extension of the Badshot formation, in the Pend-d'Orielle
River area, contains Lower Cambrian pleospongian fauna (Okulitch 1948).

For a more detailed account of the paleoecology of British Columbia, the reader is
referred to selected bulletins of the Geological Survey of Canada and Douglas
(1970).
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The Nakimu Caves are an excellent example of an alpine cave (Ford 1973) and are
located above the Trans-Canada Highway, 11 km from the summit of Rogers Pass.
The Nakimu Caves system differs from most of the other 23 caves classified as "very
significant" in Dr. D.C. Ford's Canadian caves inventory (1973) by the fact of its
location at such a high elevation of about 1500-1800 m above sea level (Anon. 1979c).
Such types of caves are characterized by steep terrain, turbulent streams, precipi-
tous rock scenery, and particularly delicate and pure calcite formations, in addition
to ice and moonmilk forms.

The Nakimu cave passages have a combined length of 5.9 km. Although small by
European and U.S. standards, it is a large cave by Canadian standards. The caves
are situated in a syndine, where layered bedrock was compressed and thickened in
a series of thrust faults (Gadd 1978). Because it was highly fissured by tectonic
forces, the syndine made for an excellent candidate for karst development.

For a more detailed description of the history, evolution, geology, and geomorpho-
logy of these caves the reader is referred to Ayres (1907), Mills (1908), Wheeler and
Ayres (1912), Ford et al. (1966), Ford et al (1967), Brown and Goodchild (1971), and
Hardy Associates Ltd. (1979).

QUATERNARY GEOLOGY

The Quarternary indudes four periods of gladation which, from the oldest to the
most recent, are the Nebraskan, Kansan, Ulinoian, and Wisconsinan. Each of these
gladations spanned a period of approximately 100,000 years, with each successive
eventdestroyingtherecord of thepreviousperiod (Douglas 1970). Theinterstadials
separating these gladations are named the Aftonian, the Yarmouth, and the
Sangamon respectively. During the intergladals, climatic conditions reverted to
warmer regimes as the continent essentially became ice-free.

Within the Columbia Mountains, most information relating to Quarternary events
relate only to the last ice advance, known as the Fraser Gladation. Fulton (1984)
suggested that rather than a true "gladation", this advance was really a stade of the
last global glacial stage. Table 44 provides a summary of Quaternary events and
Table 45 provides a correlation for Wisconsinan events. Fulton and Achard (1985)
identified pre-Fraser alluvial till in the sedimentary record of the Columbia River
Valley, however, these are not dated and they only indicate deposit prior to the
Olympia Intergladal Period.
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Table 44 Correlation Chart for the Quaternary of Western Canada and
Adjacent Areas

(after: Fulton 1984)

NOTE: The time scale is non-linear and consequently the vertical axis of the sea level curve
has been adjusted so that the oxygen isotope stage boundaries correspond with the
Wisconsinan substage boundaries
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Table 45 Correlation of Wisconsinan Events in Western Canada and
those of Adjacent Areas

(after: Fulton 1984)

NOTE: The time scale is non-linear and consequently the vertical axis of the sea level curve
has been adjusted so that the oxygen isotope stage boundaries correspond with the
Wisconsinan substage boundaries
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The last continental ice sheet had three main component parts: the Laurentide Ice
Sheet, the Cordilleran Glacier complex, and the Queen Elizabeth Islands Glacier
Complex (Douglas 1970). The area now comprising Glacier National Park would
have been covered by the Cordillera Glacier Complex (Figure 102). Fulton and
Achard (1985) indicated that little data is available to describe the character of
glariation in the Glacier National Park area of British Columbia. They suggested an
initial lowering of the snowline followed by a growth of alpine glaciers, expanding
into icecapsinthemountainranges. As gladationcontinued,ice tongues coalesced,
engulfing the entire area. Ice then began to flow southward along the trunk valleys.
The Columbia River Valley formed the major trunk valley in the vicinity of Glacier
National Park, with the Ulecillewaet River and Beaver River Valleys comprising the
major tributaries. Wilson (1958) has estimated a maximum elevation for Fraser ice
cover at 2500 metres, which would have covered much of the park except for the
higher peaks of the Selkirk and Purcell Mountains.

Claque (1981) and Prest (1970) suggested that southeastern British Columbia
became ice-free relatively rapidly approximately 10,000 years ago (Figure 103).
Fulton and Achard (1985), on the basis of a lack of morainal or outwash formations
in the tributary valleys to the Columbia, speculated that during degladation, valley
ice stagnated rather than retreating up valley. During the early stage of the last
deglacial period, the Columbia Valley was occupied by a series of glacial lakes
formed in response to isostatic tilting and glaciofluvial fill at several locations north
of Mount Revelstoke and Glacier National Parks. Table 46 summarizes major
Wisconsinan events relative to Mount Revelstoke and Glacier National Parks.

The early Holocene, approximately 10,000 years before present, was a period of
continuing climatic amelioration, with average temperatures exceeding those of
today. Cooling to present day levels did not occur until after the Hypsithermal.
Advances of alpine glaciers in the Cordilleran are documented as occurring
between 3 and 2.2 thousand years ago, however, these did not achieve Holocene
maximums until the past few centuries (Fulton 1984, Claque 1981).

Dating of Quaternary events is based primarily on carbondatingofthesedimentary
record and the presence of one or more dated tephras. Claque (1980) has summa-
rized the available carbon darings for the Geological Survey of Canada in paper 80-
13. He relates the distribution of radiocarbon dates to major Quaternary events as
illustrated in Figure 104.
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Figure 102 Decay of the Cordilleran Ice Sheet in Southern
British Columbia and Northern Washington
During the Terminal Phase of the Fraser
Glaciation

(after: Claque 1981)
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15.000 Years B.P.

Figure 103 Extent of the Cordilleran Ice Sheet in
Southern British Columbia and Northern
Washington During the Fraser Glaciation

(after: Claque 1981)
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Table 46 Summary of Wisconsinan Events in the
Vicinity of Glacier National Park

(after: Dafoe 1991)

TIME BEFORE
PRESENT EVENTS SUPPORTING AUTHOR

100 Ka

59 Ka

42 Ka

25.2-
21.5Ka

17 Ka

13 Ka

12.2Ka

11 Ka

9.5 Ka

9.3 Ka

Possible beginning of Semiahmoo Glaciation.

Beginning of Olympia Interglacial Period.

Organic debris dated from Revelstoke Damsite
indicating area ice-free and capable of growing
forests.

Beginning of Fraser Glaciation.

Southern Interior of British Columbia completely
overridden by ice.

Cordilleran Ice Sheet began to recede -
based on evidence from tephra located in
northern Washington.

Deglaciation complete in southern Rocky
Mountain Trench above International Boundary -
based on radiocarbon dating.

Oldest reliable postglacial radiocarbon date
for the Interior System north of the International
Boundary - indicated ice-free environment.

Plateaus and valleys of the B.C. Interior were
completely deglaciated - ice restricted to major
mountain ranges, much as today.

Rutter argued for ice in part of northern Rocky
Mountain Trench - Claque (1981) disputes this.

Fulton, 1984

Claque, 1981

Fulton and
Achard, 1985

Fulton and
Achard, 1985

Fulton, 1984

Ivesefa/., 1967
Fulton, 1984

Harrison, 1976a

Lowden and Blake,
1970

Lowden etal., 1971

Rutter, 1976,1977
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Claque (1981) was also responsible for documenting the occurrence of volcanic ash
flows, commonlyused asmarkerbedsin westernCanada. The Bridge River tephra,
resulting from activity in the Garibaldi Volcanic Belt, is more commonly associated
with the Interior Plateau, than with the Columbia Mountains. Ash layers which
occur in the Glacier National Park area originate from four main eruptions: Glacier
Peak, Oregon (67,000 years before present), Mount Mazama, Washington (6,600
years before present), Mount St. Helens, Washington (3,200 years before present),
and Bridge River (2,400 years before present).

GLACIAL AND POSTGLACIAL FEATURES

The actions of glaciers have produced the most recent and widespread landscape
modification of Glacier National Park Other active modifying agents include
fluvial discharge, avalanches, and the effects of weathering.

The central glacial and postglacial features of Glacier National Park consist of more
than 130 glaciers, neves, and icefields. These are interspersed with jagged peaks,
many of which would have protruded above the Cordilleran ice as rocky islands
called nunataks. These peaks, 29 of them over 3000 m above sea level (ASL), often
have a characteristic horn shape. Other eroded features resulting from alpine
glariation include sharp aretes, cols, cirque basins containing tarn lakes, and
hangingvalleys. Other examples resultingfrom glacial activity are scoured bedrock
(striae), glacial deposited till, morainal deposits, eskers, kame complexes (Grand
Gkcier cirque), outwash, and U-shaped valleys (Beaver R.f Illecillewaet R, and
Mountain Cr. - Anon. 1984). Glacial and fluvioglacial materials are described in
some detail in the "unconsoUdated materials' subtopic of this section.

The most notable mountain peaks (> 3000 m ASL) in the park are Sorcerer Mtn.,
Nordic Mtn., Mt. Duncan, Beaver Mm., Sugarloaf Mm., Grand Mm., Mt. Wheeler,
Mt. Kilpatrick, Purity Mtn., Augustine Pk., Cyprian Pkv MichelPk., Feuz Pkv Hasler
Pk, Mt. Selwyn, Mt. Fox, Beaver Overlook, Mt. Macoun, Mt. Bonney, Clarke Pk.,
Terminal Pk, Mt. Sir Donald, Rogers Pk, Grant Pk., Fleming Pk., Swiss Pk., Ihida
Pks., and Hermit Mtn. The highest of all Glacier National Park peaks is Hasler Pk.
(3390 m ASL). The remaining mountains contain less dramatic peaks and ridges of
lesser elevations. They are, in turn, bisected by park drainages which produce
typically short, steep-sided, and deeply-incised valleys.
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Lower elevation, rounded mountains (about 2350 m ASL) are represented in what
are known as the Prairie Hills, located in the northeast corner of the park (Anon.
1984).

MINERAL DEPOSITS

Probably more than any other factor, mineral deposits attracted settlers to the
Columbia Mountains region. The Big Bend area, located immediately north of the
park, has undergone a lengthy, although intermittent history of mineral exploration
and extraction. Placer gold was first discovered in Carnes Creek in 1865 which led
to a minor gold rush into the region (Gadd 1978, Roy 1979). Although both placer
and vein gold were found the area, the gold rush was short-lived.

Discoveries of copper, lead, and zinc were also made and are still being extracted
today, predominantly by the Noranda Mining Company. This company owned a
major copper mine located up the Goldstream drainage which eventually closed in
the mid-1980s. The mine was re-opened in 1991 by Bethlehem Resources of
Vancouver. Equinox Resources, also of Vancouver, is currently exploring gold
bearing lead/zinc/silver deposits mid-way up the Carnes Creek drainage.

Roy (1979) describes the mineral deposits in the Big Bend area as:

.. .stratabound massive copper-zinc deposits. They are hosted by either
basicvol(^nicrocksormetasedimentaryrocksspatiattyassociatediirith
basic metavolcanic rocks. A common association, and one that should
be a guide for future exploration for similar deposits in the Selkirk
Mountains, includes greenstones, dark carbonaceous and calcareous
shales, and thin to relatively thick limestone.

Although quartz, lead, zinc, and silver are widely distributed and actively mined
throughout the Columbias in southeastern British Columbia, it is unlikely that
important future mineral discoveries will be made within the park which may
threaten its ecological integrity:

In Glacier [National Park]... mineral exploration andminingarenot
permitted. Although [the park has] been mapped by academic and
government geologists, no significant ore deposits have been discov-
ered; neither has any oil, gas, or coal ...(Gadd 1978)
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The modification of the rock and surfitial deposits has been a necessary part of the
construction of the Trans-Canada Highway (TCH) and the Canadian Pacific
Railway (C.P.R.). Tunneling in bedrock (McDonald Tunnel, Connaught Tunnel)
and rock scaling along the TCH produced great quantities of overburden and was /
is a necessary park of the maintenance of the park. Gravel/sand extraction has also
always been a standard component of the maintenance program of the park. The
Bear gravel pit, located on Connaught Creek, was used until a number of years ago
and the Beaver gravel pit was dosed and rehabilitated during the fall of 1992.
Fluvially modified glacial deposits were being exploited for use within the park.
Rock scaling is an ongoing activity required to make the TCH safe for motorists. All
projects or activities that involved the disturbance of the bedrock or surficial
materials within Glacier National Park are assessed using the Environmental
Assessment and Review Process (EARP). During the construction of the Con-
naught Tunnel, for example, an Environmental ImpactStudy was completed by the
proponent (the C.P.R.). In addition, a number of public hearings, chaired by the
Federal Environmental Assessment and Review Office (FE ARO), were conducted,
with representatives from the Canadian Parks Service, the C.P.R., and other
individuals providing technical and scientific expertice.

Hot springs are located east of the park in Albert Canyon. Other occurrences of such
a resource within the park are not known, although two cold sulphur springs
surface along Grizzly Creek near its confluence with the Beaver River.

RESOURCE ANALYSIS

The geology of the Columbia Mounains present an example of the possible
extremes of miogeosyndinal development. Although past geologicalfeatures have
either been masked or removed by the forces of metamorphic heat and pressure or
through the erosion/depositional sequences of gladation and deglariation, recent
geological study has resulted in the discovery of significant dues as to the geological
history of the park. As an example of these recent discoveries, the movement of the
Selkirk Allochthron over an estimated 50-80 kilometers is a testimonial to the
tremendous forces which acted upon this region of British Columbia.

Landform development and surficial deposits present evidence of the most recent
forces affecting the geology of the park. Quaternary gladation covered the entire
park in ice. However, only evidence of the most recent glacial advance is apparent.
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Our understanding of the features and forces which shaped this area has increased
dramatically through geological study and interpretation which occurred through
the 1980s. Yetmany questions remain tobe answered, in particular the stratigraphic
history of the park's rocks, the timing of major tectonic forces, and the timing of
Quaternary glaciations.

Also, the park overlies the Selkirk Fan, thought to be an antidinorium that broke up
into a number of thrust faults. This unique stucture of the park within the Selkirk
mountains deserves a closer examination of structure and stratigraphy.

MANAGEMENT CONCERNS

The Trans-Canada Highway traverses the niecillewaet River, the Connaught Creek,
and the Beaver River valleys. The niecillewaet and Beaver River valley bottoms
have been identified as one of the most productive wildlife habitat areas in the park.
A concerted effort on the part of resource managers is required to protect the
important riparian and alluvial fan complex habitats of these valley bottoms from
further human induced impacts.

The Park Conservation Plan (1989) identifies the problem of disturbed area
management, many of them related to the geological resources of the park:

Development of the Trans-Canada Highway (TCH) and subsequent
maintenance operations, as well as visitor facility development, have
resulted in a series of partially or unmitigated disturbances. Major
disturbances include rock cuts, borrow pits and river/stream bank
manipulations. Minor disturbances include such impacts as vegeta-
tion removal at viewing or picnic sites, operational impacts from snow
storage and manipulations resulting from emergency measures to
combat flooding and erosion. These impacts are aesthetically unap-
pealing and contribute to the incremental impact on park habitats.

Future exploitation of the sand and gravel resources from the park is a cause for
concern and is presently being studied. Although National Parks Policy specifies
protection of these resources, it has often been seen that economics is the primary
determining factor, not ecological principals. Sand and gravel extraction for
highway maintenance and construction on the rarely occurring KX1 ecosite
(terraced glaciofluvial genetic material) is contradictory to the resource protection
mandate and goal. The long term goal should be to eliminate this major non-
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conforming management activity from within the boundaries of Glacier National
Park (Anon. 1991). GladerNationalParkisajrrentlyseekingforaaggregatesource
east of the park.

The steep topography combined with a thin veneer of surface materials over
bedrock and high precipitation rates result in much of the park being susceptible to
mass wasting. This must continue to be seriously considered during the pre-design
stage of facility development.

STATUS OF KNOWLEDGE

The level of geological knowledge is, perhaps, not as extensive as some would wish.
Considering the minimal impacts that are involved with geological studies, future
geological description and interpretation of the stratigraphy and glaciology by
researchers should be encouraged. Such practises as deep drilling or seismic work
should, however, not be allowed.
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SOIL RESOURCES
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

Like thepeelof an orange, soils cover thegeologicalmaterialsoftheearth. They form
the upper portion of the regolith, the unconsolidated layer of materials that may
have been chemically weathered from the underlying bedrock or may have been
transported by wind, water, or ice. This upper portion of the regolith (Figure 105)
is the product of both destructive and synthetic forces:

Weathering and microbial decay of organic residues are examples of
destructive processes, whereas the formation of new minerals, such as
certain clays, and of new stable organic compounds, along with the
development of characteristic layer (horizon) patterns, aresynthetic in
nature (Brady 1990).

The layer or horizon development that characterizes the soil profile (vertical
exposure of the horizon sequence) has been divided into distinctive major horizons.
These are designed by the capital letters O (from swamp, bog marsh vegetation), A
(mineral horizon), B (mineral horizon), C (mineral horizon), L (organic horizon), F
(organic horizon), and H (organic horizon). Subordinate distinctions, on the other
hand, are designated by lowercase letters (Brady 1990, Anon. 1987b). Subordinate
designations include b, c, ca, cc, e, f, g, h, j, k, n, m, p, s, sa, t, u, x, y, and z. The reader
is referred to The Canadian System of Soft Classification (1987) for detailed descriptions
of these major soil horizons and the subordinate layers.

Scientific soil research probably began as early as the early 17th century, when
Flemish chemist Jan Baptista van Helmont conducted his famous willow tree
experiment. In the experiment he found thatduringfiveyearsthesoillostno weight
while producing a 164 pound tree. A number of other researchers experimented
with various soil-related concepts: John Woodward (1700s), Jethro lull (1800s),
and J.B. Boussingault (1800s). In 1840 a German chemist, Justus von Liebig, came
up with the important Taw of the Minimum' which essentially states that the level
of plant production is determined by the most limiting of the essential plant
growth factors. Mostof these essential elements arefoundinthesoil(organicmatter,
nitrogen, potassium, phosphorus, other nutrients, water).
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Liebig stimulated other investigators such as J.B. Lawes & J.H. Gilbert (1855), and
J.T. Way (1856). Later research in Europe and the United States was conducted by
such scientists as C.G. Hopkins, Milton Whitney, EH. King, and E.W. Hildegard
(Anon. 1987b, Brady 1990).

V.V.Dokuchaev, a Russian soil scientist, introduced the concept of soil as being a
natural entity influenced by such factors as climate and vegetation in about 1870
(Anon. 1987b). Developed by other Russian researchers, this concept was ulti-
mately made available to western Europe by K.D. Glinka in a German translation
(1914) and to the English-speaking world with a translation by C.F. Marbut (Glinka
1927). Despite other, similar approaches to soils, the Russians are credited for "the
development of the concept of soils as natural bodies with horizons that reflect the influences
of soil-forming factors, particularly climate and vegetation"(Anon. 1987b).

The same approach is adopted by Agriculture Canada (1976) in their definition of
the term soil:

...naturally occurring unconsolidated material on the surface of the
earth that has been influenced by parent material, climate, macro and
micro-organisms, and relief, acting over a period of time to produce soil
that may differ from the material from which it mas derived in many
physical, chemical, mineralogical, biological, and morphological prop-
erties.

madditiontomedefiningof"soU",thepedologicalscienceshaveevolved to include
a methodology for the identification of individual soils through the observation of
specific characteristics. A requirement for a soil classification system was subse-
quently recognized. As a result, Agriculture Canada developed the Canadian
System of Soil Classification which provides a national taxonomic standard for the
grouping of soils. This system classifies soil in a hierarchal manner which does not,
however, follow a rigid systematic framework. The different categorical levels are
as follows: Order, GreatGroup, Subgroup, Family, Series, and Type (Anon. 1987b).
The three highest categories, Order, Great Group, and Subgroup, deal specifically
with the concepts and variations of the kinds of profiles relating in particular to the
recognition of soils having morphological features which reflect pedogenic envi-
ronments (Clayton et al. 1977). For the purpose of this section, Subgroups will
constitute the greatest level of detail for the description of park soils.
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Jenny (1941 & 1980) provided a description of environmental variables responsible
for the creation of all soils, from which he derived a mathematical expression:

Soil = f (climate, parent material, organic material, topography, age, time).

The variables (dimate^arentmaterial, organicmaterial, topography, age, and time)
are collectively referred to as the "soil-forming factors". For example, as described
earlier in the Climate section, the climate of Glacier National Park is influenced by
Continental and Maritime systems with the occasional influence of Continental
systems during the winter. These systems are responsible for the high total
precipitation, creating a humid soil moisture regime. A deep snowpack insulates
the soil and moderates seasonal soil temperature fluctuations. Another example, is
parent material, which, in the case of Glacier National Park, refers to those materials
within the park generally composed of medium to coarse textured, noncalcareous
overburden.

Of all factors, soil climate expressed in terms of soil temperature and soil moisture,
is perhaps the best indicator of the current state of soil development and productiv-
ity levels (Seel &Strachan 1985). With respect to soil climate, the park is considered
to fall within the following soil temperature and soil moisture classes following the
conventions established bytheSoilSystemClassificationofNorthAmerica (Figures
106 & 107):

Soil Temperature Classes = Cold Cryoboreal - Subarctic

1. Cold Cryoboreal:
- mean annual soil temperature 2 to < 8 degrees C;
- mean summer soil temperature 8 to < 15 degrees C;
- growing season > 5 degrees C, 120 to 180 days;
- growing season degree days > 5 degrees C, 555 to 1110 days;
- thermal period > 15 degrees C, no significant days;
- thermal period Degree Days > 15 degrees C, <33.

(Figure 108)
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Figure 106 Soil Temperature Regimes of Canada and
the U.S.A.

(after: Clayton et al. 1977)
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Figure 108 A Generalized Presentation of the Cryoboreal Soil Temperatures Class

(after: Clayton et al. 1977)
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2. Subarctic:
- mean annual soil temperature -7 to < 2 degrees C;
- mean summer soil temperature 5 to < 8 degrees C;
- growing season > 5 degrees C, < 120 days;
- growing season Degree Days* > 5 degrees C, <555;
- thermal period > 15 degrees C, no significant days.

(Figure 109)

Soil Moisture Class - Humid

1. Humid:
- No component of the soil is dry for 90 consecutive days in most years;
- Very slight deficits in the growing season;
- Water deficits 2.5 to < 6.4 cm;
- Climatic Moisture Index (CMD** 59 to 73%

(Figure 110)

* NOTE: Degree Days is the difference between the mean daily temperature and a selected
standard temperature, accumulated daily over a period of time, such as the
growing season.

** NOTE: Climate Moisture Index expresses the growing season precipitation as a percent
age of the potential water used by annual crops, when water is readily available
from the soil.

While the relative importance of each soil-forming factor varies relative to location,
their collective interactions have resulted in the formation of many different soils in
Glacier National Park.

Pedological studies conducted in the region surrounding the park can be found in
Krajina (1959 and 1965), Sneddon et al (1972a and b), Buol et al. (1973), Knapik &
Coen (1974), McKeague & Sprout (1975), Void (1977), Valentine & Lavkulich (1978),
Kowall (1980), Wittneben (1980), Utzig (1983), and Anon. (1987b). Soil information
more specific to the park has been provided by Van Leusden & Compte (1972),
Hardy & Associates (1979), Taylor et al. (1984b), and Anon. (1984).
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Figure 109 A Generalized Presentation of the Subarctic Soil Temperatures Class

(after: Clayton et al. 1977)
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Figure 110 A Generalized Presentation of the Humid
Soil Moisture Class

(after: Clayton era/. 1977)

260



SOIL DESCRIPTION
Of the nine soil Orders recognized within Canada, five are present in Glacier
National Park. Those represented in the park are Podzolic, Brunisolic, Regosolic,
Gleysolic, and Organic Orders. This conforms with the location of the park within
the Canadian Brunoslic, Podzolic, Chernozemic, and Regosolic Region (Figure 111).

The soils of Natural Region 4 are represented by the Brunisolic, Gleysolic, Organic,
Podzolic, and Regosolic Orders. Of these, it is the strongly developed Brunisolics
(Eutric Brunisols, Dystric Brunisols) and Podzolics (Humo-Ferric Podzols, Ferro-
Humic Podzols) which dominate (Taylor et al 1984, Anon. 1984). Regosols are
found in localized areas such as avalanche paths and neoglacial moraines. Gleysols
(Rego Gleysols, Orthic Gleysols) occur with Organic soils and have a wide
distribution in the park. Fibrisols (Organic Order) are most common in the Interior
Cedar-Hemlock Ecoregion of the park (Beaver River and Mountain Creek valleys)
and reflect the most prolonged wet conditions.

The park is unable to represent three Orders, found elsewhere in the region. The
absence of the Cryosolic soils is due to the insulating properties of a deep winter
snowpack (Krajina 1975); Chernozems (Dark Brown, Dark Grey) are absent due to
the humid climate; and Luvisols (Grey Luvisols) are absent due, in part, to a lack of
day particles in the solum.

Valentine et al. (1978) described anoticeabletransitionwhereLuvisols, Chernozems,
and Eutric Brunisols of the Columbia Trench are replaced by Dystric Brunisols and
Podzols in Glacier National Park. This transition is due to contrasting climatic
factors and to changes in parent material, from softer calcareous limestone in the
Rocky Mountains, to the weather resistant and acidic quartzites, associated with the
Columbia Mountains.

Valentine et al. (1978) also discussed soil transitions related to changes in elevation.
On the floodplains of the Columbia Mountains, Brunisols, Gleysols, and Regosols
predominate on active fluvial materials with western red cedar, western hemlock
and white spruce dominating the vegetative cover. On midslopes, Humo-ferric
Podzols and Dystric Brunisols predominate on fluvial, colluvial, and morainal
deposits associated with western red cedar, western hemlock and on higher
midslopes by Englemann spruce and subalpine fir. Subalpine soils occur at
elevations above 2200 metres, on morainal and colluvial deposits with shallow
Podzols, Brunisols,Regosols, and Gleysols predorrunatmgunderwiHow,heath and
sedge vegetative cover. Alpine elevations are characterized by the predominance
of ice, till, talus, and bedrock outcrops, which, due to age and topography, precludes
extensive development of soils from the exposed parent material.
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Themostrecentpedolc>gicalstudyoftheparkwasconductedbyTaylorrffl/.(1984b)/
as part of the Ecological Land Classification of Glacier National Park. This work
forms the principle source of reference for the soil descriptions listed here. In 1984,
the analysis of Natural Region 4 provided a scale of representativeness for soil
features occurring in the park. This scale ranges from a low of 0 to a high of 6, and
is included, where applicable, in the tables accompanying soil descriptions.

The following is a brief description of the soil Orders present in Glacier National
Park. Thereader should beawarethatmereferencetopercentagesofdominantsoils
within Canada are provided by Clayton et al. (1977).

WELL-DEVELOPED AND WELL-DRAINED SOILS

THE BRUNISOLIC ORDER

Brunisolic soils areoftenfound in association withPodzolics,butare generallymore
weakly developed. In the park they are characterized by thick, brownish or
yellower Bm horizons and may contain thin Btj and Bhf horizons. Dystric Brunisols
are the most common soil of this Great Group in the park, and is often found to be
dominantorsub-dominantunderforestvegetation. DystricandSombricBrunisols,
Podsolics, and on occasion, Regosolics, are codominant under avalanche, herb
meadow, and herb and heath tundra vegetation (Taylor etal. 1984). Table 47 lists
the Brunisolic soils that are present in the park:

Table 47 The Brunisolic Soils of Glacier National Park

(after: Clayton etal. 1977)

GREAT GROUP REPRESENTATIVE SUBGROUP
VALUE

Eutric Brunisols 4 O.EB (Orthic Eutric Brunisol),
O.SB (Orthic Sombric Brunisol)

Dystric Brunisols 6 O.DYB (Orthic Dystric Brunisol),
E.DYB (Eluviated Dystric Brunisol),
GL.DYB (Gleyed Dystric Brunisol)
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Except for amounts and thicknesses of amorphic material accumulated in B
horizons, Dystric and Sombric Brunisols are similar to Podzolics (Taylor etal 1984).
BC horizons are often found under Bm horizons and are transitional to non-
calcareous C horizons which often begin deeper than a metre from the surface.

A horizons may be absent from Dystric Brunisols, however, this soil may have thin,
eluviated Ae horizons, or thin, (<10 on) Ah, or weakly eluviated Ahe horizons.
Mechanically thickened Ah horizons are present in Sombric Brunisols and are
closely related to Orthic Dystric Brunisols (Figure 112). Brunisols with organo-
mineral horizons are common to avalanche vegetation at all elevations and under
tundra and meadow vegetation at high elevations (Taylor etal. 1984). Extensively
found under forest vegetation, Dystric Brunisols may posess thick (>2 cm), well-
developed eluvial (Ae) horizons.

Common to similar soils of the Canadian Cordillera, there remains a taxonomic
problem with some well to moderately drained Dystric and Sombric Brunisols.
They contain upper B horizons with sufficient organic carbon and pyrophosphate-
extractable Fe low enough to meet the chemical criteria of a Bh horizon (Taylor et al
1984). These are designated as Bm horizons since they have colour values and
chroma too high to be considered Bh horizons.

Brunisolic soils are common over 9.5% of Canada and, in the park context, are
indicativeofthehumidsoilmoisturedassification(Anon. 1984). Dystric and Eutric
Brunisols are significant soil themes in the Columbia Mountains Natural Region,
and are found in the park.

THE PODZOLIC ORDER

Podzolic soils are very strongly developed soils, occurring in humid areas on acidic
parent material. They are characterized by the intensive movement of materials
such as iron, aluminum, and organic matter from the A horizon to the B horizon.
Similarly, in most Podzolic soil profiles there is eluviation of fine mineral particles
(days and silts) to the B horizon. It is this illuviated B horizon that distinguishes the
Podzolic Order from all other Orders. Great Groups are separated on the basis of
accumulation of iron, aluminum, and organic matter in the B horizon.

In Glacier National Park, Podzolic soils represent the strongest degree of develop-
ment in well-drained soils. They can be found at all elevations under a range of
vegetative regimes such as mixed forest, coniferous forest, avalanche complex, and
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heath/subalpine (Taylor et al. 1984). Decomposition of deep layers of vegetative
debris increases the acidity of the soil, which lacks buffering compounds. Layers of
mineral-rich volcanic ash, can enhance the accumulation of sesquioxides in the B
horizon.

Humo-Ferric Podzols are the most common of the two Great Groups represented
in the park. Humo-Ferric Podzols have less than 5% organic carbon by weight,
whereas, Ferro-Humic Podzols have greater than 5% organic carbon. These two
Great Groups can be differentiated by only minute amounts of carbon, requiring
laboratory analysis for identification (Taylor et al. 1984). For productivity and
impact assessment, it is not necessary to differentiate between these two, except in
cases where Humo-Ferric Podzols have a substantial Ah horizon (Sombric).

Humo-Ferric Podzols are commonly associated with lower altitude forested
ecosites, whereas, Ferro-Humic Podzols are more common at alpine and subalpine
heath ecosites (Taylor et al. 1984). Humo-Ferric Podzols share co-dominance with
Dystric and Sombric Brunisols. Orthic Humo-Ferric Podzols, the dominant
subgroup, are distinguished from Sombric Humo-Ferric Podzols by the presence
of Ah horizons <10 cm thick. Orthic Humo-Ferric Podzols occur on coarse textured
quartzitic materials and can be strongly to extremely acidic. Within Humo-Ferric
Podzol profiles cementation may occur to differing degrees and where cementation
is prevalent, the soil is classified as an Ortstein Humo-Ferric Podzol.

In alprne and subalpme ecreites, Orthic Fenx>^
and avalanched terrain in association with Humo-Ferric Podzols. This association
isalsotmewherernesoUprofileisshaUowOTandirnderfo
is common in Podzols. Where the water table is not high enough nor consistent
enough to affect the soil within 50 centimeters of the mineral surface, the soil is not
classified as Gleysolic as the process of podzolization is still predominant (Taylor
etal, 1984). Table 48 lists the Podzolic soils that are present in the park
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Table 48 The Podzolic Soils of Glacier National Park

(after: Clayton et al. 1977)

GREAT GROUP REPRESENTATIVE SUBGROUP
VALUE

Humo-Ferric Podzol 6 O.HFP (Orthic Ferro-Humic Podzol),
OT.HFP (Ortstein Humo-Ferric Podzol),
SM.HFP (Sombric Humo-Ferric Podzol)

Ferro-Humic Podzol 4 O.HP (Orthic Humic Podzol),
O.FHP (Orthic Ferro-Humic Podzol),
GL.FHP (Gleyed Ferro-Humic Podzol)

Podzolic soils are the dominant soil over more than 22.5% of Canada and are the
dominant soil of Natural Region 4 (Anon. 1984). Humo-Ferric Podzols are signi-
ficant soil themes for this Natural Region, however, Ferro-Humic Podzols have a
limited representation of this Great Group in the park (Anon. 1984). In the park
context, it is difficult to delineate the extent of Ferro-Humic Podzols due to their
similarity to other young soils. Podzolic soils are the climax soils of Glacier National
Park. Figure 113 shows horizon patterns for some of the subgroups of the Podzolic
Order.

Podzolic soils have a range of limitations depending on the specific pedon.
Common limitations include low fertility, high acidity, and high instability in silty
sandy quartzite. As with all soils in this park, there is a susceptibility to erosion on
steep (>30%) slopes due to soil textures (Knapik et al 1974).

WEAKLY-DEVELOPED AND WELL-DRAINED SOILS

THE REGOSOLIC ORDER

The Regosolic Order is composed of weakly-developed soils which lack proper
horizon development, i.e. they have a B horizon less man 5 cm thick, if present at all
(Anon. 1978b). This may be caused by the youthfulness of the pedon, instability,
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mass wasting, periodic fluvial deposition, and also in the park context, a parent
material which yields quartzitic sand.

In Glacier National Park there are few examples of this Order. Cumulic Regosols
and Cumulic Humic Regosols are generally found on steep, snow avalanched
colluvium and are a product of the mechanical mixing and deposition caused by
erosional processes. Cumulic Humic Regosols are characterized by an Ah horizon
> or equal to 10 cm with buried organic matter and may be found in conjunction with
gleyed Cumulic Regosols in areas subjected to periodic flooding.

In the Alpine, some soils created from colluvium of Lardeau Group bedrock orgin
are classified as Orthic Regosols because horizons were not evident (Taylor et al.
1984). Orthic Regosols are found in areas of recent glacial retreat (within 400 years)
and exhibit the least alterations closest to the retreating glaciers. Orthic Eutric
Brunisols occur further away, and exhibit weak B horizon development with a
strong pH gradient within the top tens of centimeters (Taylor et al. 1984). Orthic
Regosols generally have minimal organic deposition and are only slightly altered
from the original parent material. Table 49 lists the Regosolic soils that are present
in the park:

Table 49 The Regosolic Soils of Glacier National Park

(after: Clayton et al. 1977)

GREAT GROUP REPRESENTATIVE SUBGROUP
VALUE

Regosols 4 O.R (Orthic Regosol),
CU.R (Cumulic Regosol),
GLCU.R (Gleyed Cumulic Regosol),
CU.HR (Cumulic Humic Regosol)
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Regosols are the common over 1.5% of Canada. Horizon patterns vary greatly
(Figure 114). These soils are more common in the region than they are within the
park, where they occur in isolated pockets (Anon. 1984). Productivity limitations
can be extreme due to a lack of stable rooting medium, high acidity, and low cation
exchange capacity. Limitations for management purposes can be extremely
variable based on the differences in these soils specific to each site.
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WETLAND SOILS

THE GLEYSOLIC ORDER

The Gleysolic Order is comprised of imperfectly drained mineral soils which are
saturated for most or all of the year. Gleysols can be readily identified by the
presence of dull colours or strong mottling within 50 cm of the soil surface. They
may also have organic-rich layers above, or within the horizons (Taylor etal.l 984).
In wetlands, gleysolic soils often form a transition between organic soils, and
surrounding mineral soils.

In Glacier National Park, most soils lack clay particles of a size to impede drainage,
however, pedogenically cemented horizons will sometimes not allow water to pass
through them, thereby creating a perched water table and causing the gleization of
soils (Taylor etal 1984). Gleysolic soils, caused by water table fluctuations, may be
expected in valley bottoms (Beaver River and Mountain Creek), undulating till, or
fluvial landforms. Gleization can also be associated with Podzols and Brunisols in
areas where saturation is too deep or not continuous enough to meet the require-
ments of the Gleysolic Order.

Rego Gleysols occur in areas of periodic fluvial deposition, limiting both, the
development of deep organic layers, and proper horizon development (Taylor et al.
1984). Rego Humic Gleysols occur in groundwater discharge areas associated with
steeply sloping topography and differ from Rego Gleysols by the presence of an Ah
horizon (Figure 115).

Orthic Gleysols may occur sporadically throughout the park in fluvial, and
morainal, stable landscapes. They are identified by the presence of dull colours or
mottles (Bg) and peat less than 40 cm thick at the surface. Table 50 shows the
Gleysolic soils that are found in the park

Table 50 The Gleysolic Soils of Glacier National Park

(after: Clayton et al. 1977)

GREAT GROUP REPRESENTATIVE SUBGROUP
VALUE

Gleysol N/A O.G (Orthic Gleysol),
RG (Rego Gleysol)
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Gleysols are present over 5% of Canada's land mass. Their abundance in the
Columbia Highlands Region is unknown at this time. In general, Gleysolic soils
occur in areas of little or no slope which may coincide with areas of concentrated
visitation, located in the valley bottom areas such a the Beaver River and may affect
facility design.

THE ORGANIC ORDER

Organic soils occur in areas of prolonged wet conditions where profiles are
predominantiy composed of peat to depths of 40 cm or more. These areas may be
subjected to ponding by shallow water, without mineral deposition, for long
periods of time. In Glacier National Park they are most often found in the Interior
Cedar-Hemlock Ecoregion associated with valley bottoms. In addition, these soils
may also occur in isolated troughs and depressions of hummocky glacial drift.

Organic soils are composed of at least 30% organic matter by weight and are
typically associated with mature wetlands in which organic matter is being
deposited faster than it is being decomposed (Figure 116). Great Groups are
differentiated by the degree of decomposition of the organic material. In Glacier
National Park, representation of organic soils is limited due to efficient drainage and
the paucity of terrain that is required for the formation of these types of soils. Where
found, they primarily consist of Fibrosols, or weakly decomposed peat, which is
derived from mosses and sedges. Mesisols, or moderately decomposed peat, are
less common. Thin layers of gleyed eolian and fluvial silts may also be present
(Taylor et al 1984). Table 51 lists the organic soils present in the park

Table 51 The Organic Soils of Glacier National Park

(after: Clayton ef a/. 1977)

GREAT GROUP

Fibrosol

Mesisol

REPRESENTATIVE
VALUE

N/A

N/A

SUBGROUP

T.F(TerricFibrisol)

T.M (Terric Mesisol)
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Organic soils are dominant over 4% of Canada. Regionally, their importance has not
been quantified. Organic soils are extremely vulnerable to impact, therefore, it is
important to identify their locations in order to afford the proper degree of
protection.

EXCEPTIONAL SOILS

Certain soils in Glacier National Park elude classification under the Canadian
System of Soil Classification. These soils consist of a few thick, eluvial (Ae) horizons
that extend for the entire depth of the control section. This extensive eluviation
occurs on coarse textured parent materials, which in the park, are almost purely
quartzitic and associated with the Hamill bedrock group (see Figure 93, Geology
section). These soils are found mainly in two locations, in landslide material on
valley floors and in colluvium covering steep valley walls (Taylor etal. 1984). These
soils are absent from the Canadian Soil Classification System and consequently
included in this section.

When these completely eluviated soils appear in landslide material, they occur on
hummocky terrain, under open and closed forest canopies with a moss and
bryophyte cover. Often, eolian material is found within the mineral surface. A
profile of this soil typically exhibits several centimetres of organic material (LFH)
which is undergoing eluviation, imparting a faint gray stain to the upper horizon.
The unusual characteristic of this soil type is manifest in the presence of eluviated
horizons beyond the normal two meter control section depth (Taylor et al. 1984).

When found in association with steep colluvial slopes, colluvium is often a veneer.
A control section typically will contact bedrock within a meter of the surface.
Eluviated materials are leached away along the bedrock surface. Under these
conditions, the vegetation is highly adapted to an abundance of avalanches. A few
centimetres of litter and decomposing organic matter (LFH) are usually found in a
typical horizon which will also indicate a complete bleaching of the entire mineral
portion of the horizon.

No description of the soils of Glacier National Park would be complete without
mention of the soils of the Nakimu Caves area located in the Cougar Valley. The
caves are found in the limestone rock of the Badshot Formation which, in turn, is
foimd within themetamorphicHamill Group (seeFigure93, Geology section). Soils
derived from the local limestone bedrock are called Eutric Brunisols. In contrast to
Dystric Brunisols, which are derived from acidic metamorphic parent material,
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these soils are mostly moderately alkaline (pH 7.0 to 8.0) and the pH increases with
depth. Carbonates appear in the C horizon and, because of the abundance of
cations, a high fertility gives rise to luxuriant vegetation growth. Coniferous forest
areas growing on calcareous soils are characterized by a rich herbaceous dominated
undergrowth (Anon. 1979a). In addition, these areas also support several unique
cakiphile plant species which will be described in more detail in the Vegetation
section that follows.

Taken from the Ecological Land Classification, Table 52 lists the soil Subgroups
present in the park by ecoregions:

Table 52 Soil Subgroups Represented in Glacier National
Park by Ecosite

(after: Taylor et al. 1984)

ECO- ECOSITE NUMBER OF
SECTION POLYGONS IN

GNP

SOILS ACCESSORY
SOILS

Abbot AB1 44 O.EB, O.R, O.DYB

Asulkan AK1 19 O.DYB, E.DYB, O.HFP

AK2 6 E.DYB,O.HFP
AK5 121 (lithic phases): O.DYB,

E.DYB,O.HFP

AK6 79 lithic phases: O.DYB,
E.DYB, O.HFP; + nonsoil

Balu BUI 42 E.DYB>O.DYB, O.HFP
BU2 71 E.DYB,OT.HFP
BUS 24 E.DYB, O.HFP

Cheops CE1 3 RG.

Catamount CM1 5 E.DYB, O.HFP
CM2 16 O.DYB, O.SB,O.HFP,

CU.HR/CU.R,O.FHP

Cutbank CT1 26 E.DYB>O.DYB
CT2 36 E.DYB,O.HFP>OT.HFP

ice contact stratified drift

colluvial blanket; lithic
phases
colluvialblanket; lithicphases
colluvial apron/blanket;
CU.R,CU.HR,O.FHP,
SM.HFP, nonsoil
colluvial blanket O.FHP

O.HFP, duric tendencies
O.DYB

GLCU.R

O.EB
gladofluvial; GL.DYB,

O.HFP
duric tendencies

276



Table 52 Soil Subgroups Represented in GNP by
Ecosite (cont.)

CT3
CT5
CT6

GF1
GF2

Griffith

Glacier House GH1

Heather

Hermit

Jade

Jonas

Kuskanax

Lookout

Lauretta

HE3

HR1
HR2
HR3
HR5

HR6

PI

JD2

JD3

JN2

KX1

LK1

LR1
LR2

6
34
2

6
11

1

11

40
51
16

105

56

54

66

13

2

7

40
13

E.DYB,O.HFP
E.DYB,O.HFP
Dry (70%): E.DYB, O.HFP
Wet (30%): R.G, GL.FHP, T.F

O.G,R.G,T.F
O.G,R.G,GL.DYB

E.DYB, undefined
soils, nonsoil

lithic phases: O.DYB,
O.SB,O.HFP,O.FHP

GL.DYB,T.M
horizontal fen; T.F

eolian veneer

eolian veneer; SM.HFP,
turbic phases

E.DYB>O.DYB, O.HFP lithic phases
E.DYB,O.HFP
E.DYB,O.HFP
O.DYB, E.DYB, O.SB,
O.HFP
lithic phases: E.DYB,
O.DYB, O.HFP; +nonsoil

O.DYB, E.DYB, O.HFP

(lithic phases): O.DYB,
E.DYB,O.HFP

23 O.DYB, E.DYB, O.HFP

O.DYB, O.SB,O.HFP,
O.FHP

E.DYB, O.HFP

lithic phases
O.DYB, lithic phases
CU.R/CU.HR,O.FHP,
SM.HFP, lithic phases
colluvial blanket; O.FHP

eolian veneer, lithic &
turbic phases
eolian veneer, morainal
blanket, OT.HFP, duric
tendencies, turbic phases,
nonsoil
eolian veneer, O.FHP,
SM.HFP, lithic and turbic
phases

eolian veneer, residual
veneer; SM.HFP, lithic &
turbic phases

eolian veneer

O.G, GL.DYB, GL.FHP eolian veneer, GL.HFP,O.HP

E.DYB,O.HFP
O.DYB, O.SB,O.HFP,
CU.HR

O.EB,GL.DYB
glaciofluvial; GL.DYB,
O.FHP,CU.R
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Table 52 Soil Subgroups Represented in GNP by
Ecosite (cont.)

Nordic

Redoubt

NCI
NC2
NC3
NC5

NC6

RD3

RD4

RD5

19 E.DYB, O.DYB
21 E.DYB, O.HFP
11 E.DYB,O.HFP
29 O.DYB, E.DYB, O.SB,

O.HFP
2 O.DYB, O.HFP

13 O.DYB>O.HFP

21 (lithic phases): O.DYB
O.HFP

8 O.DYB, O.R

Stoney SN1

Witch Tower WR1

2 O.R

10 O.G, GL.DYB, GL.FHP

O.HFP, lithic phase
lithic phases
O.DYB, lithic phases
CU.R,CU.HR,O.FHP,
SM.HFP, lithic phases
lithic phases, nonsoil

eolian veneer, colluvial
blanket, residual veneer,
O.SB, O.FHP, lithic & turbic
phases
coUuvial blanket, O.SB,
O.FHP, turbic phases,
nonsoil
colluvial blanket, residual
veneer, O.SB, O.HFP,
O.FHP, lithic & turbic
phases

CU.R

GL.HFP,O.HP

For a description of the soil symbols the reader is referred to the master legend which
is found in Volume I of the Ecological Land Classification of Glacier National Park
(Achuffrfa/. 1984). It is obvious from the above data (Table 41) that Chernozems
and Lu visols are absent from the park However, Humo-Ferric Podzol and Dystric
Brunisols are common, with the abundance of Eutric Brunisols, Ferro-Humic
Podzols, and Regosols being somewhat limited. The distribution of Ferro-Humic
Podzols is limited to glacial wetland and high elevations. Regosols appear
localized, in avalanche paths and neoglacial moraines (Anon. 1984).

It is also interesting to note that the soils found in the most abundant ecosites (AK5
-121 sites, HR5 -105 sites, BU2 - 71 sites, AK6 - 69 sites, JD2 - 66 sites, and HR6 - 56
sites) are Podzols and Brunisols. Regosols (Cumulic Humic Regosol, Orthic
Regosol) appear in a total of five ecosites (AB1, CM2, LR2, RD5, and SN1) and are
found in a total of 83 polygon locations within the park. Gleysols (Orthic Gleysol,
Rego Gleysol) appear in a total of six ecosites (CE1, CT6, GF1, GF2, LK1, and WR1).
These ecosite polygons appear in a total of only 39 locations throughout the park
Finally, Organic soils (Terric Fibrisol) are the least abundant in the park and are
limited to two ecosites, namely, CT6 (2 sites) andGFl(6 sites).
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In terms of area, 92,869 ha of the park consists of Podzols and Brunisols. Less
prevalent are the Gleysols, Regosols, and Rbrisols. Gleysols are found in 4,506 ha,
Regosols in 3,699 ha (not including moraine, talus, rock glacier, and colluvial rubble
deposits found in the park), and Fibrisols in 2,197 ha. These areas encompass the
ecosites within which more than one soil type can be found. The reader is referred
to the biophysical maps that come with a master legend found in the Ecological Land
Classification of Mount Revelstoke and Glacier National Park by Achuff et al. (1984) for
the distribution of these soil types.

The nonsoil and nonsoil/Regosolic soil areas within the park include glacier (GL -
nonsoil: 13,498 ha), rockland (R - nonsoiL 11,854 ha), moraine (M - nonsoil or
Regosolic soils: 7,120 ha), talus (T - nonsoil or Regosolic soils: 1,933 ha), colluvial
rubble (CR - nonsoil or Regosolic soils: 200 ha), and rock glacier (RG - nonsoil or
Regosolic soils: 97 ha).

RESOURCE ANALYSIS

The soils of Glacier National Park reflect a complexity that is mainly the result of the
interaction of climate, soil parent materials (surfitial materials), vegetation charac-
teristics, and a number of other environmental factors. It is now widely accepted
that a combination of various physiographic factors such as aspect, slope, and
elevation provide pedogenic conditions for specific soil Subgroups to develop
naturally. Of the five soil Orders that exist in Glacier National Park, the Brunisols
and Podzols occupy by far the most landscape (68%), followed by ecosites with
Regosols (10%), and those with Gleysols (3%). Sites with Fibrisols represent only2%
of the total area.

The ecosite concept used by fairly recent authors (Holland & Coen 1982, Tayor
et al. 1984) provides for an integration of landform, genetic material, texture,
calcareousness, associated bedrock, and vegetation. These are depicted in two
1:50,000 Ecological (Biophysical) Land Classification maps of Glacier National Park
with accompany Achuff et al.'s (1984) Ecological Land Classification - Volume I.

The combination of soil forming factors can present limitations on the production
of vegetative cover. For example, a significant presence of sand (60-90%) with a high
percentage of coarse fragments and low percentage (0-10%) of day in poorly
weathered parent material, in combination with high precipitation rates can cause
a high degree of eluviation, thereby stripping nutritional materials from a soil
(Taylor etal. 1984).
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Thepedolc^c^informationnowavanabletoparkmanagereissufficientlydetailed
to be developed into land use guidelines. The construction of such facilities as
hiking trails, horse trails, campgrounds, and picnic sites require careful thought and
planning, taking into consideration the specific characteristics of each soil type.
Regosols, for example, with their low organic content may be difficult if not
impossible to reclaim once damaged. Alpine soils are generally fragile due to their
thin organic layer and high silt content. The weather extremes found in alpine areas
would greatly inhibit reclamation efforts in a damaged area. Fibrisols (Organic
Order) are in many cases characterized by a high water table which may present
some difficulties if the development of facilities is to proceed on this type of soil. In
some cases, if drainage is improved, the exposed soil material oxidizes, is thus easily
compressed, and can even be succeptible to fire. Finally, other soils with a high silt
composition, if exposed, are highly erodable, especially in areas of great rainfall
(such as Glacier National Park).

With the full complement of sections made available in this Resource Description
and Analysis it should be possible for park managers to adopt a sound ecological
approach in effectively managing the park in such a way as to cause minimal and
acceptable alterations to the present state of the park.

In summary, the soil development of Glacier National Park is a reflection of the
climate, parent material (geology), vegetation, and other environmental factors
already discussed. Sound resource management will preserve the integrity of the
complex soils of the park. The complexity of the soils of Glacier National Park is
reflected in Table 52, where up to eight soils may be found on a particular ecosite.

MANAGEMENT CONCERNS

Several soil resource concerns can be identified, all of them relating directly to the
responsibility of the resource manager to protect and maintain the integrity of park
soils as much as is possible, especially in light of the inevitability of future
developments or improvements of such facilities as highways, railways, camp-
grounds, picnic sites, trails, etc.:

1. Firstly, the soils of Glacier National Park should be seen as a natural
resource worthy of protection to the same degree as the more popu-
lar wildlife and vegetation resources. With the new emphasis on
ecosystem management, a greater need exists for a more wholistic
approach. In the course of the management of Glacier National Park
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it should be remembered that even the seemingly unimportant com-
ponents of the ecosystem are interrelated to all other, more impor-
tant components.

2. The level of complexity of the soil research that has thus far been
conducted within Glacier National Park (Ecological Land Classifica-
tion (ELC) -1984) is sufficient for the purpose of completing the Park
Management Plan (PMP) or most other land use or land manage-
ment exercises. The level of detail supplied by the ELC (1:50,000) far
surpassed the detail required (1:250,(XX)) for the purpose of the PMP.
A soil survey such as the one completed for Yoho National Park
(Coen et al. 1977) at scale of 125,000 is not necessary for Glacier
National Park.

3. Documented soil rehabilitation or soil management techniques that
are practical for the Glacier National Park context are necessary for
the successful implementation of the management and protection of
park soils from major impacts and damage. They will provide direc-
tion to those individuals involved in development and rehabilitation
efforts within the park in the future.

4. Soil-specific guidelines are required that would enable resource
managers to recognize management limitations, and at the same
time provide indicators of overuse or misuse for each different soil
type found within Glacier National Park.

5. Finally, it is the responsibility of all park managers to demand a
detailed soil survey from any proponent of any projects or proposals
being considered within the boundaries of the park. An environ-
mental assessment conducted by the proponent would include a soil
survey that would provide more detail than that provided by the
ELC, for example.

STATUS OF KNOWLEDGE

The biophysical inventory has greatly increased the knowledge of park soils,
however, it is desirable to build upon this knowledge for a more comprehensive
understanding of soils and their ecological inter-relationships, especially in areas
identified as sensitive/significant or where developments are contemplated. The
latter could be a part of the Environmental Assessment and Review Process.
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VEGETATION RESOURCES
(Contributed by Mike Eder)

GENERAL OVERVIEW

In order to explain the present day vegetation, consideration must be given to the
climatic, edaphic, and dynamic relationships in a constantly changing environ-
ment. Vegetation responds and adapts to its changing environment. Phytogeog-
raphy studies this evolution of plant taxa. It centers on the origin, dispersal, and
migration of the various plant taxa. While it uses the changes in climate as
explanations of migration and dispersal, phytogeography is floristically oriented.
This applies well to vegetation analysis on a global scale, but other environmental
features must be considered when delineating vegetation regimes on a local
scale. Locally, vegetation units designate not just what grows there but also the
similar site conditions that produce the vegetation. Therefore, although vegetation
may be used to name each type of unit, the classification encompasses all elements
of the ecosystem.

On a global scale, development of present day vegetation relates back to the ancient
landmass of Gondwanaland as well as the climatic changes and the physiographic
development brought about through the ice ages. The continents developed by
changing position, configuration, size, and altitude. Tectonic plates colliding in the
earth's crust transformed the geography of the continents by creating mountains.
Climates changed with time and vegetation regimes advanced and receded in
response. Distinctions in the vegetation became evident as it evolved along
divergent routes in response to the localized environment. Vegetation in the North
temperate zone has common genera distinctly different from the South temperate
zone. As well, the tropical flora of the New World is floristically distinct from that
of the Old World. TheWorldiscommonlydividedintofourplantkingdoms. These
are: (1) boreal and north polar [North Temperate Zone]; (2) paleotropical [Old
World Tropics]; (3) neotropical [American Tropics]; and (4) southern oceanic and
subantarctic [South Temperate Zone] (Spur & Barnes 1980).

Walter (1973) divides the world into six distinct floristic realms roughly correspond-
ing with the kingdom categories. The additional two categories which Walter
describes recognize the distinct vegetation realms of Australia and South Africa.
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However, the North Temperate zone described by Barnes (1980) is identical to
Walter's Holarctic realm (Figure 117). North America and Greenland did not
separate from Eurasia until the Pleistocene epoch and therefore the florisric
differences are so small that the entire Northern hemisphere is classed in the
Holarctic realm. Walter further explains that the asymmetries of the Northern and
Southern hemispheres are due to ocean size, planetary winds, and climate. Figure
118 provides a diagram of the average continent and graphically displays how the
vegetation zones correspond latitudinally in the equatorial regions with climatic
latitudinal zones. Further north and south of the equator, the vegetation zones
become more complex. Cyclonic rains, and the influence of the oceanic climate are
noticeablefartherintothecontinent(Walter 1973). Thisshowsthatbroad vegetation
zones as well as localized zones are a function of the climate.

The zonal concept can be further subdivided on a continental context. Odum (1971)
first divides the Earth into major biomes which places Glacier National Park in a
northern coniferous forest/mountains interphase area (Figure 119). Thescaleof the
map permits only generalizations of vegetation. Evergreen forests dominated by
spruces, firs, and pines on predominantly podzolic soils typically characterize this
biome. The harsher, colder climate permits only a short growing season. While
generally categorized in the Northern Coniferous Forest Biome, the milder
dimatological characteristics of the moist temperate coniferous forest biome domi-
nate this area. The smaller annual temperature range, higher average temperatures
and a high orographically influenced precipitation level create forest stands of
cedar and hemlock. On a map showing the biomes of North America (Figure 120),
Odum (1971) defines a small area distinct from the coniferous forest biome in the
western interior of the continent and calls it the coastal-montane forest ecotone.
The park is located in the center of this ecotone.

A distinct mountain biome recognizes that elevation changes significantly influ-
ence the particular vegetationalbiome in the local area (Odum 1971, Walter 1973).
Major vegetational communities generally appear as irregular bands with either
nonexistant or very narrow transitional ecotones.

POST-GLACIAL VEGETATION

Canada has received periodic inundation by Quaternary and montane ice sheets.
It has resulted in the almost complete removal and destruction of the soft fossil
bearing sediments deposited during past interglacial periods (Ritchie 1987). The
following paragraphs provide a synopsis of Ritchie's (1987) Postglacial Vegetation of
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Figure 117 The Floristic Realms of the Earth

(after: Walter 1973)
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JV l̂ yiSSSSSS Hffl Warm-temperateraintorasts

Y////& Deciduous forests 1 Gold temperate forests

• Oceanic forests (area that c:::::a Semideserts with cushion
contains Queen Charlone's) tiliiia plants or steppes

HKnffl n fffff Subantarciic^^ Boteaj coniferous foresis [£22| ,ussoch gfassjand

^^3 Subarctic birch forests ] Inland Ice of the Antarctic

^?"̂ ?( Tundras

|£3£SJ Cold deserts

Figure 118 "Average Continent" Showing Vegetational
Zones, based on Relative Latitudinal and
Longitudinal Differences
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Canada relevant to the south Cordilleran ecoprovince in which Glacier National
Park is located. Centered around 18,000 years Before Present (BP), Canada was
covered by ice with the exception of some areas in the far northwest and high
mountain peaks. Rgure 121 shows the extent of the Glaciers in Canada. It was not
a single ice mass but rather a confluence of several glaciers. The Cordilleran Ice
sheet consisted of a complex of many intermontane, piedmont, and valley glaciers
that formed a "2 JOOO m thick mass in the central and southern interior of British Columbia
and its surface probably stood higher than the confining mountain ranges" (Prest 1984).

Canada has three mountain ranges which significantly influence their own ecosys-
tems as well as the macrodimate of the interior of Canada. The Appalachian
Mountains are situated in Eastern Canada and the Lmuitian Qrogen are in the high
arctic. The longest and highest mountain chain, the Cordilleran, runs the entire
length of the Pacific side of the country. The Pacific Ocean and the predominantly
westerly atmospheric circulation interact to produce a complex array of vegetation
types. The vast ranges of vegetation types makes the Pacific Cordilleran area one
of the most difficult to classify into historical climate or vegetation groupings. The
enormous topographical variations over short horizontal distances make for
diverse vegetation regimes. For example, the Cordilleran climate is influenced by
the orographic interactions of the Pacific westerlies with the mountain ridges, and
produces humid western flanks with dry lee side interior valleys. Continental
airstreams from the arctic and the southeastern Great Plains region provide further
variation in conditions.

Two ice-free areas outlined in Figure 121 may have harboured plant populations
which revegetated Canada following the glacial recession. The patterns of
deglatiation in southern British Columbia remain incompletely known (Ritchie
1987). As well, the paleobotany pertaining to Glacier National Park and its
Biogeodimatic zones remains sketchy. The problems with lack of radiocarbon
control, pollen identification, and a preoccupation of early research into bogs rather
than lakes renders much of the early information obsolete. Most of the information
concerning the south Cordilleran ecoprovince comes from northern Washington
state. Only two Canadian studies (Alley 1976 & Hazell 1979) come close to the
Glacier National Park area. Alley (1976) concentrates on the Kelowna bog site
(Figure 122) situated in the Pinus Ponderosa -bunchgrass zone (Krajina 1969) and is
the driest and warmest of the Pacific Cordilleran biodimates. The other study by
Hazell (1979) is not yet published and concentrates on the Dunbar valley in the
Rocky Mountain Trench. The following is quoted directly from Ritchie (1987):
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It is unfortunate that one of the most effective investigations of Southern
Cordilleran vegetation history has not yet been published. Hazell (1979)
reported the Holocene pollen and macrofossil record of two small lakes in
the Columbia - Kootenay Valley (Figure 122), along with a transect of
surface pollen samples. The sites lie in the Rocky Mountain Trench, in
Dunbar Valley, a tributary valley of the Columbia River. They are at
1,100m, in the bioclimatic zone represented by Cranbrook, with a mean
annual predpi-tation of 440 mm and mean July and January tempera-
tures of 20 degrees and -10 degrees Celsius , respectively. The great
topographic and elevational contrasts result in complex vegetational
patterns within the general interior Douglas-fir biogeodimatic zone
(Krajina 1969). Upper montane surfaces surrounding the sites are
covered by alpine tundra, beginning at 2,200 m, and a subalpine forest
ofPicea engelmannii and Abies lasiocarpa with Larix lyalliifrom 1250
to 2200 m. The sites are in the Pseudotsuga menziesii - Pinus albicaulis
zone with abundant Pinus contorta and Piceaglauca. Dunbar Valley is
in a transitional vegetational region - it lies south of the interior western
hemlock zone, whereas the northern limit of Pinus ponderosa lies to the
south.

Organic sedimentation began at the two sites about 10JOOO yr BP when
theColumbia-Kootenay Valleywas finallyfreeofglaciers. TheTwinlake
percentage diagram (Figurel23) illustrates the results. The lowest levels
havehigh Artimesia (40%) with Cupressaceae, Grammeae, Cyperaceae,
and Shepherdia canadensis. Artemisia decreases while Cupressaceae
reaches it maximum (35%) along with increases in Betula, Picea, and
Alnus. Pseudotsuga appears first in the record just below the Mazama
ash horizon (6,600 yr BP), increasing steadily to a presettlement maxi-
mum of 20 percent. Pinus values are hi$i throughout, with Diploxylon
values increasing steadily from 35 percent at the base to 50 percent at the
top while the converse trend is seen in the Haploxylon percentage. Abies
values vary only slightly throughout, between 3 and 10 percent. Tsuga
heterophylla appears about 4,000 yr BP and increases to its maximum
values (10%) at presettlement (Figure 123).

Hazell (1979) points out that ice remained in the valleys later than on the
uplands and, supported by his discovery of Pinus contorta macrofossils
in the local sediment, he suggests that the initial vegetation in the region
was a park tundra with P. contorta, Juniperus, Artemisia, Shepherdia,
Selaginella densa, and Grammeae. He speculates that "whitebark pine,
subalpine fir, and spruce may havebeen associated with lodgepole pine".
The early Holocene (10,000 to 5,000 yr BP) pollen record, confirmed by
macrofossils, is interpreted by Hazell (1979) as a trend toward closing of
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the vegetation, with abundant shrubs (Juniperus, Shepherdia, Salix,
Betula, Alnus) and Pinus contorta, and P. albicaulis on more sheltered
sites.

Closed - canopy forests ofPseudotsuga, Pinus contorta,Picea, and Betula
spread at about 7,500 yr BP signal the establishment of the modern,
presettlement vegetation, with "a gradual lowering of the elevational
limits and a retreat further to the south in the Columbia-Kootenay Valley
of the sage-and-grass dominated communities"' (Hazell 1979). Tsuga
heterophylla, which is absent or rare today in the Dunbar valley, became
common at least on the western slopes oftheadjacent (to thewest) Purcell
Mountains after its appearance at 4,000 yr BP.

In the case of the southern Cordillera, attempts to summarize the vegetational
history of these complex mountain regions would certainly oversimplify and only
the broadest outlines could be hypothesized since it would be all based solely on the
records from low elevation sites (up to 1,100 m). Ritchie (1987) states "the above
inconclusive record from the Interior Cordilleran region is partly the result of
palynological investigations in montane terrain, partly explained by the acute
problems of pollen identification among important conifers, and partly due to the
scarcity of small, closed - drainage lake basins." An adequate, tidy summary of the
vegetational history of the southern Cordilleran is not possible, due to the region
being extremely complex topographically, with a wide range of meso-dimatic
zones and partly because of inherent difficulties in the pollen record.

REGIONAL OVERVIEW

Early botanists describe the vegetation around Glacier as luxuriant vegetation of
cedar and hemlock that due to the undergrowth and deadfall is "well nigh
impenetrable" (Green 1890). Macoun (1922), the Naturalist to the Geologic Survey
of Canada describes in his autobiography, various trips to theGlacier NationalPark
area for plant collection. However, he does not supply a list of species collected.
Macoun also wrote an appendix of the local flora and fauna for A.O. Wheeler's "The
Selkirk Range" (1905). In this book, Macoun colourfully describes some of the
typical vegetation in the writing style of the time period. The intent was more likely
as general reading than as a scientific paper. The book also contains beautiful pencil
drawings of some local plants. Early attempts at classification of the vegetation in
the Selkirks always led to comparisons with the Rocky Mountain vegetation
regimes. Shaw was the first researcher to attempt explaining the distribution of
plant species rather than simply identifying alpine wildflowers. Shaw's notes,
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Figure 121 Postglacial Vegetation of Canada
(18,000 yrs. B.P.)

(after: Ritchie 1991)
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Figure 122 A Map of Western Canada and adjacent
United States showing the Location of
Fossil Research Sites
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Figure 123 Summary Percentage Pollen Diagrams for
the Sites indicated

(after: Ritchie 1991)
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published posthumously, describe three formations; forest, alpine grassland, and
the alpine desert. The subalpine and montane regions further delineate the forest
(Shaw 1916).

F.K. Butters spent a number of summers in the Glacier region researching the
vegetation. He postulated that the acidic soils of the Selkirks excluded most of the
vegetation taxa characteristic of the more calcareous soils of the Rockies (Butters
1914). Butters further commented on the limited number of taxa found in the area.
Histotalidentifiedspedesnumberedordy262,andheestmiatedmattheregionhad
less than 300 species (Butters 1932). Additional collections increased the total taxa
identified to 330 (Haber & Soper 1980). An intensive ecological classification for
Mount Revelstoke and Glacier National Parks defined a total of 533 taxa for the Park
(Achuff et al. 1984). A more thorough effort devoted to specialized habitats will
likely increase the species list.

Nationally, the Canadian Parks Service defines thirty-nine natural regions for
Canada. Natural Region 4, called the Columbia Mountains, corresponds to the
Columbia Forest Region as defined by Rowe (1972). Rowe categorizes eight Forest
Regions for Canada (Figure 124) which are further subdivided into Sections. Glacier
Park's vegetation coincides with the North Columbia Section. The following
description is quoted directly from Rowe (1972):

The primary mature forest types are dominated by western hemlockon
the best moist sites, and by western red cedar and interior Douglas-fir
on the wet and the dry positions, respectively. The latter species has
some distribution in most of the forest types, except those of the wettest
sites,for it commonlyplaysapioneerroleafterfire. Western whitepine,
though more important than in the previous Section (South Colum-
bia)^ nowhere abundant and disappears entirely in thenorthwestern
andnorthernparts;westernlarchandgrandfirarenotpresent. White
spruce, Engelmann spruce and their intermediate forms, plus alpine
fir, contribute increasingly to the forest composition at higher eleva-
tions. These species also accompany western red cedar on slope
"flushes", and grow with black cottonwood on lowland alluvium.

Also known as the Interior Wet Belt, this interior rain forest contains the greatest
diversity of coniferous tree species in Canada (Finkelstein 1990). Similar species to
those on the Pacific coast dominate the forest stands in this region. However, the
trees are smaller in size and volume as their coastal counterparts (Rowe 1972). The
interior wet belt is the second most productive forest zone in Canada (Meidinger
1991).
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CLIMAX AND SUCCESSION

The terms, succession, and climax, describe events in ecosystem development.
Vegetational classification systems must take into account all of the features
influencing the development of that environment. Odum (1971) best describes the
structural frame work that is the basis of all specific vegetation classification
systems such as employed by Krajina (1959), Utzig (1983), Achuff et a/.(1984), and
Meidinger et fl/.(1991). The following excerpt is quoted in full from Odum (1971):

Ecosystem development, or what is more often known as ecological
succession, may be defined in terms of the following three parameters:
( l ) I t i s an orderly process of community development that involves
changes in species structure and community processes with time: it is
reasonable, directional and therefore, predictable. (2) It results from
modification of the physical environment by the community: that is,
successioniscommunity-controlledeventhoughthephysicalenviron-
ment determines the pattern, the rate of change, and often sets limits
as to how far development can go. (3) It culminates in a stabilized
ecosystem in which maximum biomass (or high information content)
and symbiotic function between organisms as maintained per unit of
available energy flow. The whole sequence of communities that
replaces one another in a given area is called the sere: the relatively
transitory communities are variously called serai stages or pioneer
stages, while the terminal stabilized system is known as the climax.
Species replacement in the sere occurs because populations tend to
modify the physical environment, making conditions favorable for
other populations until an ecjui-librium between biotic and abiotic is
achieved.

Succession presumes that a community will regenerate itself to the climax stage
through an orderly, predictable sequence. However, the time between disturbances
and types of disturbances can have a marked effect on the succession procedure.
Achuff et al. (1984) utilised a Clementsian approach, which assumes, the orderly
predictable sequence of successional communities. A "climax"" vegetation regime
refers to a regime in dynamic equilibrium. Theoretically, the regime is self
perpetuating as a function of the physical environmental factors. Tree and shrub
species are present in all stages of growth from young seedlings to the mature
example of that species. A climax species, although subject to all of the factors
affecting it (i.e:. climate, soil, moisture, topography) may have one dominant feature
which overwhelms the others and in turn produces the climax vegetation. A
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climatic climax for the area may be subject to an edaphic climax in which the
developed soil features limit the vegetation types able to survive on the site. As
mentioned earlier, Butters (1914) noted that the Rocky Mountain vegetation types
were absent on the more acidic soils present in Glacier National Park.

Succession is also divided into two parts. Primary succession begins with a bare
substrate such as rock and has no previous vegetation. Examples include fluvial or
morainal materials. Primary succession must develop some of the characteristics
needed for vegetation such as soil material. Therefore primary succession can take
many thousands of years to reach climax.

Secondary succession occurs where vegetation already existed on site and a large
disturbance has altered the vegetation. The site begins to grow vegetation once
again. Secondary succession may take <500 years. While both types of succession
occur in the park, secondary succession is most prevalent. Factors which may
initiate secondary succession include fire, insect infestations, and avalanches. The
site must not necessarily go through all stages of succession. For example, in the
upper subalpine, the temperatures and environmental characteristics exclude serai
species, and climax species may occupy the sites immediately after disturbance
(Achu&etal. 1984). Depending on the parameters of tolerance for a particular plant,
different plant communities can establish on the same site. The plants vary
according to the site, disturbance, chance, and time (Meidinger 1991).

The Biogeodimatic Ecosystem land classification system is the predominant
vegetational classification system used in the province of British Columbia. Krajina
(1959) first initiated this system by identifying twelve zones for the province.
Krajina's (1959) zones which best identify the vegetation characteristics in the park
are:

(1) Interior Western hemlock zone;

(2) Subalpine Engelmann spruce - Subalpine fir zone; and

(3) Alpine tundra zone.

Glacier National Park can be categorized into the wet and moist subzones of these
biogeodimatic zones due to the precipitation levels and the absence of Larix
occidental™ as a pioneer species. After adaption by the British Columbia Ministry of
Forests, the Biogeodimatic zones have been refined. The main zone occurring in
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Glacier National Park is now defined as the Interior cedar-hemlock zone (ICH) to
better reflect areas which climax in the western redcedar but which lack hemlock
(Meidinger 1991). Figure 125 shows the park's location within the Nelson Forest
Region (Ministry of Forests classification) and the provincial Biogeodimatic zones
for the Region. Figure 126 shows the climatic divisions in the Nelson Forest Region
and explains the naming and coding of Interior Biogeodimatic zones. Figure 127
shows the vegetation according to applicable climatic regions.

Eleven subzones occur in the ICH with western red cedar, western hemlock or both
as major components of the mature forest. Figure 128 highlights the vegetation
percentages and the subzones applicable to Glader NationalPark and its surround-
ing area. The temperature averages below 0 degrees Celsius for 2-5 months and
above 10 degrees Celsius for 3-5 months of the year. The mean annual precipitation
ranges from 500 mm -1200 mm, of which 25-50% falls as snow.

Throughout the ICH, tree spedes of successional stages and edaphic climaxes vary
with geographic location. Engelmann spruce, white spruce, spruce hybrids,
subalpine fir, and black cottonwood are often edaphic climax spedes in the moist
to wet ecosystems. The primary subzones applicable to the Park are moist and wet
subzones. Above the ICH lies the Engelmann spruce - Subalpine fir (ESSF) zone.

The ESSF is the uppermost forested zone in southern British Columbia and occurs
predominantly in mountainous terrain which is often steep and rugged (Meidinger
1991). It has continuous forests at lower and middle elevations and becomes
subalpine parkland at its upper elevations. Subalpine grasslands occur on drier,
steep, south-facing slopes in areas of base-rich bedrock in the southern parts of the
ESSF. Mean monthly temperatures are below 0 degrees Celsius for 5-7 months, and
above 10 degrees Celsius for 0 to 2 months. Mean annual precipitation is highly
variable but 50 -70% falls as snow.

Avalanche tracks commonly occur in high snowfall areas such as Glader National
Park and are occupied by tall shrubs and herbaceous spedes. Figure 129 compares
the various vegetation cover percentages applicable to the subzones in the ESSF.
Achuff et al. (1984) further subdivided the ESSF into lower and upper subalpine.

The alpine tundra (AT) zone occurs in high elevations above the ESSF. The mean
annual temperature ranges from -4 to 0 degrees Celsius and the average tempera-
ture remains below 0 degrees Celsius for 7-11 months. Frost may occur at any time
and the mean temperature of the warmest month is below 10 degrees Celsius.
Snowfall accounts for 70-80% of the precipitation in this zone. While by definition
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Figure 125 Glacier National Park in Relation to the
Nelson Forest Region/Biogeoclimatic Zones
of the Nelson Forest Region

(after: Anon. 1992)
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SUBZONE ICHw ICHdw ICHmk ICHmw ESSFwm ESSFw

TKEES Pinus pondfroia. \ — i n

Pseudotsur* menuesti r—-^ i 1 r— i CD
TtruJA plic&t* r— i i 1 i — i i 1

Ttug* heterophytla cm r— -n <__:.:_.'
BetuU pApynffru a i — i

Pinus contort* a a r— —i
Larix oceidentatu CD cm a

Abies lasiocarpa i 1 L-"".;J i ••--- 1
Pice*, giauca x engebnannii cm a

Pice* engthnannii i • -•• :i r— — ]

SHRUBS Philadelphia tewiui CD
Symphoricarpui attna cm

Coryku cornuta CD ' J

Accrrla&rum r~ i
Ameianchier alni fit turn Q a

Mahonia aquifrtium CD a
Rosa gmnocarpa CD CD

Paxistim* myrtinitet i — t i — -i cm a
V^unnittm m/m^r*«*ro<»i o o a t — i i i

Lonicert uuhensis o a cm a
Rhododendron tlbiflorum cm i i

Ribet uuustre CD CD
Menziaia ferruginet \ — i

HERBS Disponan spp. CD
Aralia nuMcaulis a o

Chimaphieo. umbetiata a cm CD o
Linnaea borealis o r— i r— i a

Ciintonia uniflora CD cm CD CD CD
Rubus pedatw a a n i — i

Ti&rella trifiliata var. unifoUat* CD cm i 1
Gymnocarpium dryopteris r— — i r— — i

Vfc£rw»rf sitcaensis r—t
Arnica latifalia cm CD

MOSSES & Plfurozium schreberi Q r— — i r— i

LIVERWORTS %^™"*"« a e=, t= o
Afnium spp. C3 i — i

Barbilophozia tycopodiotaes a CD

ppnderosa pine
Douglas-fir
western red cedar
western hemlock
paocr birch
lodge pole pine
western larch
subalpinc fir
hybrid white spruce
Engelmann spruce

mock-range
common snowbcrry
beaked hazclnu
Douglas maple
saskatoon
tall Oregon-grape
baldhip rose
falsebox
black hucklebcrrv
Utah honeysuckle
white-flowered rhododendron
black gooseberry
false azalea

fairybells
wild sarsaparilla
prince's pine
twinflowcr
queen's cup
five-leaved bramble
one-leaved foamflowcr
oak fern
Sitka valerian
mountain arnica

red-stemmed fcathcrnoss
pi peel cane r moss
leafy mosses
common leafy liverwort

Approximate Cover Classes: a < m

SUBZONE ICHwk ICHvk ESSFwc ESSFvc

TREES Tsuga heterophylla i 1
Thuja pticata i 1

Abies lasiocarpa
Pice a engelmannii
Tsuga mertensiana

SHRUBS Paxistima myrsinites a
Lonicera utahensis a

Vacdnium ovalifolium a
Vaccinium membranaceum

Oplapanax horridus a
JRibes lacustre

Rhododendron albiflorum
Menaesia ferruginea a

HERBS Ciintonia uniflora en
Tiaretla trijoliata var. unijoliata i — i

Gymnocarpium dryopteris i — i
Dryopteris expansa o

Athyrium filix-femina Q
Rubus pedatus CD

Arnica latifolia
Valeriana sitcnensis

i i western hemlock
i i western redcedar

r11 i i 1 subalpinc fir
i — i i 1 i i Engelmann spruce

i — i mountain hemlock

falsebox
ej Utah honeysuckle

ei a cm oval-leaved blueberry
CD i— — i i 1 black huckleberry
i i devil's club

a black gooseberry
i i i 1 white-flowered rhododendron

o i — i false azalea

CD CD queen's cup
i 1 i 1 CD one-leavedfoamflower
i i r- — i i — i oak fern
i 1 CD spiny wood fern
i i CD lady fern
i — i i — i i — i five-leaved bramble

n mountain arnica
en i 1 Sitka valerian

MOSSES & Pleurozium schreheri

Mnium spp.
Barbilaphozia lycopodioidts

cn red-stemmed feathernoss
CD pipecleancr moss

leafy mosses
CD common leafy liverwort
a

Approximate Cover Classes: cum

Figure 127 Zonal Vegetation for Subzones in the wet
Climatic Region (west of Beaver River)
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Biogeoclimatic Units ICH ICH ICH ICH 1CH ICH ICH ICH 1CH ICH
Zone xw dw dk mm mw mk me wk vk vc

Scientific Name Mean cover class
Physocarpus malvaceus CD

Corylus comuta CD
Philadelphia lewisii a

Symphoricarpos albus i — i a
Acer glabrum i — i CD D

Betula papyrifcra CD i i
Pinus monticola CD

Mahonia aquifolium CD CD
Lonicera utahensis D O a
Rubus parviflorus a o CD a CD
Comus stolonifera D

Lonicera involucrata a
Paxistima myrsinites \ — i i i i — i i 1

Pseudotsuga menziesii i 1 CTD CZZD en i 1 crr^
Pinus contorta a CD CD i — i
Thujaplicata \ 1 i — i CD i 1 i 1 i 1 i 1 i i i i

Tsuga hettrophylla CTD i 1 i 1 i 1 i 1 i i c^ i i
/'«•«* glauca x engelmannii * 1 i 1 CD i 1 i — i CD

Abies lasiocarpa \ 1 i 1 i 1 CTD i — i a i 1
Comus canadeniis \ — i i — i CD CTD i 1 CD i — i
Clintonia uniflora C D C D C D C D C D C D C D C D C D C D

Vaccinium mcmbranaccum a CD CD a a CD CD a CD
Linnaea borealis CD cm CD a CD CD CD n

Plfurozium schreberi i 1 i i i 1 i 1 c — i i 1 i 1
Ptilium crista-castrensis \ i i 1 a i — i i 1 i — i i i
Hylocomium splendens i — i i i i 1 CD i 1 i i i 1

Goodyera repens a
Maianthemum canaaense a

Picea sitchtnsis x glauca (= P. x lutzii) CD i — i
Oplopanax horridus a a CD i 1 i 1

Mniumspp. n f==l CD
Gymnocarpium dryopteris CD i 1 i 1 CZTD

Streptopus roseus a D D i — i i— i n
Dryopteris expansa D a CD

Athyrium filix-femina D i 1
Asarum caudatum a

Vaccinium alaskaense en

Common Name
mallow ninebark
breaked hazelnut
mock-orange
common snowberry
Douglas maple
paper birch
western white pine
tall Oregon-grape
Utah honeysuckle
thimbleberry
red-osier dogwood
black twinberry
falsebox
Douglas-fir
lodgepole pine
western redcedar
western hemlock
hybrid white spruce
subalpine fir
bunchberry
queen's cup
black huckleberry
twinflower
red-stemmed feathermoss
knight's plume
step moss
dwarf rattlesnake orchid
wild lily-of-the-valley
Roche spruce
devil's club
leafy mosses
oak fern
rosy twistedstalk
spiny wood fern
lady fern
wild ginger
Alaskan blueberry

Legend: Mean percent cover n .1 - CD 2-5 I 1 6 - 10 11-25 I 26-99

Figure 128 Zonal Variation of Subzones of the Interior Cedar-Hemlock Zone
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Biogeoclimatic Units ESSF ESSF
Zone xc dc

Scientific Name
Vaccinium scoparium i i i i

Pinus contorta CZD
Thalictrum occidentale i — i

Cladonia spp. CD a
Arnica cordifolia

Barbilophozia floerkci
Ptilium crista-castrensis

Arnica latifolia CD CZD
Lonicera utahensis i — i

Abies lasiocarpa i \ i i
Pica engelmannii i 1 i 1

Vaccinium membranaceum CD CZD
Rubuspedatus i 1 CD

Rhododendron-albiflonan i i
Barbilophozia lycopodioides CD

Camus canadensis
Menziesiaferruginea

Abies amabilis
Clintonia uniflora

Mnium spp.
Tiarelta unifouata

Valeriana sitchensis
Gymnocarpium dryopteris

Verotrum viride
Streptopus amplexifolius

Streptopus roseus
Tsuga mertensiana

Vaccinium ovalifolium
Mitella Breweri

Dryopteris expansa
Sorbut sitchensis

Senecio triangularis

ESSF ESSF ESSF ESSF ESSF ESSF
dv mw mv mm dk mk

Mean cover class
a CD

izn CD CD

D CD

CD CD

CD
1 1 1 1

CD

CZD
r- 1 i 1 [— — , i , | 1 | 1
i - " i i i i ' i i i i
1 1 1 1 CZD CD CD CZZ!

CZD CZD CZD CZD

1 1 1 1 1 1 1 1

CD CZD CZD

CD CTD CD

1 1 1 1 CD

1 1 1 1

D CD

D D

CD

CD CZD

CD CD

CD CD

CD

CZD

1 1

CD CZD

CD

0

CD

ESSF ESSF ESSF ESSF ESSF
me wv wrn wk we

a
CD

a

CD 1 1

CZD CD

CD a
i i i i i i i i i i
CZD CD 1 1 1 1 1 1

CZZD 1 1 1 1 CZD 1 1

CZD 1 1 CZD CZ3 CZD

CZD CZD 1 1

r 1 CZD CZD CZD
CD CZ3 CZD

CZ) CZTZl 1 1

CZD D CD

CZD CD CD CZD CZD

CZD CD CZD

CD CD CZD
CZD i .~ j i ] r i

a CD CD
CZD D CD CZD

CD CD

CZD

CZD CD CD

D

CD D

CD CD

ESSF ESSF
vc w

CD CZD

CD CD
1 1 1 1

1 1 1 1
I 1 1 1

1 1
1 1 1 1
CZD

CZZD

CD

CZD

CZD CD

CZD 1 1

a CD
CD

CD CZD

i 1

C=3

CD CD

CZD

CD

CD

Common Name
grouseberry
lodgepole pine
western mcadowrue

heart-leaved arnica
mountain leafy liverwort
knight's plume
mountain arnica
Utah honeysuckle
subalpine fir
Engelmann spruce
black huckleberry
five-leaved bramble
white-flowered rhododendron
common leafy liverwort
bunch berry
false azalea
amabilis fir
queen's cup
leafy mosses
one-leaved foamflower
Sitka valerian
oak fern
Indian hellebore
clasping twistedstalk
rosy twistedstalk
mountain hemlock
oval-leaved blueberry
Brewer's mitrewort
spiny wood fern
Sitka mountain-ash
arrow-leaved groundsel

Legend: Mean percent cover r 1 26-99

Figure 129 Zonal Vegetation of Forested Subzones of the
Engelmann Spruce - Subalpine Fir Zone



treeless, several tree species will occur at lower elevations in a Krurranholtz form.
The primary vegetation is composed of shrubs, herbs, bryophytes, and lichens. The
physical enviroim\entdictatesmevegetationinthealpmeb^
Plants are typically small and dose to the ground. Major environmental factors
include topographic exposure, wind, solar radiation, soil temperature, snow
distribution and meltwater. Three major divisions exist in the AT for British
Columbia:

(1) Maritime or Coastal

(2) Northern Interior (roughly north of 56 degrees latitude)

(3) Southern Interior

These regions could feasibly be further subdivided along climatic and elevational
gradients butno onehas yetmade ecological sense of theresulringmatrix of possible
subzones (Meidinger 1991).

An Ecological Land Classification was conducted and published by Achuff et al.
(1984) for Mount Revelstoke and Glacier National Parks. The system utilizes
existing landform and soil classifications combined with a vegetation classification
system developed by the authors. The ecoregions proposed by Achuff et al. (1984)
conceptually coincide with the biogeodimatic zones defined by Krajina (1965) and
Utzig et al. (1983). Figure 130 shows the ecoregions of Glacier National Park. The
following descriptions are excerpted from the Ecological Land Classification.

Interior Cedar-Hemlock Ecoregion (ICH)

ThelCHecoregion'sdominantvegetationismatofTTzw^^^
It occurs from the lowest elevations in Glacier National Park to 1450 m. The upper
boundary varies slightly by aspect with higher boundaries on warmer southerly
and westerly aspects. East of the Beaver River, the climate becomes drier, restricting
the Thuja plicata and Oplopanax horridum to wetter sites. As well, Pinus contorta
appears in the vegetationregimeeastof the Beaver river. ThelCHwestof the Beaver
river corresponds to the wet ICH subzones of the British Columbia Ministry of
Forests Biogeodimatic Ecosystem dassification system.

Engelmann Spruce - Subalpine Fir Ecoregion (ESSF)

Closed forests of predominantly Picea engelmannii and Abies lasiocarpa make up the
lower subalpine. Codominant spedes indude Tsuga mertensiana, and Tsuga
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Alpine (predominantly unvogetated)

Engelmann Spruce - Subalpine Fir

Interior Cedar - Hemlock

Figure 130 Ecoregions of Glacier National Park

(afterAchuffefa/. 1984)
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heterophylla on the lowest portion. The lower subalpine ranges from 1450 m to 2000
m. This again fluctuates depending on the aspect. East of the Beaver river, the drier
climate is reflected in the vegetation with the addition of Pinus contorta and the
notableabsenceof Tsuga mertensiana. Thiscorresponds withthemoistbiogeodimatic
zones while west of the Beaver River can be classed in the wet biogeodimatic zones.
The elevation range of the upper subalpine runs from 2000 m to 2300 m with the
boundary again fluctuating due to colder or warmer aspects. Open forests ofPicea
engelmannii and Abies lasiocarpa predominate, but dosed forests occasionally occur.
While the area east of the Beaver River is drier, the effects are not as apparent in the
upper subalpine as in the other ecoregions.

Alpine Ecoregion (AT)

The treeless alpine ecoregion begins around 2300 m. Microclimatic variations show
marked changes in the vegetation mosaic. Factors which affect these changes
indude aspect, wind exposure, time of snow melt, soil moisture, and snow depth.
This ecoregion corresponds to the wet and moist Alpine Tundra zones of the
Ministry of Forests biogeoclimatic ecosystem classification system.

LOCAL VEGETATION TYPES

The Ecological Land Classification arranges the various vegetation types into five
physiognomic categories. The vegetation types' names and symbols correspond to
a system common among the national parks in Western Region. Table 53 shows the
characteristics of the vegetation types for easy comparison. The vegetation types
defined for Glacier National Park are organized according to the physiognomic
types. The physiognomic types are:

• Closed forest vegetation

• Open forest vegetation

• Shrub vegetation

• Low shrub vegetation

• Herb-dwarf shrub vegetation
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Table 53 Vegetation Type Description for Glacier National Park

(afterAchuffefa/. 1984)

VBC.
TYPE

C14

C21

C25

C28

C44

C47

C48

C49

C50

C51

C52

C53

09

010

Oil

015

020

SOIL MOIST. LOCA-
RBGIME TION

Mesic L ESSF

Mesic L-U
ESSF/
ICH

Mesic L ESSF

Subhygric ICH

Mesic/ ICH
subhygric

Mesic/ L ESSF
subhygric

Mesic L ESSF

Mesic ICH/
LESSF

Mesic ICH

Subhygric ICH

Mesic ICH

Mesic ICH

Mesic/ U ESSF
subhygric

Mesic U ESSF

Subhygric/ICH
subhydric

ICH

Mesic U ESSF

ELEVATION

1650-1800

1370-2070

1490-1750

800-1100

830-1040

1200-2000

1550-1780

870-2140

990-1450

670-1420

660-1530

980-1440

1950-2000

2040-2250

1150-1200

670-910

1900-2100

ASPECT

N+Easterly

Variable

S+E

Variable

Variable

Easterly

Variable

Various

Various

Southerly

Southerly/
wester

Various

S+E

Various

Various

SLOPES

Mod-steep

Mod -steep

Mod-steep

Variably

Mod-
very steep

Steep

Mod-
very steep

Moderate

Moderate

Mod-steep

Mod

Various

Moderate

Near level

Various

Sou

Eutric+Dystric
Brunisols

Brunosolic
PodzoUcs

Regosolics
gleysolics

Eutric Brunisols

Dystric Brunisols
Podzolic

Dystric Brunisols
Humo-Ferric
Podzols

Dystric Brunisols
Orhic Humo-Ferric
Podzols

Dystric Brunisol
Othic Humo-Ferric
Podzols

Brunisolics
gleyed often

Dystric Brunisols

Dystric Brunosols

Brunisolics often
w/gleying

Dystric Brunisols

Gleysolics
Regosolics

Dystric Brunisol
Humo-Ferric
Podzol

DRAINAGE

Well-to mod
well drained

Well-
imperfectly

Imperfect/ poorly

Well/mod well

Well-mod well

Well drained

Imperfectly
mod-well drained

Well-rapidly
drained

Well drained

Well-poorly
seepage often
present

Well drained

Poorly

LANDFORM

Morainal+
colluvial

Morainal
colluvial

Nearly level
fluvial

Fluvial
morainal

Morainal
colluvial

Colluvial
morainal

Morainal
colluvial

Morainal
colluvial

Fluvial

Colluvial
morainal

Fluvial
morainal

Morainal
fluvial

Colluvial
morainal

Fluvial

Morainal
colluvial

SUCCESSION

Mature

Mature

Mature

Intermediate

STAND ACE

17S400

160->300

100>300

<100

Intermediate 85-150

Mature

Unclear
advanced-
mature

Advanced-
mature

Mature

Mature

Advanced
to mature

120->400

120-240

100->300

90->400

130->300

90-300

Intermediate 80- 100

Mature

Mature

Mature

Mature

100-300

200-400

100-275

125->200

DISTINGUISHING FBATUUS

Dominance of Mtnziesia glabella
difference to other V+S

Rhododendron Albiflontm*
Vaccinium membmmceum dominant

Dominance of Alnus crispa

Periodic disturbance by flooding
Dominance-Popu/us balsamitera

Mixed wood forest. Succession to
climax Picea community

Tsuga mertensiana + Abies lasiocarpas
dominance integrades to C 48

Picea oigef mannii-Seral

Both Tsuga & Paeudotsuga
menztessi-occurring

Tsuga h + Thuja p. deminant
intergrades w/C 51

Integrades w/C 52

Seral-Fseudoteuga M/P. monticota
Picea ensanannn Pachystina
myratnacs-dominatea

SuccedtoC52

No Rhododendron albiflorwn of
Vaccinhtm nembnruceum

Drier than 09 Intergrades w/020

Open forest + dominance of Ledum
groenlandicum

Beaver valley

Lower Beaver R.

Lower
Clachnacudainn Cr.



Table 53 Vegetation Type Description for Glacier National Park (cont.)

021

022

023

S2

S13

S14

S15

S17

L5

HI

H2

H8

Hll

H12

H16

HIS

H21

Mesic

Mesic

Subxenc

Mesic

Mesic/
subhygric

Mesic

LESSF

UESSF

ICH

LESSF/
UESSF

ICH/
LESSF

UESSF/
LESSF

Subhygric/ LESSF
subhydric

Hydric/
subdydric

Mesic

Mesic/
subxeric

Mesic/
subhygric

Subxeric/
subhygric

Subhydric/
hydnc

Subxeric/
xeric

Mesic/
Subhygric

Mesic

ICH

UESSF/
Alpine

Alpine

UESSF/
Alpine

LESSF

ICH

Alpine

UESSF

UESSF/
Alpine

1800-2000

1950-2150

970

1580-1960

1040-1860

1700-2170

1810-1890

650-870

2040-2500

2300-2650

2100-2400

1500-1680

850-1330

2400-2600

1970-2200

2220-2640

LESSF/ 1390-2380
UESSF
partly into
FCH +
Alpine

Southerly

W+S

N

Easterly

S+W

Various

E

S+W

Southerly

Variable

Various

R

Various

S+W

S+W

Southerly

Mod-steep

Moderate

Gently

Steep

Steep- mod

Steep-
very steep

Gentle

Gentle to
steep

Various

Variable

Gentle-level

near level

Various
ridge
crests

Mod-steep

Variable

Mod-steep

Orthic Ferrc-
-HumicPodzols
Dystric Brunisols

Dystric Brunisols

Orthic Regosol

Dystric Brunisols
Regosols

Brunisolics
Regosolics
PodzoUcs

Dystric Brunisols

Regosolic

Regosolics

Dystric Brunisol
Orthic Humo-Ferric
Podzols

Regosolics
Brunisolics

Dystric Brunisols
Regosolics

Orthic Regosols

Rego Gleysols
Organics

Orthic Regosols
nonsoilon
Miscellaneous
landscapes
rocklandor
colluvial rubble
or talus

Dystric Brunisols
Orthic-Humo Terric
Podzols

Dystric Brunisols
Podzolics

Well

Well

Rapidly drained

Well-mod well

Well

Poorly

Very poorly

Well

Mod-well

Rapidly-to
imperfectly

Poorly-very
poorly

Well to mod

Well drained

Morainal
colluvial

Colluvial
morainal

Fluvial

Colluvial
morainal

Colluvial
fluvial

Colluvial

Fluvial

Level or
depressional
fluvial

Morainal
colluvial
eolian
venners

Colluvial
morainal

Morainal
colluvial-
fluvial veneer

Fluvial

Fluvial

Colluvial
morainal

Morainal
colluvial

Mature 75-325

Mature 165-325

Early 30
succession

Mature

Mature

Mature

Mature

Mature

Mature

Primary-early
stages

Mature

Mature

Mature

Mature

Mature

Lower cover values for Rhododendron
alb. + open forest

Presence Pmus albicaulis

Mainted by periodic Ar. charactrisucs
of early successim domicance of
abies lasiwear

Dominanca Alnus crispa

Dominated Tsuga m. + Salix
intergrades w/S14 S13 S2

Wet conditions snow av. run-out zones
Salix dominant

Early stage of primary succession
periodic Hooding + high water table

Cassiope mertensitma dominant

Dominance of caret nigricans

Occurs on recently deposited fluvial ma-
terials dominance of Dryas drummondii

Dominance of Car ex aquatilis/
Carer rostrata

Early stage of primary succession

Valeriana sitchensis dominance

Dominance of Antennaria lanata
intergrades W/L 5

Western GMP maintained by avalanches

Confluence
Stony Qeek
& Beaver R.

Snow avalached
higher than 513

Snow avalanche

Snow avalanche

Often in bottom of
cirques

Along Beaver R. &
niecillewaet River

Stands on
colluvium/are
typically snow
avalanched

Ridges above Grizzly
Cr. between Dawn &
Dauntless Mtns. Soli-
- flucnon is common.

Upper Beaver
Vaiey

Gradual peat
accumulation

Sparsely covered
with total cover
< 20% very low
plant cover

Snow avalanched
seasonal see page

Mostly E of
Beaver River

Snow avalanched
slopes



CLOSED FOREST VEGETATION TYPES

C14

Picea engelmannii-Abies lasiocarpalMenziesiiglabella/Vaccinium scoparium
(Engelmann spruce - subalpine fir/false azalea)

This forest stand occurs, on moderate to steep mostly northerly and easterly aspects
on mesic lower subalpine sites. Elevation ranges from 1650 -1800 m. Soils are
moderately to well-drained Eutric and Dystric Brunisols on morainal and collu vial
landforms. The stands are mature successionally with ages ranging from 175 to 400
years.

C21

Picea engelmannii-Abies lasiocarpa/Vaccinium
membranaceum/Barbilophozialycopodiaides
(Engelmann spruce-subalpine fir/tall bilberry/liverwort)

This vegetation type occurs on mesic lower subalpine to upper subalpine sites
throughout the park at around 1370-2070 m. A few stands also occur in the ICH
ecoregion. Slopesaremoderatetosteeponvariousaspects. Thestandissuccessionally
mature with ages from 160 to over 300 years old.

C25

Picea engelmannii -Abies lasiocarpa/Alnus crispa/
Vaccinium membranceum/Dryopteris assimilis
(Engelmann spruce - subalpine fir/green alder)

C25 occurs on mesic lower subalpine sites at an elevation range between 1490-1750
m. Slopes are moderate to steep and located on southerly and easterly aspects. Soils
arewell/tomiperfec^y^ainedBrunisoUcsandPcKizoU^onmoramalandcoUuvial
landforms. Stands are successionally mature (100 - >300 years) and the dominance
of green alder in the shrub layer distinguishes C25 from other types.
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C28

Populus balsamifera/Equisetum pratense
(balsam poplar/horsetail)

Subhygric ICH sites in the Beaver Valley are the only places where this stand can be
found. The elevation range is from 800- 1100 m. Soils are imperfectly to poorly-
drained Regosolics and Gleysolics on nearly level fluvial landforms. This stand is
intermediate successionally with ages < 100 years. It occurs on sites which are
periodically disturbed by flooding.

C44

Pkea spp. - Populus tremuloides - Pinus contorta - (Betula papyrifera)/ Shepherdia
canadensis/ Calanwgrostis rubescens
(spruce-aspen-lodgepole pine-(paper birch)/buffaloberry/pine grass)

C44 occurs on mesic to subhygric ICH sites (830 -1040 m) mainly along the lower
Beaver River. Slopes and aspects vary widely and soils are well- to moderately well-
drained Eutric Brunisols on fluvial and morainal landforms. This mixedwood
forest is intermediate successionally with stand ages mostly 85-150 years. It is
distinguished mixed tree composition and regeneration of Picea spp. suggests a
climax community dominated by spruce.

C47

Tsuga mertensiana-Abiesksiocarpal Rhododendron attriflorum-Vaccinium membranaceum/
Rubus pedatus
(Mountain hemlock-subalpine fir/rhododendron-tall bilberry)

This vegetation type occurs on mesic to subhygric, mostly lower subalpine sites
throughout the park. Slopes are moderate to steep, and the vegetation is found on
various aspects. Soils are well to moderately well-drained Dystric Brunisols and
Podzols onmorainal and colluvial landforms. Itis successionally mature with stand
ages of 120 - 400 years.
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C48

Picea engelnwnnii - Tsuga mertensiana/Rhododendron aMflorum-Vaccinium
membranaceum/Clintonia uniflora
(Engelmann spruce - mountain hemlock/rhcxiodendron - tall bilberry)

This type occurs on mesic, lower subalpine sites around 1550-1780 m. It occurs on
steep, easterly aspect slopes. Soils are well-drained Dystric Brunisols and Hurno-
Ferric Podzols on colluvial and morainal landforms. It is not certain as to what
successional stage this vegetation type is in, but the stand ages range from 120-140
years.

C49

Tsuga mertensiana - Pseudotsuga menziesii - Abies lasiocarpa - Picea engelmmniij
Rhododendron albiflorum - Vaccinium membranacewn
(Mountain hemlock - Douglas fir - subalpine fir - Engelmann spruce/rhododen-
dron - tall bilberry)

This vegetation type occurs on mesic ICH to lower subalpine sites between 870 -
2140 m. It occurs on moderate to very steep slopes on various aspects. Soils are
Dystric Brunisols to Orthic Humo-Ferric Podzols on morainal and colluvial
landforms. This vegetation type is in the advanced to mature successional stage and
is 100 to over 300 years old.

C50

Tsuga heterophylla - Thuja plicata/Taxus brevifolia/Gymnocarpium dryopteris
(Western hemlock - western redcedar/western yew/oak fern)

This vegetation type occurs on mesic ICH sites between 990 -1450 m. It occurs on
moderate slopes and various aspects throughout the park Soils are well-drained
Dystric Brunisols and Orthic Humo-Ferric Podzols developed on morainal and
colluvial landforms. It is successionally mature with stand ages of 90 to over 400
years.
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C51

Thuja plicata - Tsuga heterophylla/Oplopanax horridum/Gymnocarpium dryopteris
(Western redcedar - western hemlock/devil's club/oak fern)

This vegetation type occurs on subhygric ICH sites at 670 -1420 m. It occurs on
moderate slopes and various aspects. Soils are imperfectly to moderately well-
drained Brunisols which are frequently gleyed. They have developed mostly on
fluvial landforms. It is mature successionally with stand ages of 130 to more than
300 years.

C52

Tsuga heterophylla - Thuja plicata - (Pseudotsuga menziesii)/Pachystirna myrsinites
(Western hemlock - western red cedar - (Douglas fir)/mountain lover)

This vegetation type occurs on mesic ICH sites in the 660 -1530 m range. It occurs
on moderate to steep, southerly aspects on slopes with well to rapidly-drained
Dystric Brunisols on colluvial and morainal landforms. C52 is advanced to mature
successionally with stand ages ranging from 90 to 300 years.

C53

Pseudotsuga menziesii - Thuja plicata/Pachystinw myrsinites
(Douglas fir - western red cedar/mountain lover)

C53 occurs on mesic sites in the ICH ecoregion in the 980 -1440 m range. It occurs
in moderate slopes with southerly and westerly aspects. Soils are well-drained
Dystric Brunisols developed on fluvial and morainal landforms. C53 is intermedi-
ate successionally with stand ages of 80 -100 years. The tree canopy contains many
serai species and will likely succeed to a C52 as the Douglas fir is replaced by cedar
and hemlock.
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OPEN FOREST VEGETATION TYPES

O9

Picea engelmannii - Abies lasiocarpa/Valeriana sitchensis - Erigeron peregrinus
(Engelmann spruce - subalpine fir/valerian - fleabane)

This vegetation type occurs on mesic to subhygric upper subalpine sites at 1950 -
2000 m. It occurs on various slopes and aspects on well to poorly-drained
Brunisolics, often gleyed, on morainal and fluvial landforms. Soil seepage may
often be present. O9 is mature successionally and is generally 100 - 300 years old.

OIO

Picea engelmannii - Abies lasiocarpa/Phyttodoceglanduliflora - Cassiope mertensiana
(Engelmann spruce - subalpine fir/heather)

This vegetation type occurs on mesic upper subalpine sites at 2040 - 2250 m. It is
found on moderate slopes with southerly and easterly aspects on well-drained
Dystric Brunisols. OIO is mature successionally with stand ages of 200 - 400 years.
OIO is generally drier than the O9 type.

Oil

Picea spp./Ledum groenlandicum/Tomenthypnum nitens
(spruce/Labrador tea/brown moss)

This open stand occurs on subhygric to subhydric ICH sites (1150 -1200 m) with
nearly level slopes on various aspects. Soils are poorly-drained Gleysolics and
Regosolics on fluvial landforms. Stand ages range from 100 to 275 years old and it
can be considered successionally mature.

316



O20

Abies lasiocarpa - Tsuga mertensiana/Cassiope mertensiana - Phyllodoce empetriformis-
Luetka pectinata
(Subalpine fir - mountain hemlock/white mountain and red heather- luetkea)

This vegetation occurs on mesic, mostly upper subalpine sites of various slopes and
aspects, at the 1900 - 2100 m level. The soils are well-drained Dystric Brunisols and
Humo-Ferric Podzols on morainal and colluvial landforms. O20 is mature
successionally with stand ages of 125 to more than 200 years old.

O21

Picea engelmannii- Abies lasiocarpa/Rhododendronalbiflorum - Vactiniummembranaceum
(Engelmann spruce - subalpine fir/rhododendron - tall bilberry)

This vegetation type occurs on mesic, mostly lower subalpine sites at 1800 - 2000 m.
It occurs on southerly, moderate to steep slopes with well-drained soils of Orhtic
Ferro-Humic Podzols and Dystric Brunisols. Mature successionally, these stands'
ages range from 75 - 325 years.

O22

Abies lasiocarpa - Pinus albicaulis - Picea engelmannii/Vacciniwn membranaceum -
Cassiope mertensiana
(Subalpine fir - whitebark pine - Engelmann spruce/tall bilberry - white mountain
heather)

These stands occur on mesic, upper subalpine sites on moderate, mostly westerly
and southerly slopes at the 1950 -2150 m range. Soils are well-drained Dystric
Brunisols found on morainal and colluvial landforms. It is mature successionally
with stand ages of 165-325 years. The distinguishing characteristic for this stand is
the presence of Pinus albicaulis in the tree layer.
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O23

Picea engelmmnii - Populus trichocarpa/Dryas rummondii
(Engelmann spruce - black cottonwood/yellow dryad)

This mixedwood stand occurs in the ICH at the confluence of Stony Creek and the
Beaver River (970 m). The site is a gently sloping, subxeric, north-facing fluvial fan
with rapidly-draining Qrthic Regosol soils. The trees are only 30-40 years old and
therefore, it is in an early successional stage.

SHRUB VEGETATION TYPE

S2
Abies lasiocarpa - Salix spp./Valeriana. sitchensis
(Subalpine fir - willow)

This shrub type prefers mesic sites in both the upper and lower subalpine with steep
slopes and primarily easterly aspects (1580-1960 m). This is an avalanche track
vegetation type which originates on Dystric Brunisol and Regosol soils. The type
has characteristics of early successional stages but it is considered mature and
maintained by periodic avalanching. It occurs at a higher elevation than the S13
vegetation type.

S13

Alnus crispa/fern
(green alder/fern)

This avalanche track vegetation type occurs on mesic to subhygric ICH and lower
subalpine sites (1040-1860 m). The avalanche paths have moderate to steep slopes
on predominantly southerly and westerly aspects. Soils are well to moderatiey
well-drained Brunisolics, Regososlics, and Podzolics on colluvial and fluvial
landforms. It is mature successionally.
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S14

Salix spp. - Tsuga mertensiana - Abies alsiocarpa/Vaccinium membranaceum
(Willow - mountain hemlock - subalpine fir/tall bilberry)

This shrub type commonly occurs on colluvial landforms which are snow ava-
lanched. It inhabits mesic sites in both the lower and upper subalpine from 1700 -
2170m. Slopes are steep to very steep on various aspects. Soils are well-drained
Dystric Brunisols. This type is mature successionally due to avalanches and can be
distinguished by the presence of hemlock and willow.

S15

Salix commutata - Salix brachycarpa
(Willow)

The SI 5 type occurs in the central parts of the Park on subhygric to subhydric lower
subalpine sites (1810 -1890 m). Soils are poorly-drained Regosolics on fluvial
landforms with gentle slopes and easterly aspects. Commonly found in the bottom
of cirques, this shrub type is successionally mature due to wet conditions and
perhaps being in avalanche run-out zones. This type is distinguished by the
dominance of Salix spp.

S17

Alnus tenuifolia/Lysichiton americanum
(Alder - skunk cabbage)

This vegetation type occurs in the ICH ecoregion along the Dlecillewaet and Beaver
Rivers at 650 - 870 m elevation. Sites are hydric to subhydric and located on poorly-
drained Regosols on level or depressionalfluvial landforms. Itis considered mature
successionally although it is at an early stage of primary succession, as periodic
flooding and high water table are presumed to continue for the next few hundred
years.
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LOW SHRUB - HERB VEGETATION

L5

Phyllodoce glanduliflora - Cassiope mertensiana - Antennaria lanata
(Heather - everlasting)

Occurs on mesic upper subalpine to alpine sites on gentle to steep slopes of
southerly and westerly aspects at 2040-2500 m. Soils are well-drained Orthic
Hump-Ferric Podzols and Dystric Brunisols. This vegetation type is mature
successionally.

HERB-DWARF SHRUB VEGETATION TYPES

HI

Dryas octopetala - Salix nivalis - Silene acaulis
(mountain avens - snow willow - moss campion)

This tundra vegetation occupies a very restricted range occurring only in the
easternmost parts of the park, principally on ridges above East Grizzly Creek
especially between Dawn and Dauntless mountains. It occurs generally on mesic
to subxeric alpine sites (2300-2650 m) on various slopes and mostly southerly
aspects. The soils are well-drained Regosolics and Brunisolics on colluvial and
morainallandforms. Solifluction is common. This type occurs on wind swept sites
with low winter snow cover. It is mature successionally and distinguished by the
dominance of mountain avens.

H2

Carex nigricans - Antennaria lanata
(Black alpine sedge - everlasting)

This vegetation type is found on mesic to subhygric upper subalpine sites on a wide
range of slopes and aspects. It is commonly found around 2100 - 2400 m. Soils are
moderately well-drained Dystric Brunisols and Regosols, often with a fluvial layer.
It is mature successionally and usually occurs in small patches in late snow lie areas
which receive melt water until late season.
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H8

Dryas drummondii - Epilobium latifolium
(yellow dryad - willow herb)

This type is limited to the Upper Beaver Valley. It occurs on subxeric to subhygric
lower subalpine sites (1500-1680 m) with gentle to level slopes of various aspects.
Soils are rapidly to imperfectly-drained Qrthic Regosols in fluvial landforms. This
type is in an early stage of primary succession on recently deposited fluvial
materials.

Hll

Carex aquatilis - Carex rostrata
(Water sedge - beaked sedge)

These fens occur on subhydric to hydric sites in the ICH (850 -1330 m). Soils are
poorly to very poorly-drained Rego-Gleysols and Organics on nearly level fluvial
landforms. The type is successionally mature but with gradual peat accumulation,
an increase in trees and shrubs may occur over time.

H12

Saxicolous lichen
(Saxicolous lichen)

This lichen community occurs on subxeric to xeric alpine sites on various slopes and
aspects. It is common on ridge crests at 1400-2600 m in elevation. Soils are Qrthic
Regosols to non-soils. It is considered successionally mature as its composition will
change little over the next hundred years. It is common on landscapes such as
rockland, colluvial rubble, and talus slopes. This type is distinguished by very low
plant cover, which is frequently dominated by lichens and by its occurrrence at high
altitudes above most other vegetation.
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H16

Erigeron peregrinus - Valeriana sitchensis
(Fleabane - valerian)

This species rich herb-meadow occurs on mesic to subhygric upper subalpine sites
on moderate to steep southerly and westerly slopes at 1970-2200 m. Soils are
moderate to well-drained Dystric Brunisols and Orthic Humo-Ferric Podzols.
Many sites are snow avalanched and receive seasonal seepage. It is considered
mature successionally.

HIS

Antennaria lanata - Cassiope mertensiana - Phyllodoce empetriformis
(Everlasting - white mountain heather - red heather)

The HIS type occurs on mesic uppper subalpine to alpine (2220-2460 m) sites with
a wide range of slopes and southerly and westerly aspects, primarily east of the
Beaver River. Soils are well-drained Dystric Brunisols and Podzolics on morainal
and colluvial landforms. It is mature successionally and characterized by the
dominance of everlasting.

H21
Carex spp.
(Sedge)

This herbaceous meadow occurs on moderate to steep snow avalanched slopes
with a southerly aspect along a wide altitudinal range of sites and extends slightly
intothelCHand alpineecoregions. Soils are well-drainedRegosolics and Brunisolics
on colluvial landforms. It is mature successionally and maintained by avalanches.
The dominance of Carex spp. and its presence on avalanche paths distinguishes it
from other vegetation types.

RARE SPECIES

The following information is taken from the Ecological Land Classification's rare
species section (Acbu&etal. 1984). Itlistsonlymerarevascularplantsasinsufficient
information exists to evaluate the non-vascular plants. Rarity is derived from a list
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of rare plants of British Columbia (Taylor 1983) and the four categories of rarity are:

Rl - Single of few populations
R2 - Several populations, locally common
R3 - Widespread or scattered distribution
R4 - Restricted distribution, large populations

(The list is alphabetical by genus and species and contains only those plants of
Glacier National Park.)

RARITY SCIENTIFIC NAME

R3
R2
R4
R?
R3
R3
R3
R3
R?
R3
R3
R3
R?
R?
R3
R3
R3
R3
Rl
Rl
R3
R2
R3
R3
R3
R3
R4
R3
R2

Athyrium distentifolium
Braya humilis
Camassia quamash
Carex illota
Castilleja occidentolis
Castilleja rhexifolia
Cryptogramma stelleri
Dryopteris filix-mas
Eleocharis rostellata
Epildbium luteum
Gaultheria humifusa
Hypericum formosum
Juncus bolanderi
Juncus regelii
Ligusticum canbyi
Luzula arcuata
Muhlenbergia glomerate
Poa pattersonii
Polygonum austinae
Polygonum engelmannii
Potentilla hyparctica
Primula mistassinica
Ranunculus verecundus
Romanzoffia sitchensis
Salix vestita
Silene drummondii
Spiraea densiflora
Taraxacum lyratum
Vaccinium myrtillus
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CALCAREOUS SPECIES

Floristic composition is influenced by soil substrate. The bedrock and soils are
predominantly acidic compared to other national parks in the Rocky Mountains.
Unpredictable patterns of calcareous soils do exist in small amounts around the
Glacier National Park Haber and Soper (1980) cite several calcareous areas in the
park where cakiphilic vegetation is found. These areas include:

Fidelity Mountain
(below) Dlecillewaet Glacier

(upper) Cougar Creek
Beaver Valley (wetlands)

While caleiphiles were found in spotty distribution throughout the park, the upper
Cougar Creek and Beaver River wetlands are the two largest areas. The upper
Cougar Creek area occurs due to the limestones of the Badshot formation in which
the Nakimu caves are developed. These bedrock materials, when dissolved by
groundwater flow, appear to produce the calcareous conditions evident in the
Beaver Valley wetlands. The following list highlights those plants considered
caleiphiles:

SCIENTIFIC NAME SCIENTIFIC NAME

Adiantum pedatum
Anenome multifida
Anenome parviflora
Arabis drummondii
Asplenium trichomanes
Asplenium viride
Carey, aurea
Carex interior
Cryptogramma stelleri
Cystopteris fragilis
Drosera anglica
Dryas octopetola
Dryopteris filix-mas
Equisetum wriegatum
Lobelia kalmti

Menyanthes trifoliata
Parnassia parviflora
Pinguicula vulgaris
Potentilla fruticosa
Primula mistassinica
Psora decipiens
Salix Candida
Saxifraga aizoides
Saxifraga caespitosa
Saxifraga oppositifolia
Shepherdia canadensis
Silene acaulis
Tofieldia glutinosa
Triglochin palustris
Zygadenus elegans
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FIRE HISTORY

Fire has played a role in the vegetation regimes of Glacier National Park. Descrip-
tions of smoke and destruction by fire, date back to the 1880s. MJ. Heathcott and
E.A. Johnson conducted a series of fire related research projects from 1987 to 1989.
The first report consisted of a literature search and historical review of fire (MJ.
Heathcott & E.A. Johnson 1987). It summarizes historical literature pertaining to
fires and organizes the information by decades. The other reports cover fire
occurrence and climate (E. A. Johnson & MJ. Heathcott 1988) as well as a fire history
(E.A. Johnson &M.J. Heathcott 1989). The following information highlights the
findings of these reports.

Two fire cycles as determined from the stand origin map dominate the fire history.
A fire cycle is defined as the time it takes to burn an area equal to the study area. A
significant change took place around 1760. Prior to this date, (1520-1760), the data
indicates a fire cycle of 80 years. From 1760 to the present, the fire cycle increased
to 110 years. This shift occurred due to a cooler and moister climate change as
evidenced by the advancement of glaciers inside the park. The fire cycles of Glacier
National Park are similar to those experienced in the Rocky Mountains. The fire
season extends into May and October because of man's influence, but the lightning
fire season of June to August is similar to the lightning fire season found in Banff and
theKananaskisCountryinAlberta. FigurelSl graphically shows the high fire starts
in July and August by graphing the monthly distribution of lightning and railroad
fires in Glacier National Park from 1950 to 1985. The lightning caused fires account
for 70% of the fire starts in the park and cause more than 70% of the area burned.
Figures 132 and 133 show the distribution of fires in Glacier National Park by
lightning and man-caused fires. Note that although lightning fires are more
widespread throughout the park, the main conglomeration of fires are along the
travel corridor. In the Nelson Forest Region located west and south of the park, 72%
of all fire starts are lightning caused.

The introduction of European man did not influence the fire frequency. This is
evident from the 1880s, which is the only time period where significant European-
caused fires occurred. This decade also had many lightning fires indicating that the
climate was conducive to wildfires and they would have occurred in the absence of
the railroad as well. Although the railway and Trans-Canada Highway travel
corridors have influenced fire starts since their respective inceptions, the fires are
generally small. The man related fires are limited to the Rogers Pass travel corridor
while lightning strikes can occur anywhere in the park. Large crown fires occur
infrequently while small insignificant fires occur more frequently. The park is
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Figure 131 Monthly Distribution of Lightning and Rail-
road Caused Fires in Glacier National Park
from 1950 to 1985

(after: Heathcott & Johnson 1987)
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Figure 132 Distribution of Lightning Caused Fires in
Glacier National Park and Surrounding Area

(after: Heathcott & Johnson 1987)
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Figure 133 Distribution of Man-Caused Fires from
1960 -1985 in Glacier National Park

(after: Heathcott & Johnson 1987)
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considered a single fire frequency unit because when the fire data is examined on
a valley to valley, elevational or fluvial/inter-fluvial basis, no significant change
occurs to the fire frequency.

Glacier National Park is located in an area where a continental climate is moderated
by a maritime influence. Temperature ranges are less than in the Rockies and
precipitation for Glacier is 1500 mm, of which only 17% falls in the summer (Johnson
1989). Summer droughts, with accompanying high temperatures and low relative
humidity result in high Fire Weather Index readings. The Fire Weather Index (FWI)
predicts fire behaviour in terms of the expected flame length or fire intensity. From
the FWI, the Daily Severity Rating (DSR) averages the FWI and gives a single rating.
Figure 134 shows the average DSR for the Revelstoke Airport. The highest ratings
are in July and August with a sharp drop at the end of August. Johnson and
Heathcott (1988) provide a synoptic fire weather model as quoted here in full:

A characteristic synoptic weather type appears to be responsible for the
episodically critical fire weather in Glacier and Revelstoke National
Parks. The critical weather is associated with an anticyclone which
establishes itself over the interior of British Columbia and Alberta
(Pacific Southwest Forest and Range Experiment Station 1964 and
Nimchuk 1983). This ridge, in the westerly circulation, blocks the
normal flow of moist Pacific air from the coast, steering it north and
south of the Columbia Mountains. The development of this ridge in
June and its disappearance in the Fall marks the beginning and end of
the fire season seen in Figure 131. The ridge is not constant, but is
replaced at in tervals by short-wave troughs, the ridges bring clear, dry,
warm weather with very little wind. Fuel moisture decreases under
these often severe drying conditions. The decrease in fuel moisture
during these upper level ridges is due to subsidence. Outflow at the
surface from high pressure areas results in sinking of the atmosphere
above. Subsiding air can originate from great heights. This cold air is
adiabat ically heated as it subsides, leading to thehotand dry conditions
at the surface. In mountainous terrain, such as Glacier National Park,
such subsidence often extends down to the ridge of mid slopes but may
not penetrate into the valley bottoms.

When these ridges which block the westerly flow break down over a
region, they are replaced by rapidly moving upper-level troughs which
producesurfacecoldfronts. Thesecoldfronts,whenweak,willproduce
ligh tning, a decrease in temperature, higher and erratic winds but little
precipitation.
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AVERAGE DAILY DSR FROM 1955 TO 1966
Revelstoke Airport
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blocking ridge which can last from a few days to several weeks, and (2)
one or more episodes of breakdown of this ridge by short-wave troughs
which will cause lightning and high winds. It is during the breakdown
tftheridgethatmostseriousfiresigniteandhavetheirmajormns.The
critical weather is usually ended by the dominance of the short-wave
trough which has associated with it precipitation.

This shows that the weather during the fire season determines the number and size
of fires. Low over-winter precipitation and/or low spring precipitation do not
necessarily precede a high fire year.

INSECTS AND DISEASES

Insects and diseases can be considered natural phenomena and, in accordance with
the Parks Canada Policy, infestations will be allowed to run their course subject to
certain restrictions. These restrictions would include an epidemic spread of the
infestation to Provincial Crown Forest lands. However, with the size and locality
of Glacier, it would be more likely that an epidemic infestation would spread from
the neighbouring Crown Forest lands into the park. No records seem to exist of
any actions taken to prevent an infestation. Table 54 outlines Canadian Forestry
Service reports on infestations in the Nelson Region in which Glacier National Park
was specifically named.

As the stands in the ICH approach climax, a greater incidence of windthrow is
occurring. Root rots and butt rots such as Armillaria mettea and Polyporus schweinitzii
have been identified in the park Higher risk due to hazardous trees in developed
areas in the park has resulted in the complete closure of Mountain Creek
campground.
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Table 54 Infestations of Glacier National Park
(1923-1991)

YEAR PEST COMMENTS

1923 Mountain Pine Beetle

1939 Western Blackheaded Budworm

1941 Spruce Budworm

1942 Spruce Budworm
1957 Spruce Beetle

1964 Spruce Beetle

Mountain Pine Beetle

Conifer Sawflies

1966 Western Blackheaded Budworm

1972 Western Balsam Bark Beetle
1973 Western Hemlock Looper

Conifer Sawflies

1974 Western Hemlock Looper
Conifer Sawflies

1974 Mountain Pine Beetle

Infestation reported in GNP on
western white pine.
Extensive infestations on hemlock,
alpine fir, and spruce at the headwa-
ters of the Ulecillewaet River
Moderate defoliation in Yoho,
Glacier and Kootenay
Outbreak continued in Glacier
Infestation discovered along Beaver
River,GNP and subsided in 1958
Small groups along Rogers Pass
Highway
Tree mortality evident along the
Canoe River and Rogers Pass
Highway
Numerous on hemlock at 4KM on
TCH (Rogers Pass Highway)
Mature and overmature outbreaks
moderately to heavily infested -
Defoliation occurred along Rogers
Pass Highway
GNP - 40 Red topped alpine fir trees
Epidemic larval populations at Flat
and Quartz Creeks along TCH - GNP
Localized infestation at Flat Creek
where 600 larvae taken in one
collection
Infestation collapsed
Larvae common along Rogers Pass
where light defoliation occurred on
Western hemlock
Light infestation at Rogers Pass and
Illecillewaet River
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Table 54 Infestations of GNP (cont.)

1976 Birch & Willow Leaf Miners

1978 Pacific Willow Leaf Beetle

1981 Conifer Sawflies

1982 Western Blackheaded Budworm
Birch & Willow Leaf Miners

1983 Western Blackheaded Budworm

Birch & Willow Leaf Miners

1984 Spruce Beetle

Western Hemlock Looper

Western Blackheaded Budworm

1985 Spruce Beetle

Birch & Willow Leaf Miners

1986 Birch & Willow Leaf Miners

1987 Western Balsam Bark Beetle
1988 Birch & Willow Leaf Miners

Infestation along Beaver River into
GNP
Up to 100% of foliage was discolored
all around Revelstoke and in GNP
Caused 5% defoliation of understory
Western hemlock along Bostock
Creek
Minor increasing population in GNP
Light to moderate damage between
Stoney Creek and North Boundary
of the Park
Western hemlock lightly defoliated
over 120 ha along Bostock Creek
Birch severely discolored along
Columbia and from Radium to
Golden and West into GNP
Increasing Population: Infestation-
7,Area 256 ha, Volume 1983 attack-
13,440
100 ha of infestation at Mountain
Creek campground - No tree
mortality noted
Defoliation generally between 1000
m -1500 m east of Revelstoke to
Rogers Pass
Infestation- 4, Area- 80, Volume of
1984 attack-1520
Increasing populations severely de-
foliated birch along Ulecillewaet River
between Revelstoke and GNP
Scattered patches along niecillewaet
River between Revelstoke and GNP
Scattered infestations - GNP
Moderate to severe foliage discol-
oration along the niecillewaet River
from Albert Canyon to Cougar Brook
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PEST NAMES

COMMON SCIENTIFIC

Mountain Pine Beetle Dendroctonus ponderosae
Two year cycle Spruce Budworm Choristoneura biennis
Spruce Beetle Dendroctonus rufipennis
Conifer Sawflies Neodiprion spp.
Western Balsam Bark Beetle Dryocoetes confusus
Western Hemlock Looper Lambdina fiscellaria lugubrosa
Western Blackheaded Budworm Acleris gloverana
Birch & Willow Leaf Miners (various species)
Pacific Willow Leaf Beetle Pyrrhalta carbo

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

MOUNTAIN PINE BEETLE INFESTATIONS
(Dendroctonus ponderosae)

INFESTATIONS AREA(ha) TREES VOLUME (m3)

16

13

9

3

3

17

13

2

11

23

22

240

200

50

5

65

75

10

2

87

41

35

1070

400

100

50

350

440

100

35

300

390

900

1000

400

100

50

350

400

100

35

300

390

700
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RESOURCE ANALYSIS

The primary objective of the Canadian Parks Service is the maintenance of
ecological integrity. The small size of Glacier precludes it from sustaining flora or
faunalspecies. Therefore, management objectives must extend beyond thebounda-
ries of the park and cooperative projects relevant to Trans-Boundary issues must be
enlisted with outside Agencies. Although the ecosystem sustains successional
changes resulting from disturbances such as fires, avalanches or climatic cycles, the
Park managers must be able to distinguish between a natural event as opposed to
a human influenced event.

Many areas of the park have reached their successional climax and will without
disturbance, maintain that ecosystem. Visitor use management will become an
increasing concern as more people begin to utilize the backcountry resources of the
park. With the vegetation types represented in the park, the classic succession
disturbances are large, catastrophic, stand replacing events such as insect infesta-
tions or fires. The decision as to whether these events should be permitted to run
their course will be difficult because the point of origin of an event such as a wildfire
will be equally likely to have originated outside of the park as well as inside. For
instance, a lightning start inside or outside of the park will receive immediate initial
attack fire suppression even though the fire history shows that large stand replacing
fires are characteristic of the vegetation type present. Johnson (1989) enlists some
recommendations for fire management and let run policies.

Achuff et al. (1984) speculate that the vegetational species list may be incomplete
since some unique localities were not sampled for the Ecological Land Classifica-
tion. Further research could identify some unique vegetation regimes in the
backcountry and sample them for new plant species.
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MANAGEMENT CONCERNS

Major vegetational management concerns relate to preventing the Island syn-
drome of isolationism for Glacier National Park Objectives for ecosystem
management must address issues which transcend the boundaries of the Park
Cooperative management and participation in the British Columbia Land Use
Strategy will aid in addressing common issues:

1) The introduction of exotic and noxious plants along the Trans-
Canada Highway travel corridor will increasingly predominate the
vegetation management strategies of the Park. Consideration must
be given to the method of eradication as commonly accepted provin-
cial methods such as pesticide use will come under dose scrutiny
inside a national park. Public awareness and cooperation with the
railway may reduce the size of the seed source being introduced.

2) A management concern for both vegetation and public safety is that
of facility protection from hazardous trees. Campsites are com-
monly placed in areas where large trees grow between the camp-
sites. As evidenced by Mountain Creek Campground, the mature
stand of cedar and hemlock are affected by the thinning and changes
in runoff caused by paved roadways in the campground. The trees
become stressed and the possibility of infestation or introduction of
infection becomes greater through scars from the development.
Existing facilities should be evaluated for existing hazards and then
monitored. Future Environmental Assessments for new facilities
must address the issues of decay in surrounding mature timber
types.

3) Definite management objectives should be written for fire manage-
ment inside the park. Decision making could be arrived at by a
Decision Support System (DSS) utilizing a Geographical Information
System (GIS). Management objectives should include total suppres-
sion along the transportation corridor while more isolated locations
in the Beaver Valley or Mountain Creek Valley could have a DSS
developed for a let burn policy.
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STATUS OF KNOWLEDGE

More research could be conducted on the indigenous plant species which may be
present in the outlying areas of the park. The Ecological Land Classification
identified many species but did not reach all of the rare and unique areas.
Concentration was placed on identifying species relevant to land classification
which means some areas which could have rare indigenous plant taxa were not
sampled.

Continued research on caribou will help to identify which vegetation regimes in the
park are utilized by these animals. The concerns are that Mount Revelstoke and
Glacier National Parks do not provide sufficient vegetation regimes to sustain the
existing herds but very little local information is available as to extent of habitat
types used by these caribou.

Limited information is available about the potential repercussions of an epidemic
forest pest infestation in the park. While Forestry Canada does an annual analysis
of infestation in the Nelson Forest Region and the national parks, no analysis has
been done regarding the social or natural repercussions of a large infestation.
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WILDLIFE RESOURCES
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

The world has been divided into eight (8) biogeographical regions, which consist of
the Nearctic, Neotropical, Afrotropical, Australian, Oceanian, Indomalayan, Ant-
arctic, and Palaearctic Realms (Udvardy 1975). These are based on an integrated
approach to the classification of vegetation and wildlife communities. The Nearctic
Realm is made up of Greenland, the high arctic islands, and the North American
continent north of the tropics. It has been further subdivided into twenty-two
biogeographic provinces, or ecosystems, similar to Shelford's (1963) biome typing.
Glacier National Park is located in the Rocky Mountain Biogeographic Province
(Figure 135 & Table 55). According to Banfield (1974), two components of mamma-
lian fauna presently in North America are:

a) the Holarctic Group, which includes most large ungulates that crossed
the Bering land bridge, and;

b) the Temperate American Group which originated in southern United
States. There are also indications that a few species, including the
porcupine (Ereihizm dorsatwri), were immigrants from the Neotropical
region during Pleistocene times (1.5 million years BP.).

Faunal distribution in BritishColumbia became established after the Pleistocene ice
mantiemelted and animals migrated in fromice-free refuges, therefagesoumof the
glacial front, and from Alaska and the Yukon Territory. The Columbia Mountains
received migrants mainly from the southern refuge (Cowan & Guiguet 1965).

Carl et al (1971), suggested that approximately 20,000 years ago British Columbia
was covered with ice and, therefore, no fish were present. As this ice melted, various
species of fish and invertebrates were able to migrate in from glacial refuges. The
Columbia River system provided the main migration route for the Glacier National
Park area. This fish migration was, and still remains, limited to the lower reaches
of streams within the park.
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Figure 135 Biogeographic Provinces of the Nearctic
Biogeographical Realm

(after: Udvardy 1975)

NOTE: Refer to Table 55 for provincial names
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Table 55 Biogeographical Provinces and Biomes
Nearctic Realm

(after: Udvardy 1975)

NO.

l

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

BIOGEOGRAPHIC
PROVINCES:

Sitkan

Oregonian

Yukon Taiga

Canadian Taiga

Eastern Forest

Austroriparian

Californian

Sierra-Cascade

Sonoran

Chihuahuan

Tamaulipan

Great Basin

Aleutian Islands

Alaskan Tundra

Canadian Tundra

Arctic Archipelago

Arctic Deserts and Icecap

Grasslands

Rocky Mountains

Madrean-Cordilleran

Great Lakes

BIOME TYPES:

Subtropical and temperate rain
forests or woodlands

Temperate needle-leaf forests or
woodlands

Temperate broad-leaf forests or
woodlands, and subpolar
deciduous thickets

Evergreen sclerophyllous forest,
scrub or woodlands

Warm deserts and semi-deserts

Cold-winter (Continental)
deserts and semi-deserts

Tundra communities and barren
arctic deserts

Temperate grasslands

Mixed mountain and highland
systems with complex zonations

Lakes Systems
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The distribution of park fauna is closely allied to relief, climate, forage, competition
with other species, and the seasonal requirements of the various species. There are
a total of 246 animal species recorded in Glacier National Park including four
amphibians, two reptiles, 184 birds, 7 fish, and 56 mammals (Solman 1947, Den
Besteetal 1977,Fentondfl/. 1983, Donald &Alger 1984, Van Tighem&Gyug 1984,
Elverum 1989). The Natural History Handbook (Gyugetal. 1989) identifies another
59 bird species thought to have been observed in the park

The accuracy of \heRegional Analysis - NaturalRegion 4 (ParkRepresentmtyand Special
Area Identification /1984) is debatable in view of the above data. In it, 66 mammals,
182 birds, 6 amphibians, 9 reptiles, and 26 fish species are found in Natural Region
4 and 42 mammals, 84 birds, 4 amphibians, 0 reptiles, and 5 fish species are found
in Glacier National Park.

If we accept the validity of the totals for Natural Region 4 and use the park animal
species totals obtained from Solman (1947), Den Besteet al. (197" Donald & Alger
(1984), Van Tighem & Gyug (1984), and Elverum (1989), e can calculate
representivity values for the park. These values would likely be • 3ie accurate than
those found in the Regional Analysis - Natural Region 4 (Anon, 984). Thus, the
representivity scores for the park are as follows:

Mammals 83%
Birds 100%
Amphibians 67%
Reptiles 22%
Fish 27%

PREHISTORIC WILDLIFE POPULATIONS

Information concerning prehistoric wildlife of those areas now occupied by Glacier
National Park is lacking. It can be assumed that most modern species occupied
similar environmental niches in the past, however, their spatial distribution and
frequency may have varied somewhat depending on the prevailing environmental
conditions. It is unlikely that many wildlife species were found in the area of the
park before or during the Pleistocene.
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HISTORIC WILDLIFE POPULATIONS

The Archaeological/Historical section of this document will expand on much of the
information thatfoUows. Tobegin with, thefauna and flora of Glacier NationalPark
was influenced very little by man before the construction of the Canadian Pacific
Railway in the late 1800s. A few native people, trappers, and prospectors were
probably the only people to have visited the area before Sir Sanford Reining's 1883
crossing of the Selkirks through Rogers Pass.

The impact of thousands of workers associated with the railway construction upon
the wildlife of the area was undoubtedly felt and would have manifested itself in
the redistribution of a number of species. This was caused by changes in the habitat
that resulted from railway fires (1880-1900), hunting, logging, construction, and
settlement (Van Tighem&Gyug 1984).

During those earlier years the wildlife of the area was seen largely as a threat or a
source of fur, meat, or status. Railway workers and prospectors viewed wildlife as
wild game for the table. Trophy hunting and the view that wildlife was something
to be exploited or eliminated led to the decline of animal numbers in the Rogers Pass
area (Van Tighem & Guyg 1984). Even with the proclamation of Glacier National
Park in 1886 the area was still viewed more as a recreational playground and not as
a wildlife refuge. With the completion of the CPR and Glacier House, hunting and
fishing became a popular tourist activity. In fact, at Glacier House a hunter was
employed who "shot game for the hotel kitchen" around 1895 (Marsh 1970a). It is
interesting to note that after the closure of Glacier House in 1925, a marked increase
in wildlife numbers was noted in the core of Glacier National Park (Marsh 1968).

Hunting in Dominion parks was legal until about 1917 (Van Tighem & Gyug 1984).
After this the National Parks Branch took a more conservationist/protectionist
stance and in 1920 it took over the administration of game regulations. Early
wildlife management included efforts to control illegal poaching and trapping,
however, species perceived as "predatory", such as wolves, coyotes, cougars,
goshawks, Cooper's Hawk, Great-horned Owl, Common Crow, and Black-billed
Magpie, were shot, trapped, and poisoned. By 1928 poisoning and trapping were
disallowed but it was notuntil the late 1960s that all species in Glacier National Park
were finally protected (Holroyd & Van Tighem 1983).

There are no comprehensive, historic species lists for Glacier National Park prior to
documented observations by Cowan and Racey in 1937 (Cowan & Munro 1945).
However, observations by early explorers, settlers and Park Wardens (Fleming
1884,W.O. Wheeler 1905, Anon. 1966) indicated that the park and the surrounding
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areas were abundant in wildlife. Sightings of grizzlies, black bears, caribou, mule
deer, yellow-haired porcupine, and short-tailed weasels were common (Mann
1957). Cougars werealsoreportedasbeingabundantintheparkin 1918 (Field 1918)
and in 1923, concern was expressed regarding the impact on deer populations from
the numerous coyotes and wolves (Anon. 1923). General population observations
such as the decline of caribou numbers and the arrival of elk, moose, and martin
were documented in annual "game reports" by the early 1930s.

Based on field work conducted in Glacier National Park in 1942 and 1943, J.A.
Munro provided species lists of 65 birds and 41 mammals. Later studies of fish by
Dr. V. Solman (1947), ungulates by A.W.R Banfield (1948), grizzlies by K.R.D.
Mundy (1960s), grizzlies and caribou by D. Hamer (1970s), and mountain goats by
W. McCrory (1970s) provided more detail on the distribution, behavior, and
ecology of the fauna of the park.

Preliminary field work on the Ecological Land Classification of Mount Revelstoke and
Glacier National Parks, British Columbia (1984) began in 1980 and provided park
managers with the first systematic inventory of wildlife and their habitats in Glacier
National Park. This document also provides geological, climatic, soil, and vegeta-
tion data.

The recording of wildlife information by Park Wardens began with a system of
collecting wildlife observations within westernNationalParks which was designed
in 1944 by H.U. Green, then Special Warden of Banff National Park (Francis 1958).
In those days District Wardens would report all wildlife data on game cards. Prior
to that diaries were used by Park Wardens (Poll 1993). Table 56 indicates the
presence of certain observed wildlife in Glacier National Park for 1951-1957.

Beginning in the late 40s yellow cards were used to record simple wildlife data. This
system was subsequently replaced in the late 50s and early 60s with a punch card
system (McBee Keysort) which could be manually sorted using a metal rod. Finally,
J. Stelfox et al's (1977) computerized program for recording and analyzing wildlife
data was implemented, one system in 1974, and another, improved versionin 1977.
The kinds of data variables that are recorded include date, watershed, aspect,
elevation, topography, UTM coordinates, habitat, species, number (adults - male/
female, juveniled), behavior, snow crust, water distance, water type, sign, food type,
and mortality. Wildlife cards are processed through the Canadian Soil Information
System (CanSIS) in Ottawa via a computer in Toronto using a relational database
program. Using a number of programs, data can be generated and analyzed in a
number of useful forms such as sorted compilation lists, distribution maps,
bivariate tables, and histograms (Stelfox et al. 1977).
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Table 56 Wildlife Observations, Glacier National Park:
1951-1957

SPECIES 1951 1952 1953 1954 1955 1956 1957

Grizzly Bear 6 10 5 7 -

Cougar 3

Lynx _ i _ _ _ _ _

Bobcat

Timber Wolf . i . . . . .

Wolverine 1 2

Marten 2 7 6 6 - 1 -

Fisher - 2

Mink 1

Otter
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To sum up, certain wildlife species commonly observed in the early 1900s have
declined in the region, including caribou, cougar and wolves. The habitats of
Glacier National Park have been greatly altered by the activities and developments
of man in the Railway Era through fire, settlement, lumbering, and railway
construction. The park also does not contain enough unaltered peripheral habitat
to sustain certain wildlife species over the long-term. The dependence of some of
these wildlife spedesonmeparkanditssunx)imdinglandsnecessitates cooperative
management with neighboring land managers.

PRESENT WILDLIFE POPULATIONS

Background

It is not practical to treat all of the fauna of Glacier National Park on an individual
basis, however, this section will provide general information, at least to the extent
of presence and seasonal use, on all species known to exist in the park A more
detailed discussion will be provided for those species which have critical implica-
tions for park management, as well as those populations which are highly visible
and, therefore, a valued park asset.

The species lists that follow may include some species that have been observed in
the immediate region and not necessarily in the park. The descriptions to follow
have, for the most part, been excerpted from the Ecological Land Classification of
Mount Revelstoke and Glacier National Parks (Volume It Wildlife Resources by Van
Tlghem & Gyug 1984). Wildlife populations are differentiated into the following
categories: Mammals, Birds, Fish, Reptiles, and Amphibians.

MAMMALS

Ungulates

The ungulate species that occur in Glacier National Park are listed in the following
table:
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Table 57 Ungulates of Glacier National Park
(after: Van Tighem & Gyug 1984)

COMMON NAME SCIENTIFIC NAME

Mountain goat
Mountain caribou
Moose
Mule deer
White-tailed deer
Elk (wapiti)

Oreamnos americanus
Rangifer tarandus
Alces alces
Odocoileus hemionus
Odocoileus virginianus
Cervus elaphus

Winter snow is one of the most important limiting factors affecting the distribution
ofungulatesinthemountainsof WesternCanada(Edwards 1955). This is especially
true of the Selkirk and Purcell Mountains where the deep snowpack inhibits winter
travel and foraging. Mountain goats and mountain caribou are the only ungulate
species that have historically occupied the park on a year-round basis (Van TLghem
&Gyug 1984). Physical adaptations, such as the large foot area of the mountain
caribou, and the habitat preferences of the mountain goat for wind-swept alpine
and subalpine terrain, have ensured their success. White-tailed deer, mule deer, and
moose generally migrate to areas of lower snowfall during the winter such as valley-
bottoms located out of the park.

Mountain Goat (Oreamnos americanus)

Mountain goats are found in mountainous regions of British Columbia, the
southern Yukon, the Northwest Territories, and Alberta. The current population in
British Columbia is estimated at 45,000 animals, +/- 20% (Johnson 1977). Prior to
1984, Petticrew (1979), Phelps et at (1975), and Foster (1976) suggested that goat
populations had been declining over the previous 15 to 20 years, mainly due to
overhunting associated with increased human access.

Goats generally occupy entire mountain massifs and winter on very limited ranges.
McCrory (1979) estimated a total population of 367 mountain goats for Glacier
National Park (Van Tighem & Gyug 1984). Their distribution is as illustrated in
Table 58 below:
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Table 58 Mountain Goat Population Counts and
Estimates, Glacier National Park, 1979
(after: McCrory 1979)

AREA IN GLACIER N J*. ESTIMATED POPULATION

Upper Mountain Creek 60

Mystic Pass - Bstock Pass 15

Wolverine Ridge 14

CorbinRdge 10

Cougar Mountain 25

Grizzly Mountain 2

Mount Tupper 50

Mount Shaugnessy 10

Prairie Hills 25

Grizzly Creek 20

Caribou Peak - Silent Mountain 15

Mount Fortitide - Hope Peak 35

Flat Creek-Asulkan Pass 20

Sir Donald, Dawson, and Bishop Ranges 66

Goats in Glacier National Park prefer the upper subalpine year round, with only
slightshifts to the alpinemsuirurter,andthelowersubalpinein winter. They occupy
a total of 31 winter ranges (McCrory 1979). Van Tighem and Gyug (1984) have
identified AK5 ecosites as ranking "very highly important" as summer habitat.
"Highly important" ecosites are AK6, HR5, HE3, RD3, RD4, RD5, and RD6.

Populations of mountain goats in the park are stable (McCrory 1979) with a sex ratio
of approximately 113 males per 100 females (Van Tighem & Gyug 1984). Produc-
tivity (Table 59) is similar to other populations of mountain goats in the interior
ranges of southern Canada and the northern United States, except for newly
established populations which appear to have much higher productivity:
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Table 59 Mountain Goat Productivity in GNP/MRNP
and Areas near southern B.C.

(after: Van Tighem & Gyug 1984)

REGION YOY/100 ADULTS
(MEAN±STD.

DEVIATION)

YLY/100 ADULTS
(MEAN±STD.

DEVIATION)

GNP1977

GNP1978

MRNP1977

MRNP1978

Areas in eastern B.C.,
Alberta, Idaho, and
Montana

Newly established herds
in western North
America

303

27.8

14.3

20.7

27.1193
(N=16)

59 ±24.2
(N=9)

17.9

16.7

16.7

11.5

12.9 ±4.7
(N=13)

Based on two years of data (McCrory 1979), 60% of the kids survive to be yearlings
while 89.8% of these survive to their second winter. It appears from goat hunter
harvests that a 91 % survival rate is evident for 2-10 year olds, 24% survival rate for
10-13yearolds, and no survival beyond 13.5 years. This works outtoa9% mortality
rate for mountain goats after their first winter.

Predation is not the main cause of mortality among this species. Poor wintering
habitat and poor weather conditions are the more important factors in their
survival. Other causes of death include avalanches, hunting at the park boundary,
highway mortality, and possibly, artillary fire along the highway corridor (Van
Tighem & Gyug 1984).
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Woodland Caribou (Rangifer tarandus caribou)

The decline of caribou populations, with local extirpations in some parts of the
country, have led biologists to conclude that the caribou does not tolerate the
destruction of its habitat by modern man. Petticrew (1979) suggested that this
decline is evident mostly in the southern half of British Columbia. He estimated the
population in the province to be between 10,000 and 20,000 animals.

Since 1970 there have only been 32 sightings of caribou or their tracks recorded on
Park wildlife cards (Van Tighem & Gyug 1984). Figure 136 shows the distribution
of the mountain caribou throughout the park. A caribou study is being conducted
covering certain areas of both Mt. Revelstoke and Glacier National Parks and
surrounding areas to the northwest. Beginning in 1992, this study is a joint venture
involving the Warden Service and the B.C. Forest Service. The study is mainly
interested in establishing habitat preference, food types, distribution, and popula-
tion characteristics in an effort to determine this species' status for its future survival
(Flaa 1993). The present status of the population and its change over time is only
approximated.

What is known, is that extensive habitat destruction took place during the develop-
ment of the Beaver, Connaught, and Ulecillewaet valleys during the late 1800s and
the early 1900s, particularly by fire. This would have destroyed the aboreal lichens
that are so critical to the caribou and resulted in a decline of the caribou population.
Presently, logging in areas outside the park continues to threaten the caribou.
Although it provides the caribou with forage during mid and late winter for the
present time, availablility of this food source will not last forever. Once depleted, the
mature lichen-producing forests within Glacier National Park will likely become
important to the surviving caribou population (Van Tighem & Gyug 1984).

Caribou appear to rely most heavily on the Upper and Lower Subalpine ecoregions
in Glacier National Park. During the spring and autumn caribou feed in heavily
forested alluvial fans and terraces of the Interior Cedar-Hemlock ecoregion (LR1,
KX1). Figure 137shows that in the summer and late winter caribou prefer the high
elevations (Bloomfield 1979, Simpson et al. 1987). Thecaribou'shabitatpreferences
appear to be largely opportunistic (Evans 1954) and often vary from year to year.
Forage availability, snow characteristics, and extremes of temperature are the
factors that influence their movements (Van Tighem & Gyug 1984). Van Tighem
and Gyug also rated the following ecosites as important in Glacier National Park
JD1, JD2, JDS, JD4, WR1, LK1, CM1, and CE1.
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CARIBOU
Nov to April

May to Oct

Figure 136 Mountain Caribou Distribution in Glacier
National Park

(after: Van Tighem & Gyug 1984)
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Figure 137 Monthly Elevations of Radio Collared
Caribou in the Study Area
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Bergerud (1978) felt that exploitive land use patterns, accelerated population
pressures, resource demands, and the susceptibility of caribou to overhunting, in
combination would ultimately result in the extirpation of caribou from southern
British Columbia. Van lighem & Gyug (1984) identified habitat loss due to logging
and fires, and mortality due to legal and illegal hunting to be the primary causes of
population declines.

Moose (Alces alces)

The moose is widely distributed throughout British Columbia. If s population is
estimated to be about 240,000 and this fluctuates in response to changes in the
environment. In the Columbias the relative abundance of moose is 'few/very few7

according to Fish and Wildlife estimates (Anon. 1979c), however, this stands to
reason since most of the park consists of steep, mountainous terrain which is not
suitable habitat for this species. Moose prefer young forests and vegetation regimes
found along rivers and lakes (Anon. 1979c).

Moose have been highly successful throughout British Columbia due to logging
and fires, which created extensiveundergrowthhabitats (Petticrew &Munro 1979).
Sightings of moose in Glacier National Park were absent from Chief Warden's
monthly reports from 1915 to 1929. However, by 1934 an estimated eight to ten
moose were known to summer in the Beaver River valley area of the park. Munro
estimated six moose in the Beaver River valley in 1945 (Munro 1945). Wildlife card
records froml951 to 1979indicateaboutninemooseinthelower Beaver Rivervalley
and the Beaver Meadows areas (Van lighem & Gyug 1984). In addition, a group
of about six moose are found in the Mountain Creek valley. Isolated sightings have
also been made in the fllecillewaet valley of Glacier National Park.

Van lighem and Gyug (1984) identified a number of ecosites as being the most
important moose range. These included ICH floodplains (Hll, S7, S17, C51),
alluvial fans, and lower valley slopes (GF1, GF2, LR1, LR2, all CT ecosites). When
the habitat was associated with willows (Salix spp.), red-osier dogwood (Cornus
stoloniferd), and bracted honeysuckle (Lonicera involucrata), it was found to be most
suitable. Moose may or may not migrate to areas of less snowfall during the winter.
Coady (1974) suggested that moose are not hindered by snow depths of less than
40 cm but have difficulties with snow depths above 90 cm.

The distribution of moose in Glacier National Park is illustrated in Figures 138 and
139. These records were obtained from Park wildlife cards and indicate their
preference for river valley habitat, especially along the Beaver River. The proximity
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Figure 138 Moose Distribution in Glacier National Park
(May to October)

(after: Van Tighem & Gyug 1984)
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Figure 139 Moose Distribution in Glacier National Park
(November to April)
(after: Van Tighem & Gyug 1984)
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of the Trans-Canada Highway and the Canadian Pacific Railway to most of these
areas has led to the chronic problem of traffic-caused mortality (Blood & Anweiler
1986). Park moose are susceptible to roadkill, particularly in the late fall and early
winter, when they use the Trans-Canada Highway, to travel between feeding sites
especially in the Beaver River valley area. They are also susceptible to mortality
along the Canadian Pacific Railway. From 1961 to 1985, for example, 45 moose were
known to have been killed in the Beaver River valley, 84% on the Trans-Canada
Highway and 16% on theCanadianPacificRailway(Blood&Anweiler 1986). Table
60 indicates that the majority of roadkills occur during the winter months. Blood
& Anweiler (1986) found that the primary cause of highway mortality occurred
during movements of the moose to and from browse areas along the right-of-way
and the floodplain.

Table 60 Moose Mortality on Transportation Routes in
Glacier National Park, 1961 to 1982

(after: Van Tighem & Gyug 1984)

SOURCE OF
MORTALITY

Vehicle (TCH)

Trains (CPR)

Total

J

2

F

2

1

M

2

A M

1

J

1

J

1

A

5

S 0

2

N

1

1

D

12

4

TOT.

29

6

35

Mule Deer (Odocoileus hemionus)

Mule deer are found throughout western North America and are common in
southern British Columbia. It is presumed that their population has, in fact,
increased since the settlement of British Columbia. The clearing, logging, and
burning that accompanied this settlement resulted in an abundance of favourable
new habitats characterized by new successional vegetation (Petticrew & Jackson
1980). The documentation of mule deer in Glacier National Park began in 1925.
Munro (1945) reported that relatively large numbers of this species (50) summered
in the upper Beaver Valley and Grizzly Creek while wintering in the Columbia
Valley. The present population appears to be about the same size (Van Tighem &
Gyug 1984). Figure 140 illustrates their distribution in Glacier National Park Low
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Figure 140 Mule Deer Distribution in Glacier National
Park

(after: Van Tighem & Gyug 1984)
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numbers of mule deer are anticipated in the remote areas of Mountain Creek and
the Incomappleux River. Virtually no deer are found in the park during the period
of December to March (Van lighem & Gyug 1984) as is illustrated in Figure 141.

Van Ughem and Gyug (1984) stated that mule deer summer from the Interior Cedar-
Hemlock ecosites to the upper Subalpine, preferring open forests (O9, Ol 0,021) on
JD1, JD4, and AK1 ecosites. Other populations summer at lower elevations on
forested slopes (CT4, CT5, BUI, BU4) or in valley-bottom forests (GF1, GF2, KV1,
LR1, CT6, S17, C50, C51, C52, C53). In fall, they mostly gathered in the Interior
Cedar-Hemlock and lower Subalpine, and by winter, are generally located below
762 metres ASL (CT4, CT5), where they remain until the snows melt and vegetation
greens up at higher elevations. In summary, it appears that these animals disperse
throughout the park, using most elevations during the summer and fall (Figure
141).

In Glacier National Park, mule deer have a number of preditors, most notably the
cougar, however, highway mortality caused by collisions with motor vehicles
claims a considerable number, primarily during the months of May to September
(Van Tighem& Gyug 1984).

White-tailed Deer (Odocoileus virginanus)

Abundant throughout southern Canada, except in southwestern British Columbia,
whitetails are also presumed to have increased in numbers since the settlement of
theprovince(Petticrew& Jackson 1980). Sightingsof thisspeciesalsobeganinl925.
Only the eastern portions of Glacier National Park are thought to sustain white-
tailed deer in small numbers according to the same authors.

Habitat preferences for this species are noted by Van Ughem and Gyug (1984).
During the winter they are thought to range in the Rocky Mountain Trench area
where snow depths are less. However, during the summers whitetails are found in
shrubland areas (SIT), open, wet forests, and cedar-hemlock forests (C50, C51, C52)
of the ICH ecoregion. GF1, GF2, LR1, and CT5 ecosites are of high importance and
CT6 and KX1 ecosites are of medium importance to this species which is distributed
as shown in Figure 142.

Highway mortality along the TCH also occurs in white-tailed deer, mainly in the
Beaver River valley area, during the months of June and July (Van lighem & Gyug
1984).
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SEASONS

ELEVATION WINTER
(M) (Dec.-March)

Number
observed=0

2288 - 2439 —

2135-2287 —

1983-2134 —

1831 -1982 —

1678-1830 —

1525-1677 —

1373-1524 —

1221-1372 —

1068-1220

916-1067 —

761 -915 —

610-760 —

<610 —

I

50

SPRING
(Apr.-June)

No.obs-2

SUMMER
(July-Sept.)

No.obs.=20

1 I I I \
0 50 0

Percent observations at each elevation

\
50

AUTUMN
(Oct.-Nov.)

No.obs.=4

\ \
so 100

Figure 141 Mule Deer Observations by Elevation from
Park Wildlife Cards in Glacier National Park

(after: Achuffefa/. 1987)
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Figure 142 White-tailed Deer Distribution in Glacier
National Park

(after: Van Tighem & Gyug 1984)
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Elk (Cervus elaphus)

Once widely distributed in Canada, elk are now confined to the four western
provinces. Petticrew and Fyfe (1981) estimate 56% (13,400) of BritishColumbia's elk
to occur in the Kootenays, 27% in the eastern slopes of the Rockies and the lower
Peace River, 11% on Vancouver Island, and the remainder in scattered locations.
Provincial Game Commission reports from 1932 to 1938 mentioned a northward
range expansion from the East Kootenays to the Big Bend and into the Selkirk
Mountains (Anon. 1992).

52 sightings of a total of 129 elk were made from 1951 and 1983 (Figure 143). This
figure not only shows the distribution of elk throughout Glacier National Park but
seasonal preference as well. The Mountain Creek drainage is poorly represented
because it is seldom visited by observer, however, McCrory and Holland (1977)
suggested that elk may be more widely present in this area than is thought. The elk
found in Glacier National Park range beyond park boundaries into the Purcells to
the east and south, and into the Selkirks north of the park. This species is susceptible
to hunter pressures in these regions and are being managed by the B.C. Fish and
Wildlife Branch.

Van Tighem and Gyug (1984) indicated that elk have distinctive elevation prefer-
ences depending on the season (Figure 144). In the summer, elk prefer Alpine and
upper Subalpine ecoregions (HI 6, HI8, L5), open forests (O9,010,021), and the
Copperstain burn, a large, recent burn in the eastern part of Glacier National Park.
JD1 and WR1 ecosites are of high importance while some elk use the CE1 and AB1
ecosites of the lower elevations of the lower Subalpine and the ICH ecoregions. In
the fall elk migrate to the ICH ecoregion. By winter, those elk remaining in Glacier
National Park are found in GF1, GF2, LR1, NCI, and KX1 ecosites along the Beaver
River valley.

Carnivores

Since carnivores generally occupy larger territories, their censusing is difficult. The
most abundant carnivore of the park is probably the pine marten. Other carnivores,
such as the wolf and cougar have been occasionally reported, but sightings are
sporadic. Table61 lists the carnivores which havebeen observed in Glacier National
Park. Since complete descriptions are provided by Van Tighem and Gyug (1984),
repetition of this work would be redundant, therefore, the descriptions here will be
abbreviated and, except where noted, result from their work For more complete
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Figure 143 Elk Distribution in Glacier National Park
from Park Wildlife Cards

(after: Van Tighem & Gyug 1984)
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SEASONS

ELEVATION WINTER
(M) (Dec.-Feb.)

Number
observed=11

2135-2440

1831 -2134

1525-1830 —

1221 -1524 —

915-1220 —

<915 —

I \

50
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(March.-June)
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SUMMER
(July-Sept)

No.obs.=25

0 50 0

Percent observations at each elevation

1 I
so

AUTUMN
(Oct-Nov.)

No.obs.=12

\
50 100

Figure 144 Elk Observations by Elevation from
Park Wildlife Cards in Glacier National Park

(after: Van Tighem & Gyug 1984)

365



Table 61 Carnivores of Glacier National Park

(after: Van Tighem & Gyug 1984)

Grizzly Bear

Black Bear

Coyote

Wolf

Red Fox

Cougar

Wolverine

Marten

Fisher

River otter

Short-tailed weasel

Long-tailed weasel

Mink

Canada lynx

Bobcat

Ursus arctos

Ursus americanus

Canis latrans

Canis lupus

Vulpes wipes

Felis concolor

Gulo gulo

Maries americana

Maries pennanti

Lontra canadensis

Mustek erminea

Mustek frenata

Mustek vision

Lynx lynx

Lynxrufus
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information, readers are referred to these authors' Ecological Land Classification of
Mount Revelstoke and Glacier National Parks, British Columbia - Volume n -
Wildlife Resource (Anon. 1992d).

Grizzly Bear (Ursus arctos)

The status of the grizzly in Canada was evaluated for the Committee on the Status
of Endangered Wildlife in Canada (COSEWIC) by Macey (1979). In this exercise
grizzlies were designated as being "extremely vulnerable", not endangered or
threatened. However, the grizzly population in Glacier National Park has been
evaluated as "vulnerable" (Band 1991). Since 1979, grizzlies have continued to face
pressures from land use practises, loss of favourable habitat, hunting, and poaching
(Band 1991).

Most of the world's grizzlies are found in British Columbia, Alaska, and the Yukon
Territory. It is estimated that the grizzly population of British Columbia is 6,000 -
7,000 of which 650 are found in the Kootenay region (Petticrew 1979). A later
population figure of 13,000 (max.) for British Columbia (Fuhr & Demarchi 1990)
could indicate an increase from the previous estimates. Glacier National Park
supports 40 to 43 grizzlies, for an estimated density of one grizzly per 31-34 km2

(Hamer 1974). McCrory and Herrero (1987) estimate that about 105 grizzly bears
occur in Mount Revelstoke and Glacier National Parks.

Grizzlies require an average annual range of about 250 km2 (Simpson & McLellan
1990) and move extensive distances outside of the park. They prefer south-facing
avalanche slopes and valley-bottom forests for foraging in early spring and
summer. As the snow recedes in July and August, grizzlies favour subalpine and
alpine meadows. As berries ripen later in the season, bears return to burn sites and
avalanche slopes to utilize this food source. Grizzlies appear to prefer a vegetarian
diet consisting of sedges and grasses (57%), mountain ash berries (38%), cow
parsnip (23%), huckleberries and blueberries (31%) and unidentified forbs (15%).
Carion is not a major food source for this spedes because ungulate population
densities are low within the park (Hamer 1974, Mundy&Flook 1973). However,
rodents such as ground squirrels and marmots may be preyed upon, according to
the same authors.

As Figures 145,146, and 147 indicate, grizzlies range throughout Glacier National
Park. Three sourcesofmortaHtyforgriz^esrangmgwithin and justoutsideGlader
National Park are collisions with highway traffic, hunting in peripheral lands, and
destruction of problem bears. Poaching, railway mortality, destruction of bears in
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Figure 145 Grizzly Bear Distributuion in Glacier
National Park from Park Wildlife Cards,
1951 -1976

(after: Van Tighem & Gyug 1984)
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Figure 146 Grizzly Bear Distribution in Glacier National
Park from Park Wildlife Cards, 1977 -1982

(after: Van Tighem & Gyug 1984)
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SEASONS

ELEVATION SPRING
(M) (March.-May)

Number
observed=48

2438 +

2134-2437 —

1829-2133 —

1524-1828 -

1219-1523 —

914- 1218

<913

SUMMER
(June-Aug.)

No.obs.=69

AUTUMN
(Sep.-Nov.)

No.obs,=23

I 1

50 0 50 0 50

Percent observations at each elevation
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Figure 147 Grizzly Bear Observations by Elevation and
Season from Park Wildlife Cards in Glacier
National Park

(after: Van Tighem & Gyug 1984)
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railway and logging camps outside the park would account for further losses. The
maintenance of a viable grizzly population is debated by a number of authorities
(Mundy 1963, Marsh 1972a,Hamer 1974, Simpson & McLellan 1990, McLellan
1991,Raine 1991,Mattson 1992). Cooperative management with other agencies
outside the park directed toward the preservation of this species may help but the
present trends of development (settlement, logging, mining, tourism) will likely
only exacerbate the plight of this and other species.

Black Bear (Ursus americanus)

A population of approximately 63,000 black bears is estimated in British Columbia
(Petticrew 1980). Black bears are common in Glacier National Park (Figure 148),
however, exact population or density data is not available. This population is
susceptible to unnatural mortality through collisions with vehicles on highways,
collisions with trains on the railway mainline, destruction of problem or nuisance
bears, and hunting (Van Tighem & Gyug 1984).

Black bears tend to prefer valley bottoms and spruce forest associations (Jonkel &
Cowan 1971). They also range throughout disturbed or altered habitats where
cover and food are available (Petticrew 1980). In Glacier National Park black bears
aremostcommonbelowtreeline(Figurel49) and themajority of sightings aremade
during the months of June and July (Van Tighem & Gyug 1984). While avalanche
slopes are important all year, black bears forage on herbage in disturbed areas such
as roadsides in the spring and early summer and on berries in or near forested areas
of the park. Finally, their diet is omnivorous, and when tempted, this species will
delight in garbage as a food source.

Coyote (Cam's latrans)

The estimated coyotepopulationinBritishColumbia is 70,000 to 100,000 (Goodchild
etal 1980). Coyotes were heavily hunted for bounties during the 1920-1954 period
in areas east and west of Glacier National Park. According to Van Tighem and Gyug
(1984), coyotes are widespread in the park but scarce in the summer. In the winter
they migrate intoareas where thesnowpack is lessdeepoutsidethepark. They have
a proclivity for low elevation, disturbed habitats and shallow or compacted snow.
In Glacier National Park coyotes have been observed between 730 metres and 1850
metres ASL on disturbed lands (53%), along roads (16%), in mixed forest (6%), and
in marshy areas (6%).

371



Figure 148 Black Bear Distribution in Glacier National
Park from Park Wildlife Cards

(after: Van Tighem & Gyug 1984)
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SEASONS

ELEVATION
(M)

2134-2285

1981 -2133

1829-1980 —

1676-1828 —

1524-1675 —

1372-1523 -

1219-1371 —

1067-1218 —

914-1066 —

762-913

610-761 —

<609 —

All park
(n=77)

Not Applicable

Not Applicable

i i i
25

\

50

Percent observations at each elevation

Figure 149 Black Bear Observations by Elevation from
Park Wildlife Cards in Glacier National Park

(after: Van Tighem & Gyug 1984)
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Coyote sightings from 1951 to 1980 show an equal distribution throughout the year
(Figure 150). Their distribution appears to follow the Trans-Canada Highway/
Canadian Pacific Railway corridor (Figures 151 and 152) where exposure to
collisions with highway traffic has been a frequent risk to this species. Despite an
abundance of small rodents in the park and the absence of competition from foxes
or wolves, the coyote population has been kept low by severe winter conditions.

Wolf (Cam's lupus)

Wolves occur throughout British Columbia but are scarce in mountainous areas
such as Glacier National Park. Prior to 1982, only a few isolated sightings were
recorded in the park. Deep snows and a sparce ungulate population discourage the
presence of this species. All sightings in the park were made in the ICH ecoregion,
in forested and open areas where ungulates and beavers are most likely to be found.
The wolf prefers to travel on roads and frozen lakes or streams (Van Tlghem & Gyug
1984).

Cougar (Felis concolor)

Cougars are fairly common along the upper Columbia River but scarce in the
vicinity of Glacier National Park. There were sporadic sightings from the park
dating back to 1918 with observations being made in 1952 near Flat Creek, at the
east gate in 1963, in the Cougar Valley in 1965, and at the Crossover Slide Path in
1974 (Van Tighem& Gyug 1984).

Cougars feed primarily on deer and tend to avoid areas of deep snowfall (Goodchild
etaL 1980). This precludes their regular use of the park but they can be expected to
make occasional summer forays into ICH ecosites where deer are more common.

Wolverine (Gulo gulo)

The total population of wolverines in British Columbia is estimated to be 5,000 to
8,000 (Munro & Jackson 1979). Wolverines are widely-distributed throughout
Glacier National Park but densities are low. Munro (1945) believed wolverines to
be more plentiful within theparkthaninsurroundingareas. Wardens estimated the
wolverine population of Glacier National Park to be 5-15 during the period of 1925
to 1967 (Van Tighem & Gyug 1984).

The wolverine is an opportunistic preditor and scavenger preying mainly on small
to medium-sized animals and birds. It favours many habitats. Highest densities of
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Figure 150 Coyote Observations by Elevation from Park
Wildlife Cards in Glacier National Park

(after: Van Tighem & Gyug 1984)
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Figure 151 Coyote Distribution in Glacier National
Park from Wildlife Cards:
Summer (May to October)

(after: Van Tighem & Gyug 1984)
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Figure 152 Coyote Distribution in Glacier National
Park from Wildlife Cards:
Winter (November to April)

(after: Van Tighem & Gyug 1984)
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this species were recorded on CM1, which occurs along lower Subalpine valley-
bottoms. In summer, wolverines often forage high in the sub-alpine forests (Cowan
& Guiguet 1965). However, this species has been observed in a wide range of
habitats during all seasons.

Marten (Martes americana)

Marten are common in all forested regions of British Columbia except for some
small off-shore islands. Early pioneers did not mention the marten (Moberly 1865,
Green 1890, Wheeler 1905). Munro (1945) mentioned their abundance, expecially
in forests between 1525 metres and 1825 metres ASL. The marten is the next most
abundant mustelid after the short-tailed weasel.

Todaymartens are commonmaUecoregionsofmepark,c>caminginall watersheds
and at almost all elevations. Highest population densities are found in the lower
Subalpine and ICH ecoregions, while the lowest densities prevail in the Alpine.
High densities occur in closed spruce-fir forests (C21, C25) on BU ecosites, in closed
cedar-white pine-Douglas fir forests (C52) on CT ecosites, and in open coniferous
forests (C51) and alder groves (SIT) on GF ecosites. Medium densities occur in
closed cedar-hemlock forests (C50, C51, C52) in CT and KX ecosites, in closed
subalpine fir-mountain hemlock forests (C47) on HR and BU ecosites, and in open
subalpine fir forests at treeline (O9,010,020,021,022) on JD ecosites (VanTighem
&Gyug 1984).

The martenpreys on Capper's red-backed voles, red squirrels, snowshoehares, and
grouse. As expected, marten densities are highest in areas where these species occur
in high densities. Because of this species' small home-range requirements and the
abundance of suitable habitat in Glacier National Park, viable marten populations
within the park are expected to endure the threats of trapping, hydroelectric
development, and habitat loss due to logging occurring in peripheral lands.

Fisher (Martes pennanti)

Fishers are found in most forested regions of British Columbia, but are considered
7-35 times rarer than martens (Munro & Jackson 1979). Sporadicsightings of fishers
over the years were all recorded in coniferous and mixed forests in the ICH
ecoregion. Van Tighem and Gyug (1984) anticipate the extirpation of this species in
the future as a result of the fragmentation of the fisher's habitat by activities such as
logging and hydroelectric development in the Columbia Valley. The rarity of
mature mixed-wood habitat and the abundance of snow found in the park are
additional factors in this species' paucity.
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Short-tailed Weasel (Mustela erminea)

The short-tailed weasel is considered to be the most common and widespread
weasel (mustelid) in British Columbia. Munro (1945) observed this species
throughout Glacier National Park. Today, it is found in all ecoregions, especially in
me!CHecoregion/foUowedbymeSubalpine/theupperSubalpine/andtiieAlpine.
High densities were found in dosed and open spruce-fir forest (C51) on alluvium,
in valley bottom alder groves (SIT), and in snow-covered sedge meadows (Hll).
High densities occurred in valley bottom ecosites (GF1, GF2, GH1, LR1, LR2) in the
ICHecoregionand intheLKl ecositeinthelowerSubalpineecoregion(VanTighem
&Gyug 1984).

The main prey species of this opportunistic preditor are microtine voles and deer
mice. The short-tailed weasel is thought to have a secure future because of its
abundance, its small home-range requirements, the abundance of prey, and the
availability of suitable habitats.

Long-tailed Weasel (Mustela frenata)

The long-tailed weasel occurs in the interior of British Columbia and is probably less
numerous than the short-tailed weasel. Munro (1945) claimed that the long-tailed
weasel was common throughout higher forests and alpine meadows of Glacier
National Park. Cowan and Guiguet (1965) found this species in virtually every
habitat found within the park. No management problems are anticipated for this
species (Munro & Jackson 1979).

Mink (Mustela visori)

The mink is found throughout British Columbia and is considered the third most
abundant mustelid after the short-tailed weasel and marten (Munro & Jackson
1979). Mink have been documented in Glacier National Park since 1925 (Van
Tighem&Gyug 1984). Munro (1945) considered mink rare in the Rogers Pass area
and scarce in the Beaver River valley. Today mink are found to occur in very low
densities along streams and wetlands in the ICH ecoregion (GF1, GE2, LR1, LR2).
The future of the mink in Glacier National Park is questionable because of the
shortage of such prey species as muskrats and fish. A reversal of this trend would
require the enhancement of these prey species.
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River Otter (Lontra canadensis)

A very rare resident of Glacier National Park, only one sighting was made in 1982
in the lower Beaver River valley in the ICH ecoregion along small beaver ponds. A
lack of suitable prey species has limited this species' presence in the park.

Canada Lynx (Lynx lynx)

The lynx is found throughout British Columbia east of the Coast Ranges. Lynx
populations follow a pronounced ten-year cycle, closely related to the snowshoe
hare. Since 1920, peak numbers have occurred around the middle of each decade
(Goodchild & Munro 1980). In the mid 1950s, Francis (1958) reported several
sightings, and park files indicate several sightings also occurring in the mid 1960s,
1970s, and early 1980s.

Habitats preferred by the lynx were the ICH and lower Subalpine ecoregions. The
dense, young forests and shrub thickets most frequented by the lynx are associated
with their most common prey species, the snowshoe hare (Van Ughem & Gyug
1984). The potential threats to lynx in the park, are poaching and highway mortality.

SMALL MAMMALS

There is a relatively large variety of small mammals in Glacier National Park as Van
Ughem and Gyug (1984) have recorded the presence of 30 species. Table 62 lists
those species that are known to occur in the park.

Achuff et al. (1984), identified 11 small mammal associations which are groups of
insectivores and small rodents that are often found together due to similar habitat
preferences (Table 63).

Fenton et al. (1983) felt that there was a relatively rich bat fauna in Glacier National
Park where 6 species have been recorded (Table 64). Two other species, the northern
long-eared bat (Myotis septentrionalis) and the silver-haired bat (Lasionycteris
noctivagans), have been recorded in Mount Revelstoke National Park to the west.
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Table 62 Small Mammals of Glacier National Park

(after: Van Tighem & Gyug 1984)

Masked shrew
Dusky shrew
Wandering shrew
Water shrew
Little brown bat
Long-eared bat
Long-legged bat
California bat
Hoary bat
American pika
Snowshoe hare
Yellow-pine chipmunk
Woodchuck
Hoary marmot
Columbian ground squirrel
Golden-mantled ground squirrel
Red squirrel
Northern flying squirrel
Beaver
Deer mouse
Bushy-tailed wood rat
Capper's red-backed vole
Northern bog lemming
Heather vole
Richardson's water vole
Muskrat
Meadow vole
Long-tailed vole
Western jumping mouse
Porcupine

Sorex cinereus
Sorex monticolus
Sorex vagrans
Sorex palustris
Myotis lucifugus
Myotis evotis
Myotis volans
Myotis californicus
Lasiurus cinereus
Ochotona princeps
Lepus americanus
Eutamias amoenus
Marmota monax
Marmota caligata
Spermophilus colwnbianus
Spermophilus lateralis
Tamiasciurus hudsonicus
Glaucomys sabrinus
Castor canadensis
Peromyscus maniculatus
Neotoma tinerea
Clethrionomys gapperi
Synaptomys borealis
Phenacomys intermedius
Arvicola richardsoni
Ondatra zibethicus
Microtus pennsylvanicus
Microtus longicaudus
Zapus princeps
Erethizon dorsatum
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Table 63 Small Mammal Associations

(afterAchuffefa/. 1984)

SMALL
MAMMAL
Assoc. #

1

3

10

11A

11B

HABITAT
VEGETATION

TYPES

Shrubland and
grassland.
S15,S13,H8

Subalpine fir/
rhodcxlendron
forest. C21,
C47,C48,C49

Western hemlock-
cedar forest.
050,052,053

Avalanche alder
shrub. 021,09,
S2,S13,H16

Floodplain, alder
shrub. C25, C51,
011,517

DEFINITIVE
SPECIES

Deer mouse

Red-backed
vole,
Dusky shrew

Deer mouse,
Red-backed
vole

Deer mouse,
Heather vole,
Yellow-pine
chipmunk,
Red-backed
vole,
Long-tailed
vole,
Western
jumping mouse

Deer mouse,
Heather vole,
Long-tailed
vole,
Red-backed
vole,
Western
jumping mouse

ADDITIONAL
SPECIES

Western jumping
mouse, Wandering
shrew, Dusky shrew

Heather vole,
Deer mouse

Masked shrew,
Dusky shrew,
Yellow-pine chipmunk,
Heather vole,
Wandering shrew

Richardson's water
vole,
Dusky shrew,
Masked shrew,
Wandering shrew

Richardson's water
vole,
Dusky shrew,
Water shrew,
Masked shrew,
Wandering shrew,
Yellow-pine chipmunk
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Table 63 Small Mammal Associations (cont.)

(after:Achuffefa/. 1984)

SMALL
MAMMAL
Assoc. #

12

13

14

15

16

17

HABHAT
VEGETATION

TYPES

Moist Upper Sub-
alpine open forest.
010,020,021,023

Dry Upper Sub-
alpine open forest.
O22,O23, S14,L5,
H8, H16

Aspen open forest.
015

Lower Subalpine
burn. S14

Wet meadow
(Engelmann Spuce-
Subalpine Fir).
S7, H16, H21

Wet meadow
(Interior Cedar-
Hemlock). Hll

DEFINITIVE
SPECIES

Red-backed
vole,
Deer mouse,
Yellow-pine
chipmunk,
Heather vole

Deer mouse,
Heather vole,
Yellow-pine
chipmunk

Deer mouse,
Long-tailed
vole

Heather vole

Northern bog
lemming,
Heather vole,
Richardson's
water vole

Meadow vole

ADDITIONAL
SPECIES

None

Long-tailed vole,
Wandering shrew

Red-backed vole

Long-tailed vole

Western jumping
mouse

Wandering shrew,
Masked shrew
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Table 64 Bats of Glacier National Park

(after: Van Tighem & Gyug 1984)

SPECIES

Little brown bat
(Myotis lucifugus)

Long-eared bat
(Myotis evotis)

Long-legged bat
(Myotis volans)
Northern long-eared bat
(Myotis septentrionalis)
California bat
(Myotis californicus)
Hoary bat
(Lasiurus cinereus)

HABITAT

ICH

ICH

ICH

ICH

ICH

ICH

ABUNDANCE

common

common

common

rare

rare

rare

Thirteen rodent species were considered and these include the following:

- Masked shrew (Sorex cinereus)
- Northern bog lemming (Synaptomys borealis)
- Dusky shrew (Sorex monticolus)
- Heather vole (Phenacomys intermedius)
- Wandering shrew (Sorex vagrans)
- Red-backed vole (Clethrionomys gapperi)
- Water shrew (Sorex palustris)
- Meadow vole (Microtus pennsylvanicus)
- Yellow-pine chipmunk (Eutamias amoenus)
- Long-tailed vole (Microtus longicaudus)
- Deer mouse (Peromyscus maniculatus)
- Richardson's water vole (Arvicola richardsoni)
- Western jumping mouse (Zapus princeps)
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Hoary marmot (Marmota caligata)

Hoary marmots occur in mountainous regions of western Canada. In Glacier
NationalPark this species is found from the Alpine to elevations of 1220 metres ASL.
It is usually found in areas along the Trans-Canada Highway, in rockslides near
meadows on colluvial ecosites, in open alpine or subalpine ecosites, or among
boulders below cliffs or on avalanche paths in the ICH ecoregion (Figure 153).
Colonies of this species hibernate during the winter and provide prey for the grizzly
bear and the Golden Eagle.

American pika (Ochotona princeps)

The pika is found throughout the mountains of Alberta and British Columbia and,
as indicated in Figure 153, is common in Glacier National Park (Van lighem & Gyug
1984); however, pikas are most common in the Alpine and upper Subalpine
ecoregions in rock slides, boulder piles, and scree slopes adjacent to green vegeta-
tion. They feed on a wide variety of vegetation (herbs, grasses, sedges, deciduous
leaves, and evergreen leaves) and store it for winter use under the snow. Pikas are
aniniportantpreyspedesforawidevarietyofpreditore(Van'Iighern&Gyugl984).

Woodchuck (Marmota monax)

Distributed throughout most of British Columbia, the woodchuck has been re-
ported in a few solitary sightings in friable soils along roadsides between the
Mountain Creek Campground (now dosed) and Rogers Pass (Figure 153). This
species is only found in the ICH ecoregion up to 1330 metres ASL in disturbed areas
such as burns, roadsides, and railway right-of-ways where herbaceous vegetation
is found (Cowan & Guiguet 1965).

Snowshoe hare (Lepus americanus)

A common species in the northern mixed and coniferous forests of Canada, the
snowshoe hare is found throughout British Columbia. Common and widespread
in all four ecoregions of the park, the highest densities are prevalent in the ICH
ecoregion. High densities are found in coniferous forests (Oil, C49, C50, C51, C52,
C53) in the ICH ecoregion and willow shrub meadows (S7, S15) in the lower
Subalpine. Lower densities were recorded in shrub habitats (S13, SIT) and
subalpine coniferous forests (C21, C25, C47, C48, Q22). Snowshoe hares usually
remain in cover during the day and forage at night (Van Tighem & Gyug 1984). It
is an important prey species for many carnivores and is probably of significant
importance in winter, as it spends much of its time above the snow.
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Park Wildlife Cards
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Columbia ground squirrel (Spermophilus columbianus)

Columbia ground squirrels are distributed abundantly throughout all elevations in
the Rockies, the Columbias, and the southern Cascades. They are most common in
Alpine and Subalpine herb meadows (H16, HIS), in heathermeadows (L5), in open
foi^tsneartreeline(O10,O20),andinavalandieterrain(Figurel54). Colonies have
also established themselves in disturbed areas revegetated by grasses. The Colum-
bia ground squirrel is an important prey species for carnivores and raptors during
the summer.

Golden-mantled ground squirrel (Spermophilus lateralis)

This species is isolated to the mountains of the Rockies and the Columbias of
southeastern British Columbia. Munro (1945) observed golden-mantled ground
squirrels in the park (Asulkan Pass, Bostock Summit, Mt. Abbott, and Bald
Mountain). The species prefers rough, rocky, or broken ground, and is most
common in colluvial rubble and moraine of the JP, RD, and AB ecosections of the
Subalpine ecoregion (Figure 154). According to Van Tighem & Gyug (1984), the
Wghestdensityofgolden-mantiedg^undsquirr^
burn area. This species also hibernates during the winter months.

Red squirrel (Tamiasciurus hudsonicus)

The red squirrel is considered widespread and abundantthroughoutforested areas
of Canada. In Glacier National Park this species prefers the ICH and lower
Subalpine ecoregions. High densities arefound in coniferous forests (Oil, C49, C50,
C51, C52, C53) on the CT ecosites, GF2, GH1, and KX1, and in coniferous forests
(C21, C25, C47, C48) on BU2, BUS, and LK1 ecosites. LK1 forests exhibited the
highest overall densities. Red squirrels feed mainly on conifer seeds, fungi, and
conifer leaders, and, in turn, are an important winter food source for marten and
raptors.

Northern flying squirrel (Glaucomys sabrinus)

An uncommon species found in forested regions throughout Canada, the northern
flying squirrel is probably found in most mature forests. This is a nocturnal squirrel
which maybe active throughout the year. No records have been documented in the
park (Van Tighem & Gyug 1984).
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Beaver (Castor canadensis)

Beaver are sidespread throughout British Columbia except in mountainous regions
above timberline. Historically, this species was overtrapped for its fur but, since the
introduction of harvest restrictions, their numbers have increased (Munro & Fyfe
1979). Judging from aerial photographs, population changes have not occurred in
the period of 1949-1981 (Van Tighem & Gyug 1984). The highest beaver colony
concentration is found in the lower Beaver River valley, however, this species is also
found in the Mountain Creek and the Dlecillewaet River valleys (Figure 155). Van
Tighem and Gyug (1984) estimated at least 21 colonies in the lower Beaver River
valley, 5 colonies in the Mountain Creek valley, 2-3 colonies in the upper Beaver
River valley, and 2-3 colonies in the Ulecillewaet River valley.

The most active habitat sites in Glacier National Park are found in the GF and LR
ecosections in the valley bottoms mentioned above. These sites are, in most cases,
located where the highway and the railway are found. Management actions have
dealt quite successfully with conflicts such as plugged culverts and flooding. It is
hoped that these actions will allow for the coexistence of beaver and the highway,
since the beavers' activities create highly valuable habitats for many other species.
Some of these species include muskrats, waterfowl, amphibians, voles, and cavity-
dwellers (woodpeckers, kestrels, swallows, and some ducks)

Muskrat (Ondatra zibethicus)

Muskrats are found throughout British Columbia, except in the central Coast
Mountains. Historic observations were not noted, however, today this species is
fairly numerous in the lower Beaver River valley. The muskrat is associated with
the beaver ponds and canals in the ICH ecoregion (GF1, GF2, LR1). Its distribution
is thought to be similar to the beaver's. This large aquatic vole is active all year, and
feeds on grasses, sedges, cattails, and other aquatic vegetation. It provides a prey
species for such preditors as coyotes and mink.

Porcupine (Erethizon dorsatum)

The porcupine is widespread and common throughout Canada and is found in
most of British Columbia. Although uncommon in Glacier National Park, the
porcupine occurs from the ICH to the upper Subalpine ecoregion. Highest densities
were found in the upper Subalpine followed by the ICH ecoregion. High densities
occur in valley-bottom spruce, lodgepole pine, and subalpine fir forests (GF2, C51)
and attreelinein whitebarkpineforests(JD2,JD4,AK2,O22). Elsewhereinthepark
densities are medium to low (Figure 156).
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Figure 155 Location of Beaver Food Caches in Glacier
National Park

(after: Van Tighem & Gyug 1984)
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Figure 156 Porcupine Distribution in Glacier National
Park from Park Wildlife Cards

(after: Van Tighem & Gyug 1984)
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This species eats bark, shoots, and leaves of various trees and, in turn, provides prey
for a number of carnivores. A considerable number are killed by collisions on the
highway (Van Tighem & Gyug 1984).

IMPORTANT HABITATS FOR WILDLIFE SPECIES

Habitat mapping and evaluation in Glacier National Park has been completed by
Van Tighem and Gyug (1984) who evaluated habitat for a wide range of animals as
part of the Ecological Land Classification of Mount Revdstoke and Glacier National Parks
(Tables 65 - 68). In addition to these tables, Tables 69 - 72 are included to illustrate
the abundance of selected species in ecosites found in the four ecoregions of Glacier
National Park.

AVIFAUNA DESCRIPTION

The description of the avifauna of Glacier National Park that follows (Table 72) is
based largely upon observations made by Cowan and Munro (1945), the Audubon
Society Field Guide to North American Birds - Western Region (Udvardy 1977), Wildlife
Checklist - Mount Revelstoke and Glacier National Parks (Gyug et al 1989), and the
Ecological Land Classification of Mount Revelstoke and Glacier National Parks, British
Columbia (Van Tighem & Gyug 1984). The number of species recorded and their
relative abundance may be conservative since field study by trained and profes-
sional observers was very limited prior to and after the biophysical was completed.

There are 167 avifauna species recorded in Glacier National Park, a majority of
which are migrants. Only 26 species are considered year-round residents of the
park. The season when species are most abundant is summer. There are only 2
winter visitors, the Northern Hawk-Owl and the Common Redpoll. In terms of
relative abundance, only 18 species are considered common, 27 fairly common, 36
uncommon, 4 rare, and 75 very rare.
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Table 65 Use of Interior Cedar-Hemlock Ecosites by
Fauna in Glacier National Park
(after: Achuff etal. 1984)

NOTE: refer to the Ecological Land Classification of Mount
Revelstoke National Park & Glacier National Park for
definition of specific ecosites

ECOSITE

Morainal
CT1
CT2
CT3
CT4

Ice contact
stratified
drift

CT5
CT6

Fluvial
GF1
GF2
LR1
LR2
SN1

Glaciofluvial
KX1

Landslide
GH1

Colluvial
NCI
NC2
NC3
NC4
NC5
NC6

UNGULATES

L M H VH

M
M

L
M

H
M

VH
VH
VH

M
H

H

L

M
L
L
L

H
M

CARNIVORES

L M H VH

M
H
H
H

H
H

VH
VH
VH

H
M

H

M

M
M
M

L
L
L

SMALL
MAMMALS

L M H VH

H
H
H
H

H
M

H
VH

H
H

L

H

M

M
M

H
L

H
M

BIRDS

L M H VH

H
H
H
H

H
M

VH
VH

H
H
H

L

L

H
H
H
H
H

VH

Legend
Ecosite — Ecosite name and genetic material
Importance Ranking — L = Low, M = Medium, H = High, VH = Very High
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Table 66 Use of Engelmann Spruce-Subalpine Fir
Ecosites by Fauna in Glacier Park

(after: Achuff etal. 1984)

NOTE: refer to the Ecological Land Classification of Mount
Revelstoke National Park & Glacier National Park for
definition of specific ecosites

ECOSITE

Morainal
AB1
BUI
BUZ
BU3
BU4
LK1

Fluvial
CE1
CM1
CM2

Colluvial
HR1
HR2
HR3
HR4
HR5
HR6

UNGULATES

L M H VH

H
M

L
M
M

L

L
L
L

L
L
L
L

H
H

CARNIVORES

L M H VH

L
H

M
H

M
H

not record
H

M

L
L

M
L

M
L

SMALL
MAMMALS

L M H VH

M
H
H

M
L

M

L
M
M

M
M

L
L

H
M

BIRDS

L M H VH

L
M
M
M
M
M

L
L
L

L
L
L
L

M
M

Legend
Ecosite — Ecosite name and genetic material
Importance Ranking — L = Low, M = Medium, H = High, VH = Very High
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Table 67 Use of Engelmann Spruce-Subalpine Fir
(Upper Subalpine) Ecosites by Fauna in
Glacier National Park

(afterAchuffefa/. 1984)

NOTE: refer to the Ecological Land Classification of Mount
Revelstoke National Park & Glacier National Park for
definition of specific ecosites

ECOSITE

Colluvial
AK1
AK2
AK4
AK5
AK6

Morainal
JD1
JD2
JD3
JD4
WR1

UNGULATES

L M H VH

M
L
L

VH
H

H
L

H
H

M

CARNIVORES

L M H VH

L
no record
no record

L
no record

M
M
M
M
M

SMALL
MAMMALS

L M H VH

M
L
L

VH
L

M
H

M
M

L

BIRDS

L M H VH

M
M
M
M

L

M
M
M
M
M

Legend
Ecosite — Ecosite name and genetic material
Importance Ranking — L = Low, M = Medium, H = High, VH = Very High
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Table 68 Use of Alpine Ecosites by Fauna in Glacier
National Park

(after: Achuff etal. 1984)

NOTE: refer to the Ecological Land Classification of Mount
Revelstoke National Park & Glacier National Park for
definition of specific ecosites

ECOSITE

Residual
HE3

Morainal
JN2

Colluvial
RD3
RD4
RD5
RD6

UNGULATES

L M H VH

H

M

H
H
H
H

CARNIVORES

L M H VH

L

L

no record
no record
no record
no record

SMALL
MAMMALS

L M H VH

L

M

L
L
L
L

BIRDS

L M H VH

L

M

M
L
L
L

Legend
Ecosite — Ecosite name and genetic material
Importance Ranking — L = Low, M = Medium, H = High, VH = Very High
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Table 69 Wildlife Rankings for Selected Species in Interior Cedar Hemlock (ICH) Ecosite

(after: Achuff etal. 1984)

CO\Lf
-vl

Caribou S
W

Mule deer S
W

Whitetail S
W

Moose S
W

Elk W
Goat S
Coyote W
Marten
Weasel
Mink
Wolverine
Lynx
Pika
Showshoe hare
Beaver
Porcupine
Hoary marmot
Col. Gr. Squirrel
Red Squirrel

CT
1

_
P
L
L
L
-
P
L
-
-
-
L
M
-
P
H
-
H
-
P
-
-

M

2

_
L
L
P
-
L
P
L
-
-
L
H
H
-
P
H
L
H
-
L
-
-

M

3

_
P
P
-
-
L
-
-
-
-
-
H
H
-
P
H
-
H
-
P
-
-
H

4

_
H
M
-
L
-
-
-
-
-
-
H
L
-
-
H
-
H
-
L
-
P
M

5

_
P
M
H
L
M
L
-
-
-
L
M
L
-
L
H
-
H
-
P
-
P
H

6

_
P
L
M
L
L
-
-
-
-
-
H
L
-
L
H
-
H
-
L
-
-

M

GF
1

_
P
M
M
H
H
P
H
-
-
H
M
H
H
L
M
-

M
H
P
-
P
M

2

_
P
M
H
H
V
L
H
-
-
H
H
H
M
L
H
-
H
H
H
-
P
H

LR
1

M
H
H
H
H
H
L
H
-
-

M
M
H
L
L
M
-

M
M
P
-
P
M

2

_

M
L
P
L
M
-
-
-
-

M
L
H
L
P
P
-
P
M
M
M
P
P

SN
1

L
P
P
L
L
M
P
M
-
-
L
P
L
L
L
M
-

M
L
P
-
-
P

KX
1

P
P
M
H
L
L
L
M
-
-
L
M
M
-
-

M
-

M
-
P
-
P
H

GH
1

P
P
-
-
-
-
-
-
-
-
-
L
H
-
P
-

M
P
-
-
-
P
H

NC
1

_
-
-
L
-
L
-
H
M
-
-
L
M
-
P
M
-

M
-
P
-
P
M

2

„
-
-
-
-
-
-
-

M
-
-
L
M
-
P
M
-

M
-
P
M
-

M

3

_
-
-
-
-
-
-
-
L
-
-
L
P
-
-

M
-

M
-
P
-
-
P

4

_
-
-
-
-
-
-
-
L
-
-
P
P
-
-
L
-
P
-
P
-
-
P

5
_

-

P
-
-
-
-
-
V
M
-
P
P
-
P
L
H
P
-
P
H
P
P

6
_

-
M
-
-
-
-
-
H
-
-
P
P
-
-
L
L
M
-
P
-
P
L

W = winter
S = summer

= zero
L = low

H = high
P = present
M = medium
V = very high



Table 70 Wildlife Rankings for Selected Species in Engelmann Spruce-
Subalpine Fir (Lower Subalpine) Ecosites

(after: Achuff etal. 1984)

Caribou

Mule deer

Whitetail

Moose

Elk
Goat
Coyote
Marten
Weasel
Mink
Wolverine
Lynx
Pika
Showshoe hare
Beaver
Porcupine
Hoary marmot
Col. Gr. Squirrel
Red Squirrel

S
W
S
W
S
W
S
W
W
S
W

AB
1

P
P
L
-
-
-

M
-

M
M
-
L
-
-
P
L
H
L
-
-
P
-

M

BU
1

L
P
M
-
L
L
P
-
-
-
-
H
L
-
P
H
M
H
-
P
-
-

M

2

P
P
P
-
-
-
P
-
-
L
-

M
L
-
P
L
L
L
-
P
L
-
H

3

H
L
P
-
-
-
-
-
-
-
-
H
M
-
L
L
-
L
-
P
-
-
H

4

L
M
H
-
L
-
-
-
-
-
-

M
M
-
-
L
-
L
-
L
-
-
L

LK
1

P
P
P
-
-
-
L
-
-
-
-
H
H
-
L
M
L
M
-

M
-
-
L

CE
1

_
-
P
-
-
-

M
-
-
-
-
-
P
-
P
-
-
P
-
-
P
P
"

CM
1

P
P
P
-
-
-
P
-
-
-
-
H
M
-
H
M
-

M
-
P
-
-
L

2

_
-
P
-
-
-
L
-
-
-
-
L
M
-
P
-
L
P
-
-
H
L
L

HR
1

_
-
-
-
-
-
P
-

M
-
-
L
P
-
L
L
M
L
-
-
-
-
L

2

_
-
-
-
-
-
-
-

M
.
-
L
P
-
P
L
P
L
-
-
-
-

M

3

_
-
-
-
-
-
-
-
-
L
-
H
P
-
L
L
P
L
-
-
-
-
P

4

_

L
-
-
-
-
-
-
L
-
-
P
P
-
-
L
P
L
-
-
-
-
P

5

_
-
P
-
-
-
P
-
H
H
-

M
L
-
L
L
H
L
-
-
H
L
L

6

_
-
P
-
-
-
-
-
V
M
-
-

M
-
-
P
H
P
-
-
L
-

M

CO
CO
00

W = winter
S = summer

= zero
L = low

H = high
P = present
M = medium
V = very high



Table 71 Wildlife Rankings for Selected Species in Engelmann Spruce-
Subalpine Fir (Upper Subalpine) Ecosites

(after: Achuff etal. 1984)

GO
CO
CO

Caribou

Mule deer

Whitetail

Moose

Elk
Goat
Coyote
Marten
Weasel
Mink
Wolverine
Lynx
Pika
Showshoe hare
Beaver
Porcupine
Hoary marmot
Col. Gr. Squirrel
Red Squirrel

S
W
S
W
S
W
S
W
W
S
W

AK
1

P
P
L
-
-
-

M
-
L
-
-
L
P
-
P
-
H
-
-
P
P
H
L

2

P
P
P
-
-
-
-
-
-
-
-
P
P
-
P
-
P
-
-

M
P
P
P

4

P
P
P
-
-
-
-
-
-
-
-
P
P
-
P
-
P
-
-
P
P
P
P

5

H
L
P
-
-
-

M
-
H
V
-
L
P
-
L
-
H
M
-

M
H
H
-

6

L
P
P
-
-
-

M
-
H
H
-
P
P
-
-
-
L
-
-
-

M
-
-

JD
1

H
P
H
-
-
-
H
-
-
L
-

M
L
-
P
M
M
M
-
P
P
H
-

2

P
P
P
-
-
-
-
-
L
L
-
L
L
-
L
L
M
L
-
H
H
H
-

3

H
H
P
-
-
-
-
-
-

M
-

M
L
-
L
L
-
L
-

M
P
H
-

4

H
H
L
-
-
-
-
-
L
-
-

M
M
-
P
L
-
L
-
H
P
H
-

WR
1

P
P
P
-
-
-
H
-
-
-
-
P
M
-
-
-
-
-
-
-
P
M
P

W = winter
S = summer

= zero
L = low

H = high
P = present
M = medium
V = very high



Table 72 Wildlife Rankings for Selected Species in
Alpine Ecosites

(after: Achuff etal. 1984)

Caribou

Mule deer

Whitetail

Moose

Elk
Goat
Coyote
Marten
Weasel
Mink
Wolverine
Lynx
Pika
Showshoe hare
Beaver
Porcupine
Hoary marmot
Col. Gr. Squirrel
Red Squirrel

S
W
S
W
S
W
S
W
W
S
W

HE
3

M
-
L
-
-
-
L
-
L
H
-
L
L
-
-
P
L
L
-
-
L
-
"•

JN
2

H
-
-
-
-
-

M
-
-
-
-
-
L
-
-
-
L
L
-
-

M
H

•"•

RD
3

P
P
P
-
-
-

M
-

M
H
-
-
-
-
-
-
L
-
-
-
P
H

~

4

P
P
P
-
-
-
-
-

M
H
-
-
-
-
-
-
L
-
-
-
H
L
~

5

P
P
P
-
-
-
-
-

M
H
-
-
-
-
-
-
P
-
-
-
P
L
~

6

P
P
P
-
-
-
-
-

M
H
-
-
-
-
-
-
P
-
-
-
P
-
~

W = winter
S = summer

= zero
L = low

H = high
P = present
M = medium
V = very high
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Year-round residents include the following: Evening Grosbeak, Pine Siskin, White-
winged Crossbill, Red Crossbill, Pine Crossbill, Rosy Finch, Three-toed Wood-
pecker, Clark's Nutcracker, Chestnut-backed Chickadee, Brown Creeper, Ameri-
can Dipper, Bohemian Waxwing, Blue Grouse, White-tailed Ptarmigan, Ruffed
Grouse, Downy Woodpecker, Hairy Woodpecker, Stellar's Jay, Gray Jay, Common
Raven, Red-breasted Nuthatch, Golden-crowned Kinglet, Black-capjped Chickadee,
Mountain Chickadee, and Boreal Chickadee. Common summer residents include
the following: Swainson's Thrush, Varied Thrush, Hermit Thrush, MacGUlivray's
Warbler, Yellow-rumped Warbler, Townsend's Warbler, Wilson's Warbler, Ameri-
can Robin, Golder-crowned Kinglet, Common Yellowthroat, Fox Sparrow, Spotted
Sandpiper, Rufous Hummingbird, Northern Flicker, American Crow, Warbling
Vireo, Yellow Warbler, and Dark-eyed Junco. Glacier National Park provides
avifauna with an abundant source of insects and attracts birds from far afield, as far
south as Venezuela (Woods 1987).

Abundance

The term "abundance" is based upon the number of observations of a particular
species, a competent observer may expect to find in a single day within the bird's
preferred habitat and specific to a given month of the year.

Common: can almost always be recorded, and
often inlarge numbers.

Fairly Common: recorded on most field trips.

Uncommon: occasionally recorded, usually in
low numbers.

Rare: one individual or none, likely by song only.

Very Rare: historically, has been recorded fewer
than 5 times for a given area.
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Habitat Codes

The general classification of avifauna habitats are listed below:

A - Alpine
B - Burnt lands
C - Closed coniferous forests
D - Deciduous forests
F - Floodplain
G - Grasslands
K - Timberline
L - Lakes
M - Shrubby meadows
O - Open coniferous forests
R - Rivers
T - Townsites, landfills, disturbed areas
W - Wetlands (marshes and bogs)
X - Mixed forest
Y - Cliff face

Breeding Status

Species that are known or suspected to breed within Glacier National Park are
indicated by an asterisk "*".

A number of species identified in Gyug et al. (1989) do not appear in Table 73. Many
of these species have been observed in the Columbia River valley and may have
been observed in thepark. They areaUlistedbecausethereisaverygoodlikelyhood
that they may be seen in the park Arctic loon, Western grebe, Red-necked grebe,
Eared grebe, Pied-billed grebe, Double-crested cormorant, American white pelican,
American bittern, Black-crowned night-heron, Great egret, Sandhill crane, Tundra
swan, Trumpeter swan, Gadwall, Eurasian wigeon, Ruddy duck, Canvasback,
Greater scaup, Surf scoter, Oldsquaw, Red-breasted merganser, Ferruginous hawk,
Gyrfalcon, Black-bellied plover, Lesser golden-plover, Long-billed plover, Wilier,
Lesser yellowlegs, Short-billed dowitcher, Long-billed dowitcher, Dunlin,
Semipaimated sandpiper, Least sandpiper, Pectoral sandpiper, Herring gull, Cali-
fornia gull, Common tern, Black-billed cuckoo, Common barn-owl, Short-eared
owl, Anna's hummingbird, Black-backed woodpecker, Say's phoebe, Scissor-tailed
flycatcher, Blue jay, Marsh wren, Bewick's wren, Gray catbird, Chestnut-sided
warbler, Bay-breasted warbler, House sparrow, Northern oriole, Indigo bunting, Le
Conte'sspaiTX)w,Cky-coloredsparrow,Harris'spaiTOw,Qiffi
House finch, and Rufous-sided towhee.
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Table 73 Avifauna of Glacier National Park

(after: Van Tighem & Gyug 1984)

&
CO

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Common Loon Gavia immer LRW
Great Blue Heron Ardea herodias LRW
Cattle Egret Bubulcus ibis TW
Swan (Unidentified) Cygnus spp. LRW
Greater
White-Fronted Goose Anser dbifrons LW
Snow Goose Chen caerulescens LRW
Canada Goose* Branta canadensis LRW
Wood Duck Aixsponsa LRW
Green- Winged Teal Anas crecca LRW
Mallard Anas platyrhynchos LRW
Northern Pintail Anasacuta WLW
Blue-Winged Teal Anas discors LRW
Cinnamon Teal Anas cyanoptera LRW
Northern Shoveler Anas clypeata LRW
American Wigeon Anas americana LRW
Redhead Aythya americana LRW
Ring-Necked Duck Aythya collaris LRW
Lesser Scaup Aythya affinis LRW
Harlequin Duck* Histrionicus histrionucus LRW
White-Winged Scoter Melanittafusca LW
Common Goldeneye Bucephala clangula LRW
Barrow's Goldeneye Bucephala islandica LRW
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Table 73 Avifauna of Glacier National Park (cont.)

(after; Van Tighem & Gyug 1984)

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Bufflehead Bucephala albeola LRW
Hooded Merganser Lophodytes cucullatus LRW
Common Merganser* Mergus merganser LRW
Osprey Pandion haliaetus FLRW
Bald Eagle Haliaeetus leucocephalus FLRW
Northern Harrier Circus cyaneus MW
Sharp-Shinned Hawk Accipiter striatus DCKWM
Cooper's Hawk Accipiter cooperii KDM
Northern Goshawk* Accipiter gentilis ACXW
Red-Tailed Hawk* Buteo jamaicensis OAG
Golden Eagle* Aquila chrysaetos AMG
American Kestrel Falco sparverius ABGMTW
Merlin Falco columbarius CDOW
(Peregrine Falcon) Falco peregrinus AGRLYW
Prairie Flacon Falco mexicanus KGFR
Spruce Grouse* Dendragapus canadensis C
Blue Grouse* Dendragapus obscums CDBKMO
White-Tailed Ptarmigan* Lagopus leucurus AKM
Ruffed Grouse * Bonasa umbettus D
Sora* Porzana Carolina W
American Coot* Fulica americana LWRF
(Sandhill Crane) Grus canadensis W
Killdeer* Charadrius vociferus FLRW
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Table 73 Avifauna of Glacier National Park (cont.)

(after: Van Tighem & Gyug 1984)

£
Ol

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Greater Yellowlegs Tringa melanoleuca LRW
Solitary Sandpiper Tringa solitaria WLM
Spotted Sandpiper * Actitis macularia LRW
(Upland Sandpiper) Bartramia longicauda LRW
Western Sandpiper Calidris nuturi LRW
Baird's Sandpiper Calidris bairdii LRW
Common Snipe* Gallinago Gallinago FW
Wilson's Phalarope Phalaropus tricolor LRW
Red-Necked Phalarope Phalaropus bbatus LRW
Bonaparte's Gull LOTUS Philadelphia FLRW
Ring-Billed Gull LOTUS ddawarensis LT
Rock Dove Columba livia T
Band-tailed Pigeon * Columba fasdata XCOD
Mourning Dove * Zenaida macroura DFT
Great Horned Owl Bubo virginianus DOX
Northern Hawk-Owl * Surnia ulula RBFKOM
Northern Pygmy Owl* Glaucidium gnorna CXB
Barred Owl* Strixvaria XM
Boreal Owl* Aegolius funereus CO
Northern Saw-Whet Owl Aegolius acadicus WCXOD
Black Swift* Cypseloides niger YR
Vaii^s Swift * Chaetura vauxi CF
Rufous Hummingbird * Selasphorus rufus MAB
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Table 73 Avifauna of Glacier National Park (cont.)

(after: Van Tighem & Gyug 1984)

O
O>

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Belted Kingfisher * Cen/lealcyon LRW
Lewis' Woodpecker Mdanerpes lewis CB
Yellow-bellied Sapsucker Sphyrapicus varius COD
Downy Woodpecker * Picoides pubescens DCOTX
Hairy Woodpecker * Picoides vilhsus BOXW
Three-toed Woodpecker * Picoides tridactylus OCB
Northern Flicker* Colaptes aurat us DBWOX
Pileated Woodpecker* Dryocopus pileatus OX
Olive-sided Flycatcher * Contopus borealis BWKC
Western Wood-Pewee * Contopus sordidulus XWD
Alder Flycatcher Empidonax alnorum WMR
Willow Flycatcher Empidonax traillii WMR
Least Flycatcher Empidonax minimus DXW
Hammond's Flycatcher Empidonax hammondii CX
Dusky Flycatcher Empidonax oberholseri DMW
Eastern Kingbird Tyrannus tyrannus W
Horned Lark* Eremophilaalpestris AM
Tree Swallow* Tachycineta bicolor FWM
Violet-Green Swallow* Tachycineta thalassina WMTX
Northern
Rough- Winged Swallow* Stelgidopteryx serripennis LRWT
Bank Swallow Riparia riparia LRW
Cliff Swallow Hirundopyrrhonota WLTY
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Table 73 Avifauna of Glacier National Park (cont.)

(after: Van Tighem & Gyug 1984)

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Barn Swallow* Hirundo rustica TWLRG
Gray Jay* Perisoreus canadensis XBTCO
Stella's Jay* Cyanocitta stelleri CD
Clark's Nutcracker* Nucifraga columbiana CK
Black-Billed Magpie Pica pica O
American Crow* Corvus brachyrynchos TDXOFR
Common Raven* Corvus corax ACDYTO
Black-Capped Chickadee* Pams atricapillus CODX
Mountain Chickadee* Parusgambeli CO
Boreal Chickadee* Pams hudsonicus COX
Chestnut-Backed* Chickadee Pams rufescens CO
Red-Breasted Nuthatch* Sitta canadensis COX
Brown Creeper* Certhia ameriama CX
Rock Wren* Salpinctes obsoletus AKY
Winter Wren* Troglodytes troglodytes C
American Dipper* CMC/MS mexicanus RWT
Golden-Crowned Kinglet* Regulussatrapa XC
Ruby-Crowned Kinglet Regulus calendula XCDK
Mountain Bluebird* Sialia currucoides KFT
Townsend's Solitaire* Myadestes townsendi OBKY
Veery* Catharusfuscescens DWXE
Gray-Cheeked Thrush Catharus minimus OD
Swainson's-Thrush* Catharus ustulatus DOX
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Table 73 Avifauna of Glacier National Park (cont.)

(after: Van Tighem & Gyug 1984)

COMMON NAME SCIENTIFIC NAME HABITAT CODE

Hermit Thrush* Catharus guttatus OXK
American Robin* Turdus migratorius FKXOD
Varied Thrush* Ixoreus naevius DCOK
Water Pipit* Anthus spinoletta AG
Bohemian Waxwing* Bombycilla garrulus FWR
Cedar Waxwing* Bombycilla cedrorum XMDCO
Northern Shrike Lanius excubitor PC
European Starling* Sturnus vulgaris WTG
Solitary Vireo* Vireo solitarius DXR
Warbling Vires Vireo gilvus XDM
Red-Eyed Vireo Vireo olivaceus DFWR
Tennessee Warbler* Vermivora peregrina DXF
Oragne-Crowned Warbler* Vermivora celata BOD
Yellow Warbler* Dendroicapetechia RDWMX
Magnolia Warbler* Dendroica magnolia CXW
Yellow-Rumped Warbler* Dendroica coronata CDBO
Townsend's Warbler* Dendroica townsendi COX
Blackpoll Werbler* Dendroica striata C
American Redstart* Setophaga ruticUla DMW
Northern Waterthrush* Seiurus noveboracensis RLWOM
Macgillivray's Warbler* Oporonis tolmiei BDMWR
Common Yellowthroat* Geothlypis trichas WMD
Wilson's Warbler* WUsoniapusilla WBKM
Western Tanager* Piranga ludoviciana OX
Black-Headed Grosbeak* Pheucticus melanocephalus XDCFR
Lazuli Bunting* Passerinaamoena MRTD
American Tree Sparrow Spizella arborea MDO
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Table 73 Avifauna of Glacier National Park (cont.)

(after: Van Tighem & Gyug 1984)

COMMON NAME SCIENTIFIC NAME HABITAT CODE

snipping sparrow^ jpizeiiu pusscrinu L>jM_/r
Vesper Sparrow Pooecetes gramineus TG
jaVdlUlall DpoITOW rMJ»crCM/Iit> SwnWtt/JCflcrtoto VJVV1VLT

Fox Sparrow* Possereliu ilwcd COWMK
Song Sparrow* Mdospizu nielodiu MW
Luuxun s sparrow^ iviciospizu iiiiLOinii iviw
Golden-Crowned Span ow* Zonolnchiu ubicuijillu CKA
Wnite-Crowned Sparrow* Zonotrichui Icucophrys MFKR
LMI K-E, V fcXl J Ui ll_U JUflLU flUKflUtllir U\_^A_IV1

Lapland Longspur Calcarius lapponicus GTF
Snow Bunting Plectrophenax nivalis MT
rvea-wingeci DiacKDira /\geunus pnoeniceus JXTW
Western Meadowlark Sturnella neglecta TG
Yellow-Headed Blackbird Xanthocephdus xanthocephdus RLW
Rusty Blackbird* Euphagus carolinus WT
Brewer's Blackbird Euphagus cyanocephdus WTMR
Common Crackle Quiscatus quiscula WT
ulOWn-rlcaQeG V^OWDilu. IVlOlOinrUS utcr \j 1 ixJVl

Kosy .rincn Lcucostictc urctou J\\JM.
rine vjrosoreaK rinicoiu cnuci&itor \~\j
Purple Finch Carpodacuspurpureus X
rvea vjrossDiu LOXIU cunnrostru L-
White- Winged Crossbill* Loxia leucopterci CO
v^ommon tvcupoii (^uiuuciisjiurtinicu urivii
Hoary Redpoll Cardudis hornemanni MDRNG
*Pirna Qjf Hn* f^nr/liiolic *l»*n/o fTYPYnnejisKin LMruuciis pinus ^L/IA
Evening Grosbeak Coccothroustes vsspertinus XCDT
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AVIFAUNA HABITATS

Waterbodies

Glacier National Park contains two major valley systems both of which lie within
the ICH ecoregion. Ponds and waterbodies found here and in a few other areas of
the park underwent pond surveys in 1982 and 1983. The findings are listed as
follows:

Beaver Bog Complex (MG692916)

In the spring Mallards, Blue-winged Teal, Green-winged Teal, Common
Goldeneyes, Canada Geese, Buffleheads, American Coots, Spotted Sandpi-
pers, Solitary Sandpipers, Common Snipes, and Red-winged Blackbirds
were observed in this area. The latter very likely nest here.

Beaver Hill Pond (MG688914)

Mallards, Buffleheads, Green-winged Teal, Canada Geese, and one Snow
Goose have visited this pond during the spring.

Beaver Picnic Site Pond (MG670972)

The following bird species were seen in this area in April and May:
Mallards, Blue-winged Teal, a Rusty Blackbird, a Red-winged Blackbird,
and a Killdeer.

Beaver Pit Pond (MG698901)

Mallards, Blue-winged Teal, Buffleheads, and Goldeneyes were seen in this
pond in May.

Mt. Shaughnessy Picnic Site Slough (MG688928)

Migrants such as Blue-winged Teal, Mallards, Canada Geese, Green-winged
Teal, Buffleheads, Northern Shovelers, Solitary Sandpipers, and Red-winged
Blackbirds use this area.
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Bufflehead Pond (MG683935)

In the spring the following are known to have used the area: Canada Geese,
Mallards, Blue-winged Teal, Buffleheads, Common Goldeneyes, Barrow's
Goldeneyes, Northern Shovelers, Belted Kingfishers, and Great Blue Herons.
Of these only the Canada Geese have been known to nest.

Otter Ponds Complex (MG666955)

Mallards, Common Goldeneyes, Ring-necked Ducks, Blue-winged Teal,
Common Mergansers, Redheads, Canada Geese, American Coots, Great Blue
Herons, Common Snipes, and Red-winged Blackbirds have all been observed
here. The Red-winged Blackbird probably breeds here.

Sedge Meadow Ponds (MG677944)

Common Goldeneyes, American Wigeons, Mallards, a Killdeer, and a
Common Snipe visited this area. The Snipe probably bred here.

Stoney Bog Complex (MG696933-MG673944)

Canada Geese, Mallards, Barrow's Goldeneyes, and Common Snipe were
observed in this area. An osprey was seen hunting nearby.

Beaver Meadows Ponds (MG741787-MG750764)

Mallards are known to nest here. In addition, Barrow's Goldeneyes,
Ring-necked Ducks, Canada Geese, Solitary Sandpipers, and Common Snipes
use the area.

Twenty-Mile Cabin Pond (MG773713)

No avifauna was seen in this small grassy slough.

Thirty-Mile Cabin Wetlands (MG805594)

No avifauna was seen in these small wetlands and seepages.

Cougar Brook Pond (MG608789)

Blue-winged Teal and Mallards have been observed in this pond.
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Loop Brook Pond (MG621788)

Waterfowl seen in this site include Mallards, Harlequin Ducks, Lesser Scaups,
and Blue-winged Teal.

Mannix Ponds (MG576776)

A Mallard was known to nest in these ponds, however, the ponds were
drained by Parks staff in 1983.

Scaup Pond (MG588780)

Only a Lesser Scaup was observed in this pond.

Marion Lake (MG643785)

Mallards and Solitary Sandpipers were observed in this area.

Rogers Pass Sewage Lagoon (MG640837)

Avifauna observed in this lagoon were Harlequin Ducks, Mallards, Blue-
winged Teals, and Spotted Sandpipers.

Schuss Lake (MG505705)

Only a pair of Solitary Sandpipers were observed in this area.

Nomadic Species

The red crossbill, common redpoll and pine siskin are all highly nomadic species
which may be present in great numbers one year, and possibly not present the next.
Their status varies widely from year to year.

Breeding Bird Communities

Table 74 lists significant habitats types, associated ecosites and bird species, and
vegetation types forthebreedingbird communities identified by Achuff eta/. (1984).
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Table 74 Breeding Bird Communities in Glacier National
Park

NOTE: see the Ecological Land Classification of Mount Revelstoke
& Glacier National Parks for definition of vegetation types and
ecosites

HABITAT TYPES AND THEIR
CHARACTERISTIC AVIFAUNA SPECIES

ASSOCIATED
ECOSITE

VEGETATION
TYPES

1. Upper Subalpine coniferous open forest
Winter Wren, Water Rpit, Rosy Finch, Fox Sparrow,
Hermit Thrush, Dark-eyed Junco, Pine Siskin,
Chipping Sparrow, American Robin

2. Upper Subalpine coniferous closed forest
Hermit Thrush, Yellow-rumped Warbler, Golden-
crowned Kinglet, Pine Siskin, Dark-eyed Junco,
Varied Thrush, Townsend's Warbler, Winter Wren,
Red-breasted Nuthatch, Hammond's Flycatcher,
Fox Sparrow, Rufous Hummingbird

3. Avalanche slope
Wilson's Warbler, MacGillivray's Warbler, Brown-
headed Cowbird, Orange-crowned Warbler, Yellow
Warbler, Rufous Hummingbird,Dark-eyed Junco,
Golden-crowned Kinglet, Townsend's Warbler,
Pine Siskin, Warbling Vireo, Chipping Sparrow,
Swainson's Thrush, Winter Wren, Varied Thrush

4. Dryad mat
Chipping Sparrow, Spotted Sandpiper, Pine Siskin,
Water Rpit, Clark's Nutcracker, Wilson's Warbler,
Hammond's Flycatcher, MacGillivray's Warbler,
Ruby-crowned Kinglet, Warbling Vireo

5. Moist Upper Subalpine and Alpine meadow
Rosy Finch, Water Rpit, Rufous Hummingbird

6. Floodplain complex
Brown-headed Cowbird, Common Yellowthroat, Black-
headed Grosbeak, American Redstart, MacGillivray's
Warbler, Lincoln's Sparrow, Red-winged Blackbird,
Song Sparrow, Solitary Sandpiper, Northern Waterthrush,
American Crow, Cedar Waxwing, Western Wood Pewee,
Rufous Hummingbird, Yellow Warbler, Hammond's

AK4,AK5,AK6,
JD4,WR1

BU4,HR4,HR5,
HR6,LK1

CE1,CM2,HR5/

HR6,LR2,NC4

AK4,AK5,AK6,
JD4,RD6,WR1,

GF1, LR1, LR2,

O9,O10,O20,
O22,L5

C21,C47,O21,
C48

52,513,814,
S15

H8

L5,H1,H5,
H16,H18

O23,S7,S17,
Hll
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Table 74 Breeding bird communities in Glacier National
Park (cont.)

(after: Van Tighem & Gyug, 1984)

HABITAT TYPES AND THEIR
CHARACTERISTIC AVIFAUNA SPECIES

ASSOCIATED
ECOSITE

VEGETATION
TYPE

Flycatcher, Pine Siskin, American Robin, Chipping
Sparrow, Warbling Vireo, Orange-crowned Warbler,
Wilson's Warbler, Townsend's Warbler, Steller's Jay

7. Wet forest
Common Yellowthroat, Blackpoll Warbler, Northern
Waterthrush, Boreal Chickadee, Yellow Warbler, Wilson's
Warbler, Townsend's Warbler, Dark-eyed Junco, Golden-
crowned Kinglet, Chipping Sparrow, Varied Thrush, Winter
Wren, Hammond's Flycatcher, American Robin, Chestnut-
backed Chickadee, Red-breasted Nuthatch, Yellow-rumped
Warbler, Brown Creeper, Pine Siskin

8. Hemlock-cedar forest
Golden-crowned Kinglet, Townsend's Warbler, Chestnut-
backed Chickadee, Vaux's Swift, Brown Creeper, Evening
Grosbeak, Pine Siskin, Varied Thrush, Winter Wren, Red-
breasted Nuthatch, Hammond's Flycatcher, Swainson's
Thrush, Three-toed Woodpecker

9. Interior Cedar-Hemlock mixed forest

Golden-crowned Kinglet, Chestnut-backed Chickadee,
Warbling Vireo, MacGillivray's Warbler, Pine Siskin,
Townsend's Warbler, Red-breasted Nuthatch, Varied
Thrush, Hammond's Flycatcher, Yellow-rumped Warbler,
Swainson's Thrush, Dark-eyed Junco, Chipping Sparrow,
American Robin

10. Interior Cedar-Hemlock deciduous forest
Nashville Warbler, Calliope Hummingbird,
MacGillivray's Warbler, Cedar Waxwing, Dusky
Flycatcher, Rufous Hummigbird, Dark-eyed Junco,
Warbling Vireo, Hammond's Flycatcher, Western Tanager,
Orange-crowned Warbler, Wilson's Warbler, American
Robin, Yellow-rumped Warbler, Black-capped Chickadee,
Swainson's Trush, Solitary Vireo, Golden-crowned Kinglet,
Chipping Sparrow,Yellow Warbler, Townsend's Warbler,
Pine Siskin.

GF1 H11,O11,C25

CT4,CT5,LR1 C49/C50,C51,
C52

CT4,CT5,NC4 C52,C53

NC6 O15,O23
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MIGRATION

Glacier National Park is not located on major migrational flyways, nor is it an
important staging area. Flyways and staging areas occur in the Columbia River
valley and in the Purcell Trench south of the park. Of the waterfowl that do visit the
park, Mallards were thecommonest, followedby CommonGoldeneyes. These find
suitable habitat mainly in the ponds and backwaters of the Beaver and Dlecillewaet
valleys. In migration surveys conducted in 1981 and 1982, three patterns emerged:

1. Permanent residents and finches present in Glacier National Park
(24 species) all year were observed throughout the migration surveys,

2. Many of the summer residents or autumn migrants (35 species) do not
increase in numbers in the fall before departing for warmer climes,

3. Autumn migrants from other latitudes or altitudes increase in num-
bers before departing for warmer climes (Van Tighem & Gyug 1984).

Waterfowl

Waterfowl and shorebirds are most abundant in the Beaver River valley pond
and wetland areas. Afew of these (Canada Geese, CommonSnipes, Redwinged
Blackbirds, and Mallards) are known or suspected to nest in these areas.
Only stragglers and wanderers are found in the Ulecillewaet River valley.
Far more favourable pond and wetland habitat occurs outside the park
along the Columbia River valley and to the south along the Purcell Trench (Van
Tighem & Gyug 1984).

Raptors

Only the Golden Eagle, Northern Goshawk, and Red-tailed Hawk are known
to have nested in Glacier National Park. A marsh hawk was observed during
a survey conducted in 1982 (Anon. 19820. Very few raptors were observed
during migration surveys. These were the Red-tailed Hawk and American
Kestrel (Van Tighem & Gyug 1984).
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Passerines (Neotropical migrants)

Migration patternsof passerines vary widely amongthe species. Early arrivals
include the Dark-eyed Junco and American Robin, arriving in late March or
early April and leaving early September and October respectively. Passerines
also show nugration peaks, often passrng through
true of the Fox Sparrow which commonly migrates in small numbers (Van
Tighem&Gyug 1984).

All Flycatchers, Swifts, Swallows, and most species of Warblers have departed
by late September. The latest recorded migrant warbler, the Yellow-rumped
Warbler, leaves the park in large numbers in early October. Members of the
Finch family, such as the Pine Siskin and the Crossbill, often remain in large
numbers late into the fall and sometimes throughout the winter (Van Tighem
&Gyug 1984).

Growing concerns are felt by park managers about the apparent declining
status of the park's neotropical migrants. These species have experienced in-
creasing population declines in many parts of North America (Finch 1991).
Neotropical (passerine) species represent approximately 46% of all species
found in the Columbia Mountains Ecosystem (Figure 157). A number of fa-
ctors have resulted in this trend among this group of birds:

1) Forest fragmentation on the breeding grounds
2) Deforestation of wintering habitats
3) Pesticide poisoning
4) Cumulated effects of habitat changes

Figure 159 illustrates the proportion of other species types found in this eco-
system, i.e. resident, and Temperate/Arctic bird species found in this ecosys-
tem. The best conservation and management actions that would mitigate
the fate of migrant species involves the preservation and sound manage-
ment of old-growth forests, and the reforestration and management of sec-
ondary habitats and rural lands in both tropical and temperate countries
(Finch 1991).
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Residents
30% Neotropical (passerines)

46%

Temperate/Arctic (passerines)
24%

S p e c i e s (n) = 165

Figure 157 Estimated Status of Land Birds in the
Columbia Mountains Ecosystem
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AQUATIC RESOURCE DESCRIPTION

Most of the information concerning the aquatic resources of Glacier National Park
was obtained from V.E.E Solman (1947), J.C. Ward (1974), D.B. Donald & DJ. Alger
(1984), and A.P. Wiebe (1990).

A number of major waterways GQlecillewaet R, Beaver R, Mountain Creek,
Incomappleux R, and Connaught Creek), their tributaries, and a few small lakes
provide the habitat for the aquatic resources of the park. All of these waterways flow
into the Columbia River which eventually empties into the Pacific Ocean (Figure
43).

The fisheries resources of Glacier National Park were probably exploited in a similar
fashion as were the mammals, ungulates, and carnivores. Fisheries management
before the 1970s consisted of the hatching and rearing of sport fish, often exotic
species, and their subsequent stocking into park waters. Theimpact of this upon the
native species is largely speculative since much of the fisheries data was lost due to
the practise of the purging of park data files every 10 years. However, it is thought
matthefi^hspedescompx>sitionandabundan(^,andmedensitiesofnativefishand
invertebrates would probably have been altered (Wiebe 1990).

With the introduction of the National Parks Policy in 1979, the protection of
ecosystems and the maintenance of viable fish populations became a priority.
Furthermore, the Policy stated that "non native species of plants and animals will not be
introduced ... and where they exist, efforts will be made to remove them" (Anon. 1979).

Consistent periodic monitoring of the status of the fisheries in the park is absent
todate. Comprehensive fisheries inventories such as the one by Donald and Alger
(1984) would be more useful if repeated at regular intervals. In this way ecological
trends could be identified. This information would enable park managers to
formulate fishing regulations and identify management concerns.

Fish are known to occur in 5 streams (Figure 158) and 4 lakes (Figure 159).
Introductions of cutthroat and brook trout occurred in the 1940s. Of the 6 locations
where fish were introduced, only Schuss Lake, G21, and G22 produce fish today. It
appears that "winter kill" has eradicated the cutthroat that were introduced into
Marion Lake in 1942 and 1944 (Solman 1947). Cutthroat trout planted in Schuss
(Fidelity) Lake in 1963 (Ward 1974) have survived to the present day.
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Figure 158 Streams of Glacier National Park in which
Fish are found

(after: Solman 1947, Den Beste et al. 1977,
Alger & Donald 1984, Elverum 1989)

419



Figure 159 Lakes in Glacier National Park in which Fish
are found

(after: Solman 1947, Den Beste etal. 1977,
Alger& Donald 1984, Elverum 1989)
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What is known of the distribution of fish species in the streams and lakes of Glacier
National Park is summarized in Table 75. In total, seven fish species have been
identified. These include cutthroat trout, rainbow trout, Dolly Varden trout, brook
trout, bull trout, mountain whitefish, and slimy sculpin. By far the most ubiquitous
fish species in the park is the bull trout.

FISHERIES RESOURCES

Streams

Angling in Glacier National Park has only been occasionally practised because of
the difficult access to the lakes and streams of the park. As mentioned earlier, the
most widely distributed salmonid in the park is the bull trout, which was found in
the Beaver River, Connaught Creek, Illecillewaet River, and Mountain Creek. Dolly
Varden trout were reported caught historically in the Illecillewaet River in the 1940s
(Solman 1947)butnotrecently. Mountain whitefish werefoundin the Beaver River,
Connaught Creek, and Mountain Creek and cutthroat trout are suspected to be rare
in streams (Donald & Alger 1984). Non-salmonid species, the slimy sculpin and
longnose sucker were found in the Beaver River drainage, G21, and G22. These
species are thought to be native to Glacier National Park (Donald & Alger 1984).

Table 76 lists the stocking record for the streams of Glacier National Park. Cutthroat
trout are dearly the favoured fish species. Donald and Alger (1984) felt that the
recreational fishery potential of park streams was very limited due to poor growth
of trout and the absence of suitable habitat. The same can be said about streams in
other mountainous national parks (Donald & Alger 1984; Donald & Anderson
1976; Donaldrf al 1977; Mayhoodef al 1976). Resident salmonids probably occupy
most of the suitable fish habitat in streams, and therefore, outcompete the intro-
duced species (Miller 1958).

During the limnological surveys of V.E.F. Solman (1947) and D.B. Donald & DJ.
Alger (1984), aquatic invertibrates were also studied. These included the following
in rivers: Mayfly nymphs, Stonefly nymphs, Psilotreta spp. larvae, B/epfaeroceraspp.
pupae, SfmM/f«mspp.laivae,andRyflco;M/wspp.larvae. Thislistingofinvertibrates
does not represent a complete inventory of the park At most it gives a rough
indication of some of the invertebrate and zooplankton species found in some
isolated location.
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Table 75 Fish Species of Glacier National Park

(after: Solman 1947, Alger & Donald 1984,Elverum 1989)

FISH SPECIES NATIVE/
INTRODUCED

LOCATION COMMENTS

Cutthroat trout
(Oncorhynchus darki)

Introduced

Rainbow trout
(Salmo gairdneri)

Dolly Varden trout
(Salvdinus malma)

Eastern brook trout Introduced
(Salvdinus fontinalic)

Bull trout Native
(Salvelinus confluentus)

Mountain whitefish Native
(Prosopium
williamsani)

Slimy sculpin Native
(Cot his cognatus)

Longnose sucker Native
(Catostomus
catostomus)

Schuss L., Marion L.,
Beaver R,
Uletillewaet R, other
streams

Beaver R,
niecillewaet R, other
streams

niecillewaet R,
Beaver R,
Connaught Cr.

Lakes G21&G22,
Beaver R,
niecillewaet R

Beaver R,
Connaught Cr.,
niecillewaet R,
Mountain Cr.

Beaver R,
nietillewaetR,
Connaught Cr.,
Mountain Cr.

Beaver R,
Connaught Cr.,
niecillewaetR,
LoopBr.

Lakes G21&G22

Native to the
Columbia R; rare in
streams; introduced
into Schuss L. &
Marion L. 1942,
1944,1949 and into
Rogers Pass (Bear)
Creek in 1942.

Rare in streams;
native to Columbia
R drainage.

Anadromous fish
species; no records
of this species
caught after 1947.

Rare in
streams or absent

Most widely
distributed fish
species in GNP

Likely found in
the Beaver R
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Table 76 Summary of Fish Stocking Records for Streams
in Glacier National Park

(after: Donald & Alger 1984)

STREAM STOCKING DATA
SPECIES STOCKED

CunHTOAT BROOK
TROUT TROUT

Beaver River

Hat Creek

Summit Creek
(apparently
Connaught Creek)

First year stocked 1967
Number of years stocked 3
Mean number stocked 14,000
Maximum number stocked 20,000

First year stocked 1963
Number of years stocked 1
Mean number stocked 5,000
Maximum number stocked 5,000

First year stocked 1942
Number of years stocked 1
Mean number stocked 5,000
Maximum number stocked 5,000

1964
4

14,500
20,000
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Lakes

The only native fish found in the lakes of Glacier National Park is the longnose
sucker (G21, G22; see Figure 159). It is also thought to be found in the backwaters
of the Beaver River. Salmonids (cutthroat trout) were introduced into Schuss Lake
andMarionl^einl94249Handl949.Table75identifieslakesinGlacierNational
Park where fish were introduced. Efforts to catch fish in Marion Lake during
surveys have failed in recent times. It is thought that unsuitable environmental
conditions have resulted in the eradication of all fish that were stocked (Solman
1947). Schuss Lake, however, produces fish (cutthroat trout), as does G21 and G22
(brook trout).

The stocking of fish into lakes of Glacier National Park was not recommended by
Donald and Alger (1984) for the following reasons:

1) Preferred foods of trout are rare or absent/nutrients are low, therefore,
fishery created by stocking would have only marginal value;

2) Access to lakes for anglers is difficult; and
3) Some populations become stunted and most fish show poor

grouth thereby resulting in a mediocre fishery.

A fairly sketchy inventory of by Donald and Alger (1984) and Solman (1947) of
invertibrates and zooplankton found in a few locations in the park follows:
diaptomid species (Diaptomus hirsutus), amphipods (fresh water shrimp),
trichopterans (caddis flies and larvae), Odonates (dragon flies & damselflies),
chironomids (midges), sphaeriids (fingernail dams), pligochaetes (worms), and
nematodes (roundworms).

REGULATION AND POLICY

The Sport Fishery Management Plan for Glacier National Park (Elverum 1989)
indicates that fish stocks in the park are susceptible to harvesting pressures due to
the low productivity of lakes and streams. Catch and possession limits for trout are
set at 5, despite the low productivity of the fishery. The Parks Canada Policy (1985)
allows for regulated sport fishing, however, this is subject to the protection of
ecosystems and maintenance of viable fish species. Also, it states that the natural
resources of the park are to be protected and managed with minimal interference.
Due to a lack of information, completely effective management strategies cannot be
implemented (Elverum 1989).
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REPTILES AND AMPHIBIAN DESCRIPTION

There are 4 species of amphibians and 2 species of reptiles present in Glacier
National Park. Their names and locations are shown in Table 77. The northern
alligator lizard reaches its northern-most extent of its known range in Glacier
National Park (Van Tighem & Gyug 1984). The western toad is by far the most
abundant and widespread amphibian of the park It has been recorded as single
individuals and in great abundance during the breeding season.

Table 77 Amphibians and Reptiles of Glacier National
Park

(after: Van Tighem & Gyug 1984)

SPECIES LOCATION

AMPHIBIANS

Western toad
(Bufo boreas)

Long-toed salamander
(Ambystoma macrodactylum)

Pacific treefrog
(Hyla regilla)

Spotted frog
(Rana pretiosa)

REPTILES

Northern alligator lizard
(Gerrhonotus coeruleus)

Common (red-sided)
garter snake
(Thamnophis sirtalis parietalis)

Ulecillewaet R., Beaver Rv

Mountain Creek
GF1, GF2, LR1, LR2, AB1, JDS
ecosites

Beaver R
GF1, GF2 ecosites

lower Beaver R.
GF1, GF2 ecosites

Mountain Crv Beaver R.
UlecillewaetR.
GF1, GF2, LR1, LR2 ecosites

NC6,CT4 ecosites

GF1, GF2, CT4 ecosites
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BUTTERFLIES

A butterfly survey proposed by the Canadian Parks Service was conducted by a
volunteer naturalist in Glacier National Park in 1982. The resulting collection of 63
butterfUes was identifiedatmeBiosysterratics Research
1982). Eight other species are thought to occur in the park but were not collected
during the survey.

RARE AND ENDANGERED SPECIES

Table 78 lists the species occuring in Glacier National Park as listed by the
Committee on the Status of Endangered Wildlife in Canada (1992).

Table 78 Vulnerable Species known in Glacier National
Park

(after: Anon. 1992e)

SPECIES NATIONAL STATUS

Grizzly bear (Ursus arctos)

Woodland caribou (Rangifer tarandus)

Wolverine (Gulo gulo)

Flammulated Owl (Otus flammeolus)

Peregrine falcon (Falco pereginus)

Cooper's hawk (Accipiter cooperii)

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Vulnerable
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The Peregrine falcon and Cooper's hawk are very rarely observed in the park. The
peregrine is far commoner on the coastal regions of the province. Only one sighting
was reported in the Prairie Hills in the east in July of 1983. Cooper's hawks are also
very rare in Glacier National Park. They appear to prefer open forest, slopes, and
alluvial habitats (Van Tighem & Gyug 1984).

The Convention on International Trade and Endangered Species (1989) has listed
some park species, including the Peregrine falcon and the Bald Eagle. Also among
its list of restricted species for trade are the cougar, lynx, black bear, grizzly bear,
wolf, diurnal birds of prey, owls, and humming birds.

BILL C-30

BillC-30 (1988), an amendmentto the NationalParks Act (1982), identifies a number
of "protected" and "threatened" species (Table 79). The former category are
protected by a $10,000 fine and/or 6 month jail term and the latter category by a
$150,000 fine and/or 6 month jail term. The Act essentially prohibits the hunting,
disturbing, confining, or possession of the species identified.

Table 79 "Protected" and "Threatened" Species of
Glacier National Park identified in Bill C-30
(1989)

(after: Anon. 1989)

PROTECTED THREATENED

Black bear Grizzly bear
(Ursus americanus) (Ursus arctos)
White-tailed deer Peregrine falcon
(Odocoileus virginianus) (Falco peregrinus)
Mule deer Mountain goat
(Odocoileus hemionus) (Oreamnos americanus)
Moose Bighorn sheep
(Alces alces) (Ovis canadensis)
Caribou
(Rangifer tarandus)
Cougar (Mountain Lion)
(Felis concolor)
American Elk (Wapiti)
(Cervus elaphus)
Wolf
(Canis lupus)
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WILDLIFE MANAGEMENT

Glacier National Park was proclaimed by the Dominion Government in 1886. The
establishment of the park had more to do with the Canadian Pacific Railway's
interest in attracting clients to destinations along its railway route to generate
revenue than it did with protecting the biotic resources of the park or wildlife
management.

Before the20th century, wildlife was viewed asasourceofmeatand sport. However,
the attitudes of people towards wildlife in the national parks soon changed when
more emphasis was placed on wildlife appreciation rather than exploitation. The
pro\TnceofBritishColurnbiawasresponsibleforgamereg^ations1^orel920.The
National Parks Branch then took over and by 1928 Wardens began to be employed
throughout the year to enforce game regulations prohibiting hunting and trapping.

Initially, carnivores were perceived as a threat to the other wildlife populations and
were consequently heavily persecuted. In 1924, J.B. Harkin, the Commissioner of
National Parks, directed that"there should be a strict tightening up in the matter of killing
birds and mammals because these are alleged to be predatory." By this directive, most
furbearers were now protected, however, birds of prey (Goshawk, Cooper's hawk,
Great-horned owl, Common crow, and Black-billed magpie), wolves, cougars,
coyotes, and lynx were to be shot on sight. This policy was adopted until the late
1960s, when all wildlife species were given the same protected status (Van Tighem
&Gyug 1984).

The first documentation of wildlifepopulations wererecordedinthemid 1920s. By
the early 1930s the Warden Service kept annual game reports. These do provide
only rough estimates, primarily of the larger mammals of the park. Based on this
data, it is known that the caribou population declined, that moose and elk were
observed in the park, and that the marten population has increased.

In 1945 the first comprehensive reports on the mammals and birds of Glacier
National Park were prepared by I. McTaggart Cowan and J.A. Munro. The park's
life zones, physiographic units, and some species distribution are discussed. Also
about the same time, Dr. V. Solman (1947) documented a brief overview of the
fishery potential of the area.

In the early 1960s a detailed ecological (biophysical) study of grizzly bears was
conducted by K.R.D. Mundy. This study established the distribution and popula-
tion of the grizzlies in Glacier National Park. Another bear researcher, D. Hamer,
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studied the ecology and distribution of the grizzly and mountain caribou in the
Mountain Creek watershed in the early 1970s. Finally W. McCrory studied
mountain goat distribution and ecology in the late 1970s. At present, mountain
caribou studies are being conducted by the Warden Service, in liason with the B.C.
Forest Service. Factors that are studied include habitat type, snow depth, caribou
distribution, and browse types. Wildlife mortalities are also being closely moni-
tored. Since the wide-ranging caribou disregards park boundaries, the study area
encompasses certain areas of Mount Revelstoke and Glacier National Parks and
also areas outside these parks to the northwest.

As stated earlier, the Ecological Land Classification of Mount Revelstoke and Glacier
National Parks, British Columbia, Volume II: Wildlife Resources (1984), is the first
systematic inventory of the wildlife and their habitats provided for Glacier National
Park. This biophysical, along with the works of Donald & Alger (1984) and Solman
(1947), provides the primary source of wildlife information pertaining to the park.

RESOURCE ANALYSIS

While the spectacular mountain landscape is perhaps the main attraction for
visitors to Glacier National Park, its wildlife resources are also of high value. A
multitude of external pressures that threaten to adversely affect these resources
increase the need for cooperative inter-agency management practises. Due to the
scarcity of reliable data on wildlife populations in and around Glacier National
Park, it is imperative that the Canadian Parks Service plays a leadership role in
coordinating studies that would establish thestability of thesewildlifespeties. This
lack of data, combined with the transboundary movements of many of the larger
species, makes wildlife management a challenge of the future.

MANAGEMENT CONCERNS

General

The wildlife resources of Glacier National Park are subject to similar environmental
and human impacts as is the flora. Amodern concept frequently talked about as the
Island Syndrome', deals with the phenomenon whereby park areas gradually
become fragmented liabitatislands' asthekey surroundinghabitatsareutilizedfor
various land uses such as logging and recreational development (Diamond 1976,
Wickham 1985,Shafer 1990). Inthecaseof GladerNationalPark,dear-oitlogging
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and and recreationaldevdopmentareresponsibleforthisinsularization. Improved
access management in peripheral lands would alleviate hunting pressure and
reduce human-caused mortalities (Price 1991, McLellan 1991, Wielgus 1991,
Mattson 1992).

The park fauna is a part of the dynamic ecosystem that transcends park or other
jurisdictional boundaries. When this ecosystem is altered by man-induced changes
within the park or in peripheral lands, adjustments among wildlife species is
inevitable. The role of the Canadian Parks Service in mitigating the effects of these
changes is a responsibility that should be achieved with the cooperation of other
interested agencies and by sound wildlife management practices. These wildlife
management initiatives should involve periodic wildlife surveys or monitoring
such as was conducted in the Ecological Land Classification (1984). Based upon the
results of these surveys, effective management strategies can be developed. Coop-
eration with other agencies would avoid duplication of effort (Simpson & McLellan
1990).

Perhaps prime habitat areas for bears, caribou, and mountain goats should be given
Zone 1 designation in order that they receive the greatest degree of protection
possible (McCrory 1986). This designation would ensure that access, use,and
facility development are strictly curtailed or prohibited (Anon. 19831).

Fires

Natural fires were probably an ecological factor in the Glacier National Park area
before about 1880 when many extensive fires resulted from the activities of man
associated with the construction of the Canadian Pacific Railway. These eliminated
large tracts of old growth valley bottom forests especially along the niecillewaet
River, Connaught Creek, and the lower Beaver River. These forests should mature
in the next few decades and provide good caribou habitat and winter ungulate
range. In the present day, neighbouring drainages, many of them outside the park,
contain remnants of old-growth forests that are favoured by certain species.
Cooperative land management is critical if old growth dependent wildlife species
such as the woodland caribou and many non-game species (cavity nesting birds
and small mammals) are to be preserved (Hall 1993).

Decisions involving fire management inside the park would be fascilitated by a
DecdsionSupportSystem(DI^)usmgaGeograpWcalInformationSystem(GIS). In
remote drainages of the park such as Mountain Creek or Incomappleux River a
wildfire observation policy could prevail with total suppression to be implemented
along the transportation corridor.
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Transportation Corridor

The Canadian Pacific Railway and Trans-Canada Highway transportation corri-
dors are essential routes through Glacier National Park However, their construc-
tion has resulted in two main impacts upon the wildlife of the park, namely removal
of scarce valley bottom habitat and mortality from vehicle/wildlife collisions.
Species that have been observed to be the most affected by these impacts are black
bears, moose, mule deer, mountain goats, beavers, porcupines, and the pine siskin.
Railway mortalities are predominately elk. Tables 80-83 illustrate the magnitude of
the mortality problem. These tables rank species affected for Banff, Yoho, Glacier,
and Mount Revelstoke National Parks (1970-1987).

Table 80 Known Wildlife Morality Numbers for
Animals>5kg from the TCH and CPR in four
Canadian National Parks (1970-1987)

(after: Woods & Harris 1989)

SPECIES BNP
TCH CPR

Beaver 6 1
Black bear 15 2
Cougar 2
Coyote 118 6
Elk 734 408
Grizzly bear 6 3
Mountain goat
Hoary marmot
Lynx 2
Moose 57 36
Mule deer 376 16
Otter 2
Porcupine 17 1
Raccoon 1
Red fox 1
Bighorn sheep 163
White-tailed deer 86 7
Wolf 3
Wolverine 1

YNP
TCH CPR

1
17

29
327 89

5
1 4
1
2

36 9
66 8

-
11 1
1
1

30
2

1

GNP

TCH CPR

6

49 6

16
2
5

36
5
2

31 4
10
-

103

-

6
-
-

MRNP
TCH*

19

14

3

1

10
-

18

-
—

-
-

* The CPR does not operate within the boundaries of MRNP
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Table 81 Wildlife Mortality Rank** for Animals > 5 kg
based on Known Mortality Numbers from Road-
kills on the TCH and CPR in four Canadian
National Parks (1970-1987)

(after: Woods & Harris 1989)

SPECIES BNP
TCH CPR

Beaver I H
Black bear H G
Cougar K
Coyote D E
Elk A A
Grizzly bear I F
Mountain goat
Hoary marmot
Lynx K
Moose F B
Mule deer B C
Otter K
Porcupine G H
Raccoon L
Red fox L
Bighorn sheep C
White-tailed deer E D
Wolf J
Wolverine L

YNP
TCH CPR

J
F
-
E
A A
H

J D
J
I

C B
B C
-

G E
J
J
-

D
I

E

GNP
TCH CPR

G
B A
-
E
I

H
C
H
I

D B
F
-

A
-
-
-

G
-
-

MRNP
TCH*

A

C
-

E
-
-
F
-
-
-

D
-

B
-
-
-
-
-
-

The CPR does not operate within the boundaries of MRNP
The letters A-L correspond to highest to lowest mortality numbers respectfully
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Table 82 Known Wildlife Mortality Numbers for
Animals<5 kg from the TCH and CPR in four
Canadian National Parks (1970-1987)

(after: Woods & Harris 1989)

SPECIES BNP
TCH CPR

Barn swallow
Barred owl
Boreal owl
Canada goose
Columbian ground squirrel -
American crow
Common raven
Dark-eyed junco
Ermine
Great horned owl 4
Herring gull
Least weasel 2
Long-eared owl
Long-railed weasel
Marten 8
Masked shrew
MacGillivray's warbler
Mink 2
Osprey 1
Pileated woodpecker
Pine grosbeak
Pine siskin
Red crossbill
Red squirrel 4
American robin
Ruffed grouse 1
Short-eared owl 1
Spotted skunk 2
Spotted sandpiper
Steller's jay
Varying hare 3
Varied thrush
Warbling vireo
White-crowned sparrow
White-winged crossbill
Wilson's warbler
Woodchuck
Yellow warbler

YNP

TCH CPR

.

-
1
1
-
-
-
-
-
-

3
-
-

1
4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

GNP
TCH CPR

1
3
1
-

27
1
7
-
1
1
-
1
-
-

22
1
1
-
-
1
1

18
10
3
4
3
-
-
-
4

18
7
2
2
2
2
2
1

MRNP
TCH*

.

2_

-
1
2
-
1
-
2
-
-
2
-
3
-
-
-
-
-
-

554
2
4
4
-
-
-
1
3
9
I
-
-
-
-
-
-

h The CPR does not operate within the boundaries of MRNP
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Table 83 Known Wildlife Mortality Numbers for
Animals<5 kg from the TCH and CPR in four
Canadian National Parks (1970-1987)

(after: Woods & Harris 1989)

SPECIES BNP
TCH CPR

Barn swallow
Barred owl
Boreal owl
Canada goose
Columbian ground squirrel -
American crow
Common raven
Dark-eyed junco
Ermine
Great homed owl B
Herring gull
Least weasel D
Long-eared owl
Long-railed weasel
Marten A
Masked shrew
MacGillivray's warbler
Mink D
Osprey E
Pileated woodpecker
Pine grosbeak
Pine siskin
Red crossbill
Red squirrel B
American robin
Ruffed grouse E
Short-eared owl E
Spotted skunk D
Spotted sandpiper
Steller'sjay
Varying hare C
Varied thrush
Warbling vireo
White-crowned sparrow
White-winged crossbill
Wilson's warbler
Woodchuck
Yellow warbler

YNP
TCH CPR

.

-

C
C
-
-
-

-
-
-

B
-
-

A
A
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

GNP
TCH CPR

I
G
I
-

A
I

E
-
I
I
-
I
-
-

B
I
I
-
-
I
I

C
D
G
F
G
-
-
-
F
C
E
H
H
H
H
H
I

MRNP
TCH*

.

E_

-
F
E
-
F
-

E
-
-

E
-

D
-
-
-
-
-
-

A
E
C
C
-
-
-
F
D
B
F
-
-
-
-
-
-

* The CPR does not operate within the boundaries of MRNP
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The effects of these collisions manifest themselves in three main ways. They result
in wildlife injury or mortality, economic loss, and possible human injury. Anumber
of possible mitigative management options that have been suggested include the
following:

- fencing along highways with underpasses, overpasses one-way gates,
and cattle guards

- innovative highway and railway drainage systems
- enforcing of posted speed limits (70 kph)
- speed bumps
- Hobi Animal Alert (ultrasonic) devices on Park vehicles
- aversive conditioning (thumper, cracker &/or screamer shells) as short

term deterrent
- salt substitutes (eg. calcium chloride) for highway
- intercept feeding
- salted /plowed access roads for ungulates
- reseeding of disturbed highway and railway right-of-ways

with vegetation that will not attract wildlife
- cutting back of browse favoured by wildlife from along the highway

and railway
- Swareflex Wildlife Highway Warning Reflector System
- signage (portable flashing signs, microwave detection system, white

elk silhouette signs)
- low powered radio transmitters at park entrances
- public relations
- brochures
- exhibits
- video productions
- public radio broadcasts
- prescribed burns to create desirable habitat for wildlife species away

from highway and railway
- creation of openings away from present highway and railway

for wildlife forage purposes

(From: Flygare 1979, Beswick 1980, Van Tighem 1981, Damas & Smith
1982,Hatler 1983, Langshaw n.d.,Heap 1987, Bradford 1988,
Wood & Wolfe 1988, Poll 1989, Simpson & McLellan 1990).
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The effectiveness of fence structures on the Trans-Canada Highway in Banff
National Park has been monitored since their construction in 1985. Mortality rates
were significantly reduced by the fencing and, based on radio telemetry data,
animal movement across the fence barrier was fascilitated by the placement of
underpasses. A detailed description of the effectiveness of the fences and under-
passes is outlined by J.G. Woods (1990).

A number of effective strategies are being tried in Glacier National Park to mitigate
against the problems created by the TCH. These include 70 kph speed postings at
the snowsheds to prevent mountain goat collisions, the use of goat signs along
critical areas along the TCH, and cooperative programs with the B.C. Forest Service
and private logging companies to control public access to park boundary areas. In
addition, the park is presently involved in studies directed at determining the
causes of mortality among park species in the ecosystem (LaBoucane 1993).

Grizzly Bear

The park cannot support a sustainable grimly population, therefore, in order to
maintain viable numbers, management strategies must strive to include areas
beyond the park boundaries (Hall 1993). Cooperative land management between
the public, industry, and the government must be fostered with other agencies
wherever possible for this wide ranging species (Simpson & McLellan 1990, Dafoe
1991). Grizzlies require the park as much as they require areas outside the park to
sustain their needs. Very likely, areas of habitation which grizzlies visit periodically
outside the park boundaries and from which they are regularly removed exist to the
detriment of this species. These sites are known as "mortality sinks" and are
responsible for reductions in the bear population (Knight etal. 1988, Anon. 1989g).
Another threat to this species results from the access that is provided to formerly
remote park boundary areas. This access increases the potential for the poaching,
the hunting, and the general harrassment of park grizzlies.

Critical wildlife areas could be established where only certain types of activities are
allowed which are compatible with the habitatneeds of this species. Insomeof these
grizzly habitats, new trails, for example, should be located in such a way as to
circumvent the critical areas. The Cougar Valley, for example, is one such area
identified by Van Tighem and Gyug (1984) because of its high grizzly population.
However, trails are already in place and the park can only resort to area closures
when grizzlies are known to be in the valley.
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Black Bear

The black bear population of the park is presently being intensely managed despite
very little knowledge of its population or habitat dynamics. The population size,
productivity, and ecology of this species should be carefully studied in the future.

The nigged terrain of the park and the transportation corridor add a dimension of
complexity to the logistics involved in the survival, capture, and relocation of
problem bears in Glacier National Park. The highway and railway mortality issue
has been discussed previously. Problem bears to be relocated are sent to the
Incommapleux River and Mountain Creek valleys and should continue to be used
for this purpose in the future. Other areas are too developed or too remote and, in
the case of the latter, too costly since transportation of the bears is by helicopter.
Another factor considered in the choice of location is the social disruption that may
result among the bear population (Anon. 1989g).

Moose

The Trans-Canada Highway and the Canadian Pacific Railway in Glacier National
Park result in the unnatural mortality among this species. A number of suggested
management strategies aimed at alleviating this problem include increasing public
(motorist) awareness of theproblem, speed limits and fencingin prime habitat areas
such as along the lower Beaver River valley, and elimination of browse along the
right-of-ways along the highway and railway (Hatler 1983).

Mountain Goat

Avalanche control artillary fire may be responsible for mountain goat mortality in
target areas that coincide with this species' prime winter habitat (McCrory 1979).
Goats are also subject to highway mortality resulting from the use of rock salt by
maintenance crews. Since this species is characterized by poorreproductivesuccess
(Bailey & Johnson 1978) this situation had to be addressed. Hopefully this source
of mortality has been alleviated by the postings of reduced speed limits in tunnel
areas (LaBoucane 1993).

A number of additional solutions to these problems have been proposed (McCrory
1979):increasmgmotoristawaieness,iemovingsnow,gra^
areas, using salt replacements, establishing artificial licks to lure goats to safer areas,
usingaversiveconditioningon goats in problem areas, finding alternatetarget sites,
and using alternate explosives or avalanche control methods.
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Woodland Caribou

Concern for this species has been great among researchers (Hamer 1974, McCrory
1986, McCrory & Holland 1978) and park managers since the 1970s, also with
governments and COSEWIC. Indications are that this species is destined for
extirpation from its habitats (Van Tighem & Gyug 1984). Management strategies
for this vulnerable species (COSEWIC/1992) should concentrate upon the preser-
vation of critical habitats (old growthforests), the control of snowmobiling activities
surrounding the park, and the cessation of the hunting (legal and illegal) of this
species (Bloomfield 1979, Simpson et al. 1991). Hydro-electric developments
outside the park pose serious threats to this species (Figure 160) by impeding the
caribou's movements, as do roads, railways, pipelines, powerlines, and fences
(Hamer 1974). If the trend of the destruction of the caribou's critical vegetation
regime continues, it will be impossible to maintain present population levels.
Furthermore, the caribou issue is not only a problem of the park but other agencies
as well. Cooperative wildlife management with these agencies would benefit all
those concerned and, perhaps, reverse the imminent fate of the caribou of southern
British Columbia.

The status of the caribou is currently being monitored by the Warden Service and
the B.C. Forest Service as a partner in order to be able to inventory population trends,
seasonal and social habits, distributional patterns, and developmental impacts.
Called the B.C. Caribou Strategy, this initiative will attempt to determine the habitat
needs of the caribou and resort to appropriate multi-agency management actions.
This goal is identified in the Park Conservation Plan (1989).

STATUS OF KNOWLEDGE

Existing knowledge of the wildlife of Glacier National Park is rudimentary at best,
especially in the case of theless 'charismatic' species which have not been discussed
in this R.D.& A. due to the lack of information. More information is also needed on
those species which range outside the park to fulfill part of their habitat needs
(grizzlies, black bears, caribou, moose, deer, carnivores, avifauna). More informa-
tion on migration routes and critical habitats for these species is needed.

Knowledge of reptiles, amphibians, insects, and aquatic environments is also
sketchyandshouldbeinoieasW,especiallyin remote areas such as thelhcomappleux
River and Mountain Creek drainage (Wiebe 1993).
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Species distribution figures taken from Van Tighem and Gyug (1984) are not, in all
cases, an accurate portrayal of species distribution since they are based largely on
observations by staff along the Trans-Canada Highway area. Remote areas, on the
other hand, were poorly covered and should be censused if a true representation of
a species' distribution is to be determined. Where and when possible, monitoring
of inventory data should be repeated periodically in order to establish ecological
trends.

The role of Glacier National Park within the larger Northern Columbia Mountains
Ecosystem should be determined so that wildlife management actions in the park
are compatible with regional ecosystem management goals
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ARCHAEOLOGICAL RESOURCES
(Contributed by Peter D. Francis)

INTRODUCTION

This chapter provides a brief description of the archaeological resources within
Glacier National Park that have been inventoried either by or under the aegis of the
Archaeological Services, Canadian Parks Service, Western Region, Calgary. Such
resources have been plotted on archaeological distribution maps (Figures 161-164).
A detailed Archaeological Resource Description and Analysis (ARDA) document
for Glacier National Park is currently being prepared by the Archaeological
Services Unit. The ARDAdocumentforGlacierNationalParkisoneinacontinuing
series of detailed national park- and national historic site-specific resource manage-
ment reference works produced by the Western Region Archaeological Services.
When completed, this latest document will supercede and expand upon the core of
descriptive information provided within this chapter; consequently, the larger
work should be referred to for planning and management activities in preference
to this brief overview.

The known archaeological resources of Glacier National Park consist exclusively of
Historic Period sites and features; to date, no prehistoric evidence has been
identified, despite some systematic attempts to recover such information (e.g.,
Crowe-Swords 1971, Sumpter 1993). Most of theknownHistoricPeriod resources
are distributed along the former 1885 and the presently employed 1916 Canadian
Pacific Railway alignments transecting Glacier National Park. In addition, there are
several examples of built features, primarily warden cabins, that have not been
examined to datebyCanadianParks Service archaeological staff; such sites havenot
been included in this inventory of the archaeological resources of Glacier National
Park.
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Figure 161 Locations of Historic Period Features,
Glacier National Park
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Figure 162 Locations of Historic Period Features,
Glacier National Park
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Figure 163 Locations of Historic Period Features,
Glacier National Park
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Figure 164 Locations of Historic Period Buildings,
Glacier National Park
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PREVIOUS ARCHAEOLOGICAL RESEARCH IN GLACIER
NATIONAL PARK

Of the mountain national parks in British Columbia and Alberta, Glacier National
Park remains in many ways the most enigmatic with regard to our understanding
of its archaeological resources. Archaeological fieldwork in Glacier National Park
was not initiated until 1971, when Crowe-Swords undertook a limited archaeologi-
cal resource survey within the Beaver River and Ulecillewaet River valley systems
(Crowe-Swords 1971). MmmestudyyieldmgessentiaUynegativeresults,tniswas
not an auspicious beginning to archaeological research within the park. As was
noted in a later study, this initial inquiry neglected historic period resources, was
limited in areal coverage and subsurface testing, and dense vegetation cover, varying
weather conditions, forest fire activity, and accessibility problems influenced the program's
results (Sumpter & Perry 1988b).

Over the last decade, cultural resource management has been emphasised increas-
ingly by the Canadian Parks Service within environmental policies that included
archaeologicalresourceprotectionand conservation (e.g.,Parks Canada 1983,1990,
1993) and the Environmental Assessment and Review Process (EARP) (Parks
Canada 1981). Collectively, policies, directives, and guidelines stressed the
necessity of effective mitigatory measures to safeguard cultural resources from
disturbance and loss through thelocation, inventory, and evaluation of archaeologi-
cal sites to assess their potential historical significance prior to development activity
(e.g., Fedje 1982). Toward that end, the Salvage Archaeology Programme was
initiated within Glacier National Park in 1984 under the functional direction of the
Western Region's Archaeological Research Services Unit (now known as Archaeo-
logical Services). In the first year of the programme, six areas of potential
archaeological concern within the park were investigated; three historic archaeo-
logical sites were recorded (Sumpter 1987, Steer et al. 1988).

In 1985, archaeological investigations were initiated at Glacier House National
Historic Site (Site 22T), involving systematic surface surveying and mapping and
a limited subsurface testing programme to assess both human and natural threats
to this historic Canadian Pacific Railway hotel site that existed from 1886 to 1929. In
1986, archaeological recording and resource impact assessment and mitigation
operations involving extant structural remains and refuse features were completed
(Sumpter 1987,1988). Additional investigations of specific features at the site were
conducted in 1989, involving a surveillance programme in conjunction with
Western Region's Historical Buildings Resoration Unit (Sumpter 1990), and again
in 1990, involving a site monitoring programme in conjunction with the park's
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WardenService (Sumpter 1992). Thelattertwoprograinmeswereinitiatedbecause
of concern about natural deterioration of the extant features in general and, in
particular, about continued illegal artifact collection by site visitors.

In 1986, a large-scale survey, inventory, and assessment of historic period archaeo-
logical features located alorig the Canadian Pacific Railway's 1885 and 1916 trans-
continental mainlines within the national park was undertaken (Perry 1986,
Sumpter&Perry 1988b). The field work involved the revisitation of five previously
recorded historic sites and the recording of 108 historic period features. The
resulting inventory of sites is associated predominantly with railway operations
and support activities, however, there are also sites and features associated with the
National Park's Warden Service, historic recreational activities, industrial opera-
tions, and other terrain modification processes (see Figures 161-164, Table 84).

In 1991, Archaeological Services conducted archaeological surveys to try to identify
prehistoric period sites within Glacier National Park. The fieldwork attempted to
redress the negative results of Crowe-Swords' efforts of twenty years earlier as well
as complement the aforementioned detailed survey of historic archaeological
resources in the park. Utilising a combination of aerial reconnaissance, preliminary
ground survey, and intensive ground surface and subsurface examination, four
areas within the park were investigated, including Mountain Creek Valley, Beaver
River Valley, Bald Mountain, and the Ulecillewaet River Valley (Sumpter 1993). No
archaeological resources were identified (see below).

In addition to the EARP Archaeology Programme, Archaeological Services has
maintained theArchaeologicalSite Inventory and SiteRevisitationandAssessment
programmes as an integral component of the seasonal fieldwork within Glacier
National Park since 1987. Results of such fieldwork are reported within the annual
EARP (Salvage) Archaeology Program document compiled for all Western Region
National Parks and National Historic Sites by Western Region Archaeological
Services (e.g., Sumpter et al 1992).
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Table 84 Historic Period Archaeological Resources in
Glacier National Park
(after: Sumpter & Perry 1988b)

SITE/
FEATURE
NUMBER

22T

23T

352T

407T

409T1

409T2

409T3

409T4

409T5

409T6

409T7

409T8
409T9

409T10

409T11

409T12

409T13

409T14

SITE/FEATURE ARCHAEOL.
DESCRIPTION SIGNIFICANCE

POTENTIAL

Glacier House/Masonry Arch

Glacier Warden Station

A.C.C.'s Wheeler Hut

Stoney Creek Warden Station

Concrete Culvert

Concrete Culvert/Spillway

Stoney Creek Siding

Structural Depression

Roadbed

Concrete Culvert

Concrete Culvert and Spillway

-
Roadbed

Bear Creek Station and Siding

Structural Platform

Structural Platforms

Stoney Creek Bridge

Structural Platforms
and Depression

High

Low

Low-
Moderate
Low

Low

Low

Low

Low

Low

Low

Low

-
Low

Low

Low

Low

Moderate

Low

N.T.S.

82N/6

82N/5

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

-
82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

U.T.M.

11UMG
656788
11UMG
645.5795
11UMG
657.3 791.5
11UMG
686903
11UMG
688903.5
11UMG
683912
11UMG
679.5915
689.5901
11UMG
680915
11UMG
861 914.5
11UMG
680.5914.2
11UMG
682.5911.5

-
11UMG
686.5901.5
11UMG
687.5898.5
11UMG
679915.5
11UMG
691884
11UMG
676.5919.5
11UMG
688.5897
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Table 84 Historic Period Archaeological Resources in
Glacier National Park (cent.)

409T15

409T16

409T17

409T18

409T19

409T20

409T21

409T22

409T23

409X24

409T25

409T26

409T27

409T28

409T29

409T30

409T31

409T32

409T33

409T34

409T35

Wooden Culvert

Corrugated Metal Culvert

Snowshed No. 1

Concrete Culvert

Snowshed No. 2

Wooden Culvert

Snowshed No. 3

Abandoned 1885 Railgrade

Water Settling Tank

1916 Connaught Diversion

Connaught Siding

Surprise (Cut) Creek Bridge

Mud Chute Creek Bridge

Raspberry (Sturdee) Creek Bridge

Strudee (Cedar) Siding

Cedar Creek Bridge

Bryants Creek Bridge

Concrete Catch Pit/Culvert

New Griffith Siding

Mountain Creek Bridge

1885 Railgrade (Presently
Employed)

Low

Low

Moderate

Low

Low

Low

Low

Low

Low

Low

Low

Low

High

Low

Low

Low

High

Low

Low

Low

Low

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82M/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

11UMG
690.5881.5
11UMG
690.5881
11UMG
690878
11UMG
690877.5
11UMG
688.5872.5
11UMG
687870.5
11UMG
686.3 868.5
11UMG
691 888.5
11UMG
687902.3
11UMG
693.5877.5
11UMG
691.5868.5
11UMG
664.5944
11UMG
662.59515
11UMG
662956
11UMG
661 958.5
11UMG
660964
11UMG
659.8 %9.5
11UMG
659978
11UMG
659986.5
11UMG
657001
11UMG
668.5934
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Table 84 Historic Period Archaeological Resources in
Glacier National Park (cont.)

409T36

410T1

410T2

410T3

410T4

410T5

410T6

410T7

410T8

410T9

410T10

410T11

410T12

410T13

410T14

410T15

410T16

410T17

411T1

411T2

411T3

Wcxxien Culvert

Abandoned 1885 Railgrade

Access Road

Footpath

Snowshed No. 4

Snowshed No. 5

Snowshed No. 6

Snowshed No. 7

Snowshed No. 8

Snowshed No. 12

Wooden Culvert Remains

Snowshed No. 13

Snowshed No. 20

Corrugated Metal Culvert

Wooden Culvert Remains

Cascade Creek Bridge

1916 Connaught Diversion

Elevated Spur

Abandoned 1885 Railgrade

Snowshed No. 14

Pile Trestle Remains

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low-
Moderate
Moderate

Low

Low

High

Low

Low

Low

Low-
Moderate
Low

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/6

82N/5

82N/5

82N/5

11UMG
685.5902
11UMG
685865.5
11UMG
685.8864
11UMG
684.5865.3
11UMG
684864.3
11UMG
682863
11UMG
681862
11UMG
675.5859.5
11UMG
670868
11UMG
660.5855.5
11UMG
658852
11UMG
655.8851
11UMG
652.5798
11UMG
656794
11UMG
657.5792
11UMG
686867
11UMG
689864.5
11UMG
688865
11UMG
640.8839.5
11UMG
651 849.5
11UMG
648848.5
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Table 84 Historic Period Archaeological Resources in
Glacier National Park (cont.)

411T4

411T5

411T6

411T7
411X8

411T9

411T10

411T11

411T12

411T13

411T14

411T15

411T16

411T17

411T18

411T19

411T20

411T21

411T22

411T23

411T24

Snowshed No. 15

Rogers Pass Station /Yards

Snowshed No. 16

-
Snowshed No. 17

Footpath

Wooden Culvert

Snowshed No. 18

Corrugated

Corrugated Metal Culvert/
Masonry Retaining Wall
Snowshed No. 19

Log Retaining Wall

Snowshed No. 19A

Concrete Culvert/Masonry
Rewtaining Wall
Roadgrade

Second (Lower) Brook Crossing

Dynamite Shed

Concrete Culvert/Concrete
Retaining Wall
Snowshed No. 21

Snowshed No. 22

Wooden Culvert

Low

Low

Low

-
Low

Low

Low

Low

Low

Low

Low-
Moderate
Low

Low

Low

Low

High

Low

Low

Low

Low

Low

82N/5

82N/5

82N/5

-
82N/5

82N/5

82N/5

82N/5

82N/5

82N/5

82N/5

82N/5

82N/5

82N/6

82N/5

82N/5

82N/5

82N/5

82N/4

82N/4

82N/5

11UMG
643.5845
11UMG
638831.5
11UMG
638826.3

-
11UMG
641.3818.8
11UMG
644812.5
11UMG
644811.5
11UMG
644.5810
11UMG
646.8808.5
11UMG
647807.5
11UMG
647.3803.8
11UMG
649.3801
11UMG
65080Z5
11UMG
650.5 794.5
11UMG
646.5795.5
11UMG
625785
11UMG
647795
11UMG
644794
11UMG
642793
11UMG
639.5791.3
11UMG
638.5790.8
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Table 84 Historic Period Archaeological Resources in
Glacier National Park (cont)

411T25

411T26

411127

411T28

411T29

411T30

411T31

411T32

411T33

411T34

411T35

411T36

411T37

411T38
411139

411T40

411T41

411142

411T43

411T44

411T45
411T46

Snowshed No. 23

Snowshed No. 24

Snowshed No. 25

Snowshed No. 26

Snowshed No. 28

First (Upper) Loop Book Crossing

Cambie Siding

First niecillewaet River Crossing

Construction lote Road

Snowsheds Nos. 29-31

Second Dletillewaet River Crossing

Loop Brook Crossing
(Presently Employed)
Third Loop Brook Crossing

-
1916 Connaught Diversion

Third Ulecillewaet River Crossing

Glacier Siding-fllecillewaet River
Crossing
Glacier Siding/Townsite/Station

Connaught Tunnel

Rogers Pass Station No. 2

Avalanche Guard

Low

Low

Low

Low

Low

High

Moderate

Moderate

Low

Low

Moderate

Low

Low-
Moderate

-
Low

Low

Low

Low

Low

Moderate

Low

82N/4

82N/4

82N/4

82N/4

82N/4

82N/5

82N/5

82N/5

82N/5

82N/4

82N/5

82N/5

82N/5

-
82N/5

82N/5

82N/5

82N/5

82N/5-
82N/6-
82M/5

82N/6

11UMG
637.5790.5
11UMG
634.8789.5
11UMG
632788.5
11UMG
631788.3
11UMG
627782
11UMG
625.5 781.3
11UMG
626.5 785
11UMG
629790
11UMG
630.5791
11UMG
626791
11UMG
624.5790
11UMG
6242787.2
11UMG
623788.5

-
11UMG
633.5791
11UMG
609.5788
11UMG
638794
11UMG
639.5795.5
11UMG
800645
11UMG
645.5846.5

11UMG
551 766.5
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Table 84 Historic Period Archaeological Resources in
Glacier National Park (cont.)

411T47

411T48

411T49

411T50

412T1

412T2

412T3

412T4

412T5

412T6

41217

524T

526T

527T

528T

529T

Fourth niecillewaet River Crossing

Fifth Ulecillewaet River Crossing

1885 Railgrade (Presently
Employed)
Loop Brook Crossing

1885 Railgrade (Presently
Employed)
Boundary Sign

Eighth Ulecillewaet River Crossing

Seventh Dlecillewaet River
Crossing
Flat Creek Bridge Crossing

Flat Creek Siding/Townsite

Concrete Rail Culvert

Borrow Trenches

Structural Remains

Trail /Footbridge

Rogers Pass Creek Crossing

Nakimu Caves Roadgrade

Removed
in 1986
Removed
in 1986
Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

82N/4

82N4

82N/5

82N/5

82N/4

82N/4

82N/4

82N/4

82N/4

82N/4

82N/4

82N/5

82N/4

82N/4

82N/5

82N/5
82N/6

11UMG
566772
11UMG
562770
11UMG
590 781.5
11UMG
624.2787.2
11UMG
521 738.5
11UMG
500.5729
11UMG
513.5 735.5
11UMG
516 737
11UMG
528744.5
11UMG
529477.5
11UMG
507.3 732.8
11UMG
627789
11UMG
547.5765
11UMG
532.2 743
11UMG
648.8 795.5
11UMG
634794
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PREHISTORIC ARCHAEOLOGICAL RESOURCES IN
GLACIER NATIONAL PARK: THE PROBLEM OF NEGATIVE
EVIDENCE

Recentarchaeolc^calandethnograpWcstudieshaverevealedthatbothAlpineand
Upper Subalpine areas were exploited during prehistoric times by human groups
during the course of their seasonal subsistence and procurement round. For
relatively brief periods of time in the summer months, small groups of hunter-
gatherer-foragers journeyed into these high altitude zones to collect plants (i£.,
edible roots, bulbs, nuts and berries), to hunt ungulates and small game, and to
procure better quality stone for tool manufacture and, possibly, trade. The evidence
for such higher altitude exploitative activities comes from the Interior Plateau of
BritishColumbia(e.g.,Beirne&Pokotylo 1978,Pokotylo 1985, Alexander &Matson
1987, Vivian 1988, Rousseaueta/. 1989) and,mostrecently,from Banff NationalPark
(Vivian 1992). Collectively,thesefieldinvestigationshaveidentifiedavarietyofsite
types created in prehistoric times that demonstrate a human presence within areas
once considered to be wholly inhospitable. The resultingreinterpretation of human
adaptation to higher elevations within selected parts ofboth theCanadianCordillera
and Canadian Plateau raises hopes for similar disclosures within high altitude
zonesoftheColumbiaMountains.Todate,however,suchrevelationshavenotbeen
forthcoming.

As described by Woods (1987), the Columbia Mountains are divided into four main
groups: the Selkirks, the Purcells, the Monashees, and the Cariboos. Glacier
National Park is situated mainly within the Selkirk Mountains with the addendum
of an alpine strip in the Purcells; therein, both Crowe-Swords (1971) and Sumpter
(1993) have endeavoured to locate evidence, however subtle, for a human presence
that predates historic activities associated with the establishment of the trans-
continental rail route through these mountains. The latter study, involving a
combination of helicopter reconnaissance, pedestrian survey and intensive surface
and subsurface inspections, focused efforts on four areas: Mountain Creek, Beaver
River, Bald Mountain, and Ulecillewaet River. No prehistoric archaeological sites
were found. Likewise, the earlier survey by Crowe-Swords was unproductive.

With nothingbutnegative evidence to formulate theories aboutpossible Aboriginal
exploitation of this part of the northern Columbia Mountains, there is always the
ready expediant of simplistic environmental determinism to account for the lack of
substantive evidence. On the basis of current environmental conditions, aboriginal
use of the area covered by Glacier National Park (and nearby Mount Revelstoke
National Park, situated wholly within the Selkirks) was probably unsustainable

470



except for brief forays to acquire valued items such as better quality lithic raw
materials. Additionally, themajor valleys and Rogers Pass likely served as corridors
through which mobile hunter-gathering bands passed to access the resources of
areasbdowmeUpperSubalpmeZbne.CurrentenviionmentalconcUtionscombin-
ing a harsh climate of heavy snows with concomitant avalanches and an extremely
rugged terrain with poor hunting possibilities paint the deterministic picture of a
no-man's land (e.g., Woods 1987), yet it must be remembered that the postglacial
climate of the Canadian Cordillera has not been uniform through time. The period
of the mid-Holocene climatic optimum (i£., the Altithermal or Hypsithermal) in
particular may have provided better environmental opportunities for human
occupation within the northern Columbia Mountains. Continued research is
demanded before we resign ourselves to accept the current state of archaeological
knowledge.

THE HISTORIC ARCHAEOLOGICAL RESOURCES OF
GLACIER NATIONAL PARK

Almost all of the inventoried historic period sites and features have been described
in Sumpter and Perry (1988b); reference should be made to that document in
preference to this brief overview during the course of planning and management
activities that could impact upon cultural resources. Current disturbance factors,
historical significance and management direction are provided therein.

Following Sumpter and Perry (1988b), the historic archaeological resources of
Glacier National Park can be classified categorically as follows: Bridges and
Culverts, Snowsheds and Avalanche Guard Systems, Stations and/or Sidings,
Other Structures (e.g., Warden stations, A.C.C. huts, structural platforms, sheds,
and otherstructuralremains), Linear Features (roadbeds,railgrades,tunnels,roads,
and footpaths), and Miscellaneous Features. Table 84 (afterSumpter&Perry 1988b)
provides an inventory of historic period archaeological resources in Glacier Na-
tional Park. Figures 161-164 plot these sites and features by category.

Bridges and Culverts

To date, 44 bridges (n=24) and culverts (n=20) have been recorded by Archaeologi-
cal Services. Following Burrows (1981), bridges can be classified by the following
types: Frame Trestle, Pile Trestle, Masonry Arch Spans, Plate Girder Spans, Truss
Spans, and Concrete BeamSpans. Culverts are constructed out of wood, corrugated
metal, and concrete. Thesestructures are associated with theabandonedl885C.P.R.

471



alignment between Stoney Creek and Loop Brook (n=24), the presently employed
section of the 1885 grade (n=15), the 1916 Connaught Diversion (n=4), and the
Nakinnu Caves Road (n=l).

The temporal context of Glacier National Park's historic bridge and culvert features
range from 1897 to the 1940s (Sumpter& Perry 1988b). The CPU. initiated a major
structural replacement and improvement programme between 1897 and 1907
involving the replacement of earlier timber structures with stone and concrete
constructions. Thus, new bridges (n=21) employed stone and/or concrete pier,
abutment, and arch span designs; currently, 18 historic structures on the presently
employed section of the 1885 grade are affiliated with the 1897-1907 creek and river
crossing improvements. Two steel bridges (409T13,409126) were rebuilt in 1929.

Culverts were constructed of wood (n=7), concrete (n=9), and corrugated metal
(n=4). Of these, the concrete forms are of two types: pipe (n=5) and rail (n=4) and,
in some cases, the concrete culverts contained corrugated metal piping. Corrugated
metal culverts are located alongthe abandoned sections of the 1885 railgrade which,
between 1917 and the 1960s, were utilised by horse-drawn and motor vehicle traffic
(Sumpter & Perry 1988b).

Sumpter and Perry (1988b) assign high historical significance to ten of the historic
period bridges within Glacier National Park; these features include: the Stoney
Creek(409T13),SiirpriseCreek(409T26),andMountainCreek(409TM)bridges;the
niecillewaet (Glacier Creek) River and Cascade Creek stone arch bridges (22T and
410T15, respectively); and the stone piers and abutments representing the First,
Second, and Third Loop Brook Crossings (411130, 411T19, and 411137, respec-
tively), and the First and Second DleciUewaet River Crossings (411T32 and 411T35),
collectively known as "The Loop System".

Snow and Avalanche Guard Systems

There are currently 27 extant structural features within Glacier National Park that
are categorised as Snowsheds and Avalanche Guard Systems. Of these features, 26
are snowsheds, and there is one avalanche guard. Thirty-seven snowsheds are
known to have been constructed along the C.P.R. mainline within the boundaries
of Glacier National Park by 1887 (Finch 1987); of these, snowsheds 9,10,11,15,27,
and 32-37 were not located during the 1986 survey.

Of the historically known structures, Snowsheds 15 and ISA, located in Roger's
Pass, fell out of use by 1907-1909. Snowsheds 1-14 and 16-31 were abandoned in
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1916 with the completion of the Connaught Tunnel and associated diversion; these
structures were demolished in 1917, and the better timbers salvaged (Booth 1985).

Snowshed constructionmethods are described by Marpole (1888), Vaux (1900), and
Finch (1987). Vaux (1900) describes three shed styles built along the C.P.R. mainline;
these included the Typical or Valley Side Shed Style, the Valley Shed Style, and the
Level Fall Shed Style. In association were such features as strutted glance-fences or
V-shaped split fences which were often installed as structural wings extending
upslope to guide the debris away from the snowsheds. Of the extant 26 snowsheds,
22 are of the Valley Side type, one is a Valley Shed, two are of the Level Fall type with
side ballast, and one has both Valley Side and Level Fall styles. Sumpter and Perry
(1988b) note that all 27 features of this category are currently undergoing structural
deterioration varying in degree from minor to adverse from such agents as water/
stream erosion, avalanche activity, slumpage, fire, vegetation, and visitor-related
disturbances.

Stations and!or Sidings

A total of 19 stations or sidings and one time-keeping station were constructed by
the C.P.R. along their 1885 and 1916 rail alignments within Glacier National Park
between 1885 and the present date. During the period from 1885 to 1916, stations/
sidings were located at Bear Creek, Rogers Pass (four localities), Glacier House, Ross
Peak, Cambie, and Old Flat Creek; a time-keeper's station was built at Hermit on
Cascade Creek. Thereafter, several passing sidings and/or stations were erected at
Old Griffith^turdeetformerlyCed^^toneyCreeivCutbank, Connaught, Glacier,
FlatCreek,andRossPeak(CP.R. 1935,citedinSumpter&Perry 1988b). AsSumpter
and Perry (1988b) note: The large number of sidings and stations along this relatively small
section of track reflected the level of activity necessitated by the hazards and obstacles of this
most westerly mountain pass on the Canadian Pacific mainline. The CP.R. currently
utilises four sidings within the boundaries of Glacier National Park (i.e., at Griffith,
Stoney Creek, Glacier, and Flat Creek).

During the 1986 field reconnaissance, 11 station and/or siding features were
relocated along the 1885 and 1916 C.P.R. alignments; the remaining eight (i.e., Old
GriffithSiding/Station,CutbankSidmg,HerrrdtTime-keepmgStation/RogersPass
Summit Construction Camp/Depot, Ross Peak Station/Siding, Old Flat Creek
Siding, and Cougar Creek Water Tank) have been removed or adversely impacted
by natural processes or terrain modification (see Sumpter & Perry 1988b).
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C.PJR. maintenance and development activities have impacted six of the eleven
recorded Station and/or Siding category features; three of these six are on the 1916
Connaught Diversion (Stoney Creek, ConnaughtandGladerStation/SidingsJand
three are associated with presently employed sections of the 1885 railgrade (New
Griffith, Sturdee, and Flat Creek Station/Sidings). The remaining five extant
features are located along the abandoned 1885 C.RR. railgrade; theseindudeRogers
Pass Stations and Yard Nos. 1,2,3, and 4, and Bear Creek Station and Siding.

Other Structures

Within this general category are 10 historic sites/features in association with the
C.P.R/S abandoned and presently employed 1885 and 1916 alignments that were
recorded during the 1986 survey and inventory programme. These structures
indude four groups of structural depressions and platforms (Features 409T4,
409T11, 409T12, and 409T14); two former warden stations (Glacier and Stoney
Creek Sites 23T and 407T, respectively); the Alpline Club of Canada (A.C.C.) A.O.
Wheeler Hut (Site 352T); a water settling tower (Feature 409T23); a possible
dynamite shed (Feature 411T20); and the structural remains of an unknown
collapsed building (Site 526T). In 1992, the A.C.C's Hermit Hut was recorded and
added to the Other Structures category of archaeological resources within the park
(Francis 1992).

Linear Features

A total of 20 Linear Features (18 features and two sites) associated with the 1885 and
1916 CP.R. right-of-ways were recorded by Canadian Parks Service archaeologists
inl986;allsuchfeatureswereinitiallypredicted (Perry 1986). The20features consist
of (1) six roadbeds, (2) sections of the 1885 rail alignment (three abandoned sections
and threepresently employed) and three sections of the 1916rail alignment, divided
by geographical units (sites), (3) three footpaths, (4) one elevated spur, and (5) one
rail tunnel (the Connaught Tunnel).

Miscellaneous Features

Within this category, Miscellaneous Features, three historic period features were
located, all in association with the 1885 and 1916 C.RR. rail alignments. Such
features indude a log retaining wall (Feature 411T15), a concentration of both linear
and circular borrow depressions or trenches (Site 524T), and a park boundary sign
(Feature 412T2). Of these, the wooden sign (with capitalised letters inscribed on the
face reading GLACIER NATIONAL PARK/WEST BOUNDARY) is considered to
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have high historical significance and should be preserved for possible public
display (Sumpter& Perry 1988b).

CONCLUSIONS

All of the known archaeological resources within Glacier National Park have
historical significance. Two sites, Rogers Pass and Glacier House, however, are
designated National Historic Sites by the Historic Sites and Monuments Board of
Canada because of their national historic significance. Such a designation is the
highest level assigned to a cultural resource in the custody of the Canadian Parks Service
(Parks Canada 1990b). With only negative evidence to date regarding a prehistoric
human presence within the boundaries of Glacier National Park, archaeological
enquiry mightbemoreproductively directed toward field workinmorepromising
areas in close proximity to the park.
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HISTORICAL RESOURCES
(Contributed by Graham MacDoncdd)

Unlike certain portions of the great western cordillera, the mountainous terrain of
the Selkirks and Purcells, which contain the present landscape of Glacier National
Park, afforded little opportunity for ancient and modern aboriginal peoples to
establish footholds of settlement. The high terrain and heavy snows provided a
sufficient deterrent, as far as far as current knowledge can determine, towards any
systematic use of the landscape beyond seasonal forays at the margins and into
selected river valleys. The region was by-passed by early fur traders such as David
Thompson, who in the years after 1807 crossed the Howse Pass, and followed the
Blaeberry and Columbia Rivers to reach more favourable trading territory in the
south Kootenay and Spokane country (Hopwood 1982). The country remained
marginal to fur trade interests right up until the passing away of the great fur trade
empire of the Hudson's Bay Company in 1869.

It was the mining rush to the lower Eraser and the Columbia River which helped
put Glacier country on the map. Walter Moberly was asked by the colonial
government in New Westminster to seek out a wagon road which could link the
lower Fraser with the newer gold mining districts of the Columbia. In discovering
the Eagle Pass through the Monashee Mountains, Moberly saw the additional
possibility of linking this route with the Vermilion Pass as a feasible trans-continen-
tal rail route (Marsh 1972, Moberly 1866). At this time, Moberly and his assistant
AlbertPeny,exploredaspectsofthetwobranchesoftheIllecillewaet River. Inalater
reminiscence Moberly attributes the naming of the Rogers Pass, after Major A.B.
Rogers, to the Rev. G.M. Grant, but Moberly indicated that Perry Pass would have
been more appropriate, contendingthathis assistant crossed the divideby this route
twenty years before Rogers (Glacier 1963, Moberly 1908). History has generally
chosen to remember the exploration work of Major Rogers, however, following his
frantic search to find a way west through the Kicking Horse Pass and the Selkirks
in the early 1880s. With the completion of the railway link in 1885, the landscape at
Glacier National Park suddenly became accessible to the wider national commu-
nity.

In the later 1880s, as part of the process of trans-continental railway building, the
government of Canada undertook to reserve certain important scenic landscapes
along the so-called 'Railway Belf of British Columbia. This 'Railway Belf was an
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approximately forty-wide mile strip of land bordering the rail route. Under the
terms by which British Columbia entered confederation on July 20,1871, Canada
was to complete a trans-continental railway to the coast within ten years. British
Columbia, as a contribution to the task, was to contribute public lands, not to exceed
twenty miles wide on each side of the railway, to Canada. British Columbia would
henceforth receive $100,000 per year, in perpetuity, from Canada, in consideration
for these lands (Martin 1973). Although it was technically federal land, much
provincial resource law applied on these lands, as a preliminary condition of the
transfer of the 'Railway Belf lands to the federal government.

Following a number of false starts at completing the railway as a public work, this
arrangement nevertheless remained the context for the creation of national park
reserves in British Columbia in the 1880s. Following the initial establishment of a
small park reserve at Banff in 1885, new reserves were put in place to the west, with
a view to putting a check on development on those lands in the railway belt which
had outstandingpotential in terms of tourism, forests and wildlife. By late 1886 four
mountain areas had been reserved by Order in Council including an area in the
vicinity of Mount Sir Donald in today's Glacier National Park (Lothian 1976). They
were also put in place at the suggestion of, or in cooperation with, the Canadian
Pacific Railway, which, as an agency, saw the value of future tourism development
on the lands in the railway belt.

For the next two years there was some discussion about the ideal size of these park
reserves and in 1888 they were considerably reduced in size. On October 11,1888,
an Order-in-Council established their final form, along with a legal description of
the lands (Lothian 1976). It would be another fifteen years before much develop
ment or visitation took place at Glacier, for as Lothian observed the park reserves
at Lake Louise, Field, and in the Selkirk Mountains were destined to be the orphans of
the park administration for many years (Lothian 1976). In its original form, the park
reservation comprised a rectangular area about six and one half miles long and four
and one half miles wide. The area enclosed the Rogers Pass, the railway loopbelow
Glacier Station, Mount Macdonald, Mount Avalanche, and the tongue of the
Dlecillewaet Glacier, but not Mount Sir Donald which had been included in the
intitial reserve description (Lothian 1976). This was rectified in 1903, however,
when Glacier Park Reserve was enlarged to include sixteen townships, some 576
sq.miles (1492 sq.km). The Order-in-Council stated that it is now desirable to enlarge
its boundaries so as to include the best scenery in the neighbourhood (Lothian 1976).

Until 1903, the main tourism developments were directly associated with the CPR
in the Rogers Pass area (Marsh 1985). In 1886 therailway started construction ofthe
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Glacier House Hotel and restaurant. This facility was opened on January 1,1887.
As with the Mount Stephen House at Field, B.C., the Glacier House provided a rest
stop and meal facility for passengers, thus eliminating the need for the railway to
pull heavy dining cars over the steep mountain passes. Aselect group of mountain-
eers started to appear in the Glacier area after 1888 (Cavell 1983).

The other main development in the last two decades of the nineteenth century was
a demographic one which grew out of the 1860s mining rush to the t>ig bend' of the
Columbia River (Winstanley 1956). Theveryactof railway constructionin this area,
where large south-tending navigable water routes crossed the right-of-way, in-
duced a steady flow of workers and settlers from the American side of the border.
By the 1890s this influx of peoples from the south had led to the incorporation of the
townof Revelstokeinl899(Archives,B.C. 1898). In Winstanle/s words: In the 1890s
Revelstoke was a stopping place for many immigrants from the United States entering
Canada on their way to the Canadian prairies. They travelled up the Columbia via
steamers thus introducing a mix of peoples to southern British Columbia, including
large contingents of Italians who came to work on construction of the Arrowhead
branch of the CPR(Winstanley 1956). The Revelstoke area has subsequently been
marked by a txxan and busf economic history, related to cycles in mining,
timbering, and tourism opportunity (Feick & Einsiedel 1993).

RAILWAY HISTORY AND VESTIGES

The history of the Canadian Pacific Railway in Glacier can be broken down into
several main periods: (1) initial exploration for the rail route: 1866-1882; (2)
Construction of the railway, 1882-1885; (3) Tourism Development and initial rail
route use, 1885-1916; (4) Rail route adjustments and decline of rail tourism, 1916-
1929 (5) Depression and war, 1929-1945; (6) Post-war recovery, 1945-1957 (7)
Highway development and decline of rail tourism period, 1957-present.

The history and site analysis of extant railway and some related tourism resources
for the period 1882 to 1929 have been well d etailed in a number of reports including
thorough studies in historical archaeology (Finch 1987,1991, Marsh 1972, Putnam
1982, Sumpter & Perry 1988). More specific history of Rogers Pass and the
complications for human use brought on by regular heavy snow and avalanches
has also been outlined (Tanner 1968, Woods 1984).

Site Map (Figure 165) shows the non-resource extraction historical zones of the park
of greatest interest alongwithsite identification. In summary thesesites are grouped
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Figure 165 Distribution of Cultural Resources, Glacier
National Park
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alongthefollowing lines: (1) Rogers Pass Transportation Corridor sites; (2) Nakimu
Caves and Tourism Sites; and (3) Historic Mountaineering sites. Some sites are
relevant to all three of these categories, such as the old Glacier House site.

RECREATIONAL HISTORY

Details of the recreational site history of Glacier National Park are very well known
through the past studies of Marsh and the activities of the Alpine Club of Canada
(Marsh 1972a, 1972b, 1979a, 1979b). Interestinmountaineeringtourism developed
steadily after 1890 when William Spotiswood Green published his influential
account, Among the Selkirk Glaciers. The birth of Canadian mountaineering is
considered by many to have taken place in this decade at Glacier. It was given a
strong push by the CPR in 1899 when the company brought in Swiss mountain
guides to serve the interested traveller staying over at Glacier House. A detailed
survey of the area was commissioned in 1901 by the Canadian Geological Survey, and
this was prepared under the direction of A.O. Wheeler, the noted cartographer and
mountaineer. His report and maps published in 1905 have remained essential
references (Woods 1987). A year before Wheeler's report appeared, Charles H.
Deutschman discovered the Nakimu Caves network west of the Rogers Pass and
alongCougar Brook. Knowledge of this site was to instantly increase thereputation
of Glacier as a desirable outdoor destination (Glacier 1962).

SITES RELATED TO RAILWAY HISTORY, EARLY TOURISM, AND MOUNTAINEERING:

I Loop Branch Railway Pillars 2 Glacier Station
3 Connaught Tunnel, West Portal 4 Glacier House Site
5 niecillewaet River Stone Arch Bridge 6 Wheeler Hut
7 Trans-Canada Highway Monument 8 Tractor Shed Snowshed
9 Connaught Tunnel East Portal 10 Cascade Creek Bridge

11 Tea House Site 12 Nakimu Caves
13 Tally-Ho Road 14 Ursus Major Mountain
15 Grizzly Mountain 16 Rogers Peak
17 Swiss Peak 18 Hermit Mountain
19 Mount Tupper 20 Mount Macdonald
21 Avalanche Mountain 22 Eagle Peak
23 UtoPeak 24 Mount Sir Donald
25 Mount Abbott 26 The Rampart
27 Mount Swazy 28 Mount Bonney
29 Mount Macoun 30 Mount Fox
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31 Mount Dawson
33 Mount Topham
35 Cascacde Hut/Avalanche Crest Trail
37 Asulkan Trail Hut
39 Round Hill and Donald Claim Area

32 Mount Selwyn
34 Glacier Circle Hut
36 Observation Pt. Shelter

Rogers Hut
Fish River Claims Area

38
40

(Incomappleaux)

RESOURCE EXTRACTION INDUSTRIES

Site Map (Figure 166) demonstrates historical land-use patterns associated with
resource extraction. This mapisorganizedwimreferencetominingandlunibering.

MINING

Mineral extraction had started to make some advances in the Glacier area by 1892
(B.C. 1896,Hiebert 1963). Inl916/atwhichtimenationalparklandswerereserved
from operations undertaken under the Dominion Lands, Quartz and Placer Mining
Regulations, a substantial number of claims had been recorded in the provincial
mining recorder offices at Golden and Revelstoke (Lothian 1981). Many of the
claims were in the area of the park's southwestern boundary and north of the
Dlecillewaet River. The distribution of these claims is shown in map (Figure 165).
The following list provides the names for these claims as of 1915 (Glacier 1915).

LOCATION: SECTION / TOWNSHIP / RANGE

NE1/4 5-
8-
9-

NW1/4

NW1/4 16-
SE 1/4
SW1/4

26- 27
26- 27
26- 27
u

tt

a

//

//

26- 27
//

//

tt

NAME OF CLAM

Laurel and Silver Bell
Isabella Claim
Hoper/ Annie
Florian, Franc.
Isabella
Hoper
Annie
Florian

Blue Jay
Annie
Isabella
Hoper
Annie
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ME 1/4

NW1/4

SE 1/4

SW1/4

NE 1/4
SE 1/4

SE1/4

NW1/4
NW1/4

NE1/4
NW1/4

NW1/4
SW 1/4

17-

17-

17-

17-

19-

20-

22-
27-

3-

10-

26-

26-

26-

26-

26-
u

26-

26-
26-

27-
//

27-
u

27

27

27

27

27

27

27
27

27

27

Selkirk
Lanmark
Dorothy
Red Fox
Maple Leaf
Blue Jay
Warwick
Crystal
Lanark
Red Fox
Maple Leaf
Home
Oak Leaf
Clyde Fr.

Isabella
Dorothy
Blue Jay

Crystal
Dorothy

Sutton
Sutton

Red Fox
Home
Oak Leaf

Round Hill
Round Hill

Copper Crown
Copper Crown
Silver Bow

Copper Hill
Copper Hill
Silver Bow
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Figure 166 Timber Berths in Glacier National Park
(repossessed by Parks Canada)

(after: Lothian 1981)
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Some intermittent mining occurred at some of these locations in the western
portions of the park, particularly in the Incomappleux Valley, near Corbin Pass and
on Mount Fidelity. For some time the mining settlement of Dlecillewaet encroached
upon the park boundary (Parks Canada 1984).

The preliminary ban on certain kinds of mining in the national parks of British
Columbia was completed in 1930. When the Railway Belt and Peace River Block Act
was assented to in May 1930, the rights of the Crown in all the lands, mines minerals and
royalties within the boundaries of Glacier National Park were vested in Canada (Glacier
1962). Many of the mining claims lapsed over the years, and by 1959 only three
claims held under Crown grant from the province remained in good standing. These
were the Round Hill on Mount Fidelity, the Elizabeth on the Incomappleaux River
south of Flat Creek Pass, and the Florian some two miles west of Flat Creek Station
(Lothian 1981). The Elizabeth group of claims had first been recorded about 1892
and lay south of thefrrstparkreserve boundary. With expansion of theparkin 1903,
these claims were incorporated within the park. With further adjustments to the
park boundaries in 1930, four of the claims were once again outside of the park
(Lothian 1981). As of 1969 only the Round Hill and Elizabeth claims were active
(Glacier 1962).

TIMBER OPERATIONS AND BERTHS

As with mineral extraction claims, the granting of timber rights by the Department
of Interior pre-dated the establishment of National Park reserves. By the time that
Glacier National Park Reserve was expanded in 1903 and formally established in
1911, it enclosed a number of Timber Berths, in particular, numbers 40,117,292,328,
329, and 342 (Figure 166). These timber berths have all been repossessed by the
National Park. Active lumbering was limited in this period, but much timber had
been taken in the Rogers Pass corridor in connection with railway construction and
for fuel during the woodburning years. In recent years, the effects of trans-
boundary lumbering activities have become a major source of concern to park
managers (Brown 1992).
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PAST AND PRESENT LAND USE
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

Land is defined as the solid portion of the earth's surface and the natural
resources related to it, such as vegetation, soils, and minerals. The supply of
land is finite, immobile, and diverse. Land has peculiar attributes, and it can
be considered both as a resource or as a commodity. The combination of
interrelationships between people, resources, and location produces land uses
(Anon. 1980c).

Land use in Glacier National Park and peripheral lands is characterized by
consumptive and non-consumptive types. Van Tighem and Gyug (1984) suggest
that only brief and occassional hunting forays were made by Indians, trappers, and
prospectors intotheparkbeforetheRailway Era. However, archaeological research
within the park is incomplete. Future research in the alpine areas of the park may
uncover evidence of some aboriginal activities (Magne 1993).

The consumptive activities that were prevalent during the establishment of the
Canadian Pacific Railway in the late 1880s, such as timbering, prospecting (mining),
hunting/fishing, and trapping, continued well after the establishment of the park
in 1886. However, some of these activities in the park resulted from expansions of
the park boundaries which consequently included areas that had already been
leased by lumbering and mining interests. A trend away from consumptive type
use began in the 1920s when the emphasis on preservation and protection was
increased and even moresowith the establishment of theNationalParksActinl930
(Van Iighem& Gyug 1984). Maintenance of the primitive state of the park lapsed
from 1936 to 1948 when some lumbering was permitted in the Beaver River valley
(Marsh 1975). The killing of carnivores was finally discontinued when protection
encompassed all wildlife species in the late 1960s (Holroyd & Van lighem 1983).

Present day use varies according to season and location. In general, visitor use is
heaviest during the summer weekends and holidays. Most of the visitation is from
June to September. The most heavily used areas tend to be day use areas. Of these,
prime visitation nodes are the Rogers Pass Center (over 200,000 visitors/year), the
niecillewaet Campground, and the service area at Rogers Pass which is comprised
of a gas station, store, gift shop, dining room, lounge, coffee shop, and lodge (Brade
1993).
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Typical seasonal recreational pursuits include climbing and mountaineering dur-
ing the summer in backcountry areas, while picnicking and sightseeing are
activities generally pursued in the summer in frontcountry areas of the park. Ski
touring, telemarking, and cross-country skiing are pursued during the winter
months.

Increased urban growth, resource exploitation, and the overall increase in popula-
tionhavehad,and will continueto have, significanteffectson Glacier NationalPark.
This section will trace the changes in the land use pattern within Glacier National
Park and identify issues and some tentative solutions.

PAST LAND USE

As mentioned, it is highly unlikely that aboriginal peoples inhabited the valley
bottoms of the park. In fact, valley bottoms were probably avoided because of the
rugged terrain and impassable vegetation growth. However, there is a belief among
archaeologists that habitation may have occurred, probably on a seasonal basis, in
alpine regions of the park (Magne 1993). To date, arcnaeological research in Glacier
National Park is incomplete. However, it is suspected that summer camps may
have been established by peoples of the Upper Arrow Lake and Columbia River
valley areas which have been documented by Crowe-Swords (1971) and Turnball
(1977). These camps would have most likely been located in alpine areas of Glacier
National Park for the purpose of plant gathering and processing, and also for the
hunting of game during the summer months (Francis 1993, Magne 1993). To
pinpoint the most probable prehistoric sites within Glacier National Park, back-
ground research is presently being conducted by the Canadian Parks Service,
Archaeological Services. This initial research will be followed up by archaeological
field surveys (Magne 1993).

THE EARLY EXPLORATION PERIOD

It was not until the late nineteenth century that the exploration of the Glacier
National Park area began. Moberley, Hemming, Grant, and others (see Archaeo-
logicalandHistoricalResources section) first explored theSelkirkMountains region
encompassing the park area. While attempting to find an east-west railway route
through the Selkirks, Sir Sanf ord Hemming, his son, and Dr. GM. Grant succeeded
in crossing this great mountain barrier via Rogers Pass in 1883. The construction of
the transcontinental Canadian Pacific Railway in 1885 through the same pass
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justified these exploration efforts and eventually led to the establishment of Glacier
National Park and increased human land use of the area. Present land use was
essentially predetermined by these earlier land use developments upon the land-
scape along the railway corridor (Van Tighem & Gyug 1984).

EARLY PARK PERIOD

Glacier National Park was established as a mountain park reservation in 1886 by
Order in Council under the provisions of the Dominion Lands Act of 1883 and its
dimensions were approximately six and one half miles long by four and one half
miles wide. It encompassed Mount Macdonald, Rogers Pass, Avalanche Mt., the
tongue of the niecillewaet Glacier, and the railway loop below Glacier Station
(Lothian 1976). Van Tighem and Gyug (1984) refer to this reserve as having been
two areas around Mt. Sir Donald and Rogers Pass which were merged in 1888 into
a park of 75.8 km2. By 1903 the park was expanded to 1493 km2 and later, in 1911,
it was reduced to 1213 km2 following the enactment of the Dominion Forest
Reserves and Parks Act. Three townships were removed from the park. Finally, in
1930, the park boundaries were redefined, this time conforming to the topography
(i.e. watersheds) of the park rather than to township lines. The park area at this time
was enlarged to 1349 km2.

Efforts inl886bytheCanadianPadficRailwaytoset aside area asaparkreservation
was mainly motivated by a wish to preserve the local scenic attributes of the area:

... the object of the reservations is not really to provide for parks in the
ordinary sense but to preserve the timber at places where the finest
scenery occurs, as the scenery will be much injured by its being cut
away...the reservation would not interfere with mining operations
except that the timber purposes would have to be cut outside of them
(Van Home 1886).

Along with the completion of the railway through Rogers Pass, Rogers Pass Station
and Rogers Pass Townsite were established. Maintenance headquarters, which
included a round-house, were located at the former and a small subdivision of
railway employee dwellings, aboardinghouse, a store, a post office, and arecreation
hall at the latter.

The Canadian Pacific Railway also began to develop facilities almost immediately
after the establishment of Glacier National Park in order to encourage tourism
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(Anon. 1972). Glacier House, a rail-side facility (restaurant and small hotel) located
about 5 km to the west of Rogers Pass, was opened in 1887 and became one of f our
mountain hotels developed by the Canadian Pacific Railway to serve visitors. Since
the railway grades were too steep for dining cars, passengers were dependent on
dining rooms along the route (Marsh 1975). In addition, walking trails constructed
by the Canadian Pacific Railway provided access to the Blecillewaet or "Great"
Glacier, Asulkan Valley, Avalanche Crest, Marion Lake, and other nearby destina-
tions (Figure 167).

The arrival of Swiss guides in 1899 (Marsh 1972), caused an increase of mountain-
eering activity and led to further developments of the park's facilities. In 1900 a
summer house was built on the Avalanche Crest trail and a shelter on the Asulkan
trail (Anon. 1972b). In 1902 a cabin was also established at the end of the Hermit
trail. By 1903, Glacier House, the park's first commercial operation, had become a
well-established alpine mountaineering center of international reputation. It was
alsoduringthis year thattheparkwas expanded to!493 km2. Van lighem and Gyug
(1984) describe the new area:

The new boundary bore little relationship to topography, cutting
arbitrarily across mountains ,valleys,and rivers, but always within the
railway belt. It embraced all the recreational facilities as well as
settlement, mining, and lumbering areas, and some traditional hunt-
ing territory.

Attendance at Glacier House rose dramatically from 1887 to 1915. Table 85 gives
some indication of the attendance in Glacier National Park between the years 1887
and 1968. In the analysis of the records such dates as the dosing of Glacier House
(1925), the dosing of the Nakimu Caves (1932), and the completion of the Trans-
Canada Highway (1962) should be kept in mind.

The discovery of the Nakimu Caves by C.H. Deutschmann in 1904 eventually
resulted in the first active development of the park by the federal government
(Lothian 1976). Aftermediscovery,twommeraldaimswerestakedbyD^
and these were subsequently sold to the Crown with the understanding that he was
to be employed in the development and operation of the caves. Access trails and
log cabins were constructed for the convenience and comfort of the visitor and by
1914 a saddle-horse trail between Glader House and the caves was improved by the
Park Service to the status of a carriage road. Ultimately, a tally-ho service was
implemented from the hotel to within about 2 km from the cave entrance (Lothian
1976). A teahouse, built by the Canadian Pacific Railway in 1923, provided
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Figure 167 Trails and Facilities 1886-1898

(after: Marsh 1975)
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Table 85 Visitors to Glacier National Park 1887-1968

(after: March 1975)

1887
1888
1889
1890
1891
1892
1893
1894
1895
18%
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914

708
1020
1136
1084
1291
1317
1051
831
774
816

1210
764

7

7

1261
1873

7

7

7

4925
7

7

7

7

7

5419
5057
4009

1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928-9
1929-29
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942

10,608
7
?
7
7

3779
3223
3742
4176

?
5956
3000

7

1000
1000
1000

7

7

1000
7

1000
7

7

7

1200
1200
320
211

1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

375
225

7

7

461
839
626
595
558
447

1021
714
732
623
562
222
386

319+
247+

665,907
1,563,479
1,517,061
1,582,277
1,840,423
1,891,904
1,898,627

NOTE
1887-1925 Overnight guests at Glacier National Park
1926-1940 Estimates by national park personnel
1941-1961 Climbine registrations
1962-1968 Trans-Canada Park gateway records
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overnight accommodation from 1924 to 1927. It and other facilities and trails are
illustrated in Figure 168.

The opening of the Connaught Tunnel (Figure 168) in 1916 heralded the future
events in Glacier National Park. With the railway line relocated and the lowered
grade the utilization of Glacier House began to wane. Diner cars could now be
pulled through Rogers Pass making the dining facilities at Glacier House largely
redundant. An era came to an end with the dosing (1925) and dismantling (1929)
of this important CPR facility.

Due partly to the dosing of Glader House in 1925 and the Depression and Second
Word War in the 1930s and 1940s, services in the area were almost completely
curtailed and visitation decreased as the Swiss guides of Glader House departed
and the saddle horse concession and the talley-ho were discontinued. In addition,
the caves were finally dosed to the public in 1932 due to public safety reasons. Use
of the caves was then only allowed by permit and for scientific purposes.

The establishment of the Trans-Canada Highway in 1962 stimulated activity in
Glacier National Park and increased the profile of the park It also changed
recreation policy and pattern. The increase in attendance stimulated an immediate
increase in the demand for park facilities and services (Marsh 1975). Maintenance
requirements involved parks forces and a need for avalanche control efforts also
became evident. Until this time, only a few wooden snowsheds had been built to
protect the transportation corridor. However, a Swiss civil engineer by the name of
Peter Schaerer was hired in 1956 to assist in the planning and development of an
avalanche defence system which was in place by the completion of the highway.

The Snow Research and Avalanche Warning Section (SRAWS), established in 1959
to protect the 40 km segment of highway and railway corridor within Glader
National Park, is still active today. The avalanche control program maintained by
SRAWS deals with 134 slidepaths using both static defences and a mobile control
program (Schleiss 1989,1990). Observation stations were built on Mount Abbott,
at Balu Pass, and on Mount Fidelity (see Climate section). Here observers make
avalanche condition forcasts for the Royal Canadian Artillery who would then
commence stabilization activities when necessary.

The first Warden cabin was constructed in 1914 and was located on the Nakimu
Caves Road (Tally Ho Road) near GladerStation. Insubsequentyears other warden
cabins were built at Stoney Creek, at Flat Creek, and at Glader Station. In addition,
patrol cabins were built at Grizzly Creek, on the Beaver River, on Mountain Creek,
and on Bald Mountain.
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Figure 168 Trails and Facilities 1899-1929

(after: Marsh 1975)
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ThroughoutthehistoryofGladerNationalPark,adininistrativeheadquartersnave
changed as responsibilities increased. From 1886 to 1908 thepark was administered
from Banff National Park while headquarders from 1909 to 1957 were located in
Field. Finally, during the construction of the Trans-Canada Highway, Revelstoke
was chosen as the headquarters (Lothian 1976).

Since the establishment of the park, it has been administered by 6 different
departments to the present day. The management of resources in Glacier National
Park has, in many cases, not always been in keeping with the spirit of the mandate.
Some mining has resulted in minor alterations to the landscape (Lothian 1981),
however, it is the activities of man, especially during the railway era, that have
caused some irreversible damage to the park in terms of wildlife distribution and
habitat change (Van Tighem&Gyug 1984).

Long lasting alterations to the landscape have resulted mainly from the presence of
the Canadian Pacific Railway transportation corridor and later the Trans-Canada
Highway(1962). Not only are these man-madefeatures highly visibleonthenatural
landscape, but they have greatly altered the ecology of the area. Erosional forces
result in rock slumps and rockf alls. Rock scaling is maintained in order to provide
for public safety. In addition the hydrology has undergone alterations particularly
in the Ulecillewaet River, the Connaught Creek, and the lower Beaver River valleys.
Valuable river bottom habitat has been forever lost to wildlife species. Fire
associated with the construction and maintenance of the railway between 1880 and
1900 was responsible for successional habitat changes that are still evident today.

TOURISM AND CHANGING USE

Until 1920, acceptable land use in Glacier National Park included hunting and
trapping. A predator control program, directed by the National Park Headquarters
in Ottawa from 1924 to the late 1960s, was conducted initially as a measure to boost
populations of "more desirable" game species, and then later, as a measure to
control a perceived rabies problem. For this purpose, bait laced with cyanide,
firearms, and traps were utilized. Theuseof poison was discontinued by 1928 (Van
Tighem & Gyug 1984). By the late 1960s all wildlife species were accorded full
protection (Holroyd & Van Tighem 1983).
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There were six timber berths located in Glacier National Park (See Archaeological/
Historical section). The transfer of these to the crown were completed by 1972 and
is described varying degrees of detail in Lothian (1981). Legal records are available
on microfiche in Western Region Office, Calgary, Alberta.

The impact of mineral extraction in Glacier National Park involved 30 mining
claims before 1916 and several Crown grants. By 1959 most of these had lapsed and
only three claims remained in good standing within the park boundaries. These
included the Donald-Round Hill development on Mt. Rdelity, the Elizabeth on the
Fish or Incomappleux River south of Flat Creek, and the Morian near the park
boundary and the Dledllewaet River about three km west of Flat Creek Station. By
far the most developed was the Donald-Round Hill mine. Work on this claim
included active underground exploration for silver, lead, and zinc. However, by
1969 the transfer to the Crown of this property was completed. Dealings related to
the Elizabeth and Florian claims have not resumed since the 1960s.

Today only one lease is current within Glacier National Park, namely that owned
by the Glacier Park Lodge. With a lease, the Canadian Parks Service owns the land
but the lessee uses the land for other purposes with permission of the lessor. In
addition to this lease, there are 6 licenses of occupation. These licenses are essentially
granted permission granted to use the land for specific purposes with no interest in
theland. One franchise agreement exists in the park. This type of agreement covers
utility services for the park such as the Glacier telephone system provided by the
B.C. Telephone Company. Finally, 5 crossing agreements are found in Glacier
National Park. These grant the Canadian Parks Service permission to cross railway,
track, or land owned by the C.P.R. Table 86 lists leases, licenses of occupation,
franchise agreements, and crossing agreement found within the park More details
areavailablefromrmcrofilmatrneRealty
Office, Calgary.

Fishing in Glacier National Park in the early days was over-rated and angler failure
discouraged the Canadian Pacific Railway from promoting the sport. Even
stocking efforts in the 1940s proved to be unsuccessful (see Wildlife section) and the
sport is not an important activity in the park today.

The majority of travellers following the Trans-Canada Highway route pass through
the park without stopping (90-95%). Visitation by the remaining 5-10% is concen-
trated along this travel corridor at various attractions (picnic sites, viewpoints,
campgrounds, rest areas, Interpretive Center, and service area). For the more
energetic visitor hiking trails are available.
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Table 86 Licenses, Leases, and Agreements, Glacier
National Park

(after: W.R.O. records 1993)

LICENSE OF
OCCUPATION

FRANCHISE LEASE CROSSING

(A.C.C.) Wheeler
Memorial Hut (1)

Twin Butte
Radio repeater (1)

(B.C. Tel.) buried
cable (2)

C. P. radio
repeater
station (1)

Rogers Pass
track & tunnels
(C.P.R.) (1)

Glacier Telephone
System (1)
(B.C.Tel.)

Glacier Park
Lodge (1)

Transporation
Route (5)
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PRESENT LAND USE

Glacier National Park represents a part of the 6.6 % of the total British Columbia land
base that is designated as protected areas (Rgure 169). These areas are formally
designated for conservation and recreation purposes and include Provincial Parks,
Recreation Areas, Wilderness Areas, National Parks, Ecological Reserves, Wildlife
Sanctuaries, Heritage Sites and Trails, Migratory Bird Sanctuaries, Nature Conserv-
ancy Areas, Wilderness Conservancy, National Wildlife Areas, and Regional Parks.

The protection of the natural and cultural resouces and the identification of
acceptable use of park lands is facilitated by the National Park Zoning System, and
is outlined in the Management Plan of Glacier National Park (Anon. 1991a). The
origmalpreliminary landuseplanfortheparkwasacceptedin 1968. Sincethattime,
five class zones have been adopted which apply to the existing and proposed
patterns of land use and development in the park (Figure 170).

The current land use zoning plan for Glacier National Park includes one Zone I site
(Special Preservation) which includes the surficial and subterranean karst features
of theNakimu Caves area in theCougar Creek valley. This cavesystem is thesecond
longest in Canada and the longest in British Columbia (Olson 1980). Rarecalciphile
plant species found near the caves are also of special interest (Anon. 1991 a).

A potential Zone I area exists in the Mount Tupper cave system area, however, only
preliminary surveys have been made and further investigations are needed to
substantiatetheuniquenessof this feature. Archaeological surveys underwayinthe
park may indicate other prehistoric sites that will require special designation in the
future to ensure protection of these features.

81 % of the park is managed as Zone n (Wilderness). The Mountain Creek, upper
Beaver River and Incomappleux River watersheds comprise most of this area. Basic
visitor facilities will continue to be offered in the Bald Mountain-Beaver Valley,
Bostock Creek, Rat Creek, and Upper Cougar-Upper Balu Zone n areas.

Zone in (Natural Environment) and IV (Outdoor Recreation) areas parallel the
CanadianPadficRailway/Trans-CanadaHighway corridor. Zoneffi encompasses
the valleys which contain the heavily-used hiking trails, the avalanche control
facilities, and the communications installations (14% of the park). This zone also
delineates the area of intensive avalanche control activities which are essential to
ensure winter public safety. Zone IV includes the transportation route rights-of-
way park access roads, and frontcountry recreational facilities accessible by car.
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Major Development Project Lands Settlement Lands

<1/0 7%
Protected Areas
6.6%

Special Managment Lands
1%

Multiple Resource Use Lands
85%

Figure 169 B.C.'s Land Base

(after: Anon. 1992b)
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Zoning

Zone I - Nakimu Caves

Zone II - Wilderness

Zone III - Natural Environment
Zone IV - Outdoor Recreation

Zone V - Park Services

Figure 170 Zoning Plan, Glacier National Park

(after: Anon. 1991 a)

508



Also located within this zone, which represents about 4% of the park area, are the
campgrounds, picnic areas, trailheads, viewpoints, service facilities, and other
roadside developments (Anon. 1991a).

Finally, Zone V (Park Services) comprises only 1 % of the park area. It is within this
region of the park that the service center node at Rogers Pass and the Canadian
Pacific Railway development at Glacier Station are found.

Traditional activities associated with the park have remained relatively consistent
over the history of the park. Nature appreciation, hiking and mountaineering, ski
touring, picnicking, and sight seeing remain the predominant recreational activities
pursued by the park visitor.

CURRENT PARK VISITORS

Socio-demographic data for Glacier National Park is virtually absent. Preliminary
data suggests that the majority of visitors come from British Columbia (32%),
Alberta (31%), and United States (24%) (Figure 171). Family groups appear to
comprise the majority of visitors (Punt 1993).

FRONTCOUNTRY USE

During the early tourism period about 3,000-5,000 travellers visited the park
annually, with a peak of 12,000 in 1915. Visitation declined rapidly with the dosing
and dismantling of Glacier House in 1925. With the completion of the Trans-Canada
Highway in 1962, visitationincreased dramatically (Table86) and aperiod of intense
facility and service development followed. This expansionfollowed along the same
spacial pattern as earlier developments since the highway and railway essentially
follow the same route. Campgrounds, picnic areas, viewpoints, and a service node
were added to the park in response to the demands of the new car-oriented clients
(Anon. 1991 a). By 1971 trails and facilities were developed to the extent shown in
Figure 172.

The well-established frontcountry facility infrastructure that exists today (Figure
173) is generally rustic, low-key, and unobtrusive, and reflects the wilderness
character of Glacier National Park. Approximately 5% of the 3,000,000 visitors
passing through the park annually use these frontcountry facilities. Recreational
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Figure 171 Visitor Origins

(after: Anon. 1991d)
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Figure 172 Trails and Facilities, 1971

(after: Marsh 1975)
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activities included sightseeing, bicycling, mountain biking, picnicking, fishing, day
hiking, cross-country skiing, kayaking, canoeing, camping, backpacking,
snowshoeing, horseback riding, mountaineering, caving, and ski-mountaineering.
Inappropriate park activities include snowmobiling, alpine skiing, motorized
boating, hang gliding, and off-road motorbiking (Anon. 1991a).

Driving for pleasure is probably the most popular recreational passtime in the park.
Most frontcountry visitors experience the park through car windows at 90 kph.
Approximately 85% of these travellers are passing through the park en route to
other destinations.

Figure 173 shows the locations of frontcountry facilities consisting of 6 picnic areas
(Slide Path, Beaver River, Camp West, Summit Monument, Tractor Sheds, Sir
Donald), 11 viewpoints (Slide Path, Sir Donald, Rogers Pass East, Beaver Hill,
Heather Hill, Glacier House, Loop, Summit, Tractor Shed, Mountain Bridges), 2
campgrounds (ULecillewaet, Loop Brook), 1 service area (Glacier Park Lodge, coffee
shop, lounge, dining room, gift shop, gas station, store), and 1 Interpretive Center
(Rogers Pass Center).

About 50,000 visitors use the picnic sites of Glacier National Park each season while
approximately 33,000 visitors make use of the campgounds of the park (Anon.
1991 a). The campgrounds operate on a first come first serve basis and include a total
of 78 sites (Uletillewaet Campground - 58 sites, Loop Brook Campground - 20 sites).
Camping opportunities have actually decreased with the closure of the Mountain
Creek Campground in 1989 due to windfall and public safety concerns. This
campground included 305 sites. However, future modifications to the surviving
campgrounds will include some expansion (Punt 1993).

A broad range of day-hiking opportunities exist in Glacier National Park for the
park visitor. These trails offer the park visitor the opportunity to experience the
rugged terrain of the Columbia Mountains and the rich historical heritage of the
park. Their locations are shown in Figure 174a and 174b. About 20,000 visitors use
the park's frontcountry trails (Bear Falls Trail -1 km, Hermit Trail - 2.8 km, Meeting
of the Waters Trail -1 km, Marion Lake Trail - 2.2 km, Loop Brook Interpretive Trail
-1.6 km, Abandoned Rails Interpretive Trail -1.2 km) annually.

Road bicycling has been a popular park activity with about 1500 cyclists travelling
in or through the park along the Trans-Canada Highway each summer (Anon.
1991a). Opportunities for off-road bicycling (mountainbiking) areno longer offered
in the park.
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Figure 174b Park Trails near Illecillewaet Campground

(after: Anon. 1990c)
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Ski opportunities (ski mountaineering, nordic skiing, telemarking) in Glacier
National Park are pursued by approximately 3,000 skiers each winter. This
recreational activity is only permitted in areas located outside avalanche hazard
zones (Figure 9) in flatter areas near the transportation corridor. This sport is
generally not pursued in the backcountry due to the steepness of the terrain. The
park does not track-set any of the available trails within Glacier National Park.

The sport of fishing in frontcountry although a traditional activity in the park, is not
heavily pursued because of the low reproductive capacity of park waters. The
reader is referred to the Wildlife section for the species found in the lakes and streams
of the park. Apparently, at least 90% of the park visitors participating in this activity
are fishing in the park for the first time, however, most of these individuals are
dissatisfied with the size of the fish caught (Anon. 1991a).

Canoeing and kayaking are limited activities in Glacier National Park primarily
because cold water, log jams, and grade IV rapids discourage these uses in the two
navigable waterways of the park (Beaver River, Ulecillewaet River). The popularity
of these sports will probably increase in the future.

BACKCOUNTRY USE

Access to the backcountry areas of Glacier National Park is limited by topographic
and vegetativebarriers. LargeareasoftheparksuchasthelncomappleuxRiver and
the Mountain Creek watersheds have remained completely undeveloped to this
day (Anon. 1991a). The presence of vast tracts of relatively undeveloped land can
be attributed to the 30 year period before the construction of the Trans-Canada
Highway when road access was absent and recreational development was discour-
aged (Marsh 1975).

Winter use includes ski-mountaineering and ski-touring, which often involves
glacier travel and technicalskiing.About3,000 skiers usethebackcountry of Glacier
National Park annually. All of these skiers must register with the park for their own
safety and utilize areas outside the hazardous avalanche zones (Figure 175). The
Sapphire Col and Glacier Circle alpine huts provide this activity group with
overnight shelter during the winter months. Summer activities include day-hiking,
backpacking, camping, horseback riding, mountaineering, and caving.

There are 19 official maintained trails within Glacier National Park (Figure 174).
These trails range from 42 km to 4 km in length. Estimated traveltimes for these trails
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Figure 175 Areas Closed to Skiers in Glacier National
Park
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are from 2-3 hours (Cougar Valley Trail) to 3 days (Beaver River Trail). A list of
backcountry trails described in detail in the park brochure titled Footloose in the
Columbios - a hiker's guide to the trails of Mount Revelstoke and Glacier National Park
includes the following trails: Flat Creek Trail -10.4 km, Bostock Creek Trail - 9 km,
Cougar Valley Trail - 4.8 km, Avalanche Crest Trail - 42 km, Sir Donald Trail - 4 km,
Perley Rock Trail - 5.6 km, Great Glacier Trail - 4.8 km, Glacier Crest Trail - 4.8 km,
Asulkan Valley Trail-6.5 km, AbbottRidgeTrail-Skm, Balu PassTrail-5km, Beaver
River Trail - 42 km, Copperstain Trail -16 km.

About 60,000 park visitors hike in the backcountry annually. Park managers are
cognizant of the impacts of these numbers of hikers on the natural resources of the
park, such as vegetation and wildlife, and will continue to take steps to mitigate
these conflicts. For example, trail closures are put into effect when grizzlies with
cubs are known to be feeding in a particular trail area.

The peaks of the Sir Donald Group remain the most popular climbs of the park, as
they were in the days of the Swiss Guides, and are accessible via the Sir Donald Trail,
the Avalanche Crest Trail, and the Perley Rock Trail. About 1,000 climbers register
in the park annually.

Horseback travel has been a traditional activity in the past but was discontinued in
the late 1980s as this activity is generally not suited to the rugged terrain of the park.
The potential for trail degradation is high because of the steep terrain, wet trail
conditions, and limited valley bottom access (Anon. 1991a).

Caving is strictly controlled and limited to the two cave systems, the Nakimu Caves
of theCougar Valley and theCascadeCaveonMt. Tupper. ApproximatelySO cavers
are authorized to enter theNakimu caves yearly. Continuation of the limited rather
than unrestricted use of these features will prevent environmental damage of these
sensitive sites and ensure public safety.

PERIPHERAL LAND USE

Of great concern to park managers are those land use activities and habitat
alterations that occur on lands peripheral to the parkboundary. These lands are not
necessarily afforded the same degree of resource protection as those of the park and
their managementisconsequentlynot compatible with themandateoftheNational
Parks(Anon. 1990f). Asisthecasewithmanyothernationalparks,Glacier National
Park is gradually becoming an isolated patch of natural landscape:
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Insularization of some national parks and reserves in this country and
other parts of the world could be turned into semi-isolated "habitat
islands" in a sea of man-dominated or man-altered landscape (Shafer
1990).

Transboundary developments probably thelargest single threat to thepark (Anon.
1990f). A report outlining the external threats to Mount Revelstoke and Glacier
National Parks is currently being written. This report will outline in detail external
threats and the reader is encouraged to refer to this document which should be
completed by 1994 (TurnbuU 1993).

The park is unable to provide total protection for species that require the use of
external lands in order to fulfill a portion of their life cycle. For example, typical
transboundary species such as grizzly bears, black bears, and woodland caribou are
threatened by poaching and hunting. This situation could be mitigated by the
closure of access roads after logging activities in the cutblocks have ceased. Also, the
alteration of habitats in the Northern Columbia Mountains Ecosystem, of which
Glacier National Park is a part, brought about by logging and an increase in human
activity, results in wildlife displacement and in changes in wildlife movements.
Another problem, that of blowdown caused by dearcutting near the park bound-
ary,couldbemitigatedby thecreationof a 'meander line' whichactsasa windbreak
(Sauer 1993). Fortunately, ecological approaches to land use are being taken by a
number of cooperating agencies in the province, including the Canadian Parks
Service. It is hoped that these will lead to management strategies that benefit all
interest groups.

The Commission on Resources and the Environment (CORE), a legislated land use
planning body of the government of British Columbia, is also taking steps to resolve
land use issues by this typeof approach. Its mandate is to develop concensus-based
multi-interest planning processes which may ultimately result in more protected
areas (up to 12% of B.C/s land base), special management (e.g. wildlife, watershed),
integrated management (e.g. multiple-use), and intensive management (e.g. single
purpose such as intensive agriculture or forestry) (Hall 1993).

Ultimately, Glacier NationalParkisoneofanumber of parks thatmayprosper from
this commission's efforts. Key CORE issues include special wildlife management
for caribou and grizzlies in peripheral lands and the protection of the proposed
Serenity Peaks wilderness area (Hall 1993).
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The magnitude of the effects of trapping, unrestricted road access, heli-skiing and
heli-hiking based from lodges, and snowmobiling from outside the park boundary
upon the park is an indisputable reality. All of these activities occur adjacent to Zone
n (Wilderness) areas, areas that at one time were accessible by foot only. Clearly, it
is difficult to maintain the wilderness character of these park areas with helicopter/
snowmobile conveyances and access roads in such proximity to it. The distribution
and the locations of peripheral land uses is outlined in Figures 176-182.

RESOURCE ANALYSIS

The establishment and development of the park was, for the most park, due to the
efforts of the Canadian Pacific Railway from 1886 to 1925 (Marsh 1975). Since that
period the federal government has continued the maintenance and development
of facilities and has managed the natural and cultural resources of the park. The
scenic attributes of the landscape of the park continues to be the main appeal in
attracting park visitors to this day. Also, Glacier National Park gained the interna-
tional reputation as the birthplace of North American mountaineering and became
accessible at about the same time that the European alpinism movement had
reached its zenith and climbers were looking for alternate areas with first ascent
potential (Marsh 1975). Its status as a world-class mountaineering center persists
to the present.

Since the establishment of the park, there have been significant impacts upon its
natural resources. These impacts have originated from both within and outside the
parkboundaries. TheeffedsofmeCanadianPadficRailwayandmeTrans-Canada
Highway corridors have resulted in the removal of scarce river bottom habitat,
fragmentation, and significant railway and highway wildlife mortalities. This
situation will likely persist despite actions intended to mitigate impacts.

The development of visitor facilities has followed the pattern initiated by the
original 'manager', the Canadian Pacific Railway, and has been restricted mainly to
the Canadian Pacific Railway/Trans-Canada Highway transportation corridor
area. In addition, the landscape and recreational character of the park, and some of
the current management problems are essentially the product of historical land use
practices and policies (Marsh 1975).

Land use patterns outside the park threaten to result in fragmentation of the greater
ecosystem on which many of the wildlife species of the park are dependent.
Cooperative land use management is an absolute necessity if the integrity of the
resources of the park are to be maintained.
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Figure 176 Popular Climbing Areas in Glacier National
Park, 1993

(after: Turnbull 1993)
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Figure 177 Fishing Areas in Glacier National Park, 1993

(after: Turnbull 1993)
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Figure 178 Hunting and Access around Glacier National
Park, 1993

(after: Turnbull 1993)
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Figure 179 Logging around Glacier National Park, 1993

(after: Turnbull 1993)
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Figure 180 Heli-skiing, Heli-hiking, & Ski-touring around
Glacier National Park, 1993

(after: Turnbull 1993)
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Figure 181 Locations of Skier Drop-offs and Staging
Facilities near Glacier National Park, 1993
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Figure 182 Trapping Areas around Glacier National Park,
1993

527



RnaUymeactivitiesofmeSnowReseardiandAvalan^eWamingSectionCSRAWS)
will likely remain an integral part in the maintenance of the public safety along the
Trans-Canada Highway route in Glacier National Park Impacts from the activities
of this agency are unavoidable. However, those that are adverse are being
monitored to come up with alternate or improved practices.

MANAGEMENT CONCERNS

The current trend in increased visitation, is expected to continue and result in an
increase in demands on the park resources. This pressure is likely to be most
prevalent along the transportation corridors and infrontcountry areas, and near the
park boundary in Zone n (Wilderness) areas. Continued implementation of
resource monitoring will allow park managers to quantify the change occurring to
park resources over time as well as to apply appropriate protective measures. Such
monitoring is in keeping with current initiatives designed to set limits to acceptable
change to park resources. The implementation of limits of acceptable change may
necessitate the redesign of visitor facilities in some areas and result in an increase in
emphasis on the delivery of the Canadian Parks Service protection mandate to park
visitors.

Generally, the population of Canada is aging as the "Baby Boomers" mature and
medical technology increases life expectancy. In 1986, the median age of the
population was 31 years. It is predicted that, by the year 2000, the median will be
41 years. The 39 to 40 age group is expected to increase four times faster than the
general population rate by the year 2000 (Anon. 1990b). This age group generally
consists of well-educated people who will have high expectations for quality park
experiences. The park must be prepared for the expectations of this group.

It is predicted that the senior citizen group (65+ years) will remain at aconstant level
until the year 2011, when this age group will increase significantly as a result of the
aging of "Baby Boomers" (Anon. 1990b). Seniors traditionally enjoy travel in a
secure and comfortable environment and occasionally soft adventure activities
such as self-guided hikes and bird watching. They appear to seek educational types
of experiences. Shoulder season tourism may increase, as this is the traditionally
preferred time of travel of seniors. Additionally, there will be a greater requirement
for future facilities to be handicapped accessible. Visitation by seniors is likely to
increase in Glacier National Park, since the type of opportunities preferred by
seniors (over more primitive and basic experiences) are readily available.
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The increasing rate of Canadian urbanization will affect the management of the
park. The urban environment, by necessity, requires the public to conform to social
norms which are ensured in the park by the creation and enforcement of park
regulations. Therefore, the control of urban based park visitors will likely be made
easier, since this group's attitude towards being directed will have already been
instilled.

The protection of the natural resources of Glacier National Park is gradually
becoming compromised. Seasonal or intermittent migrations of f aunal species out
of the park, logging of rare old growth on peripheral lands, uncontrolled access to
park areas via logging roads, recreational use of peripheral lands, trapping in
peripheral lands, and such activities as hunting and poaching exert negative
pressures upon the integrity of the park's resources. To mitigate against negative
impacts and to provide for safe transboundary movements of wildlife, it is
important that an effective and proactive law enforcement program is in place and
that joint agreements be negotiated with agencies managing the resources located
adjacent to the park.

The effective and cooperative management of the greater Northern Columbia
Mountains Ecosystem will offer an added margin of success to those efforts being
presently exercised within the park to protect its resources. The successful outcome
of the provincial government's Protected Areas Strategy in the Serenity Peaks area,
for example, to be decided in 1995 (Anon. 1992b), would greatly enhance develop-
ments in Mount Revelstoke and Glacier National Parks directed at addressing
transboundary issues. Integrated land use management of the greater Northern
Columbia Mountains Ecosystem through such efforts as the Commission on
Resources and the Environment (CORE) will become a reality through the continu-
ous and determined efforts of all parties concerned.

An example of cooperative management is being implemented in Olympic Na-
tional Park, U.S. A. with great success. Logging companies work closely with park
managers in order to deal with adverse logging impacts. They create 'meander'
lines on cutblock edges at the park boundary to prevent 'blowdown', they blockade
off logging access roads as far from the park boundary as possible to reduce
boundary pressures, and they create favorable 'visitor viewsheds' for the benefit of
the park visitor. Also, the practice of spraying herbicides to speed up regeneration
in logged areas is not allowed near the park boundaries (Sauer 1993).
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In summary, the Park Conservation Plan (1989) identifies a number of factors
related to land use that constitute impediments toward facilitating the preservation
of intact ecosystems within Glacier National Park. These include the following:

1. Small size of the park
2. Scarcity of productive habitats in the park
3. Loss of critical habitats outside the park
4. Absence of low intensity use buffer zone around the park
5. Increased access to remote areas of the park via roads, etc
6. Concentrated visitor use along transportation route in park
7. Strategy to increase use of the park away from highway.

STATUS OF KNOWLEDGE

The history of land use activities in Glacier National Park has been adequately
addressed in several documents (Lothian 1976,1977,1979,1981,1987, Van Tighem
&Gyug 1984,Marsh 1975),mostof wMd\arelc>catedintheparkarchivalfiles. The
intent of this section was to provide a summary of the most significant events
affecting land use within the park.

Currently, there is a paucity of information regarding the demographic character-
istics of park visitors. Accurate information concerning visitation totals, visitors'
motivations for coming to the park, and their perceptions and expectations of the
park are lacking. This information is required in order to effectively provide for
public education and resource protection. Also, this would allow park managers
to allocate financial and person year resources more effectively. It would also allow
for more effective decisions regarding land use activities depending on market
demands.

Innovative and detailed environmental research is needed to protect the natural
resources of the park and to manage visitors and services in ways least disturbing
to the ecological processes: "Knowledge about the process of impact and the response of
soils, plants, and animals will be utilized in the location and construction of future facilities"
(Nelson etal 1979).

Archaeological investigations need to be conducted in the park in order to deter-
mine whether or not aboriginal peoples used areas of the park in the past. In
addition, the Mt.Tupper karst area should be investigated in order to establish
whether or not it warrants Zone 1 designation.
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HIGHLY VISIBLE AND SENSITIVE
RESOURCES
(Contributed by Tim LaBoucane)

GENERAL OVERVIEW

Glacier National Park, included in Natural Region 4, the Columbia Mountains
ecosystem, offers visitors a unique opportunity in Canada's national parks to
experience the steep mountainous terrain and old growth forests of the interior wet
belt area of British Columbia. The steep sided valleys also contain a legacy of
historical significance in that it is the birthplace of North American mountaineering,
a recreational activity that continues today. Visitors from Canada, theUnited States,
Britain, Japan, and othercountriesnumberingapproximately300,C)00,visitthepark
each year. Approximately 3 million people per year pass through the park on the
Trans-Canada Highway and view the natural landscapes that encompass this
major transportation corridor.

Glacier National Park exists within the North Columbia Mountains ecosystem for
the preservation and protection of the natural heritage and cultural resources
contained within the park. Visitors are encouraged to use the park in a sustainable
manner that demonstrates environmental citizenship. The park will continue to be
managed in an environmentally sustainable manner in keeping with the mandate
of national parks. To facilitate protection of the natural heritage and cultural
resources it is necessary to identify those resources which are ecologically sensitive,
rare, unique, representative, and of ecological or scientific importance.

To identify the highly visible and sensitive resources of the park the methodologies
of Luna B. Leopold (1969) and M. Miernik (1974) were modified as was done in the
Banff National Park Resource Description and Analysis (Seel & Strachan 1985).

A selection of paired "resource values", for example, uniqueness-rarity, fragility-
representativeness, ecological importance-sdentificimportanceand aesthetic value-
visibility, were identified in a numerical fashion. This allows for comparison
between resources and is found in the 'Total Park Value" scales of this component
of the Glacier National Park Resource Description and Analysis.
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Following is an explanation of the four categories of paired "resource values" (Seel
&Strachan 1985):

(1) Uniqueness and Rarity

Unique - unmatched, unequalled, having no like, or equal, or
parallel (Concise Oxford Dictionary 1976);

(a) Low - One thereof, in several parks throughout
the park system;

(b) Medium - one thereof, but in several areas of the park;

(c) High - one thereof, in only one area of the park.

Rarity - uncommon thing (Concise Oxford Dictionary, 1976);
rarity may be considered in two ways; one concerns
those resources found only in the park, and the
other concerns the resources that are found in the
national park system as a whole. For the purpose
of this document, resources may be considered rare
even if they were common in the national park
system as a whole.

(a) Common - geological, floral, and fauna! features that
occur frequently and are an obvious part of the
landscape, such as gravely soils, or ground squirrels;

(b) Less Common - features, species, or communities that
occur a good deal less frequently, but are still readily
found in the park, such as dunes, or mountain lions;

(c) Rare - very limited examples are to be found in the park
and/or the national park system, such as a special
vegetationtype, or permafrost soils.
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(2) Fragility and Representativeness

Fragility - easily snapped or shattered, weak, perishable, of delicate
frame (Concise Oxford Dictionary, 1976); this is a concept
that is particularly applicable to soils, archaeological, and
some floral resource components; it can be thought of as the
relative degree of susceptibility to change as a result of
external impact, especially human impact.

(a) Low - a component of low fragility can withstand
daily impact with little changes being caused to the
environment;

(b) Medium - a component of medium fragility can
withstand daily human impact, but changes will be
caused to the environment;

(c) High - a component of high fragility canbe changed and
or destroyed daily human impact.

Representativeness - aconditionofthosefeatures,bothbioticandabiotic,
that are typical of the physiographic region in
which they are located and are good examples of
any such feature.

(a) Low - only 0-50% representative;

(b) Medium - 50-70% representative of the typical
features of the physiographic region;

(c) High - 75-100% representative of the typical
features of the physiographic region.

(3) Scientific and Ecological Importance

Scien tific Importance - features, sites, or areas where research has been
undertaken or is underway, and where monitor-
ing is or should be in progress; they can also be
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thought of as relating torarity, naturalness, and
representativeness according to what is known
about the physiographic region.

(a) Low - the feature, site, or area has a marginal
potential to add to man's knowledge;

(b) Medium - a reasonable potential exists for a
feature, site, or area to increase man's
knowledge;

(c) High - the potential of a site, feature, or area
to add to man's knowledge is high, or is
already established, i.e., it is an ecological
benchmark.

Ecological Importance - can be described as the importance of a feature,
site, or area in sustaining a natural process or
processes.

(a) Low - a f eature, site, or area with a low
ecological importance is one which if
substantially altered, would cause a minor
disruption of such natural characteristics
as the density and diversity of the native
flora and fauna, and/or any geological or
hydrological resources;

(b) Medium - a feature, site, or area with a me-
dium ecological importance is one which if
substantially altered, would not eliminate
but disrupt such natural characteristics as
the density and diversity of the native
flora and fauna, and/or any geological
or hydrological resources;

(c) High - a feature, site, or area with a high
ecological importance is one if substantially
altered, would seriously disrupt and could
eliminate such natural characteristics as the
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density and diversity of the native flora and
fauna, and/or any geological or hydrologi-
cal resources; such an area contains
characteristics considered important to a
particular species, a critical function or use,
and has implications for the survival of that
species/community, or resource.

(4) Visibility and Aesthetic Value

Visibility the degree of availability to and access for park visitors
to see or reach a feature, site, or area.

(a) Low - can only be seen or reached with great
difficulty; remote sensing is necessary to
experience that feature, site, or area;

(b) Medium - the feature, site, or area is accessible
with a moderate effort;

(c) High- the feature, site, or area is readily
visible to park visitors; minimal effort is
required to reach it.

Aesthetic Value the inherent quality of a biotic/abiotic feature, site, or
area to attract a "positive response" from park visitors,
in terms of appreciating its beauty, tranquility,
restlessness (i.e. water) solitude, etc.

(a) Low - the feature, site, or area exhibits only a
marginal degree of aesthetic quality;

(b) Medium - the feature, site, or area exhibits only a
marginal degree of aesthetic quality;

(c) High - a high degree of aesthetic quality is
evident; the feature, site, or area is outstanding in
meeting the mandate of the National Parks.
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SPECIFIC RESOUCES WITH SPECIAL RESOURCE
VALUES

Forty-three (43) features, sites, or areas have been identified as being highly visible
and sensitive resources. These sites were identified by personnel from Heritage
ResourceConservationandHeritageComm^unicationssectionsofMountRevelstoke
and Glacier National Parks. It is worthy of note that subjectivity remains a factor in
assigning values to the resources of the park due to personal bias and level of
expertise of staff. The application of Leopold's and Miernik's modified methodol-
ogy has attempted to provide a systematic basis for classification of the park's
natural heritage and cultural resources that minimizes the influence of personal
bias.

The following resource quantification scales contain the results of the classification
of highly visible and sensitive resources for Glacier National Park:

RESOURCE VALUE QUANTIF1CA TIONSCALES

HISTORIC MINE FLAT CREEK

Q
U

E
N

E
S

S
U

l 
0
>

 
->

J 
O

D
 

l£
>

S
C

A
LE

 O
F

 U
N

—
 

ro
 

w
 

*•

common less common rare low rrwdum

M
•n

9

.& 8

7

e -6

^ 3=
o3

1 32

Q1

M
•n

hah

S

I

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
1 SCALE OF RARITY 2 SCALE OF REPRESENTATIVENESS

low muftim l**i low iwdun hah

c
o

 
S

C
A

LE
 O

F
 S

C
IE

N
 

IM
P

O
R

TA
N

C
E

Id
1 2

SCALE

9

fr «
7

E -6

1 ^4

1 32

3 4 5 6 7 8 9
OF ECOLO. IMPORTANCE 4

*

i
1 2 3 4 5 6 7 8 9

SCALE OF AESTHETIC VALUE

542



RESOURCE VALUE QUANTIFICA TION SCALES
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RESOURCE VALUE OUANTIFICA TION SCALES
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RESOURCE VALUE QUANTIFICA TION SCALES
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Table 87 Summary of Resource Value Quantification Scales

ID

1

2
3
4

5
6
7
8

9

10

11
12

13
14
15
16
17
18
19
20
21
22

Feature, Site, Area

Nakimu Caves
Mt. Tapper Caves
Columbia Mts.
Grizzly Bear Population/Columbia
Mountains
Cougar Valley Grizzly Bear Habitat
Mountain Caribou Habitat
Old Growth Stands - Biodiversity
Trees of Renown - W .Red Cedar
& W. Hemlock
Trees of Renown - Douglas Fir &
Engelmann Spruce
Beaver River & Mountain Creek
Wetlands
Riparian Habitat
Wilderness Areas - Mountain Creek,
Beaver Valley, & Incommapleux Valley
Mt. Tupper - Mountain Goat Habitat
Bald Mountain Meadows
Prairie Hills Meadows
Hermit Meadows
Sub-Alpine & Alpine Lakes
Glacially-fed Lakes
Neotropical Migrant Habitat
Juncus bolanderii - Bolander's Rush
Juncus regelii- Regel's Rush
Polygonum austiniae-Auslm's Knotweed
Polygonum engelmannii-Engelmann
Knotweed

U
ni

qu
en

es
s

8
8
7

8
7
6
7

6

6

7
7

7
6
6
6
5
5
5
6
4
4
5

5

I
X

.125

.125

.143

.125

.143

.167

.143

.167

.167

.143

.143

.143

.167

.167

.167

.200

.200

.200

.167

.250

.250

.200

.200

^

1

8
8
7

8
7
6
6

8

8

7
6

6
6
6
5
5
5
6
5
7
7
5

5

1
X

.125

.125

.143

.125

.143

.167

.167

.125

.125

.143

.167

.167

.167

.167

.200

.200

.200

.167

.200

.143

.143

.200

.200

R
ep

re
se

nt
at

iv
en

es
s

8
7
7

8
7
7
8

8

8

7
7

9
7
7
7
7
7
7
7
6
6
6

6

i
>

.125

.143

.143

.125

.143

.143
125

.125

.125

.143

.143

.111

.143

.143

.143

.143

.143

.143

.143

.167

.167

.167

.167

£•
61to
U-

7
7
8

8
7
5
5

7

6

7
6

6
6
8
8
8
8
6
5
7
6
6

6

i
X

.143

.143

.125

.125

.143

.200

.200

.143

.167

.143

.167

.167

.167

.125

.125

.125

.125

.167

.200

.143

.167

.167

.167

E
co

l. 
Im

po
rta

nc
e

7
7
8

8
7
8
9

7

7

7
7

9
8
7
7
8
7
5
8
5
5
6

6

i
X

.143
143

.125

.125
143
125
111

143

.143

.143

.143

.111

.125

.143

.143

.125

.143

.200

.125

.200

.200
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.167

c

c

V)
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8

8
6
7
8

7

7

5
5

7
5
7
7
7
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7
4
4
4

4

i
f.

143
143

.125

125
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125
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.250

.250
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8
8
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7

6
7

8
7
8
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7
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5
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5
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.111
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.143

.167
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.125

.143

.125
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.200
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4
3
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4
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7
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6
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6
5
5
4
6
6
1
7
4
4
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4

1
.X

.250

.333

.250

.250

.167

.143

.125

.200

.200

.167

.143

.167

.200

.200

.250

.167

.167
1.00
.143
.250
.250
.250

.250

s
o
t-

i— i *

1.179
1.248
1.165

1.125
1.173
1.213
1.121

1.189

1.213

1.249
1.249

1.134
1.312
1.213
1.314
1.228
1.303
2.270
1.246
1.603
1.484
1.601
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Table 87 Summary of Resource Value Quantification Scales (cont.)

b

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Feature, Site, Area

Eleocharis rostellata - Beaked
Spike Rush
Carex tenera - Slender Sedge
Melica smithii - Smith's Melic
Botrychium simplex - Little Grapefem
Pteridium aquilinum - Bracken Fern
Anemone drummondii- Alpine Anemone
Primula mistassinica - Dwarf Primrose
Braya humilis - Leafy braya
Larix occidentalis - Western Larch
Wheeler Hut
Grizzly Warden Cabin
Glacier Siding Railway Station
Glacier House Site
Loop Brook Bridge Pillars
Illectllewaet River Bridge Pillars
Stone Arch Bridge - Cascade Creek
Stone Arch Bridge- Iflecillewaet River
Rogers Pass 1885 Right-of-Way
1885 Right-of-Way Snowsheds
Historic Mine - Fidelity Mtn.
Historic Mine - Flat Creek

U
n
iq

u
e
n
e
ss

4
5
5
5
4
5
4
5
7
7
7
7
7
6
6
6
6
7
7
5
5

1
X
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.200

.200

.200

.250

.200
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.200

.143

.143

.143

.143

.143

.167

.167

.167

.167

.143

.143
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&
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8
7
7
7
7
7
7
7
6
6
6
7
6
6
6
6
7
8
4
4

i
X
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.143
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6
6
6
6
6
6
6
5
4
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7
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.143
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&
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6
6
6
6
6
7
5
5
5
2
2
2
6
3
3
2
1
5
6
5
5

1
X
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.167
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.167

.167

.143

.200

.200

.200

.500

.500

.500
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.333

.333

.500

.00
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.167

.200

.200
E
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5
6
6
6
6
6
5
5
6
1
1
1
1
1
1
1
1
1
1
1
1

1
X

.200

.167

.167

.167

.167

.167

.200

.200

.167
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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Im
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e

4
4
4
4
4
4
4
4
4
1
1
1
3
2
2
2
2
4
2
1
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1
X
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.250

.250

.250

.250

.250

.250
1.00
1.00
1.00
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.500

.500

.500

.500

.250

.500
1.00
1.00

A
e
st

h
e
tic
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al

ue

5
5
5
5
5
5
5
5
6
6
6
5
7
6
6
6
6
7
6
5
5

1
X

.200

.200

.208

.200

.200

.200

.200

.200

.167

.167

.167

.200

.143

.167

.167

.167

.167

.167

.167

.200

.200

£•
5
'«
>

3
4
4
4
4
3
4
4
3
7
5
6
8
8
6
5
6
8
6
3
2

1
X

.333

.250

.250

.250

.250

.333

.250

.250

.333

.143

.200

.167

.125

.125

.167

.200

.167

.125

.167

.333

.500

3o

r-.| X

1.710
1.526
1.544
1.544
1.594
1.603
1.660
1.610
1.603
1.603
3.37

3.377
2.197
2.158
2.701
2.901
3.335
2.195
2.412
3.383
3.550
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Ol



Table 88 Total "Park Value" Scale

PRIORITY
No:

i
2
3

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

FEATURE, SITE, AREA, etc.

Old Growth Stands - Biodiversity
Columbia Mts. - Caribou Population
Wilderness Areas - Mountain Creek, Beaver Valley,
and Incommapleux Valley
Columbia Mts. - Grizzly Bear Population
Cougar Valley - Grizzly Bear Habitat
Nakimu Caves
Trees of Renown - W. Red Cedar & W. Hemlock
Mountain Caribou Habitat
Trees of Renown - Douglas Fir & Englemann Spruce
Bald Mountain Meadows
Hermit Meadows
Neotropical Migrant Habitat
Mt. Tupper Caves
Beaver River & Mountain Creek Wetlands
Riparian Habitats
Sub- Alpine & Alpine Lakes
Mt. Tupper Mountain Goat Habitat
Prairie Hills Meadows
Juncus regelii - Regel's Rush
Carex tenera - Slender Sedge
Melica smithii - Smith's Melic
Botrychium simplex - Little Grapefern
Pteridium aquilinum - Bracken Fern
Polygonum austiniae - Austin's Knotweed
Polygonum engelmannii - Engelmann Knotweed
Juncus bolanderi - Bolander's Rush
Anemone drummondii - Alpine Anemone
Larix occidentals - Western Larch
Wheeler Hut
Braya humilis - Leafy braya
Primula mistassinica - Dwarf Primrose
Eleocharis rostellata - Beaked Spike Rush
Loop Brook Bridge Pillar
Rogers Pass 1885 Right-of-Way
Glacier House Site
Glacial-fed Lakes
Snowsheds - 1885 Right-of-Way
niecillewaet River Bridge Pillars
Stone Arch Bridge - Cascade Creek
Stone Arch Bridge - niecillewaet River
Grizzly Warden Cabin
Glacier Siding Railway Station
Historic Mine - Fidelity Mt.
Historic Mine - Rat Creek

TOTAL PARK
VALUE RATIO:

1.121
1.125

1.134
1.165
1.173
1.179
1.189
1.213
1.213
1.213
1.228
1.246
1.248
1.249
1.249
1303
1312
1314
1.484
1.526
1.544
1.544
1.594
1.601
1.601
1.603
1.603
1.603
1.603
1.610
1.660
1.710
1158
2.195
2.197
2.270
2.412
2.701
2.901
3.335
3.370
3377
3383
3.550
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RESOURCE ANALYSIS

The resource analysis is as described by Jowett, LaBoucane, and Reisenleiter (1992)

of "Total Park Value" for all the park resources selected, and would consequently result in
a priorized listing of these resources, based on the sums of their collective values, it was
determined that the reciprocal (1 or Unity divided by the sum rating) of the sum would be
equivalent to the "Total Park Value" of each resource identified in comparison with all other
resources (Seel, K. & Strachan, 1985). Therefore, the lower the calculated ratio number, the
higher it's priority rating, (the Summary of Resource Value Qualification Scales, and Total
Park Value Scale.)

MANAGEMENT CONCERNS

The National Parks Act has protection measures for all resources in the park and the
Environmental Assessment and Review Process assesses the impact(s) of develop-
ment and management actions. Thus, existing resources are protected and all
proposed developments are assessed before development precedes. Additionally,
the national park zoning system permits certain activities in specific areas of the
park. The Nakimu Caves are classified Zone I, 'Special Preservation', and develop-
ment is greatly restricted in this area of the park. Approximately 81% of the park is
classified as Zone II, 'Wilderness', where commercial developments are also
restricted and only primitive park facilities are allowed. The cultural resources of
the park are managed within the framework of theCanadianParksServiceCultural
Resources Management Policy and the Federal Heritage Buildings Review process.

Though the park resources are protected by various regulations and policies,
resources are threatened by external pressures. Widespread cutting of old growth
forests surrounds the park. The old growth forests within the park (priority one) are
increasingly becoming remnant stands of this forest type in the North Columbia
Mountains ecosystem. In addition, the cutting of this forest type results in a
considerable loss of biodiversity within the ecosystem. The Columbia Mountains'
caribou population (priority two and eight) is threatened with the loss of critical
habitats outside the park due to forestry practices. This species requires habitats
within the park and on adjacent provincial lands to ensure long term viability.

The Columbia Mountains grizzly bear population (priority four) is threatened with
extirpation by silvicultural practices in plantation forests and increased hunting
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pressure on forestry roads. This carnivore requires largeprotected areas to maintain
a minimum viable population. Continued emphasis on ecosystem management
with provincial agencies is required to maintain this wide ranging species.

The Cougar Valley (priority five) has seasonally high numbers of grizzly bears due
to attractive early to mid-season food sources. The valley should be considered an
ecologically sensitive area and managed to allow limited public access to the
Nakimu Caves while protecting the grizzly population in the area.

Priority three, wilderness areas are threatened by non-conforming uses such as
helicopter skiing, backcountry lodges, snowmobiling, and forestry roads which
provide access to wilderness areas. The Bald Mountain meadows (priority ten) are
threatened by external pressures that include unlimited access by all terrain
vehicles, snowmobiling, and increased hiking use. These activities are made
possible by access to the meadows on forestry roads. The meadows have a
backcountry lodge situated near the parkboundary which has increased hikinguse
of the area and caused concern for the number of helicopter flights that intrude over
the park. Continued transboundary management with provincial agencies of the
various types of recreation and limiting access is required for wilderness areas and
the Bald Mountains.

The cultural resources associated with Rogers Pass National Historic Site, the 1885
Canadian Pacific Right-of-Way, and historic buildings in the park are of significant
Canadian heritage value. Continued management of these resources with regional
archaeology staff and monitoring of sites by parkstaff will deter disturbance of these
resources.

STATUS OF KNOWLEDGE

The identification the highly visible and sensitive resources was based on the level
of expertise of park and regional office staff and various research documents
compiled to date. As a result, resources may not have been selected for this
component and it should not be considered conclusive.

TheMountamCaribouandLargeCarmvoreresearc^
and over the next several years will determine requirements forthe viability of these
species in the Columbia Mountains ecosystem. The Biodiversity Research project
began in 1993 and will identify the guild of species associated with old growth
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forests of the North Columbia and Canadian Rocky mountains. This data will be
compared to species associated with managed forests of several age classes. Upon
completion of these research projects, the status of knowledge of key species will be
improved considerably.
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ECOLOGICAL HISTORY AND
PROCESSES (TRENDS)
(Contributed by Hans Reisenleiter)

GENERAL OVERVIEW

Glacier National Park's biophysical processes and the resulting ecological history
were described and discussed in detail under previous Sections of this Resource
Description and Analysis. It is the physical, historical, and ecological parameters
described under those Sections that provide the basis for establishing predictions
about future trends of the natural resources of the park (Krutilla 1972, Neuschatz
1973).

SPECIFIC TRENDS

REGIONAL PARK PERSPECTIVE

The increasing population of Canada and, more specifically, of British Columbia
will have an impact upon Glacier National Park. The nation as a whole is expected
to contain between 30 and 33 million people by the year 2016, and the British
Columbia population is expected to include approximately 3.3 to 3.9 million
residents by the year 2006 (Anon. 1990c). Generally, in combination with the trend
towards increased leisure time, this willsupplementvisitationtonational parks and
place additional stresses on park resources and infrastructure.

The aging of the Canadian population will also have a significantimpactuponpark
management since the age of park visitors will dictate the types of activities and
experiences the park will be expected to provide. By the year 2000, the median age
of Canada is expected to be 41 years, and the 39^40 age group is expected to increase
in number four times faster than the rest of the population (Anon. 1990c). This group
is generally well educated and have expectations for high quality services and
experiences. They are also likely to pursue frontcountry adventure, cultural, and
educational experiences (Anon. 1990c).
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Senior citizens will have a growing influence on the management of the park This
age group traditionally enjoys travel in a secure and comfortable environment.
However, they also enjoy soft adventure travel, particularly during the shoulder
seasons, to pursue such activities as self-guided hikes, bird watching, and educa-
tional types of experiences. Park facilities willhavetoreflectthephysicallimitations
of this age group by incorporating such considerations as handicap access into their
design. The infrastructure of the park will have to support an increase in the use of
recreational vehicles.

British Columbia is experiencing the same trend towards increasing levels of
urbanization as is taking place throughout Canada. This may result in further
isolation of the general populace from the environment which may reduce the
number of people seeking the experiences available in the National Park System.
Therefore, the park may require a marketing campaign aimed at drawing urbanites
into the parks in order to communicate park messages and foster stewardship.

Currently, the spending power of North Americans is decreasing relative to foreign
countries. As can presently be seen in some national parks, there is a danger of
encouraging visitation from foreign visitors to the detriment of Canadian citizens.
In such a case, the Canadian Parks Service could be perceived as serving wealthy
foreigners as opposed to the average Canadian. This perception can also be
accentuated by the targeting methods employed by private industry.

The current emphasis on environmental health in the public agenda will increase
the profile of resource management in the National Parks Service. The integrity of
our management practices will need to be of the standard expected by the public.
This will also offer an opportunity for the Canadian Parks Service to communicate
if s messages to the public.

REGIONAL CLIMATE

Except for man-induced changes to the ecosystem such as those brought about by
logging and hydro-electric development, the factor that most determines what
ecological trends are to be is climate. This is a slow and ongoing phenomenon and
can result in a number of environmental resource trends.

The following lists illustrate the two main trends. One results from climatic change
toward cooler and wetter conditions while the other toward warmer and drier
conditions:

558



Cooler/Wetter

- there would be more flash flooding.
- causes increase in snow load; ice/avalanche activity at the highway.
- causes decrease in number of fires.
- plant species would have to remain snow tolerant (chionophilic).
- wildlife adapted to deep snow-conditions in winter - slow emergence

of food required by ungulates...exception: caribou this is a snow
tolerant species - they use windswept ridges in the winter...

Warmer/Drier

- glaciers would retreat and there would be less discharge in the
streams of the park.

- there would be less avalanche danger.
- there would be an increase in fire incidents therefore different conifer-

ous communities would form (e.g. lodgepole pine and understory
species that are adapted to more frequent fire - this will take decades or
perhaps centuries). This process would start at the east end of the park
(where it is drier and vegetation is not at climax).

- fire could burn the climax forest and replace it with successional
vegetation.

- distribution of birds/bears/ungulates would change as the vegetation
changes, especially after big fires - e.g. area could resemble the
Donald area at the north end of the park.

- climatic changes would result in changes to the soils and vegetation of
the park. Soils would tend to dry out, resulting in more wind and
water erosion (Seel 1993,Achuff 1993).

Some of the other regional macroclimatic changes that have occurred in the past
have been discussed in the Climate section. The major climatic events that have
taken place in the past are reflected in soil development of the region, in certain
landforms, and in patterns of vegetative succession. The extent and influence of
these broad climatic changes, to an extent are products of conjecture. Whether such
climatic changes can be attributed to broad cyclical patterns of either regional,
hemispherical, or even global magnitude, is of course not known at this time.

There is very little a resource manager can do to mitigate the effects of climatic
events. However, some human activities which induce climatic changes may
themselves be mitigated. Generally, local pollutants consist of emissions from
automobile use, smoke from domestic and industrial sources, and from the burning
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of forest slash. The possible effect of thesepollutants onparkresources areunknown
at this time.

Other unknowns remain, such as the climatic effects resulting from extensive
dearcut logging, the nearby hydro-electric reservoirs, and the effects of global
climate change. Although none of these occur to any significant degree within the
park, the proximity of their occurrence may affect the resources of the park.

There are indications that global warming is attributable to the presence of carbon
dioxide, chlorofluorocarbons, methane, nitrous oxide, and ground ozone in the
atmosphere (Anon. 1986c,Anon. 1988d). However, due to me oscillating nature
of the world's climate, it is not possible to conclusively state the role of these
pollutants in relation to the current climatic warming trend. Generally speaking, the
expected climatic changes may yield warmer temperatures and less precipitation
for the region encompassing the park. It must be noted that even relatively minor
changes in the climate can have far reaching consequences. Changes to soil
temperature and soil maturation can have significant impacts upon vegetation and
wildlife.

WATER RESOURCES

As discussed in the previous section, the changes expected from global warming
may have a very great impact on park resources, including hydrological resources.
Generally, the climate is anticipated to be dryer, resultinginless standing water and
less water available for stream courses which are not glacial fed. It is difficult to
anticipate the specific consequences of such changes, however, itis likely to limitthe
availability of potable water within the park. Glacially fed streams and lakes, on the
other hand, will bear increased volumes of water until the eventual demise of the
parent glaciers.

The expected increase in visitation will have several implications on park aquatic
resources. This resource will be under increased pressure to provide for more park
clients and for a greater variety of recreationalinterests. Increased visitation willalso
increase the potential for pollutant discharge into park water bodies. Frontcountry
areas, and those backcountry areas that are readily accessible, are likely to be most
affected. Therefore, a greater emphasis on water resource management will be
required.
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In a regional context, the relatively pristine state of the park's water resources
become moeasmgly important when compared with an out-of-parklandscape that
is increasingly being devoted to the exploitation of natural resources. However, the
threat of air borne contaminants within the park is always a possibility, and should
be suspected if pollutants are found elsewhere within the region. The "Watchdog"
water monitoring program that has been conducted in Waterton, Banff, and Jasper
National Parks since the early 1970s may be a reliable indicator of the status of the
water resources of Glacier National Park (Wiebe 1993).

Episodic events such as floDdrngcancKrcasionallychangestrearncoursesand cause
downstream property and facility damage. In order to prevent this situation it is
often necessary to use heavy equipmentto manipulate stream courses. Alternatives
to the use of heavy equipment in streambed maintenance must be identified as part
of a long-term approach to sound watercourse management.

GEOLOGICAL RESOURCES

Evidence suggests that large and potentially destructive mass movements such as
landslides were common during the late glacial and post-glacial period. Over time
these processes have become rather rare events, the understanding of which has
enabled man a degree of predictive ability. We have learned that quartzitic
lithologies, because of their jointing and fracturing, are subject to structural failures
where they occur on slopes over 30 percent. With the generally high level of
geological information currently available to resource managers, it would not be
prudent for them to ignore some the warning signs usually exhibited by geological
resources prior to actual structural failure. The most rational procedure to assess
geological and geomorphological trends would be to initiate a long term surveil-
lance program in order to provide resource managers with a documented record of
measurable landscape changes.

It appears that the geological resources, both sub-surface and surficial, of Glacier
National Park are not likely to undergo any significant changes from their natural
state. In effect they are protected from the impacts of facility development by the
very nature of the topography, which in many instances precludes development.
An exception to this exists with therarevalleyrx)ttomhabitat. Thelevel topography
in this case made possible the development of the Trans-Canada Highway and
Canadian Pacific Railway. This disrupted the natural geological processes of the
park somewhat. Rock scaling, dearanceof rock slides, and avalanchecontrol within
the park are examples of manipulative efforts now necessary because of the
development of the transportation corridors within the park
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SOIL RESOURCES

Soil development trends are directly affected by major environmental factors such
as physiography, vegetation, climate, parent material, and the interactions of other
biological life forms (Jenny 1980). Therefore, by monitoring these factors it can
reasonably be expected that managers may also predict soil evolution as they occur
under these conditions. However, the relatively longperiod of time required for soil
development to occur is a complicating factor.

There are natural and man-induced processes which have a much more immediate
effect on soil development processes. For example, removal of the vegetative cover
can expose the soil to the effects of weathering, thereby exposing soils to surf ace
erosion and alteration of the moisture class.

It is well established that visitor concentrations in areas such as campgrounds and
trails can have drastic impacts upon soil, including soil compaction, moisture
holding and absorption capabilities, nutrient movement, soil fauna, and vegetation
cover. These types of impacts are particularly obvious along some sections of the
trail system within the park. Several options to mitigate against these impacts are
available, however, it is up to park managers to decide upon appropriate alterna-
tives.

VEGETATION RESOURCES

The vegetation types and communities of Glacier National Park have undergone
successional changes since the Pleistocene epoch. These changes have resulted
naturally and from environmental stresses caused by forest fires, avalanches, wind,
insects, diseases, and human disturbances. In Glacier National Park, both primary
and secondary successional occur. The most prevalent type, secondary succession,
occurs where vegetation has been disturbed (e.g. by fire) and requires less than 500
years to reach its climax (Achuff et al 1984).

Glacier National Park is largely forested and composed of the following ecoregions:
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ECOREGION DOMINANT SPECIES LOCATION

Interior Cedar-Hemlock (ICH)

Engelmann
Spruce-Subalpine Fir (ESSF)

Alpine

Tsuga heterophylh
(Western hemlock)
Thuja plicata
(Western red cedar)

Picea engelmannti
(Engelmann spruce)
Abies lasiocarpa
(Subalpine fir)

Lower elevations

Above ICH and
below Alpine

Above 2200 mASL

Successional trends, although complex, are predictable and should be the focus of
continual and careful monitoring. These changes, once understood, could be
indicative of the integrity of the park ecosystem. Fire is the most common
disturbance facing the park ecosystem and fire history has been carefully studied
(Heathcort & Johnson 1987). This information would aid park managers in
predicting secondary succession trends and fire frequency.

At present, a Fire Management Plan provides direction in case of fire. Avalanche
paths along the Trans-Canada Highway provide natural firebreaks to assist in
suppression work. The thinning of forest stands has not been exercised in Glacier
National Park as a preventative fire suppression measure (LaBoucane 1993).

Rare plant species identified in the Highly Sensitive & Visible Resources and
Vegetation Resources sections should also be closely monitored in order to establish
trends in distribution. An area of rare plants called calciphileshavebeenlocated and
catalogued in the Cougar Valley of Glacier National Park and are now being
afforded special protection by having been classified aZonel (Special Preservation)
area. This designation ensures access and use are both strictly controlled, and that
man-made facilities are not permitted.

The park's old growth forest, once an abundant in the North Columbia Mountains
ecosystem has become a rare commodity. In addition, the old growth forest outside
theparkisquicklybeingelin^atedbylc^gingactivities.Thedependenceofc«it
of the park's wildlife species on these types of habitats is being compromised and
is becoming a challenge for park managers who are attempting to maintain the
wildlife populations whose range includes the park and areas outside the park
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Finally, the spread of agricultural and exotic plant species in Glacier National Park,
especially in areas along the highway and railway corridor, is expected to increase
as the traffic through the park increases.

WILDLIFE RESOURCES

Generally, the wildlife resources of Glacier National Park maintain a tenuous
equilibrium with the environment, both within the park and outside, where natural
processes are afforded varying degrees of protection. The most important factor in
this equation is the protection of productive wildlife habitat, which in this region of
British Columbia consists of the Interior Cedar-Hemlock ecoregion. Unfortunately,
the park has this very little remaining representation of this ecoregion since it
occupies locations normally desirable for facility development. A significant
portion of this valuable valley bottom habitat component has already been lost to
various developments. Regionally, development of this ecoregion has left only
truncated pocketsofthis key wildlife habitat intact thereby affectingthemovements
and behavior of species such as the mountain caribou and grizzly bear.

As mentioned in the Wildlife Resources section, several wildlife species have been
monitored for distribution and relative abundance, however, until recently, struc-
tured surveys have not been conducted on a regular basis. The resulting informa-
tion is therefore considered preliminary and does not lend itself to the provision of
definitive trend information.

The fishery resource has been one of the more intensively managed wildlife
resources in park lakes. An intensive stocking program focused on providing
Cutthroat fish for anglers in Marion and Schuss Lakes. This program was
conducted in 1942,1944, and 1949. Cutthroat trout and Eastern brook trout were
also introduced into the Beaver River and the UledllewaetRiver. The current status
of fish population appears to be in state of equilibrium although recent data has
not been collected to support this observation.

Unfortunately it is not possible at this time to comment on ecological trends which
may be associated with small mammal, avifaunal, amphibian, reptile, and insect
populations. However, mammal studies (caribou, grizzly) indicate possible reduc-
tions in numbers due to loss of habitat and transboundary threats such as poaching
and nuisance kills (Mundy 1963, Marsh 1972,Hamer 1974). In addition, the decline
of neotropical bird species has been suspected by some observers (Woods 1993).
The implementation of a research program for key species and critical habitat
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attributes by the park's resource managers should begin to provide an indication of
the trends associated with sensitive species.

ARCHAEOLOGICAL AND HISTORICAL RESOURCES

Travel difficulties presented by the steep terrain and dense vegetation characteristic
of the park indicate that aboriginal peoples likely did not inhabit those areas below
the alpine. However, alpine areas are suspected to eventually yield results
according to archaeologists (Francis 1993). Prehistoric archaeological surveys
conducted in 1991 in selected alpine areas have thus far not yielded any prehistoric
archaeological remains within Glacier National Park Habitation in these areas is
suspected to have occurred, probably on a seasonal basis (Magne 1993). Itishighly
probable that the peoples from the Upper Arrow Lake and Columbia River valley
areas could have visited these areas of the park for the purpose of plant gathering
and processing, and also for the hunting of game during the summer months
(Francis 1993,Magne 1993).

Background research is presently being conducted on Glacier National Park which
will locate more potential prehistoric archaeological sites that will require field
investigations in the future by the Archaeological Services of the Canadian Parks
Service. Future findings will appear in an Archaeological Resource Description and
Analysis (ARDA), a detailed reference document to be used for management
purposes. This is presently being written at Western Regional Office (Francis 1993).

Whereas no evidence of prehistoric occupation has been found in Glacier National
Park, many historical remains are evident in certain areas as was alluded to in the
Archaeological/Historical sectionof this Resource Description andAnalysis. These
remains are evidentmainlyalongmeraUway/Mg^wayrarridorandintheNakirnu
Caves valley in sites where early development occurred. Detailed descriptions of
these resources are being documented in the ARDA and can be referred to when
they are completed.

The Environmental Assessment and Review Process will assess any projects that
involve ground disturbance for any potential prehistoric or historic archaeological
significance and will, therefore, provide a degree of protection for this resource.
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PAST AND PRESENT LAND USE

Glacier National Park has been a focal point for tourism since after it was founded
in 1886 and the CPR recognized the spectacular landscape values of the area.
Economic, not ecological principals, were the prime motives of the original park
founders. By developing the recreational potential of areas along the railway line,
particularly near the Rogers Pass, the fllecillewaet Glacier, and the Nakimu Caves,
the CPR laid the foundations of the infrastructure that is more or less in place today.
Early visitor use patterns are being repeated today with most visitation occurring
in association with facilities located along the Trans-Canada Highway and the
service node centered near the Rogers Pass area.

A number of developments which have had negative impacts on the natural
resources of the park include the construction of the Canadian Pacific Railway
(1885) line and the Trans-Canada Highway (1962) transportation routes. The
establishment of the Trans-Canada Highway through the park not only has
removed already limited ungulate winter habitat from use, but it has also resulted
in significant highway mortality of ungulates which are apt to continue into the
future unless management actions are taken. Severalburrowpitsresultingfromthe
highway construction have also served to remove winter habitat from use by
ungulates, however, these have been discontinued, rehabilitated, and replaced by
another source outside the park.

The management of lands peripheral to the park has an impact on park resources.
Various fauna! species use adjacent provincial lands as part of their home ranges
and, as such, are subject to external influences. Therefore, it is most important that
joint agreements with agencies having control over the natural resources located
adjacent to the park be negotiated.

Currently, Glacier National Park receives approximately 3,000,000 visitors yearly,
5% of whom make use of the facilities and services located in the park The majority
of these visitors pass through the park during the summer months and are also
spatially concentrated in areas immediately accessible by road or within a short
distance of it (i.e. in the frontcountry). In light of the current trend towards increased
visitation, such as incidents of highway/railway wildlife mortality, increased noise
from increased traffic volume, and bear-human encounter will only become worse.
Improved facility development and visitor management need to be considered in
order to rectify this situation or trend. Increased volumes of rail freight in the future
will also result in more railway wildlife mortalities, noise, and air pollution.
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HIGHLY VISIBLE AND SENSITIVE RESOURCES

Current and future dependence of Canadians on the natural resources of their
country for economic and recreational uses will increase the likelihood of negative
impacts upon the integrity of those resources. Park managers will be challenged
with maintaining the ecological integrity and sustainabiMty of the natural and
heritage resources of the park as public demands for their use and appreciation
increase. In order to realize this goal, appropriate land use strategies must be
designed. This applies especially to those resources that are identified as ecologi-
cally sensitive in the Highly Visible and Sensitive Resources section of this Resource
Description and Analysis.

Protective measures being taken by the Canadian Parks Service could benefit from
including a cooperative, multi-agency and ecosystem approach.

RESOURCE ANALYSIS

The trends discussed in this section were based upon currently available informa-
tion and experience. Thesetrends, whethernaturalorman-induced,consideredthe
most recent resource status and ecologically sound principles.

MANAGEMENT CONCERNS

Considering the potential magnitude for the impacts of these prospective trends,
managers will have to adjust and refine their management techniques in order to
anticipate the effects of these trends. They will also benefit from using a more
'holistic7 or ecological approach involving other interested partners.

In order to accomplish these ends, a comprehensive ongoing research program as
in the case of the woodland caribou, the park's avifauna, and the grimly and black
bear currently being conducted in Glacier National Park will allow for the interpre-
tation of trend data and formodeling to further assistwiththepredictivecomponent
of trend analysis. This becomes increasingly important in realization of the
insularization of national parks as they become ecological islands and the resources
of the park become compromised (Shafer 1990).
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Protection of the park's natural resources has required imaginative and
detailed environmental research in order to manage visitors and
services in ways which least disturb complex ecological processes.
Kncrwledgeabouttheprczessofimpactandtheresponseofsoils,plants,
and animals will be utilized in the location and construction of future
facilities. Similarly, rehabilitation of disturbed sites will be made
possible by research of native plants and restoration techniques.
Biological and habitat studies of special wildlife species, such as bears
and goats, hopefully will reduce the very negative effects which human
contact has on these sensitive animals (Leeson 1979).

STATUS OF KNOWLEDGE

Our ability to accurately anticipate and predict ecological trends is presently largely
speculative since it is based on very little data. To achieve the degree of intense
resource management that is required to carry the park into the future more
monitoring is needed. Future manpower and financial commitments by park
managers to resource monitoring will ensure that ecosystem management become
a reality.

SELECTED REFERENCES

Achuff, Peter 1993.
Personal Communication. Ecosystem Management Coordinator, Western
Region Office. Calgary, Alberta.

Anonymous 1982k.
Review of Rogers Pass Tunnel Ventilation System Concepts - Proposed by
CPRail. Environment Assessment Review, Rogers Pass Review Panel.
By Klohn Leonoff Ltd., Consulting Engineers, Richmond, B.C. File #2832,
Rogers Pass Reference Library, Glacier National Park 46p.

1985e.
Environmental Issues in Canada: A Status Report. Environment Canada.
35p.

1985f.
Water Quality Monitoring Program - Glacier and Mount Revelstoke
National Parks. Warden Service. 22p.

568



1986b.
Climate Change and Variability. Atmospheric Environment Service,
Environment Canada. File #3655, Rogers Pass Reference Library, Glacier
National Park. 4p.

1986c.
The Greenhouse Gases. Atmospheric Environment Service, Environment
Canada. File #3656, Rogers Pass Reference Library, Glacier National Park
4p.

___ 1987c.
The Clean Air Act Report 1985-1986. Environment Canada. File #3560,
Rogers Pass Reference Library, Glacier National Park. 34p.

1987d.
The Ozone Layer. Atmospheric Environment Service, Environment Canada.
File #3654, Rogers Pass Reference Library, Glacier National Park 4p.

1988d.
Ecosystem Management for Parks and Wilderness. Edited by James K. Agee
and Darryll R. Johnson. University of Washington Press. Seattle, U.S.A.
237p.

1989c.
Visitor '87: A Travel Survey of Visitors to British Columbia, Highcountry Tourism
Region. Prepared for Ministry of Tourism and Provincial Secretary by
Marktrend Marketing Research Inc. & British Columbia Research, Economic
Planning Group. Victoria, British Columbia. 15p.

1990f.
Canadian Parks Service Future Trends Affecting the Western Region.
By The Coopers & Lybrand Consulting Group. Calgary, Alberta. 40p.

__1990g.
A Perspective on Transboundary Environmental Issues. Concord
Environmental December 1990. Prepared for the British Columbia
Round Table on the Environment and the Economy. 25p.

Clark, C.C. 1980.
Ecology and the Environment: A Geographic Perspective.
Dawson & Sons Ltd. & Westview Press. 272p.

Francis, Peter 1993.
Personal Communication. Northern Mountain Archaeologist,
Western Region Office. Calgary, Alberta.

569



HamerJ.D.W 1974.
Distribution, Abundance, and Management Implications of the Grizzly Bear
and Mountain Caribou in the Mountain Creek Watershed of Glacier
National Park. Master of Science Thesis. Department of Biology, University
of Calgary. Calgary, Alberta. 164p.

LaBoucane, Tim 1993.
Personal Communication. Sr. Park Warden, Mount Revelstoke and Glacier
National Park. Revelstoke, British Columbia.

Leeson,B. 1979.
National Parks and Surrounding Lands. I: The Canadian National Parks -
Today and Tomorrow Conference - Ten Years Later (Volume I). Nelson,
Needham, and Scace (eds.). Faculty of Environmental Studies, University of
Waterloo, Waterloo, Ontario, pp.269-294.

Magne, Marty 1993.
Personal Communication. Chief, Archaeological Services. Canadian Parks
Service, Western Region Office. Calgary, Alberta.

Marsh, J. 1970b.
A Record of Glacier Studies in Glacier National Park, British Columbia 1887
to 1959. Department of Geography, University of Calgary. 21 p.

1972a.
Bears and Man in Glacier National Park, British Columbia, 1880-1980.
IN: Bears - Their Biology and Management. Papers and Proceedings of the
International Conference on Bear Research and Management. Nov. 1970.
IUCN Publ. Series No. 23. Calgary, Alberta, pp.289-296.

Matthews, S.W 1976.
Whaf s Happening to our Climate? National Geographic 150(5). pp.576-615.

Mundy,K.R.D. 1963.
Ecology of the Grizzly Bear (Ursus arctos) in Glacier National Park, British
Columbia. Unpublished M.Sc. thesis, University of Alberta. Edmonton,
Alberta.

Ream,CH. 1981.
The Effects of Fire and other Disturbances on Small Mammals and their
Predators: An Annotated Bibliography. USDA Forest Service, General
Technical Report INT-106. U.S. Department of Agriculture, Forest Service.
Ogden, Utah 84401. 55p.

570



Seel, Kurt 1993.
Personal Communication. Former A/Chief Resource Conservation,
Canadian Parks Service, Western Region Office. Calgary, Alberta.

Serafiri,R. 1989.
Ecological Integrity and Management of Canada's National Parks.
Heritage Resources Center. University of Waterloo, Waterloo, Ontario. 45p.

Shafer,CL. 1990.
Nature Reserves - Island Theory and Conservation Practice. Smithsonian
Institution Press, Washington and London. Norman Rudnick(ed.). 189p.

Wiebe, Percy 1993.
Personal Communication. Limnological Specialist. Canadian Parks
Service, Western Region Office. Calgary, Alberta.

Woods, John 1993.
Personal Communication. Faunal Specialist, Mount Revelstoke and
Glacier National Park. Revelstoke, British Columbia.

571



RESOURCE EVALUATION

GENERAL OVERVIEW

Based on the preceding Resource Description and Analysis of the natural and
human heritage resources of Glacier National Park, it remains for that data to be
evaluated to determine the known, broad capabilities and limitations of the
resources discussed in the context of current park uses, strategies, programs,
management activities, and facility developments.

The purpose of this evaluation is more to draw attention to certain aspects of
resource/land use interactions than to provide a detailed statement of all resource
capabilities and limitations likely to affect planned developments or activities
within Glacier National Park. Other parts of the Natural Resource Management
Process (Anon. 1979f)aremuch better suited to achieve that,as is theEnvironmental
Assessment and Review Process (Anon. 1984b).

REGIONAL PARK PERSPECTIVE

RESOURCE CAPABILITIES

It is much more difficult and complex to assess the capability potential of a region
than it is to conduct that type of an assessment for a park, because the sodo-politico-
economic interactions affecting a region are so much more intricate by comparison.
However, some broad generalizations can be made that in fact apply, in this case to
Glacier National Park as well (Seel et al 1985).

Historically, the park has always been recognized for its scenic attributes. In
addition, its reputation as the birthplace of North American mountaineering has
persisted through to the present with the park remaining one of the most challeng-
ing mountaineering destinations in the region. Thus, the park has played a
significant role as a generator of tourism and revenue for the Revelstoke-Golden
area. This role has continued and is, in fact, enhanced by the relationship between
Glacier National Park and the other mountain national parks of British Columbia
and Alberta.
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However, the tourism region and the park are somewhat at odds. While the
purpose of the park is to protect and present heritage features, tourism is mainly
interested in encouraging recreation. Conflict also arises as the park shares the
region with industries that are reliant upon the exploitation of natural resources.

RESOURCE LIMITATIONS

TheabiUtyofrneparktowitrtstandrnecuira
preserving the integrity of park resources is in question. Other park areas located
next to the Trans-Canada Highway are subject to similar impacts consequent of a
large visitation. The ability of the park to provide for this level of visitation without
losing the wilderness and natural character is accentuated by the relatively small
size of the park.

SCIENTIFIC IMPORTANCE/INTEREST

The region which encompasses the park is generating more interest for socio-
economic study asaresult of the benefits thatmaybederived from proper planning
from a tourism perspective. The role of the park in the region needs to be dearly
identified in order to support the mandate of the park.

MANAGEMENT OPTIONS/ALTERNATIVES

In the present, as in the past, much emphasis is placed on the management and
exploitation of the natural resources of this region. While this is expected to remain
as a priority, current trends in the evolving field of recreation will require more
attention by resource managers as the prevailing Canadian soao-culrural milieu
finds expression in the needs and wishes of the visitors to the region. As land use
becomes more intensive and extensive throughout the region, the managers of
Glacier National Park will have to be attentive to external activities. The manage-
ment options and alternatives that are likely to be required are not presently self-
evident or dear.
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REGIONAL CLIMATE

RESOURCE CAPABILITIES

High rates of precipitation (rain and snow) are characteristic of the present climatic
description of the park and the surrounding region. This climatic factor has
implications on the ability of the park to sustain recreational interest. Winter snow
accumulations often provide excellent opportunities for sports such as heli-skiing
and ski mountaineering. The former activity occurs in areas around the park while
the latter is pursuedmdesigriatedaiBaswithinmepark.SunmieraclivitiesatWgJier
elevations are subject to the cooler temperatures and greater prevalence of precipi-
tation which can be expected at these elevations. This factor can restrict the degree
of visitor enjoyment.

RESOURCE LIMITATIONS

Weather events, such as thunder storms, and particularly heavy and precipitation
(rain and snow) events can not only deter and limit visitation, but it can also create
flood, avalanche, and erosion situations which have in past caused considerable
damage to facilities, personal injury, and inconvenience for the public. As men-
tioned previously, the prevalence of a cool and moist climate canperiodically restrict
the degree of enjoyment which visitors can attain.

Providing for the safe passage of traffic along the Trans-Canada Highway through
Glacier National Park in the winter months is a priority with the Canadian Parks
Service. It is the responsibility of SRAWS (Snow Research and Avalanche Warning
Section), in conjunction with the Canadian Parks Service, to protect the 40 km
segment of Wghwayconidor within Glacier NationalParkfrom avalanches. Using
both static defenses and a mobile control program the defense operation has
provided an effective means of dealing with the winter situation. However, in
recent studies aimed at finding new and better ways of offering this service to the
public, the Canadian Parks Service is likely to find innovative means to achieve this
goal. These may entail more cost-effective methods.
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SCIENTIFIC IMPORTANCE/INTEREST
Systematic climatic data collection and interpretation for avalanche forecasting/
control purposes has been ongoing in the park since the early 1960's. With Glacier
National Park receiving one of the highest snowpacks in the province, scientific
interest has been fairly high, however, other than the data being collected by
SRAWS, there is little financial support for more endeavors in this field.

MANAGEMENT OPTIONS/ALTERNATIVES
The option of not improving upon the park's present climate observation and
recording system remains an option open to resource managers. However,
including the parameter of insolation in the weather observations presently being
gathered, would result ina complete pictureof the weather factors. Inthelongterm,
the data would be important in substantiating or refuting the recent hypothesis of
global warming.

Resource mangers should continue to commit themselves to a program designed
to keep abreast to the most modern system of collection and evaluation of
scientifically sound data on this single, most dominatingfactor, i.e. climate, affecting
Glacier National Park.

WATER RESOURCES

RESOURCE CAPABILITIES
Glacier National Park, and Natural Region 4, in which it is located, are both
generally well-supplied with water resources. Four river systems comprise the
water resource base of the park. Relative to its size, the park holds several water
resources that are significant in the park context and also in a regional content. All
4 systems drain into a greater system, the Columbia River watershed.

The lakes and streams found within the park have limited recreational capability
due to their size, depth, and temperature. These park lakes and streams support a
small sport fishery, however, angling forms a very small part of overall visitor
activities. It has been found in visitor surveys that most participants are not satisfied
with the size of the fish caught (Anon. 1991a).

Except for the provision of water for visitor facilities at Rogers Pass, no other human
interventions directly affect the natural hydrological regime of any park waters.
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RESOURCE LIMITATIONS

The water resources of the park present a number of limitations, mostly from the
aspect of their potential for supporting visitor activities. Thepreviouslymentioned
sport fishing was the result of early park management efforts to stock Marion and
Schuss Lakes, and the IlletiHewaet and Beaver Rivers. This practice was discontin-
ued due to very limited success. As it turned out, winter kills eliminated all those
fish that were introduced to these waters. Angling remains a relatively minor
activity of park visitors.

Kayaking and canoeing are also minor activities pursued in the park with a few
hundred takingpartinthissport(Anon. 1991a). Other than these activities, thelakes
and streams found in Glacier National Park do not lend themselves to many other
types of aquatic recreational pursuits.

The biological productivity of park water resources is limited by cold temperatures,
volume fluctuations, and other parameters. Thesesamepararneterslimittheability
of the park water resources to withstand and recover from the introduction of
natural and man-made contaminants.

Finally, mountain streams have repeatedly shown their propensity for sudden
channel shifting and flooding, which adds considerable limitations to where visitor
facilities can be developed or maintained along major floodplains in a manner that
assures a high level of public safety.

SCIENTIFIC IMPORTANCE/INTEREST

The monitoring of water quality from several park streams and lakes has been and
continues to be conducted on an on-going basis. This is conducted partially in
response to the use of some waters for public consumption.

Little interest has been show towards the study of streamflow measurements
related to changes in glacial mass balance. It is conceivable that this interest may be
renewed in the future in light of the current status of global warming in the public
agenda.

As the regions around the park continue to be subject to intensive resource
extraction, it is likely that park waters will receive considerable interest from the
general public and from the scientific community due to their relative pristine and
protected state.
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MANAGEMENT OPTIONS/ALTERNATIVES

In light of the dependency and interaction which visitors have with water resources
in Glacier National Park, it can not be logically argued that a "hands off" approach
tomanagingthis resource isatenableone. Although there is no indication that direct
intervention is indicated, there is the need to conduct an on-going and constructed
monitoring program in order to ensure the integrity of these water resources.

GEOLOGICAL RESOURCES

RESOURCE CAPABILITIES

The geological resources of Glacier National Park are capable of providing park
visitors with a diverse array of recreational activities such as rock climbing,
mountaineering, and skiing. Aside from certain superficial resources, geological
resources on the whole are quite capable of absorbing most man-induced impacts
without becoming compromised themselves. Also, aside from wildlife, the aes-
thetic quality of this resource elicit the most positive response from park visitors,
who find themselves held in awe of the majesty of the mountain environment.

Furthermore, these resources hold within then the ability to provide researchers
with the physical information to allow them to broaden our collective scientific
knowledge about the geology of the park, and the geological history of the this
portion of Canada and the world.

Finally, it must not be overlooked that the resources evaluated in this particular
section provide the physical configuration and background for the habitats fre-
quented and required by the wildlife so well adapted to the mountain environment.

RESOURCE LIMITATIONS

The most noticeable limitation of the geological resources themselves is the inability
of many surficial deposits to absorb impacts without becoming irreversibly altered,
either by impacts such as highway construction, or by related or subsequent
erosional or mass wastage processes. This situation is not enhanced by the fact that
exposures of some deposits occur only infrequently and occupy but small areas of
the park. Furthermore, these types of deposits usually also hold the key to the
unraveling of past geological processes, so their loss or serious impairment is
damaging.
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The steepness of slope, stratigraphic position of the bedrock, and physical nature of
the rocks and materials involved, certainly impose some limitations upon recrea-
tional outdoor activities and park developments. Areas with these limitations
usually display structural weaknesses, merebyrenderingthem susceptible to slope
failure.

Another limitation directly related to the geological resources of the park is the
presence of many slopes prone to avalanche activity. Skiers and mountaineers are
directly affected by this phenomena which can pose life threatening complications
to their recreational pursuits. In addition, avalanches have on many occasions
disrupted traffic along major transportation corridors. This same impact has been
caused by debris flows that have been caused, in part, by various climatic factors in
associated with steep gradients.

SCIENTIFIC IMPORTANCE/INTEREST

Besides theresearch conducted for park managementpurposes, therehasbeen little
interest displayed in the park geological features by the scientific community.

MANAGEMENT OPTIONS/ALTERNATIVES

Itwould appear thatthemostbeneficial option would beto increase our knowledge
and understanding of the geological resources of the park and thereby gain
additional insight into the region as well. It is by this method that managers may
gain additional insights into the limitations and constraints mat this resource
imposes on the management of the park.

Resource managers have the responsibility to exercise their option to define the
resource management techniques that assure the protection and preservation of the
geological resources of the park and to develop and implement geological monitor-
ing techniques that allow for the documentation of natural or man-induced
changes, changes in material properties, geological processes, and evolution.
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SOIL RESOURCES

RESOURCE CAPABILITIES

All of the soils of the park appear to be in environmental equilibrium with the
prevailing climate, the park's altitudinal and latitudinal position, and the existing
vegetation cover. Considering the rigorous nature of the mountain climate and the
generally short growing season resulting from it, most soils are capable of a
relatively high level of biomass productivity. Generally, the vigorous vegetation
cover also binds soils to the various slopes with its litter/duff surface layer and
underground rooting systems, thereby preventing or at least minimizing most
effects of the ever-effective erosional processes.

Except for the wetter soil orders, most soil orders found in the park, such as the
Brunisols and Podzols, are capable of withstanding impacts from visitor activities
such as hiking during the dry season.

RESOURCE LIMITATIONS

The most obvious limitation concerns the use of soils, for activities such as hiking,
during periods when the soils are thoroughly wetted by rain or snowmelt. This is
also true where naturally hygric or hydric soils such as Regosols, Gleysols, and
Organics are subject to uses that are not compatible with the fragility of these soils.
Other limitations are imposed by the nature of the parent material from which
certain soils were derived and their texture, both of which contribute to the
erodability of the soils by wind and water agents.

The ability of soil, that is exceptionally high, exposed, and subjectto cold conditions,
to support biomass production is extremely limited. The extensive and almost
continuous formation of needle ice within the uppermost centimeters of the sola,
and the prevalence of frost-caused circles, polygons, nets, steps, and stripes, further
discourage the development of a vegetation cover that would otherwise protect the
developing soils from rapid erosion under natural and certain visitor use condi-
tions.

Podzolic soils have a range of limitations depending on the specific pedon, but
common limitations include low fertility, high acidity, and high instability in silty
sandy quartzite. As with all soils in this park, there is a susceptibility to erosion on
steep (>30%) slopes due to soil textures (Achuff et at 1984).
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Regosols are the common over 1.5% of Canada. These soils are more common in
the region than they are within the park, where they occur in isolated pockets
(Achuff et al. 1984). Productivity limitations can be extreme due to a lack of stable
rooting medium, high acidity, and low cation exchange capacity. Limitations for
management purposes can be extremely variable based on the differences in these
soils specific to each site.

Organic soils are extremely vulnerable to impact, therefore, it is important to
identify their locations in order to afford the proper degree of protection.

SCIENTIFIC IMPORTANCE/INTEREST

The soils of Glacier National Park have been inventoried and described to a
considerable extent and their importance in the maintenance of the ecological well-
being of the park has been firmly established.

Although interest from the scientific community has remained absent, there
remains a need for a synthesis of soils information to inform resource managers of
specific soil limitations and, at the same time, provide indicators of overuse or
misuse for each different soil, textural class, or slope. As well, specific protection
measures and techniques to rehabilitate already impacted soils is required.

MANAGEMENT OPTIONS/ALTERNATIVES

While the availability of some soil management options have already been indi-
cated, certain other options require elaboration in order to achieve the Canadian
Parks Service mandate. For instance, resource managers need to be given the
opportunity to expand their knowledge about soils in general, and soil manage-
ment in a national park in particular. The implementation of this knowledge at the
field level can lead to a considerable improvement over the present capability to
physically manage already impaired or threatened soil resources.

The only feasible alternative to the foregoing statement, is to conduct all future soil
management within Glacier National Park through the use of private or institu-
tional contractors.
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VEGETATION RESOURCES

RESOURCE CAPABILITIES

While the vegetation resources of the park have, over the years, been studied to
some considerable depth and level of detail, the work was usually carried out for
its own sake and the capabilities of the vegetation resources to support human
activities is not well documented. Fortunately, the National Parks Act and the
Regulations limit visitor activities to those compatible with national park ideals.

It appears that the vegetation resources of Glacier National Park provides an
aesthetic background for a variety of recreational endeavors. Vegetation resources
that are in ecological equilibrium with other natural elements form thebenchmarks
against which similar resources in other, more heavily used and exploited areas can
be measured.

The bedrock and surficial landf orms, and the various soil orders that have devel-
oped onthem^avefacilitatedtheestablishmentofadiverse array of vegetation. On
the other hand, the vegetation has served to protect the ancient geological and
glacial landforms from becoming significantly eroded or altered by the climatic
elements.

The vegetation resources of the park are particularly well suited to support most of
the endemic wildlife species in terms of their habitat requirements, food supply, and
shelter. However, winter ungulate range remains to be in critical short supply in
the park due to its size and, outside of the park, due to the high degree of resource
exploitation prevalent in that area.

RESOURCE LIMITATIONS

For all the aesthetic attractions that the vegetation has to offer park visitors, there are
also some limitations it imposes upon the visitor's experience. For example, there
isquestionablerecreationalvalueto be gained momstrugglmgthroughdense valley
undergrowth, studded with devil's dub. On the other hand, the subalpine and
alpine vegetation does not impose these types of limitations. However, in these
areas it is the rigorous climate which usually inhibits theenjoymentby park visitors.

The amount of vegetation of the type that is critical for the overwintering of several
of the larger mammal species is limited by the size of the park As a result, the park
is unable to provide for these species on a year round basis thereby necessitating
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their movement beyond the protection afforded by the boundaries of the national
park.

Though perceived to be highly conjectural at this time, it is conceivable that resource
managers may be forced to place access restrictions on certain areas that are known
tobe highly sensitive, rare, of low representationin thepark, and vital to the survival
of animal species.

SCIENTIFIC IMPORTANCE/INTEREST

The importance of vegetation resources to the scientific community has been well
demonstrated throughout the history of the park. It is believed that, in the
foreseeable future at least, there willbea noticeablereductionin the scientific interest
in the vegetation that is under protection in the park

MANAGEMENT OPTIONS/ALTERNATIVES

Themostdesirableoptionwoiildapr^artobetopromotememcreasedtrainingand
practical involvement of resource managers in the monitoring, understanding, and
subsequent management of the vegetation communities of the park. An alternative
to this option would be to conduct all vegetation management through the
contractual use of appropriate federal organizations or academic institutions.

WILDLIFE RESOURCES

RESOURCE CAPABILITIES

In human terms, the wildlife of Glacier National Park is, for the most part, a highly
visible and treasured natural resource. The possibility of viewing wildlife is often
the prime motive for visiting the park. The public has often exhibited a deep concern
regarding the management of our wildlife, whether pertaining to highway mortal-
ity, poaching, or grizzly/human interactions. There is a long standing and
emotional tie between the wildlife of the park and the public. It is perhaps wildlife's
greatest capability to evoke a strong response in the general public for the preser-
vation and protection of the wildlife resource.

The recreational harvesting of fish is the only resource extraction activity allowed
in Glacier National Park. To a large extent this has been supported by the past
stocking program which introduced fish into the subalpine lakes and streams of the
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park. The policy regarding stocking has changed over the years to reflect more
ecologically conscious management and has resulted in the curtailment of stocking
in the park.

The avifauna also represent a highly valued park resource which has attracted a
large number of visitors to the park. The aesthetic appeal of birds to park visitors
issuchthattheirpreservation and protectionin the national parkcontextranks high
in the concerns of visitors. These concerns find further support when one considers
that a national park like Glacier is providing the habitat requirements for bird
species which might be considered rare, threatened, or endangered in other parts
of Canada and North America.

The wildlife resource of the park is collectively considered highly representative of
Natural Region 4. The diverse assemblage of species that considers the park home,
at least for part of the year, is a rich and essentially protected gene pool that has the
potential, under the right conditions, to enable populations to replenish habitats
where they have been extirpated. Management actions, however, will probably be
needed in such cases where transboundary pressures facing the park impact
negatively on the wildlife resource as has been discussed in the Past and Present
Land Use Section of this R.D.&A.

Finally, a very significant point must be brought to the attention of the public -
because of the protection afforded to the wildlife resources of the park which are
hunted in adjoining provincial lands, many males of some species have developed
trophy class antlers or horns and are therefore highly desirable by those who are
willing to poach the animals.

RESOURCE LIMITATIONS

The wildlife resources of Glacier National Park are subject to some very severe
limitations:

- by the lack of sufficiently available and appropriate habitat, range, or
the condition thereof, in order to sustain expanding populations;

- by conditions outside the park that interfere with the survival
of various wildlife species;

- by the presence and virulence of certain specific disease organisms;
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by the continuing and increasing presence of humans throughout
each year on preferred ranges, critical habitats, and migration routes;

by the continuing spread of transportation corridors and other
infrastructural facility developments.

Concerns have been voiced regarding the serious ramifications that these limita-
tions are and will continue to impose on species such as the grimly bear, black bear,
and mountain caribou; to mention but a few of the more obvious species.

Another area of concern addresses the spread of certain wildlife-related diseases
into the human population and their affect on wildlife populations, such as the
ubiquitous Giardia cyst and tularemia.

As habitats undergo natural and man-made changes, small mammals, birds,
insects, and fish will be affected by further limitations. Whether the changes occur
rapidly or otherwise, both unusually affect the wildlife populations negatively by
placing limitations on their habitat requirements.

SCIENTIFIC IMPORTANCE/INTEREST

The massive amount of literature which is available from the scientific community
testifies to the degree of interest which has been paid to wildlife resources in general.
There is no indication that this degree of interest is on the wane, in fact with respect
to the complications that are occurring due to further development of the planet,
there is likely to be an even greater emphasis placed upon wildlife issues in general.
The suitability of Glacier National Park to the future study of wildlife in relation to
the evolving concepts and principals surrounding sustainable development are
considered to be high.

MANAGEMENT OPTIONS/ALTERNATIVES

Having evaluated the capabilities and limitations of the park's wildlife resource, it
is obvious that several management options could already be applied, or could
readily be developed. It is also obvious that specific management techniques must
be developed to address the impact of human activities on park wildlife resources.
In the context of the park it is most urgent that a multi-jurisdictional approach be
taken to facilitate this latter requirement.
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An identified requirement has also been acknowledged for a comprehensive
inventory and ecological study of the park's avifauna, aquatic, small mammal, and
insect fauna. This is most essential if resource managers are to attempt to fully
understand the complex ecosystem of which the park is a part.

There is also room for further improvement and intensification of the park
monitoring program. Not only is this necessary to determine the status of
ecosystem health, but it is only through a consistently collected, long-term wildlife
data base that resource managers can substantiate the need for further funding and
person-year requirements to resolve resource management issues.

ARCHAEOLOGICAL AND HISTORICAL RESOURCES

RESOURCE CAPABILITIES

The archaeological studies that have been carried out todate have indicated the
absence of any prehistoric archaeological sites within Glacier National Park. It is
evident that the physiographical conditions inherent within the park have discour-
aged the establishment of prehistoric habitation. However, archaeologists suspect
that future findings will ascertain that some alpine areas of the park may have been
used for the purpose of food gathering and processing by aboriginals staying in
summer camps.

In regard to historical resources, the park has an abundant supply of sites that were
established since about 1886, the year the park was established. The greatest
significance of these resources is for a regional and local interpretation value. They
have also played a role in predetermining the development of the facilities and
services infrastructure that exists in the park today.

RESOURCE LIMITATIONS

The major limitation associated with the archaeological and historical record of the
park is that our knowledge and understandingis, atpresent, incomplete. Therefore,
any interpretation and evaluation of available information can only be conducted
with caution since our present understanding of the story will, most likely, have to
be revised in the future.
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SCIENTIFIC IMPORTANCE/INTEREST

Due to the physiographic limitations that the park would have imposed upon
prehistoric use by aboriginal peoples, there is not likely to have been any significant
use made of the area encompassing the park. However, future evidence may
indicate some use in alpine ecosites. Generally speaking, scientific importance has
thus far been limited in the park to the historical component of the park's past.

MANAGEMENT OPTIONS/ALTERNATIVES

In light of the mandate of the Canadian Parks Service, maximum protection must
be provided for all known cultural or heritage resources at a level that will ensure
their integrity. This must include the protection of those areas that may have the
potential to possess other significant resources of this kind. Park management
should also continue scientific investigations of the kinds being currently con-
ducted or planned for other potential archaeological resources. In addition, the
interpretation of these resources will ultimately benefit the general public.

PAST AND PRESENT LAND USE

RESOURCE CAPABILITIES

Currently the park has been able to support the present level of land use activities
without severely compromising park resources. However, due to the limited land
base and the accessibility by the public to areas that are ecologically sensitive, the
question of the future ability of the park in this regard is unsure.

RESOURCE LIMITATIONS

Generally, land use limitations are presently derived from the managerial and
administrative framework provided by the National Parks Act, the National Parks
regulations, the National Parks Policy, the Park management directives, and the
Environmental Assessment and Review Process. With this in mind, it is dear that
many of me land uses practiced in me past are no longer considered in keeping with
the overall mandate and have, therefore been discontinued.
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There are a number of land uses that can not be permitted within the park. For
example, access into some of the more remote and attractive areas of the park by
whatever means should be restricted because these areas are also those that are most
easily disturbed and damaged. Consequently, these areas require more rigorous
management than do other, less sensitive, areas of the park.

SCIENTIFIC IMPORTANCE/INTEREST

Todate, interest in the land use situation in the park has mainly been limited to
attempts to resolve the use versus preservation problem, primarily aimed at the use
of the more fragile ecosites within the park. Also, a great deal of interest has been
focused toward the transboundary land usesmatconflirt directly orindirectlyupon
the resources of the park.

MANAGEMENT OPTIONS/ALTERNATIVES

While it is possible that current land use practices could continue for the foreseeable
future as they are, current ecological, social, and political trends are such, that if one
combines the with the known resource limitations of the park, it becomes clear that
a review of prevailing attitudes is required. Hopefully, such a review would lead
to the development of new land management strategies that would allow the park
to maintain its devotion to the mandate for the future.

HIGHLY VISIBLE AND SENSITIVE RESOURCES

RESOURCE CAPABILITIES

All natural resources with a high visibility ranking are often the very reason why
people from all over the world find the park so attractive. The aesthetic quality and
park interpretive capability of the features, sites, or areas, rated under the 'Total
Park Value Scale", cannot be fully be appreciated by the readers who have not had
the opportunity to experience them first hand. The effects of land management
practices which are readily visible in areas surrounding the park serve to enhance
the aesthetic qualities of the highly visible features of the park
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RESOURCE LIMITATIONS

Highly visible natural resources are unfortunately often also sensitive to prolonged
visitation. The effects of this visitation very quickly becomes evident.

The "Resource ValueQuantificationScales" employed earlier to rateresources with
a high visibility and sensitivity, dearly defined terms such as "uniqueness",
"rarity", and "fragility" in order to establish some perception of the limitations that
these resources have to visitor use. Obviously, other resource limitations are
applicable as well. However, they were usually described in the context of the
various physical and biological parameters and discussed in some detail earlier in
this document.

SCIENTIFIC IMPORTANCE/INTEREST

There has only been a recent impetus to attempt to quantify the aesthetic value of
certain resources which has stemmed from therelatively recent impetus concerning
the defense of certain ecological areas from development. However, there has not
been any work of this nature performed in direct relation to the resources of Glacier
National Park.

MANAGEMENT OPTIONS/ALTERNATIVES

In respect to the importance of these special features it is most important that they
are afforded the utmost degree of protection under the National Parks Act. Where
applicable, these Canadian heritage features must also be made available to the
public for their appreciation, education, and enjoyment. This does not necessarily
mean that the public should have direct contact with these resources.

Wherernereisagreaterpotentialtoenhanceourknow
park managers should encourage study of these resources, keeping in mind the
protection mandate at all times.
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ECOLOGICAL HISTORY AND PROCESS (TRENDS)

RESOURCE CAPABILITIES

Due to the size of the park relative to the much larger area identified as Natural
Region 4, thepark is only able to exemplify those processes that are compatible with
its scale. Despite this, there are innumerable trends that are present within the park
which merit study. This fact, in combination with the easy of access to and within
the park, makes it an ideal place for interested researchers to study and document
the ongoing ecological processes, determine resulting trends, and express the
findings in such terms that park managers can apply them during decision-making
exercises.

The opportunity exists to develop conceptual ecological models of modal optima
for major and minor species along environmental gradients which are known to
differ in the following specific details:

- species richness in particular communities (alphadiversity);

- degree of change in species compositional in particular communities
and the park as a whole (betadiversity);

- total number of species within the park study area
(gamma diversity).

Such an approach would focus attention on an area of knowledge that is currently
weak,andmereforedoesnotgiveparkmanageremeopportimitytotakeadvantage
of the collective capability of the natural resources to sustain present and future land
uses, while eliminating impairment, and maximizing preservation.

RESOURCE LIMITATIONS

The study and evaluation of the ecological processes and resulting trends would
also serve to demonstrate the actual and potential limitations they are imposing, or
are likely to impose, upon human activities in Glacier National Park. Likewise, this
type of approach would lead to the identification and understanding of the
distribution limitations affecting the other biological species which share the park
environment with man. It would also lead to the development of ecological models
which would give expression to the overall controls affecting the said distribution
limitations along certain environmental gradients, such as:
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- gradual environmental variations (i.e. abundance = factors of
ecological amplitude);

- competitive exclusion (i.e. repulsion, interaction, amplitude
compression);

- habitat discontinuities (i.e. density of populations, density of
individuals).

The forementioned approach would serve park managers well, since the natural
resource limitations would thus be made more visible and understandable. This
would tend to remove management actions built on doubtful opinions and replace
them with reasoned courses of action.

SCIENTIFIC IMPORTANCE/INTEREST

While it can be argued by resource managers that the scientific importance of the
research, the documentation, and the subsequent analysis of the recognizable
ecological trends affecting the park ranks high, very little scientific interest to this
point has been generated upon which managers could act.

MANAGEMENT OPTIONS/ALTERNATIVES

The ecological basis for environmentally sound resource management in Glacier
National Parkis firmly established in thedeliverableandlegallysupported decision
to protect and preserve the utilitarian and non-utilitarian natural resources for the
purpose of serving social rather than economic values. With the relatively high
standard of living enjoyed by the average Canadian, a higher level of consideration
can be given to the need for clean air, dean water, and access to unspoiled recreation
areas, than might otherwise be the case.

The Canadian Parks Service mandate makes no provision for an alternative to the
maintenance of these important ecological and social values within its stated
primary organizational goals.

In light of the foregoing statement, new management options for biological species
other than man, must consider at least four broad categories of concerns if resource
managers are to make sound ecological evaluations on their behalf. These are:
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1. Evaluate the role of the individual species within the ecosystem on the
basis of their degree of uniqueness and/or representativeness.

2. Based on the present level of species diversity, evaluate the roles of the
"ecological" zones within the park, particularly as they apply to the
preservation requirements of the various species.

3. Based on the individual species present, evaluate the habitat
requirements for their survival and evolution; and,

4. On the basis of the various vegetation associations known to occur and
other available biophysical information, evaluate their ecological
requirements, and how they are likely to be affected by political
established "management zones".

The various approaches of resource evaluation, taken together, will provide the
logic for the development of a much needed, comprehensive and integrated
"ecological management strategy".

The development of such a strategy and its discussion and application in the Park
Management Plan of the park and similar management documents, would go a
long way to satisfy the repeatedly expressed public concerns about the ecological
integrity of Glacier National Park, as well as help explain any future management
proposals arising from the role of the park in the Natural Region.

592



RESOURCE MANAGEMENT
OBJECTIVES

GENERAL OVERVIEW

Based on the foregoing description of the natural resources of Glacier National Park
and on an analysis and evaluation of the data at this point in time, it f ollows logically
that broad objectives should be developed to facilitate management of the natural
resources of the park for the future.

Following are the resource management objectives that must be considered as a
priority for ensuring the integrity of park resources:

OBJECTIVE 1 - LANDSCAPE RESOURCES

All landscapes and soils will receive the levels of protection and preservation
required to retain their natural states as part of Natural Region 4.

The highest level of protection and preservation will be afforded to those resources
and processes which:

1. are nationally or internationally significant;

2. are unique, rare, or endangered within the park;

3. are representative examples of the natural resources and
processes of the Columbia Mountains; and

4. are important for the retention of the wildland character of the park
and for maintaining the appeal of the park to the visiting public.
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Where a land use has the potential to adversely modify the natural state of these
resources, use and development proposals must not exceed known, inherent
resource limitations. This can be accomplished by:

1. the utilization of land or soil unite with none or few limitations; or

2. where this is not possible, by modifying the land use and 4evelopment
proposals so that they incorporate the resource limitations.

Those landscapes and soils thathave been disturbed due to the intervention of man
in natural processes will be restored to as dose to a natural condition as is possible.

OBJECTIVE 2 - WATER RESOURCES

All water resources and the physical characteristics of their channels and basins will
be generally protected from impairment and manipulation until the information
base for this resources has been sufficiently broadened and improved, so as to allow
environmentally sound and rational management to occur when necessary.

Where the existing information base is sufficient to allow the development of
specific management criteria, operational Resource Management Plans will be
formulated by the Heritage Resource Conservation Section of the park.

Where such an information base is currently unavailable, but is required for
management purposes, specific substantiations and terms of reference will be
formulated by the Heritage Resource Conservation Section of the park to facilitate
data acquisition.

In the interim period, a Water Resource Monitoring Program will be developed by
the Heritage Resource Conservation section of the park which will, through the use
of appropriate instrumentation, document and assess both climatic and hydrologi-
cal trends, and any man-made interferences with them.
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OBJECTIVE 3 - BIOTTC RESOURCES

Vegetation

The special status of representativeness, uniqueness, or rarity of certain species,
vegetation associations, and habitat types within the flora of the park, require that
predetermined protection measures be taken to ensure the integrity and perpetuity
of those species.

Where visitor use and proposed facility development may have an adverse impact
on the vegetation resources designated with a special status, such activities will be
redirected to vegetation and habitat types:

1. without the special status designation, and therefore less susceptible
to such impacts; or

2. more commonly found within the park, region, and the national park
system.

Where a more detailed information base is required for specific management
purposes, appropriate substantiations and terms of reference will be formulated by
the Heritage Resource Conservation Section of the park to facilitate the process of
data acquisition.

Wildlife

All wildlife will be afforded the full protection measures possible under the existing
federal and provincial legislation.

Wildlife habitats identified as essential to the survival of one or more species will be
assigned the highest degree of protection and monitoring.

Where proposed land use and facility developments have thepotential to adversely
affect any one or more aspects of the wildlife of the park, such proposals must not
exceed the known, inherent wildlife and habitat limitations. This can be accom-
plished by:

1. the utilization of land or soil units with none or few limitations; or

2. where this is not possible, by modifying the land use and development
proposals so that they incorporate the resource limitations.
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Where a more detailed information base is currently unavailable but is required for
management purposes, appropriate substantiations and terms of reference will be
formulated by the Heritage Resource Conservation Section of the park to facilitate
the process of data acquisition.

Research for any purpose, will be designed and carried out so as to avoid any
alteration of any aspect of the biology of species studied. Furthermore, such
research will be permitted only when approved by the Park Superintendent, and
will be carried out under the scrutiny and guidance of the Heritage Resource
Conservation Section of the park.

OBJECTIVE 4 - HUMAN HERITAGE RESOURCES

AH archaeological and historical sites, artifacts, records, and similar resources, will
receive total protection from impairment, development, and exploitation until their
cultural importance has been firmly established by competent researchers and
appropriate direction for their preservation and management can be prepared.

Upon the completion of the cultural evaluation, site-specific resource management
plans will be prepared by the Heritage Resource Conservation Section of the park,
where required to provide the degree of preservation and protection to fulfill the
mandate of the park.

The highest level of attention will be given to those heritage resources which are:

1. internationally and nationally significant;

2. good examples of man's interaction with the mountainous landscape;
and

3. in constant need of a monitoring program, in order to prevent im
pairment.
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OBJECTIVE 5 - RESOURCE UTILIZATION

Resource Management Plans will be formulated by the Heritage Resource Conser-
vation Section of the park to accommodate acceptable forms of recreational use,
while assuring that such uses are do not exceed known, inherent resource limita-
tions and public safety standards.

Such plans will incorporate monitoring techniques designed to keep management
operations current in the light of changing recreational trends, to evaluate the
effectiveness of such plans, and assess the resulting environmental trends.

Consumptive resource uses and resource extractions will be minimized or elimi-
nated wherever possible. Appropriate Resource Management Plans will be
formulated by the Heritage Resource Conservation Section of the park to eliminate,
restrict, or guide such activities in accordance with established policies, directives,
and in consideration of the known, inherent resource limitations and capabilities.

Various forms of water, air, and soil pollution arising from resource utilization
activities are incompatible with the resource management aims of National Parks
and will thereforebe radically controlled,reduced, or eliminated wherever possible.

Wherever possible, site-specific resource studies and/or environmental impact
assessments will be initiated by the Heritage Resource Conservation Section of the
park prior to approval in principle of any new proposal plans for land use and
facility developments.

OBJECTIVE 6 - REGIONAL INTEGRATION

The Park will actively pursue the preparation and implementation of an integrated
management strategy that will address the concerns of the park and the various
agencies charged with the management of lands associated with the periphery of
Glacier National Park.
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RESOURCE MANAGEMENT
REQUIREMENTS

GENERAL OVERVIEW

A description of the obvious resource management requirements noted during
preparation of this R.D.&A. The following information may be used to facilitate the
next step in the Natural Resource Management Process, namely, the Park Conser-
vation Plan.

CARNIVORE CONSERVATION AREA STRATEGY

TheparkwillpiiisuecandidacyasanactivernemberoftheCanuvoreConservation
Strategy of the World Wildlife Fund. The intent is for Mount Revelstoke and Glacier
National Parks to function as the core for a larger conservation area which will
include land under the jurisdiction of the Province of British Columbia.

LONG-TERM MONITORING OF THE DYNAMICS OF
THE NATURAL SYSTEM

The most cost-effective method of maintaining and, wherever possible, improving
the present natural resource data base of the park is a broad, long-term, high-
technology-oriented monitoring program. It would tend to reduce inefficient
manual data collection and analysis, increase the scientific validity of the data, and
provide an early warning system for such problem issues as habitat fragmentation,
trans-boundary issues, and their impact upon park resources.

601



DEVELOPMENT OF A REGIONAL LAND USE
STRATEGY

The need to accommodate park-related facility developments, transportation
corridors, construction material extractions, water resource management, liquid
and solid waste management, service facilities, and other more generalland uses by
park visitors and park managers makes the development of a comprehensive land
use strategy accompanied by appropriate resource management plans most desir-
able, if not imperative.

DEVELOPMENT OF A VEGETATION/WILDLIFE MAN-
AGEMENT STRATEGY

An integrated approach must be taken to fully address the management of
naturally-evolving vegetation and wildlife resources occurring within the park.
This strategy will also consider external pressures on wildlife resources and their
association with a vegetation complex that is not fire dependent. This is further
complicated by external land uses which are almost entirely based on resource
consumption. Since certain wildlife populations spend only a portion of their time
within the park, this management strategy must also compliment the Regional
Land Use Strategy.
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