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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 is organized into 14 components of the park's 
environment: 

1. Aquatic Resources 
2. Vegetation 
2. Fire 
4. Fishery resources 
5. Avian Fauna 
6. Small Mammals 
7. Bears 

8. Ungulates 
9. Air Quality 
10. Climate 
11. Visitor Studies 
12. Soils 
13. Archeology 
14. 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. 

km streams ha lakes 
drainage (no. streams) (no. lakes) 

Hudson Bay 769 3897 
(196) (303) 

North Fork 770 2997 
(132) (139) 

Middle Fork 843 3270 
(174) (124) 

Missouri River 201 554 
( 59) ( 87) 

Entire Park 2584 10,936 
(561) (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 



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 in-
physical 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. 

PAGE 6 
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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 



PAGE 8 

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 


