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INTRODUCTION
Glacier National Park encompasses a spectacular region of
high mountains, deep lakes, swift rivers, and a diversity of
vegetation types which support an outstanding variety of wildlife
species. The visual, geologic, and ecologic uniqueness of the
area was recognized at an early date (e.g., Sperry 1896), and on
May 11, 1910, Glacier was established as a National Park.
Similar efforts were pursued on the Canadian side of the border
to preserve an area of equivalent value in the Waterton Lakes
area, and in 1932, the U.S. Congress and the Canadian Parliament
recognized these areas as an International Peace Park (Trosper
and Cooper 19 83).
Efforts have since continued to protect and understand the
resources of the region. A major focus in recent years has been
through the projects funded by the UNESCO Man and the Biosphere
(MAB) Program. One function of the MAB program is the
establishment of Biosphere Reserves which are representative of
biogeographical provinces and regions throughout the world. Both
Glacier and Waterton Lakes National Parks are designated as
Biosphere Reserves.
This publication is a direct outgrowth of the concerns of
the U.S. MAB program for the resources of the Bioshere Reserves.
It seeks to provide a basic reference for scientific information
for Glacier National Park/Bioshere Reserve, This report is one
of a series of publications which documents the history of
scientific research in various U.S. National Park/Biosphere
Reserves. This document also provides, when used in combination
with a similar review of the scientific activities at Waterton
Lakes National Park/Bioshere Reserve (Bastedo 1983) , a relatively
complete synthesis of the scientific activities for the entire
region.
It is well recognized that the maintenance and perpetuation
of park ecosystems is becoming increasingly difficult. A
knowledge and understanding of park resources is key to their
protection. A first step in this process is to document and
synthesize past research and monitoring studies. Only when past
data are collected and summarized in a suitable format, is it
possible to evaluate their adequacy and utility. This report
attempts to do just that.
We have limited our inquiry primarily to the area within the
borders of Glacier National Park. However, certain studies which
have taken place on the adjacent Flathead National Forest lands
have been included because of their broad applicability to park
situations.
Glacier has been blessed with a wealth of studies and
monitoring programs over the years. We have documented over 500
such efforts within the park. Over 60 graduate theses have been
written on research studies in the park. Volume I of this report
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is devoted to a narrative description of all park studies.
Volume II has three major parts: 1) a numbered bibliography of
all studies with an accompanying subject index; 2) a tabular
summary of most of the studies which provides information on:
a. The location of the study,
b. Dates of the study,
C. Sampling methods used,
d. A summary of the study,
e. Location of the reference
and 3) a series of appendices which provide checklists of flora
and fauna; a summary of herbarium, geologic, and archeologic
collections; a list of air quality sampling stations; and a list
of air photos taken in the park.
This report
environment:
1.
2.
2.
4.
5.
6.
7.

is organized into

Aquatic Resources
Vegetation
Fire
Fishery resources
Avian Fauna
Small Mammals
Bears

8.
9.
10.
11.
12.
13.
14.

14 components of

the park's

Ungulates
Air Quality
Climate
Visitor Studies
Soils
Archeology
Geology

These components are admittedly arbitrary, but adequately serve
to encompass the great array of scientific inquiry that has taken
place in Glacier National Park.
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AQUATIC RESOURCES
Surface WATER CHEMISTRY AND WATER QUALITY
Aquatic systems are a major component of Glacier National Park.
There are 561 streams which flow 2584 km, and 653 lakes which
cover 10,936 ha in the park. However, about 70% of these lakes
cover less than two hectares, and their total extent is only 460
ha.
Surface water inventory for Glacier National Park.

drainage
Hudson Bay
North Fork
Middle Fork
Missouri River
Entire Park

km streams
(no. streams)

ha lakes
(no. lakes)

769
(196)
770
(132)
843
(174)
201
( 59)

3897
(303)
2997
(139)
3270
(124)
554
( 87)

2584
(561)

10,936
(653)

Water Quality
Recent concern over logging and possible coal mining in the
North Fork Flathead River tributaries has prompted several water
quality investigations (USDI,FWS 1978, 1981, 1983). These
studies, have in that drainage, constituted a starting point for
aquatic monitoring program, and could be expanded to include all
drainages. GNP does, however, have a good water quality data
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base. In conjunction with fisheries studies, Wasem recorded 12
water chemistry parameters for 77 lakes and 74 creeks and rivers
throughout the park from 1964 to 1969 (>400 samples). Wasem
also took black and white photos and slides of most of these
lakes and measured stratification on many lakes. Few showed any
signs of existing thermoclines.
Wasem (1968a) initiated field studies in the Middle Fork and
McDonald Creek to document physical and chemical
characteristics, measuring dissolved inorganic solids., dissolved
oxygen, pH, total hardness, total iron, total alkalinity and
turbidity. He concluded that air temperature and precipitation
govern stream flow and related turbidity in the Middle Fork, and
that stream flow and temperature, in turn, affect chemical
characteristics. Middle Fork waters were more rapid, colder,
more turbid, and higher in dissolved minerals and pH value than
those of lower McDonald Creek, probably because McDonald Lake
moderates waters of lower McDonald Creek. McDonald Creek waters
rated as oligotrophic while those of the Middle Fork rated as
"mildly oligotrophic."
Wasem (1968a) measured similar parameters along 248 km of
the McDonald-Flathead drainage. The study which encompassed an
elevation gradient of 1500 m found that at lower elevations,
water temperature increased, pH increased 2.1 units, total
alkalinity increased by 88 ppm, total dissolved solids increased
73.5 ppm, and dissolved oxygen decrease 2.6 ppm. Many changes
occurred in the first 5.6 km of the stream flow as Logan Creek
dropped 1175 m from its headwaters. Downstream, fluctuations inphysical and chemical properties along the drainage were
attributed to entrance of major tributary streams.
Wasem (1968a) also summarized water quality studies begun in
1963. In general, east slope waters were higher in elevation,
higher in pH, more alkaline, and considerably greater in
bicarbonate alkalinity and dissolved nutrients. Iron was
detected in 25% of west slope and in 58% of east slope
waters—some with fairly high levels. Based on total hardness,
he considered most waters soft. East slope waters averaged 61.1
ppm total dissolved solids or just barely "mildly oligotrophic."
West slope waters, averaged 3 9.3 ppm to classify as
oligotrophic. Based on these factors, east slope waters
appeared more productive. However, when factors such as the
colder waters, shorter growing seasons, steeper gradients, many
barriers to fish migration, and less abundant terrestrial
vegetation of east slope waters were considered, they were
actually less productive.
Cahalane (1939) noted all east side lakes were alkaline and
very uniform in chemical character. Little difference was found
in chemical conditions in shallow and deep water. Dissolved
oxygen was abundant at all depths and free carbon dioxide was
lacking in all waters. West side lakes were less chemically
uniform but contained more carbon dioxide than eastern lakes.
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Oxygen in western lakes was abundant at the surface but was
dangerously low at some bottoms. Methyl orange, pH, and
dissolved oxygen increased in northern parts of the western
drainages and alkalinity increased downstream.
Wasem (1968a) and Sinning (1973) examined potential
pollution in McDonald Lake from McDonald Lodge sewage effluent.
Wasem measured several variables including nitrate and phosphate
and found no significant differences between nitrate
concentrations in suspect and control waters. Sinning also
found little evidence of pollution. Although dissolved oxygen
decreased slightly in Snyder Creek below effluent, Sinnning felt
the decrease was not significant to aquatic organisms. Nitrate
levels were higher in Snyder Creek below the effluent outlet,
but this level was still much lower than that of upper McDonald
Creek. The major nitrate source for McDonald Creek appeared to
be Mineral Creek, possibly the result of a forest fire. Little
nitrate was retained in the lake due to a lack of phosphorous
which prevented organisms from occurring in sufficient quantity
to utilize much of the nitrate.
Phosphorous appeared to be the limiting element in the
biology of the lake, but phosphorous contributed by McDonald
Lodge sewage effluent had no effect on the lake and apparently
no harmful effects on the short section of Snyder Creek in which
it was present. Ionic concentration of the lake appeared to be
generally determined by the ionic concentration of McDonald
Creek diluted by other creeks. Although the ionic concentration
of Snyder Creek tended to increase below the effluent, discharge
effects were too small to measure. The same situation applied
to fecal coliform bacteria counts. Lake sodium and chloride
levels were also apparently set by levels in McDonald Creek.
Little or no increase occurred below sewage effluent. Sinning
cautioned, however, that observable effects would probably
appear if effluent volume increased or if the creek was
impounded.
In a similar study, Foggin and McClelland (1979) tried to
determine the effects of dying kokanee salmon, a sewage
sprayfield, and a horse pasture on chemical and bacteriological
patterns of Lower McDonald Creek. Above the lake, McDonald
Creek displayed the typical hydrochemical pattern of an
unregulated stream—exhibiting a strong inverse relationship
between total solute concentrations and stream discharge. Below
Apgar village, however, specific conductance was uniform over a
wide flow regime indicating that the lake acted as an effective
buffer. Relative ionic composition of stream waters entering
and leaving the lake was comparable. Uniform values were found
across the outlet, but at the spray field, concentration was
higher at the closest bank. By mid-November, no distinct
changes in stream water chemistry could be detected between the
lake and the creek's mouth. At the month's end, though, ammonia
concentrations increased in the lower two stations due to salmon
spawning. Nitrate and phosphate levels peaked one to two months
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after major decomposition of salmon. Foggin and McClelland
attributed this pattern to the uptake and slow release of these
limiting ions by periphyton and phytoplankton. Coliform
concentrations on the upper three stations were always less than
one colony/ml. On two occasions, however, the lowest stations
had concentrations of up to 20 colonies/ml indicating a
mid-reach source—probably the horse pasture.
The Montana Water Pollution Council classified waters in the
St. Mary and Belly River drainages in 1965. They tested for
several water chemistry parameters, as well as benthos
invertebrates. Findings were similar to other
studies—dissolved oxygen was near saturation except below the
lakes where it was supersaturated as a result of photosynthesis
by algae and plankton; all pH's were alkaline (7.3-7.8); water
was quite soft with a CaC03 concentration of 55-90 ppm; and,
correspondingly, calcium and magnesium levels were low as were
sodium, potassium, chlorides and sulfates, and coliform
bacteria. No nitrate or flouride could be detected in any
samples. As a result of tests, the Montana Water Pollution
Council (1965b) classified almost all streams in the drainage as
"A." Only an eight km section of Divide Creek, St. Mary's, and
Swiftcurrent Creek from the Many Glacier chalet to the stream's
confluence with lower St. Mary Lake received lower
classifications of "B." The board found suprisingly high iron
concentrations, some near the water standards limit of 0.3 ppm,
and felt that the high iron concentration could play a large
role in limiting fish populations.
Robson (1968) examined the limnology of the oligotrophic
Grinnell lakes and streams. Oxygen was nearly always at
saturation, and pH ranged between 6.0 and 8.3. Robson found no
thermocline and concluded the entire system acted as a stream,
the flow merely being slower in the lakes. Some marginal boggy
areas, however, showed oxygen depletion where water was standing
and warm. Water samples from these margins contained high total
carbonate and carbon dioxide levels. Most inorganic carbon was
bicarbonate although local concentrations of carbon dioxide
existed. Absorbed nutrients on suspended soil particles helped
promote metabolism, and algae and aquatic plants were abundant
in these eutrophic backwaters. The snow melt pattern governed
the limnology of Grinnell valley and total carbon increased with
distance from the snow pack.
Waterton Lake qualities reflected those of other east side
lakes (Cuerrier and Schultz 1957). Oxygen varied between 6.4
and 7.8 cc/1 (83-100% saturation) while surface concentrations
ranged between 5.6 and 7.8 cc/1. No traces of carbon dioxide
existed in either lake. No thermocline existed in the upper
lake where a year-round temperature of 4.5-5.0 C existed below
5 0 m, and little stratification occurred in the shallower lower
lake.
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On the North Fork of the Flathead River, the USGS monitored
60 water quality variables between 1974 and 1977 (Knapton 1978).
Twenty-five years of streamflow records showed a mean daily
discharge of 3210 cfs near the mouth compared to 979 cfs at the
international border. Water quality was influenced by the water
source—whether it was predominantly base-flow or direct runoff.
Dissolved solids concentration was least during high runoff.
Suspended solids concentration was directly related to
stream-flow level. Between 80 and 90% of the annual suspended
sediment load was transported during the approximately four-week
period of peak runoff. Calcium and magnesium cations and
bicarbonate anion dominated chemical character of the water.
Base-flow, in contrast to high flows from direct runoff,
characteristically contained higher dissolved constituents and
lower concentrations of suspended sediment. Lakes throughout
the middle and lower parts of the drainage had a dampening
effect on both stream-flow and constituent concentrations.
Bacteria densities, phytoplankton populations, and dissolved
oxygen were all indicative of a biologically healthy stream.
Upper stations had lower mean temperatures (due to higher
elevations and decreased solar radiation) and greater ranges in
temperature than downstream stations (from reduced thermal
inertia). Ion ranges changed only slightly downstream and ion
ratios at individual stations changed little between base-flow
conditions and periods of high runoff, implying that direct
runoff and base-flow water must have had similar composition
Dissolved solids concentration decreased downstream; greater
exposure of younger, more soluble Paleozoic and Mesozoic rocks
north of the boundary might have accounted for the increased
concentration in upper waters, and lower lakes probably slowed
dissolved solids passage during peak runoff.
Again, no oxygen measurements were below 9.1 mg/1 (or above
13.0 mg/1) (92-100% saturation). All pH measurements were
slightly basic, around 8. Reduced pH characterized periods of
direct runoff since snow and ice tend to be acidic.
Knapton developed regressions between dominant ions in
solution and specific conductance. He used the dissolved solids
regression with daily values of specific conductance and stream
discharge to make computer simulations of monthly and annual
solute loads. Although correlations between water discharge and
suspended sediments were rather poor when using the complete
data base, they were improved when data were segregated
according to conditions of stream flow.
Water quality investigations of the North and Middle Forks
by the US Fish and Wildlife Service during 1977, 1978, and 1981
(USDI,FWS 1978, 1981, 1983a) respectively measured 17 common
water chemistry parameters. Thirteen North Fork tributaries,
seven Middle Fork, and three Lake McDonald were tested. Four
North Fork streams are currently monitored (Sage, Starvation,
Kishenehn, and Kintla). Middle Fork waters generally showed
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significantly lower total alkalinity, total hardness, and
conductance than the North Fork. Water quality values in 1981
compared favorably with those collected in 1978, but pH ranged
from 0.3-0.8 units lower. Possible reasons for the lowered pH
were: 1) a higher water yield in 1981, 2) logging activities in
upper drainages, 3) acid rain precipitation, and 4) natural
causes. The USFWS researchers also mapped the stream bank
profiles of Kishenehn, Sage, Ford, Kintla, Bowman, Akokala,
Quartz, Logging, Camas, Anaconda, Fish, and Cut Bank creeks and
measured stream velocities and flow rates at 2.5 cm intervals.
Maximum/minimum temperatures and stream flow readings taken
at 2-week intervals by Shepard et al. (1982) showed all streams
reached maximum temperatures in July. Mean monthly temperature
was greater than 10 C for all stations in July, August and
September.
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AQUATIC ECOLOGY
The focus of aquatic ecology studies in GNP have been on the
North Fork Flathead River drainages because of possible impacts
due to outside development.
Knapton's (1978) water quality study on the North Fork also
sampled phytoplankton and periphyton communities. Crysophyta
composed the greatest percent of total cell counts at both
upstream and downstream stations. Gomphonema, Hannaea,
Navicula, and Nitzschia occurred most frequently at the upstream
station. At the downstream station, Gomphonema, Achnanthes and
Nitzschia predominated with Cocconeis, Cymbella, Hannaea, and
Navicula occurring less frequently. At both stations
Chlorophyta occurred infrequently with Dictyosphaerium, and
Oedogonium predominating upstream and Scenedesmus, Ulothrix,
Crusigenic and Kirchneriella being the major genera downstream.
Cyanophyta also occurred infrequently at both stations.
Dominant genera were Anabaena and Oscellatoria. In general, the
river had extremely small phytoplankton populations with all
counts being less than 600 cells/m . Lack of phosphorous
appeared to be the limiting constituent of the phytoplankton
population—cell counts were higher during high runoff
conditions when the water's nutrient content was higher.
Similarly, periphyton exhibited higher growth rates during peak
runoff despite light reduction, although biomass values were
lowest during peak runoff. Dry biomass weights at the upper
station ranged from 315-17,200 mg/m and those at the downstream
station ranged from 462-20,700 mg/m .
Stanford (1975) studied Plecopteran communities in both the
Middle and North Forks of the Flathead River. He identified 4 2
species in the benthos. This phenomenal diversity as well as
the precise sequencing of life history events associated with
each species were attributed to the heterogeneous, yet
predictable, environmental gradients characterisitc of the
Flathead River ecosystem. Various populations began to emerge
in February and a temporally-segregated sequence of emerging
stoneflies progressed throughout spring and summer. Habitat
populated by upper Flathead Plecoptera was 3-dimensional, being
laterally and vertically partitioned. Stanford concluded that
the high amplitude and seasonally predictable thermal regime in
the free-flowing rivers was the primary environmental factor by
which the stoneflies precisely sequenced life-history phenomena.
He explained the synchrony in stonefly growth patterns by
temperature summation criteria--after a specified number of
degree-days have accumulated, the stonefly population was
physiologically ready for emergence. Thus egg-hatching and
diapause may be stimulated by thermal cues.
Plecopterans were most numerous in the river benthos in late
summer and late fall, but species composition on the river
bottom was maximum in early spring. Essentially, the community
was detritus-based. Virtually all species utilized the
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colloidal organic detritus, abundant in riverine substrata, as
the primary food source during the early stages of life
histories. Distinct trophic preferences and relationships
developed in fall and winter as most species matured. Although
Flathead River stoneflies sequenced and synchronized life
histories according to thermal criteria, individual size and
species abundance was determined by quantity and quality of
food.
In contrast to Knapton (1978), Stanford found growth of
periphytic algae peaked in early spring and fall corresponding
to low water levels, moderate temperature and increased light
reaching the river bottoms. Maximum stonefly density was
reached in November and December but number of taxonomic groups
was highest in late fall with a second peak around March and
April.
Appert (1977) also examined benthic communities but focused
on those present at lake outlets and 100 m downstream. Her
objective was to examine correlations between productivity of
lakes and species richness and composition of benthic insect
communities. She studied Bowman and Kintla Lakes in GNP.
Productivity indices based on the amounts of dissolved ions in
the lakes were not good predictors of the number of benthic
insect species in the outlet streams. Direct measures of
productivity (chlorophyll) and particulate carbon measurements
made on lake effluent water were the best predictors of species
richness. She found a significant positive correlation between
chlorophyll measurements and the number of species of insects in
the outlet stream. Analyses indicated significant faunal
composition differences occurred in the more oligotrophic lakes
between the outlet site and the second sampling site 100 m
downstream. Large differences in faunal composition did not
occur in the more productive lakes.
Of the 13 lakes Appert examined in Northwest Montana,
Kintla Lake rated lowest on productivity. Bowman lake was more
productive based on chlorophyll and particulate carbon but
contained species more characteristic of the unproductive lakes,
and Appert hypothesized an algal plankton bloom might have been
underway at the time of sampling. Appert found a total of 22.
species in Kintla Lake and 20 at Bowman Lake. Appert also felt
temperature and productivity were more important than chemical
composition in determining what species were found in the
streams. Temperature relations may have been particularly
important in Kintla and Bowman Lakes since they drain snow melt
year round. Plecoptera and Diptera constituted a higher percent
of total species in less productive lakes such as Bowman and
Kintla Lakes, but Trichoptera and Ephemeroptera were relatively
constant and accounted for the greatest number of species (28.1
and 30.2%).
Other west side studies include plankton collections by
Sinning (1973) in his Lake McDonald pollution study. Diatoms

PAGE 13
were the dominant algal form in the lake with the genus
Cuclotella being the most abundant followed by Synedia.
Ch1amydimonus was the third most abundant overall but was more
prevalent near the surface than at deeper depths. Of the
zooplankton, rotifers on the genera Keratella and Kellicottia
were the most abundant with Diaptomus third. Because of its
larger size, however, Sinning felt Diaptomus contributed the
greatest biomass.
During North and Middle Fork inventories, USdi,FWS (1978)
identified a total of 99 aquatic insect taxa in five orders.
Ford Creek contained the most taxa (64) followed by Kishenehn
with 60 taxa and Camas with 56. Most others ranged between 30
and 50. Camas Creek had the highest mean number of insects
followed by Quartz and Bowman Creek. Akokala had the lowest
mean number of insects with Fork Creek second lowest. The
USdi,FWS (1981) reported 106 taxa present in the North Fork, 9 3
in the Middle Fork, and 6 7 in Lake McDonald. In the North Fork
drainage the diversity/order ratio indicated balanced
populations. Densities peaked in March prior to runoff. While
many streams shared common insects, each stream had
characteristic insects. Aquatic insect collections in 1981
(USDI,FWS 1983a) compared favorably with earlier collections.
Samples ranged from 74-2273 organisms/m in 105 taxa.
In similar inventories on the North and Middle Forks, Fraley
et al. (1981) found Ephemeroptera to be the seasonally dominant
insect order in the North Fork comprising 45% of the total
benthic community by number. Diptera, Plecoptera and
Trichoptera composed 30, 21, and 4% respectively. Ephemoroptera
comprised 47% followed by Diptera (Chironomidae) at 39% and
Plecoptera (Perlodidae and Chloroperlidae) with 9%.
In a quantitative analysis of phytoplankton along a transect
spanning the continental divide, from Lake McDonald to lower St.
Mary Lake, Kidd (1964) found relationships similar to those
found for benthic insect communities by Appert and Stanford. He
found the warmer lakes contained a larger number of species and
also concluded that temperature may be one of the most important
factors controlling algal distribution. Each of the six lakes
sampled contained a unique phytoplankton community. With the
exception of Lower St. Mary Lake, all of the lakes lacked bloom
conditions. Lower St. Mary Lake, however, supported a
summer-long diatom bloom, but conditions in this lake may differ
since most of it lies outside park boundaries and may be
influenced by human acitivities.
Hurst (1972) collected 16 species in Bowman, Akokala, and
Cut Bank Creeks. Insect distribution was affected by several
environmental factors but not by the continental divide. Water
temperature was perhaps the biggest single factor limiting the
distribution of stream-dwelling mayflies in the nymph stage
although current and stream gradient were also important.
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Several researchers have studied aquatic communities on the
east side of the park, all in the Many Glacier area. In 1957,
Megard (1958) examined the microcrustacea of Grinnell,
Josephine, and Swiftcurrent Lakes, and identified five species
of Copepoda, six species of Cladocera, and four Ostracoda
species. Cladocera were usually more abundant than Copepoda.
As with Copepoda, though, they were most numerous slightly above
bottom vegetation. Most Ostracoda collected were larvae and,
unlike the other species, were infrequent in vegetation
collections. Population densities of all species increased
between July 5 (12/liter) and August 17 (240.5/1) . Bosmina
longirostis, Chysous sphaericus, and Acroperus harpae were
dominant. Populations were densest in and slightly above
vegetation growing to a height of 15.25 cm above the bottom in
waters one to seven m deep.
Robson (1968) also studied the limnology of these same lakes
and their connecting streams. She found Plecoptera and
Ephemeroptera to be the dominant insect groups early in the
season with numerous Simulidae larvae appearing in early August.
As stream level dropped, Robson observed the sponges Tipula and
Chrionomus moving in—possibly to feed on Simulidae. Moilusks
inhabited slow-to-moderately-fast waters. Many habitats changed
as the season progressed. Total carbonates increased and warm
water invertebrates invaded in greater numbers. As the season
progressed, insects emerged, thus disappearing from the stream
until eggs hatched. As small streams dried up; all but leeches
and amphipods disappeared. In the lakes, moilusks and Diptera
became dominant.
A study of littoral invertebrates of the Grinell-JosephineSwiftcurrent lake system by Lehmkuhl (1966) resulted in
collections of 27 families in eight orders. Lehmkuhl felt ice
cover appeared important in productivity and distribution of
invertebrates in the lakes. Few Dipteran specimens were
collected, but they represented eight families. Only one
species of Ephemeroptera (Siphlonurus) was collected but it was
present in great numbers. Lehmkuhl also found a wide variety of
species and large numbers of Plecoptera. Trichoptera was the
most abundant group in terms of numbers of species. Lehmkuhl
found few amphipoda despite substantial sampling. Only
Swiftcurrent and Josephine lakes contained Hirundinae, probably
because Grinnell Lake lacked invertebrates for food. Three
species of Pelecypoda, four species of Gastropoda, and seven
species of Coleoptera were also collected. Species numbers
increased downstream. Increased siltation and length of ice
cover probably limited species in Grinnell Lake, since no
significant differences in temperature of chemical makeup
occurred, although the age of the lakes might also have had an
effect due to soil around the edges (more organic matter).
Swiftcurrent and Josephine Lakes did not vary greatly in total
number of species, but species composition was different.
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In nearby Wilbur Creek, Howe (1974) studied the community
gradient of benthic insects. She found that chemical conditions
varied little and always fell within the normal range for
oligotrophic waters. Insect gut analyses revealed that the most
common foodstuff was organic material. Moving downstream from
the headwaters, Howe saw a progressive change in associations
and specific occurrence which reflected substrate changes and a
gradual increase in primary productivity. The most primative
community occurred at the Iceberg Lake outlet, and the most
advanced occurred at the lowest site where the most evolved or
eroded substrate occurred. Diets of outlet species consisted of
organic debris, filamentous algae, diatoms and animal material.
Primary productivity was low and niche specialization least
developed. Species here utilized a wider variety of food per
species. Insects at lower levels exhibited more specialized
diets than the same species in the headwaters. Downstream
communities also exhibited a more diverse species complex: 17
species inhabited upper sites, while 25 species inhabited lower
sites. Stoneflies dominated headwater communities with over 50%
of the species belonging to the order Plecoptera. Herbivore
numbers increased downstream reflecting the increase in primary
productivity.
In other studies, Cahalane (1939) rated the relative
abundance of mayflies, caddisflies, two-wing flies; rated
seasonal abundance of plankton crustaceae; and rated seasonal
abundance of bottom organisms of several streams in the major
east slope drainages. Elrod (1912) measured lake depths and
evaluated microscopic life as a source of fish food. Most lakes
contained considerable microscopic life with Swiftcurrent Lake
producing the greatest number of any of the studied lakes.
Diaptomys, Cyclops, Asterionella, Fragillara, and Diaptoma were
the major plankton genera living in Waterton Lake (Cuerrier and
Schultz 1957) . With the exception of Cyclops, all were present
throughout the summer, although they existed in poor numbers.
During his numerous fisheries and water quality
investigations, Wasem (GNP files) occasionally sampled aquatic
insect and plankton communities. At Otokami Lake and Old Man
Lake, he noted that the major food item was Gammarus spp. (order
Amphipoda). At Lincoln Lake aquatic invertebrates were scarce
on shoreline substrate; a Trichoptera species was most common,
but Wasem also found few Ephemeroptera larvae and Physa snail
species. Morton (1968a,b,c,d) summarized data from previous
aquatic studies. His summaries sometimes include accounts of
plankton net hauls.
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VEGETATION
INTRODUCTION
Studies on the vegetation of the Glacier region pre-date the
establishment of the park. However, corresponding to the
increasing emphasis on habitat classification and mapping, most
of the broader ecological studies have taken place within the
last decade. These efforts, combined with an on-going park
vegetation classification project directed by Key, provide a
fairly good understanding of this important ecological
component.
Standley (1921) made the first major plant collection in
GNP. He identified 955 species of flowering plants, ferns, and
fern allies and discussed species' distributions in relation to
life zones. Harvey (1954) updated Standley's list with the
addition of 79 taxa. Additional updates of vascular plants by
Kessell (1974) and and others has raised the number of species
found in the park to about 1500. The following plant species
groups have been identified: fleshy fungi, 784 (Miller n.d.);
bryoflora, 413 (Hermann 1969); algae, 39 (Vinyard 1957);
hepatics, 35 (Hong 1968); lycopoderdales (gasteromycetes), 33
(Askew 1975); spagnum moss, six (Standley 1920a); resupinate
hydnaceous fungi, six (Standley 1920a); lichens (Lake McDonald
area), 22 in three forest types (Habeck 1963); cryoflora, eight
algae species and three fungi species (Garrick 1962) . The
Appendix contained in Volume II of this report lists all species
found in the park herbarium.
COMMUNITY COMPOSITION AND ECOLOGY
Several authors have attempted various methods of classifing
the vegetative communities of GNP. Ayres (1900) provided one of
the first descriptions of park vegetation. He described three
habitat classes: alpine, mountain slope, and lowlands and
mapped the distribution of various tree species and fires.
During the mid-1930's, the National Park Service began to
summarize and describe park vegetation in response to increasing
resource demands. Topographic maps contained sketches of major
vegetation groups and burns, overstory types, and relative snag
densities were mapped.
Martinka (1969a) defined five principal habitat zones:
alpine, spruce-fir, Douglas fir, cedar-hemlock, and bunchgrass.
These zones were influenced by precipitation, topography and
elevation and recognized by potential dominance of one or a
combination of characteristic climax plant species. Within
these zones, Martinka identified 15 vegetation types. Habeck
(1970a) used the technique of gradient analysis to classify
seven grassland types; four bottomland forest types, including
ponderosa pine, Douglas fir, red cedar/western hemlock, and
Engelmann spruce/subalpine fir; and four alpine types, plus
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several minor and/or incidental communities. His descriptions
included accounts of species composition, successional
gradients, and soil analyses. Available soil moisture and
elevational factors combined to influence the major
distributional patterns displayed by plants and plant
communities. Each species displayed its own range limits within
the park, no two were identical. Various combinations assembled
to form the various plant communities.
Kessell (1977, 1979) also used gradient analysis in an
extensive study to quantitatively classify vegetation
communities and their distribution in Glacier. Kessell's
gradient model simultaneously used six continuous environmental
gradients: elevation, topographic moisture, time since last
burn, primary succession (soil and vegetative cover
development), drainage influence (lake and geographical
moisture), alpine wind/snow exposure, and four additional
categories of variation and disturbance—intensity of last burn,
slide disturbance, hydric disturbance (flood plains, bogs,
marshes and lake edges) and influence of heavy winter ungulate
grazing. With these gradients, the model describes distribution
of vegetation, fuel and community properties, and Kessell gives
detailed descriptions of species and fuel distributions in
relation to the above variables.
Vegetation in Glacier has also been classified by habitat
type according to the classification system of Pfister et al.
(1977), who developed the habitat typing key for Montana
forests.
Grassland and Alpine communities
The grassland and alpine communities of Glacier are
relatively small, yet they form vital niches that provide
diversity to the park. Koterba (1968) identified 50 vascular
plant species on North Fork grasslands. Soil moisture appeared
to be the most important factor operating in these grasslands.
Indirect factors such as organic matter, surface temperatures,
subsoil temperature, and soil texture were probably more
important in regulating moisture than was precipitation.
Koterba described soil properties, plant species, climate, and
possible interrelationships that allow maintenance of these
prairie relics.
A stunted, deformed forest of alpine fir and Engelmann
spruce was found in the transition zone on mountain slopes.
Here, Habeck and Choate (1963, Habeck 1969) used gradient
modeling to analyze site floristic variability as it related to
tree density. Stands with low density had understories of
typical alpine species. Those with high tree densities,
however, exhibited sparse understories of Vaccinium membranaceum
and Thalictrum occidentale that occurred more frequently in
lower montane forests. Choate and Habeck suspected that
Krummholz vegetation was invading treeless alpine areas of Logan
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Pass, possibly as secondary succession following fire
destuction. Engelmann spruce attained dominance over subalpine
fir on burns in the 1350 to 1500 m elevation range but lost
importance once fir was established. Above 1800 m Engelmann
spruce was practically absent. Whitebark pine reached maximum
importance above 1800 m but was still only a minor associate.
Choate (1963, Choate and Habeck 1967) used multi-dimensional
ordination based on an index of similarity to classify alpine
plant communities. They used the index of dissimilarity as a
direct measure of spatial distance in arranging each community
along a line in relation to all other communities. They derived
a list of 22 species, which served as indicators for xeric,
mesic and hydric communities.
Meadow depressions occupied 62% of the Logan Pass area with
surrounding rocky ledges, fell fields, and moraines making up
the remainder. Choate characterized six community types by
species presence, site moisture, site terrain, soil texture,
exposure, soil depth, percent plant cover, soil pH, and field
moisture capacity: wet meadow, heath/moss, dry meadows, rock
ledge, fell field, and rocky. Carbon and nitrogen content of
the soil increased with increasing field moisture capacity
values.
Pemble (1965) characterized alpine flora, including that of
Logan Pass, based on their distribution patterns. Categories
included: lowland element (225 species) , arctic element (110
species), Cordilleran element (100 species), Pacific coast
element (10 species), and endemic (20 species). Species
patterns were usually explained on the basis of age, place of
origin, and dispersal ability as well as edaphic, physiograhic,
and climatic factors. Soil pH and amount of available soil
moisture were the most important edaphic factors. Physiographic
factors included altitude, directional trends, and degree of
isolation of mountain systems; important climatic factors were
temperature fluctuations and resulting Pleistocene glaciation.
In their study of vegetation and soils associated with
calcareous parent materials in alpine ecosystems, Bamberg and
Major (1968) used Pemble's (1965) system to classify Siyeh Pass
vegetation. They found 51% of Siyeh Pass plants were lowland
and montane species, 49% were arctic species, 36% Cordilleran,
2% Pacific Coast-Cascades, and 6% endemics. Siyeh Pass had the
greatest diversity although it was smaller than their other
study areas. On Dryas stepped terraces, Dryas octopetala formed
an almost complete mat through which other species grew. Salix
reticularis also formed a large part of the cover on irregularly
sorted stone stripes. On protected mesic sites without Dryas,
Carex dominated closed stands of vegetation forming tight, thick
turf. Low, flat portions of the pass were continuously wet
where stands of Polygonum bistortoides and moss with widely
scattered clumps of grass and sedges grew.
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Bottomland Forests
Foote (1965) studied the phytosociology of hardwood
bottomland forests on many Montana rivers and streams, including
the Middle Fork Flathead River and Synder Creek in Glacier. He
identified several species including Osmorhiza chilensis, and
Heracleum lanatum which showed a high fidelity for shadier, more
moist and less disturbed tributary stands. On sunnier, drier,
disturbed, and more open floodplain stands, Poa spp. had the
highest frequency. Some of these grasses also obtained high
frequencies in stands where openings caused by blowdowns or fire
existed. Foote found that cottonwood was present in almost
every bottomland stand but irregularities in geography,
topography, and climate caused widely varied associations.
Early successional stages, where cottonwood was usually the only
tree, were the most similar of bottomland stands. Later, as
lands became more stable, soils got deeper and organic matter
increased, montane forests began to invade, and cottonwood began
to decline. Geographic and topographic position of the stand
determined which conifer species invaded. In general, larger
trees grew along rivers.
Allen (1980) provided quantitative and qualitative
descriptions of North Fork floodplain plant communities and
their associated soils. A total of 144 species were identified
in 11 plant communities. Wash cobble types supported the fewest
species, while the mid-seral Populus type supported the highest
number. A mixture of cottonwood and spruce, in varying relative
composition, dominated tree species through the various
successional stages. Slightly acidic soils ranged from coarse
sand on cobble wash to deep layers of finer textured alluvium
with a developed humus layer on climax spruce stands.
Also in the North Fork drainage, Wright et al. (19 83)
classified and mapped 37 different vegetation types as well as
31 different land-use classes. Natural communities occupied 88%
of the area. Various spruce-cover types dominated alluvial
bottoms, and live and dead lodgepole pine, alone or in
combination with other species, dominated adjacent uplands. A
north-south gradient in elevation, precipitation, and snowfall
did not appear to alter the composition of plant communities.
In conjunction with cervid habitat studies, detailed
measurements of shrub composition and biomass were also
obtained. Work on this project is continuing through the
University of Idaho CPSU in a Ph.D. dissertation by Jenkins.
Upland Forests
Several researchers have described the upland forests of
Glacier. However, because of their wide variability, it is
difficult to summarize this work. Only one description of aspen
groves characteristic of the park's east side is available
(Lynch 1955) . These grovelands represent the southwest terminus
of aspen grovelands extending north and east across Alberta and
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southeast across Saskatchewan. Aspen (Populus tremuloides) was
the most abundant species, dominated tree cover, and had the
widest ecologic amplitude. It was associated with black
cottonwood (P^ trichocarpa hastata) along streams and ponds and
with £_;_ augustifolia in gravelly areas south of the
international border. Aspen grovelands appeared relatively
stable with little evidence of invasion or recession.
Grovelands in Glacier County were restricted to Babb loams and
stony loams which formed a thin mantle over glacial till. Lynch
identified and extensively described seven plant associations,
including those on grasslands, shrublands, and groves.
Indicator species used to identify each association were
described.
In 1960, Allen described the Lake McDonald forest community
as a rather heterogeneous structure. Western hemlock and red
cedar were climax dominants with grand fir and possibly Douglas
fir as codominants of less importance. Larch and white pine
appeared as pyric subclimax species. Six shrub species
including Vaccinium membranaceum, Berberis aquiiifolium, Rosa
gymnocarpa, Spirea lucida, and Acer glabrum and thirteen
herbaceous species including: Chimaphila umbellatum (91%),
Clintonia uniflora (89%), and Linnaea borealis (82%),
characterized the community.
Habeck (1963a) described the composition of Lake McDonald
climax forest communities. At the 900-1200 m elevation level,
forest succession terminated in a community codominated by
western hemlock and red cedar, but the two species were involved
in a complex interrelationship such that stands could not be
considered as a single-climax community. Habeck believed
differences in soil moisture conditions were a major factor
affecting forest composition.
Parker (1980) constructed similar forest community gradients
based on an environmental and a structural/functional gradient;
deriving cedar/hemlock, ponderosa pine/Douglas fir and spruce
and lodgepole pine/larch community classes. Composition seemed
related to time since disturbance as well as a moisture
gradient. Cedar/hemlock communities occupied only the most
mesic sites on steep west-northwest slopes less than 975 m
elevation. Parker found red cedar to be universally more
important than western hemlock. Western white pine was limited
to the cedar-hemlock zone in the study.
Ponderosa pine/Douglas fir types occupied gently sloping,
shallow outwash on southwest aspects at 1065-1100 m elevation.
The lack of low intensity fires due to fire suppression allowed
Douglas fir and spruce to invade areas formerly occupied by
ponderosct pine—restricting its distribution to dry sites.
Mixed lodgepole/larch stands were most extensive in the
1000-1500 m elevation range.
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A structural/functional ordination based on "character
values" produced stand arrangements similar to that generated
from composition data. These values included structural
elements of the individual trees such as height, bark thickness,
and needle length.
Because of the indirect relationship between structure and
function, Parker advised that selection of structural/functional
characters might not be appropriate for use in describing GNP
forests.
Parker (1980) found tree layer diversity patterns in Glacier
revealed diversity was highest in xeric ponderosa pine/Douglas
fir. Cedar/hemlock forests showed high richness values but low
equatability due to the dominance of cedar. Lodgepole/larch
forests had a more even representation of fewer species.
Ponderosa pine/Douglas fir communities showed exceptionally low
diversity in the sapling layer.
Total cover decreased with increasing moisture availability
and total ground cover decreased along the temporal/moisture
gradient, reflecting the openness of both xeric Ponderosa pine
and the frequently-infested canopy of lodgepole/larch. Forbs
formed the most important understory component in cedar hemlock
communities; shrubs and graminoids increased in importance in
younger, drier types.
Cedar was the most abundant of all size classes in
cedar/hemlock forest but a greater number of western hemlock in
the sapling layer (75% of total) suggested it might increase in
importance. Western white pine was capable of long-term
population maintainance on moist soils and, therfore, appeared
to be a minor stable element in old red cedar/hemlock forest.
The sub-alpine forest of Waterton Lakes National Park
occurred between 1800 and 2100 m, with the lower limit between
1650 and 195 m (Jamieson 1967) . The ability to survive under
severe conditions, rather than the ability to compete, appeared
to be an important characteristic of subalpine species.
Jamieson identified nine forest types based on various species
compositions and described the distribution of five major tree
species.
SPECIES ECOLOGY
Several systematic and ecologic studies have been done on
individual species in Glacier. Many researchers have included
GNP specimens in their samples for systematic studies, but
specific reference to park samples is seldom made; so most of
these are not included in this paper. Mooney and Billings
(1961) examined the comparative physiological ecology of arctic
and alpine populations of Oxyria digyna. The morphological
characteristics of plants in Glacier, one of two groups south of
the maximum Pleistocene glaciation were compared to populations
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in the north.
identified.

Several morphological differences were

A systematic study of Smelowski calcycina by Green (1973)
showed diploid populations grew in the Rocky Mountains north to
the Swan Range. All populations sampled in Glacier and further
north were tetraploid--derivatives of diploids. Both types,
however, were morphologically identical. Present distribution
of the types might represent the result of two distinct
interglacial migrations and not one as previously believed.
Grizzly bears in Glacier rely heavily on huckleberries
(Vaccinium spp.) as a high-energy food source to build fat
reserves. As a result of this dependence, the productivity and
distribution of huckleberries was studied by Martin (1979), and
their productivity is currently being examined by Kendall.
Kendall's study is aimed at trying to determine factors
affecting huckleberry production.
Martin concluded no single factor had constant regular
effects on production, regardless of other site conditions.
Aspect, however, was the strongest single influence. Production
decreased from northwest to east to west aspects. Absence of
tree cover accentuated differences, although moisture and daily
temperatures were also important.
Time since disturbance was the next most important factor.
Sites disturbed by fire 25 to 60 years ago on north or east
aspects produced significantly larger crops; least productive
sites were those that had been disturbed in the last 100 years.
The eleven most productive sites had been disturbed within the
last 50 years, whereas only 16 of 53 unproductive plots had been
recently disturbed.
Competition from other shrubs and herbaceous plants
apparently limited productivity on steep slopes (>70%) with thin
soils, greater radiant energy, and less moisture compared to
moderately steep slopes. The amount of tree, shrub, and
herbaceous cover decreased berry production on north and east
slopes. The most productive plots averaged two percent canopy
cover while the mean for 52 other plots was 22%. When canopy
cover increased above 30%, productivity rapidly decreased,
although average berry volume increased. Huckleberry canopy
cover, did not influence productivity. Martin found that
productivity of shrubs with red, sunburned leaves was
significantly higher. Predictably, plants in excellent
condition produced more than shrubs in poor condition; but
production did not differ on plants damaged by browsing,
insects, or fungi. The sugar content of berries increased with
elevation.
An important early-spring bear food is cow parsnip
(Heracleum lanatum), and it appears that bears might be
important in distributing it. Applegate et al. (1979)
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determined that germination rates of seeds from grizzly bear
feces were significantly higher than rates of hand-picked seeds.
Eighty-five per cent of those frozen in bear scat germinated,
while only 69% of hand picked ones did. Unfrozen seeds showed a
similar relationship.
De Santo (1971) described alpine larch (Larix lyalli) at
eight locations in Glacier. The oldest subalpine larch DeSanto
found contained more than 4 25 rings in the first 3 6 cm, three
trees exceeded 8 4 cm dbh. Common associates were whitebark pine
and subalpine fir.
Arno (1970) found alpine larch rare in most of the park
because suitable habitat was lacking. It was more widespread in
northern parts of Glacier. Alpine larch stands were small and
poorly developed and covered approximately 440 ha between 2050
and 2560 m. Arno (1970) felt that chance factors of
distribution were almost as important as the dearth of favorable
habitat in determining patterns of occurrence of the species in
Waterton. The lowest elevation record at 1750 m might indicate
an intolerance of high temperatures.
In Waterton Lakes National Park, Jamieson (1967) recorded
alpine larch growing at the 240 to 2260 m elevation level, with
few outreaches above or below this belt. Moisture appeared to
limit its distribution. It did not occur on south exposures.
Emergence seemed determined by disappearance of the snow pack
and not by altitude. Other subalpine forest species described
by Jamieson included whitebark pine (Pinus albicaulis) which
grew on all exposures between 1750 to 2200 m elevation but
preferred drier south and southwest exposures, although in
extremely dry areas, limber pine (Pinus flexilus) replaced
whitebark pine. Subalpine fir was the most common tree species
and grew from 1650 to 2000 m. Limber pine was not normally
considered a subalpine species but grew from 1200 to 2100 m in
very dry areas. In addition, Douglas fir could grow in
krummholz and lodgepole pine grew in burned areas.
Lunan (1972) and Lunan and Habeck (1973) studied ponderosa
pine communities, particularly pine's dependence on fire to
maintain the composition and structure of its communities.
Ponderosa pine in Glacier are at the edge of their range and
have competition from Douglas fir and Englemann spruce
communities as demonstrated by the lack of regeneration in
ponderosa pine stands. They found only a few 50-year-old trees
existed; the next-youngest group was 180 years old. The
interval represented either a long period between pine
establishments or removal of established ponderosa pine
generations by past fires. Other age classes of 230 and 400
years, illustrated the infrequency of successful pine
establishment and development. Lunan and Habeck believed
controlled fire or wildfire should be allowed to be a factor in
the stands.
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SUCCESSION
Hansen (1948), took a unique approach to reconstructing
postglacial succession by sampling pollen layers in the peat
bogs of Johns and Fish Lakes. Pollen in the lower sediments of
sand, silt, and clay indicated lodgelpole pine was the principal
pioneer invader of deglaciated terrain--a trend consistent with
initial postglacial predominance in most areas of the Pacific
northwest, possibly due to its early seed-bearing age and
aggressiviness on sterile soils in the absence of competition.
Lodgepole pine increased to a maximum, then decreased. In Fish
Lake, lodgepole pine pollen content decreased gradually with a
few sharp fluctuations, reached a low of 23% at 1.8 m, then
increased again near the top to 67%. At Johns Lake, the pollen
content decreased more abruptly to a minimum o 22% at 2.8 m
(volcanic ash layer), then fluctuated in the uppermost layers.
These fluctations may reflect response to fire.
Hansen recorded greater than 20% white pine at the lowest
level. It then declined to its lowest proportion and maintained
this level to the volcanic ash stratum. Above the ash stratum,
white pine expanded to a maximum, even predominating over
lodgepole pine at one time until partially replaced by lodgepole
pine. Ponderosa pine comprised only a small percent in lower
horizons, showed an abrupt increase just below ash, and reached
a maximum just above the ash before abruptly declining. The
increase in Ponderosa pine pollen reflected a postglacial
warm/dry stage 4000 to 8000 years ago. Douglas fir followed the
same trends as ponderosa pine but in lesser proportions.
Although grasses, chenopods, and composites were sparsely
represented in the pollen layer, they also reached their maximum
at the ash level.
Engelmann spruce was sparse below the ash layer and did not
reach its highest proportions until the upper third—evidence of
a cooler, moister period about 4000 years ago. Interpretation
was complicated by the fact that spruce does not produce as much
pollen as pines, but pine/spruce pollen patterns suggested an
inability of spruce to compete with lodgepole and whitebark pine
after fires. Western hemlock and mountain hemlock were both
scarce during postglacial time but reached their maximum near
the top as did the firs which were also abundant at the lower
levels. Hansen concluded that the invaders lodgepole pine,
white pine, and whitebark pine, and some subalpine fir denoted
moist, cool climates, unstable physiographic conditions, and
sterile mineral soil.
Armour (1982) examined vegetation succession following a
mountain pine beetle infestation in the Picea/Clintonia uniflora
habitat type. The infestation removed 78% of the lodgepole
pine, causing a shift in overstory composition to spruce. Less
than 10% of understory species responded to the overstory
removal with a change in canopy cover, though. He noted
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significant frequency changes in only four species after 80
years of secondary succession.
Habeck (1968) used gradient analysis to clarify the
successional patterns in the red cedar-western hemlock zone
around Lake McDonald. Following burns, lodgepole pine became
established before white pine and Douglas fir replaced it in
various proportions. Western hemlock, with smaller but
reproducing populations of red cedar persisting in moist
depressions, dominated climax communities on upland sites.
Cedar acted as both a major serai and a minor climax in GNP. It
often dominated early before western hemlock replaced it.
Martinka (1969a) established five permanent plots on
representative forest types to follow secondary plant succession
following the 1967 Flathead and Glacier Wall burns. Pine grass
(Calamagrostis rubescens), fireweed (Epilobium), white spirea
(Spirea), and thimbleberry (Parviflorous) characterized
establishing vegetation; willow (Salix spp.) and mountain maple
(Acer glabrum) were the principal resprouting shrubs.
Foote (1965) briefly examined river-bottom succession. He
found that succession varied depending on a stand's geography
and topography. Variations in river pattern could also alter
succession, and thus succession on tributaries was more
predictable because of less lateral stream movement.
Allen (1980) identified five successional stages and 11
plant communities on the North Fork. These were the pioneer
stages made up of four communities including the cobble wash and
herbaceous wash; an early successional stage made up of a willow
shrub and Populus shrub; a mid-successional stage comprising
three communities of Populus and Populus with Cornus present; a
late spruce/cottonwood stage, and a climax spruce / Equisetum
stage.
Tree age was not a good indicater of the time between
successional stages. The time between disturbances was a better
indicator. Tree-species dominance was generally a mixture of
cottonwood (Populus trichocarpa) and spruce (Picea), with
varying relative composition through successional stages.
Pioneering communities occurred on exposed gravel and sand bars
subject to annual flooding. Differential soil deposition
created a variety of substrates for initial colonization by
pioneering species. Flooding and lateral migration of river
channels continuously created new areas. Two to five-meter
thickets growing on shallow soils (0-30 cm) with exposed cobble,
or deeper, alluviated soils (>90 c m ) , characterized early
successional communities. In late successional stages, spruce
and cottonwood achieved codominance in the overstory. Spruce
with an understory of Equisetum arvense was climax. A continuum
of species distributions progressed throughout the various
successional stages. Cottonwood germinated on the newly exposed
floodplain substrates, reached highest density in the

shrub-thicket stage and declined in density as it matured and
was gradually replaced by shade-tolerant spruce.
The classification scheme of Allen (1980) , as modified in a
thesis by Key (1979), was used by Wright et al. (1983) to
develop a computer simulation model designed to predict
floodplain successional stages and to estimate the replacement
rates for floodplain plant communities. With the additional
data gained through an analysis of aerial photos of the drainage
taken in 1945, 1968, and 1980, that model and the estimated
transfer rates are now being revised (Jenkins and Wright in
progress).
INSECTS
Amman et al. (1977) felt the frequency of mountain pine
beetle (Dendroctonus ponderosae) epidemics appeared to be
directly related to several factors including site quality,
phloem thickness, dbh, age, elevation, and climate. He found
mountain pine beetle epidemics seldom developed in stands less
than 60 years old, mainly due to the size and thickness of
phloem which beetle larvae fed upon. Beetles killed a
proportionately greater number of large diameter trees than
small diameter trees, and each year the largest green trees left
in a stand were infested. As the infestation continued and
large trees were killed, small trees were attacked, but few
beetles emerged from small trees so the population declines.
Likewise, stands with the lowest densities, and thus greatest
growth rates, were affected more severely. With increasing
elevation, however, losses declined since the cooler climate
slowed beetle development and increased the chance of killing
larvae.
Studies by Miller (1982) attempted to show relationships
between host stress and pine beetle infestation. Mature
lodgepole pine were differentially stressed by cooling and
girdling the trunk. Sap-flow rates, reactions to pathogenic
fungi, and concurrent beetle attack correlated to stress
applied. Tree vigor appeared unrelated to the physiological and
biochemical processes which initiated and sustained pheromone
production in beetles. Miller hypothesized that intraspecific
competition exerted controlling influences on the duration and
magnitude of bark beetle aggregation.
Carlson et al. (1974) found that trees stressed by fluoride
pollution had higher levels of insect infestation and that
foliar fluoride concentration was significantly related to
needle sheath damage. Their data strongly indicated that
fluoride was a contributing factor in predisposing pines to
damage by these insects.
Tunnock (1961) evaluated the level of insect infestation on
the 1010 ha Coal Creek burn after one and two years. Lightly to
severely scorched trees sustained the greatest level of

PAGE 27
infestation. Overall, insects attacked 61.0% of lightly
scorched trees, 44.0% of severely scorched trees, 35% of medium
scorched trees, 17% of killed trees and 0.4% of unharmed trees.
Wood-boring beetles (four species of Buprestidae and
Cerambycidae) prevailed, being present in 71% of infested trees.
Tunnock collected Ips species from 10% of the trees; Ips quildi
preferred killed lodgepole pine and Ips engelmanni preferred
lightly scorched Engelmann spruce. In addition, 10% of all
Douglas fir contained Douglas beetle, and mountain pine beetle
infested four pine trees. Large numbers of tree-killing beetles
had not developed in the burn at the time, and Tunnock did not
feel they would become a problem because wood borers were
rapidly making scorched trees unsuitable for fir beetle. Little
difference existed in the number of infested trees in 1959 and
1960, but as scorched trees either recovered or deterioriated by
weathering or fungus, Tunnock expected the number of infested
trees to decrease in 1961.
For more than 30 years, the west slopes of the park have
appeared to be chronically infested with mountain pine beetle.
Pine beetle activity was first noted on the northwest shore of
Kintla Lake (Fellin 1957) . Fellin sampled these forests from
1954 to 1957 and found bettle activity to be erratic—neither
increasing nor decreasing steadily. Tunnock (1970) reported
results of yearly beetle surveys between 1954 and 1967 and also
noted fluctuating tree mortality. By 1963, most trees greater
than 25.4 cm dbh had been killed. Beetle infestation increased
following droughts in 1961, 1966, and 1967 (McGregor et al.
1977).
The dramtic increase of mountain pine beetle infestations on
the North Fork was documented by McGregor et al. (1975, 1978,
1979), and Hemel et al. (1977). Infestations increased from two
trees/ha in 1972 to 31 trees/ha in 1977, and the infested area
increased from 475 ha in 1972 to 66130 ha in 1978.
Approximately 14,700,000 trees were infested in 1978. McGregor
et al. (1979) indicated that the North Fork infestation had
encompassed more area with more trees killed per hectare than
any other infestation experienced in the region in the past
three decades.
Following the 1983 forest insect and disease survey, though,
the US Forest Service concluded that "the mountain pine beetle
has died out in the west side of GNP, but that high mortality
was still occurring on the east side." In white pine stands,
however, mountain pine beetle continued to be chronic in the
west (USFS 1983). A 1:100,000 scale map (park files) shows
insect and disease damage within GNP as detected on these summer
aerial surveys.
While Tunnock (1970) felt the beetle populations declined in
1959 as the result of heavy woodpecker feeding on 1957 and 1958
broods, Lester (1980) thought that, although increased
woodpecker densities were attracted to the 1970 epidemic area
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and accounted for approximately 30% of beetle mortality, weather
conditions, and not woodpeckers, regulated or controlled the
epidemic.
Although the mountain pine beetle has received the most
monitoring because of its potential impact on timber areas
outside the park, the larch casebearer (Coleoptera laricella),
Engelmann spruce beetle (Dendroctonus obesus) , and Tussock moth
(Orgyia pseudotsuga) have also been surveyed at one time or
another. The larch casebearer was introduced in the eastern
United States before 1886 and by 1970, had invaded the North and
Middle Forks of the Flathead River. At the time, North Fork
headwater forests had not yet been infested. Generally, the
insects created light defoliation, and in stands where
populations declined, many trees showed signs of recovery.
Aerial surveys in 1983 (US Forest Service 1983) continued to
show heavy defoliation in a few larch stands.
In 1975 and 1976, Kohler (1976) surveyed for Douglas fir
tussock moth throughout western Montana with pheromone-baited
sticky traps. Although Kohler caught males at 69 of 100
stations, he did not catch any at his Lake McDonald Station.
On the Glacier View Ranger District, Flathead National
Forest, Honing (1968) evaluated Engelmann spruce beetle.
Infestations extended into almost all drainages of the district,
expecially in areas of mature and overmature spruce mosaic
occurring along creek bottoms, logging leave strips, and heads
of drainages. Honing felt these infestations started in 1964
blowdown and in accumulating slash on burned areas. He did not
expect woodpeckers to reduce the beetle population to endemic
levels. USFS aerial surveys (USFS 1983) showed spruce beetle
increasing in stands along the southwest corner of the park.
Bark beetle
1975-78 western
During epidemic
Pass. In 1970,

surveys by McGregor et al. (1979) showed the
balsam bark beetle epidemic to be declining.
years 60 subalpine fir/ha were killed on Logan
about 1400 trees died.

In an attempt to understand the subsequent effects of insect
infestation, Armour (1982) examined fuel and vegetative
succession following mountain pine beetle infestation in the
Douglas fir/pine grass (Psuedotsuga menziesia/Calamogrostis
rebescens) and Spruce/queencup beadlily (Picea/Clintonia
uniflora) habitat types. In the former, fuel loadings following
beetle depredations increased rapidly to a point predetermined
by the intensity of the attack, then gradually decreased. Fuel
loading in the spruce habitat type exhibited a rapid increase
and quickly leveled off.
DISTURBANCES
Clifton (1977) evaluated use and subsequent composition
changes in park grasslands by trespass livestock. She found
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every drainage along the east border received some trespass use
by cattle and horses, although sampling was limited to
Swiftcurrent Ridge. Idaho fescue (Festuca idahoensis) coverage
was significantly higher on trespass sites. No other species
differences occurred, but the frequency and coverage of bare
ground was significantly higher on trespass sites. No
differences appeared in productivity and growth was vigorous on
all sites.
One of the most pervasive sources of disturbances on GNP
vegetation has been flouride contamination from the ARCO
Aluminum Company's plant in Columbia Falls. In the late 1960s
and early 1970s, following plant expansion, vegetation in nearby
forests, including the park's southwestern corner, showed signs
of fluoride injury—prompting a fluoride monitoring program of
vegetation and air by the plant, then owned by Anaconda Aluminum
Company, the U.S. Forest Service and independent researchers.
Researchers concluded that fluorides emitted from the plant were
the primary cause of injury and damage to vegetation.
Prevailing wind patterns carried fluoride from Columbia
Falls to the Apgar Mountains and Belton Hills (EPA 1971)
especially at the 1140 to 1350 m elevation level (Gordon 1971).
Visible damage on conifers in the park did not show a uniform
pattern from area to area, suggesting that location and
topography were key factors in exposure of park vegetation to
excessive contamination (EPA 1971).
Varying degrees of visible fluoride damage existed on over
8800 ha (Gordon 1972a,b) and elevated fluoride levels occurred
on 88,000 ha (Carlson and Dewey 1971). Conifers in particular
showed definite histological reactions to elevated fluoride,
including hypertrophy of parenchymatous cells, but pollen,
stems, and terminal buds also accumulated flourides (Gordon
1972a,b). A portion of fluorides accumulated in leaf tissues,
therefore, moved out of the leaf and into other tissues through
plant metabolic pathways.
Anaconda subsequently changed its emissions cleanup
procedures and equipment and substantially reduced fluoride
emissions. In 1971, following emissions reductions, the area
polluted in the park (>10 ppm) decreased by 31 km and the 30
and 60 isopols no longer extended into the park. Despite these
reduced emissions, however, Carlson and Dewey (1974) found 1970
vegetation continuing to accumulate fluorides at the previous
rates. Collections made by Gordon (1972a,b) in 1971 showed
still-increasing accumulations; 1971 foliar fluoride
concentrations increased 128% between July and October, and 1970
foliage showed a 226% increase over the previous year's
concentration indicating, a possibility that accumulation
occurred even during the dormant season.
In 1972, vegetation still showed fluoride levels three to 80
times control levels, although little or no change in damage
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occurred between 1971 and 1972 (Carlson 1974). Accumulation
averaged 68.4 ppm in 1972, 74.0 ppm in 1971, and 150.9 ppm in
1970. Control levels averaged 3.7 ppm in 1972, 8.91 ppm in
1971, and 8.34 ppm in 1970. Fluoride fumigation was at such
concentrations that accumulation, while slow, was continuous and
insidiously damaging over the lifetime of the coniferous
vegetation (Gordon 1971). Within a given area, lodgepole pine
accumulated higher levels than ponderosa pine, which in turn
accumulated more than white pine. Levels in grass samples were
only two times that of control samples. Differences between
washed and unwashed conifer stems of less than two ppm indicated
little or no particulate accumulation within the park.
Results of 1974 sampling (Gordon 1975) showed slightly lower
concentrations. Flourides appeared to be accumulating slowly
but at a fairly constant and accumulating rate so that the
oldest needles on a given tree contained 3-7 times more fluoride
than the youngest. By 1977, Troutt (1977) found fluoride levels
on study plots averaged 6.93-13.43 ppm or 1.5-3 times control
levels and 70-75% of 1971 levels, indicating little improvement.
Injury at most sites was light but had changed little. Anaconda
Aluminum Company (1970-78, 1980) maintains stations to measure
fluoride levels in grass and in each year's growth of conifer
needles.
At about the same time that the fluoride problem was first
being studied, analysis of aerial photos taken along the
international boundary which had been sprayed with the herbicide
Tordon in 1968, showed damage extended outside the 20 foot strip
the International Boundary Commission had jurisdiction over
(Murtha 1972). Thirteen of the boundary's 31 km is forested.
Along this length, 1490 trees died on the Canadian side
stretching over 9 km from the boundary, and 1236 trees died on
the United States side up to 11 km from the boundary. Dead
trees usually occurred downslope of the spray area, expecially
west of Waterton Lake. Along approximately 50% of the boundary,
the width devoid of live mature trees exceeded 6 m.
In the early 1970s, managers noticed substantial damage to
alpine vegetation along the Logan Pass Hidden Lake trail due to
high visitor use. Visitor studies showed the Logan Pass visitor
center received 36% of total park travel and 59% of Going to Sun
Road travel. Fifty-six percent of visitors coming to the
trailhead started out on the trail and 33% continued to the end
of the 1.5-mile trail (Seibel 1974). Considerable damage
occurred to vegetation within one m of the trail, including
denudation, stunting of growth, and inhibition of flowering.
The trail consisted of three parts—a macadam section, natural
sections, and a test wooden walkway. Surveys showed that two
percent of the of the visitors stepped off the wooden walkway
compared to 19% stepping off the trail. Cutting switchbacks was
the greatest problem with the natural trail and careless
straying the major problem on macadam sections. Design of the
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wood walkway alleviated both of these problems, so managers
decided to complete construction on the rest of the trail.
Unfortunately, other problems resulted due to the wood
treatment used for the walkway. Lumber used for construction
had been treated with pentachlorophenol (PCP) in a solution of
Certrex 50-C. Soon afterwards, needles of subalpine fir near
the walkway appeared brown and necrotic. Tests indicated
fumigation and direct contact with PCP was responsible for
necrosis (Beaver 1975) . Concern over more far-reaching effects
due to leaching and possible community composition changes
resulted in replacement of treated lumber with untreated wood.
Surveys conducted in conjunction with the wooden walkway
study agreed with data collected by Hartley (1976, 1979), who
examined man's effects on alpine and subalpine vegetation.
Hartley estimated that approximately five ha had been lost to
roads, trails, visitor center and parking lot, and much of the
remaining vegetation had been trampled at least occasionally but
severely in areas around trails, buildings, etc. Intensive use
resulted in fewer plant species, fewer flowers, less vegetation
cover, smaller plants, and different dominant species.
Trampling also decreased the flow of energy to living tissues by
reducing the photosynthic area, thereby lowering the plant's
abilities to prepare for overwintering and early growth the
following year.
Trampling intensity, community type, topography, season,
weather, and soil conditions all played roles in determining the
degree of damage and the ability to recover. Average cover loss
per weekly trampling was 3.2%, but the relationship between
trampling intensity and loss of cover was not linear—lower
intensities removed more cover per trampling than higher
intensities. Cover loss exceeded recovery. After one year,
mean cover depletion was 2.3%; after six years of recovery, mean
cover reduction remained 0.9% per trampling.
Recovery occurred faster if plants were in a rapid growth
phase with turgid tissues and growing in moist soils than if
they had reached maturity or had wilted in dry soils. In wet
meadow, plants acquired a more crushed appearance at first but
recovered more rapidly. Here, 15 tramplings produced an impact
intermediate between control and 50 tramplings. On the other
hand, 15 tramplings in dry meadows produced an impact almost as
severe as 50 tramplings.
Hartley found evidence of visitor impact generally confined
to the first five meters from the trail, although a few species
did respond beyond this area. In this ten m zone, only three
species did not show decreased flower production (and thus,
reduced reproductive potential). Canopy cover of 82% of species
decreased toward the trail—35 species decreased toward the
trail and seven species increased. Phyllodoce empetriformis,
Senecio resedifolius and Polytrichum alpinum died quickly and
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did not return after six years.
and Phleum alpinus increased.

Carex nigricans, C.
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FIRE
Fire in the park ecosystem has been considerably diminished
with the establishment of suppression programs starting in 1910.
Recently, however, the natural role of fire in Glacier National
Park has become apparent. However, because of possible danger
to human property, human safety, commercial timber areas
external to the park, and because of possible alterations in the
natural burning regime resulting from decades of suppression,
Glacier has been cautious in implementing a natural fire
program. Nonetheless, Glacier now has a fire management program
in effect which helps determine when and where natural fires
will be allowed to burn.
Kessell (1979) determined that fire was the most important
determinant of the structure, species composition, and community
characteristics of Glacier's forests. He included time since
last burn and intensity of burn among the 10 gradients used to
describe Park vegetation. He incorporated vegetative component
information into a fire behavior model. Singer (1975c), Riggs
and Peak (1980), Martin (1979), and Zager (1980) have all
stressed the role of fire in creating and maintaining the
diversity of wildlife habitats in Glacier.
Fire research in Glacier is fairly recent, dating from the
concerns raised about suppression programs. Before The 1970's,
fire data in Glacier files were limited to dates, locations,
sizes, and types of fires.
O'Brien (1969) summarized the occurrence of lightning caused
fires between 1916 and 1968. During the period, 62% of 852
fires were lightning caused, and 83,900 ha burned in class C or
larger fires—with 60% attributable to lightning. Ninety per
cent of the fires occurred on the west side of the park, and a
mean of 10 fires started each year. Lightning fires occurred
over a limited period, with 93% burning between July and
September. Three-quarters of fires occurred under 2130 m
elevation while half burned below 1525 m. In mid-June, 88% of
fires on the west side occurred under 1525 m, but from June 21
to August 25, average elevation increased about 180 m every ten
days up to 2440 m. After August 25, average elevation decreased
at the same rate. Elevation seemed to affect fire size, but the
effect was not significant enough to predict fire size from
elevation. Southern aspects accounted for 69% of fires, but
aspect did not seem to influence fire size.
Researchers began examining fire's effects on vegetation in
the 1970's. Habeck (1970b) reviewed fire history in the park as
a whole and by individual sections for west side forests.
Generally, west side vegetation was typically less than 200
years old, with most less than 90 years old, existing in a
mosaic of old-aged and young forests. Habeck felt at least 50%
of the west side burned each century, with a large amount of
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repeat burns. All forest communities seen in Glacier showed
some evidence of past fire, but the frequency of fires varied by
locale.
On North Fork prairies, Lunan (1972), and Lunan and Habeck
(1973) examined the relationships of fire exclusion on remnant
ponderosa pine communities. Stands near climax had the highest
total fuel loads, and open stands being invaded by serai
Douglas-fir and spruce has the lowest loadings. In these
communities, fuel moisture, vapor pressure deficit, presence of
wind, and horizontal distribution of fuel helped to determine
fire speed and intensity. Ponderosa pines did not appear to be
regenerating. Only a few 50-year-old trees were present; the
next youngest group was 180 years old. Either long periods
between pine establishments or removal of established ponderosa
pine generations by past fire were responsible for the gap.
Other age classes were 230 and 400 years old, further
illustrating the infrequency of successful pine establishment
and development. Although invading conifers and shrubs
increased the chance of crown fires and large amounts of
clumped, rotten, large diameter materials enhanced the potential
for long-term, smoldering fires, Lunan and Habeck felt wildfires
should be allowed to burn again.
Recent research has concentrated on reconstructing the
Park's fire history--a critical step in understanding the role
of fire in the ecosystem. Barrett (1983) completed an outline
of North Fork fire history. Fire scar samples revealed a
relatively frequent occurrence of extensive fires with 66 fire
years over the period between 1655 and 1926. Fire occurred
approximately every five years. Many fires were underburns
followed by occasional severe stand-replacing fires--often tens
of thousands of hectares in extent. Barrett felt that since
most forests had burned within the past 100 years, the park was
in a good position to re-introduce fire before substantial
ecological impact occurred.
Three large stand-replacing fires burned most of the study
area and probably most of the North Fork between 1655 and 1683.
The next stand- replacing fire appeared to be 161 years later in
1844. In the late 1800s and early 1900s, fire frequency
increased, and between 1887 and 1926, nearly 90% of the study
area burned. Thousands of hectares burned in 1889, 1910, and in
19 26. Lightning appeared to be the primary causal agent. Only
three fires burned in the past 56 years. Individual fire
histories of Akokala, Bowman, Quartz, and Logging Creek drainage
showed strikingly similar fire patterns—a repeating cycle of
multiple underburns followed by extensive stand-replacement.
During the presettlement period (pre-1900) mean fire
interval varied considerably depending on forest cover type.
Stand-replacing fires in riparian spruce/cottonwood forests
occurred at intervals greater than 200 years. Understory burns
rarely occurred in these forests, but adjacent
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Douglas-fir/larch/ponderosa pine stands underburned at intervals
of 20 to 40 years with possible stand-replacing fires of 100 to
300 years. Lodgepole pine stands in the same habitat types were
replaced at 100 to 150 year intervals. Grasslands formerly
burned at least every 20 years but have not burned in 56 years
or more. Aspen groves were probably replaced every 50 to 75
years. Now, as a result of suppression, stands are from 50 to
100 years old, appear decadent, and are not regenerating.
During the period from 1901 to 1930, the mean fire-free
intervals decreased to 10 to 30 years. Upwards of 65% of the
area burned in just three seasons (1910, 1919, 1926) in patchy
stand-replacement burns.
Singer (1975c) examined North Fork fire ecology and its
relationship to ungulate habitat use. He developed estimates
for fire intervals and fire sizes for the pre-suppression
period, (1706-1900), settlement period (1900-1930), and
suppression period (1930-1973). While the average interval
between fire years decreased slightly, the average interval
between important fire years and percent area burned per century
declined dramatically. Fire frequency varied among different
plant communities. Mean fire intervals for Douglas fir stands
were 36 years, 29 years for savanna stands, 51 years for
lodgepole pine/subalpine fir stands, and 250 to 370 years for
mature spruce. Fire behavior also varied among plant
communities. Understory fires characterized dry savanna and
Douglas fir stands while crown fires typically burned most other
coniferous forest. Fire was infrequent in wet spruce stands in
morainal pockets, islands, and other protected sites on the
river floodplain.
Douglas fir stands remained relatively stable since repeated
surface fires usually burned them, although in a few cases,
crown fires occurred. Lodgepole pine and aspen stands, on the
other hand, suffered high tree mortality and thus fluctuated in
time and space in response to fire. Aspen and willow sprouts or
seedlings dominated recently burned aspen stands, while an
uneven-aged overstory characterized older stands until
increasing spruce and fir reproduction overcame non-reproducing
aspen.
Fires in lodgepole pine/subalpine fir resulted in serai
communities dominated by lodgepole pine seedlings and aspen,
serviceberry and willow sprouts. After 20 to 25 years dense
lodgepole pine dominated, and by between 84 to 188 years,
increasing spruce reproduction occurred, followed by subalpine
fir reproduction. Singer noted two characteristics of North
Fork communities in the absence of fire, an expanding big
sagebrush (Artemisia tridentata) distribution and a
deteriorating, non-reproducing aspen.
Key (1983) identified the regions of high lightning ignition
frequency and mapped existing forest age mosaics in the North
Fork drainage. Lightning fires were not randomly distributed;
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significantly higher frequencies occurred on three of ten ridge
systems at elevations below 1220 m on south and west aspects.
Lightning ignition pattern only weakly correlated to the pattern
of forest age mosaic units.
Key also analyzed FIREBAS/DAT computer data files which
recorded 370 fires by size class, slope, date, UTMs, aspect,
ridge, and elevation and CROSSTAB/BAS which recorded total
lightning ignitions by ridge, elevation, aspect, and size class.
From these files, calculation of ignition probability by
physiographic region and ridge system and generation of ignition
probabilities by aspect and elevation was possible. He found
that Starvation and Parke ridges composed 23% of total area but
received only 7.2% of total ignitions while Howe and Apgar
ridges, comprising 20% of the area, received 39.4% of ignitions.
Fuel distribution did not appear to be a significant
contributing factor influencing ignition frequencies between
ridges. Rather, ignition frequencies appeared to be due to the
historic storm patterns over the area, but complete weather data
were not available to discern such patterns.
Of 335 lightning fires since 1910, 26% became B+ class
fires, althoug others would undoubtedly have burned larger areas
in the absence of suppression. Proportionately, more class B+
fires occurred on Starvation, Parke, Logging, Dutch, and Camas
ridges than class A fires. Howe and Apgar ridges had more class
B fires than expected, but they still occurred significantly
less than class A. Starvation and Parke ridges received fewer
class B fires than expected, but significantly more than class
A. No differences appeared between class A and B fires by
aspect.
Over the past 82 years, an average of 3.7 strikes/1000 km
and 4.7 ignitions/year have occurred, but nearly as much land
burned from man-caused fires as from natural causes. Key felt
fire source made little difference; however, when an area was
ready to burn, it burned. If man did not start the fire,
lightning did.
By mapping forest mosaic units (FMU's), Key found the most
diverse units appeared on ridge crests in the center of the
study area (Numa, Quartz, and Logging Ridges), on lower Parke
slopes between Ford and Kintla Creeks, and on the southwest
portion of Howe ridge. Canopy replacement fires showed a
tendency to burn in areas where previous canopy-destroying fires
occurred, usually less than 150 years previous. Two large areas
of older, mixed-age forest mosaic units existed on the Ridge
between Sullivan's meadow and Quartz Creek extending 3 km east
and on the northwest aspect of Howe ridge extending across Camas
Creek and up Camas Ridge between Rogers lake and Rogers meadow.
An understanding of mosaic patterns was important because it
illustrated the distribution, type, and uniformity of existing
fuel conditions, as well as size, location, intensity, and
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configuration of most recent canopy-destroying fires. Such
knowledge may help to indicate the location and size of future
areas likely to burn. Key developed a model which predicted the
distribution of a pre-specified number of lightning ignitions.
Model simulations were similar to actual distributions.
Eventual fire size only weakly correlated to frequency of fire
ignition.
The influence of fuel and vegetation succession on fire
ecology has also been studied. Following mountain pine beetle
epidemics in North Fork forests, fuel loading in Douglas fir
habitat types increased rapidly as a function of the intensity
of attack, then gradually decreased (Armour 1982). Stands dead
between two and six years had mean fuel loadings of between 11
and 15 tons/ha. Approximately 25 years later, fuel loading
significantly increased to 80 tons/ha, but over a 30 to 80 year
period they decreased to 43 tons/ha. Climax stands contained 15
tons/ha. Rapid initial increase resulted from accumulation of
fallen residues and the decrease was a function of surface
fires. Changes in fuel loadings were inferred from stands
representing different ages since burning.
In spruce forest habitat types, total fuel loading rapidly
increased and quickly leveled off. Immediately after beetle
attack, spruce habitat types contained 32 to 69 tons/ha; within
30 years, fuel loading significantly increased to 198 tons/ha.
After 80 years, 230 tons/ha accumulated. Initial expansion and
subsequent deceleration of fuel accumulation was due to absence
of recurrent low-medium intensity surface fires.
Jeske and Bevins (1979) showed the changes in median fuel
loads and packing ratios that occurred during primary and
post-fire succession. During primary succession, litter and
four size classes of fallen branchwood showed increased loadings
from talus to forest. Post-fire succession plots sampled from
one to 10 years since burn (on sites where 90% of overstory was
destroyed) had very low fuel loads for litter and 1-hour
branchwood. Loads of 10, 100, and greater than 100-hour
branchwood were quite high as damaged snags fell to the forest
floor adding, to existing large ground fuels not consumed by
fire. Shrubs, herbs, and grasses flourished due to increased
sunlight and enriched, exposed mineral soil. As stands
succeeded from the 10-year post-burn level, median loading
values exhibited three types of behavior: some fuels decreased
through time (grasses, herbs, and shrubs); others plateaued at a
particular level and remained relatively constant (litter, 1 and
10 hour fuels); and others tended to accumulate through time
(greater than 100-hour fuels).
Jeske and Bevinss also calculated fuel loading differences
between xeric and mesic sites west of the Continental Divide.
Both site types exhibited a strong tendency for total fuel load
to accumulate through time. Higher loads in mesic sites
probably indicated a potential to produce more biomass than
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xeric sites rather than higher mortality. Lodgepole pine did
not appear to regenerate as a post-burn pioneer species in mesic
sites but did on xeric sites. With age, however, lodgepole pine
became decadent--increasing contributions to all categories of
dead fuels between 100 and 150 years since last burn.
With fuel sampling data, Jeske and Bevins developed a model
that converted raw fuel and weather data into frequency
distributions, then incorporated the data into a fire behavior
model. By categorizing fuel data into discrete units of
increasing years since burn, the model considered effects of
post-fire succession on hazard rating in terms of fire behavior.
Bevins (1979) and Kessell (1979) adapted the Rothermel fire
model and its fuel array simulations to make them more
applicable to variable, natural fuel without altering the
model's equations or assumptions. Two major limitations of the
original model were that it assumed a vertically and
horizontally continuous, uniform, and homogeneous fuel array and
predicted fire behavior in upslope, upwind direction only.
Singer (1975c) found that in the absence of fire, big
sagebrush on Nort Fork grasslands was expanding and adjacent
aspen stands were deteriorating. Martin (1979) found fire
maintained huckleberry production. Berry production seemed to
initially decrease but later increased. More productive sites
occurred on areas disturbed by fires between 25 and 60 years
previous, perhaps because percent tree cover influenced berry
production more than any other site characteristic. Berry
production varied inversely with percent tree canopy, shrub, and
herbaceous cover. Eight of the 11 most productive sites had
been burned. Least productive sites had not been disturbed in
100 years. In stands greater then 75 years old, historical and
vegetative factors limited fruit production not physical
characteristics.
The canopy cover of the other key grizzly bear foods was
generally greater on old burns than in mature stands (Zager
1980). Relatively few shrubs declined following wildfire since
a majority of common shrubs, including all key shrub bear food,
could resprout from underground reproductive organs after all
but the hottest wildfires. Grasses, especially pine grass,
increased following disturbance. Equisetum remained unchanged
following fire.
During the summer of 1983, R. Wakimoto, University of
Montana, and B. Kilgore, U.S. Forest Service conducted a
prescribed burn in the Sullivan meadow area of the North Fork.
Analysis of vegetation succession following the fire is the
primary goal of the study but permanent plots may also be
established to examine soil development, progressive wildlife
use, and energy flows in the system.
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FISHERIES RESOURCES
INTRODUCTION
In the first years following the establishment of Glacier
National Park, management of the fisheries resources consisted
primarily of continuous stocking of many of the many of the
park's barren lakes and streams. Research concentrated
primarily on determining why the park waters supported so few
fish. Schultz (1941) was one of the first to question whether
any of the native species were threatened by the introduction of
non-native game fishes. However, it was not until 1968 that
fish management plan was developed that called for maintaining
and, where possible, restoring a native fishery. Because of
this mandate, research and management now focus on determining
the consequences of stocking non-native fish, trying to
reconstruct natural conditions, and establishing baseline data
from which to monitor the impacts of development, mainly those
from outside the park.
Schultz (1941) listed 23 species that inhabited the three
major river drainages of the park. He included notes on
distribution in the park, relative abundance, and life history.
Of these species, researchers have concentrated on bull trout,
westslope cutthroat trout and kokanee salmon. Species
interrelationships have also received limited study.
STOCKING
During the time that stocking programs were carried out in
the parks, there was little concern about preserving the park's
natural state or maintaining the genetic purity of its native
fish (Wasem 1964). Intense stocking began almost as soon as the
park was formed, but fish were undoubtedly transported to barren
lakes even before the park's establishment (Marnell, pers.
comm.). Records show Great Northern Railway, as well as private
individuals, stocked fish in 1912. By 1915, the park began
stocking under plans that called for the annual planting of over
a million fingerlings in addition to tens of thousands more eggs
and fry (Holloway 1945). In the 1940's, the Creston Fish
Hatchery was established for the sole purpose of supplying fish
to Glacier National Park. Between 1954 and 1970, over 2,419,000
fish and eggs were planted in the park. Wasem (unpubl. files)
has compiled stocking data by species and year for the park's
lakes and streams. Morton (1968a,b,c,d) also summarized
stocking data. The 19 68 fishery management plan which altered
the existing policy, set the goal of maintaining native
populations and restoring waters to natural conditions under the
philosophy that angling was a secondary part of a visitors'
experience. Stocking ceased in 1971.
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CREEL CENSUSES
A major emphasis in fisheries has been the collection of
voluntary creel census data. From 1942-47, rangers estimated
the number of species caught for each lake or stream (GNP
files). Formal censuses began in 1959 and continued until 1969
(Morton 1968a,b,c,d, Wasem 1965b). In 1979, the US Fish and
Wildlife Service (USFWS) renewed the creel card census (USdi,FWS
1978, 1983b). Ordinarily, the USFWS has actively cooperated in
collecting data, but Montana Department of Fish and Game has
also conducted censuses.
Following complaints that the increasing number of boaters
was depleting the North Fork fishery, Stefanich and Block (1954)
interviewed fishermen to try to determine the relationship
between the success of boat vs. shore angling. Although boat
fisherman had higher success rates, they caught only 31% of the
total catch compared to 69% caught by shore anglers. Based on
these results, Stefanich and Block recommended leaving the North
Fork open to boat fishing.
In 1975, Hanzel (1977) conducted another census using
interviews and creel census cards but expanded the area to
include the Middle Fork and mainstem Flathead River. A
comparison of North Fork figures with those collected by Block
(1955) showed that fishing conditions on the North Fork during
the 22-year period, based on catch composition and size or
angling success, had not significantly changed. Hanzel did
note, however, that residents made up 85% of the anglers in
1952, but only 56% in 1975.
During the 1960's, Wasem (1968, unpubl. files) collected
creel data for the park and reported results by drainage and by
individual stream and lake. He found that east slope catch/hr
rates averaged higher than west slope rates but that Quartz,
Logging, and Bowman Lakes provided the best fishing. Morton
(1968a,b,c,d) summarized all creel census data for 1958 through
1966 by lake and stream.
In conjunction with North Fork aquatic ecology studies, the
park, in cooperation with the USFWS, renewed creel censuses in
1979. Voluntary creel census cards were distributed to visitors
with their fishing permits. USFWS reports summarized data by
individual drainage (North Fork, Middle Fork, Missouri, and
Hudson Bay) (USdi,fws 1983b). Prior to 1979, less than one
percent of park visitors were believed to have been fisherman.
In 1979, 1980, and 1981, respectively, about 10, 11, and 9% of
visitors fished. Individuals totaled 119,896 in 1979, 138,371
in 1980, and 134,966 in 1981.
FISH SURVEYS
Until the early 1970's, most fisheries work consisted of
occasional gill net samples with summaries of species
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composition and occasional summaries of fish lengths and widths.
Morton (1968a,b,c,d), Holloway (1945), and Wasen (1968a,1969,
and 1970a) reported results of these fish faunal surveys
covering most of the park's major lakes.
Recently studies on the North Fork have included sampling by
snorkeling and electrofishing to help determine cutthroat and
bull trout distribution, abundance, movement, age and growth,
habitat, and spawning and feeding habits. In 197 7, (USdi,FWS
1978) electrofishing and lake gill nets yielded seven species in
North Fork streams, including slimy sculpin, mottled sculpin,
large scale sucker, cutthroat trout, brook trout, bull trout,
and mountain whitefish. Almost all cutthroat and bull trout
were small, possibly reflecting the limitations of
electrofishing. Lower Ford Creek was the most productive
tributary, followed by Camas Creek. Fraley and Graham (1981)
found westslope cutthroat in 50% of North Fork tributaries and
75% of Middle Fork tributaries at an average density of 1.7
fish/100m for reaches in which they were caught. Mountain
whitefish densities in the North and Middle Fork drainages were
ten times higher than trout densities.
FISH ECOLOGY
Due to the emphasis of early research on establishment of
fisheries, researchers often missed essential ecological points,
and their results must be interpreted cautiously. Hazzard
(1939) hypothesized the following reasons for the lack of fish
in park waters:
1)

lack of spawning areas **(Note: rearing area
deficiencies may be even more significant (Marnell,
pers. comm.))

2)

water that is too c o l d — m a n y waters rarely get to 13 C,
but trout grow best at 13-15 C

3)

water that is direct runoff from snow and glaciers, and
thus contains too few nutrients

During this same period, Garlick (1949) tried to discern
differences between the low productivity of Kintla, Bowman, and
McDonald Lakes and the high productivity of Quartz and Logging
Lakes. Food conditions appeared to be significantly different.
Less wave action along the shores of Logging and Quartz Lakes
provided more shoal areas than along the shores of the other
lakes, but Garlick felt food availability was not a limiting
factor. Little difference existed in predation and competition
among the lakes. Competing and predaceous fish in Bowman,
Kintla, and McDonald Lakes may have been a complicating factor
because of the higher fishing pressures on these lakes, but these
factors were not limiting ones in trout production. Garlick
finally concluded, as have others, that the most obvious limiting
factor in the production of trout was the absence of suitable
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spawning and nursery streams tributary to the lakes. Marnell
(pers. comm.) notes that Quartz Lake does not have significantly
better spawning and rearing areas and that Garlick overlooked the
fact that Quartz has not been disturbed by the introduction of
exotic fish species.
Since the lack of food appears to be the easiest explanation
for the lack of productivity in park waters, several researchers
have examined fish food habits. Sampling was undoubtedly limited
to summer months so the importance of plankton for winter diets
is not represented in results (Marnell pers. comm.). Muttkowski
(1925) listed six plant and three available animal foods in Lake
McDonald. He also noted it contained large quantities of high
quality plankton and insects. Muttkowski felt the fauna and
flora of eastern slope lakes were practically identical to those
of Lake McDonald except that small clams were more numerous,
insect fauna slightly more abundant, and plankton markedly less
abundant in eastern lakes.
Analysis of stomachs collected in 1932 and 1934 (GNP files)
revealed the following diet compositions:
Pike
Ling
Grayling
Superior whitefish
Rocky Mtn. whitefish
Mackinaw
Bull
Rainbow
Brook
Cutthroat

100%
100%
61%
69%
42%
19%
76%
67%
76%
59%
45%

fish
fish
aquatic insects, 33% land insects
mollusca, 21% aquatic insects
aquatic insects, 21% plankton,
amphipods
fish, 13% plankton
fish, 21% aquatic insects
aquatic insects, 10% land insects
aquatic insects, 27% land insects
land insects, 31% aquatic insects

Hazzard's (1939) trout stomach examinations demonstrated the
importance of terrestrial insect food accidentally caught in
water. Insects composed between four and 45% of the total food
in stomachs, while 70% of grayling stomachs contained land
insects as did 61% of eastern brook trout, 43% of cutthroat, 33%
of rainbow and 10% of bull trout. Brook trout stomachs collected
by Wasem (1970a) from Lost Lake were filled with terrestrial
insects (flying ants) and a few large stoneflies.
Fraley et al. 1981) found bull and cutthroat trout were
found to be opportunistic feeders in the North and Middle Forks.
Ephemeroptera and Diptera were the most abundant insect order in
both the benthic community and in the diets of the trout. Fraley
et al. (1982) saw some divergence in prey selection between
cutthroat and bull trout in fish greater than 110 mm long.
Larger bull trout used fish to a greater extent while larger
cutthroat fed from the water's surface, selecting Trichoptera
larvae.
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Since 1977, intense aquatic and fisheries investigations
have been under way to provide baseline and monitoring data to
assess possible damage from external developments (USdi,FWS 1978,
1981, 1983a). Habitats on tributary streams varied from 30 to
60% of optimum. Except for Akokala Creek, pool structure was the
limiting habitat factor. Most pools were unstable and shallow
due to steep gradients and high water velocities, especially at
run-off. Stream bottom rubbles and gravels rated ideal on all
streams. All sampling stations rated fair with respect to
channel stability except for one station on Camas, one on Cut
Bank, and one on Sage Creeks were rated good. Lower Ford Creek
was the most biologically productive of all North Fork
tributaries, having the second highest mean number of insects and
the greatest number of insect taxa. This stream contained the
heaviest load of leaf debris, algal growth, and detritus. In
addition, Ford Creek has excellent rearing habitat for trout fry
due to many small braids and side channels (Marnell pers. comm.).
Camas Creek had the highest insect yield and the second highest
fish yield.
On the Middle Fork, the USdi,FWS (1981) found Park Creek had
the highest fish yield followed by Coal and Lincoln Creeks. Coal
Creek had the largest number of insect taxa and Park Creek had
the third largest number. A 1980 study revealed similar results.
North Fork tributary stream habitat ratings ranged from 27% of
optimum at Kishenehn Creek to 64% of optimum at Spruce Creek.
Middle Fork tributary habitats ranged from 26% of optimum at
Harrison Creek to 54% at Ole Creek. Again, the limiting factor
was pool structure. Stream bank and bottom features scored high,
but stream bottom stability of North Fork tributaries rated only
fair since the substrate changes year to year. Almost all
stations rated only fair on stream reach and channel stability.
On a species basis, researchers have devoted most of their
attention to cutthroat, bull trout and kokanee salmon. A major
exception is Cuerrier and Schultz's (1957) study of Waterton
Lakes' lake trout and mountain whitefish. They found lake trout
at all depths but large ones generally stayed close to shore.
Lake trout here ranged in age from three to 16 years, ranged in
weight fomr .4 to five kg and ranged in length from 18 to 91 cm.
Common whitefish dominated their diet, although 19 other foods
including mountain whitefish, ling, sculpin, chironomids,
insects, leeches, snails, and organic and inorganic detritus were
found. Considerable differences in growth rate occurred between
the upper and lower lakes. In the warmer, shallower lower lake,
trout had considerabley higher average growth rates and weight
gains. Weight/length relationships took the form of a normal
curve with weight increasing more rapidly than length after the
first four to five years of growth,the greatest increase
occurring between seven and 11 years. Spawning began in late
October and lasted for about three weeks. Cuerrier and Schultz
estimated lake trout became sexually mature at about five years
after growing to at least 4 2 cm long. They felt the trout
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probably spawn every other year from the first year of maturity
until they are about 10 years old and annually after that.
Common whitefish, were generally 25-38 cm long, .4-.7 kg,
and two to 10 years old. Weight tended to increase slowly with
the increase in length from 10-28 cm and more rapidly at greater
lengths. Fish of the same age were generally longer from the
lower lake probably due to the greater depth and colder waters of
the upper lake and the scarcity of shallow areas with abundant
bottom fauna—the primary constituent of whitefish diets.
Chironomid larvae (Diptera) occurred in more than 50% of
stomachs. Molluscs appeared in stomachs of whitefish of all
sizes but more frequently and in greater volume in larger fish.
Intermediate sized fish (20 to 40 cm) appear to prefer Mysis,
amphipods, and larvae of Placoptera and Coleoptera. Smaller fish
(15 to 20 cm) preferred the plankton Entomostraca.
Kokanee salmon were introduced to park waters in 1916
(Hanzel 1964) and by the 1960's had become a fairly substantial
fishery in parts of the Flathead drainage including several GNP
lakes. In 1964, Hanzel began a series of reports evaluating
kokanee spawning success and population densities in tributaries
of Flathead Lake. Spawning kokanee are usually four or five
years old. They begin searching for spawning areas as early as
June but peak in October and again in late October (this second
peak concentrates in lower river areas). Fry begin downstream
movement from spawning grounds about 19 weeks after
fertilization. Downstream movements are spread throughout late
March-April prior to spring runoff.
Wasem (1967b) measured surface temperature and stream flow
in an attempt to identify possible reasons for the failure of
kokanee to move up the North Fork or past McDonald Creek on the
Middle Fork for spawning. He based his work on the premise that
spawning conditions occur in moderate current at 7 to 13 C.
Water at the North Fork confluence was 1.6 C colder (5 C) than
that in the main branch and water rushes through a narrow channel
forming rapids. The combination of these conditions apparently
discouraged spawning kokanee from entering the North Fork.
Further up the Middle Fork temperatures rise due to the influence
of water draining out of Lake McDonald. Past the McDonald Creek
confluence, the Middle Fork suddenly drops 2 C and narrows into a
channel. McDonald Creek presents slow moving, relatively warm
water to which spawning kokanee react positively. In 1979, an
estimated 60,000-70,000 salmon spawned in McDonald Creek
(McMullin and Graham 1981), laying approximately 18.2 million
eggs. In December, McMullin and Graham found that about 90% of
eggs excavated in McDonald Creek were still alive.
Fraley and Graham (1982) found 61% of McDonald Creek stream
beds to be suitable for spawning. By mid-February (1982) live
kokanee and alevin densities in McDonald Creek spawning grounds
averaged 563/m
(14/m in poor, 470m in medium, and 965/m in
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good gravels). Egg survival seems to be inversely related to the
number of spawners.
Fry emergence extended from early March to late June, peaked
in late May and early June, and coincided with increased water
flow and water temperature. Compared to other areas, McDonald
Creek had a relatively high egg to fry survival rate;
approximately 26% of the total estimated egg deposition in
McDonald Creek emerged as fry (12,000,000).
Leath (1980) studied habitat utilization by cutthroat and
bull trout in the Upper Flathead basin. Despite low densities,
these two species composed 8 7% of fish populations in the upper
Flathead tributaries, with the remainder being mountain whitefish
and two sculpin species. Cutthroat dominated second and third
order streams (71% vs. 29%), while bull trout dominated fourth
order streams (65% vs. 35%). Reaches providing high quality bull
trout spawning habitat had low gradients (1.5%), large late
summer flows (31 cfs), average wetted widths of 16.5 m, and mean
depths of 30 cm. Selected reaches had a higher percent of run
and a lower percent of riffle than unsuitable reaches. Better
quality spawning reaches had much higher proportions of large,
high-quality pools than other reaches, as well as substrates
composed of high amounts of fine material gravel (average size of
the largest 10% of substrate material in medium-high quality
reaches was 36 cm compared to 59 cm for non-spawning reaches).
Block (1955) conducted one of the first studies examining
trout migration and spawning in the North Fork drainage. Of 44
immature bull trout, second-year fish were the most numerous;
only one was three years old. Scale readings from 41 mature fish
ranged from six to nine years indicating a spawning age of five
to nine years. Bull trout, therefore, appear to leave
tributaries at three to four years when they migrate downstream
with high water. Block found that most bull trout do not mature
until they are 55 cm long, and that at least part of the adult
population does not spawn annually after maturity. Upstream
migration from Flathead Lake begins in spring and continues
through summer, with a peak in late August-early September.
Males generally paired with females of the same size or slightly
smaller, and pairs usually constructed redds in open water about
25 cm deep with moderate current. Fish did not eat during the
spawning runs—resulting in an average weight loss of 15 to 21%
for females—but resumed eating after leaving the spawning stream
and regained weight and color rapidly after reaching Flathead
Lake. After spawning, the fish returned to the river and
traveled downstream to the lake. Females left spawning grounds
first, usually within a couple days; males did not leave for up
to two weeks and may have spawned with other females. All fish
moved downstream at night.
Read's (1980) bull trout movement studies resulted in
similar findings. Adults moved out of Flathead Lake in late
spring and spent some time in the upper Flathead River before
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entering tributaries in August and September. Fry emerged the
following spring and smolts spent approximately three years in
tributaries before moving out.
Block (1955) also examined bull trout spawning habits. He
found that bull trout did not use the lower stretches of Kintla
and Bowman Creeks and speculated the avoidance was due to swift
water, lack of gravel bars, and low temperatures (12 and 11 C ) .
Wasem (1969) examined this latter hypothesis by measuring the
temperatures in 21 tributaries of the North Fork on both the
Whitefish Range and Livingstone Range sides. Waters from the
Livingstone Range averaged 16.6 C while those of the Whitefish
Range averaged 12.3 C. Wasem felt the differences were due to
the moderating effects of lakes on the east side and concluded
that bull trout seeking spawning areas used lower Livingstone
streams as pathways to and through lakes to colder headwaters
rather than spawning in the relatively warm lower sections.
Shepard and Graham (1982) provided more information on bull trout
spawning habits through analysis of spawning bed materials in
Livingstone Range North Fork tributaries.
Fraley et al. (1981) and Shepard et al. (1982) estimated
that 2400-3050 bull trout reached tributary or mainstream areas
to spawn in the North and Middle Fork drainages. Researchers
located 300 and 237 bull trout redds in the Middle Fork drainage
and 268 and 467 in the North Fork drainage over a two-year
period, and felt these redds constituted 80% of all redds. They
identified seven North Fork critical rearing areas (greater than
1.5 redds/lOOm ) : Red Meadow, Starvation, Trail, Coal, Whale,
Shorty and McGinnis Creeks; and nine Middle Fork reaches:
Whistler, Morrison, Charlie, Strawberry, Granite, Long and Trail
Creeks.
Other components of these studies included estimates of bull
trout densities and calculations of length/weight relationships.
Bull trout densities varied little among riffles, pools runs, and
packet water areas except for age II fish which had substantially
higher densities in pools than in other features (Shepard et al.
1982).
Wasem (196 8a) examined bull trout for tapeworm infestations.
Over five years (1963-68) from the Middle Fork, Upper Kintla Lake
and Lake McDonald, he found 93% (14/15) of bull trout infected
with light-to- heavy tapeworm infestations. All eight fish
collected from Kintla Lake were infected with a single species,
Cyathocephalus spp.
Upper Kintla bull trout were also the focus of a genetic
study conducted by Zimmerman (19 79). Zimmerman used two
esterases to separate Upper Kintla bull trout from those of other
samples, indicating that the falls in Kintla Creek act as a
barrier to gene flow. Bull trout in Upper Kintla Lake may
represent a relic population which has survived in isolation
since the retreat of continental glaciation (Marnell 1982) . Bull
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trout are the only fish species in the upper lake, and they rely
solely on benthic invertebrates for food.
The westslope cutthroat has also been intensively studied.
Frequent introductions of non-native species and subspecies into
park waters have raised concern over the genetic purity of
westslope cutthroat trout. As a result, researchers have worked
to determine the extent of hybridization and prevent further
genetic dilution. Behnke (1981) reported on the results of 394
specimens of the Flathead drainage examined via meristic
characters. He felt the results verified the conclusion that
since native environments strongly select for native genotypes,
nonnative cutthroat have virtually no detectable impact on native
populations. Presence of a native cestode parasite and bull
trout predation seem particularly important in this selection
process. Trout, Lincoln, Harrison, Akokala, Howe, Middle and
Lower Quartz, Kintla and Bowman Lakes have natural pure
populations (Behnke 1981) while Avalanche, Upper and Lower Isabel
and lower Snyder lakes have introduced, but pure, westslope
cutthroat. Several other lakes contained hybrid populations with
Yellowstone cutthroat or rainbow influence. Behnke suggested
that the proportion of littoral zone and benthic vs. pelagic and
terrestrial food organisms are possible factors to consider when
predicting which genotype might be favored in a particular
environment. Unlike westslope waters, however, many east side
lakes showed no evidence of native trout (Behnke 1981) . Many
eastslope lakes contain fish of predominantly Yellowstone
cutthroat origin.
Electrophoretic analysis has also been used for the genetic
identification of park trout (Allendorf and Phelps 1981).
Results of these analyses agree with those based on meristic
characters—pure westslope cutthroat populations inhabit Bowman
and Kintla lakes while Yellowstone cutthroat/rainbow populations,
with varying degrees of hybridization, inhabit Otokami, Upper and
Lower Slide, and Red Eagle Lakes.
Marnell (1981) summarized the results of electrophoretic and
meristic character analysis for 22 westslope lakes. Essentially
pure populations occur in 17 lakes, and at least 13 of these are
thought to be indigenous populations. Research results detected
no hybridization with rainbow trout. Marnell, Behnke, and
Allendorf are currently preparing a manuscript summarizing their
combined work on Glacier cutthroat trout genetics.
Although pure cutthroat populations exist in most park
lakes, populations are declining in several of the larger lakes,
possibly as the result of competition for food and space with
introduced salmonids and predation by lake trout. Marnell
suggests research be initiated examining the impacts of exotics
on community structures.
Cutthroat trout movements and life history have been
followed by Block (1955) , Johnson (1965) , and Read (1980) . In
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Block's study the majority of cutthroat taken in tributaries were
one or two years old, with few three or four-year olds. These
data indicated that immature cutthroat apparently leave the
tributaries at age two and spawn when between three and five
years of age, although rarely spawning more than twice. Block
measured a yearly growth increment of seven to 10 cm.
Johnson felt both resident and migratory populations existed
in the Flathead drainage. Resident fish showed a declining
growth rate after the third year. River fish scale growth
resembled that of tributary fish for the first two or three years
but widely spaced circuli characterized scale growth after the
second or third annuli indicating these fish spent the first two
to three years in tributaries. Garlick (1949) also noted that,
"the bulk of fish (cutthroat) caught in tributaries were less
than or equal to two years old," so fish must migrate downstream
to Flathead Lake at about two years of age. Lake cutthroat, on
the other hand, grew most rapidly during the first three years
then yearly increase declined. By the end of the fourth year
they were almost equal in length to river fish.
Read's study yielded similar results. He observed a fairly
regular movement pattern beginning as early as March when
cutthroat began migrating up from Flathead Lake. Most fish
entered tributaries in May (which is quite late for most years at
lower elevations (Marnell pers. comm.)) to spawn before
returning to the lake. Fry emerged in late July and early August
and smolts lived in tributaries until they were 8-13 cm. Johnson
first observed eyed eggs on June 29 (46 days after spawning). He
found both eyed eggs and recently hatched fry on redds July 14
(60 days after spawning). Fry had an average length of 17 mm and
showed strong negative reactions to light and current by burying
themselves in gravel. On July 29, recently emerged fry averaging
23 mm in length appeared. Cutthroat fry and fingerlings almost
exclusively occupied smaller streams while fingerling, bull trout
and whitefish tended to inhabit larger streams. Fry collected
later in the season showed a wide range in size and development
indicating that emergence from gravel extended over much of the
summer. Fingerlings moved into large streams in the second and
third year.
As with all other researchers, Fraley et al. (1981) found
87% of tributary cutthroat to be between birth and three years
old. They felt that 73% of the cutthroat reared from two to
three years in tributaries while most of the remainder reared one
year. Seventeen North Fork drainage reaches, including Langford,
Moose, Ketchikan, Moran, Cyclone, Tuchuck, Bowman, Red Meadow,
Sage, Dutch, and the South Fork of Coal Creek, contained greater
than 10 redds/100 m . In the Middle Fork drainage, reaches on
Gateway, Basin, Challenge, Twenty-five mile, Argosy, Cox, and the
East Fork of Strawberry Creek met the minimum standard for
classification as critical rearing areas.
CONCLUSION
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Wallis (1959) and Wasem (1968a) both identified research
needs in the park. These included:
1)

A survey of the physical and biological features of park
waters;

2)

A study of the history, ecology, distribution, and
migratory patterns of native cutthroat and bull trout in
park waters;

3)

Knowledge of the migratory patterns, food habits, and
spawning activities of whitefish in Lake McDonald and
St. Mary;

4)

An ecological survey of the relationship of non-native
kokanee in Bowman, Kintla, and McDonald Lakes with
native species;

5)

A study of the distribution of Rocky mountain whitefish,
lake trout, and other species for which there is no
stocking record in eastslope waters situated above
significant stream barriers;

6)

An ecology survey of the rare arctic grayling in
Elizabeth Lake and Belly River;

7)

A survey of the rare pygmy whitefish in Lake McDonald.

Unfortunately lack of financial and administrative support
and lack of personnel have not allowed many of these necessary
projects to be carried out. The needs still exist and in many
cases are amplified. Today, Marnell lists the following as
research priorities:

1)

The effects of acid rain on the aquatic ecosystem;

2)

Complete the determination of the genetic status of
native cutthroat and bull trout;

3)

Complete life history and ecology studies of the
"unusual" bull trout population in Upper Kintla Lake;

4)

A study of the impact of exotic fish introductions on
the aquatic microbiota such as indigenous plankton and
macrophytes.
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AVIAN FAUNA
INTRODUCTION
Baily and Baily (1918) , Parratt (1964) , Seel (1969) , and Shea
(1971) list 188, 210, 220, and 235 species respectively as
inhabiting the Glacier-Waterton National Parks area. Research on
Glacier Park avifauna has however been limited to only ten
species. Baseline population data and basic biological research
for the remaining species is still lacking (McClelland pers.
comm.). As a thorough understanding of park ecosystems is not
possible without a knowledge of avian ecology, this factor
represents an important research need. The individual research
efforts on specific species in the park are discussed below.
MAJOR RESEARCH STUDIES
Bald Eagle
The park's unusual autumn concentrations of the endangered
bald eagle (Haliaeetus leucocephalus) occur in response to
spawning runs of the exotic kokanee salmon has spurred invaluable
research. What began with simple censusing surveys along lower
McDonald Creek expanded into a study of local and long-range
movements that has lead researchers to Utah, Nevada, California,
Oregon, and Canada. All current Glacier Park bald eagle research
has been directed by Dr. B.R. McClelland. In 1971, David Shea
began the first intensive work on bald eagle concentrations and
behavior in Glacier National Park in order to make management
recommendations.
Shea found that while at Glacier, eagles feed almost
exclusively on salmon. The birds begin arriving at the feeding
area about 30 minutes before sunrise. As soon as it is light
enough to see, a two-to-three-hour feeding flurry begins,
followed by long periods of perching interspersed with occasional
short flights, feeding, bathing and preening. About 30 minutes
before sunset, the birds begin moving back to communal roosts.
Almost all birds use one of three preferred roosts, primarily in
large Cottonwood and western larch trees.
A dichotomy in feeding behavior exists between adults and
immatures (less than five years old). Mature birds tend to fly
down from a perch and pluck fish from the water (83.9% success
rate). Immatures, on the other hand, usually do not try to
capture food by flying—using this technique only one-third as
often as adults and then at only a 63.6% success rate. Instead,
juveniles often try to steal fish or pick fish up along the
shores, sometimes wading into shallow water to retrieve
carcasses.
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The apparent lack of hunting skill in immatures has led
McClelland et al. (1982) to emphasize the possible significance
of this exotic food source to the survival of juveniles and
subadults. Most mortality in eagles occurs in the first year,
immediately after fledging, and when migration occurs. Glacier's
kokanee spawning run may provide a key rest/replenishing stop
where juveniles have a readily attainable, abundant food source.
This additional food source may enable immature birds to survive
the long migration more easily and thus help stabilize the entire
population.
Shea found the bald eagles in Glacier feared golden eagles,
of which there are very few, and man. The unique opportunity to
view so many individuals of the endangered national bird draws
thousands of spectators. In 1980, 8353 people visited Apgar
information center and 14,342 contacts were made at viewing
points (McClelland 1981). Park officials try to enforce an area
closure around McDonald Creek to prevent disruptions to the
feeding eagles. Enforcement is difficult, however, and violators
often disturb and flush the birds. Formerly, these disruptions
posed the greatest threat to Glacier eagles (McClelland 1981) .
Five of Shea's (1971) eleven management recommendations dealt
with reducing human disturbance, and McClelland (1981) stressed
the importance of the education/interpretation process on
Glacier's eagle protection program. Today, however, possible
collapse of the kokanee population presents the greatest threat
to the eagles (McClelland, pers. comm.).
Eagle counts have been made for several years. Census
routes and methods were standardized in 1965, and McClelland et
al. (1982) reported 1965 to 1981 counts. The all-time high count
occurred in 1981 when 639 birds were counted. Recently, the
salmon run has drastically declined and with it the peak eagle
count. At this time, McClelland feels the total birds visiting
the park may still be fairly constant but that a much more rapid
turnover is occurring since the stimulus to stay is less. A
declining salmon population will probably have more impact on
juveniles, who will not be able to compete with adults for the
declining supply. Although the eagle concentration probably
reflects kokanee salmon concentrations, it might also serve as an
index to northern population status so fall censuses should
continue every year. Since 1973, a significantly lower number of
immature birds have stopped at Glacier National Park, possibly
indicating a declining population. In light of this trend,
careful population monitoring is vital.
In 1977, a banding program was started and between 19 77 and
1982, 258 eagles were banded and 102 marked. In 1980, 14 eagles
were radioed to begin an intensive study of local and long-range
movements (McClelland et al. 1979, Young 1983). Following radio
attachment, eagles stayed in the area from 2-40 days. They moved
south from Glacier National Park through the Flathead Valley,
often spending time at Flathead Lake. Some stayed in Montana
over the winter, while others were documented overwintering on
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the Snake River in Idaho and Wyoming; and on rivers in Utah,
Oregon, Nevada and California. Ninety-three percent of patagial
wing marker sightings were within the intermountain region. Most
eagles wintered on wetlands or high desert areas with
concentrated food sources. An asynchrony of movements was the
only difference noted between age classes.
During spring migrations in late March and April, adults
moved 100-300 km a day and followed converging routes from their
wintering areas to northern Montana and continued north along the
Rocky Mountain foothills through southern Alberta. Near Lesser
Slave Lake, Alberta, two routes diverged. Some eagles moved
north-northeast toward Lake Claire, Northwest Territories.
Others moved north-northwest toward the west end of Greater Slave
Lake and Great Bear Lake, Northwest Territories. Productivity of
the radioed birds was poor. Of four radioed birds followed to
breeding grounds, three females were mated but only one produced
young. A radioed male appeared to be unmated.
At this time, researchers have fairly good understanding of
the long-range movements of migrant bald eagles at McDonald
Creek, but less is known about movements on Glacier's east side.
McClelland would like to see future effort devoted to resident
bald eagles. At least three pairs are known to nest in the park,
but the exact number is unknown. Basic ecological research on
resident birds is lacking, and no information is available on
whether resident birds depend on salmon.
White-Tailed Ptarmigan
Glacier's extensive alpine areas provide habitat for a
substantial population of white-tailed ptarmigan (Lagopus
leucocurus. Choate (1260a, 1950b, 196 2, 1963) studied ptarmigan
on Logan Pass for three summers. He found ptarmigan occupying
all habitats except wet ones. Willow (Salix nivalis), heath
(Phyllodoce), and moss were almost always present in at least
moderate amounts on occupied habitats. These plants are major
foods and have a wide ecological tolerance. Other common habitat
characteristics included the presence of rock cover and young,
growing vegetation. The birds commonly fed in rocky, fell-field,
dry ledge, and wet ledge habitat associations.
Activity patterns varied with sex, age, and time of year.
Three-to-four-week-old chicks were the most active of the age
groups at all times of the day. Incubating females rarely left
their nests. Pair and territorial males were most active at dawn
and duck. Although flocks were also most active at dawn and
dusk, they showed more tendency to be active at mid-day.
Although individuals showed great variation in the daily distance
moved, most ranged between 35-200 m.
As snow melted, a constant influx of new birds appeared.
Dominant males arrived at high elevations in early June, as soon
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as snow has melted off small areas, and established territories
that averaged 100 x 40 m. Territory size varied only slightly
from year to year. Males usually established territories on rock
outcrops near water and usually stayed within 30 m of their
territories. These dominant males always had mates (occasionally
two) whereas subdominant males that arrived later and established
smaller territories on more than one area only occasionally
mated. About one-third of the males remained unmated each year.
Fidelity of females to males varied considerably. Some mated
with the same male several years in a row while others mated with
several.
After the territorial period, around mid-July, males and
unsuccessful females began gathering. By summer's end, lone
young and females with broods began joining flocks. Groups
showed a slight tendency toward sexual segregation. By
mid-September, flocks began breaking into small groups and
dispersing. During the breeding season, the average density was
45 birds per km but with recruitment of young and immigrants>
the density at summer's end was 96.8 birds per km .
Despite intensive searching, Choate found only 11 nests
during the course of his study, which may have indicated that the
females nested away from the males' territory. Clutch size in
these nests averaged 5.2 eggs. Seven nests were successful and
hatched an average of 4.6 chicks (brood size per breeding female
was 3.25-3.47 chicks). (Weather seemes to have a pronounced
effect on productivity at all stages.) Productivity varied from
46.9% to 90.0% and, although adults show high longevity (mean
3.02 years, maximum 15 years), Choate estimated an overall chick
loss of 35-44% and a yearling overwinter mortality of
approximately 69% for males and 57% for females. He felt the
overall turnover rate was 29% and average annual mortality was
42.1%. Weather appeared to be the primary population control
mechanism rather than food or predation.
Johnson (1968) studied temperature regulation in ptarmigan
captured on Logan Pass by examining metabolic rate (oxygen
consumption), evaporative water loss, and body temperature of
fasted resting birds under experimentally manipulated ambient
temperatures. Metabolic rates remained constant between 4 and
36 C. He determined that 38 was the birds' upper critical
temperature and that 6.5 C was their lower critical temperature.
Between 6 and 38 C, ptarmigan could maintain their body
temperature in the normal range, and they could maintain a
constant level for four or more hours at temperatures of 6.5 to
-17 C but below -18 C could not maintain elevated metabolism for
more than two hours. This lower critical temperature is lower
than that of most birds and may be due to higher metabolism, but
Johnson felt ptarmigans' unusually low conductance enabled them
to tolerate colder temperatures. On the other hand, ptarmigan
have among the lowest efficiency in evaporative cooling, so cool
microclimates (vegation, rock snow) appear to be essential for
survival. Johnson estimated the standard metabolic rate to be
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1.30 cc 0 /gm x hr. Night metabolic rates did not differ from
those obtained during the day.
Gray-Crowned Rosy Finches
From 1958 to 1961, Johnson (1965) studied the reproductive
activity of another alpine species, gray-crowned rosy finches
(Leucosticte tephrocotis). Johnson found seven nest sites that
ranged in elevation from 1940-2300 m. Six of these nests were 25
m high on cliffs overlooking permanent snowfields or glaciers.
They were all in a crack or hole and all were inaccessible to
rodents. Average clutch size was 4.3 eggs. Johnson was not able
to observe nests earlier than seven days after hatching. At this
time both parents fed young, with the male often standing guard.
Males protected and defended females early in the season, but
their attention gradually shifted to th nest. From June through
August, the birds mainly ate insects frozen in the snow and
occasionally caught live insects. By late August and September,
however, finches rarely took insects but instead ate seeds,
especially those of spring beauty (Claytonia megarhiza). By late
August, the birds were flocking in groups of 30 to 70 and had
moved from meadows to high rocky slopes and mountain tops.
Harlequin Ducks
Kuchel (1977) studied the behavior and ecology of harlequin
ducks (Histrionicus histrionicus) on upper McDonald Creek.
Harlequin ducks will breed in rushing mountain stream habitats.
Inland populations are uncommon and localized. Furthermore,
harlequins are extremely sensitive to human disturbance and are
thus limited to remote areas.
The ducks seemed to exhibit strong site fidelity, with most
birds returning year after year—sometimes to the same creek
section and sometimes with the same mate. Unpaired males arrived
first, and by the end of April pairs began moving in with a
gradual increase through the third week in May. By this time,
the birds have moved upstream from just above Lake McDonald and
were evenly spaced along the creek. In 1974, 10 pairs and 10 to
12 surplus males arrived in Glacier National Park; and in 1975,
13 pairs, 13 unpaired males and two unescorted females arrived.
Courtship was under way at the time of the ducks' arrival
and continued through mid-June. Laying coincided with the peak
runoff period from mid-May to early June. With the start of
incubation, pair bonds began to disintegrate and by mid-June the
males began leaving. Incubation and the males' departure both
occurred during peak runoff when food supply was lowest. Broods
hatched around the first week of July, coinciding with increased
food availability following spring runoff abatement. They
inhabited backwaters for the first four weeks then began to range
farther. Duckling mortality was highest the first two weeks.
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After three weeks few young were lost. By the sixth week, broods
abandoned their natal home sites. During the two years of
Kuchel's study, 33 and 17 young hatched, of which 36% and 12%,
respectively, survived to migration.
Running water habitats comprised 90% of the area used by
Glacier harlequin ducks. The remaining portion consisted of
backwaters and meanders used during high water and brood-rearing.
At two weeks of age, 83% of brood activity was in backwaters.
Creek use increased to 51% by four weeks and to 92% by six weeks.
Based on his findings, Kuchel made the following management
recommendations:
1) identify and preserve pristine h a b i t a t — w h e r e stream
ecosystems are intact, all development,by humans should be
prohibited and human intrusions structured to minimize impact
on aquatic habitats;
2) restrict changes in stream courses (as for flood protection).
Leave fallen trees and other debris and allow natural
meandering;
3) preserve natural biotic associations.
which compete for food.

Do not introduce fish

Great Blue Heron
Butterfield and Wright (1983) looked at the nesting habitat
of great blue herons (Ardea herodias) along the North Fork
drainage. They located four colonies, having a total of 15
active nests. These contained an average of 2.5 young/nest.
Clutches were initiated in the first week of May, and the young
were fledged by the end of July. Heron colonies contained trees
that were taller, had greater span diameter, and dbh, and had
less visability through the crown. Most trees (89%) were
cottonwood. The heron colonies were isolated from roads and
other developments.
There are limited areas of the large isolated stands of old
cottonwoods on the North Fork. In fact, based on measured nest
site selection criteria, none of the randomly selected,
unoccupied stands studied along the river proved to contain
suitable habitat. All of the rookeries were on public land.
Given the rapid development and loss of suitable bottomland
habitat on private lands bordering the North Fork, every effort
should be made to monitor the status of the stands along the
river and protect them as necessary.
Two factors may adversely affect future use of the
rookeries. One is a loss of old-growth habitat due to disruption
of the dynamic equilibrium of the river system caused by
increased erosion and scouring due to increased logging or
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mining. A second is disturbance due to greater recreational use
of the river corridor.
Spruce Grouse
Stoneberg (1967) examined the breeding biology of spruce
grouse (Canichites canadensis) in the Coal Creek drainage of the
Flathead National Forest near Polebridge. He captured and color
banded grouse to allow individual identification. He found that
males restricted their movements to local areas in medium to
thick lodgepole pine (Pinus contorta) and that they used the same
area year after year. Numbers appeared restricted due to social
pressures and not to physical limitations. Unlike most grouse,
females also restricted their movements to areas with
nonoverlapping boundaries. Although females occupied ranges that
coincided with males' territories, they ranged more extensively.
Brood ranges were distinct from general home ranges—utilizing
more open area, especially those with Vaccinium cover. Yearlings
traveled extensively during the breeding season, then settled in
unoccupied areas.
Observational Studies
Nonresearch studies in the park have included informal
observations of a goshawk (Accipiter gentilis) nest on St. Mary's
Lake (Parratt 1959) and Baldwin and Zaczkowski's (1963) report of
Vaux's swift (Chaetura vauxi) nests near Avalanche Creek—the
first natural swift nests recorded anywhere. The nest sites in
Glacier were in broken-topped hemlock (Tsuga heterophylla). In
1972, Hunter and Baldwin reported some 1962 black swift
(Cypseloides niger) nests also found on Avalanche Creek under a
waterfall.
Community-wide or guild ecological studies are notably
lacking within the park. Choate's (1960a,b, 1963) ptarmigan
studies began as part of an alpine ecosystems study including
soils (Nimlos and McConnell 1965) and vertebrate fauna (Hoffmann
and Taber 1959) , but a comprehensive report was never published.
In a preliminary note, They only list the mammalian and avian
species found at each study area.
McClelland (1979, 1977; McClelland and Frissell 1975;
McClelland et al. 1979) studied the relationships between
hole-nesting birds, forest snags and decay in western
larch-Douglas fir (Pseudotsuga menziesii) forests. Although this
study was conducted primarily in Coram Experimental Forest, some
nests were in the park and findings are applicable because of the
similar vegetation types in the park. The study located 273
nests and roosts. Fourteen tree species were used by 20 bird
species but western larch was highly preferred, making up a total
of 56% of the nest sites. Aspen (Populus tremuloides) and paper
birch (Betula papyrifera) were the next most highly preferred
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trees. Although Douglas-fir was the major tree species in the
area and was five times as abundant as western larch, larch nest
trees outnumbered Douglas-fir nest trees 18 to one. McClelland
felt the differing preferences of birds was in response to the
rotting characteristics of the trees. Western larch infested
with Fomes laracis and Fomes pini rotted in the center, but the
sapwood remained intact; but in Douglas-fir, both heartwood and
sapwood rotted quickly. Douglas-fir, therefore, while not
suitable for woodpecker nesting, was an important feeding site
and an important nest site for brown creepers (Certhia
familiaris) and species he characterized as weak
excavators—species such as chickadees (Parus spp.) and
red-breasted nuthatches (Sitta canadensis). Birds used live
trees (48%) almost as often as snags (52%) but selected for trees
with broken tops (73%) and often reused preferred nest trees.
Seventy percent of the larch nest trees had three or more holes
and 20 trees were used simultaneously by different bird species.
Yellow-bellied sapsuckers (Sphyrapicus varius) were the most
common species on McClelland's study area and with mountain
chickadees (Parus gambeli), red-breasted nuthatches, pileated
woodpeckers (Dryocopus pileatus), and hairy woodpeckers
(Dendrocopus villosus) inhabited old growth. Tree swallows
(Iridoprocne bicolor), black-capped chickadees (Parus
atricapillus), northern flickers (Colaptes cafer), American
kestrels (Falco sparverius), and mountain bluebirds (Sialia
currucoides), on the other hand, preferred more open areas.
McClelland (1979) concentrated on pileated woodpeckers (Dryocopus
pileatus) since they are most jeopardized by logging. The range
of pileated woodpeckers is similar to the range of western larch.
Since 1950, however, western larch and Douglas fir have been cut
heavily, and lead all species in annual volume cut in the
Northern Rockies. Glacier National Park, therefore, may provide
a refuge for this woodpecker. However, the ecology of the
pileated woodpecker is closely tied to forest structures which
have been influenced by fire, and Glacier's fire suppression
policy may thus have negative impacts on the woodpecker
populations.
McClelland's management recommendations impact the Park's
policy of removing "hazard trees." McClelland recommended that
the most valuable snags to leave standing are broken-topped larch
(dead or alive) that are greater than 60 cm dbh, greater than 15
m tall, and having at least one pre-existing hole. He also
recommended leaving all paper birch standing.
Lester (1980) examined the numerical response of woodpeckers
and their effect on the mortality of mountain pine beetle in
lodgepole pine along the North Fork Flathead River. A mountain
pine beetle epidemic erupted in the North Fork area in the early
1970's, and Lester began her work in March 1978. Northern
three-toed woodpeckers (Picoides tridactylus) and hairy
woodpeckers were the two most common species, and their winter
densities seemed to correspond to local beetle densities. Lester
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felt the three-toed woodpecker breeding population increased in
response to the infestation due to increased availability of
nesting trees and food. The woodpeckers tended to nest in
lodgepole pine with heart rot, and these trees were more
available due to the beetle infestation. Hairy woodpeckers,
however, nested in aspen and birch; nesting sites became the
population's limiting factor, and thus the beetle infestation had
no effect on population size.
By 1978, 60% of the trees had been killed, and the beetle
population was declining. Ten percent of 1978 attacked trees
showed evidence of woodpecker feeding, and she estimated that
woodpecker-related mortality of beetles was approximately 30%.
Between 1978 and 1979, beetle densities plummeted, mainly in
response to weather conditions, but the study did not continue
beyond that point to record response of the woodpecker
populations. Lester concluded that woodpeckers contributed to
overall beetle mortality but did not appear to control or
regulate epidemic beetle populations.
In 1976, M. Ralph began a study of flood plain avifauna. He
did not complete the work, but his preliminary data were
presented by Eng and Herbert (Unpub.). He observed a total of
105 species while censusing a foot-road route along the drainage
and on five plots which formed a progression from scoured
sand-gravel bar to climax spruce forest. Seventy-one species
occurred on the study plots, with 38% being classified as
breeders with established territories. A sandbar plot with a
minimum of deadfall and a clump of willow (Salix spp.) and
cottonwood dominating the center had the lowest species diversity
and the fewest number of birds. The highest bird density
occurred on a plot with little or no live vegetation but with
extensive piles of deadfall on the north end. Most birds
associated with this northern area, although willow and small
clumps of Engelmann spruce (Picea engelmannii) with an understory
of alder (Alnus spp.), and a dogwood (Cornus spp.), and willow
occupied the southern end of the plot.
Beginning in 1982, Butterfield (Wright, et al. 1983) began
studying riparian avifauna along the North Fork of the Flathead
River. He characterized the vegetation and avian communities of
various aged stands and found that species richness increased
with ecological age of the stand and the associated increase in
the complexity of the vegetation. A high correlation existed
between total bird density and percent shrub cover. Bird density
was significantly lower in herbaceous wash and shrub wash than
all others. Cottonwood, spruce/cottonwood and mature spruce were
intermediate in density, and hydric shrub was highest (up to 45
birds per hectare). Species richness, species diversity, and
species equitability were all significantly lower in herbaceous
wash than other communities, but no other differences appeared
among the remaining stands. Because Ralph's plots were not
homogeneous, it is not possible to compare his results to
Butterfield's.
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Although species richness was significantly correlated to
plant species richness, Butterfield felt the stepwise
relationship indicated the relationship might actually be related
to development of a tree layer. Similarly, the stepwise
relationship between species diversity and foliage height
diversity may again reflect a relationship to development of a
tree layer, especially in view of the weak correlation between
bird species diversity and foliage height diversity.
Butterfield classified 34 of 63 species studied as habitat
specialists because they were restricted to one or two
communities, and considered the remaining 29 species as habitat
generalists. Only the pine-siskin (Spinus pinus) inhabited all
communities. With the exception of the disclimax hydric shrub
community, the general trend in community similarity was for each
successional sere to closely resemble the bird species
composition of the communities closest to it in age. Butterfield
(1963) identified 149 species on the North Fork.
Butterfield1s studies are continuing as an M.S. project
(University of Idaho 1982-84) and should provide valuable
baseline information on successional relationships. His results
will contain census routes, and consistent methods that can serve
to aid in the long-term monitoring of ecosystems. Similar,
replicatable studies are needed.
Glacier National Park can increase its baseline data base by
following the example set by eagle researchers—that is to
establish permanent census routes through several communities to
be censused even one week each season. In 1980, Gniadek ran a
modified breeding bird survey along the Going-to-Sun highway but
the census was never duplicated. Volunteer labor for such
censuses is often easily obtained from local Audubon Society
chapters and other such organizations and can provide valuable
information in evaluating long-term trends.
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SMALL AND MEDIUM SIZED MAMMALS
MARTEN
A series of graduate students studied the population
dynamics and movements of GNP martens over a six-year period in
the 1950's (Newby and Hawley 1954, Hawley 1955, Hawley and Newby
1957, Weckwerth 1957, Jonkel 1959, Jonkel and Weckwerth 1963,
Weckwerth and Hawley 1962). Burnett (1981) used the same study
area and investigated movements and habitat use.
Hawley (1955, Newby and Hawley 1954, Hawley and Newby 1957)
started the long term project in 1953. Intensive trapping
resulted in 464 captures of 69 marten. Of these, Hawley
classified 18 males and 11 females as residents, 5 males and 3
females as temporary residents and 22 males and 10 females as
transients. The sex-ratio of trapped marten was 188 males:100
females although trapping may have selected for males because of
their wider ranging habits and less wariness. Males composed
62.3% of the population but 74.4% of the captures (Hawley and
Newby 1957).
Marten densities on Hawley's study area varied from 7.5 to
11 marten/km . Male home ranges averaged 2.2 km and females
averaged 0.59 km . Juvenile and adult home ranges often
overlapped and male and female ranges often overlapped, but
little overlap occurred between animals of the same sex.
Avoidance behavior appeared to maintain separation between
animals rather than territorial defense. Home range boundaries
often coincided with topographic and vegetative features. The
greatest percentage of captures occurred along edges between
mature timber types and young age types.
Based on tests and vulva conditions, breeding occurred
between July and August. Hawley estimated that between 2.3 and
1.3 young were born per female year. Females showed no milk
secretions after the first week in July, and by the first week of
August, juveniles seemed independent.
Weckwerth (1957) continued Hawley's work, examining
relationships between marten populations and small mammal
abundance. Weckwerth caught 45 marten 206 times. Age structure
of the captured marten did not indicate an expanding
population—of 14 residents, none were juveniles. Although ages
ranged from 1.5 to 5.5 years, 50% were more than 4.5 years old.
Densities averaged 6 to 10 marten/km and reproduction appeared
to be low in 1955 and 1956. Home ranges during these years
showed no apparent differences from Hawley's (1955) study.
To study food habits, Weckwerth trapped small mammals and
collected and analyzed marten scat. Microtus pennsylvanicus and
M. longicaudus were relatively abundant during Hawley's study but
Weckwerth caught them only once. Clethrionomys gapperi was the
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most abundant small mammal trapped by Hawley and Weckwerth,
however, the 1955 catch was comparatively low. In 1956, the
population increased to its former level. Clethrionomys composed
44.7% of the catch, Sorex cinereus 27.9% and Peromyscus
maniculatus 16.0%. Few other species were trapped. Of all
habitat parameters examined, only the percent fallen logs
correlated with the number of mice. Clethriomomys was captured
on all plots except those in open burns, Peromyscus was absent on
plots dominated by lodgepole.
Based on scat analysis, martens appeared to be opportunists
and ate a variety of foods—Weckwerth identified 42 items.
Mammals, mostly microtines, composed 55.4% of the diet, birds
8.8%, insects 9.8% vegetation (mostly fruit) 24%. In 1956
Clethrionomys occurred in 29.2% of scats followed by Phenacomys
intermedius 5.9%, Microtus spp. 5.5%, M_;_ pennsylvanicus 3.0%, M.
longicaudus 2.1% and Synaptomys borealis 0.7%. By contrast, in
1953 when Microtus was at a population peak, it occurred in 38.2%
of scat while Clethrionomys appeared in 9% (Hawley 1955) .
Microtine consumption varied with the season and diminished when
fruit became available. It was lowest between August 5 and
September 1 when fruit composed 40.8% of the diet. Red squirrels
were the second most important prey item (8.5%) followed by
ground squirrels (6.4%), chipmunks (4.8%), and flying squirrels
(0.3%). Red squirrels occurred most frequently in winter scats
(27.8%).
Weckwerth and Hawley (196 2) combined the results of their
studies (Hawley 1955, Weckwerth 1957) with those of Jonkel
(1959), to determine relationships between prey and marten
populations. Marten populations peaked in the summer of 1953,
then declined. Small mammal captures in 1953 were nearly twice
those of 1954-56, and increased again in 1957, mainly due to
higher takes of Clethrionomys gapperi and Microtus (2 spp). When
the marten population declined, adult females and juveniles
suffered the greatest mortality, probably because of their
greater food requirements. A direct relationship existed between
the proportion of Microtus in scats and small mammal catch. The
occurrence of Clethrionomys in scats was negatively correlated to
the occurrence of Microtus. Phenacomys consumption remained
relatively stable all 'three years.
During his portion of the study, Jonkel (1959) captured 161
individuals 348 times. A complete population turnover had not
occurred by 1958. The oldest known resident was at least 7.5
years old. Captured males weighed an average 1026 g and females
weighed an average 656 g. These animals weighed more than those
captured by Hawley (1955) when the population reached its peak.
Hawley's males weighed an average 935 g and females an average
594 g. As the population recovered, changes in the male:female
ratio occurred as seen below:
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year
malerfemale ratio

1953-54
188:100

1955-56
165:100

1957-58
131:100

Juvenile production and yearly population increment indicated
population recovery began in 1957-58.
Jonkel concentrated primarily on reproductive physiology
(Jonkel 1959, Jonkel and Weckwerth 1963). From three captive
females, Jonkel determined the period that elapsed between
implantation of blastocysts and parturition was about 27 days,
and a delay of implantation of seven to 8.5 months occurred after
breeding. Wild females apparently sexually mature as yearlings
but males might be.
In 1979, Burnett (1981) resumed study in the area used by
Jonkel, Weckwerth and Hawley. Burnett's trapping yielded 29
marten, 9 of which were residents, 9 temporary residents and 11
transients. Male home ranges averaged 2.9 km and female ranges
averaged 0.7 km . Adults occupied varied cover types but most
were in mesic spruce types, especially Abies lasiocarpa/Clintonia
uniflora (Abla/Clun) and Picea/Clintonia uniflora (Picea/Clun).
Juveniles, like adults, preferred habitats with a canopy cover
greater than 17%. Martens used trees significantly more often
than other daytime rest sites. Burnett also found considerable
overlap in home ranges between social class but not within them.
Although marten traveled through the same area, they were
separated temporally. Juveniles used Picea/Vaccinium caespitosum
(Picea/Vaca) and Picea/Clun vegetation types more that other
types. Adults used a variety of forest types, although
individuals concentrated their activity in the mesic spruce cover
types in Abla/Clun and Picea/Clun habitat types. Habitat use and
dispersion suggested juveniles occupied areas not used by adults.
Marten daily activity peaked just before dark. Adult males
moved significantly longer distances than any other social class.
Non-residents travelled an average 2.0 km between successive
relocations; residents averaged 0.7 km.
Burnett captured Clethrionomys gapperi and Microtus
pennsylvanicus most often. Total catch varied significantly
between plots. Picea-Pseudotsuga menziesii cover types and
Abla/Clun habitat types yielded the most mammals. Pinus contorta
cover types and Ablaa/Vaca produced the least.
WOLVERINE
Pine marten appear fairly common in the park, but the status
of the closely related wolverine (Gulo gulo) is quite the
opposite. Before the park's establishment, wolverines were
trapped in the area (Newby and Wright 1955) . Local residents
believed the wolverine was extinct and park records indicated it
was not seen again until 1933. Since then, tracks and
observations have been reported almost every year. Newby and
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Wright felt the park probably served as a reservoir and dispersal
from the park and Canada accounted for most sightings in the
remainder of the northwestern Montana.
SMALL MAMMALS
Other small mammal studies tended to concentrate on habitat
use or taxonomy. Key (1979) set up permanent plots in the North
Fork flood plain to establish a baseline on habitat utilization
and to facilitate future monitoring. Small mammal density and
biomass were greater in frequently flooded habitats than in other
types, including adjacent communities not subjected to periodic
flooding. Young seres characteristically had low species
diversity and high relative abundance of deer mice. Older
coniferous seres supported more species; and total abundance,
though similar to early seres in some cases, was more equally
distributed among the species present.
Key suggested that, due to the high degree of natural
variation in small mammal abundance, density alone of small
mammal species would not represent a good indicator of human
disturbance. He felt that species diversity might be the best
indicator to community change, provided the expected variation
due to actual changes in total small mammal density was accounted
for.
Twelve species were captured including Microsorex hoyi, a
new record for GNP, and seven species were identified through
sighting or tracks. Only Spermophilus columbianus and Thomomys
talpoides were transients, all other species were flood plain
residents. Peromyscus maniculatus was the most abundant species
on all plots and contributed over 50% of the total catch.
Generally, Microtus longicaudus or Clethrionomys gapperi
co-dominated with Peromyscus maniculatus on any given plot. Most
species showed significant changes in abundance between early
summer and late summer trappings, and most populations diminished
considerably the second year—possibly due to the harsh winter
with cold temperatures and low snow cover. Zapus princeps and
Eutamia amoenus, two hibernators, suffered proportionately less
winter mortality the second year.
Significant differences existed between the study plots.
Those bordered by coniferous forest supported larger populations
of Clethrionomys gapperi and Sorex, two species restricted to
coniferous habitat types. Plots adjacent to grass lands,
contained higher numbers of Microtus sp.
Key also recorded flood plain use by twelve other
medium-sized mammals. The pine marten was not encountered on the
flood plain. Mustela ermina was the most abundant carnivore in
each habitat. Mustela vison and Lutra canadensis rarely ranged
beyond river or stream banks, so these species were recommended
as indicators of water quality.
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GROUND SQUIRREL
McArther (1977) studied seasonal variations in ground
squirrel abundance in flood plain, mid-elevation forest, and
alpine meadows. Virtually all home ranges were usually located
at the periphery of meadows. With increasing elevation, meadows
contained approximately the same number of burrows per unit area
but fewer ground squirrels. Mean plant cover at burrow entrances
ranged from 99% on forest meadows to 18% on alpine meadows, with
79% cover on flood plain meadows.
MARMOTS AND PIKA STUDIES
Barash (1973) studied habitat utilization by ground
squirrels, hoary marmots (Marmota caligata), and pikas (Ochotoma
princeps) in the Piegan Mountain area. All three species
maintained burrows in rock slides and foraged in surrounding
meadows. Although the three species exhibited little qualitative
difference in vegetation consumed, they used talus slopes
differently. The three species were most active in morning and
late afternoon. Pikas spent significantly more time on talus
slopes than did other species and tended to make short, rapid
forays, rarely straying more than five m from talus. Marmots and
ground squirrels spent more time foraging and journied farther
than pikas. Foraging by marmots and ground squirrels peaked in
late-July and was significantly less by mid-August. Pika
foraging activity peaked in mid-August. All pikas dens were
located in talus, compared to 88% of marmots and 15% of ground
squirrels. Barash's study is similar to another conducted by
Tyser (1978) in 1976-77.
Tyser studied the foraging behavior and substrate use of
pikas, marmots and ground squirrels. He also found that pika
foraging behavior consisted of short, rapid forays, rarely far
from talus slopes. Only seven percent of pika trips extended five
m from the talus compared to 89% and 88% of the trips,
respectively, for ground squirrels and marmots. Throughout the
summer, however, pika foraging distances increased as haying
sites were further from talus than feeding sites. The quality of
vegetation consumed by pikas was low compared to that used by
marmots and ground squirrels.
Tyser also examined relationships of body size to foraging
patterns and studied coexistence between marmots and ground
squirrels. Although extensive spatial overlap existed in feeding
sites, foraging behavior was consistently different between
marmots and ground squirrels. Ground squirrels were selective
grazers, selecting higher quality feeds. Tyser interpreted this
selectivity to be a means of meeting the ground squirrels' higher
metabolic rate.
Tyser also looked at surveillance behavior. Pikas and
marmots often spent up to five minutes continuously looking up or
sunning, although they spent little time alarm-calling.
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Virtually all pika alert behavior occurred in talus on
medium-sized boulders. Most marmot alert behavior occurred while
feeding and they used larger boulders in meadows and talus for
sunning, lookout, and alarm calling. Ground squirrels performed
alert behavior in meadows while feeding.
SHREWS
The habitat use and taxonomy of shrews (Sorex) was studied
by Clothier (1950). He found even sex ratios for adults and
juveniles and found no differences in cranial measurements and
tail length between sexes. Shrews were active day and night, and
none lived more than two years. In Glacier, the upper limit of
their distribution was near the upper limit of the tree line. Of
62 stomachs, 38 contained insect remains, 26 Annelida, 12 shrew
hair, 12 vegetal matter and 10 insect larva. Males taken after
February 1 had enlarged testes and after March 14, sperm was
present in testes and epididymyides. Clothier noted the earliest
signs of pregnancy April 1 and the latest July 25. Embryos
averaged 6.6 per female.
SMALL MAMMAL PHYSIOLOGY
Clothier's main objective was to study the taxonomic
relationship between Sorex vagrans monticolus and Sorex obscurus
obscurus. He recorded several body and cranial measurements.
Bimodal pattern did not appear in the frequency distributions of
most of the measurements as would be expected when dealing with
two species. As a result, Clothier concluded all shrews captured
belonged to one species which he considered S_^ vagrans. No body
measurement differences occurred between high and low elevation
animals.
Another taxonomic study involved Peromyscus maniculatus
populations in the Lake McDonald and St. Mary area (Mitchell
1977). Two morphological forms had overlapping ranges: P^ M.
artemisiae—a long-tailed, large bodied forest dweller and P^ M.
osogoodi—a smaller, short-tailed inhabitor of open areas.
Mitchell trapped mice along an east-west transect extending from
Lake McDonald to St. Mary and onto the Blackfeet Reservation. He
used electrophoresis on 15 enzymes representing 18 genetic loci
to separate mice into taxonomic groups. He found as much genetic
diversity within the subspecies P^ M^_ artimisae as between the
two subspecies. The genetic pattern corresponded to a pattern of
change in tail length. Mitchell presumed the pattern of
differentiation originated because of glacial isolation.
Populations with the highest similarities probably shared a
common origin in glacial times, remained similar in the
intervening years and contunue to exchange genes. Dissimilar
populations, on the other hand, differentiated during isolation
and the differences persisted because of no or limited gene flow
between isolated populations.
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Fogelsong (1974) used Peromyscus maniculatus to test the
effects of flouride pollution. In the late 1960's and early
1970's, flouride emmissions from the Anaconda Aluminum Company
(now ARCO) in Columbia Falls began to cause visible damage to
vegetation in the southwestern section of the park. There was a
concern that animals consuming this vegetation could suffer as a
result of flouride ingestion, and accumulation.
Fogelsong found high levels of flourides present in femurs
of mice trapped on contaminated sites. However, the mice showed
no dental flourosis, and no other harmful effects could be
ascribed to high flouride levels in their systems. In laboratory
tests, Fogelsong fed groups various levels of flouride. A group
accumulating even 1262 ppm flouride showed no adverse effects.
However, those accumulating more than 7817 ppm did.

WOLVES
Wolves (Canis lupus) played an important historical role in
the park. Like most predators, however, man's "control" programs
did far more than control wolf populations; most of the existing
population was killed as early as 1920 (Singer 1975b). Singer
(1975b) reviewed the history and status of GNP timber wolves,
which exhibit a mixture of characteristics between the British
Columbia subspecies (C. 1. columbianus) and the Rocky Mountain
subspecies (C_^ 1^ irremotus). Available records indicated 17
wolves were shot, 15 trapped and 98 observed in GNP between 1910
and 1975. Between 1900 and 1920 three or four packs were
resident, but intensive trapping disrupted them. Few wolves were
reported between 1920 and 1948. Two packs larger than 10 animals
were reported in the North Fork area between 1948 and 195 6.
Fifteen wolves were shot or trapped during this period, and
introduction of 1080 in the 1950 to 1952 period decimated the
population. Since 1957 few wolves have been sighted.
Intensive searching in 1975 lead to the discovery of 26 sets
of tracks (Singer 1975b). Most travel occurred along stream
beds, game trails and abandoned foot trails in inaccessible
areas. Mattson and Ream (1977) collected 105 wolf records over
several years, 36 of which occurred in the park; and in 1978,
they collected 30 reports from the Glacier-Bob Marshall
ecosystem, eight within the park. The sightings were most
consistent in the North Fork, the southeast portion of the park
from Fielding to East Glacier, and from St. Mary's to Waterton.
Eighty-eight percent of 270 reports in northwestern Montana from
1972 to 1977 occurred within a "wilderness corridor" that
straddles the Continental divide from Canada south 225 km. Most
observations were of lone wolves (63%) or pairs (22%) (Singer
1975b).
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Singer listed the following reasons as possibilities for the
highly solitary nature of the population:
1) Human killing and other disruptive influences on packs have
resulted in excessive losses of wolves including key individuals
in the packs.
2) Expanding populations in British Columbia and Alberta have
caused the dispersal of individuals that are not likely to
establish territories or mate.
3) Availability of prey is insufficient for successful breeding
of wolves.
4)

Human activities exclude wolves from some important habitats.

5) Genetic variability between wolves has been reduced due to
extended periods of minimal populations.
Despite the normal solitary nature of GNP wolves, people
reported localized summer activity in 1948 and between 1970 and
73 and observed pups in 1948, 1967, 1970, and 1973. In 1982, a
litter was discovered just north of the border. On one occasion,
researchers counted seven pups. Howling was heard the following
spring and indicated the litter survived and the family was
travelling as a pack (Ream 1983) .
In April 1979, the Wolf Ecology Project captured and radioed
a lone 7-8 year-old, 36 kg, female wolf 10 km north of the
international boundary in the North Fork drainage. During the
time she was tracked (April 1979 to July 1980), she did not
associate with other wolves and occupied a well-defined home
range which she scent marked and reused in 1980 (Ream et al.
1983, Boyd 1982). The litter discovered in 1982 occurred within
this wolf's range, but researchers found no evidence to comfirm
the litter was hers.
During snow-free months she concentrated her activities on
two core areas separated by 40 km. Mean travel distance was 4.93
km/day; but while in the core areas, the wolf's movements were
considerably less, and while moving between the two areas her
movements were considerably longer—up to 29 km/day. During
winter she used only the southern core area and travelled
significantly less, averaging 1.61 km/day. At all seasons, the
wolf showed a strong preference for valley bottoms and avoided
high elevations. This use pattern was accentuated in winter.
She used roads extensively for travelling and consistently used
timbered areas (25% in forest benches above the river and 75%
divided evenly between heavily timbered sites adjacent to bogs or
wet meadows and timbered lower slopes—often close to stream
beds) but avoided objects with human scent and avoided crossing
human tracks.
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The wolf's home range, delineated by minimum convex polygon
was (1144 km , but this figure was an exageration due to her
extensive use of river bottoms. The 80% isopleth line enclosed
only 816 km .
COYOTE
Boyd (1982) also tracked ten radioed coyotes (C^ latrans) in
addition to the lone wolf. Although the wolf and coyotes
utilized the same area spatially, they avoided each other
temporarily Boyd never located the wolf closer than 1.7 mi (2.7
km) to any instrumented coyote.
Coyote home ranges averaged 68 km for males and 51 km for
females. The greatest overlap was between males and females and
subadults and adults. Boyd never observed direct territorial
behavior, but scent-marking and the high degree of exclusiveness
in home ranges indicated territoriality. Scent marking peaked in
late February, coinciding with the breeding season. Paired
coyotes scent-marked at a rate three times greater than lone
coyotes, and lone coyotes marked at a constant rate throughout
the year. All collared coyote mortalities occurred along the
periphery of, or dispersal route from, each coyote's home range.
A disproportionate sex ratio of 1.5 males:1.0 females
existed in the captured population. Coyotes generally travelled
in pairs or alone, possibly due to the smaller-sized prey base.
Mice and snowshoe hares were consistently available and exploited
year round. Availability of ungulates varied seasonally and they
were not a reliable food source for coyotes. Analysis of female
wolf scat, however, indicated she depended on ungulates as the
primary year round food source with 53% occurrence by volume and
77% frequency.
Today, although wolf tracks are sighted fairly regularly,
visual observations are rare. Glacier National Park may play a
key role in wolf population recovery, however, because of its
isolation, particularly in the North Fork where lower visitation,
rolling terrain, and connecting travel corridors to Canada may
provide a better setting for reestablishing populations than is
available in many areas. Consistent long-term monitoring of wolf
populations, as well as prey and competitor populations including
big game and coyote, will be important in assessing the success
of wolf recovery efforts.
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BEAR POPULATIONS
GRIZZLY BEARS (Ursus arctos horriblis)
Grizzly bears are one of the most studied resources in the
park. Most grizzly bear research has been management oriented.
However, a stronger biological orientation in future research is
anticipated.
Park employees and visitors are urged to report all bear
sightings. Sighting records include location and time of
sighting, behavior and description of bear(s) and responses of
both bears and observers. These records are entered in the BIMS
(Bear Information and Management System) computerized data base.
Since 1983, BIMS information has been stored on the park's
computer system; prior to that it was sent to Washington, D.C.
As with many complex data bases, the quality of data is a
problem. Incorrect or duplicate information is often entered.
In other cases, sightings have not been recorded. Park research
personnel map and compile grizzly family group sightings based on
BIMS data, but to date, no other summaries are made.
POPULATION CHARACTERISTICS
Keating (1983) compiled historic data in an analysis of
grizzly population trends in the park; summarizing population
estimates, sighting rates, mean group size, and park visitation.
Sighting rates and mean group size were estimated from ranger
logs for each district. Qualitative accounts suggested that the
park's grizzly population at the time of establishment was nearly
decimated, and was between 63 and 78 bears. During the
intervening years, population growth followed a double-sigmoid
pattern, with growth periods occurring in the early 1930s and mid
1960s. Present estimates place the park population at about 220.
Many of the recent grizzly population estimates are based on
Martinka's (1974a) work. Martinka carefully examined sighting
records in a 750 km area. Based on bear and bear group
descriptions, locations, and dates, he estimated population
figures for the sample area and extrapolated the results to the
entire park. He estimated a population of between 175 and 230
bears, or a density of one bear per 17.8 to 23.5 km between 1967
and 1971. Mean population composition consisted of 49%
unclassified adults, 19% productive females, 17% cubs and 15%
yearlings. Cub production varied year to year, averaging 33 cubs
per year. Comparable litter and yearling class figures indicated
a low mortality. However, except for a mean mortality of 1.8
bears/year as a result of management actions (1% of estimated
population and 5% of mean annual cub production), mortality and
dispersal data are lacking. Martinka felt the numerical
stability and low productivity implied the population was at or
near carrying capacity.
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Following intensive trapping in the Akamina-Kishinena
drainage in the North Fork Valley, McLellan (1982) estimated a
population of 95 individuals in the drainage giving a density of
1 bear per 17.1 km , a figure slightly greater than Martinka's
(1974) estimate for the park. Sex ratio of captured bears was
50:50 which McLellan felt was biased towards males in the
population since their larger home ranges gave them a greater
chance of being captured. Population composition was also
similar to Martinka's park estimates: 48% adults, 28% subadults,
13% yearlings, and 11% cubs. McLellan found one 4.5-year-old sow
produced cubs, but they apparently died before the following
spring. Two 5-year-old sows showed signs of being in estrus.
McLellan (1981) and Jonkel (1980, 1979, 1978) present sex,
age, weight, and other various measurement data from bears
trapped in the park and surrounding area.
MOVEMENTS AND HOME RANGES
Part of an ongoing Canadian study just north of Glacier
(Hamer et al. 198 2) involved radiotracking a collared sow with 2
cubs. She moved a mean daily distance of between 1.7 and 2.0 km.
Based on semi-monthly summaries of her mean daily movements, she
moved least in early November and moved most in late August. The
greatest linear dimension of the sow's annual home range was
about 22 km. Her computed semi-monthly home range was greatest
in early and late August (greatest linear dimension 17.0 km and
17.5 km, respectively) and least in early June (greatest linear
dimension 5.0 k m ) , early July (4.1 km) and early November
(between 3.2 and 6.4 k m ) .
McLellan (1982) found the seasonal home ranges of
radiocollared bears in the North Fork drainage of Montana and
British Columbia were largest during spring for both sexes, which
agreed with Sizemore's (1980) results. McLellan speculated that
the patchy nature of spring food sources accounted for larger
home ranges as well as travelling by both sexes in search of
mates. Overall, home ranges averaged 481 km for males and 182
km for females. Home ranges for three family groups in Glacier
National Park varied from 12.9 to 31.1 km (Martinka 1974).
South Fork minimum home range sizes varied between 156 and 686
km while modified minimum home ranges varied between 13 and 152
km (Jonkel 1979).
During the second year of Hamer et al. (1983) Waterton
National Park study, a lone sow was captured and collared. She
occupied a relatively small home range compared to the family
group. McLellan (1982) found that females with cubs of the year
restricted their home ranges while cubs were small. Later,
however, the cubs' presence had no effect on sows' movements.
The Waterton family group used the same general area and
same feeding sites the second year of the study as the previous
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year. Three family groups followed by Martinka (1974a) from 1967
to 1970 occupied relatively discrete home ranges with limited
intrusions into adjacent home ranges. Siblings maintained at
least a brief association with the maternal home range followed
by probable dispersal to vacant marginal habitats. Home ranges
were not defended, and areas could be concurrently occupied by
adult males, occasional family groups in peripheral areas and
possibly unproductive adult females. One female occupied the
same areas for 7 years with three different litters. Although
movements were generally confined to single drainage, topography
did not totally inhibit movements between watersheds.
Seasonal home ranges for individual bears in the North Fork
shifted in location between years but spring ranges seemed to be
more stable than summer ranges (McLellan 198 2) . On a yearly
basis, the spring ranges of all individual bears had at least
some overlap. McLellan felt the higher fidelity to spring ranges
was possible since spring foods grow relatively consistently
while summer berry production varies year to year.
McLellan also found considerable overlap in Flathead
drainage home ranges. Total overlap often occurred between
sexes; within sex overlap varied. At least one subadult utilized
the same home range as her mother during her first year of
separation, and some evidence existed of the mother altering her
range to acommodate the subadult. Sizemore (1980) also saw
considerable overlap in bear home ranges except for three sows
with cubs.
Radioed bears outside the park and a subadult sow radioed in
Glacier National Park the summer of 1983 provide valuable
movement and home range data, but information remains extremely
sparse. For example, seasonal concentrations occur along the
North Fork River where Singer identified 21 bears in a 27 km area
(18 adults, 2 subadults and 1 female with cubs) during the spring
and in the Apgar Mountains, where even greater concentrations
occur, presumably due to high or consistent huckleberry
(Vaccinium spp.) production. No one knows where congregating
bears come from or where they disperse to, although Riggs
followed a radioed sow from Roger's Lake in the Camas Creek
drainage to the Apgars (Kendall 1982).
In a five-week period during 1976, Peacock (unpubl.) made 78
grizzly bear sightings including a minimum of 30 separate
individuals in the Apgar Mountains. Like Martinka (1974a),
Peacock observed a predominance of unclassified adults; (14
adults, 5 productive females, 4 solitary subadults, 6 yearlings
and 1 cub were identified). During one-hour helicopter surveys,
Kendall (1982, in progress) observed the following concentrations
in the Apgars:
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DATE
9/15/82

TIME
0745-0905

NO.
GRIZZLIES

MIN. NO.
GRIZZLIES

GRIZZLY
DENSITY
(BEARS/KM )

20

1.4

10

NO.
BLACK BEARS
3

9/16/82

1735-1845

14

3

9/6/83

1845-1950

23

7

9/12/83

1822-1950

26

31

1.7
20

Kendall's flights were part of a cooperative effort with the U.S.
Fish and Wildlife Service to monitor grizzly bear population
trends. During the peak of the berry season, Peacock observed
densities as high as six grizzlies/km . Kendall's 1982
observations represented a minimum density of 1.4 bears/km and
1983 densities equalled 1.7 grizzlies/km
(2.7 bears/km —black
and grizzly bears combined) compared to the park-wide average of
0.05 grizzlies/km
(Kendall 1982). Peacock noted that the
buildup of bears in the area was gradual, but dispersion was
abrupt and bore little or no relationship to a diminished food
supply. He felt that relatively few of the grizzlies observed
had spring or early summer ranges in or adjacent to the Apgar
Mountains. Peacock (unpubl.) and Schaffer (1971) rarely observed
black bears during the berry season, but Kendall (in progress)
observed black and grizzly bears feeding near one another.
HABITAT
Habitat relationships of grizzly bears are better understood
than their movements. These habitat relationships are, however,
based on ground observations and therefore are biased by the fact
that they exist only in areas of human use and, by the lack of
nighttime data. Martinka (1972) summarized seasonal distribution
of bears. Spring sightings usually occurred in low-elevation
coniferous forest, grassland, and slide areas, and low-elevation
coniferous forest. Low-elevation coniferous forest sightings
predominated again in the fall. During the summer and early
fall, bears increasingly used higher-elevation coniferous forest,
as well as shrub and alpine types.
Zager (1980) found grizzlies in the North and South Fork
River drainage preferred snowchutes and ridgetops significantly
more than other habitat types, although they also preferred
creekbottoms. Later, in summer and fall, bears preferred
shrubfields, slabrock, ridgetops, and creek bottoms. McLellan's
(1981) findings confirm Zager's observations. Collared bears in
the Akamina-Kishinena drainage selected avalanche chutes and
riparian areas during spring; high-elevation burns in late
summer; and low-elevation riparian areas, slabrock, and timbered
areas in autumn. Jonkel (1978) has summerized habitat use of
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grizzlies on the North Fork drainage. Jonkel located a majority
of grizzly bear activity sites less than 100 m from cover
(defined as vegetation or topography that hid 90% of a bear at
122 m ) . Only 7.6% of locations lacked a shrub layer.
Floodplain communities appear to be particularly important
as spring habitat (Riggs and Armour 1978, Singer 1978b).
Although river floodplains and tributary drainages comprised only
16 and 14% of the North Fork area respectively, 42% of observed
grizzly bear sightings occurred on floodplains and 38% in
tributary drainages (Singer 1978) . While 70% of the area was
coniferous forest, only 20% of feeding sites occurred there.
Most (81%) of the actual bear observations occurred in wet meadow
types.
Riggs and Armour once located a collared bear 0.5 km from
water; all other locations were within 50 m of water. Seven of
eight active locations occurred in mesic meadows. All bedding
sites were in conifer types, though, usually in stands where
windfall or avalanche debris was thick (at least 2 m high).
McLellan (1981) also found that grizzly bears utilizing riparian
areas used adjacent timbered areas for day bedding. In addition,
seven of nine aerial locations occurred in bunchgrass communities
where early greenup and denser shoot densities made them more
desirable, especially before other community types had greened
up.
The University of Idaho CPSU (Butterfield and Wright in progress)
is currently directing a study to identify grizzly bear habitat
components using a combination of LANDSAT classified scenes and
extensive ground-truthing. This study is being undertaken in the
Two-Medicine drianage, and if the use of the LANDSAT images
proves feasible, it will probably be expanded to other areas in
the park.
FOOD HABITS
On the North Fork, Singer (1978b) observed bears eating
primarily in dense stands of rhizomatous grasses in wet meadows,
especially timothy (Phleum pratense), western wheatgrass
(Agropyron smithii), Poa species, Elymus glaucus and orchard
grass (Dactylis glomerata). During the succulent stages of
initial greenup, bears consumed cow parsnip (Heracleum lanatum),
hawkweeds (Hieracium) and angelica (Angelica). Tubers and roots
of wild onion (Allium), locoweed (Astragalus), bear berry
(Arctostaphylos uva-ursi), and crazy weed (Oxytropis campestris)
constituted major components of spring and fall diets. Glacier
lily plants (Erythronium grandiflorum) were also important spring
foods. Carrion was an insignificant component of grizzly diets.
Martinka (1972) , on the other hand, found elk and deer
remains in 54% of spring scats, and moose and mountain goat
remains appeared in others. Despite the seemingly high use,
however, spring diets were still predominantly herbaceous.
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During the summer, fruits, roots, and insects supplemented herbs.
Use of sedges (Carex) and cow parsnip increased while use of
grasses and horsetail (Equisetum) decreased. As huckleberries
(Vaccinium) and serviceberries (Amelanchier alnifolia) ripened,
they replaced herbs. Roots and bulbs, especially of glacier
lilly, commonly appeared. Use of fruits exceeded herbs in fall
until October when a sharp decline occurred and roots, grasses,
and ungulates again predominated.
Akamina-Kishinena grizzly bears utilized carrion in early
spring but to an even greater extent (McLellan 1981). Sweetvetch
(Hedysarum) composed the remaining faction of the diet. In June,
horsetails were the most common item, supplemented with Angelica,
forbs and grasses. Various umbels (cow parsnip, Angelica)
predominated from July to mid-August when ripening huckleberries
became the most important food.
In Waterton National Park, three main foods dominated
grizzly bear diets: sweetvetch roots in spring and autumn;
aerial portions of Umbels (Heracleum lanatum, Angelica dawsoni,
and Osmorhiza) in late spring and summer; and huckleberries in
late summer and autumn (Hamer et al. 1983, 1982).
Schaffer (1971) , found grizzlies in the Apgar mountains
feeding primarily on cow parsnip at low elevations and sego
lilies (Calachortus), sedges and woodrush (Lazula) at
high-elevation open ridgetops. Ants, bees, wasps, squirrels,
galliforms, Cricetidae, and carrion supplemented diets at all
elevations After July 25, huckleberries, serviceberries, and
sedges became the most common food items, supplemented by
miscellaneous animals. Mid to late-August diets consisted of
mountain ash (Sorbus scopulina) with huckleberries and service
berries.
Jonkel (1982) also summarized grizzly food habit data.
Annually, fruit was the most frequently eaten food. Thirteen
species occurred but huckleberry was the most important.
Succulent forbs were second in importance and seasonally most
important.
Most researchers agree that in spring and early summer
grizzly bears consume herbaceous and below-ground plant material.
This occurs before plants flower, leaf and stem portions are
higher in protein, and more nutritious. After flowering, protein
values decrease and cell wall contents increase, and it is
difficult for bears to meet their nutritional needs through leaf
and stem parts. Sizemore (1980) found that after plants
flowered, bears ate only the flowering parts. He found that
flowers contained similar chemicals and cell content composition
as preflowering plants. His computed values of nutritional
availability indices of spring/summer foods corresponded to diet
importance values of individual plants. Generally, plants of
higher nutritional availability comprised major portions of bear
diets except bulbs which were high in nutrition but low in
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percent of diet, and grasses which were second-highest in diet
but. low in nutrition.
Zager (1980) examined the influence of disturbance (fire and
logging) on North and South Fork grizzly bear habitat. Wildfires
appeared to benefit grizzly habitat by increasing production of
key grizzly foods. The canopy cover of shrubs considered key
grizzly bear foods were generally greater on old burns (35-70
years) than on old-growth stands, although globe huckleberry
(Vaccinium globulare) declined slightly in cover in two habitat
types. Relatively few shrubs declined following wildfire. A
majority of common shrubs, including all key shrub bear foods,
resprouted from underground reproductive organs after disturbance
and could resprout after all but the hottest wildfire. Equisetum
remained unchanged following fire. Grasses increased following
disturbance, expecially Calamogrostis rubescens. Zager
concluded: that effective wildfire suppression has had, and will
continue to have, a significant negative impact on grizzly
habitat, particularly on the relatively mesic subalpine
fir/beadlily (Abies lasiocarpa/Clintonia uniflora) and Abies
lasiocarpa/Menziesia habitat types. It has had less effect on
the more harsh subalpine fir / Xerophyllum tenax and
subalpine/woodrush habitat types, but continued supression will
probably result in declining grizzly food production there also.
DENS
McLellan (1981) and Jonkel (1980, 1979, 1978) provide
summaries of grizzly bear den statistics. Bears enter dens in
late November and emerge between early April and early May. Most
of Jonkel's dens occurred on south-to-west aspects, but
McLellan's occupied north-to-east aspects. Den elevations ranged
between 1768 and 2316 m on steep slopes, 60 to 150 m below
ridgetops. Almost all dens were in Abies lasiocarpa habitat
types. Approximately half of the dens contained nests, and all
nests were composed by bear grass (Xerophyllum tenax).
BEHAVIOR
Authors disagree on the active period of grizzly bears.
Schaffer (1971) felt they were most active in the Apgars between
0400 and 1100, and 1530 to after dark. Sizemore (1980) felt that
during the spring and summer period all bears were more active at
night than during the day, but that during the summer and fall,
there was no significant difference between day and night
movements.
Interactions between grizzly bears and hikers and campers
are of great concern to resource managers. Between 1967-71, 79%
of grizzly/human encounters occurred in backcountry areas
(Martinka 1974b,c). Backcountry incidents occurred at a rate of
7.3:100,000 visitors. Overall injury rate for the period was 0.2
per million, substantially lower than the 1.7 million rate for
the 1956 to 1960 period.
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Several researchers have determined that confrontations
directly correlate with visitation (Martinka 1982a, Kendall 1983,
Stuart 1973, 1977, 1978). Martinka found perfect correlations
between the number of bears removed and level of visitation and
the number of bears removed and number of confrontations. Bear
removals, therefore, are expected to closely follow trends in
visitation and confrontation, this despite a recent emphasis on
preventive vs. reactive action and increased efforts to
transplant bears. Martinka expressed the fear that although past
and current removals were biologically acceptable, trends
indicated they could exceed biologically acceptable levels in the
future.
Kendall (1983) analyzed parkwide trends in grizzly/human
interactions. Grizzlies were involved in 25 confrontations
(incidents involving injury) resulting in 28 injuries and six
deaths between 1939 and 1982. In addition, there were 93
aggressive encounters (incidents where the bear advanced toward
the observer) between 1969 and 1982. More incidents occurred
than expected in high-use areas but the frequency was less than
expected when compared to visitor use levels. The seasonal
distribution of incidents was strongly related to visitation.
Since 1968, more aggressive encounters have involved bears which
have exhibited behavioral traits indicating they are becoming
accustomed to, or habituated to humans. This was indicated in
part by a decrease in the incidents involving females with young
and an increase in incidents involving unclassified adults.
However, Kendall found that within the past 14 years, no change
had occurred in the proportion of sex/age classes involved in
confrontations and aggressive encounters. The number of
productive females and unclassified adults involved in recent
incidents was in proportion to class occurrence in the
population. Martinka (1971), however, found that 83% of 1967-70
incidents involved females with young compared to 23% involving
adult/subadult bears, although adult/subadults composed 49% of
the population (Martinka 1974a).
Hiker group size did not appear to be a factor in
determining which interactions resulted in injury and which did
not. Hiker injuries appeared to occur earlier in the day during
1969-82 than in earlier years. Within the 1968-82 period, hiker
confrontation distribution by time of day had not changed, but
hiker incidents occurred less frequently between 1101 and 1400
hours in the past 7 years.
Merrill (1978) surveyed backcountry campsites to identify
characteristics predisposing certain campgrounds to depredation
problems. She found no significant difference between black and
grizzly bear incidents on any of the 17 characteristics she
measured. Ninety percent of all bear incidents took place in
forested campgrounds. Campgrounds in mature spruce-fir (66% of
black bear and 30% of grizzly bear incidents) and mixed lodgepole
pine-larch-fir (37% of black bear and 47% of grizzly bear
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depredations) had higher numbers of incidents than expected.
Fewer incidents than expected occurred in campgrounds in open
alpine or subalpine areas (3% of black bear and 23% of grizzly
bear incidents). Areas with canopy cover greater than 50% and a
canopy height greater than 20 m were associated with high
incidence rates. Frequency of incidents was singificantly higher
in U-shaped valleys, possibly because lakes in these valleys
directed bear movements to campgrounds.
Campgrounds having two trails leading to them rather than
one and those within 5 km of a developed area (including chalets
and patrol cabins) had high depredation rates. Although
campground size made no difference in incidence rate, party size
was directly related. Presence of food poles reduced depredation
as did required use of self-contained stoves rather than
woodfires. Since improper disposal of fish entrails was the most
common cause of encounters, incident rates were significatly
greater at areas with good fishing.
Jope (1982) felt behavior of bears was primarily associated
with the level of human activity, presence of bear bells, and
climatic circumstances under which bears were seen. Although
grizzly bears' fear response toward people appeared to decline as
they became more accustomed to people, they maintained a degree
of vigilance that was related to conditions affecting the ease of
scent perception. Charges only involved people who did not have
bear bells and occurred primarily along trails that received
little use. Jope's evidence indicated that habituation of
grizzly bears to human presence did not lead to the increasing
rate of human injuries, and in fact, may have contributed to a
reduction in the rate of injuries resulting from fear-induced
aggression.
No difference existed in the behavior of adults and
subadults between the first and subsequent encounters with
people. The initial behavior of females with young also did not
differ, but their behavior did differ with subsequent encounters,
and they charged more often. McArthur (1980) hypothesized that
females with young were more likely than adults and subadults to
avoid human-use areas and showed little habituation. Initial
behavior differed depending on whether the bear's closest
distance was less than or greater than 150 m from people. Bears
further than 150 m showed no substantial change from their
initial behavior but of bears closer than 150 m, 10% charged. No
difference in initial bear behavior appeared in reactions to
people with and without bells, but subsequent behavior did vary.
Of bears initially stationary, 67% moved away from people with
bells while 25% remained stationary. For people without bells,
however, only 26% of bears moved away while 48% remained
stationary. For hikers without bells, bears more frequently
moved away from groups of 2 than from larger groups. When
considering people without bells, charges tended to occur at
crepuscular times on cool days early in the summer. Although
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charges tended to occur before mid-summer, 13% of injuries
occurred in August and 33% in September.
Work by McLellan (1983) also suggested grizzlies were
behaviorally capable of a certain level of adaptation or
habituation to the presence of people on foot or in vehicles. He
analyzed the reactions of two groups of bears to
disturbance—bears living in areas intersected by roads and
inhabited by people vs. bears living in remote areas and having
little human contact. Bears from remote areas showed more
extreme reactions to approaching people and vehicles than
habituated bears who often exhibited ambivalent reactions and
sometimes no reaction to humans or vehicles. In another study,
radioed bears exhibited little, if any, negative reaction to
human, vehicle, helicopter, and auditory disturbance associated
with oil and gas exploratory drilling. Bear habitat-use patterns
remained fairly constant before, during, and following
exploration activities, and locations gave no indication of bears
avoiding disturbance, even in an incidence of direct helicopter
harassment.
Currently the University of Idaho CPSU (Wright and Machlis
in progress) are studying visitor use patterns and attempting to
document bear sightings and encounters through the use of a
questionnaire survey in the Two-Medicine drainage. The objective
is to determine if any correlations exist between human
activities and contact with bears, and also to attach some
reliability to bear sighting data.
BLACK BEARS (Euarctos americanus)
Only a small proportion of the total bear research effort in
Glacier has concentrated on black bears. The current estimate of
the park's black bear population is 500 although Wasem (1968b)
estimated 250-300 bears in 1967. These figures are estimates
based on professional judgement and recorded bear sightings made
by park employees and visitors but are not backed by systematic
sampling. Sighting records include location and time of
observation, sex and age of bear, if known, as well as color and
other identifying marks.
During the early 1960's, Tisch (1961) studied black bear
food habits while Jonkel (1967, Jonkel and Cowan 1971)
concentrated on other aspects of black bear ecology, particularly
population characteristics and bear movements in the Big Creek
drainage of the Whitefish Range. Due to the lack of specific
information in the park, these studies provide valuable data, but
they must be interpreted with several factors in mind: 1) the
Whitefish population was hunted; 2) the Big Creek population
contained relatively few grizzly bears—an estimated six
grizzlies inhabited the area compared to 91 black bears, so
effects of interspecific competition were less pronounced; 3)
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extensive logging had taken place; 4) there were many roads in
the area; and 5) underlying bedrock and, therefore, soils were
different from the Park (except for the Apgars and Belton hills).
Black bears emerged from their dens in mid-May. During
early spring, vegetative material formed the bulk of the diet
with grasses, Angelica, Osmorhiza, and Equisetum dominating. A
gradual transition occurred between spring and summer diets.
Bears continued feeding on forbs and switched to a predominantly
fruit diet by mid-July. During this period, Heracleum lanatum,
Equisetum, Angelica dawsoni, and Osmorhiza continued to dominate
diets. Ants were the predominant animal component of the summer
diet. As bears switched to a fruit diet, Vaccinium
(huckleberry), Lonicera involucrata (twin berry), and Amelanchier
alnifolia (service berry) became prevalent. Vaccinium was so
important, as a matter of fact, that Jonkel (1967) observed
depressed reproductive rates when huckleberry production declined
and increased reproduction when production increased.
Huckleberries continued to constitute the bulk of the fall
diet (94.3 and 65.1%) (Tisch 1961). Pine nuts (Pinus albicaulis)
were of secondary importance in the fall diet, but several
herbaceous foods frequently appeared, especially in scats
collected at or near timberline. By late fall, huckleberries
disappeared and mountain ash (Sorbus), serviceberry, and
snowberry (Symphoricarpos albicaulis) replaced it. Bears
increased their use of grasses at this time. Most black bears
entered dens by late October (Jonkel 1967). Climatic factors
apparently superceded all other stimuli in causing bears to den.
Black bears usually denned in the bases of hollow trees.
Big Creek's great diversity of topography, climate, and
vegetation made small ranges possible. Bear densities averaged
one bear per 2.6 km in 1960 and one bear per two km in 1961.
Densities declined one bear per 5.2 km through 1966 (Jonkel and
Cowan 1971). Annual changes in population density correlated
with average weights of bears, increased hunting pressure,
increased logging, poor berry crops from 1961 to 1963, lower
proportions of young animals, and virtual absence of reproduction
between 1961 and 1963.
Adults in the Big Creek drainage occupied small home ranges.
Assuming circular areas, female ranges averaged 5.6 km and male
ranges averaged 30.7 km . Resident males increased the size of
their ranges as they matured, but all others remained in areas of
similar size. Consequently, the number of adults remained
relatively constant from year to year even as the population
declined. Declining subadult numbers apparently accounted for
the overall decline. A form of territoriality exerted control
over density. Adult male and female ranges overlapped, but
minimal overlap occurred between adults of the same sex.
Subadult ranges overlapped considerably with adult home ranges,
and in several cases, cub groups stayed on their mothers' home
ranges after family groups had broken up.
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In the Big Creek area, females averaged 5 7 kg but showed
marked differences in weight through the season, a trait lacking
in males. Females from high elevations were significantly
lighter, and overall averages declined slightly between 1959 and
1965. Males averaged 96 kg in spring, 85 kg in summer, 102 kg
during the fall. Average weight declined for males between 1961
and 1963 but no difference appeared between elevations. From
mid-July to October, all age classes gained weight rapidly (up to
0.7 kg/day). Despite the healthy appearance of adults, Jonkel
tentatively concluded that seasonal restrictions in nutrition may
have had limiting effects on the population. Subadults gained
weight slowly during their first four years, and declines in
adult weights corresponded to years of poor berry production.
Jonkel (1978, 1979, 1980, 1982) presented sex, age, and weight
data for black bears captured in North Fork and South Fork
grizzly bear studies.
Other observations supported the hypothesis that food was
the population's limiting factor. First was that many adult
females (greater than 4.5 years) did not have young, and sows as
old as 7.5 years old had never raised a litter, possibly because
nutritional limitations delayed physical, and thus sexual,
maturity. In addition, litter sizes were small (1.6-1.7 cubs),
and some yearlings inhibited estrus for two years by suckling up
to 16 months. Jonkel found females in estrus as early as May 25
and as late as August 10 but the peak occurred in June. No
females were observed in the company of more than one male at a
time. Each year, about 16% of the female population produced a
litter. Cub survival was high (95%) while in the mother's
company, but natural loss of subadults (1.5-3.5 years) was
considerable. Young bears seemed especially vulnerable to
changes in climate and to behavior of adult bears. Many
subadults dispersed from the area. Adult mortality averaged 14
percent.
Adult and cub/yearling sex ratios were even but the number
of subadult males captured was almost twice the number of
females, possibly due to a larger number of males moving through
the area. Jonkel felt that this area was excellent habitat for
adults but a harsh environment for subadults after they left
their mother. Jonkel also thought agonistic behavior in black
bears was more highly developed than formerly recognized and that
family behavioral relationships were elaborate.
Schaffer (1971) examined ecological relationships between
grizzly gears and black bears in the Apgar Mountains where
phenomenal seasonal concentrations of bears occur, presumably due
to high or consistent huckleberry production. Cow parsnip and
seeded roadside clover, supplemented with ants and occasional
small animals, constituted the bulk of spring and early summer
black bear diets. After July 15, bears began using ripening
berries, and moved from low to mid-elevation feeding sites,
especially on south slopes. In early fall (August 25-September
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25), cow parsnip and clover decreased markedly as huckleberries
and serviceberries increased in importance. During this time,
black bears began using mid-elevation north slopes. Almost all
black bears observed restricted their activity to dense or
semi-open habitats in low to mid-elevations which Schaffer
interpreted to indicate grizzly bears' dominance over black
bears. Almost no black bear use occurred above 1800 m. In
recent Apgar aerial surveys, however, black bears were often seen
in the open, near grizzly bears, and near the ridgeline (Kendall,
pers. comm.). Kendall (in progress) observed black bear
densities of 1.1 bears/km during a 1983 survey when she observed
seven and 26 black bears on September six and September 12,
respectively, representing a minimum of 20 different bears. In
1982, she observed three bears on each of two September flights
representing six different bears (Kendall 1982).
Park personnel are currently collecting food habits data,
and analyzing bear scat. They are currently unable to
differentiate between grizzly and black bear scat. A new
technique which makes differentiation possible is being tested,
and additional black bear food habits information will then be
compiled. Other studies involving black bears involve problem
bear management. Martinka estimated 97% of 1967 black bear
incidents and 91% of 1968 black bear incidents occurred in
developed areas. Management since then has alleviated many of
the problem sources and the incident rate has declined
substantially.
At backcountry campsites, Merrill (1978) found that 90% of
all incidents occurred in forested campgrounds. Spruce-fir
forests, and lodgepole pine, larch and fir forests had 66% and
31% of the incidents. Fewer incidents than expected occurred in
campgrounds in open alpine or subalpine areas where 23% of
grizzly bear and 3% of black bear depredations occurred. Sites
with canopy closures greater then 50% and an overstory greater
than 20 m were associated with unexpectedly high incidence rates.
Other factors contributing to higher incidence rates were:
presence of two vs. one trail, U-shaped valleys (lakes in these
may have directed bear movements to campgrounds), location within
5 km of developed areas including patrol cabins and chalets,
presence of good fishing (improper disposal of fish entrails was
the most common cause of encounters), and use of wood fires.
Wasem (196 8b) and McArthur (197 9a) studied movements and
transplant success of 13 relocated problem bears. Five of these
relocations were successful on the first try, and three were
successful following a second relocation. Of returning bears,
all returned to developed areas (either the original capture area
or another developed area) within four days, covering an average
distance of 20 Km and a maximum distance of 33 Km.
McArthur's (1979a, 1981) study involved a total of 112
bears. She foun females were more likely than males to return to
the capture area, whereas males were more likely to become
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nuisances in developed areas near the release site. Females
transported with one cub, however, were more likely than any
other group to become a nuisance at a new site. The more a bear
weighed, up to 100 kg, the more likely it was to return to the
capture area; two-thirds of all transplants weighing more than
100 kg were successful. Transplant success was most directly
related to the distance moved, the presence of a barrier, and
elevation gain required to return. Presence of a barrier
substantially reduces the distance and elevation required for
success. When comparing females to males, increased distance was
the major contributing factor to success. Elevation made little
difference to females but was more important to males than
distance.

PAGE 83
UNGULATE SPECIES
CERVIDS
Cervids have been the subject of numerous studies in
Glacier. Most have concentrated on winter habitat
relationships—probably because the availability of winter
habitats appears to limit the abundance of populations in the
park, where animals often congregate in larger groups at lower
elevations and so are easier to locate.
Wasem (1963, 1965a) examined elk (Cervus canadensis) winter
range conditions in various drainages of the park. He estimated
approximately 2000 elk, 800 mule deer (Odocoileus hemionus) and
100 moose (Alces alces) resided on GNP winter ranges during the
relatively mild 1962-63 winter. Mild conditions allowed moderate
use over larger areas so most ranges existed in satisfactory
condition. Following a colder, wetter winter in 1964-65, Wasem
(1965a) felt ranges continued to exist i fairly good condition.
Wasem's evaluations of individual drainages between 1962 and 1965
are given below. However, it should be noted in these and all
subsequent reports, the numbers reported are only estimates, and
should be treated as such. Most are based on observations alone,
and could be off by as much as a factor of 10. Even in
well-designed, intensive studies, estimating cervid populations
is difficult.
About 200 to 250 elk and 30 deer were estimated to winter in
the Belly River area. Browse use appeared nonexistent or
moderate (<25%) although indications of past severe use existed.
Native bunchgrasses provided the bulk of winter forage.
Serviceberry (Amelanchier alnifolia), willow (Salix spp.) and
aspen ( Populus tremuloides) sustained the heaviest browsing,
especially at meadow edges. Bunchgrass utilization averaged 65%,
but heavy grazing did not appear to be harming vegetation cover.
On wetter sites, however, nonnative timothy (Phleum pratense)
appeared to be replacing native grasses. Elk collared in the
Belly River drainage were never seen wintering in any other
drainage (Wasem 1968c). In summer, however, some of the banded
elk were observed up to 95 km from the winter banding site.
Bunchgrass in the St. Mary and Red Eagle valleys also
received heavy use (up to 100%) from the 200 to 300 elk estimated
to winter there. This range also remained in good condition,
although Wasem noted a slight downward trend in grass vigor.
Browse use was locally severe along meadow edges, but in general,
vegetation and litter cover were abundant and fairly uniform,
soil movement was slight, and soil stability was high. Rumen
analyses from the St. Mary elk, substantiated that grass and
forbs constituted the bulk of forage for these elk—71% volume
compared to 28% volume browse (Martinka 1969) . Aspen was the
most common browse plant used.
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In the Swiftcurrent Valley, range condition was also good.
Approximately 70 elk were estimated to winter there in 1963-64
and 150 in 1964-65. Browse utilization was greatest bordering
meadows but generally remained light to moderate even on
preferred species, although some areas showed heavy utilization
and decadence.
Approximately 60 elk, 30 deer and 15 bighorns were estimated
to winter in the Two Medicine drainage. Only 23% of bunchgrasses
were grazed over the 1962-63 winter and serviceberry received
light utilization. Again, shrubs near meadow edges exhibited
evidence of heavy past use. Browse resulted in greater plant
crown decadence and smaller plant size than on control areas.
Despite potential reduction, however, physiological compensation
resulted in comparable forage production through increased annual
leader growth. Martinka (1969b) also observed heavy utilization
and partial decadence on redstem ceanothus (Ceanothus
sanguineus), willow, chokecherry (Prunus virginiana), and
mountain ash (Sorbus scopulina).
An estimated 100 elk, 130 white-tailed deer ( Odocoileus
virginianus) and 14 moose wintered in the North Fork drainage.
Most animals utilized gently sloping to flat terrain covered with
heavy vegatation growth, which created little erosion. Use of
serviceberry and willow was heavy, ranging from 50-80%, but most
plants were healthy and maintained a steady level of condition.
Bunchgrass meadows received light to moderate use and rated
excellent.
Middle Fork winter ranges, in contrast, were on steep, dry,
south and southwest slopes that burned in 1910 and 1929. Pellet
counts indicated approximately 400 elk and 74 deer wintered in
the area, soil movement from trampling and lack of vegetative
support was advanced on some areas as indicated by sporadic and
light litter cover, large to small patches of connected bare soil
or erosion pavement areas, and the formation of plant pedestals
on downhill slopes. Condition classes for most areas were very
poor to fair, with utilization ranging from 62-66%, but key
plants managed to survive despite a continued downward trend.
Martinka (1969b) studied the distribution of elk on 11
concentration areas on winter range in the Belton Hills along the
Middle Fork. Wasem (1965a) estimated only 400 elk and 75 deer
wintered in here but Martinka estimated 1050 elk and 61 to 74
mule deer used the area. He felt these figures represented an
increase from the time when Wasem made his counts. Martinka
estimated a 16% annual increment and also computed the age and
sex ratios of the wintering elk herds. Martinka felt 95% of elk
summered in the park, although their summer ranges were not
necessarily adjacent to the wintering area.
Elk migrated to the Belton Hills fairly rapidly during
November and December over a consistent 35-day period. In early
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winter, elk occupied all elevations, but with increasing snow
depths in December and January they concentrated in lower
elevations. As snow began receding in February and March, elk
began to disperse back to higher elevations. Spring migration
occurred at a more leisurely pace as movements coincided with
temperature and increasing daylight.
Elk wintering in/the Belton Hills area characteristically
occupied old burn areas. During mid-winter and spring dispersal,
however, use of coniferous forest cover increased, and the use of
coniferous habitats could even be higher than was apparent.
Maximum use of forest types coincided with periods of deep snows
exceeding 35 cm. Yarding occurred over a two to eight week
period in lodgepole pine (Pinus contorta) and Douglas fir
(Pseudotsuga menziesii) stands on moderate slopes and benches.
Middle Fork elk consumed browse as the major winter forage.
Mountain maple (Acer glabrum), red stem ceanothus, and evergreen
ceanothus (Ceanothus velutinus) were important during early
winter, but as snow depths increased and ceanothus became
unavailable, use of serviceberry increased. In coniferous forest
types, elk ate mountain maple and serviceberry until they became
unavailable, at which time elk switched to lodgepole pine an
Douglas fir. As spring progressed and herbaceous forage became
available, elk began using sedges (Carex) followed by increased
use of bluebunch wheatgrass (Agropyron spicatum), bluegrasses
(Poa) and a variety of forbs.
Deer herds on the Belton Hills closely resembled elk herds
in respect to population trends, distribution, habitat and forage
use. Early censuses indicated deer population levels may also
have been lower between 1947 and 1969 than the present. Martinka
observed an annual increment of 41-45%. Composition of a 1968
herd sample was 49% females, 31% fawns (63 fawns:100 does), 7%
yearling males and 13% adult males (27 males:100 females); 1969
figures were similar. Physiological stress and predation
appeared to be the principle factors contributing to natural
mortality in wintering populations. Nonnatural mortalities
accounted for a 5% loss.
In summer, deer occupied areas on or immediately adjacent to
the Belton Hills winter range. Fall movements onto the winter
range occurred over 30 days ending January 5 and appeared related
to snowfall at low elevations. Altitudinal distribution and
habitat use resembled that of elk, but deer yarding sites were
characterized by an interspersion of steep slopes, rocky outcrops
and mature Douglas fir. Crusting of snow in late winter allowed
deer to disperse earlier than elk. Like elk, deer ate
serviceberry and evergreen ceanothus more than other species.
Martinka has continued monitoring these winter herds and
updated his data in 1978. In 1968, elk accounted for 93-97% of
potential biotic impact. Through the 10-year period, though, elk
populations declined as deer numbers increased. The expanding
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mule deer population did not completely replace elk losses,
however, resulting in an overall cervid decline. Elk numbers
decreased through the 1967-77 period at an annual rate of 7.9
animals/year. Despite declining numbers, population composition
remained relatively stable with the female/young component
comprising 84% of observations. The proportion of calves
increased at a mean annual rate of 0.9%. Assuming equal sex
ratios, recruitment to the yearling class averaged 59%. With the
exception of 1971-72, winter mortality was negligible.
Mule deer, on the other hand, increased at a mean rate of
3.1 animals/year. Population composition was stable with
female/young comprising 80% of observations. Unlike elk, the
proportion of fawns remained constant. Recruitment to the
yearling class averaged 48%. Winter mortality also remained low.
Martinka felt that the distribution of these two species in
winter was structured to preclude consistently heavy use of
habitats and forage. For example, differential plant selection,
particularly in shrubfields, reduced potential forage competiton.
Severe weather conditions caused differences in site selection.
White-tailed and mule deer, elk, and moose winter habitat
relationships in the North Fork of the Flathead river are
presently being studied by Jenkins (results of the first phase of
this study are given in Wright et al. 1983). Jenkins divided his
study area into three areas (Big Creek to Quartz Creek, Quartz
Creek to Moose Creek, and north of Moose Creek). For all sectors
and species, densities were greater on the floodplain than in the
adjacent uplands. Ratios of deer:elk:moose were 34:10:1 in the
south sector but 1:21:13 in the northern sector. Elk were evenly
distributed, but white-tailed deer were nearly 60 times more
abundant in the south, and moose were eight times more abundant
in the north. In all three sectors, cervids selected vegetation
types disproportionate to their availability.
White-tailed deer occurred in areas primarily south of
Quartz Creek, although they inhabited south slopes as far north
as Bowman and Kintla drainages. Deer in the south sector
selected spruce (Picea) and bottomland and upland Douglas fir
types. Snow depth appeared to be the primary determinant of
habitat selection by deer. Abundance of deer during the deep
snow period was significantly related to the size of trees and
conifer basal area. Data from the northern sectors has not yet
been analyzed, but observations suggested deer were strongly
dependent on Douglas fir stands and rarely inhabited densely
timbered spruce bottomlands. With decreasing snow depths in
March, deer were less selective of conifer forests and
distribution correlated with browse biomass. With receding
snowlines, white-tailed deer dispersed from primary wintering
areas and populated grasslands and decidous brushfields in all
segments of the valley.
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In contrast to deer, elk were distributed more evenly across
the drainage and inhabited almost all habitats, but they selected
spruce bottomlands and avoided serai communities when snow depths
exceeded 60 cm. They also seemed to prefer open lodgepole pine.
Greatest overlap with deer range occurred between Logging and
Quartz Creek. In the middle and north sectors, however, where
snows became progressively deeper, elk assumed habitat selection
patterns similar to deer. Track abundance was significantly
related to conifer cover, basal area, and size of trees, and
negatively influenced by snow depth. In these areas, elk were
restricted to forested habitats until April. With the coming of
spring in the south sector, elk did not shift to areas of high
biomass; rather, they shifted to more open meadow areas.
Snow rarely influenced moose distribution, allowing moose to
use open sites more than deer and elk. Browse biomass, rather
than snow distribution, affected moose distribution, and they
selected hydric shrub and willow. These two types were important
feeding areas; spruce bottomlands were important as bedding
areas. Ecotones between the two types may have been the most
important habitats for moose. With the onset of spring, moose
continued to depend on availability of browse biomass but
associated less with tree cover.
Jenkins saw little difference in the utilization of browse
in the wash shrub, hydric shrub, or Cottonwood (Populus
trichocarpa) communities. Dogwood (Cornus stolonifera)
utilization, however, differed significantly among five
vegetation types. Consumption was significantly greater in
spruce-cottonwood and mature spruce types than in Cottonwood
stands reflecting a strong affinity of deer and elk for
sheltered, coniferous habitats in winter. Use of serviceberry
also differed significantly among vegetation types. Browsing in
lodgepole savanna, spruce bottoms and Douglas fir types were
comparable but serviceberry was used significantly less in
lodgepole and cutover lodgepole stands. Although willow use
showed no difference among sectors, dogwood use was significantly
greater in the south sector, corresponding with the prime deer
wintering area. Jenkins speculated that browse use in the middle
and north sectors has increased over past decades and may have
declined on south sectors. He found little evidence to indicate
fire played an important role in habitat alteration. Despite the
process of continued erosion by the river, and the occasional
influence of fire, there was little evidence of directional
change in the composition of flood plain habitats.
While fire may be less prevalent in the floodplain spruce
sere, it has had significant effects on the plant communities of
North Fork upland communities (Singer 1975c, 1979). Fire was a
historic component of North Fork forests, burning at a natural
rotation of 123 years and an overall burn rate (% area
burned/century) of 81% in the presupression era. Fire
suppression has resulted in an increase in old-age lodgepole
pine/subalpine fir (Abies lasiocarpa), a lack of reproduction in
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aspen stands, alterations in the structure of lodgepole pine
savanna, an increase in sagebrush (Artemisia) distribution, and
an invasion of lodgepole pine and aspen on the grassland complex.
White-tailed deer primarily used habitats that were stable
or intermediate with respect to fire, and exploited small patches
of serai habitats created by crown fires or habitats modified by
surface fires where a conifer canopy remained. Like Wright et
al. (1983), Singer found that white-tailed deer preferred Douglas
fir and spruce during winter and grassland complexes during
spring and fall. Lodgepole pine savanna and wash/cottonwood were
also important in the fall. The yearly diet of deer contained
62% browse and 25% forbs. Grasses were important only during
fall and early spring.
Like deer, elk primarily exploited habitats which were
stable with respect to fire, but also exploited habitats modified
by surface fires. Sefal habitats created by crown fires were
used in sites which did not accumulate deep snows. Grassland
complexes received 53% of total annual use and were preferred
during fall and spring. Elk selected wet meadows in summer and
early fall and sagebrush stands during late fall/early winter.
During winter, 38% of Singers's elk observations occurred in
grassland complexes and 36% in the lodgpole pine savanna. As
snows deepened, elk shifted to foraging in open growth lodgpole
pine and their diets changed from grass to browse. At this time,
use of forest habitats with closed canopies, especially spruce
stands, increased and use of river and shoreline areas as travel
ways increased. Cow groups preferred lodgepole pine savanna and
avoided Douglas fir. Bull groups used both types in proportion
to their availability, used willow/sedge more than cows, and used
wash/cottonwood less. Generally, cow groups inhabited the river
floodplains and bull groups occupied adjacent forest and
drainages. On the prairies, bull groups tended to use wet
meadows while cows used bunchgrass and sagebrush. Grass
constituted 75% of fall diets, 73% of spring diets and 70% of
mild winter diets. During hard winters, browse became important,
composing 88% of the diet. Forbs dominated summer diets (88%) .
Moose exploited large serai habitats created by crown fires,
preferring willow/sedge and aspen in addition to spruce during
winter. Singer also found moose selected browse thickets in
winter and, like Jenkins, found their habitat use independent of
snow depth. Browse, particularly willow (47%) accounted for 79%
of spring, summer, and winter diets. Forbs, expecially fireweed
(Epilobium) and aquatic plants, became more important in the
summer. Fire and floods maintained browse regeneration.
Based on a grid analysis of cervid observations and tracks,
Singer concluded that deer, elk and moose were highly negatively
associated during the winter. Elk and white-tailed deer
continued to be negatively associated during the spring. Diets
of elk overlapped with those of white-tails and moose in
wash/cottonwood habitats but especially in spruce habitats.
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Overlap was not interpreted as connoting competition. All three
species exhibited distinct niches and elk further separated among
themselves by sex and age. Separation resulted from differential
selection of the variety of vegetation types, stand age units,
and physiographic features available. Fire, by contributing to
vegetative and stand diversity, enhanced niche distinctness. Its
indirect influence on snow depth was a key factor in segregating
wintering cervids.
Martinka (1970) reported winter diet composition for deer
based on rumen samples collected from the North Fork between 1935
and 1940, and also from the Lake McDonald area. Different conifer
species were important in the two areas—pines were most
important in the North Fork (lodgepole pine and ponderosa pine
(Pinus ponderosa)} while western red cedar (Thuja plicata) and
western hemlock (Tsuga heterophylla) were most important around
Lake McDonald.

MOUNTAIN GOATS (Oreamnos americanus)
The approximately 2000 mountain goats in Glacier (Chadwick
1977a,b), are the symbol of the park. Goats congregate at
several areas in the park. Gatherings at Logan Pass,
Sperry-Gunsight Pass and the Walton mineral lick on the Middle
Fork Flathead River are the best known. People's fascination
with goats and goats' drive to obtain human salts from sweat and
urine lay the groundwork for potential conflicts.
Bansner (1978) studied human-goat interactions on
Sperry-Gunsight Pass. Goats which exhibited agressive behavior
approached people more closely than hesitant goats, and overall,
45% of approaches were hesitant and cautious. Most approached no
closer than three m and retreated quickly. Less than 5% of the
approaches toward people were aggressive. When attractants were
definately present, however, goats approached people more
closely. At these times, approaches less than three meters were
2.5 times more frequent then approaches greater than three
meters. Mountain goats approached men more closely than women.
About one-third of all human approaches to goats resulted in
avoidance behavior. Men approached goats more actively and
assertively, preferred billies (women showed no preference), and
photographed, fed, touched, followed, and harassed goats more
often than women. Because men approached goats more
aggressively, goats showed a high avoidance response to
approaching men. Nannies with kids were least tolerant of close
approaches and usually avoided approaches within eight meters.
Visibility, "surprise element", and human behavior were important
factors affecting goats' responses to people. Goats also tended
to wander farther from escape terrain while licking or looking
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for salt than when feeding, bedding, or travelling—leaving them
more susceptible to predation.
Singer (1977, 1975a,b) researched goat behavior and
interactions with people at the Walton mineral lick. Traffic
volume at the lick averaged 932 vehicles/day with peak flow
occurring in the afternoon. Approximately 24,000 vehicles and
66,000 visitors stopped at the lick. Stops ranged from 12
seconds to three hours but averaged three minutes. Of goats
crossing the highway, 74% exhibited some behavioral response to
visitors or traffic. Goats tended to shift to a more crepuscular
and nocturnal habit in the presence of human disturbance. No
human-goat interactions occurred when people stayed at the
observation area and goats stayed at the lick. Encounters at
less than 50 m accounted for 87% of interractions and 46%
occurred at distances less than 10 m. Humans altered goat
behavior in 84% of interactions and in all observed reactions,
goats avoided people.
Billies began using the lick April 15, and nannies started
June 4. Goats appeared on the lick until September 15 but use
peaked in late-June and early-July. At least 56 goats used the
lick, possibly as many as 200. Mountain goats travelling to the
Walton lick moved in fairly small groups (average 1.6
goats/group) but at the lick gathered into larger groups
averaging 6.7 goats. Nannies with kids at side led more groups
during movements (48%) than other classes and were more important
leaders since they led larger groups of mixed classes. Goats
moving to or from the lick often hesitated and waited to join a
group, particulary one led by a nanny. Leadership, however,
while associated with dominance, was not equivalent to it.
Nannies with kids at side were leaders but usually not dominant,
whereas nannies and adult billies were dominant more than they
were leaders. At Gunsight Pass, Rideout (1969) observed a
different hierarchy among goats competing for salt. Adult males
dominated all other classes, followed by two-year-old males,
nannies with kids, nannies without kids, and two-year-old
females. Group cohesion at the lick was poor. Singer observed
marked goats in the same group only 21% of the time; but,
although goats wandered among groups, they usually associated
with the same group type.
Goats on Sperry-Gunsight Pass also exhibited increased
aggression at licks. Aggressive encounters between goats which
were using minerals were seven times more frequent than between
goats off of the lick (Bansner 1978). Currently, (1983-84) Cathy
Pedevillano is conducting a research study through the University
of Idaho C.P.S.U. to further analyze goat behavior on the Walton
mineral lick (Pedevillano and Wright, in progress). This is an
update of Singer's work and it is examining how the goats have
adjusted to the new underpass and new visitor observation
platform. Preliminary results indicate that visitors stopping on
the highway over the underpasses are most disruptive to goat use
of the the underpasses. The numbers of goats using the lick and
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the times of use are consistent with Singer's work. Pedevillano
has also observed disturbances of goats on the lick as a result
of river rafters passing under the lick.
No one really understands what goats are seeking or what
needs they are fulfilling at salt licks. Stockstad (1953)
analyzed chemical contents of mineral licks throughout the state
including licks at Walton and Grants Park. All lick areas
contained more water-soluble salts, averaging 1248 ppm, compared
to non-lick areas which averaged 236 ppm. Calcium, magnesium,
sodium, and potassium occurred in fairly large amounts in the
lick areas, while chlorine, sulfur, and iron occurred in small
amounts. Pedevillano is currently reanalyzing the contents of
specific areas on the Walton lick. In cafeteria tests, magnesium
was the only mineral which animals showed a preference for, but
it was present in non-lick areas as well as lick areas.
Stockstad concluded that licks were used for their sodium
content.
Chadwick (1977a, b, 1974) observed similar behavior to that
observed by Singer (1977), that is, adult females were socially
dominant over all other classes outside the rut. Females with
young organized most group activity because of the strong
following tendencies they elicited from other females and
subadults. Chadwick felt that prolonged infant-nanny
associations formed the fundamental unit of mountain goat
society. Leaders determined the type, tempo, and direction of
nearly all activities among females and subadult groups.
Followers, on the other hand, seemed reluctant to initiate
activities in the presence of leaders. Juvenile groups exhibited
undirected movements and spent considerable time searching for
adults. As a result of these behaviors, stable adult-subadult
groups assumed a family-like appearance, although associations
were not necessarily composed of related individuals, except, of
course, nanny-kid associations.
Because their groups remain small, mountain goats must be
considered semi-gregarious rather than herd animals. Chadwick
observed groups averaging 2.5 goats. Between May and September,
20% of the observed goats occurred alone and 15% occurred in
pairs. Pregnant females were solitary in May and early June. In
July, they rejoined other goats and group sizes increased and
remained larger through September. Yearlings and two-year-old
females tended to be more social, whereas males were more
solitary. As yearlings, males spent 5% of their time alone
compared to 36% as two-year-olds and 50% as adults. Rideout
(1969) observed similar late summer social patterns. Males, even
two-year-olds, were almost always alone, whereas females were
rarely alone.
The individual alertness of goats in groups decreased with
increasing group size, but total surveying time of the group
exceeded that of an individual. Alertness developed with age and
non-juvenile females were more alert than their counterpart
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males. Surprisingly, nannies with kids were less alert than
those without.
Social instability was measured as the rate of agonistic
behavior/goat/hour, and generally increased with increasing group
size. Intolerance of other goats appeared to be an important
factor mediating group size and intraspecific competition through
its influence on the dispersal of goats. Higher social status
appeared correlated with age, and among goats in the same age/sex
class, those of greater size/strength/horn development dominated.
Males were thicker-horned, larger, more exploratory and more
agressive than females of the same age. As a result of these
social interactions, juvenile mortality varied markedly with
winter conditions while the proportion of adult females remained
fairly constant. Social mechanisms, therefore, appeared to play
a critical role in population stability and distribution within
available habitat.
Mountain goats favored cliff ledges for foraging, bedding,
and travelling. More than two-thirds of the slopes used by goats
exceeded 400; average steepness increased through the winter.
Exposures of Appekunny and Grinnell argillites received heaviest
use, Altyn limestone received little use, and Siyeh limestone
received largely summer use. Both major winter areas on the west
slope occurred on cliff outcroppings within the forest zone.
Half of east slope winter ranges, however, were above treeline.
Correspondingly, east slope herds relied on grasses and sedges
for the bulk of their winter diet (browse constituted 12%) while
on the west slope, goats ate about half and half. Winter and
summer ranges rarely overlapped more than 5%. Summer habitat
selection was more diverse than winter habitat selection. In
summer, mountain goats moved towards sites with better soil
development and water retention qualities. Use of the alpine
zone increased from 49% in May, when other community types were
not available, to 77% in June. After June, goats seldom
inhabited areas below 1850 m until early fall. Use of southern
exposures also decreased from late spring through early summer.
Most mountain goat mortality is directly related to the
precipitous habitat they prefer. Of 28 carcasses, Chadwick
attributed 15% to climbing accidents and 60% to avalanches.
Males and females had equal mortality, juvenile mortality was
high and may play a role in regulating the populations. First
year mortality ranged from 30 to 80%, and up to 50% of yearlings
may die in east slope herds. Chadwick found, however, a
preponderance of young animals in his samples; nearly all goats
were under eight years old. Despite lower survival of east slope
herds, natality of east and west herds was similar. Kid:adult
nanny ratios averaged 54:100 in June and increased to 61:100 in
August. Kids were inattentive to potential danger and were
dependent on maternal direction—following within 20 m of their
mother for an entire year. Chadwick estimated 300 to 360 goats
inhabited his 310 km study area at a density of about 0.9-1.2
goats/km.
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BIGHORN SHEEP (Ovis canadensis)
Today, following severe reductions in the 1920's and 1930's
due to lungworm (Riggs 1977) , GNP bighorn sheep populations
appear to be stable, of high quality, and regulated by
density-dependent factors. Riggs (1977) felt his estimates of
about 70 sheep at Many Glacier were close to 1967 figures and
that the 3.1:1 ewe:lamb ratio was also similar to 1967 ratios.
Riggs recommended continued monitoring of herd numbers,
productivity, and age structure at set intervals each winter
(prerut, rut, midwinter, and spring) in an effort to detect
population trends.
Riggs reported that the first lungworm epizootic occurred in
1926-27 when the herd was reduced from a September count of 86 to
a June count of 40. Twenty-six sheep were actually found dead of
pneumonia. A second epizootic occurred over the 1936-37 winter,
reducing the herd from 69 to 17. Forrester (1960) and Forrester
and Senger (1964) investigated lungworm-bighorn sheep
relationships throughout Montana, including the Many Glacier
herd. Although the Many Glacier sample was small, all sheep were
found to be infected. Many Glacier sheep feces averaged 10
larvae/100 mg of dry feces. Throughout the state, 93% of lungs
contained Protostrongylus stilesi larvae and 40% were infected
with both P^ stilesi and P_^ rushi. Protostrongylin larvae
apparently infect first year lambs. Forrester and Senger found
that the number of protostrongylin larvae in feces was not a good
indication of the degree of lung pathology due to daily and
yearly variation with individuals and herds.
During 1958 and 1959, Forrester (1960) collected land
mollusks at Many Glacier and identified the following species:
Oreohelix subridis (Canaenidae), Pupilla blandi (Pupillidae),
Microphysula ingersoli (Sagdidae), Enconulus fulvus, Pristiloma
wascoense, Vitrina alaskana, and Zonitoides arboreus (Zonitidae).
Collected snails and slugs did not show evidence of lungworm
infections and could not be infected by artificially injecting
them. Laboratory tests indicated that temperature and humidity
had significant effects on larval survival. First stage
protostrongylin larvae in fecal material appeared to be resistent
to desiccation, but larvae that had migrated from feces survived
better in a wet medium. Yearly variations in intensity of
infection appeared to be directly correlated to the amount of
precipitation in the preceding year.
The habitat use of Many Glacier herds was studied by Riggs
(1977), and Riggs and Peek (1980). They observed peak numbers on
the range at the end of rut and toward spring. During the rut
period, no differences in habitat use appeared between sex and
age classes, but later in winter, rams began using different
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areas than other groups. During rut, sheep moved to the lowest
elevations at valley bottoms; but, in general, sheep selected
mid-slope classes (20-80%) at low-to-middle elevations. Use of
steeper slopes and lower elevations was greatest during early
morning hours. A gradual shift from east to west aspects
occurred through the day, but overall, bighorns used southsouthwest slopes significantly more than others. During
mid-winter, females, yearlings, and lambs used different areas
than those selected by rams. During this period, females,
yearlings, and lambs began using steeper slopes than rams and
restricted their activity to southern aspects. By late winter or
early spring, however, this pattern reversed as rams moved to
steeper, higher elevation slopes.
Following the rut, use of various vegetation types also
varied between sex and age groups. Overall, sheep preferred
Agropyron spicatum/Amalanchier alnifolia (Agsp/Amal),
Arctostaphylos uva-ursi/Festuca scabrella (Aruv/Fesc), and
undifferentiated communities. During the midwinter interval,
females and juveniles utilized Aruv/Fesc and undifferentiated
communities more than rams which primarily used Agsp/Amal
communities. In the late winter and early spring period, rams
did not use either Calamogrostis rubescens/Spriea betulifolia or
Populus tremuloides/Spirea betulifolia communities, whereas ewes
and juveniles used both to a slight degree. Ewes, yearlings, and
lambs also used Agsp/Amal communities more than rams but used
Carex geyeri/Spirea betulifolia communities less than males.
About 72% of the observations occurred in climax grasslands,
21% in fire-induced serai stages, and 7% on the lawns of the
Hotel (Riggs and Peek 1980). The use of climax grasslands
generally decreased after early morning hours while use of serai
types and lawn increased during mornings, and decreased through
the winter. By late December, sheep avoided serai stands for
weeks at a time, using climax grasslands which were free of snow.
Although availability of serai stands decreased by about
two-thirds during winter, bighorn sheep still selected it out of
proportion to its availibility, and avoided climax bunchgrass
stands. As snow melted off south slopes, sheep used climax and
serai stands in proportion to their availability. As greenup
progressed on climax stands, though, sheep selected them and
avoided serai stages. Riggs (1977) suggested, fire-induced
communities were important to bighorn sheep wintering at Many
Glacier because the habitat diversity created by fire enhanced
the carrying capacity of the winter range.
Other aspects of Riggs' study included analyses of behavior
and food habits. Activity did not significantly alter habitat
use. Sheep spent 13% of the time resting, particularly during
the 1000 to 1200 hour period travelled 6% of the time, and spent
7% of the time rutting. Sheep spent an average of 75% of the
time feeding, especially between the 1200 to 1400 hour period.
Grasses and grasslike plants composed a large majority of the
diet of sheep, accounting for 71% of total observed use; shrubs
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and forbs accounted for 11% each and crustose/lichens 5%.
Overall, nine species accounted for 91% of total observed use:
Agropyron spicatum, amelanchier alnifolia, Carex geyeri, Koeleria
cristata, Lupinus sericus, Poa compressa, poa spp., Shepherdia
canadensis, and crustose lichens. Bighorn sheep preferred Carex
geyeri, but they also selected Agropyron spicatum. Location of
preferred forage did not affect sheep movements between plant
communities; however, physical site characteristics did affect
such movements.
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AIR QUALITY
Glacier National Park's commitment to preserving park
environments includes air resources. The park's Class I
designation under the Clean Air Act provides congressional
mandate to preserve and protect air quality. The park airshed is
vulnerable to external pollution sources, and establishment of
baseline data and monitoring procedures is recognized in the 1983
Natural Resources Management plan as an immediate and critical
need. Studies on some of the factors influencing air quality in
the park are discussed below.
FLOURIDE
The close proximity of the ARCO (formerly Anaconda) Aluminum
reduction plant in Columbia Falls, Montana prompted the
initiation of air quality monitoring program in Glacier. A
by-product of plant operations was the generation of gaseous and
particulate flouride emissions. Although the plant began
operations in 1955, research and monitoring of flourides within
the park did not begin until 1970 when conifer foliage in the
Belton Hills and Apgar areas showed signs of necrosis and initial
tests revealed flouride levels up to two times emission standards
(EPA 1974) . Grasses and shrubs also had elevated levels (Gordon
1972a,b). Wind patterns influenced by climatic patterns and
topography carried flourides from Columbia Falls to southwest
areas of the park, particularly between the 1155 and 1340 m
elevation level (EPA 1973, Gordon 1972a,b) during summer to early
fall. In 1971, 160 square km in GNP were polluted with more than
10 ppm, 12 square miles less than in 1970. The Anaconda Aluminum
Company (1971-1980) , the Environmental Protection Agency (1974) ,
and independent and Forest Service researchers (Carlson 1974,
Carlson and Dewey 1971, Gordon 1971, 1972a,b, 1975) were all
involved in various stages of monitoring programs.
Monitoring showed a general decrease in emissions until
1975, then a substantial increase through 1979. With the
installation of a scrubber system in 1980 to control gaseous
flouride emissions, a significant reduction in ambient levels was
detected (GNP 1983). Because of this reduction, the flouride
monitoring program is under review on a cost-effective basis,
with evaluation of data and future needs scheduled for 1984.
Through 1983, monitoring by park personnel included networks of
vegetation plots to measure accumulation in conifer, shrub, forb,
and grasses. Ambient levels were also monitored monthly with
calcium formate paper at ten sites.in the park. In addition, the
ARCO plant operates a bicarbonate tube and samples fifteen
vegetation plots. The effect of flouride on vegetation is
discussed in the vegetation section of the report. The results of
experimental testing of flouride effects on white-footed mice
(Peromyscus maniculatus) appear in the small mammal section
(Fogelsong 1974). Gordon (1971, 1972a,b, 1975) and Anaconda
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Aluminum Co. (1972, 1973) also analyzed flouride concentrations
in occasional wildlife specimens.
OTHER VARIABLES
The park has monitored monthly sulfur dioxide levels for one
year through a network of twelve sulfation plates installed in
1982 at various elevations through the park. These were
discontinued in lieu of a lichen network to be set up in 1984.
ARCO operated a continuous thermoelectron 502 sampler for two
years through 1983.
Three hivol samplers installed at the West Glacier fire
weather station, Polebridge, and St. Mary and operated by park
personnel plus a second hivol sampler installed at West Glacier
and operated by ARCO have monitored total suspended particulates,
sulfate and nitrate. The sampler at Polebridge was removed in
December, 1983. In 1982, an SFS-500 fine particulate sampler was
installed at West Glacier to help monitor visibility. Data from
these samplers seemed to indicate distant sources of sulfur
emissions because although nitrate and total suspended
particulate levels were generally low, high levels of sulfate
were detected at St. Mary with levels occasionally over 50% total
suspended particulates (average is 26-34%)(GNP 1983). A program
to monitor visibility has now been initiated. The park has
identified important scenic views to be monitored with periodic
photographs.
There is a station at West Glacier, in operation since 1980,
which is part of the National Atmospheric Deposition Program
(NADP) to monitor acid deposition throughout the country.
Another site was established at St. Mary in 1983. In addition,
the Canadian Network for Sampling and Acid Precipitation (CANSAP)
has operated a station in Glacier since April 1981. Park
personnel collect samples once a week at NADP sites and the day
after day of precipitation for CANSAP site. Results of two years
monitoring at the NADP site show that approximately 63% of
deposition samples have a pH between 4.75 and 5.50 with an
average of 5.3 (GNP 1983).
There are two monitoring sites, one in Martha's Basin and
one in the Hanging Gardens, that are part of a Man and Biosphere
air quality monitoring program. The sites measure airborne trace
elements (lead, aluminum, arsenic, copper, mercury). In
addition, they monitor stream discharge and water temperature
during summer as well as air and rain samples, surface and ground
waters, vegetation and soils. The levels of most trace metals
were normal, except for Aluminum which was unexpectedly high
(Marnell pers. comm.).
Suspended particulate monitoring stations at Polebridge
measured concentration ratios of large to small particles at
1:2.5 (Gelhaus et al. 1979). Throughout the Flathead Basin,
concentrations of large particles increased with increasing human
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development, while small particle concentrations were fairly
uniform throughout the study area. Mean particulate level of
particles smaller than 2.5 urn was 14.1-6.5 ugm/m . Levels
decreased between September 1977 to January 1978. Other particle
size (2.5-15 um and <15 urn) levels also decreased. At Moose
City, on the Canadian border, maximum total solid particulate
level was 40 ugm/m , and mean level was 14 ugm/m —lowest level
in the Flathead Basin. Sulfates at Moose city averaged 3.0
ugm/m with a maximum reading of 6.1 ugm/m in 1978; 1979 levels
declined. Nitrates averaged 0.3 ugm/m in 1978 and 0.6 ugm/m in
1979 with maximum levels of 0.6 and 1.6 ugm/m , respectively.
GNP air quality monitoring stations are listed in the
Appendix of Volume 2 of this report.
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CLIMATE
Glacier has a continental climate with a decided Pacific
maritime modification, particularly on western slopes, and with
marked intra-park differences (Dightman 1961). Precipitation
varies from 45 cm a year in drier locations along the northeast
park boundary to well over 250 cm on most mountains above 1550 m;
nearly 500 cm may fall on some slopes. Summit averages 650 cm of
snow a year, but Walton Ranger Station and higher elevations
receive more. In fact, estimated snowfall for some areas may
exceed 2540 cm in most years.
Winter is the wettest season for most of the park except
along the eastern border, where winter snows are much lighter.
Here, May and June are the wettest months. All seasons except
summer experience persistent cloudiness, especially on western
slopes. During late autumn and early winter fogs, and on some
cooler summer mornings, humidity can be quite high but is seldom
higher than 40-50%. Temperatures average quite cold in winter
but are never oppressive in the summer, ranging between 65 and
83 F.
Weather data for West Glacier date from 1913. Other weather
stations have operated periodically in and around the park with
Polebridge and Summit data being most complete. Partial data are
available for East Glacier, Essex, Grinnell Glacier, Sperry
chalets, St. Mary Ranger Station, Many Glacier Ranger Station,
Sherburne Ranger Station, Sherburne reservoir, Bear Creek, and
Upper Lake McDonald. Dightman's report gives monthly figures for
West Glacier, Polebridge, and Summit for mean daily maximum, mean
daily minimum, mean monthly temperature, record highest
temperature, record lowest temperature, mean degree days, mean
precipitation, greatest daily precipitation, mean snow fall,
maximum monthly snowfall, greatest daily snowfall, mean number of
days with precipitation greater than 0.25 cm, and mean number of
days with temperatures greater than 90 F, and minimum temperature
below 32 F, and minimum temperature below 0 F.
Monthly' and annual weather summaries are available from the
US Weather Bureau in Great Falls, Montana, and the park library
has reports from 1948, to 1953; 1955 to 1968; and 1971 to 1983
(all years are not complete). The Soil Conservation Service,
Bozeman, Montana, compiles snow survey measurements along several
snow courses in the park and summarizes snow depth and water
equivelant measurements for the courses. Data through 1974 are
reported by the USDA $oil Conservation Service (1975).
Monitoring stations in Polebridge and Moose City (at the
Canadian border) showed bimodal wind direction frequencies.
North-northeast winds blew 33% of the time at light velocities of
0.5 m/s, probably due to nocturnal drainage down Flathead Valley.
Winds from south-southwest and west-southwest blew 32% of the
time at an average speed of 1.5 m/s. East-southeast winds blew
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less than 1% of the time. Calm conditions were uncommon. The
river's proximity strongly influenced the wind data. When the
Polebridge wind station was moved to Big Prairie, similar wind
patterns were observed, but winds blew at greater velocities.

VISITOR STUDIES
Humans are an important component of the Glacier National
Park ecosystem. They not only impact the environment by their
presence, but they ultimately decide the park's fate through
policies and actions. Many researchers have studied visitor
characteristics and attitudes as one part of visitor impact
studies; fewer have studied the visitor as a subject in itself.
The park communications center records and summarizes all visitor
statistics.
Preliminary investigation for the Logan Pass wooden walkway
construction included visitor use surveys (Seibel 1974).
Researchers found that Logan Pass visitor center received 36% of
total park travel and 59% of Going-to-Sun Road travel. In 1972,
between 0900 and 180Q hours, the greatest number of visitors was
812 between 1100-1200 hours and the least number, 130, occurred
between 1700-1800 hours. From 1969-1972, trail use increased at
an average rate of 25% per year. Fifty-six percent of visitors
coming to the Logan Pass trailhead started out on the trail and
33% continued to the end. Of the trail hikers, 64.5% went one km
and 59% went to the overlook (two k m ) . Sampling revealed two
percent of the visitors stepped off the walkway compared to
19%which stepped off the natural trail. Shortcutting switchbacks
was the greatest problem on the natural trail with straying off
the trail the biggest problem on macadem sections.
In a 1978 St. Mary subdistrict trail use summary (GNP files)
researchers counted an average of 962 people in 6-hour sampling
periods on the Hidden Lake trail, and over 68% had been at least
as far as the overlook. Combined results for the Red Eagle, St.
Mary Falls, Gunsight Pass, Siyeh Bend and Hidden Lake trails
indicated an average group size of 2.3. Groups ranged from one
to 17 persons excluding naturalist-led groups. Ten percent of
groups were larger than four. When Hidden Lake trail users were
excluded, less than five percent were on overnight trips.
Jope (1982) collected trail use information from the Many
Glacier-Granite Park area as part of a grizzly bear/human
interaction study. She counted 24 2 9 people in 832 groups along
trails. Ninety-four percent of visitors were day hikers compared
to 4.5% backpackers; both types averaged 2.6 people/group.
Horseback riders composed 1.5% of trail users and averaged 8.1
people/group. About one-third (29.4%) of the variation in hiker
use was associated with weather variables, and hiker use
gradually increased in midsummer and on warmer days. Geographic
distribution of hikers appeared fairly consistant between years.
A major emphases of Jope's study was to determine factors
affecting initial and subsequent behavior of both humans and
bears in an encounter. She was particularly interested in the
role of habituation in interactions and suspected surprise played
a major role in aggressive encounters. Consequently, Jope
examined the use of bear bells and their effect in decreasing
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surprise encounters. Twenty-five percent of day hikers wore bear
bells compared to 35% of backpackers. No horse groups had them.
Forty-four percent of groups larger than five had bells, whereas
only 14% of lone hikers did. If reporting by hikers with and
without bells was equal, no differences appeared in frequency of
grizzly bear observations made by people with and without bells,
but people with bells observed bears at closer distances than
people without bells—possibly due to the confidence of people
with bells and their inattention to surroundings. Flight
distance of bears was reduced in response to bells but a greater
percent of bears moved away when approached by people wearing
bells. No charges involved people with bells.
Group size seemed to have some effect on whether people were
able to observe the bears and on bear behavior. A greater
proportion of large groups and a smaller proportion of small
groups saw bears. When encountering hikers without bells, bears
moved away from groups of two more frequently than from larger
groups. Just as human behavior influenced bear behavior, bear
behavior influenced human behavior. Overall, people stood and
watched bears 59% of the time, moved away 28%, and moved past or
towards bears 13% of the time. People watched bears more
frequently when bears moved past, moved away when bears moved
toward them, and moved past or toward the bear when it was not
moving. Jope's results are futher discussed in the grizzly bear
section as is a discussion of trends in grizzly bear/human
encounters (Kendall 1983).
Singer (1975) examined visitor use at the Walton goat lick
and its effects on goat behavior before the new highway bridge
was constructed. An average of 932 vehicles per day passed the
lick with peak flow occurring in the afternoon. He estimated
24,000 vehicles and 66,000 visitors stopped at the lick during
the year. Stops averaged 3.3 minutes, ranging between 12 seconds
and 3 hours. A total of 130 traffic safety hazards occurred at a
rate of 0.45 violations per hour. Hazard rate increased to a.
peak in August corresponding to the peak in visitation. Vehicle
speed at the lick areas was about 40 kph. No human goat
interactions occurred when people stayed at the roadside exhibit
and goats stayed at the lick. Eighty-seven percent of human/goat
interactions occurred with people closer than 50 m and 46%
occurred at closer than 10 m. Humans altered goat behavior in
84% of interactions and in all observed cases, goats reacted by
avoiding people. C. Pedivelano, working through the University
of Idaho, Cooperative Park Studies Unit, is presently (1983-84)
furthering Singer's work at the lick by examining goat use,
visitor use, and goat/human interactions.
Five park studies concentrated not only on compiling visitor
statistics but examined visitor desires and attitudes. Haet
(1973) and Mihalic (1974) examined visitor images and attitudes
about grizzly bears. Haet used a series of paired adjectives
describing safety and aesthetic factors of grizzly bear images.
She found the majority of GNP visitors had a strong, positive
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feeling about the beauty of grizzly bears; therefore, grizzly
bears in the park probably enhance visitors' experiences. Most
visitors also felt that grizzly bears had the potential to be
dangerous animals or at least were a little dangerous.
Milhalic (1974) tried to determine what specific factors
helped create a person's attitude about grizzlies. Approximately
65% of his respondents had positive attitudes toward girzzly
bears, slightly more than 20% had neutral feelings, with the
remaining 15% having negative attitudes. Past behavior seemed to
have little causal effect in attitude formation except when
controlled by intervening variables. Of these variables, visitor
origin in the formative years intervened in the most number of
incidences. Age was the next most powerful factor, while sex and
education intervened in only one instance. Based on his results,
Mihalic felt resource managers could not assume past experiences
were reflected in visitor attitudes. For example, hikers and
campers did not necessarily have positive attitudes, but hunters
did. Lack of knowledge or sophistication (in terms of
rural-urban lifestyles and influences) had some effect on
attitudes. Interpretive activities ranked far down on the list
of sources from which visitors got their information about
wildlife. Mihalic stated that interpretive programs should
stress values of bears, social relationships, and their effect on
the land to counter negative attitudes presented by other media.
A secondary part of Mihalic's study was to determine what
effect visitor attitude might have on behavior in a grizzly bear
encounter. Attitude intensity was not related to potential
visitor behavior. In most instances, respondents chose "correct"
courses of action in hypothetical encounter situations.
Currently (1984) , Wright and Machlis of the University of
Idaho Cooperative Park Studies Unit are doing a questionnaire
survey of backcountry visitor use in the Two Medicine drainage.
They are asking visitors if they saw any bears, and what
activities they were pursuing at the time of the observation.
McLaughlin et al. (1982a,b,1984), Krumpe et al. (1982),
Seibert (1976), and Stuart (1973, 1977, 1978) studied factors
affecting wilderness use and perception. McLaughlin et al.
concentrated on floaters on the North, Middle, and South Forks of
the Flathead River. During the course of their study, they
contacted 2062 floaters and mailed questionnaires to another 1385
(66% return rate). Party size and trip length data for the North
and Middle Forks which border the park were collected. Middle
Fork Recreation Sections supported the highest percent of
outfitted use (76% of total use) compared to 24% on Middle Fork
Wild Sections, two percent on the North Fork Scenic and 12% on
North Fork Recreational Sections. The North Fork and Upper
Middle Fork served as a recreation resource primarily for local
residents (Kalispell area). The Lower Middle Fork Recreational
Section received more use from people outside the state of
Montana.
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Another important part of the study was determining users'
perceptions of physical and social attributes of the river
setting. When asked to categorize river segments according to
class descriptions (wild, scenic, and recreational), 88% of
people floating designated wild rivers classified them as wild,
and 75% of scenic floaters classified the river as scenic.
People floating recreation segments, however, were split between
calling the river scenic (46%) or recreational (47%) . Questions
concerning the maximum number of people allowed in outfitted and
non-outfitted groups indicated a willingness among floaters to
tolerate larger party sizes for outfitted groups on all segments,
but floaters of different segments perceived different acceptable
party sizes for outfitted groups. For non-outfitted parties,
however, people perceived no difference in acceptable party size.
Both outfitted and non-outfitted parties felt an acceptable size
for non-outfitted groups was 12. For non-outfitted parties,
though, outfitted groups felt an acceptable size was 8.4, whereas
private groups felt the acceptable level was 10.2.
When asked to rank a list of 17 facilities important for
put-in/take-out places, recreationists ranked toilet facilities,
garbage cans, and no facilities as the top three items on all
river segments. Krumpe et al.
(1982) stressed that the high
importance given to no facilities should caution managers against
over development—even on recreational segments where such
development is allowed.
Stuart (1973, 1977, 1978) evaluated backcountry use patterns
based on management policies, physical features of campsites,
accessibility, and park weather conditions. Regression models
developed by Stuart had a reasonably high explanatory power for
the entire June 1 - September 15 season (adjusted R = 0.82).
Accessibility of the trailhead closest to the campsite, fishing
opportunities, site capacity, average maximum daily temperature,
percent of trail listed as "open," possibility of using the site
on a loop or longer trip, and proximity of campsite to a lake,
chalet, or trail shelter were variables significantly different
from 0 (to at least the 0.90 level) in their effect on campsite
use levels. Places where people camped in backcountry were
reasonably predictable. Stuart developed his models to allow
managers to use pertinent variables as an aid in development of
improved backcountry management plans and more desirable use
patterns in the backcountry.
Stuart also developed backcountry use models based on
solitude at backcountry sites, volume of backcountry overnight
use, and human-grizzly contacts (dangerous, non-dangerous, and
total). Model solutions identified optimal use patterns in light
of specific management objectives by indicating the number of
parties that could undertake the trip in a given period.
Stuart's models indicated that even with optimal use, however,
increasing backcountry use would produce increases in the level
of contacts with grizzlies in proportion to the increase in
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visitation, results
(in press). Stuart
capacities could be
modest increases in

similar to those of Jope (1982) and Kendall
proposed that more restrictive campsite
enforced (providing more solitude) with only
trail-related incidents.

In the smaller Nyack backcountry "wilderness zone," Seibert
(1976) examined compliance of backpackers to the special zone
regulations. Seventy'parties obtained permits; but 24% cancelled
after the first day or never left the trailhead, and a
substantial portion resulted in "no-shows." Average party size
was 1.75. Users tended to abide by the basic zone regulations;
but only two of 23 sites met all undesignated campsite
requirements, although 715 of the respondents said they were able
to locate adequate sites. The regulation broken most often was
locating campsites beyond sight of the trail. Eighty-four
percent were readily visible from the trail, and 50% were within
three m of the trail, probably due to the brushy and rough
conditions typical of the Middle Fork drainage. Only nine
percent were less than eight m from water. All indications
pointed to a lack of prime, readily available or apparent
undesignated campsites. Seibert located only one new fire ring;
the few other violaters of the no-fire restriction used existing
fire scars. He found 28 traditional and undesignated campsites,
23 of which were used in the 1976 season. Seibel documented 22
campsites on 2.25 x 2.25-inch film format panoramas and stereo
pair photographs, site maps, and 35 mm color slides. Contacted
users overwhelmingly favored the Wilderness zone—few were pushed
into the zone because all other areas were full. Users were able
to effectively disperse themselves, but a wet year resulted in
light visitor use. All users said they found the degree of
privacy they sought. They encountered an average of 2.6 people.
Twenty-two percent were highly favorable of the no-campfire
restriction, 44% were favorable, 10% neutral, and four percent
against.
The following tables summarize visitor use data collected by the
Park and by selected research studies.
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Table 1.

Visitor statistics recorded by the Glacier National
Park Communications Center.

Variable

Years
available

No. recreation, non-recreation, and total visits by
month

1969-83

No. recreation, non-recreation, and total visitor
hours by month.

1969-83

Recreation overnight stays in: concessioner lodging,
NPS campgrounds (tent, RV, and total), NPS
backcountry, and total

1969-83

Total overnight stays by use area and month

1969-83

Total park visitors broken down by: overnight
1966-81
paid facility (total, concessioner total, prime
concessioner, chalet, private), camper days front
country (tent, R V ) , camper days backcountry, bus
passengers, boat passengers, cross-country skiers,
plus no. forest fires, traffic accidents, fatalities
gives % change over previous year
Visitation recorded by park entrance

1966-81

Visitation by month (no. cars and no. visitors)

1966-81

Front country use by campground (tents, RV, total)

1966-81

No. cars and no. visitors with % change over

1948-81

previous year
Number visitors

1911-83

Skier counts by month and area
Visitor point of origin

1973-82
1969-74,
1976,
1982
1972-83

Backcountry permit use summaries by month and
campground
Total camper use nights with total bear
incidents and type

1975-82

No. party nights, no. visitor nights, mean no.
nights, and mean party size by backcountry
campsite.

1975-79

Above by month

19 7 8
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Table 1. (cont)
Years Variable
No. parties, no. people, visitor nights in
backcountry by party origin

available
1976-79

No parties, no. people by length of stay
in backcountry (w/mean length stay

1976-79

No. parties, no. people by party size in
backcountry sites (w/mean party size)

1976-77,
1979

No. parties, no. people, capacity, capacity
utilization, and ranks by backcountry
campground (annual and semi-monthly)

1974

Frequency distribution of parties by
length stay

1973

Camper days and stock days by month (July,
August, September) by backcountry campground

1964-65,
1967-79
1971

Length of stay, no. visitors, total use
days, no. stock, no. stock days by trail

1972
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Table 2.

Average floater party size and trip length on portions
of the North and Middle Fork Flathead River
(Mclaughlin et al. 1982a,b).

median
length
stay

percent
overnight
use

median
party
size

North Fork Scenic
(Canadian border to Camas Cr.)

1.1

28

4.1

North Fork Recreational
(Camas Cr. to South Fork)

1.0

4

5.8

Middle Fork Wild
(headwaters to Bear Cr.)

3.2

100

6.7

Middle Fork Recreational
(Bear Cr. to North Fork)

1.0

3

9.5
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Table 3.

Origin of North and Middle Fork Flathead River users
(McLaughlin et al. 1982a,b).
N. Fork
Scenic

N. Fork
Recreational

M. Fork
Wild

M. Fork
Recreational

Kalispell

25%

58

32

15

Other Montana

14

12

29

12

Western United States

24

24

29

34

Other United States

37

6

10

39

ARCHEOLOGY
Work in the fields of anthropology and archeology has been
fairly limited, probably because of the apparent lack of cultural
resources in Glacier National Park. A report by the National
Park Service Midwest Archeological Center (n.d.) identified seven
campsites and four isolated finds, as well as lithic scatter, a
tipi ring, depressions in the ground, an Indian trail, a scarred
tree, and two historic sites. It was difficult to determine the
cultural and temporal sequence of the sites. One projectile
point was tentatively assigned to the McKean complex (3000-4000
B.P.). Two historic sites are thought to have been occupied in
the late 1800's (St. Mary), and another between 1920 and 1930
(the Homestead Ranch).
Most work has been archeological reconnaissance spurred by
impending construction work. In 1963, Malouf (1965) surveyed the
area of Camas Road and explored other areas of the park as well.
He stated that finds were even more scarce than elsewhere in
Montana, and felt that Glacier Park was merely a place where
small parties of hunters sought game, fish, berries, and other
plant foods. The park was, he felt, also a locality where natives
had to pass if they travelled between Flathead Lake and the
plains.
Malouf did find a few artifacts such as a grooved axehead,
maul, and tapered pestle, on the shores of Lake McDonald. These
artifacts indicated occupation in recent times, and Malouf
estimated that before 350 years ago, man made little use of the
area in the park, at'least on the west side. Exploratory
reconnaissance on the east side showed more promise for finds,
but no publications or reports indicate Malouf worked in that
area.
Fredlund and Fredlund (1970) surveyed the forks of the
Flathead River as part of the Wild and Scenic Rivers inventory.
Although the 1964 flood could have swept away low lying sites on
the Middle Fork, they found only occasional evidence of
prehistoric use. They concluded that the drainage basins of the
Flathead River would have been unsuitable for aboriginal
occupation other than by transients. The first evidence of use
in these areas dated typologically to 5000 B.P., but most sites
dated to the last 200 to 500 years. The major cultural roles of
the drainage basin seems to have been for travel between
intermountain valleys and plains, for some hunting forays, and
for occacional war skirmishes. Fredlund and Fredlund stated
however, that "cultural evidence crucial to the interpretation of
early migration routes from Asia and possible extensive use of
high areas during middle prehistoric period is expected to be
found in the Park". Similar archeological surveys (Zalucha and
Thompson 1976) have found no cultural remains.
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Sheire (1970) and Buchholtz (1976) summarized the park's
history including discussions of exploration, fur trade, railroad
construction, settlement, exploitation, and park designation.
Both authors agreed that few cultural traits of the surrounding
Indian tribes (Blackfeet, Assinboine, Kutenai, Kalispel, and
Flathead) suggested more than minimal contact and association
within the park. In addition, the area within the park was
marginal in the lives of various tribes <which lived on both sides
of the continental divide. No tribe actually inhabited the park,
although many came into contact with it (Sheire (1970).
West side Indians travelled through the park to reach
eastern plains, for hunting, fishing, and gathering, and to
pursue raiding Blackfeet parties. Blackfeet used the park as a
travel corridor during raiding expeditions.
Waterton Lakes National Park, on the other hand, "remains
one of the most significant areas for archeological study in the
entire province" (Waterton Lakes National Park 1977).
Investigators have discovered over 200 archeological sites
representing the passage of at least 10,000 years. The 1977
report summarized existing knowledge. The apppeal of the area was
due to a combination of its direct access to the plains, eastern
foothills, mountain valleys, and intermontane areas to the south
and west for trading. The presence of bison, however, was at
least as important as the geographic setting.
Habitation sites of early man were chosen to balance
climatic and environmental factors and the need to be close to
ungulate herds. For over 8500 years, Waterton Lakes was
characterized by successive cultures of nomadic, communal hunters
adapted to the seasonal exploitation of small herds of bison.
To date, archeological surveys in Glacier have yielded few
sites or artifacts. The existing finds are listed in the
Appendix. The Midwest Archeological Center's inventory stated
that the most "pressing archeological need for the park is the
completion of an intensive and extensive archeological survey as
mandated in Executive Order 11593".
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SOILS
Studies limited specifically to soils have been limited in
Glacier. The park was included in Montagne et al.'s (1982)
state-wide soil survey, however, its scale does not provide much
detailed information. Nomenclature is given only for the great
group level, and soils are delineated at only a 1:1,000,000
scale. Other general soil descriptions (Cox, 1957, Nimlos 1963,
Pfister et al. 1977, Munn and Nielsen 1979) can be applied to
Glacier National Park, but again such general descriptions are of
limited value in management decisions. A 1980 map of soil
surveys (Montagne et al. 1982) shows that parts of Glacier and
Flathead Counties have been surveyed and published (USDA Soil
Conservation Service 1960, 1972, Gieseker 1933), but these
surveys primarily cover agricultural lands and exclude national
park and national forest lands.
In 1965, Nimlos and McConnell described alpine soils of
Montana including a description of Siyeh Pass Soils in Glacier
National Park. Bamberg and Major (1968)' expanded the description
of these same soils and included vegetation descriptions. Nimlos
and McConnell (1965) classified Siyeh Pass soils in the Ptarmigan
series whose most significant horizon is the 02 horizon of
organic enrichment bound by fine roots. This porous, fibrous
horizon gives stability to the soil, and because cold
temperatures restrict oxidation of organic matter, a high percent
of carbon and nitrogen/exists in the surface horizons. The
carbon to nitrogen ratio is comparable to that of low-elevation
grasslands.
,
Nimlos (1979) also described five soils present in the Apgar
area:
1.

E- Cryofluvents—These soils are poorly drained in
alluvial sands and terrace gravels and are young soils
with little horizon development except for a darkening
of the surface with organic matter. Most are coarse
sand so are permeable.
2. B-Typic Cryochrepts—These soils are well-drained in
sand or fine sand along or near shores in areas of
gently undulating topograpgy. Again, the soils show
little development and consist of sands and gravels
stratified in pronounced and unpredictable patterns. In
some cases, soils are formed entirely in coarse sand.
3. SK-Typic Cryochrepts—These soils are well drained in
unstratified sands and gravels on narrow land forms that
were once stream channels. Cobbles are not common in
parent material but are common on the surface. Up to
30% of the surface may be exposed coarse fragments.
4. SH-Typic Cryochrepts—These well-drained soils occur in
sand or fine sand over unstratified sands and gravels
and gentle benches. They exhibit a leached surface
horizon (A2) over a Bir horizon.
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5.

D-Typic Cryoboralfs—These soils occur on well-drained
silts, very fine or fine sand deposits 60-200 cm thick
over unstratified sands and gravels and are
characterized by a very leached A2 horizon over Bt
(silts) or Bir (sands) where there is also an argillic
horizon under the Bir.

Nimlos rated these soils on percolation rate, bearing
capacity, and productivity and available topsoil (for
revegetation).
On the east side of Glacier and Waterton Lakes National
Parks, Karlstrom (1981) studied late Cenozoic soils and
associated glacial deposits. Karlstrom examined 47 soil profiles
and analyzed 466 soil samples from these profiles. Degree of
profile development corresponded with their respective ages.
Post-late Wisconsin soils are weakly developed Inceptisols
(Brunisols) in the mountains and are moderately developed
Mollisols (Chernozems) in the plains; post-early Wisconsin soils
are moderately developed Alfisols in the mountains and strongly
developed Mossisols in the plains. Post-Illinoian soils in the
mountains are strongly developed Alfisols.
The most complete and best expressed sequsence of very
strongly developed "pre-Illinoian" soils is preserved on Mokowan
Butte. These soils are intensively weathered Paleudults and
Paleudols having leached, reddish, 2-5 m thick Bt horizons that
contain 26-36% clay, 1.4-2.0% free iron and hallosite-illite and
chlorite-vermiculite and/or chlorite-moritmorillonite mixed-layer
clays in addition to inherited illite, chlorite, and kaolinite.
Bt horizon micrfabric is often plugged with illuviated clay.
Because these soils are genetically similar to Mediterranean
soils and Ultisols, he inferred that they represent significantly
warmer and moister conditions than the present climate and
extremely long periods (200,000-1,000,000 years) of soil
formation. Dramatiq regional uplift during late Pliocene and
Pleistocene may account for these conditions since soils would
have developed at significantly lower elevations and
commensurately higher temperatures. He tentatively correlates
post-Illinoian, post-early Wisconsin, arid post-late Wisconsin
soils with the Sangamon, post-Talbot, and Holocene (018 stages 5,
3, and 1) interglacial periods dated at about 125,000-82,000 BP,
50,000-40,000 BP, and 10,000 BP-present.
Several vegetation studies have included an analysis and
classification of soils. Allen (1980) measured soil depths and
determined pH values, carbonate presence, and particle size and
distribution on North Fork floodplain plant communities. She
described the soils of eleven plant communities in five
successional stages.
Hartley (1976) examined the influence of soil as it related
to the effects of trampling on alpine vegetation on Logan Pass.
Fifty tramplings per week resulted in a 42% increase in bulk
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density and increased unconfined compressive strength 61%.
Unconfined compressive strength in heavily trampled plots was
140% higher than in control plots in the summer following
trampling. These effects also decreased water infiltration
rates. Soils did not totally recover over winter. As a result,
compression carried oyer from one year to another with a
cumulative effect. Loss of vegetation cover due to trampling
also resulted in higher soil temperatures and wider ranges of
temperatures.
Parker (1980) described and classified the soils in four
elevation zones (one sample per zone) in a study of vegetation
gradients on the west slope. Parker found the soils had similar
characteristics, regardless of elevation. Three of the four
soils sampled were Cryochrepts. One exception was in the lowest
elevation zone (914-1066 m) on the shores of Lake McDonald. The
acid litter resulting from the conifers in the area accentuated
the chelation process leading to development of a spodic horizon.
Because the soils are on the alluvial/colluvial plain above the
lake and are poorly drained, Parker classified them as Aquatic
Cryorthod.
At the 1067-1219 m elevation zone, an area covered by
ponderosa pine savanna, Parker found a dark surface horizon that
appeared to be developing toward a mollic epipedon, but time had
not yet allowed the degree of melanization required to produce a
Mollisol. Because of this horizon, Parker classified the stony
soil as "Mollic" Cryochrept.
The 1220-1372 m zone of mixed forest western larch,
lodgepole pine, Douglas-fir, and spruce represented a more
typical Cryocrept having a thin ochric epipedon overlying a
cambic B horizon. At the 1373-1525 m zone, however, the soil
appeared to be a transition between Cryochrept and the less
developed Cryorthent because the ochric epipedon was
exceptionally thin and the soil weakly differentiated throughout.
Transition between the A2 and B horizon was wavy and appeared to
be in the form of incipient tonguing.
Lynch (1955) found that the aspen grovelands on the east
side of Glacier were restricted to Babb loams and stony loams
which form a thin mantle over glacial till. No relationship
existed between texture and position on slope. With one
exception, vegetation associations showed no specificity with
regard to color, texture, moisture equivalent, permanent wilting
percent, or pH. The Koelerietum Phloxetosum association,
however, was distinguished by the extreme stoniness of its soils.
Lynch felt the most ecologically significant edaphic factor was
the amount of plant available water and that this factor was
critical to stabilization of grove boundaries.
Cox, et al. (1960) examined ponderosa pine productivity in
relation to soil characteristics and landform. Although this
study encompassed all of western Montana (including the northern
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Flathead Valley), the results might be applicable to Glacier.
They found ponderosa pine growing primarily on gray wooded and
chernozem great soil groups as well as alluvial soils. The depth
at which tree roots develop was the principal factor influencing
tree growth. Four factors limited this effective depth: depth
to gravel or loose sand, depth to a slowly permeable layer, depth
to bedrock, and depth to lime. Areas receiving supplementary
moisture from seepage or high water tables were good sites for
tree growth regardless of the type of soil involved.
Fichtler (1980) included soils in a study of the
recreational impacts on vegetation. Fichtler found campsites had
greater compaction (2.62 kg/cm vs. 1.29 kg/m ) , less percent
duff cover (53.9% vs. 65.5%), and greater percent exposed soil
(15.4% vs. 1.25%) than control plots. Abies lasiocarpa/Luzula
hitchockii and Abies lasiocarpa/Luzula hitchocockii-Menziesia
ferruginea habitat types were most resistent to soil compaction,
whereas Abies lasiocarpa/Menziesia feruginea types were more
susceptible. Soil exposure proved to be significantly related to
use level—lightly used campsites had seven times the exposed
soil of control plots, but heavily used sites experienced an
almost seventeenfold increase.
MacConnell (1982) studied effects of sewage effluent from
backcountry chalets on soil. Alpine and subalpine surface soil
samples were high in organic matter due to slow decomposition.
Sodium and potassium levels were elevated in effluent-treated
areas, but MacConnell noted no relatio between effluent
contamination and pH. Electrical conductivity—a measure of
soluble ions—was noticably higher in soils subjected to
effluent. Two samples had salt levels restrictive of plant
growth.
Recent work on the nearby Coram Experimental Forest by
Harvey (1976, 1978, 1979a, 1979b, 1980, and Larsen et al. (1978a,
1978b) has sought to gain an in-depth understanding of mature
forest ecosystems. These studies were undertaken in an effort to
understand the role of ectomycorrhizal fungi in nitrogen fixation
and nutrient cycling, especially with respect to fire. Various
phases involved examining differences between seasons, forest
types, and fungi/host associations.
Symbiotic nitrogen-fixing plants are less common in the
northern Rocky Mountains than in other regions, so nonsymbiotic
nitrogen fixation becomes critical. Nonsymbiotic nitrogen-fixers
are dependent on soil organic matter. Data shows humus and
decayed wood are the principal sites of nitrogen-fixing activity,
particularly on dry sites. In mature forest ecosystems in the
northern Rocky Mountains, upwards of 90% of active
ectomycorrhizal roots in forest stands are supported by soil
organic matter. During dry periods or on dry sites, most of this
activity is supported by decaying wood.
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Incorporation of wood into forest soils involves a choice or
combination of decay and fire forces. In cold or dry ecosystems
decay proceeds more slowly and fire occurs more frequently than
in wet-moist ecosystems. Undecayed woody debris accumulates on
dry or cold sites where decay is impaired until a wildfire
occurs. Although charcoal may have a stimulating effect on
ectomycorrhizal formations (Harvey et al. 1976) , the complete
depletion of soil wood in a hot wildfire may offset the benefits
of charcoal accumulation.
Coen and Holland (1976) classified and described the soils
of Waterton Lakes National Park, and included a rating according
to limitations for buildings, roads, and camping grounds. They
also assessed susceptibility to erosion. Such a park-wide survey
allows examination of several alternative sites based on
knowledge of use potential and suitability. No work similar to
that of Coen and Holland has been conducted in Glacier National
Park although it is probably overdue.
Since 1970, the USDA Forest Service has been inventorying
its lands for classification in accordance to its 1976 Land
Systems Inventory Guide. This classification system uses seven
hierarchical levels: province, section, subsection, landtype
association, landtype, landtype phases, and site. Province,
section, and subsection levels are defined by climatic and
geologic patterns and properties of land while the lower four
levels are distinguished by properties of soils, landforms, and
climax plant communities. Although the land survey system
incorporates both vegetation habitat types and conventional soil
classification, it differs significantly from both. Landtypes
differ from habitat types (Pfister et al. 1976) in that habitat
types integrate more specific enviromnental factors affecting
climax plant communities. Land survey inventories, on the other
hand, incorporate factors such as landform and soil properties
not significant to the establishment of climax plant communities
but which are important to other land uses.
Likewise, National Cooperative Soil Survey (Soil
Conservation Service) mapping units are defined by soil
composition, and soil taxonomy is often not sensitive to
variations in climatic factors such as aspect or elevation in
mountainous areas. Temperature and moisture criteria designed to
separate soil within broad climatic zones are not refined enough
to reflect local climatic differences which may affect plant
communities. In the land survey inventory, soils are normally
classified at the family level of soil taxonomy. Single
landtypes must contain predictable patterns of soils, and
representative soil profiles are described as well as
susceptibility to soil erosion, productivity, hydrologic
behavior, and suitability to road and equipment operation.
The theoretical base underlying the landtype survey is that
landform, patterns of soils, and climax plant communities are all
products of the interaction of climatic forces with the geologic
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structure of the earth's surface. Goals of the land survey
inventory are to collect and present data in a way users can
relate to and understand, as well as interpret data regarding
various land management activities.
Flathead National Forest, Kalispell, Montana, has been
inventorying its lands since the mid-1970's (Ottersburg n.d.,
Sirucek 1978, Martinson et al. 1976, Sirucek and Basko 1982,
Martinson and Cagner 1979). Glacier National Park can probably
rely on these Forest Service surveys, as well as those by Klagas
et al. (1976) , Bauman and Schafer (1983) , Haigh (197 9 ) ,
Ottersberg (1979) , Cullen (1981) , and Klein (1982) for guidance
in management decisions since many geologic, climatic, and
topographic similarities exist. Differences do occur, however,
and the park should complete a soil inventory of its own.
Ideally, ecosystem relationships are considered in
management decisions, which is one of the main goals of the
landtype classification system. Despite the management-oriented
approach of the landtype classification system, careful study can
help discern ecological relationships because soils are
intricately interrelated with geology, landform, climate,
vegetation, and many other factors. In itself, naming and
classifying all soils in Glacier National Park will add little to
the understanding of the park's ecosystem. Rather, the factors
affecting soil development and the effects of soil on vegetation
must be simlutaneously studied.
Allen (1980) , Hartley (1976) , Parker (1980) , and Lynch
(1955) all classified and characterized soils because they
recognized the inherent relationship between soils and
vegetation. Only Hartley, however, tried to explain these
relationships. Hartley recognized that trampling effects on
vegetation were as much a manifestation of changes in soil
properties, such as water infiltration and retention, as of
actual physical damage to the vegetation itself. Similarly,
Choate (1963) based her one-dimensional ordination of alpine
vegetation on soil moisture.
Soils may be considered the tying link between biotic and
abiotic environmental components, so a thorough understanding of
the park's ecosystems is impossible without knowledge of soils;
but an adequate background of soil research is lacking at this
time.
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GEOLOGY OF GLACIER NATIONAL PARK
Precambrian rock, thousands of feet thick and dating
1325-900 million years (my) old (Raup et al. 1983) lay the
foundation for the spectacular scenery that is the main
attraction of Glacier National Park and the surrounding
areas—Waterton Lakes National Park to the north, Whitefish Range
to the west, and the Sawtooth, Flathead, and Lewis and Clark
Ranges to the south. An understanding of Glacier National Park
geology cannot be accomplished with a limited view of the park
itself since geologic processes are not limited by human
boundaries. For example, seas that sometimes stretched
throughout the Intermountain region acted as the catchment basin
for sediments composing rocks in the park. These rocks,
deposited miles to the west and uplifted into their present
position, compose Glacier National Park's mountains. Faults
which allowed this movement extend into the park from southern
ranges, pass from the park into Canada or extend the entire
distance from southern ranges into Canada.
United States Geological Survey (USGS) scientists and
university graduate students conducted many geological
reconnaissance surveys in the 1950's and 1960's which have
recently been supplemented (Barnes 1963, northeast Whitefish
Range; Bentzin 1960, Weasel Creek area, Whitefish Range; Childers
1963, southwest Marias Pass; Johns 1970, Flathead and Lincoln
counties; Mudge 1980 and Mudge et al. 1977, northern disturbed
belt; Price 1962, eastern Alberta and British Columbia; Ross
1959, Glacier National Park and Flathead Range; Sweeney 1955,
Whitefish Range; Woodward 1959, central Flathead Range). Each
describes in detail the geology within their respective study
areas. Glaciological work began even earlier with glacial
monitoring but continues today. Recent studies have also focused
on avalanches and other mass wasting processes. It should be
noted that tremendous advances have been made since the turn of
the century in the science of geology, many of which may render
obsolete some of the earlier studies covered in this chapter. In
1979, the USGS began a comprehensive geologic study of Glacier
National Park which is scheduled for completion in 1985 or 1986.
Gordy et al. (1977) stated that because of the magnificent
and almost continuous exposures, regional geophysical studies,
and locally intensive drilling for hydrocarbons, geologically,
the region is rapidly becoming one of the most thoroughly
investigated in the world; and, it serves as a principal
reference area for the stratigraphy and structure of an orogenic
belt. History of geologic exploration began with reconnaissance
studies in 1886 of the southern Canadian Rockies and with studies
of the structure of the front range by Willis (1902) . Daly
(1912) drew the first systematic geologic map of the area. Ross
and Rezak (1959b) , Alt and Hyndman (1973) , Price and Kluvver
(1974), Gordy et al. (1977), Alden (1937), Cooper (1936),
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Hethrington (1940), Ross (1950), Clapp (1932), and Walker (n.d.)
provide overviews and summaries of Glacier National Park geology.
PReCAMBRIAN SEDIMENTATION
Ross (1963) examined and mapped rocks deposited during
Precambrian (Middle Proterozoic) time, referred to as the Belt
Supergroup. He characterized the Montanan Belt Supergroup as a
monotonous assemblage of very thick units composed mainly of
rather somber hued, fine-grained clastic rocks with subordinate
carbonate rock. Sediments composing the Belt in the park are
believed to have been derived mainly from shield areas which were
carried to the Basin by streams of low gradient in a fairly arid
climate. Nearly all contacts are gradational and strata thicken
westward and southward from the park (Mudge 197 7).
In an analysis of layer silicate mineralogy of Precambrian
Belt Supergroup, Maxwell (1973) believed the original Belt
sediments had complex mineralogies consisting of mixed layer
clays, montmorillonites and kaolinites which were reorganized
into ubiquitous illite and chlorite mineral assemblages during an
early stage of diagenesis. Late stage diagenesis and early
metamorphism gave rise to the observed changes in minerology
culminating in green schist facies assemblages at the greatest
depth. Carbonate rocks in the Belt are derived mainly from
chemical precipitates. Most Belt rocks are relatively
unmetamorphosed.
Many researchers agree that Belt sediments were deposited in
a marine environment. Fenton and Fenton (1937, 1957) began
intensive work on the stratigraphy and sedimentation paleotology
of the Belt Supergroup as early as the late 1920's, and several
others (Barnes 1963, Bentzin 1960, Childers 1963, Clapp and Deiss
1931, Cobban et al. 1976, Johns 1970, McKelvey 1968, Mudge 1979,
Mudge et al. 1977, Price 1962, Ross 1959, Ross and rezak 1959,
Sweeney 1955, White 1973a, 1977, 1979) have continued the work.
Fenton and Fenton noted that throughout Glacier National Park
facies, sedimentary changes are dominantly rhythmic with
alternations in mineral layers, colors, textures, and conditions
of deposition.
A long, narrow basin whose northern and western boundaries
reached British Columbia, Washington, and Idaho but whose eastern
boundary was questionable provided the marine depositional
environment. Throughout most of its history, the basin was
shallow—so shallow, in fact, that the bottom was affected by
small waves and occasional periods of local emergence and drying.
Fenton and Fenton (1957) estimated that the water depth rarely
exceeded 20 m. As a result of this extreme shallowness,
variations in precipitation on adjoining lands directly affected
sedimentation in the basin.
Kopp (1973) and McKelvey (1968) visualized similar
situations for deposition of the Ravalli group and Helena group
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in the park. These formations were deposited in a warm,
elongate, and asymmetrical marine stable shelf or intercratonic
basin of similar salinity to today's oceans, trending northwest
from Bozeman, Montana into southeast British Columbia.
Relatively higher ground to the west and southwest and a stable
shelf area to the east bounded the basin. Ripple marks, channel
structures, cross-bedding and graded-bedding indicate shallow
water prevailed during much of the depositional period but
raindrop impressions, pit and mound structures, mudcracks and
salt casts indicate mud or silt flats were periodically inundated
and exposed. Channeling of western facies suggest fluviatile
processes. Fenton and Fenton (1937) describe, in detail,
breccias found throughout the park.
Cross-bedding and asymmetrical current ripple marks in the
Altyn Formation show bimodal current directions in two prominant
directions—toward and away from the northeast suggestion
influence of tidal currents perpendicular to a northwest to
southeast trending shorelines (White 1979) . Evaporative
conditions must have existed since almost all carbonate material
in the Altyn Formation is dolomite and such pervasiveness would
require an increase in the Mg:Ca ratio. All in all, White
interprets the environment during this period as one similar to
the Arabian g u l f — a warm, rather arid climate.
Ross (1963) raised the question of how a shallow sea, with
thin deposits sunk enough to allow accumulation to thousands of
meters of sediment. In 1937, Fenton and Fenton claimed no
evidence existed supporting periods of uplift or depression
during Belt deposition and that each epoch terminated with land
changes which resulted in increased sedimentation, but that in
some cases, changes seemed to have been the result of general
uplift. On the other hand, in their 1957 paper, they suggested
that extremely thick accumulations of mud and fine sand which
showed only minor variations attributable to changes in depth
indicated long epochs during which rate of deepening
approximately equalled that o deposition. They felt that
long-continued but slow depression of the basin, as evidenced by
decreasing occurrence in ripple marks, dessication mud cracks,
and imprints accompanied epochs of carbonate sedimentation.
Likewise, Harrison et al. (1974) felt the Belt basin
represented a slowly sinking reentrant on the North American
craton that began to form approximately 1500 my ago and persisted
for more than 600 my. Although the triangular sinking block
somewhat resembles an aulacogen, the basin was not a true
graben-like trough extending into the craton at a plate
separation.
All sediments, however, were not deposited in marine
systems. The thickening and increase of elastics, with great
variations in thickness of individual formations, indicates
increasingly rapid deposition near shore. These variations
suggest deltas, with flood plains and ephemeral lakes, were
significant factors in near-shore deposition while conditions a
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few kilometers away were marine. Part of the Ravalli group
represented deltaic sedimentation of a tidal-dominated delta
(Boyce 1973) as indicated by their composition and bedding.
Boyce's so called "Ravalli Delta" probably migrated from south to
north in the Belt Basin and he believed that further analysis of
the Missoula group would lead to discovery of other periods of
deltaic sedimentation in the Belt.
GEGCHRONOLOGY
Based on K-Ar and Rb-Sr tests on glauconite from the upper
part of the Missoula group and from within a thousand meters of
middle Cambrian Flathead quartzite—the oldest known Paleozoic
formation—Gulbrandsen et al. (1963) estimated a minimum age of
1070 my for the Belt Supergroup. Using K-Ar techniques on
biotite, Obradovich and Peterman (1968,1973) placed the age of
Belt sedimentation ranging from 1300 my to 760 my with
sedimentation episodes ranging from 1300 my or older for lower
sections (Prichard Formation), 1100 my for middle sections
(Helena and Wallace Formations), and 900 my for top sections
(Garnett Range Formation and Pilcher Quartzite) with two
substantial hiatuses of 200 my or more. Continuous deposition
would imply an unusually low rate of deposition of less than or
equal to 4 mm per 1000 years for the thickest section.
IGNEOUS ROCKS IN THE PARK
A distinguishing characteristic of sedimentary strata in the
park, especially in the north, was the intrusion of sills and
dikes into the greenish argillite of the upper Helena group.
Hunt (1960) dated these intrusions, called the Purcell sills, at
558 and 578 my from biotite samples.
Mejstrict (1975) studied the petrogenesis of the Purcell
intrusion which is composed primarily of basalt in Glacier
National Park. He found that the minerals plagioclase and
pyroxene composed close to 70 percent of the rock. Thickest near
Siyeh Pass, the sill thinned evenly both northwestward and
southwestward and possibly northeastward, and prominent dikes
outcropped between Rose Basin and Grinnell Glacier. These dikes,
however, were not clearly related to the sill. The sill was
marked by the assimilation and subsequent contamination by
quartzite and dolomite xenoliths. Xenoliths rose in the sill in
accordance with their densities to collect in a "granophric"
hybrid zone that correspondingly diminished with the thickness of
diabase.
Upper and lower contacts were very sharp with no hint of
diabase aggression or assimilation of the Helena Formation
although the limestone was metamorphosed to marble and bleached
white 6-9 m from the sill. Diabase immediately adjacent to the
limestone was intensely fractured due to late readjustments
during cooling. A unique character of the sill appearred to have
resulted from the assimilation of foreign material: an
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albite-alkali feldspar-quartz or quartzitic type and a
calcite-epidote or dolomitic type. It was postulated that
movement through the sills required the displacement of
considerable wall rock. Approximately four cubic meters of
xenoliths were infused into every 128 sq m of diabase.
STROMATOLITES AND MICROFOSSILS OF PRECAMBRIAN STRATA
Just as the composition, grain size, layering and other
distinctive characterisitics of rocks, stromatolites (laminated
algal heads preserved in rock) are also used by scientists to
interpret environmental conditions at the time of their
formation. Stromatolites are particulrly abundant in Proterozoic
sequences (Horodyski 1975) and are known to exist in many of the
formations of the Belt Supergroup. All stromatolites in the park
are hosted by carbonate bearing rocks.
Fenton and Fenton (1931,1937,1957) began studying
stromatolites in the late 1920's. Since then, Rezak (1957),
Horodyski (1973,1975, 1976,1977,1978), and White (1970) have
examined stromatolites in detail to surmise Paleo-environmental
conditions. These interpretations reinforce the stratigraphic
evidence that depositon of the Belt Supergroup occurred during
marine transgression and regression.
Interpretations are based partially on projections of
conditions under which stromatolites grew in Precambrian times,
but White (1973a,b) and Horodyski (1975) caution scientists
against making direct comparisons. Stromatolites are abundant in
Proterozoic sequences, but scarce in Phanerozoic strata, probably
a reflection of widespread metazoan grazers and competitive
eukaryotic algae. Today, they are found only in harsh
environments with high salinity, dessication, or high
temperatures that eliminate grazers (Horodyski 1975). White
(1973a) also points out that the lack of shell-secreting animals
in Precambrian times changes carbonate sources from those of
today. It is now believed that stromatolites are not actual
remains of algae, but are structures developed through the
reaction of organisms to the physical environment in which they
were deposited.
Fenton and Fenton (1937) began their study of stromatolites
because Precambrian formations of northwestern North America
contained no fossil assemblages suitable for ecological analysis.
They believed that, based on the surface of biostromes, which
show little relief, that Precambrian stromatolites grew in
shallow water with some wave action.
Rezak (1957) established and described eight zones of
Precambrain stromatolites in the Belt series in Glacier, based on
mode of growth, gross form of colony, and orientation of laminae
for local correlation. He surmized that the Collenia undosa and
Collenia symmetrica zones, found in Grinnell argillite grew on
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mud-cracked surfaces, since no evidence existed of dessication of
the colonies.
Horodyski (1975) intensively studied Rezak's (1957) Collenia
undosa zone, and found two principal forms: tubular, and sinuous
chain-like forms. Unlike Rezak, Horodyski believed that
characteristics of this stromatolite-bearing interval indicated
it was deposited in an intermittently emergent mudflat.
White (1970, 1973b) agreed that the majority of algal
stromatolites of the Altym Formation developed in the intertidal
zone since they are associated with dessication features, flat
pebble conglomerates and dolomitization but that occasional thin
beds of columnar stromatolites appeared to have developed in
quiet waters below the tidal zone. Correlation with similar
structures in the USSR indicated these stromatolites were
approximately 1350 my. Stromatolite bearing intervals of the
lower Missoula Group were also deposited in a shallow,
intermittently exposed setting of very low relief, the
stromatolites forming during periods of submergence (Horodyski
1975)
Horodyski (1977) examined the formational processes of
stromatolites. Tji situ carbonate precipitation was the dominant
process involved in formation of encrusting stromatolite laminae.
This precipitate was deposited within and probably beneath algal
mats, most likely as a result of the photosynthetic removal of
carbon dioxide by the mat-building microscopic algae. Calcite
also was precipitated in several types of open-space structures
occurring within these stromatolites. Other laminae were
produced by organic stabilization of detrital particles, by the
solely phsyical accumulation of terrigenous material, and also by
bacterially induced precipitation of nonsulfide which was
oxidized to form hematite layers. Physical conditions played a
major role in determining the macrostructure of these
stromatolites, whereas biological activity was apparently
greatest on postive irregularities and second and higher order
hemi-spheroidal structures.
Horodyski (1977) also identified and discussed five
environmental factors influencing the branching pattern of
columnar stromatolites. Four of these; the accumulation of
non-biologically stabilized detritus on stromatolite growth
surfaces, spacing of stromatolite columns, growth profile of
stromatolite bioherms, and degree of variability of environmental
conditions, were major influences. Rate of intercolony
sedimentation relative to the rate of stromatolite accretion
probably also affected branching, but its effects are not well
documented.
MICROFOSSILS
In addition to stromatolites, investigators have found a few
microfossils believed to be eukaryotes. White (1974a, 1974b,
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1979) found algal microfossils in a thin section of clastic
dolarenite, approximatley 30 mm thick, implying the fossils are
an inherent part of the rock and are not a later contaminant.
Partial replacement of some filaments by diagenetic dolomite and
truncation of part of the thallus at the grain margin provide
further evidence that the algae are an inherent part of the
rock. Microfossils occur as a loosely coiled thalus composed of
yellow-brown filaments. Filaments were tubular, non-septate
branched, occasionally straight, but more commonly curved,
usually with rounded ends. They are up to 1mm long (incomplete
filament) and circular in transverse section with an average
diameter of 16 mm. White believed these non-septate filaments
were preserved sheaths which originally contained trichomes of
blue-green algae. Because intrafilament cells are not preserved
in most, mode of reproduction and precise nature of branching are
unknown. White found no previously described Precambrian
microfossils directly comparable to those he found in the Altyn
Formation (145-1700 m y ) . Many were deposited in intertidal or
supratidal areas with periodic subaerial exposure.
Most coccoidal algae were comparable to forms belonging to
the modern family Chroococcaceae. Some contain a single
peripheral eye spot which is believed to be an organelle. These
coccoidal algae occurred in pairs or in loosely associated groups
of a few cells. A few filamentous forms had preseved cellular
structure and these were comparable to members of the modern
Oscillatoriaceae.
Horodyski (1975) also found filamentous microfossils, two of
which appeared to be oscillatoriacean cyanophytes and the third
was probably either a cyanophyte or filamentous bacterium. In
addition, he found locally abundant hematitic pillar-shaped
microstructures interpreted to have been produced by filamentous
bacteria.
In the 1100 my old Snowslip Formation, Horodyski (1982)
found markings of irregular, generally curved, cm-long ridges and
depressions ranging from 0.3-1.0 mm wide having a relief of
several tenths of a millimeter. Microscopic exmaination revealed
that these marking consisted of undulator crinckled and disrupted
laminae which formed mm-thick layers in otherwis more evenly
laminated strata. Organic-walled microfossils were not detected
in sediments. Unlike stromatolites which were composed of a
succession of microbially stabilized detrital laminae or
microbially precipitated carbonate laminae, these consiste solely
of impressions of thin microbial mats. These mats developed in
either a moist, subaerially exposed setting or in a relatively
quiescent, ephemeral, shallow-water pond. Mats subsequently
became wrinkled, possibly as the result of dessiccation in a
subaerial setting or by becoming detached from the sediment
surface due to currents, waves, or the production of bouyant
gases in subaqueous setting.
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Sando (1972) and Horodyski (1981) identified
pseudomicrofossils. Those pseudomicrofossils discovered by
Horodyski occurred in Appekunny formation. Authentic
mycrofossils, deposited in offshore mudstones that were
subsequently subjected to moderate burial metamorphism, were
poorly preserved sphaeromorphs compressed parallel to lamination.
Pseudomicrofossils, on the other hand, were not compressed
parallel to lamination. Sando's pseudomicrofossils were slightly
oval markings composed of 10-25 subovate "cells" separated by
intercellular "walls" arranged in a spiral. Various people found
similar markings in Altyn and Helena Formations of Glacier
National Park. The markings resulted from biochemical action of
bee saliva on carbonate rocks.
POST PRECAMBRIAN SEDIMENTATION
From the close of Precambrian through the Mesozoic,
sedimentation continued with interruptions that probably resulted
from broad crustal upwarps; so, while sedimentary rocks composing
the Rocky Mountains of northwest Montana were dominantly
Precambrian, in eastern ranges these were overlain by limestones
and shales of Paleozoic age which, on the western flanks of these
eastern ranges, were overlain by shales and sandstones of
Mesozoic age (Ross 1959).
To help aid in unravelling structural history in areas where
Precambrian and Cenozoic and Mesozoic strata overlapped, Zartman
and Stacey (1971) used lead isotope composition to distinguish
between Precambrian mineralization and Mesozoic or Cenozoic
mineralization. Precambrian lead was characterized by
comparatively uniform isotopic composition, possibly because of
single-stage development. Mesozoic or Cenozoic lead, on the
other hand, which has undergone at least two-stage develoment was
generally more radiogenic and ranged widely in isotopic
composition.
Ross (1959) found the Cambrian system represented by only
scattered exposures. In addition, he found no representations of
Ordovician, Silurian, Permian and only part of Devonian systems.
He recognized no Triassic rocks, although Jurassic rocks were
present in most places.
Gordy et. al (1977) described Paleozoic rocks as primarily
carbonates and some elastics with thicknesses generally
increasing to the west, but they agreed that Ordovician and
Silurian systems as well as part of Devonian were not present in
the area.
Deiss (1941) studied Cambrian geography and sedimentation of
the central Cordilleran region of which Glacier National Park is
a part. In Alberta and British Columbia, lower Cambrian is
represented by a preponderance of clastic sediments that rest
unconformably on Beltian shale. Mid-Cambrian rocks are generally
marked by basal flathead quartzite. In Montana, the "Montana
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Island"—an elevated trough stretching from northern Utah to
southeastern British Columbia and remaining above the Cordilleran
trough during the Waucobian epock—prevented deposition of lower
Cambrian sediments. Earliest Albertan deposits are pebbly
conglomerates, or cross-bedded, coarse-grained sandstones which
everywhere pass upward into fossiliferous green, tan, and maroon,
micaceous and pure shales. The upper 50-75% of mid-Cambrian rock
is limestone and dolomite, but relatively thin shale intervals
occur locally in upper-middle portions of sections. Upper
Cambrian strata consist predominantly of thick and thin-bedded
limestone and dolomite and occasional intercalated intervals of
shale and rarer sandstone.
Land areas: Cascadia, Laurentia, and Montania (a positive
element within the Cordilleran trough located between the south
end of the Lewis and Clark Range and Crow's Nest Pass in southern
Alberta and British Columbia and between the Lewis thrust fault
on the east and the North Fork Flathead River on the west)
provided sediments during Cambrian times and were dynamic
elements, expanding and receding in area, from the close of
Beltian to at least the middle and probably upper Devonian,
marine waters again covered Montania, but after Mississippian,
north-western Montana and northern Idaho were again land until
late Jurassic.
In the most positive part of Montana (northwestern Montana
and northern Idaho) submergences occurred only in middle
Cambrian, middle or late Devonian, Mississippian, late Jurassic
and late Cretaceous. During the Albertan epoch, more of Montania
was submergedthan at any other time of early Paleosoic. Toward
the close of the epoch, the only part of Montania above water was
an island which in Montana lay between the Canadian border and
the southern end of Glacier National Park. During the remainder
of post-Beltian time, Montana was above sea level.
Climate was warm, humid, and uniform throughout the
Cordilleran region during Waucobian and Albertan epochs and
probably continued unchanged over most of the region during
Croixan. In southern Canada and Montana, red beds, salt cast
crystals, mud cracks, and the paucity or absence of fossils
suggested local aridity and lower temperatures during parts of
Upper Cambrian.
In the Marias Pass area, Childers (1963) found Mississippian
strata overlying Belt rocks. These rocks were divisible into
four map units: 1) very fine crystalline limestone; 2)
medium-thick limestone; 3) massive crinoid and bryozoa
calcarinite and calcirudite; and 4) dolomite.
Three Jurassic units overlaid the Mississippian rocks. The
first unit was gray calcareous shales containing some belemite
fragments with thin beds of argillaceous gray microcrystalline
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limestone, while the second unit was cross-bedded sandstones with
deeply eroded troughs.
In the southeastern part of the park, Rice and Cobban (1977)
found an outcrop of Cretaceous formations which were described in
detail. The basal formation consisted of variegated mudstone,
siltstone, and sandstone of non-marine origin. Along the
southeast border, a lacustrine sequence of shale and limestone at
the top of the Kootenai contained non-marine mollusks.
Many researchers have worked with the Kishenehn formation.
Jones (1969) described it as relatively fine-grained lacustrine
deposits, overlain by conglomerates and breccias deposited in a
half-graben on the downthrown (west) wide of the Flathead fault
concurrently with late movements of the fault. Late movement of
the fault resulted in eastward tilting of the Kishenehn and
underlying strata which formed the east flank of the McDonald
dome, a broad anicline west of Flathead Valley (Canada). Fossils
from the lower member of the Kishenehn date it as latest Eocene/
early Oligocene.
Russell (1952,1954,1955) identified and dated fossils on the
North Fork of the Flathead River to the Eocene/early Oligocene.
He collected and described several fresh water mollusks
characteristic of small lakes and ponds. He also found mammalian
fossils in the North Fork Valley which were species
characteristic of woodland habitat. Alden (1953) identified
fossil leaves of Betula heterimorpha in Tertiary beds in the same
general area.
ECONOMIC MINERALS
Much geologic work in the park has been concerned with
valuable mineral deposits. Morton et al. (1973) investigated
sulfide deposits associated with Precambrian Belt-Purcell strata
in Alberta and British Columbia. They found four distinct
associations in the rocks of the Lewis thrust plate:
1. Cu+Ag in sandstone and argillites;;
2. Zn/Pb+Cu (Ag) in carbonates and argillites;
3. Cu+Ag in and adjacent to Precambrian diorites; and
4. Zn/Pb+Cu(Ag) within and near Precambrian diorites
Their investigations revealed that the majority of base
metal occurrences were located within the southeast half of the
Lewis thrust plate. Major copper bearing strata were within
non-hematitic arenites and argillites of Grinnell and Appekunny
Formations. Zinc, lead, and some copper mineralization was
generlly limited to dolomitic strata of the lower Helena
Formation, and to the lower Shepard Formation.
Link (1932) listed the locatios of oil seepages in the Belt
Supergroups near the international border. He felt upper
Paleozoic rocks may be the source of the seepages as might
Jurassic beds, and that neither Tertiary or Cretaceous sections
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could be considered sources. Porous upper Paleozoic limestones
or dolomites might be reservoir rocks or carrier beds.
Johns (1970) described and mapped the geology and mineral
deposits of Lincoln and Flathead Counties, and Martinson (1977)
enlarged and adapted Johns' planimetric base maps to a
topographic base. Mineral deposits have yielded silver, zinc,
lead, gold, copper, and tungsten, in eight mining districts in
the counties, but vermiculite is the major economic mineral.
Ross (1959) felt that while the stratigraphy of the Belt
series and the character of the Lewis overthrust should be of
great interest economically, the park contained so little known
mineral deposits of apparent economic value, that little time has
been devoted to this aspect of the investigation. Years ago,
prospecting for copper and other metals was undertaken in the
mountains with such slight success, that it has almost entirely
ceased.
Despite Ross's dismissal of valuable coal deposits in the
park, coal deposits do exist in the northern Flathead Valley,
that are extractable with modern technology. As early as 1916,
Mackenzie noted in a survey of the area a few kilometers north of
the international boundary, that coal was the principal mineral
resource and that seams occurring in the lower Kootenay Formation
represented deposits of considerable value. Mackenzie described
the stratigraphy and composition of each deposit in the area.
Future mining of coal poses a possible threat to park resources,
prompting initiation of several studies to gather baseline data,
(e.g., Wright et al. 1983, Environmental Protection Agency
1983), from which mining impacts could be assessed.
STRUCTURE
The 452 km long Lewis thrust has long been a primary
interest of geologists working in the park (Mudge and Earhart
1980). All structures in the mountainous part of the park are on
the Lewis thrust plate. Movement along this fault has resulted
in the displacement of the older Precambrian rocks over younger
Mesozoic and Paleozoic rocks.
Willis (1902) identified and named the Lewis thrust fault.
He hypothesized that in some post-Cretaceous epoch, compressive
strains resulted in a fold overturned toward the northeast that
ultimately developed a corresponding thrust fault. The thrust
sheet then moved across a peneplain on the fault and was thus
considered an "erosion thrust". In 1938, however, Billings
reviewed the physiographic relations of the Lewis thrust fault
and stated that the erosion surface to which Willis referred was
younger than the thrust. He felt that there was no evidence that
the fault was an erosion thrust, and every reason to believe that
the thrust was of the Laramide age.
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Mudge and Earhart (1980) traced the path of the Lewis thrust
fault. The fault trace began in a shear zone of folded
Mississippian rocks, and as it progressed northward, it cut into
Precambrian rocks near Glacier Park. Displacement of the Lewis
plate also increased northward because it was rotated about an
easterly trending hinge line from the West Fork of the Sun River
where displacement was about three km, to the south edge of the
park where displacement was 65 km. The Lewis thrust and related
thrust faults and the subsequent erosion of the Continental
Divide all probably formed concurrently under the same stress
field.
Much controversy has surrounded hypotheses concerning the
mechanisms by which 4,700 m of rock could be transported 56 km to
the east (Gordy et al. 1977). Presently, Davis from the
University of Southern California is undertaking a detailed study
of the Lewis thrust fault to examine the mystery. One theory of
overthrust movement (Wilson 1970) was that flow within an eight
to 25 cm thick shale shear zone absorbed most of the deformation
associated with the thrusting. This shale zone behaved as a
fluid medium which acted to reduce the coefficient of sliding
friction on the fault, in effect serving as a lubricant for the
movement.
Hoffmann et al. (1976) placed the time of the thrusting
between 56 and 72 my. While these ages represented the time over
which maximum temperatures were reached, minimum temperatures
needed for mineraloical changes to occur were probably reached
within a few million years after thrusting. The minimum age of
56 my was geologically significant because it restricted the
completion of thrusting to the end of the Paleocene epoch.
Despite the apparent structural deformation that occurred as
a result of thrusting, Vitorello and Vander Voo (1977) felt that
the eastward thrusting of Belt rocks by the Lewis thrust was
probably not accompanied by significant structurl rotation. They
based their conclusion on two groups of natural remnant
magnetizations of Belt argillites from the Spokane Formation
(formerly Grinnell).
In a similar study, Elston and Bressler (unpubl) examined
paleomagnetic poles and polarity zonation from the late
Proterozoic Belt supergroup and found the lower Belt Ravalli
Group and middle Belt carbonate appeared to be of normal
polarity. A switch to reversed polarity took place near or at the
base of the Missoula Group. Above the interval of reversed
polarity was a comparatively narrow interval of polarity
containing several reversals.
Subsequent to the period of thrust faulting came a period of
normal fault development in which younger, northwesternly
striking normal faults developed accross the thrusts and folds.
During normal faulting, the suprcrustal wedge, which had
previously been compressed in a northeasterly direction and
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thickened, extended in a northeasterly direction and thinned, but
the strain involved in normal faulting was less than in thrsut
faulting and folding.
To the southeast, the Lewis fault has been truncated and
downthrown by the Flathead or Blacktail, normal fault which
developed in this later period of normal faulting that Price and
Kluvver (1974) dated as commencing approximately 35 my ago in
late Eocene or early Oligocene. Hinging about 25 km south of the
fault and extending northwest along the western part of the park
through the upper parts of Lake McDonald and Kintla Lake into
Canada, the Flathead fault trends at the south edge of the park.
In British Columbia. it flattens with depth and merges with the
Lewis thrust. The fault along the Middle Fork of the Flathead
River was the Roosevelt fault (Mudge 1977) . Faults in the
Flathead zone as well as normal faults along the Rocky Mountain
trench were both characterized by pronounced rotation of the
downdropped block. Rotation indicated that the normal faults
were curved and concave upward in profile.
At first, geologists considered the eastern Rocky Mountains
to be fault blocks in which most faults remianed separate at
depth. Following the drilling in the 1950's in the Livingston
Range of southern Alberta, Hume (1957) reaffirmed the fault
structure in the foothills and eastern Rocky Mountains. He
concluded the mountains were composed of superimposed folded
cault slices and that folding resulted from steplike faults.
Folds, therefore, were contemporaneous with fault movement rather
than subsequent to the faulting as previously assumed. Anticlines
were produced where the fault dip decreased upward. Synclines,
however, developed by another process. Hume noted that step
faulting of underlying fault slices were thrust outward and
upward from under higher thrust slices, and that younger fault
slices were the more easterly ones. Order of development,
therefore, proceeded west to east.
In the Livingstone and Lewis and Clark Ranges, White (1978)
distinguished four major domains of individually distinctive
movement, each restricted to discrete intervals of strata.
Progressively westward domains contained successively older
strata preceededby thrusting within the next easterly domain of
younger rock.
GLACIERS AND GLACIATION
The Pleistocene glaciation sculpted Glacier's landscape.
Present glaciers probably were not remnants of large Ice Age
valley glaciers, but rather thought to have formed about 4000
years ago when the climate cooled (Dightman and Beatty 195 2).
Orientation of the valleys in this area were determined by
existing structure and pre-Pleistocene fulvial erosion, but
enlarged into typical 'u-shaped glacial valleys during the various
Pleistocene glaciations. Prominant lateral moraine ridges near
the mouths of all major canyons represented Wisconsin age
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piedmonet glaciers. North of Waterton Valley, the mountain
moraines were overlapped by continental drift so that their
original extent was unknown.
Differences in altitude between Wisconsin moraines and two
gravel-covered ridges and terraces on both sides of the
Continental divide showed there were fairly long periods of
valley deepening in Pleistocene time. The fact that many
Wisconsin terminal moraines are in valleys, one hundred to
several hundred feet below the smooth gravelly tops of upland
benches, indicated deepening of valleys continued into late
Pliestocene time until interrupted by deposition of outwash from
mountain glaciers.
At the maximum of Wisconsin and earlier stages, many of the
Glacier Park glaciers united in great trunk glaciers. One moved
southward along the North Fork of the Flathead Valley. Ice
crowded through Mud Lake gap west of Demers Ridge, and was thick
enough (greater than 1000 m) to completely overtop the Apgar
Mountains. Flanks of mountains west and east of the South and
Middle Forks of the Flathead River were gashed by many gorges
occupied by mountain glaciers tributary to great trunk glaciers
in these valleys. North, South, and Middle Fork glaciers joined
and passed through Bad Roc Canyon, and joined the main trunk of
the Flathead Glacier. Striations around Marias Pass indicated
that ice originating far west of the continental divide moved
northeast through the pass to join the Two Medicine glacier.
Several researchers have studied glacial drift deposits
especially of eastern Glacier Park. As early as 1906, Calhoun
used glacial deposits to recontruct the extent of the Montana
lobe of the Laurentide ice sheet and mountain glaciers. Along
the Rocky Mountains, mountain glaciers issued from valleys and
flowed eastward onto the plains. Calhoun identified moraines of
fourteen of these glaciers. In a number of cases, ice from
several mountain valleys united and formed piedmont glaciers.
Ice from single mountain valleys seldom reached out far into the
plains, but piedmont glaciers extended many miles from the
mountain front. The Two Medicine glacier, formed by the union of
Two Medicine, Birch Creek, Blacktail, And Whitetail glaciers,
extended 50 km from the mountains and was greater than 45 km at
its widest part. In places, moraines were greater than 75 m high,
and often more than 1.6 km wide.
Just south of the 49th parallel, the till of the Laurentide
ice sheet overlayed that of mountain glaciers. At no other
point so far south did tills from opposite directins overlap.
Although in Two Medicine valley, continental ice advanced to
within three km of the position occupied by mountain glaciers.
Because the southwest lobe of the Laurentide ice sheet reached
its maximum positon after mountain glaciers receded, its drift
overlayed that of mountain glaciers at various points in the St.
Marys River, Belly River, and Lees Creek Valleys. In other
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places, till from the east overlayed outwash from the mountain
glaciers.
Richmond (1957) presented evidence of three pre-Wisconsin
glaciations in Glacier National Park. These tills, each capped
by a thick and strongly developed soil profile were found
superimposed upon one another. Richmond also recontructed a
series of proglacial lakes in in Waterton National Park on the
basis of shoreline features and outlet channels.
Karlstrom (1981) determined that soils and associated
glacier deposits in the Glacier-Waterton Parks area represented
at least seven major glacial and interglacial events of the
Pleistocene and probably late Pliocene. He assigned tills of
mountain glaciers in the Waterton Valley and of mountain and
continental glaciers in the Belly River and St. Mary River
Valleys to Illinoian, early Wisconsin, and late Wisconsin ages on
the basis of geomorphic relations, soils, and radiocarbon dates.
In addition, Karlstrom found one to four pre-Illinoian mountain
tills, separated by truncated paleosols, preserved on ten
Flaxville erosion surface remnants which formed interfluve
divides along the eastern border of Glacier-Waterton Parks. Based
on soil stratigraphic and genetic evidence, Karlstrom
provisionnaly correlated these tills with worldwide glaciations.
In 1960, Richmond correlated alpine glaciers with
continental advances. Two late Pleistocene alpine glaciations
correlated with the Bull Lake and Pinedale glaciations of
Wyoming. The first consisted of two distinct advances separated
by a major recession. The younger Pinedale glaciation consisted
of three advances separted by minor recessions. These tills
correlated with the advance of the classical Wisconsin
glaciation. In Waterton, according to Horberg (1954), the
Pleistoncene record suggested that glacial maxima in the
mountains were essentailly synchronous with the Kansan, Iowan,
Tazewell, and Carey maxima of the Laurentide ice sheet in the
western part of the continental interior.
By mapping and dating moraines, Osborn (unpubl) estimated
Holocene glacier fluctuations. Most cirques contained only one,
apparently young moraine, but some contained an older often
forested moraine slightly downvalley of the younger moraine. The
older moraines generally bear Mazama ash. Some also contained a
coarser ash which also might have been a different variety of
Mazama. Based on his observations, Osborn concluded there was an
early Holocene advance prior to 660 years ago, and a recent
advance in the last century or two.
In addition to discerning past movements in order to better
understand present processes, scientists have examined present
movements in order to better understand past history. Anderson
et al.
(1982) made week-long records of the sliding rate as well
as longer term measurements of average sliding rate, documented
active glacial quarrying, studied patterns of abrasion, debris
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content of ice, ice layers spalling off the glacier's sole and
several features of the glacier sole by working in subglacial
cavities beneath Grinnell glacier. They found uniform summer
velocities of about 33 mm/day. Winter velocities were
substantially lower. The data reflected horizontal flattening of
ice, surprising behavior for a region near the glacier terminous.
Debris apparently had little effect on the sliding regime of
Grinnell Glacier because few rock fragments, aside from a thin
veneer of fine rock flour, were entrained in basal ice.
Grinnell, Sperry, and Jackson glaciers were monitored from
1931 to 1967. Mapping began in 1937 at a 1:4800 scale, (Grinnell
in 1937, and 1946, Sperry in 1938 and 1946, and Jackson in 1939).
Beatty (1945-47,1949-51, 1954), Beatty and Johnson (1952), Beatty
and Robinson (194 8), Robinson (1956), Robinson and Johnson
(1955), Beatty, Robinson and Colbert (1953), Dyson (1941,1948),
Dightman (1967), Dightman and Beatty (1952), Johnson (1958,
1960-1962b, 1964,1965b, 1968, 1980), and Carrara and McGimsey
(1981), have all documented the recession of glaciers in the
park. Dightman (1967) believes glaciers reflect world wide
glacial and climatological trends. Glaciers were largest in the
1880's, with a rapid decline from 1920 to 1940, due to below
average precipitation and above average summer temperatures
(Carrara and McGimsey 1981). Recession slowed from 1940 to 1950
due to increasingly wet years and from 1950 to 1965, glaciers
held their own because of decreasing summer termpatures and
increasing precipitation. Studies of moraines indicated glaciers
reached their maximum in the late 1800's, probably peaking around
1890 about the time many were being discovered (Dightman and
Beatty 1952). In 1900, nine glaciers were greater or equal to
2.6 square km in area, and thirteen others were over one square
km. By 1948, only one was greater than a square km in area and
less than seven were greater than .16 square km.
Between 1913 and 1946, the rate of withdrawal for Sperry
glacier was almost constant, 20 m/yr. Between 1938 and 1946, its
lowermost surface lowered by ablation at the rate of 3 m/yr. Its
area was 320 ha. in 1901, and only 100 ha in 1960. Most of its
upper part disappeared from the enclosing cirque. From 1938 to
1969, certain parts of the terminus receded 330 m. Below 2500 m
elevation, the glacier surface lowered, but above 2500 m, the
glacier surface increased. Annual downslope movement was 5 m/yr
in the central part of Sperry glacier (Johnson 1980).
For Grinnell glacier, Johnson (1980) estimated shrinkage
between 1850 and 1900 was slow, but between 1930 and 1940, the
rate rapidly increased and then remained fairly constant.
Between 1937 and 1969, Grinnell glacier retreated 400 m and
decreased in area 230 ha. Its surface lowered on the average 3
m/yr, and by 1946, ice in the southern part of Grinnell lay
entirely within the zone of fracture, and was probably nowhere
less than 50 m thick.
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Carrara and McGimsey (1981) used tree ring data to examine
the late Neoglacial history of the Agassiz and Jackson Glaciers.
They concluded both glaciers began retreating about 1860, since
they suggested both reached their recent maximum position in
about 1850. Retreat rates appeared to have been modest (less
than seven m/yr), until about 1910, when rates increased,
reaching more than 40 m/yr for Agassiz between 1917 and 1926. In
the following years it retreated even faster, at rates exceeding
90 to 100 m/yr. This period of rapid retreat corresponded with a
period of warmer summer temperatures and decreased precipitation.
Since the 1940's, retreat of both glaciers has slowed markedly.
These glaciers, and others in the park lacked earlier
Holocene moraines beyond late-neoglacial deposits, strongly
suggesting that the late-neoglacial advance of the mid 19th
century represented the most severe climatic deteriorations since
the end of the Pinedale glaciation. These maxima were, however,
short-lived.
Dalby (1979) found that the Sperry glacier had a fairly
typical cirque glacier structure with three distinct accumulation
areas. Each of these areas produced a characteristic glacial
structure. He also found a possible correlation between
variations of flouride concentration in differing aged
snow-layers and time variable output of flourides from the ARCO
aluminum plant. Horn and Qamar (1979) conducted seismic and
gravity surveys to determine ice thickness of the Sperry Glacier.
Surveys indicated Sperry ice was 100 to 130 m thick at the middle
of the glacier. Dalby (unpubl) determined the maximum thickness
of ice in the lower Sperry Glacier to be 112m.
STUDIES OF GLACIER FLOW
Besides constructing the glacial history of the park,
researchers have been interested in the erosive and constructive
roles glaciers play. Glaciers flow by two processes--internal
deformation and basal sliding, the mixture of the two varies with
individual galciers.
Demorest (1938) studies ice flowage by analysis of striae
found on the recently exposed bedrock fronting the Clements
glacier. Ice flow was particularly well shown at places where
ice moved across steps and small transverse trenches in the
bedrock floor. At such places, deflection of ice resulted from
differential pressures, which in turn, resulted from flow at
differential velocities. At several locations Demorest
discovered that this mechanism had been capable of forming
eddy-like currents in the ice. He estimated the minimum
thickness of ice necessary to produce such flow was 30 to 60 m
and believed that 50 m with a pressure of 4 km/cm2 was a
reasonable figure.
Pressure from the weight of overlying ice also forced rock
material upward into a ridge that produced a fluted surface on
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moraines (Dyson 1952). At both Sperry and Grinnell glaciers,
alignment of tunnel-filled ridges paralleled striations on
adjacent bedrock in such a manner that it was evident subglacial
tunnels were being formed while nearby ice was striating and
grooving bedrock. In some cases, tunnel formation occurred
beneath actively moving ice with a thickness greater than 60 m.
Glacial erosion processes have been studied world-wide.
Hallet (1975, 1976a, 1976b, 1979) studied subglacial chemical
processes and their effects on glacier sliding which, in turn,
affected its erosive abilities. Regelation sliding was as
important as viscous deformation for sliding around obstacles
approximatley 0.5 m in size and more so for smaller obstacles.
Rock surfaces recently exposed by retreating temperate
glaciers frequently exhibited chemical depostis. These deposits
indicated that local concentration of solutes (CaC03) commonly
occurred subglacially as a result of the selective rejection of
solutes during refreezing. Because solutes tended to accumulate
where regelation waters refroze, they tended to lower the
temperature there and hense inhibit the heat from being
transported away from these areas that was essential for
reglelatin sliding. Chemical processes active at the
glacier-rock interface, especially in areas underlain by
carbonate rocks, often seemed to modify the glacier bed in
addition to the modification caused by glacial abrasion.
Regelatin sliding was accomplished via an intervening water
film generally micrometers thick. Chemical analysis of water
from pro-glacial precipitation was not possible where there was
considerable water flux through the film in excess of that
associated with regelation sliding (Hallet 1979). A temperate
cirque glacier, therefore, was characteristcally separated from
its bed by a thin water film probably micrometers in thickness,
although the film did occasionally thicken. The water flux
and/or solute concentration in the basal film underwent periodic,
probably seasonal, variations possibly related to variations in
the amount of water reaching and flowing through the basal film.
Following detailed mapping of surficial features on recently
deglaciated carbonate bedrock near the glacier terminus that
allowed reconstruction of spatial pattern of formerly active
processes of water flow, cavitation, abrasion dissolution, and
precipitation at the base of small cirque glaciers, Walder and
Haller (1979) made the following conclusions:
1.

a nearly continuous, non-arborescent network of cavities and
incised channels existed and probably acted as the primary
drainage of melt waters;

2.

at least 20% of the glacier sole was separated from the bed
by water-filled cavities. The rest of the glacier-rock
interface characteristically comprised a very thin
water film;
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3.

abrasion was locally intensified, relative to chemical
alteration, in 5-10 m wide zone paralleling the ice-flow
direction, perhaps as a result of locally
enhanced sheet flow of subglacial water.

Two relatively independent hydraulic sytems, therefore, operated
at the glacial bed—a thin film covering most of the bed which
accomodated local regelation melt waters; and a cavity—channel
network which accomodated turbulent through-flowing melt waters.
MASS WASTING
Avalanches and other mass wasting phenomenon are a final
aspect of geology receiving attention. Butler (1976) analyzed
slopes affected by snow avalanches and related mass-wasting
features. Snow avalanches, most commonly associated with stream
channels, were the most numerous mass-wasting feature in the
study area and the most widespread geographically, although above
timberline, talus accumulations became more widespread than
avalanche boulder tongues. Avalanches are thought to play an
important geomorphological role in Glacier National Park because
of the amount of debris eroded, transported, and deposited.
Snow avalanche sites appearred to favor northeastern and
southeastern orientations (the most common slopes in the area).
Secondary maxima occurred on south and west-facing slopes because
of instability in the snowpack. Composite avalanche slopes in
Glacier National Park were composed of a bowl-shaped source area,
a track often contined to a straight channel and a fan-shaped toe
or "runout area." None of the terrain variables measured,
including source area, could adequately explain toe length
variations. Many different landforms were associated with
avalanche activity as well as rock and organic debris on
avalanche slopes. Microclimate and terrain variations from slope
to slope produced such a complex situation that comparisons of
periods of avalanche activity were impossible.
Butler (1980) "mapped" terminal elevations
paths via computer graphics to provide a useful
resource managers to warn people of potentially
Mass-wasting research in the park is continuing
J. Oelfke, and USGS personnel.

of avalanche
product to
dangerous areas.
under D. Butler,

CAVE STUDIES
From 1975-1977, Campbell et. al. (Campbell 1975, Campbell
et. al. 1976, 1977) explored and mapped several caves in Glacier
National Park. They mapped Poia Lakes Cave a total of 1296 m and
Algal Cave for 628 m as well as two minor caves, Zoo and Jens
caves. In addition to exploring and mapping, the parties
collected biological specimens. Wood rats, Neotoma cinereus,
frequented the caves and were the dominant life form although
collections included a few insects and arachnids. Most specimens
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were trogloxenes, or cave visitors, although a couple appeared to
be troglophiles. Few, if any, troglobites, obligatory cave
dwellers, were collected.

