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Research as a Management Tool 

Richard Peterson, Assistant Superintendent 
NATIONAL PARK senvsce For 75 years National 
P"'" ...... Park Service manage-4':; ~• ms required a 1Mlf strong philosophical 

'-~ base. We have found °' philosophical guidance 
in the Organic Act, in 

• 1916 - 1991 • individual authorizing 
legislation, in the Antiquities Act, the General 
Authorities Bill, etc., which we then translate 
into regulations and policies. A strong man
agement philosophy, professional experience 
and training, a general knowledge of what re
sources existed, and common sense were ade
quate for NPS managers for a long time. It was 
a relatively uncomplicated world in the early 
years and threats to the resource either did not 
exist or were not readily apparent. 

Times have changed and park management 
has become much more complex. There are 
now numerous threatening activities occur
ring in and around the parks. We have become 
aware of the intricate concept of bio-regions, 
and are trying to influence impacts beyond our 
legal control. But above all, that portion of the 
decision equation, knowledge of the resource, 
is no longer serving us well. We do have area
sonable idea of what individual resources are 
out there; however, our appreciation of re
gional ecosystem activity and the important 
influence of that activity is not adequate. 

A good deal of research has been done on 
specific issues. This has been helpful in mak
ing management decisions and has also pro
vided awareness helpful in managing resources. 
However, the future of park management is 
going to hinge very heavily on having basic 
infonnation on natural processes in the bio
region and how these processes/resources 
interact: 1) historically; 2) in the present with 
man as a participant; and 3) projected into a 
future model, taking into account acceptable 
change and perceived impacts. 

Glacier must continue accumulating basic re
source data (soils, vegetation, climate, animal 
species with identified ranges, water, etc.) from 
our identified area of biological influence into 
a usable common language base. We must 
continue natural history research, so we have 
a better idea of habitat, animal populations, 
and their ranges before man became a major 
force in the region. We can't set goals for 
population management without a perspec
tive on the past carrying us to the present. 

Finally, research activities must have a holistic 
approach to ensure that conclusions and as
sumptions are ecologically valid. That means 
broad~based inventory and monitoring. We 
have to crawl before we can walk. The detailed 
species research done in the past and in the 
future needs context background into which it 
can fit. We also have to establish solid working 
agreements with all resource managers in the 
region for data and research exchange. 

A research activity gives hypotheses, conclu
sions, and answers, but does not make re
source management decisions. Park manage
ment still has the task of applying philosophy, _ 
political reality, and common sense to the de
cision-making process on resource issues. The 
difficult task in this equation is to ensure that 
the research done is pertinent and that the · 
results are presented in a usable fonnat for 
present and future managers. 
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Our National Parks-A View from the Future 

Clifford J. Martinka, Chief Scientist 
Cast your thoughts for a few moments to the and carried the arts onto the land itself. The 
year 2072 -- the national parks are celebrating American West thus provided the raw mate
their 200th birthday. To commemorate the rial for the national park concept. It was a 
event, your classroom instructor has asked frontier of immeasurable natural wealth and 
you to prepare an essay on the history of the , beauty -- national parks quickly became an 
national parks. The intellectual challenge in accepted part of this vast wilderness empire. 
this otherwise ordinary assignment is that the The national parks are now recognized as a 
essay must be short, a paragraph of no more major part of our heritage in the United States, 
than 100 words. Far from an impossible task, and are one of our most significant contribu
your mind clears away the trivia and your tions to world culture. 
hand crafts a somewhat unnerving parable. 

In the beginning, there were people of vision who 
created parks in the wildlands of the United States. 
Their idea was a good one and parks were eventu
ally established throughout the wort d. In the middle 
years, there were people who foresaw the end of 
nature and looked to parks as sanctuaries for the 
conservation of biological diversity. Their efforts 
held great potential for success but, in the end, 
protection of nature in parks and other reserves 
became irrelevant. 

This brief paragraph essentially predicts a 
decline in the value of national parks as we 
know them today. The rationale for such a 
gloomy forecast is founded in the continued 
growth of human populations throughout much 
of the world. In response, food production is 
nearing capacity, energy resources are rapidly 
being depleted, and the chemistry of our at
mosphere is changing in ways that affect both 
our health and livelihoods. 

An increasing number of scientists now feel 
that sustainable human populations have been 
reached or exceeded. Values placed on na
tional parks by their various public constituen
cies will also reach limits, and conflicts among 
competing interests will increase. Fortunately, 
in the real world, the game is not over and the 
end result need not be so dire. A review of 
national park history should help us to de
velop a strategy for the future. 

The national parks had symbolic beginnings. 
Artist George Catlin appears to have been the 
first to suggest the idea of a national park in the 
early part of the nineteenth century. Perhaps 
he was selfishly looking for an alternative 
medium for the scenes he wished to capture 
and preserve, but his concept was innovative 

The conservative nature of park management 
has tempered many threats to the natural in
tegrity of the parks over the past century. 
Looking back, there appear to have been three 
progressive and overfapping stages in the 
evolution of park administration: 

Stage one was protection - protecting parks 
from exploitive or disruptive human a!=tivities 
was fundamental in the early years. We saw 
that most clearly in Yellowstone with the pres
ence of the army. Protection remains the foun
dation of park management today. 

Stage two was conservation - conservation 
complemented protection as techniques were 
developed by professional managers for re
sources held in public trust. We made judg
ments as to what was desirable in terms of 
human values and took action to foster those 
conditions. We stocked exotic fish, planted 
hay, controlled predators, and tried to elimi
nate forest diseases. 

Stage three was management - as we began to 
recognize and understand the unique nature 
of national parks, management to perpetuate 
whole natural systems gradually replaced many 
of the traditions of conservation. We are still 
seeking a desired set of conditions, but the 
emphasis is on a functional ecosystem rather 
than on selected components. Now wildfire 
may be allowed to run its course, a native 
species may be returned to its original habitat, 
or a begging bear can be removed from the 
population. 

This triumvirate of protection, conservation, 
and management has assured a place for na
tional parks as we address environmental is
sues on a worldwide scale. We know that 
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national parks possess unique characteristics 
that increase their value well beyond cultural 
contributions. The experimental natureofland 
management requires scientific design to achieve 
wise and sustainable use. National parks 
provide the baseline conditions against which 
the exploitive activities of man can be meas
ured and evaluated. On the roster of impor
tant uses of national parks, scientific values 
may be approaching visitor enjoyment. 

Technology in its many forms has helped to 
reduce distances and create a global commu
nity. National parks are therefore seeking 
ecological stability in a world that is changing 
at a rapid rate. Change has always been a part 
of our world, but human populations and their 
use of natural resources are altering the natu
ral scheme at an ever-increasing pace. Bill 
McKibben, in The End of Nature. states, "We 
have deprived nature ofits independence, and 
that is fatal to its meaning. Nature's 
independence is its meaning." The end of 
nature may be a realistic concept in planning 
for a world of the future. In the eyes of Dean 
Edwin Abrahamson, "Areas that are being 
preserved for their special biological charac
teristics will lose their unique qualities as cli
mate and vegetation change, and then possibly 
their protected status as well. The preserva
tion ethic may well be rendered irrelevant in a 
world of continuous ecological change." 

Since our entire management philosophy is 
built on keeping resources intact, many con
sider change to be the most basic of threats to 
parks. The dilemma is most appropriately 
addressed through an evolving philosophy 
that incorporates both the old and the new of 
our changing world. The intellectual bridge 
constructed during this process provides the 
incentive and the logic for meaningful treat
ment of threats to parks. In some respects, this 
bridge represents the essence of the manage
ment stage of park evolution. 

Examples of critical ecological change include 
habitat fragmentation and global climate shifts .. 
Both of these threats originate from the activi
ties of growing human populations and both 
are worldwide in scope. Trends toward the 
ecological isolation of parks have been in place 
since the beginning. The process was inherent 
in the act of protection, and we now know that 
many species could not survive without the 
sanctuary provided by parks and wilderness. 

Global climate change adds a complex dimen
sion to the conservation of biological diversity. 
As conditions change for individual species in 
parks, they must have suitable habitat else
where or they may not survive. If suitable new 
habitat is found, a species must be able to 
travel there safely. 

The good news is that there are changes taking 
place that will help to assure a place for parks 
and their wild inhabitants well into the next 
century. The concept of man and the bio
sphere as envisioned by the United Nations 
has become a working model for land plan
ning in many places. Ecosystem management 
provides the framework for the model and the 

. academic community provides support through 
research. National parks are a focus for both 
planning and research since they provide 
baseline information and diversity in the ecol
ogy of landscapes. Rapidly improving tech
nology has allowed creation of natural re
source information systems that extend wen 
beyond park boundaries. Credible research is 
essential to successful conservation efforts. 

In an atmosphere of change, leadership re
quires a strong and unwavering vision, a pas
sionate will, sincerity in rhetoric, and ample 
distribution of faith and trust. Moreover, the 
traditions of planning must be preceded or 
even replaced by the construction of strategies 
for the future. There is no magic formula or set 
of procedures that can .be taken and used to 
create a plan of action for the changes that are 
inevitable. In fact, there is growing evidence 
that traditional plans are not doing well in the 
contemporary atmosphere of public bureau
cracies. Most are dated and some even obso
lete by the time the final signature is in place. 

In conclusion, let the focus for change be on the 
human element and let knowledge be the lan
guage. By knowing ourselves, the parks, and 
their context, we become the strategy for ad
dressing all of those things that might threaten 
park values. If we believe and are convincing, 
others will follow and threats wiU ultimately 
diminish. The future for the national parks lies 
in its origins - the human mind. 
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Monitoring the Effects of Regional Climate Change on Biological Diversity 

Dennis D. Murphy and Stuart B. Weiss 
At a conference convened in Washington D .C. 
in the autumn of 1988, two dozen of the coun
try's top scientists from a wide array of disci
plines concluded that changes predicted in 
global climate patterns due to the" greenhouse 
effect" will have drama tic and potentially dev
astating consequences for the biological diver
sity of our planet. Most climatologists believe 
that the average global temperature may rise 
3"C in the next 50 years - a rate of warming 
some 40 times faster than that following the 
last ice age. Over the past several years, this 
and other harrowing projections have found a 
concerned audience in the National Park Serv
ice and one result has been the development of 
a Global Climate Change Research Program. 
Glacier National Park, recognized for its unique 
geographic setting, long history of scientific 
endeavor, and first-rate staff, has been named 
a key participant in this nationwide effort. 

The Glacier National Park proposal for climate 
change research provides a strong foundation 
for understanding the process with its moni
toring of climatic effects on an ecosystem that 
is largely wilderness. Virtually all studies of 
the effects of warming have put forth the intui
tively appealing hypothesis that range shifts of 
organisms will be northward in latitude and 
upward in elevation. The spatial variations in 
climate across the extensive mountainous ter
rain of Glacier seems ready-made to test ex
plicit hypotheses related to these predicted 

. range shifts. Design and implementation of a 
standard, repeatable monitoring program at 
specific localities, nevertheless, constitutes a 
real challenge to park scientists. What exactly 
should be measured, and at what frequency? 
We can monitor long-term changes in vegeta
tion structure at ecotones, but vegetational 
shifts should be expected well after regional 
climate changes have settled in, and are likely 
to provide little early warning of ecologically 
significant local climatic adjustments. Worse, 
such changes may lag far behind other ecologi
cally significant phenomena because of the 
ecological "inertia" of long-Ii ved species. Even 
detailed information from state-of-the-art 
weather stations may not provide the empiri
cal base necessary to shed light on and predict 
the complex effects of climate change on eco
system structure and function. 

We suggest two practical and-we think -
crucial elements of a monitoring scheme for 
bioindicators of climate change. First, to facili
tate rapid accrual of data to document ecosys
tem changes over the short-term, we encour
age park scientists to observe and monitor the 
phenologies of select plant species - that is, 
the seasonal timing of key life history events. 
Phenological observations can provide mean
ingful information relating to climate change, 
because many phenological processes are 
temperature and/ or moisture dependent and 
thus reflect changes in climate patterns. Sec
ond, correlations between microclimatic con
ditions and variations in species phenologies 
are often very strong. These correlations sug
gest that phenological observations can be used 
as quantitative bioindicators of microdimatic 
and topoclimatic conditions if properly cali
brated to micrometeorological measurements. 
Macroclimatic information from weather sta
tions needs to be translated into microdimatic 
parameters at the proper scale for organisms 
of interest. 

Sources of topodimatic variation 
In mountainous regions, local climatic condi
tions vary predictably across topography. Ele
vation, aspect, and tilt create distinct topocli
mates( topographically induced local climates) 
on scales of meters and kilometers. Air tem
peratures, for example, predictably decrease 
with elevation, although nighttime drainage of 
cold air into valleys can confound this relation
ship and create "thermal belts" on slopes above. 
Precipitation exhibits a more complex pattern 
with a tendency to produce a maximum at 
middle elevations. At the latitude of Glacier 
National Park, clear sky insolation is greater 
on south-facing slopes than on north-facing 
slopes; therefore, south-facing slopes are gen
erally warmer and drier than adjacent north
facing slopes. Elevational differences in air 
temperature are compensated for by such ef
fects of varying aspect: climatic conditions on 
north-facing slopes at low elevations can be 
similar to those on south-facing slopes at some 
higher elevations. Slopes at different eleva
tions, but of the same aspect and tilt, allow for 
comparisons of similar insolation regimes across 
gradients of ambient tempera tu re and precipi
tation. All these considerations are reflected in 
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the distnbutions and phenologies of plant species 
across montane landscapes, and in processes 
of extreme interest to land managers, includ
ing short-term fire behavior, long-term fire 
frequency, and snowmelt patterns. 

Phenology of life history events 
Local adjustments or shifts in the distributions 
of species are the results of differential rates of 
mortality and reproductive success. Rates of 
mortality and reproductive success, in turn, 
are dependent on the relationship between 
environmental events and the timing of crucial 
life history events - germination, leaf expan
sion, flowering, seed set, senescence. Because 
plant growth and development are highly 
temperature dependent, phenological variation 
is closely related to annual weather patterns, 
topoclimatic settings, and fine-scale microdi
matic conditions. 

Models of phenologica] variation may include 
factors such as degree-day accumulation, so
lar radiation, and water balance. Once such a 
model for a particular species is developed, 
calibrated, and validated, observations of the 
phenology of that species provide integrated 
biological correlates of microdimatic condi
tions. A phenological model thus may be used 
to spatially interpolate climatic conditions 
between weather stations and to indicate the 
range of climatic variation across landforms 
that vary in elevation, aspect, and tilt. 

What phenological stages should be moni
tored? Time of flowering for plants is perhaps 
the easiest phenological stage to monitor, and 
is of obvious importance as it reflects the initia
tion of reproduction. Flowering time may be 
defined in many ways. Time of first flower 
tends to overemphasize extreme (or outlier) 
individua)s and serendipitous weather events, 
and is unreliable because outliers tend to be 
located in super-warm microsites or could be 
genetic variants that require fewer heat units 
to flower. One can set a minimum percentage, 
or number of flowers observed, before the 
initiation of flowering is considered to have 
taken place. Time of peak flowering is a par
ticularly valuable phenological marker; how
ever, use of some arbitrary quantitative meas
ure of flower density must be established. A 
time series of flower numbers or flower den
sity through a growing season is perhaps the 
ideal phenological data set, because both the 
peak of and duration of an entire flowering 

period should be well correlated with cumula
tive weather conditions. Such seasonal time 
series also allow consideration of genetic vari
ability and microsite variability within a plant 
population in a study site. 

Plant species may show between-year phenol
ogi.cal variation of several weeks at particular 
sites. Within-year phenological variation along 
elevational and solar exposure gradients may 
be greater yet. Sampling, therefore, should 
probably be conducted weekly through the 
growing season. Sampling regimes should be 
tailored to each plant species or plant commu
nity. For example, aspen trees exist as large 
clones and different clones may exhibit differ
ent phenologies within similar topodimates, a 
factor that must be taken into account when 
choosing a "random" sample of trees to moni
tor. Sampling populations of annual or herba
ceous perennial plants within a meadow re
quires plots of size sufficient to include a statis
tically meaningful number of plants. 

Phenological shifts in plant life history events 
should be apparent well before gross distribu
tional changes in vegetation and, in fact, may 
provide a mechanistic explanation of subse
quent vegetation shifts. Forexample, progres
sively earlier snowmelts that might accom
pany regional warming may allow early initia
tion of growth, but may also leave plants vul
nerable to late frosts or "unseasonable" snow
storms. Or, lack of soil moisture at the time of 
flower production or seed set could limit re
productive output. Such phenomena can be 
well documented by appropriately designed 
monitoring schemes; thus, the effects of unpre
dictable extreme weather events can be docu
mented by ongoing phenologi.cal studies. 

Phenological observations may be extended to 
animals as well. Butterflies and aquatic insects 
are readily observed and censused, and are 
highly sensitive to climatic conditions. Her
bivorous insects are particularly dependent on 
rather precise timing of life-history events rela
tive to their environments, and the trajectories 
of their populations may be affected. well be
fore the distributions of their plant resources 
are observed. to shift significantly. One advan
tage of insect monitoring schemes is the great 
opportunity for public volunteer participation 
- enthusiastic lepidopterists and fly fisher
men can be enlisted to expand effective cover
age. 
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Microineteorology 
Micrometeorological measurements likewise 
are a key element in understanding topocli
mate and microclimate. Temperature and 
moisture regimes within vegetation canopies 
- not in instrument shelters - arbitrate phe
nological events, reproductive success and, 
ultimately, shifts in species distributions. Even 
limited micrometeorological data can be used 
effectively to calibrate empirical microclimate 
models. Soil surface and boundary layer 
temperature measurements across insolation 
and elevation gradients can establish empiri
cal relationships useful in understanding the 
crucial linkages · between topography and 
microclimate. 

At ground level, microclimates are highly 
variable over short spatial scales, and the 
selection of "representative" sites can be more 
art than science. Nonetheless, fine scale 
microclimatic variation is an essential feature 
of the climatic mosaic, because it is at that scale 
that plants experience weather and climate 
change. The range of microenvironments in 
small areas can determine the presence of local 
microsite refugia for plants during climatically 
stressful times, and provides an important 
buffer against short-term climatic events. Key 
micrometerological gradients that should be 
measured include vertical light and temperature 
profiles in forests, horizontal profiles across 
changes in percent canopy cover, soil and ground 
level temperatures in grasslands, meadows, 
and shrublands, as well as temperature and 
moisture variation across topographic aspect 
and tilt. Short-term continuous measurements 
under specific weather conditions can allow 
empirical models to be built that can translate 
data from instrument shelters into useful 
approximations of field conditions; 

Because of the difficulties and complexities of 
carrying out micrometeorological studies, we 
recommend that the National Park Service 
forin a trained team to carry out short-term 
studies along phenological monitoring transects. 
Micrometeorologists should be equipped with 
high quality tools (data loggers, sensors, and 
computers) and work under the guidance of a 
professional with substantial practical experi
ence with micrometeorological equipment, 
sampling techniques, data analysis, and theo
retical environmental biophysics. Much of the 
expertise for such studies can be found among 
scientists concerned with fire behavior. Fire 

weather models are among the most sophisti
cated models available that relate weather 
conditions to moisture balance and vegetation 
stress across diverse landforms. 

The combination of phenological observations 
and calibrated microclimate and topoclimate 
models should provide the means for making 
predictions and anticipating the course of 
vegetation dynamics in a changing climate. 
Oimate change is a probabilistic phenome
non. Changes will undoubtedly be interrupted 
by counter trends on a short-time scale. Eco
logical systems have much inertia, since mor
tality and recruitment are intermittent and 
unpredictable, and infrequent disturbances such 
as fires are pivotal events in vegetation change. 
That, and a host of other considerations, pro
vides a critical lesson for those who would 
monitor the superficially simple cause and 
effect relationships between climate change 
and biodiversity. Phenological monitoring and 
micrometeorology are two methods for eluci
dation of the mechanisms by which organisms 
respond to climatic variation, and allow rea
sonable extrapolations from short-term re
sponses to the pattern and process of longer
tenn climate change. 

Dennis D. Murphy is Director of The Center for 
Conservation Biology at Stanford University, and 
is a member of the Glacier National Park Science 
Ccnmdl. Stuart B. Weiss is a Staff Biologist at the 
Center. They have published extensively on the 
roles of topographic diversity and climate in the 
population dynamics and persistence of endan
gered species and in reserve design and manage
ment. This piece was adapted from their response to 
the park's request for comments on the Global 
Climate Change Research Program submitted to 
the National Park Service in April 1990. 
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Project Title: Visitor services project 

Investigator: Margaret Littlejohn 
This project studied visitors to Glacier Na
tional Park during the period of July 29 to 
August 4, 1990. Questionnaires were distrib
uted to566visitors;481 wereretumed,an85% 
response rate. 111e report issued at the end of 
the study profiles Glacier visitors and summa
rizes their comments. 

The profile of the visitors establishes that 71 % 
are family groups, .31% were 31-45 years of 
age, 21%were15 years old or younger. Most 
were visiting Glacier for the first time. Interna
tional visitors comprised 15% ofthe total (12% 
Canadian). U.S. visitors came from Montana 
(13%), Washington(8%),Minnesota(6%)Calif
omia (6%), and 45 other states. Sixty percent of 
all visitors spent one or more days in the park; 
of these 16% stayed 2 days. Fourteen percent 
stayed five to six hours; another 27% stayed 4 
hours or less. 

Almost half of Glacier's visitors (49%) identi
fied the park as their primary destination. 
Most (97%) went sightseeing, took photographs 
(89%), viewed wildlife (87%) and visited visi
tor centers (72%). Most visitors (65%) said the 

primary reason that they visited Glacier was to 
view wildlife/scenery. Most (80%) went to 
Logan Pass and St. Mary (68%). Sixty percent 
entered the park at West Glacier and 32% at St. 
Mary. 

The average visitor group spent $253 in the 
Glacier area; the average per capita expendi
ture was $82. Visitors commonly spent a greater 
proportion of their money for lodging and 
food. 

The most important interpretive services to 
visitors were the park brochure and visitor 
center personnel; the least important was the 
park radio information station. Of the services 
they used, visitors rated ranger-led walks, the 
park brochure, self-guided trails, and evening 
programs as highest quality. 

Visitors made many comments about their 
visit, listing liked and disliked features of various 
facilities. This study provides a great deal of 
information to management to assist in the 
planning for future visitor services and to set 
priorities for interpretive programs. 

Chris Brown 
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Project Title: Glacier National Park, future directions as a biosphere reserve 

Investigators: Brace Hayden, Laurie Kurth 
In 1976, Glacier National Park was designated 
a biosphere reserve under the United Nations 
Educational, Scientific, and Cultural Organi
zation's (UNESCO) Man and BiOsphere (MAB) 
program. Waterton LakesNational Park to the 
north and Coram Experimental Forest to the 
south are also biosphere reserves, thus provid
ing a unique opportunity for interagency and 
international cooperation. As a biosphere re
serve, the park is responsible for education, 
conservation of biologic and genetic diversity, 
and providing for scientific research including 
baseline ecologic studies. 

Managers of biosphere reserves and those of 
adjacent lands are expected to work coopera
tively so as to maintain the integrity of the 
lands both within and exterior to the reserve 
boundary. Emphasis is placed on showing the 
value of conservation and its link to sustain-

. able development. Another key goal is to 
provide research and demonstration with world 

wide applications as to how man can use natu
ral resources and still maintain the long-term 
productivity of these resources. 

In 1991, Glacier National Park will prepare a 
proposal to fund a MAB Program feasibility 
study for the North Fork of the Flathead River 
drainage. This shtdy would be prepared in . 
close cooperation with the Flathead National 
Forest and with private landowners in the 
drainage. 

Other MAB program directions at Glacier in
clude developing a joint biosphere reserve pro
gram with Waterton Lakes National Park and 
Coram Experimental Forest, cooperative re
source management efforts with land manag-: 
ers adjacent to the park, and developing meth
ods to educate visitors, local residents and 
students about the science and resource man
agement programs within the park and adja
cent areas. 

Project Title: The development of sustainable resource management strategies 
in the upper Flathead River drainage in Montana and British 
Columbia 

Investigators: Brace Hayden, Jerald Sorensen and Dennis McDonald 
TheNorthForkoftheFlatheadRiverformsthe strategies ... " in the drainage. Possible models 
western boundary of Glacier National Park for implementing such a strategy include the 
and extends approximately 60 miles north of Man and Biosphere Program, a Prospectus for 
the international border. All or portions of the a Conservation Reserve Initiative, and the Skagit 
drainage have received special designations in Environmental Endowment Commission. 
the United States, including Biosphere Re-
serve, Wild and Scenic River, proposed wil- 1990wasarelativelyquietyearfornewoiland 
demess, Class 1 airshed, and occupied threat- gas developments adjacent to the park. Chev
ened or endangered species habitat. In 1974, a ron of Canada drilled an exploratory well north 
large open pit coal mine was proposed for the of the park's border in the Flathead drainage of 
Canadian portion of the drainage and in 1989 British Columbia. The company was primar
the International Joint Commission (IJC) com- ily searching for carbon dioxide. 
pleted a 4 year study of the transboundary 
waterimpactsofthemine.Subsequently,Glacier The preferred alternative and mitigation for 
National Park began working with Montana twowellsproposedfortheBadger-TwoMedi
and British Columbia officials, the Flathead cine area of the Lewis and Clark National 
Basin Commission, the Flathead National Forest Forest were considered. The Final EIS on these 
andotherstoimplementthelJCrecommenda- two proposals (approx 2.5 and 14 miles from 
tion that "governments consider ... opportuni- park boundaries) was released in December 
ties for defining and implementing compat- 1990. Glacier National Park has expressed 
ible, equitable, and sustainable management reservations regarding the effectiveness of the 
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mitigation that the USFS has proposed. The 
park's position remains that Congress resolve 
the wilderness and Native American issues for 
this area before exploration drilling is approved. 

The Flathead National Forest is planning a 
NEPA analysis for the existing oil and gas 
leases in the Whitefish Range to the west of the 
park boundary (North Fork of the Flathead 
River drainage). The43 leases in this area have 
been in a state of suspension pending a court 
ordered EIS. This document is now scheduled 
for completion in FY 93. 

Strip development along the Highway 2 corri
dor impacts aesthetics, wildlife and other val
ues important to Glader. Local concern over 
accelerating commercial and residential de
velopment in the absence of zoning has 
prompted renewed calls for land use regula
tions in this area. The park is working with 
local Planning Board members to raise the 

are now focusing on possible sources of fund
ing to finance a program of conservation ease
ments, fee purchases, and land exchanges along 
this highway corridor. · 

Background material was gathered and posi
tion papers written regarding potential re
gional air quality impacts from two proposed 
generating plants to the north of Glacier in the 
Elk River Valley. These efforts also involved 
coordination with the Office of the Governor, 
Waterton Lakes National Park, the NPS Air 
Quality Branch, the USFS, and the British Co
lumbia Ministry of the Environment. The NPS 
goal is to protect regional air quality by help
ing assure that the emission standards required 
by British Columbia are as stringent as those 
for new coal fired generating plants built in 
Montana. 
Ecosystem coordination efforts included: de
velopment of a "Crown of the Continent Proj
ect" feasibility study proposal, the Man and 

Chris Brown 

monies to employ a planner to work with local Biosphere Program, the Flathead Basin Com
residents and business owners. A proposal mission's land use planriing initiative, the North 
has been prepared to be used in applying for Fork Interlocal Agreement, the Northwest Power 
foundation funding, and has made initial con- Planning Council, and the Flathead Chamber 
tact with potential funding sources. Th.is emerg- of Commerce's Natural Resources Commit
ing effort will involve local businesses and tee. Presentations were made regarding eco
residents as well as state, local and federal system management issues. Glacier's position 
agencies. on ecosystem issues was also conveyed to 

Montana's congressional delegation and to rep
Glacier National Park officials have also met resentatives of state and local government. 
with representatives of the Flathead Land Trust 
regarding the need for private sector solutions 
to the problems along Highway 2. Discussions 
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Project Title: Inventory and monitoring of biological diversity in Glacier 
National Park 

Investigator: Diane Debinski 

The inventory and monitoring of biological 
diversity is an excellent way to describe the 
environmental status of an ecosystem. Its 
applicability spans the range of estuarine, 
aquatic, forest, desert, wetland, grassland, and 
agricultural ecosystems. Because biodiversity 
can be defined at the level of species, habitats, 
or genes, temporal changes can be assessed at 
three very different levels. These changes may 
indicate responses to natural disturbances, 
human-induced changes, or long-tenn envi
ronmental trends. 

However, in order to use biodiversity inven
tory and monitoring as an environmental indi
cator, baseline data must be collected and 
analysis techniques must be developed. No 
standard analysis techniques for biodiversity 
assessment have yet been developed. Simi
larly, the most interesting results will be changes 
in diversity over time. Yet management deci
sions cannot always be deterred several dec
ades for an answer. We often need to make 
predictions and recommendations now. How 
then, do we reconcile the need for replication 
within a habitat type with the need to survey a 
large, highly diverse ecosystem? And how do 
we make decisions based upon the short-term 
data? 

This research applies and evaluates sampling 
and analysis techniques for inventory and 
monitoring of biodiversity. Birds and butter-

flies were chosen as the initial indicator taxa 
with the idea of including other taxa in the 
future. Presence/absence sampling was used 
to classify species' commonness and rarity. 
This technique is justified because the spatial 
distribution of most species is significantly 
correlated with their average local density. 
Estimates of trends in abundance can thus be 
obtained from presence/absence data, pro
vided that sampling is done with sufficient 
effort over a sufficiently long period of time. 
Obtaining accurate estimates of abundance in 
each of 100 or more species for several taxa is 
simply not a realistic goal. 

Thirty-five 1 sq. km. biodiversity assessment 
sites were established throughout a range of 
habitats and monitored from 1987 to 1989. 
Sites supporting rare species or high species 
diversity were identified and species of specia 1 
concern were noted. Nine new Glacier Park 
butterflies were found during the course of 
our censusing. The butterfly, Euphydryas gillet
tii, was used to demonstrate genetic diversity 
assessment in rare species. 

The value of this project lies not only in the 
creation of a baseline inventory. The analysis 
of these data is critical to making predictions 
that will preserve biodiversity over the long 
term. A major improvement has been made in 
understanding species distribution, and iden
tifying critical habitats. 

Project Title: Inventory and monitoring program 

Investigator: Kim Keating 
Glacier's inventory and monitoring program 
has progressed rapidly. Concurrent develop
ment of information, inventory, monitoring, 
and data systems (Martinka et al 1989) has 
fostered a balanced program and maximized 
the ability to generate and exploit funding op
portunities in a manner consistent with pro
gram needs. As a result, there is now a signifi
cant foundation in place and the park is poised 
to pursue subsequent phases of development. 
Elements that merit priority are: 

INVENTORIES 

1. Fire History. Fire histories provide valu~ 
able insights into the natural frequency and in
tensity of disturbance in Glacier's ecosystem. 
The resulting stand age maps also provide 
basic information for interpreting the extrapo
lating studies of community composition and 
distribution. Stand age maps for the west side 
of the park are available on the park Geo
graphic Information System (GIS). Research 
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should be undertaken to develop similar maps 
for the east side. 

2. Large Mammal Distributions. Seasonal 
distributions of large mammals have been a 
consistently critical issue, and will assuredly 
remain relevant as the park deals with issues 
such as oil and gas extraction, logging, home 
development, winter visitation, and wolf re
covery. Inventories of ungulate ranges are 
particularly critical. To complement wolf-re
lated work in the North Fork area, work should 
be undertaken in the remainder of the park to 
inventory ungulate seasonal ranges, giving 
priority to species that are hunted along the 
park boundary or which persist in remnant 
populations. Methodological advances (Keating 
et al 1990, Keating and Key 1990) have made 
low-impact cost effective inventories feasible 
and have enhanced the potential for develop-

ing GIS-based models to extrapolate re
, ,\ j fllL.._ suits and assess land use impacts 
;~f,

1
1 "~ over broad areas. 

:~.,.. 

): · p~'. MONITORING 
.. ~:7, 

Physical/Chemical Moni
toring 

1. Air and Water 
Monitoring. Data 
from air and water 

monitoring programs need to be collated, 
and analytical and reporting protocols 
developed, to ensure that results are con
veyed to managers in a timely manner. To 
strengthen the park's legal position, expan-

sion of existing programs has been 
recommended (Keiter and Hubert 

1984). Work should therefore 
pursue the following objec

tives: {a) develop park
based air and water 

data bases to en
sure availability of 
information; (b) 
develop analyti

cal 

Chris Brown 

protocols and analyze existing data for trends; 
and (c) develop reporting protocols to assure 
communication of results to park managers. 
Expansion of existing programs should subse
quently be considered. 

2. Weather. Climate data are directly impor
tant as a form of long-term monitoring. They 
also provide ancillary information that is 
important in distinguishing among natural and 
anthropogenic variations in the environment. 
To meet the need for climatic information, 
work should be undertaken to: (a) make basic 
climatic data available through the park com
puter network; and (b) assess the need for 
additional weather stations in the park. 

3. Biological Monitoring. Recognizing the 
importance of scale (Bailey 1985, Meentemeyer 
and Box 1987, Murphy 1989), the park strategy 
calls for monitoring at 3 ecological scales: land
scape; community; and population. Research 
on community-level measures of biotic integ
rity has been initiated. Landscape and popula
tion monitoring should be addressed next; 
needs identifiable at this time are: 

A. Landscape Monitoring. Regional land use 
patterns are a central element of ecosystem 
management and changes in those patterns 
comprise one of the greatest potential threats 
to park resources (Keiter and Hubert 1984). A 
recent study in Great Smoky Mountains Na
tional Park (Ambrose and Bratton 1990) un
derscores the importance of adjacent land use 
patterns and suggests the viability of remote 
sensing as a basis for monitoring trends. With 
a GIS in place, Glacier is now positioned to 
employ remote sensing to monitor many of the 
more significant patterns. Identification of 
relevant parameters, and development of ana
lytical and reporting protocols are the next 
logical steps. Resea.rch should be initiated 
with these objectives in mind. 

B. Sensitive Populations. Some species are of 
disproportionateconcem to park management 
and should be monitored at the population or 
subpopulation level. Davis (1989) suggested 
that special consideration be given to species 
that characterize entire communities, enjoy 
special legal status, are endemics or aliens, or 
simply have a broad base of public support. In 
addition, species that are "keystones," par
ticularly sensitive to human disturbance, rel
icts · or otherwise rare or harvested, may be 
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appropriately monitored at or below the popu
lation level. Literature reviews to identify 
such species are ongoing. However, certain 
species are clearly of concern and relevant 
parameters should be identified and monitor
ing programs (including data management and 

· reporting protocols) should be developed as 
soon as possible. These species include: 

Threatened or Endangered (or similarly pro
tected) Species: bald eagle, golden eagle, gray 
wolf, grizzly bear. 

Keystone species: beaver. 

Sensitive species: harlequin duck, common 
loon, great blue . heron, westslope cutthroat 
trout. 

Harvested species: mule deer, white-tailed 
deer, moose, elk, bighorn sheep, black bear, 
mountain lion. 

Project Title: Global climate change project 

Investigator: Carl Key 
Scientific data gathered during the past dec
ade presents convincing evidence that the planet 
may be entering a period of rapid climate 
change (Abrahamson 1989, Levenson 1989). 
Expanding human populations are introduc
ing reactive compounds into the atmosphere 
in amounts that may be influencing funda
mental chemical and physical processes on a 
global scale. A major concern is that these 
gasses possess unique chemical properties and 
will cause rapid warming. "Greenhouse" gasses 
in the atmosphere permit passage of incoming 
solar radiation but trap radiant heat reflecting 
back toward space. Biotic communities will 
respond to warming of the planet, but the ca
pacity for biological adaptation is largely un
known (Post et al 1990). 

Climate change poses a formidable scientific 
problem because direct cause-effect linkages 
cannot be established quickly enough to accu
rately forecastthe consequences (Detwiler and 
Hall 1988). For this reason, the construction of 
models that predict future climates and biotic 
response scenarios is a research priority. 
Currently available models suggest that global 
warming will occur at an unprecedented rate, 
accompanied by shifts in moisture regimes 

Aliens: spotted knapweed, leafy spurge, 
timothy. 

In addition, monitoring plans should be devel
oped for the 41 vascular plant species identi
fied as rare by Lesica (1984). 

DATA SYSTEMS 

Glacier has developed one of the most ad
vanced GIS systems in the National Park Serv
ice. The capabilities of that system must now 
be placed at the fingertips of park managers. 
To support broader use among park staff, a 
work station is needed in the park headquar
ters building. To facilitate use of this work 
station and manage the increasingly complex 
array of resource information, a data manager 
position should be created within the resource 
management program. 

and increases in the frequency and intensity of 
weather events. 

Weather and ecosystem response models offer 
a promising means for predicting future trends 
at global, regional, and local scales. Running 
(1990) combined remote sensing data with 
ecosystem simulation to predict the probable 
effects of a doubling of atmospheric carbon 
dioxide for northwestern Montana. Results 
suggested that a lengthened growing season 
would combine with increased photosynthetic 
production to produce increased water uptake 
in forest habitats. Stream flows would dimin
ish even though precipitation was projected to 
increase by 10 percent (Running and Nemani 
1990). These and other ecosystem models 
(Burke et al 1990) provide a strategic frame
work for climate change research in the Glader 
National Park Area (GNPA). 

The Continental Divide is a major topographic 
feature of the GNP A region that will continue 
to influence regional weather patterns under 
any climate change scenario. Extrapolation 
from current climate models suggests that areas 
west of the Continental Divide are likely to 
become warmer and wetter; plant communi-
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ties will flourish while stream flows are pro
jected to decrease. Jn the central highlands, 
increased precipitation will yield heavier 
mountain snowpacks but melting will occur 
earlier. Timberline is expected to move higher; 
some mountaintop communities may become 
isolated or disappear altogether. 

East of the Continental Divide, conditions are 
likely to be wanner and drier. Prairie prov
inces will expand while forest habitat will 
diminish. Wildfire will be more frequent and 
stream hydrographs will be altered in terms of 
periodicity and annual yield. 

Predicted changes in the hydrologic cycle and 
temperature regime provide a basis for ques
tions relating to climate change in GNP A. Study 
of these phenomena will contribute toward an 
understanding of local, continental, and world
wide environments of the future (Graham et al 
1990). 

(1) In what ways will changes in precipitation 
and temperature alter the hydrologic cycle 
and how will this influence aquatic and terres
trial ecosystems? 

Intensive research has been conducted during 
the past decade on many of the rivers, lakes, 
and associated riparian zones in the Flathead 
River Basin. Stream hydrology, nutrient budg
ets, community composition, trophic relation
ships, and vertebrate life histories are well 
documented. The scope, quality, and continu
ity of this research provides a solid foundation 
for testing hypotheses related to the effects of 
climate change in a complex catdunent basin. 

The Flathead River Basin encompasses a di
verse network of pristine headwater lakes, 
streams, glacial ponds, and lowland bogs that 
drain to a single large lake. The hydrologic 
cycle in a complex catchment basin provides a 
logical basis for research since an ideal oppor
tunity is afforded for the design of a research 
program with aquatic-terrestrial couplings. 
Important processes such as fire and organic 
nutrient cycles can be examined concurrently 
with studies of aquatic systems. Relationships 
between climate and ecosystem response in 
GNP A can be extrapolated to continental sys
tems. 

(2) Which terrestrial communities are most 
sensitive to climatic conditions and how will 

landscape processes and patterns respond to 
climate change over time? 

The geographic location, topographic gradi
ents,and prominentecotones present in GNP A 
provide an exceptional opportunity for the 
exploration of ecological processes that influ
ence composition, distribution, and migration 
of biotic communities. We propose to empha
size the study of landscape patterns with a 
focus on community structures and ecotones. 
Whittaker and Woodwell (1972) hypothesize 
that the community is the context of species 
evolution which results in landscape mosaics 
adapted to varied world environments. 

Pristine habitats and predicted climate changes 
in GNP A provide useful experimental settings 
to test the validity of this proposition. We 
propose to combine landscape analysis with 
research aimed at understanding relationships 
between climate change, frequency and inten
sity of weather events, and plant community 
response. Within this framework, regional 
land-use practices will be monitored as a means 
for differentiating between hwnan distwbances 
to plant communities and those attributable to 
climate shifts. 

The long-term nature of landscape research 
requires an approach that considers (and ide
ally compares) past, present, and future condi
tions. Data describing past and present land
scape conditions constitute the baseline. This 
approach will require accurate mapping of the 
existing landscape coupled with application of 
the Scientific Method to test relevant hypothe
ses. A significant benefit of a landscape ap
proach, in conjunction with a geographic in
formation system, is the capability to drive 
models that predict the effects of climate change 
(Burke et al 1990, Graham et al 1990). 

(3) Will alpine communities respond to climate 
changes in ways that are consistent with pre
dictions for stressed environments? 

The central highlands of GNP A are dominated 
by alpine habitats that reflect the harsh influ
ence of Pacific Maritime weather systems 
moving upslope into high elevations. Since 
alpine communities have evolved and persist 
-today µnder severe temperature and moisture 
stress (DeSanto 1989), they are likely to re
spond quickly to subtle climate changes. There 
is, however, an alternate view, since present 
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day alpine communities have already survived 
lirni ted postglacial warming, they may be able 
to adjust to projected climate changes with 
minimal stress, depending upon the rate of 
change. In either case, proximity of both frag
mented and intact habitats in GNPA will pro
vide ample opportunities for research in insu
lar ecology. Treeline environments and other 
ecotone communities will receive special em~ 
phasis along with species existing at or near 
the southern limit of their range (Lesica 1990). 

(4) Will predicted and measured attributes of 
climate change be distinguishable from postgla
cial climate patterns? . 

Extended time scales and long-term trends are 
necessary attributes of global climate research. 
This is illustrated by climate changes that are 
known to have occurred during the relatively 
short period since theretreatof the Pleistocene 
glaciations. Postglacial environments world
wide experienced 
a major wanning 
period aboutS,000 
years ago followed 
by a cooling pe
riod during the 
past millennium 
(Locke 1990). The 
important differ
ence between past 
events and those 
predicted by ex
isting Climate and. 
weather models is 
the rate at which 
changes are likely 
to occur. Statisti
cal projections in
dicate that rapid 
warming will be 
accompanied by 
an increase in the frequency and intensity of 
weather events. An understanding of postgla
cial climates is, therefore, requisite to predic
tions about futuredimate scenarios. 

Available evidence indicates that postglaciaJ 
climates in the GNP A region have followed 
the global pattern. Pollen profiles suggest that 
warmer, drier conditions existed in coniferous 
forests during the altithennal period (Hansen 
1948, Barnosky 1989). Retreat of forests during 
more recent glacial periods has also been docu
mented (Cararra 1989). 

Historic records of temperature, precipitation, 
and major weather events do not exist for 
GNPA, except for the weather chronology of 
this century prepared by Finklin (1986). Op
portunities to correct this deficiency will fol
low from analyses of lake sediments, pollen 
deposits, tree growth patterns, and glacial cores. 
Collectively, these efforts are expected to yield 
a detailed account of climate history dating 
back to the Wisconsin glaciation. 

(5) In what ways will anticipated climate in
duced changes of biotic communities compare 
with or extend beyond postglacial changes 
that have already occurred? 

Past climate events in GNPA have probably 
caused both long-term and short-term (i.e., 
catastrophic) responses in biotic communities. 
Paleoecology provides a means for document
ing responses in both aquatic and terrestrial 
communities (Barnowky 1989, Butler and 

succession. 

Malanson 1989). 
,,~ We believe re

search will refine 
our capability to 

Carl Key 

predict ecosystem 
responses to cli
mate change and, 
additionally, fa
cilitate our ability 
to identify recent 
anthropogenic 
causes. Paleoecol
ogy may also pro
vide a means for 
formulating hy
potheses and 
making predic
tions concerning 
the role of cata
strophic weather 
events in biotic 
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Project Title: The use of Glacier National Park as a sample source for baseline 
. environmental monitoring 

Investigators: Kirby C. Donnelly and Cathy S. Anderson 

Pine needles and soil samples were collected 
from various areas within Glacier National 
Park in 1989 and 1990. The samples were col
lected for the study of basellne contaminant 
leveJs and for comparison to contaminated 
samples from a wood-preserving facility ap
proximately 100 miles east of the park. 

Soil samples were solvent extracted with meth
ylene chloride and methanol. The two result
ing fractions were dissolved in dimethylsul
foxide in preparation for the Ames test for 
mutagenicity. Following incorporation of the 
samples onto petri plates with Salmonella 
typhimurium strain T A98, with and without 
metabolic activation (59), the plates were incu
bated at 370 C. After 72 hours of incubation, 
the resulting bacterial revertants were counted 
on each plate. 

Project Title: Babb knapweed herbicide project 

Investigator: Rachel Potter and Dave Lange 
Spotted knapweed (Centaurea maculosa) is a 
noxious weed introduced into North America 
from Eurasia in the early 1900's. In Glacier 
National Park (GNP) it occurs primarily on 
disturbed areas such as roadsides, but has the 
potential to invade grassland or other open 
areas adjacent to disturbed sites. The Babb 
Knapweed Herbicide Project was initiated in 
1987 to help assess the role of herbicides in the 
control of knapweed in GNP. The project is a 
cooperative effort with the Blackfeet Tribe, the 
Bureau of Indian Affairs and Glacier County 
Cooperative Extension Service. 

Specific activity values (net revertants per plate 
at 1 mg of residue per plate) for the Glacier 
National Park background soil sampJes ranged 
from a low of 10 (methylene chloride fraction, 
without 59) to a high of 44 (methanol fraction 
without 59),both of which are within a nega
tive range. For comparison, maximum specific 
activity values from the wood-preserving fa
cility were 163 for a methanol fraction without 
59, and 289 for the same fraction with 59, 
which are both positive responses. 

Pine needle samples were collected at Glacier 
National Park from an area near a recent fire 
and from an area where no fire has occurred 
within a decade. The samples are being ana
lyzed for airborne contaminants and will be 
compared with samples from the wood-pre
serving facility where contaminant levels are 
elevated. 

bud, flower, and fall regrowth stages. Chemi
cals used in various concentrations include 
Tordon, Clopyralid, 2,4-D amine/banvel, and 
Roundup. The site is divided into 24 2m x 8m 
plots spaced 2m apart. Treatments were ran
domly assigned to the plots and the site is 
fenced to keep out livestock. Strip transects 
are established for each plot, with pre- and 
post-treatment sampling done within .OSm 
quadrants. Control transects are established 
between the treated plots. 

Herbicide application in the 1987 field season 
was carried out. After the third application all 

The objectives are to: 1) evaluate six herbicide treated plots with the exception of Roundup 
treatments on reducing knapweed densities in appeared to have substantial knapweed kill. 
a grassland community; 2) determine the opti- Herbicide treatments, plot reading and plant 
mum stage of knapweed development for identification continued in 1988. Rlots were 
herbicide treatment; and 3) determine the ef- remeasured for the last time in 1990. Data will 
fectofherbicidetreatmentsonnon-targetplant · be analyzed, and a final report completed. 
species. The study site is located one mile 
south of Babb on tribal land in a flat grassland 
that supports a dense stand of knapweed. 
Six herbicide treatments are applied at rosette, 
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Project Title: Exotic plant management plan 

Investigator: Dave Lange 
An Exotic Plant Management Plan was pre
pared in response to a growing concern about 
the invasion and spread of non-native (exotic) 
plants in Glacier National Park This plan 
reviews alternatives and proposes a course of 
action for management of exotic plant species 
within the park. The goal of the plan is to 
implement a comprehensive plant manage
ment program to preserve biological diversity 
of native species. Priorities are established for 
management actions based on ranking of exot
ics into categories, location of occurrence, and 
plant communities targeted for treatment. 

Integrated Pest Management (IPM) is the rec
ommended procedure identified in the plan to 
control exotic plants in Glacier. This approach 
targets an individual plant species, then se
lects the method or combination of methods 
that will best achieve the desired management 

Jim Jokerst 

result. The objectives of IPM include: inven
tory; monitoring; public information and in
volvement; prevention; control; and investiga
tion. Alternatives considered for weed control 
when IPM is implemented typically utilize 
physical, mechanical, biological, sociological 
and cultural treatments as preferred choices. 
The use of herbicides to control exotic plants 
may be considered within developed areas, if 
other treatments are ineffective or unaccept
able in achieving control objectives. 

Project Title: Revegetation plots, Coram Experimental Forest 

Investigators: Rachel Potter and Dave Lange 
The first phase of road improvements to the 
Going-to-the-Sun Road (GTSR) was scheduled 
for a 9.8 mile section along Lake McDonald. 
Untested revegetation strategies were proposed 
for rehabilitation of disturbed roadside vege
tation, so the need for experimental testing on 
a small trial basis was recognized. Test plots 
were set up in 1987 on the Coram Experimen
tal Forest, in cooperation with the U.S. Forest 
Service Intermountain Research Station. Three 
objectives for testing were chosen: 

1. Evaluate the potential of bear grass (Xero
phyllum tenax) and pinegrass (Calamagrostis 
rubescens) to revegetate road cuts. 

2. Assess the need and timing of fertilizer 
applications on cuts and fills; assess species 
success and seedling rates. 

3. Determine if non-native Kentucky blue
grass (Poa pratensis), Canada bluegrass (Poa 
compressa), Creeping red fescue (Festuca rubra) 
and annual rye (Lollium multiflorum) possess 
more desired characteristics than native spe
cies for reseeding ditches, turnouts and shoul-

ders. 
Test plots selected withln the Coram Forest 
were similar to the Lake McDonald section of 
the GTSR. Slopes were cut and regraded to 
simulate construction. Monitoring plots were 
established and selected species were seeded 
and planted. Fertilizer and hydromulch treat
ments were applied. Permanent photograph 
points were set and yearly pictures taken. The 
plots were read in 1988, 1989, and 1990, with 
one more year of monitoring planned. Al
though we cannot make any conclusions until 
data analysis is complete, some preliminary 
observations include: beargrass and pinegrass 
show promise as revegetation species from 
seed. Beargrass transplants had a 96% sur
vival rate (n=40) with all mortality occurring 
during the first summer. All forb species 
seeded were successful, but higher seeding 
rates are desirable, while the rate of 60 seeds/ 
sq ft for Bromus carinatus is too high. 

Monitoring and analysis of these experimental 
plots are scheduled to continue through 1991. 
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Project Title: Management of exotic plant populations that burned in the 1988 
Red Bench Fire 

Investigators: Rachel Potter and Laurie Kurth 

Spotted knapweed (Centaurea maculosa) and portions of the site were seeded with native 
leafy spurge (Euphorbia esula) are exotic nox- grasses. The recovery and spread of the exot
ious weeds that have established populations ics will be compared in the seeded and un
in the North Fork area of Glacier National seeded areas. Continued monitoring will de
Park. In the fall of 1988, the Red Bench Fire tennine the effectiveness of planting native 
burned through portions of populations of seeds to control exotic populations following 
each species. Because of their ability to invade fire. The fire lines will be walked to search for 
disturbed areas and their robustness, these occurrence of knapweed and spurge. Any 
exotics may potentially become widespread in plants found will be pulled or dug out to 
the burn area. The purpose of this project is to remove the entire plant. If large populations 
control and monitor the spread of exotics from are found, appropriate eradication methods 
their prebum populations and to monitor the wi11 be implemented. During the 1990 field 
fire lines which may provide an avenue for the season, no new populations of noxious weeds 
exotics to spread into the backcountry areas of were discovered in the bum area. This project 
the park. In the known populations that burned, will continue for several years. 

Project Title: Going-to-the-Sun Road revegetation, Lake McDonald section 

Investigator: Rachel Potter 
Since 1987, Federal Highway funds have been vegetative parts and 30 species from seed. 
allocated for revegetation planning and prepa- Nursery reports have been completed each 
ration for construction along 9.8 miles of the year. 
Going-to-the-Sun Road (GTSR) in Glader 
National Park (GNP). Twelve acres of road- Experimental projects were continued in co
side vegetation are projected to be disturbed operation with the USFS Intermountain Re
from Apgar to the Lake McDonald Ranger search Station thatinduded revegetation plots 
Station junction. The St. Mary to Rising Sun at Coram Experimental Forest and Conifer 
section is also scheduled for repair, and seed Seed fall on the GTSR (see separate summaries 
collections on the east side have been initiated. in this publication). 

Planning efforts for revegetation included plant 
materials, experimental management and 
monitoring. 

Native seed coUections resulted in 270 collec
tions of 90 different species. All seeds were 
sent to the Plant Materials Center (PMC) in 
Bridger, Montana for cleaning. They will be 
used to produce bare root stock for seed pro~ 
duction, experimentation, or stored at PMC 
for later planting. A Seed Collection Guide 
was compiled with notes on collection site and 
date, phenology, methods and storage for each 
species. 

A plant nursery in West Glacier was con
structed for propagation of additional plants. 
By 1990, we had propagated 22 species from 
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A plant inventory was completed in 1987, in
cluding a rare plant survey, to obtain a better 
idea of the species growing along roadside 
sections. A photo documentation report, in
cluding 45 historic photos with matching re
takes, was completed from Apgar to Ava
lanche Creek. The purpose is to document 
vegetation recovery since construction in the 
1930' s and to monitor future changes. 

Plans for 1991 include: continued nursery 

operation; monitoring and analysis of experi
mental plots; seed collection; development of 
site specific monitoring techniques; experimen
tal salvage; conifer production; PMC evalu
ation; and completing the GTSR Revegetation 
Plan. We also hope to set up a system through 
GNP's inventory and monitoring program and 
GIS system for cataloging information from all 
plant material collections and planting sites. 
Annual reports are available from GNP Re
source Management. 

Project Title: Spotted knapweed: an ecological assessment 

Investigator: Robin W. Tyser 

Spotted knapweed (Centaurea maculosa) is an 
exotic noxious weed that occurs along road
sides and in other areas where soil has been 
disturbed by construction or natural processes. 
In some areas knapweed stands have expanded 
from roadsides into adjacent prairie grass
lands. This study was initiated in 1984 to 
evaluate knapweed life history, density, distri
bution, effect on native plants, and seed pro
duction. 

Spotted knapweed colonies were studied at 
six sites where populations expanded, though 
the increase was not extremely rapid. Grass
land communities appeared to be susceptible 
to knapweed invasion and grassland knapweed 
colonies slowly expanded in size. Knapweed 
colonies were primarily confined to roadside 
areas, but movement into grassland vegeta
tion bordering the roadside was documented. 
Areas with high knapweed densities had rela
tively low species richness. Observations sug
gested knapweed was capable of out-compet
ing adjacent vegetation. As knapweed densi
ties increased, species richness decreased. 

Elimination of knapweed is difficult due to 
persistence of the rosette phase and seed lon
gevity in soil. Management recommendations 
include a combination of prevention, monitor
ing, experimentation and control measures. 

Jim fokerst 
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Project Title: Logan Pass revegetation and sod salvaging project 

Investigator: Jack Potter 
This revegetation project at Logan Pass was Forty-five hundred sq. ft. of sod was replanted 
initiated in 1985 to salvage the subalpinevege- in front of the Visitor Center during August. 
tation (sod) prior to construction of rest rooms The replanted sod was irrigated for about two 
and a handicap walkway at the visitor center. weeks to reduce shock and promote "root 
Seven thousand sq. ft. of sod was salvaged in setting." 
1985 and 1986 from the construction site and 
stored over the winter at Logan Pass and Oberlin There remained 2000 sq. ft. of sod in storage to 
Bend. The 6"-8" thick sod was dug by hand be planted and another 1400 sq. ft. ofbare area 
and machine. It was placed in containers of to be reseeded. Construction change orders in 
mirafi road cloth or wood on beds of peat, sand 1988 postponed final revegetation and required 
and soil. The plants were irrigated until dor- another year for the sod to over-winter. In 
mancy began, approximating natural condi- 1989, the final 2000 sq. ft. of sod was replanted, 
tions in the area. Species lists of plants sal- and the remaining area reseeded from collec
vaged will be compared to post re-sod¢.ing tions. Also, native seed from Logan Pass was 
surveys. grown in flats at the nursery and planted on 

the site as "propagated sod." Further remedial 
The sod over-wintered well with minimal reseeding and maintenance of the planted area 
mortality in 1987. To ready the sod for replant- was accomplished in 1990. Remedial planting 
ing, irrigation began in June. New growth was and monitoring will continue in 1991. 
evident in bare areas between sod clumps. 

Project Title: Monitoring revegetation efforts to determine success of treatments 
and to develop effective methods. 

Investigators: Laurie Kurth, Rachel Potter and Dave Lange 

Glacier National Park has developed a restora- tion, as well as plant species data, will be col
tion program that includes an implementation lected at each site and entered into a computer 
crew,nativeplantnursery,andseedcollection program. The monitoring program has four 
program. Systematic analyses of revegetation levels, of which two will be implemented in 
project results have not been implemented. In 1991. The first level is designed so that most 
1991, a monitoring system will be initiated on park personnel can collect the data with mini
a trial basis to determine the success of revege- mal training. The_ second level requires plant 
tation at specific sites. The system was devel- taxonomy knowledge. The third and fourth 
oped by modifying the US Forest Service's levels will be fairly intense with the fourth 
ECODATA program. General site infonna- level designed for mini-research projects. 

Project Title: Conifer seedfall along the Lake McDonald section, Going-to-the
Sun Road 

Investigator: Raymond C. Shearer 

Road improvements are planned along 9.8 or seeded, naturairegeneration is expected. It 
miles of the Going-to-the-Sun Road (GTSR) is unknown how much conifer seedfall will be 
from Apgar to the Lake McDonald Ranger available or how effective it will be to restock 
Station junction. Reconstruction will disturb the cuts and fiJJs. 
about 12 acres of roadside vegetation. Al- This 5-year study will estimate by species the 
though trees, shrubs and forbs will be planted number of conifer seeds per acre falling onto 
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cuts and fills on various land types along the 
GTSR. Non-conifer seeds will be separated 
from the tree seeds and kept for identification. 
Seed.fall on five selected land type conditions 
will be sampled using forty (40) 0.0001-acre 
traps. The seedfall data will identify the coni
fer species expected to regenerate on the dis
turbed areas along the GTSR after construc
tion. The estimated number of seeds per acre 
falling on the sites can be compared to the 
number of seedlings established; i.e., seed to 
seedling ratio. The five land type conditions 
can then be compared for regeneration effi
ciency in subsequent studies using the seed to 
seedling ratios. 

Project Title: Soils survey1 Red Bench Fire 

Investigator: Barry Dutton 

Results will be helpful in revegetating other 
sections of the GTSR and will be useful to 
revegetation projects elsewhere in the North
ern Rocky Mountains. 

Chris Brown 

This project, one of several funded by special three soil survey standards. Area of coverage 
appropriation for post-fire research, provides is approximately 94 square miles. Map prod
basic soils data for entry into the geographic uctisatl:24,000scale,draftedonasinglesheet 
infonn,ation system (GIS). It also provides a of dimensionally stable mylar, and otherwise 
basis for a parkwide soils survey map, cur- suitable for digitizing as a GIS thematic layer 
rently lacking in Glacier National Park. The {e.g. adequate georeference, closed polygons, 
investigator maps soils within the Red Bench clearly attributed). A report describing meth
burn area of the park commensurate to level odology and map units accompanies the map. 

Project Title: Leafy spurge containment and control in Big Prairie 

Investigators: Laurie Kurth and Dave Lange 
Leafy spurge (Euphorbia esula) is an exotic mental treatments including: mowing; pull
noxious weed that has invaded an old air strip ing; manual cutting; rototilling; and covering 
in Big Prairie and continues to spread into the with black plastic. Data collected from the 
grasslands. Because the spurge is extremely satellite populations has shown no statistically 
prolific, it has the potential to spread into discemable differences in effectiveness of the 
munerous disturbed sites along roads and along various treatments. The project will continue 
theNorthForkoftheFlatheadRiver. Themain with monitoring of the growth of the main 
population of spurge currently covers approxi- population, efforts to prevent seed produc
mately 30 acres with several small satellite tion,andanalysisoffurtherexperimentalman
populations. The purpose of this project is to agement to determine an effective eradication 
contain the main population to an area bound technique. 
by roads and the river while developing eradi-
cation techniques for the satellite populations. 
It is believed that the main spurge population 
increases by vegetative reproduction while the 
satellite populations are initiated by seed car-
ried by wildlife. Several new satellite popula-
tions have been discovered. In 1988, the main 
population was mowed to prevent seed pro-
duction. The satellite populations have been 
subjected. to several years of various experi-
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Project Title: The effects of post-fire planting of native species on leafy spruge 
density and cover 

Investigator: Laurie Kurth 

Leafy spurge {Euphorbia esula) is a noxious 
exotic weed that has established in the Big 
Prairie area of Glacier National Park. There 
are approximately 60 acres of spurge in Big 
Prairie. The population is concentrated in a 
former air strip. Several satellite populations 
have established near the concentration. The 
park would like to contain the spurge to an 
area bordered by roads and the North Fork of 
the Flathead River. In order to prevent seed 
dispersal, the main population has been mowed 
the past three years. In the past, the satellite 
populations were subjected to several contain
ment measures including: mowing; pulling; 
burning; manual cutting; rototilling; and cov
ering with black plastic. These methods proba
bly effectively prevented seed dispersal but 
appear to have Ii ttle effect on spurge density or 
cover. Until eradication methods are imple
mented, including herbicides, the park contin
ues to mow, pull, or weed whip to prevent 
seed dispersal. 

In 1988, the Red Bench Fire burned through a 
portion of Big Prairie. Four of the spurge 
satellite populations burned in the fire. The 
purpose of this project was to determine if 
native seeds planted following a fire could 
compete with and eventually dominate a site 
with high spurge density. The four relatively 
round leafy spurge plots were divided into 
quarters. Two quarters were planted with 
Richardson's needlegrass (Stipa richardsonii) 

and rough fescue (Festuca scabrella). In 1990, 
the sites were monitored to determine the size 
of spurge infestation, density of spurge, and 

percent aerial cover of spurge, the two planted 
species, other vegetation and bare ground. 

Because of the differences in plot sizes, plant 
densities, and covers before the Red Bench 
Fire, the plots were analyzed individually. There 
is no difference in spurge densities or cover be
tween the planted and unplanted sites. 

The planting appears to have been ineffective 
in reducing spurge dominance at the site. In 
fact, spurge densities and covers are higher 
following the fire. The planted species do not 
have substantial cover. The needlegrass and 
fescue observed at the site were very small and 
difficult to identify. It is possible that these 
plants will mature and eventually dominate 
the site; however, this seems unlikely given the 
status of native plants at other spurge sites. 
The sites will be observed in the future to note 
any changes in species dominance. 

Visual observations at the site indicated that 
idaho fescue (Festuca idahoensis) and oatgrass 
(Danthonia sp.) are fairly common. Rough 
fescue and Richardson's needlegrass were not 
dominant. The perceived lack of success can 
possibly be related to the fact that the species 
planted there were not best adapted to the 
microsite. 

Project Title: Plant succession and soil erosion along dozer lines and adjacent 
burned and unburned areas in various plant communities 

Investigator: Laurie Kurth 

In the fall of 1988, the Red Bench Fire burned the lines; however; the portion of the lines near 
through approximately 25,000 acres of the park. roads and some slopes received various ex
Because of erratic fire behavior and extreme perimental treatments. Along flat lines the 
fire conditions, bulldozers were used to con- treatments range from no treatment (line left 
struct approximately 22 miles of fireline in as bare soil) to 95 percent covered with duff, 
various plant communities. The purpose of litter, and slash. On the slopes, the treatments 
this project is to monitor plant recovery on the include cover with duff, Jitter, and slash, and 
lines. Most of the fire lines were covered with one of the following:,no additional treatment; 
all available material previously removed from seed with Regreen (a sterile wheat hybrid); or 
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place exelsior matting down. In the summers position at the sites needs to be completed. 
of 1989 and 1990, modified Ecodata plots were Additionally, trends in ground cover of litter, 
established and monitored in early and late bare ground, moss, rock, and basal vegetation 
summer. Additionally, wildlife and bird utili- show that percent cover on most sites is ap
zation of the bum area was surveyed. Initial proaching that of the unburned area. Indepth 
analysis shows that the number of species on data analysis is continuing. The project will 
the line and burned areas was less than in the continue for several years to determine how 
unburned areas in 1989. However, in 1990, the plant succession is proceeding, the effective
number of species is similar for all sites. Few ness of the various treatments, and the impacts 
exotics and no Category I noxious weeds occur of the fire and firelines on wildlife. 
at the sites. A comparison of the species com-

Project Title: Prescribed fire in two grasslands in the North Fork of the Flathead 
River drainage 

Investigator: Laurie Kurth 

Fire histories of the North Fork area estimate prescribed fire in maintaining the grassland 
that the average fire interval in the grasslands ecosystem. Prior to and after burning, spring 
was less than 20 years. Due to fire suppression and fall vegetation and wildlife use data will 
in the Flathead National Forest as well as the be collected and analyzed. The burn area data 
park, many of the grasslands have not burned will be compared with adjacent sites that will 
in the last 60 years. The most prominent · not be burned. · Data will be collected for 
evidence of lack of fire is the numerous young several years to determine the long-term ef
lodgepole pine (Pin us contorta) trees at· the fects of the prescribed fires and to develop 
forest/ grassland interface. The park proposes prescribed fire burn models. In 19901 we col
to introduce fire into two areas of the grass- lected data on fuel loads, tree size and number, 
land: approximately 22 acres of the northern and vegetation species cover at the two pro
portion of Big Prairie and approximately 62 posed sites. Tentatively, fall 1991 burning is 
acres of Round Prairie. The purpose of this planned. 
project is to determine the effectiveness of 

Project Title: Management of exotic plant populations that burned in the 1988 
Red Bench Fire 

Investigators: Rachel Potter and Laurie Kurth 

Spotted knapweed (Centaurea maculosa) and portions of the site were seeded with native 
leafy spurge (Euphorbia esula) are exotic nox- grasses. -The recovery and spread of the exot
ious weeds that have established populations ics will be compared in the seeded and un
in the North Fork area of Glacier National seeded areas. Continued monitoring will de
Park. In the fall of 1988, the Red Bench Fire termine the effectiveness of planting native 
burned through portions of populations of seeds to control exotic populations following 
each species. Because of their ability to invade fire. The fire lines will be walked to search for 
disturbed areas and their robustness, these ex- occurrence of knapweed and spurge. Any 
otics may potentially become widespread in plants found will be pulled or dug out to 
the burn area. The purpose of this project is to remove the entire plant. If large populations 
control and monitor the spread of exotics from are found, appropriate eradication methods 
their preburn populations and to monitor the will be implemented. During the 1989 field 
fire lines which may provide an avenue for the season, no new populations of noxious weeds 
exotics to spread into the backcountry areas of were discovered in the burn area. In 1990, a 
the park In the known populations that burned, spotted knapweed plant was found on one of 
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the dozer lines. It was pulled and the site will 
be monitored for further infestation. This project 
will continue for several years. 

Project Title: Monitoring revegetation efforts to determine success of treatments 
and to develop effective treatments 

Investigators: Laurie Kurth, Rachel Potter and Dave Lange 

Project Title: 

Investigators: 

Glacier National Park has developed a strong General site information, as well as plant spe
revegetation program that includes a revege- des data, will be collected at each site and 
talion crew, native plant nursery, and seed entered into a computer program. The moni-; 
collection program. Many sites are revege- toring program has four levels, of which two 
tated each summer; however, a detailed and will be implemented in 1991. The first level is 
systematic analysis of the success has not been designed so that most park personnel can col
implemented. In 1991, a new monitoring sys- lect the data with minimal training. The sec
tem will be initiated on a trial basis to deter- ond level requires planttaxonomy knowledge. 
mine the success of revegetation at specific The third and fourth levels wm be fairly in
sites. Themonitoringwasdevelopedbymodi- tense with the fourth level designed for mini
fying the Forest Service's ECODATA program. research projects. 

Application of remote sensing and digital image analysis for 
assessing wildland fire severity. , 

Kevin C._Ryan, Steven W. Running, Richard V. Ringleb, and Elizabeth D. 
Reinhardt 

Administration of wilderness fire management 
programs requires current knowledge of fuels 
and vegetation. Managers also need baseline 
data on the status qf various wilderness re
sources and how these resources affect off-site 
values (e.g. water quality and quantity). When 
large-scale disturbances such as fire occur, 
managers need techniques to rapidly assess 
resource changes and update resource inven
tories, and to project future resource condi
tions. Remotely sensed digital data and geo
graphical information system (GIS) technol
ogy are particularly useful for maintaining 
·resource data bases and for updating data 
bases in response to large natural perturba
tions such as fire. Coupling remote sensing 
and GIS to ecosystem modeling has further 
potential for answering landscape level fire 
effects questions. 

The objectives of t~s study are to: 1) develop 
remote sensing digital data, image processing, 
and GIS procedures to delineate fire intensity/ 
severity classes within the Red Bench fire; 2) 
quantify changes in the heterogeneity of the 

landscape resulting from the fire; 3) determine 
early postfire recovery; and 4) link ecosystem 
modeling with remote sensing and GIS to 
conduct a preliminary analysis of the effects of 
fire on hydrologic budgets. 

Prefire and postfire LANDSAT-TM multi.
spectral data have been obtained and gee-ref
erenced for the study area. Digital terrain 
data, ER DAS software, and unsupervised and 
supervised classifications procedures have been 
used to develop landscape units that reflect 
significant differences in vegetative potential. 
Aerial photography, field reconnaissance, and 
ECO DAT A are also being used to develop 
classifications. LANDSAT-TM data has been 
examined initially for data number changes 
inside and outside the fire perimeter on similar 
sites (land units). A chart of data numbers by 
spectral bands has been developed for both 
burned and unburned sites. These were com
pared initially with fire severity classes devel
oped from aerial photographs. Various ratios 
of individual bands and combinations of bands 
have also been developed to delineate fire 
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severity classes. With a microcomputer and 
Micropips software these have been partially 
field verified. Field verification will continue 
in 1991. Preliminary classifications have been 
used to develop procedures for analyzing the 
effects of fire on landscape pattern. 

A 1991, LANDSAT-TM data scene will be pur
chased and used to assess postfire recovery. 
Productivity will be estimated from literature 
relationships of leaf area index (LAI) as func
tions of normalized difference vegetation in
dex and/ or the infrared:red ratio. The result
ing prefire and postfire classifications will be 
used in the analysis of fire effects on landscape 
structure and in modeling the hydrologic re
sponse to fire. 

ERDASsoft
ware, the SP AN 
program, the SAS statistical 
package, and programs writ
ten for this study will be used to 
analyze the configuration of prefire 
and postfire stands and patterns of 
fire severity. We will compute the fol
lowing statistics for each unique class of 
land: 1) proportion of land in each class; 
2) probabilities of adjacencies with each 
other class; 3) average size of patches in each 
class; 4) average perimeter of patches in each 
class; 5) amount of edge between a class and 
each other class; 6) average fractal dimension 
of each class; and 7) average shape index of 
class. Analysis of landscape ecology indices 
will include fractal dimension, diversity, domi
nance, and contagion. 

Subdrainages representing a-range of prefire 
and postfire hydrologic budgets will be se
lected to demonstrate the feasibility of using 
ecosystem simulation to assess large-scale fire 

effects. The spectral data will be used to 
develop a chronosequence of LAI. The LAI 
values will be input into the FOREST-BGC 
ecosystem simulation model. FOREST-BGC 
will be linked to weather data files from Kalis
pell, Montana and adjusted for subdrainages 
in the Red Bench Fire using the MTCLIM 
mountain microclimate simulation model. 
Simulations with FOREST-BGC will be used to 
assess the relative impact of fire on forests and 
meadows, and to assess hydrologic recovery. 

This project is expected to improve our knowl
edge of the impact of fire and time since fire on 
spectral data from mid-latitude mountainous 
terrain. This knowledge will lead to improved 
procedures for developing remote sensing 

Carl Key 

~ 

classifications of burned areas. This project is 
a first attempt to apply landscape indices to 
large nahtral areas subject to major perturba
tions. The insights gained from the landscape 
analysis will provide the basis for assessing the 
management utility of various indices. Cou
pling of ecosystem modeling, remote sensing, 
and GIS techniques will provide the basis for 
assessing the effects of fire on water, energy, 
and carbon budgets of large land areas. 
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Project Title: Lichen flora 

Investigators: Ann DeBolt and Bruce McCune 

Prior to 1984, no,attempt had been made to have been used extensively in many areas as 
systematically survey Glacier National Park's biological indicators. Lichens were collected 
lichen flora. Since that time, over 375 taxa have from as many different substrates, microhabi
been identified from the park, primarily through tats, and elevations as possible. Ecological ob
collections but also from the literature. The servations and relative abundance were re
work was conducted to establish a baseline corded. Numerous species were located that 
species inventory. Thepark'sdesignationasa are rare in the northern Rockies, including 
UNESCO Biosphere Reserve and concerns of several with maritime affinities. More research 
potential air quality degradation warranted a is needed as approximately one hundred 
need for this information. Lichens are well additional taxa may be expected to occur. 
known for their sensitivity to air pollution and 

Project Title: Flora 

Investigators: Peter Lesica and Kathy Ahlenslager 

The first comprehensive inventory of the vas- of the native flora of Glacier Park as well as of 
cular plants of Glacier National Park was Montana and the northern Rocky Mountains. 
compiled by Paul Standley in 1921. Since then, The invasion of the park by exotic species is a 
numerous botanists have explored the park serious threat to the integrity of its biological 
and added to the knowledge of the flora. In communities. Knowledgeofwhichexoticsare 
1984, A Checklist of the Vascular Plants of Glacier present and where they have been introduced 
National Park, Montana, U.S.A. was published. is baseline information essential to controlling 
This checklist is based on a compilation of all this problem. 
species reported for Glacier National Park in 
the literature as well as the collections housed 
in the park herbarium at West Glacier. 

Beginning in 1984, we made collections through
out Glacier National Park with the purpose of 
increasing floristic knowledge of the area 
and adding to the reference collection 
housed in the Glacier Park Herbar
ium. In the past 
seven years wedis
covered 50 species 
that were new to the 
flora of Glacier Na
tional Park. Thirty-five 
of these are native spe
cies, and 15 are introduced. 
Six species were new records 
for Montana. Jn addition to these, we 
have collected 68 species that were not 
represented in the park herbarium. 
These collections constitute a signifi
cantaddition to our knowledge 

Chris Brown 
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Project Title: Genetic diversity of plant species: Implications for management 

Investigators: Thomas Mitchell-Olds and Diane Pavek 

Glacier National Park (GNP) is responsible for year project is to examine whether patterns of 
the management and preservation of biologi- genetic variation and adaptation to local envi
cal diversity in the natural populations of plants ronments require that sites berevegetated with 
and animals occurring within its boundaries. plants collected from nearby natural popula
Very little is currently known about the amount tions or, alternatively, whether transplants rould 
or kind of genetic variability present within be obtained from other sources. 
native plant populations in GNP. Our re-
search will begin the characterization of some This first year, we began experiments to de
of the genetic variation present in populations scribe genetic variation in populations of two 
along the diverse environmental and geographic native plant species currently used for revege
gradients in GNP. Current GNP methods for tation in GNP: strawberry (Fragaria virgini
revegetation projects require that transplants ana Duchesne) and mountain brome (Bromus 
or seeds come from on-site or nearby natural carinatus Hook. and Am.). Natural selection 
populations. Recently, some plant species have influences characters that comprise individual 
been propagated in nurseries outside of GNP. fitness (e.g. survival and reproduction). Char
This may result in a loss of the genetic integrity acters were measured in six strawberry popu
of affected populations due to genetic drift or lations to give information on temporal or 
natural selection. The objective of our three spatial differences in natural selection. Quan

Chris Braum 

titative genetics compares traits important to 
the fitness of individ~als ~ Transplants were 
taken from 12 strawberry populations that 
represent the variability present at points along 
the diverse gradients. These plants are included 
in a common garden study where characters 
will be evaluated over the next two years. 
Electrophoresis, which provides an indirect 
estimate of the variation present in DNA, was 
begun on strawberry and mountain brome 
populations. Mountain brome seed from GNP 
has been grown at the Plant Materials Center 
at Bridger, Montana. This seed also will be 
screened to evaluate the feasibility of using off
site nurseries. 

The development of long-term management 
plans for genetic diversity and for revegeta
tion programs requires information on levels 
and patterns of genetic divergence within GNP. 
Our research begins the process by providing 
information on genetic variation within and 
among populations of two native plant spe
cies. Final results from this three-year study 
will facilitate the development of effective 
management strategies for preservation of 
existing genetic integrity in natural popula
tions and the revegetation of disturbed GNP 
lands. 
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Project Title: Monitoring the effects of global warming using peripheral rare 
plants in wet alpine tundra 

Investigators: Peter Lesica and Bruce McCune 

There is widespread agreement that increas
ing levels of "greenhouse gases" will result in 
global warming and widespread alteration of 
rainfall patterns during the next 50 years. Species 
will be most sensitive to environmental change 
at the periphery of their range. High latitude 
floras are of relatively recent origin and are 
thought to provide a sensitive indicator of 
climate change. For these reasons, arctic-al
pine species at the southern limit of their range 
should be among the most sensitive indicators 
of climate change. 

Six species of vascular plants that occur in 
alpine wet tundra in the center of the park are 
at, or near, the southern limit of their ranges. 
These species and their tundra communities 
should be a sensitive bioassayof the changes in 
regional climate. Monitoring changes in these 
systems will provide information on how dif
ferent members of the same community re
spond to climate-induced stress. 

We established permanently located transects 
at two sites near Logan Pass in 1988 and 1989. 
For 2-3 consecutive years, density and repro
ductive performance of the six indicator spe
cies was recorded in variable-size quadrats. 
Each species occurred in 15-57 quadrats. In 
addition, we recorded canopy cover of all 
lichens, bryophytes and vascular plants in at 
least 10 1.0 dm2 plots at the time we estab
lished each transect. The results of our baseline 
study will be used to assess the effects of 

climate change at consecutive five-year inter
vals. 

For all species, there was variation in plant and 
inflorescence density among the three years in 
most quadrats. This variation is a result of 
demographic fluctuations and recording er
ror. In general, the larger this short-term/ 
error variation, the more difficult it will be to 
detect long-term directional trends. We used 
the coefficient of variation to estimate the amount 
of short-term/error variation for each indica
tor species and evaluate the relative merits of 
the species as potential indicators of long-term 
directional change. Our results suggest that 
conspicuousness of the plant and size of the 
quadrat are important factors in reducing re
cording error. 

Variation due to recording error should be 
random, while variation due to short-term 
climatic fluctuations should be directional. 
Performance of indicator species over I-year 
intervals was evaluated by means of paired
samples t-tests. Two species showed rela
tively strong negative trends, while three spe
cies showed strong increases. Assuming that 
strong short-term trends are due to climatic 
fluctuations, our results support the dynamic 
community hypothesis which predicts that 
individual species in a community respond 
differently rather than cohesively to dimatic 
changes. 

Project Title: Spotted knapweed: an ecological assessment 

Investigator: Rob Tyser 

Three colonies of spotted knapweed (Centau- ties in the perimeter areas were 05, 0.9; and 0.4 
rea maculosa) adjacent to Going-to-the-Sun stems/0.1 meter2 for each colony, while corre
Road have been monitored since 1984. The spondingdensitiesin 1990were 14.6, $.9,and 
outer perimeters of these colonies extend into 5.3 stems/0.1 meter2. · 
the adjacent fescue prairie and do not appear Additional observations at one site show that 
to have been subjected to significant human- species richness (number of species/0.1 me
related substrate disturbance. Knapweed stem ter2) is inversely related to knapweed stem 
densities in these perimeter areas have con- density. As knapweed stem densities increased, 
tinuously ipcreased since 1984. In 1984, densi- species richness declined. Also, in any given 
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year species richness has been lowest in the cate that spotted knapweed is capable of in
colony core area, where stem densities are vading fescue prairies in the park and displac
highest, than in the perimeter area. These and ing native species. 
other observations in the St. Mary Valley indi-

Project Title: Ecology of fescue grasslands 

Investigator: Rob Tyser 

1990 was the third field season spent examin
ing plant and vertebrate communities of Gla
cier's fescue grasslands. Plant communities 
have been examined in one or more sites in six 
drainage systems in the park (North Fork of 
the Flathead, St. Mary, Cut Bank, Swift Cur
rent, and Belly River). Vertebrate communi
ties, primarily those of small mammals and 
birds, have been studied in the North Fork and 
St. Mary drainages. Several other more spe
cific topics have been considered: 1) the effect 
of the Red Bench Fire on encroachment of 
lodgepole pine into Big Prairie; 2) plant coloni
zation patterns in areas disturbed by utility 
line construction in the St. Mary valley; 3) dis
tribution patterns of exotic flora in grasslands 
adjacent to primary roads, secondary roads, 
and backcountry trails; and 4) possible effects 
of spotted knapweed and common timothy on 
native flora. 

Significant variation in grassland flora was 
found to occur among various study sites, 
even among those within the same drainage. 
However, several species occur regularly, in
cluding several grasses (Idaho fescue-Fes
tuca idahoensis, rough fescue-F. scabrella, 
Richardson's stipa-Stipa richardsonii, oat 
grass-Danthonia intermedia, June grass-

Koeleria cristata, wheat grass-Agropyron 
caninum, and common timothy-Phleum 
pratense) and forbs (yarrow-Achillea mille
folium, northern bedstraw -Galium boreale, 
field chickweed-Cerastium arvense, and silky 
lupine-Lupinus sericeus). Only one small 
mammal species was commonly trapped, the 
deer mouse (Peromyscus maniculatus). Sev
eral bird species likely nested in the study 
sites, though vesper sparrows were the only 
common resident. 

Other specific observations include: (1) lodge
pole pine mortality, especially in the smallest 
size classes, was extremely high in the Big 
Prairie ecotone areas, indicating that fire sup
pression likely contributes to loss of grassland 
area in the North Fork region; (2) exotic plant 
species, especially common timothy and Ken
tucky bluegrass, widely occurred at most sites, 
including the backcountry grasslands; (3) 
common timothy or spotted knapweed oc
curred on areas disturbed by sewer line and 
underground utility line construction; and (4) 
the occurrence of common timothy and espe
cially spotted knapweed is associated with 
decreased cover and diversity of native grass
land flora. 

Project Title: Monitoring post-fire vegetation recovery in ponderosa pine and 
sedge meadow communities 

Investigators: E. Earl Willard and Ronald H. Wakimoto 

The Red Bench Fire occurred late in the fire intensity on vegetation recovery on old-growth 
season of 1988 under extremely dry condi- ponderosa pine (Pinus ponderosa) sites and 
tions. It is the most significant fire in the North wet sedge meadows. The information will be 
Fork of the Flathead River drainage since 1926. important in predicting the influence of future 
The main objective of this study is to deter- wildfires and prescribed fires on these unique 
mine the effects of varying fire severity and communities within the park. 
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Twenty-seven permanent 1/10-acre Ecodata 
plots were established in 1989 and 1990, 16 on 
ponderosa pine sites and 11 on sedge mead
ows burned by the fire. Data collected from 
each plot include scorching and death of trees, 
degree of ground charring, vegetative struc
ture and production, topographic characteris
tics, and mean age of dominant trees. Twenty
five microplots have been sampled within each 
1/10-acre plot to determine plant species and 
canopy cover of herbaceous and shrubby re
growth the first two years postfire. Sampling 
will continue for an additional 1-3 years. Plot 
data have been entered into a computer data
base of the U.S. Forest Service, Intermountain 
Fire Sciences Laboratory, for preliminary analy
sis. 

Ponderosa Pine Sites 
Of the 16 ponderosa pine plots, 7 are on sou th
west aspects,3 on west aspects, 2 on northwest 
aspects, while 4 are on flat terrain. The 12 plots 
on slopes average 40.5% slope, with a low of 
12% and a high of 62%. 

There were 87 mature, live ponderosa pine 
trees within the 16 plots prior to the fire. It is 
estimated that 62.6% of total prefire crown 
volume across the plots was scorched by the 
fire. Following the fire, 51 of the ponderosa 
pine trees were judged to be dead and 36 
remained alive. The dead pines have an aver
age diameter at breast height (DBH) of 22.5 
inches, while the live pines average 28.5 inches 
DBH. The average age of all large ponderosa 
pines within the plots is 210.8 years, with a 
maximum average age within any one plot of 
381 years and a minimum average age within 
a plot of 116 years. 

The horizontal variation in the level of damage 
that occurred to the overstory trees in each 
plot was also determined. It is estimated that 
an average of 44.3% of the plot surface had a 
tree canopy cover prior to the fire. Following 
the fire, unscorched tree canopies occurred on 
an average of 22.4 % of the plot area, 20 .7% was 
scorched, while 12% had crowned and torched. 
Two plots had no canopy scorched or burned 
and only 2 plots had some crowning and torch
ing. 

These classes follow the classification system 
of Ryan and Noste (1983). Five plots were in 
flame length class 1. The 27 mature ponderosa 
pines within these plots all remained alive 

after the fire. Within classes 2 and 3 combined, 
26 trees were killed and 9 remained alive. All 
trees in flame length classes 4 and 5 were 
killed. 

The criteria of Ryan and Noste (1983) were also 
used to estimate the depth of ground charring 
in each plot. None of the ground was unchar
red across the 16 plots, while an average of 
24.4% of the s-µrface area had light ground 
char, 49.4% had moderate ground char, and 
26.2% had deep ground char. Two of the plots 
had low ground cover disturbance in which 
most of the fine fuel burned, there was some 
charring of> 3 in. diameter fuels, woody plants 
were scorched but not burned to the ground, 
and there was uneven patch burning of duff 
and litter. One plot had moderate ground 
cover disturbance in which nearly all fine fuels 
were consumed, there was some consumption 
of > 3 in. diameter fuels, some woody plants 
were consumed, and there was patch distribu
tion of duff and litter consumption. Thirteen 
plots had high ground cover disturbance with 
many areas of exposed mineral soil, many 
woody plants were consumed, most of the> 3 
in. diameter fuels were charred and consumed, 
and there was fairly even distribution of duff 
and litter consumption. 

Ground cover characteristics were estimated 
within each plot. Litter covered 60.7% of the 
ground surface of all plots, followed by bare 
ground (21.6%), and basal vegetation (9.6%). 
Gravel, rock, moss and wood covered the 
remainder of the plot surfaces. 

Average canopy cover across the 16 plots in
cluded 16.6% trees, 10.5% shrubs, 18.l % grami
noides and 24.6% forbs for the vegetation that 
grew back on the plots. 

Sedge Meadow Sites 
Eleven plots were established on 5 different 
sedge meadows within the Red Bench Fire. 
Ground cover disturbance classes were deter
mined with the same criteria used in the pon
derosa pine plots. Seven of the sedge meadow 
plots had low ground cover disturbance, 4 had 
moderate disturbance, and none were judged 
as high disturbance. Depth of ground charring 
was also determined in each plot using the 
criteria of Ryan and Noste (1983). None of the 
ground was uncharred across the 16 plots, 
while an average of 24.5% of the ground sur
face had light ground char, 58.2% had moder-
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ate ground char, and 17.3% had deep ground 
char. 

Ground cover characteristics were estimated 
within each plot. Litter covered 71.1 % of the 
ground surface of all plots, followed by basal 
vegetation (16.3%), and bare ground (10.1%). 
Rock, wood, and moss covered the remainder 
of the plot surfaces. 

Average canopy cover across the 16 plots in
cluded 0.1 % trees, 0.4% shrubs, 68.2% grami
noides, and 31.3% forbs for the vegetation that 
grew back on the plots. 

Discussion 
Microplot data for assessing plant succession 
following the Red Bench Fire have not been 
analyzed at this time. However, observations 
indicate that considerable regrowth has oc
curred within two growing seasons. The 
ponderosa pine sites and wet sedge meadows 
generally have adequate ground cover to pre
vent erosion. 

Large ponderosa pines remained alive on those 
sites where the flame lengths were no higher 
than 2 feet and scorch heights were no greater 
than 9 feet. Otherwise, a high percentage of the 
trees were killed. No new seedlings of ponder
osa pine have been observed within the plots. 
Success in saving the ponderosa pines from 
future wildfires may well depend on prescribed 
fires to reduce the buildup of duff and litter 
beneath these trees. 

The sedge meadows were not unifonnly bumed 
by the fire. The region was experiencing drought 
conditions during 1988; thus, it is assumed 
that the surface area covered with water in 
each meadow was less than under normal 
precipitation. The wet meadows within the 
area all have a layer of peat as thick as 12-16 in. 
overlaying the mineral soil. The peat was 
generally charred but not consumed by the 
fire. In those microsites where shrubs, stand
ing trees or surface wood were present, wood 
combustion ignited the peat which burned to 
mineral soil. This accounted for approximately 
10.1 % of the surface area of the meadows. 

By the end of the second summer postfire, the 
beaked sedge (Carex rostrata), which domi
nates the wet meadows, had regrown from 
buried rhizomes. It was very dense and lush. 
On the microsites of exposed mineral soil, 
partial revegetation by annual forbs, perennial 
forbs, grasses and isolated plants of beaked 
sedge had occurred. In spring and fall, the 
depressions of exposed mineral soil were mostly 
under standing water, providing for greater 
variety of microsites and flora. 
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Project Title: Satellite-telemetry: performance of animal-tracking systems 

Investigators: Kimberly A. Keating, Wayne G. Brewster and Carl H. Key. 

Satellite telemetry is an alluring alternative for rors (rE) exceeded expected values for NQ = 2 
studying relatively localized movements and and 3, varied greatly among Prf's, increased 
habitatuseinremoteareasorextremeweather. as the difference (HE) between the estimated 
It also offers a new method for studying dis- and actual :rrr elevations increased, and were 
persal in large mammal metapopulations. correlated nonlinearly with maximum satel
However, satellite telemetry's advantages are lite pass height (PH). A model was developed 
contingent upon location accuracy and sam- of the relationships among rE, HE, and PH. 
pling frequency. Informed decisions regard- Errors were bimodally distributed along the 
ing study design require estimates of perform- eastwest axis and tended to occur away from 
ance and an understanding of how perform- the satellite when HE was positive. A south
ance may vary. This study described accuracy easterly bias increased with HE, probably due 
and sampling frequency of satellite telemetry to the particular distribution of satellite passes 
using animal platform transmitter terminals and effects of HE on rE. Under near optimal 
(PTT's), tested the hypothesis that accuracy conditions, 1 sensormessagewasreceivedfor 
was within expected limits, and described and up to 64% of available (PH 5°) satellite passes, 
modeled effects of selected determinants of andalocation(NQ 1)wascalculatedforupto 
performance. 63% of such passes. Sampling frequencies of 

sensor and location data declined 13 and 70%, 
We used 10 Telonics ST-3 PTT's configured for respectively, for PITs in a valley bottom; and 
wolves and ungulates to examine the perform- 65 and 86%, respectively, for PTI's on animals 
ance of the Argos satellite telemetry system. that were in valley bottoms. Sampling fre
Under near~optimal conditions, 68 percentile quencies were greater for ungulate than for 
errors for location qualities (NQ) 1, 2, and 3 wolf collars. 
were 1,188, 903, and 361 m, respectively. Er-

Mt. Al tyn 
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Satellite telemetry offers dear economic and not pursue satellite-tracking of wolves. How
logistic advantages for wildlife research. ever, in a separate bighorn sheep study, satel
However, this study indicated that users should lite telemetry proved extremely powerful in 
consider carefully the caveat implicit in the identifying even little-used seasonal ranges 
many determinants of system performance. and the movement corridors among them, 
For example, differences in sampling frequency suggesting that the park should consider using 
and expected battery life indicated that the satellite telemetry to inventory ungulate habi
cost ofachieving comparable sample sizes may tat use pa ttems and develop a foundation for 
be 4 times greater for wolf than for ungulate constructing GIS-based ·species-habitat mod
collars. Thus, we recommended that the park els. 

Project Title: Relationship between stream productivity and harlequin duck 
(Histrionicus histrionicus) density and productivity on selected 
streams in the northern Rockies 

Investigators: Craig R. Groves and E. Frances Cassirer 

Harlequin ducks spend most of their lives Creek-Lake Pend Oreille, St. Joe River, Lochsa 
along the rocky shorelines of the northern River, North Fork Clearwater River) and Gla
Atlantic and Pacific coasts. However, they der National Park (McDonald Creek). On 
nest inland on forested, mountain streams. each stream, we collected three replicate samples 
Since1987wehavebeenstudyingthedistribu- at each of two stations (upper and lower sta
tion, breeding biology, and habitat use of har- tions). We used a modified Hess sampler to 
lequinducksinnorthemldaho. Fewstudiesof collect the samples. Samples are being ana
harlequin ducks have occurred on the breed- lyzed by the Forest Service Intermountain Region 
ing grounds. To date, nesting studies have Aquatic Ecosystems Analysis Laboratory in 
taken place in Iceland, Alaska, Grand Teton Provo, Utah. 
National Park, and Glacier National Park. 
During the course of our investigations in Ourstudiesinnorthernldahohaveshownthat 
northern Idaho, we have noted lower pair harlequins nest on low-gradient, undisturbed 
densitiesandlowerproductivityofharlequins streams which usually have a well-developed 
in northern Idaho compared to Glacier and riparian component and are greater than 10 
Grand Teton National Parks. We hypothe- meters in width. The extent to which stream 
sized that harlequin duck densities and pro- productivitymayalsobeafactorinhabitatuse 
ductivity may be correlated with stream pro- by harlequins remains unknown. The inverte
ductivity because harlequins feed primarily brate sampling results should shed some light 
on stream invertebrates on the nesting grounds. on this issue and ultimately provide us more 

information with which to better manage this 
To test this hypothesis, we sampled inverte- Forest Service Sensitive Species. 
brates on four streams in northern Idaho (Gold 

Project Title: Grizzly bear feeding ecology project 

Investigator: Kate Kendall 

This project examines the relationship between berry; hawthorn; serviceberry; and mountain 
annual bear food production and the level of ash. Berry production patterns will be related 
bear /human conflicts. Bear food habits were to bear activity indices developed Jrom infor
studied through fecal analysis. Food produc- mation in park and other agency files. 
tion _ studies focused on monitoring annual 
cr:ops of four preferred bear foods: huckle- The food habits work is limited by difficulties 
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in distinguishing grizzly and black bear fecal overlapping ranges. Species-specific food habits 
samples. Study results discu.ss only general- will illuminate habitat use patterns which will 
ized bear food habits and reflect some un- have application in the design and interpreta
known combination of feeding habits of the tion of population trend monitoring techniques. 
two species. Little is known about the food Thin-layer chromatography may permit spe
resource division or the interaction between cies differentiation of scat samples. A study to 
the grizzly and black bear populations with evaluate this technique is on-going. 

Project Title: Grizzly bear population trends 

Investigator: Kate Kendall 

Grizzlybearpopulationtrendsarenotoriously ally since 1984. A paper, "Power of sign sur
difficult to monitor. The feasibility of a low- veys to monitor population trend" by K.C. 
cost, non-disruptive method is being investi- Kendall, L.H. Metzgar, D. Patterson and B. 
gated in Glacier National Park. Systematic Steele (in prep.) uses data from the first 5 years 
groundsurveysforbearsignonapproximately of the study to evaluate the feasibility of this 
160 miles of trails have been conducted annu- technique. 

Project Title: Whitebark pine study 

Investigator: Kate Kendall 

The status of whitebark pine became a focus in in three whitebark pine forests" by T. Weaver, 
1988. Threats to whitebark pine from insects, K. Kendall and F. Forcella. Both papers were 
disease and fire suppression were documented published in June in "Proceedings - Sympo
in ''Whitebarkpine--Animportantbutendan- sium on whitebark pine ecosystems: Ecology 
gered wildlife resource" by K.C. Kendall and and management of a high-mountain resource", 
S.A. Arno. Productivity of whitebark pine U.S. Forest Service Gen. Tech. Rep. INT-270. 
stands was investigated in "Berry production 

Project Title: The status of whitebark pine in the Forest Service Northern Region 

Investigator: Jim Gustin 
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tion to existing data (see Kendall and Amo' s 
article in Proceedings-Symposium on White
bark Pine Ecosystems, June 1990, P.269). 

Based on this study, the future of whitebark 
pine in this Fir /Spruce/Pine stand appears 
bleak at best. Factors contributing to this ap
praisal were distributed among several stages 
of whitebark pine development. For example, 
it was immediately apparant that there was 
extensive damage resulting in mortality to all 
size classes.Ooser examination revealed that 
beetles and/or blister rust were responsible. 
While the exact nature of death was difficult to 
determine,dead trees with extensive evidence 
of blister rust had shed their needles while 
those that experienced severe beetle attacks 
were left standing with the majority of their 
needles intact. There was no evidence of cur
rent beetle attacks, however, there were blister 

Project Title: Backcountry day use 

Investigator: Kate Kendall 

Backcountry day use was studied for a third 
year in the Many Glacier Valley. Approxi
mately 9400 registration cards were collected 
and entered in a computerized data base. Trail 
registration compliance rates averaged 62% 
which was fairly consistent with rates in the 
previous two years. Total backcountry hiker 
and horse use for the Valley in 1990 was esti
mated at 57,600 visits. 
Two reports on this work were completed in 

rust sporangia present on many of the trees 
examined. All stages of blister rust infection 
were present, but Ribies sp., the secondary 
host, was not found in the immediate area. The 
height distribution of whitebark pine was: 63% 
were 0-12 ft., 25% were 13-35 ft. and 12% were 
greater than 36 ft. The percentage of those size 
classes infected by blister rust were: 25%, 86% 
and 100%, respectively. Two remaining obser
vations surfaced during this study that could 
be examined in future investigations. First, the 
role of the porcupine in blister rust infesta
tions. Many trees throughout the region had 
neatly gnawed areas around the infections. 
Second, even the slightest needle fading was 
obvious when sunglasses with red (rose-col
ored) lenses were worn. These could be ex
tremely helpful during auto or aerial surveys. 

1990. /1 An estimate of backcountry day use in 
the Many Glacier area, Glacier National Park, 
1989 season" by AM. Braithwaite, S.F. McCool, 
A. Walker and K.C. Kendall summarizes 1989 
use and /1 A manual for unstaffed trail registra
tion compliance checking in the Many Glacier 
area, Glacier National Park, Montana" by A.L. 
Walker documents the methods used for 
compliance checking. A report on the 1990 
season containing a summary of the 3-year 
study will be available in the spring of 1991. 

· '-- Chris Brown 
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Project Title: Wolf ecology project 

Investigators: Robert R. Ream, Daniel H. Pletscher, Diane Boyd and Michael Fairchild 

Wolf populations began to recovernaturally in 
the vicinity of Glacier National Park in the 
early 1980' s. The current research project was 
initiated in 1984 to document wolf recovery in 
this area and to investigate how wolves re
cover in a Rocky Mountain ecosystem. The 
objectives are to determine wolf population 
dynamics and wolf movements, home ranges, 
and territories. 

During 1989, only the Head waters pack had a 
successful den in the headwaters of the North 
Fork of the Flathead River drainage in British 
Columbia. The Camas pack denned in Glacier 
National Park, but the litter of pups died when 
less than a month old, apparently from dis
ease. The former Wigwam pack disappeared 
in the spring of 1989, and researchers were able 
to trap and collar only one 
apparently lone male in 
the pack's former range. 

All radio-collared 
wolves were located 
r-reekly from fixed 
wing aircraft, and 
the Camas pack 
was located by 
trian-

gulation from the North Fork Road about three 
times a week and almost daily in the winter. 
Researchers followed tracks on skis to locate 
kills, map travel routes, and collect scats. During 
the first three winters of this study, wolves 
killed almost equal numbers of white-tailed 
deer and elk, while during the last two win
ters, almost six times as many white-tailed 
deer were kiJled as elk. This difference is 
attributed to very mild, light snow conditions 
during the first three winters and relatively 
harsh, heavy snow conditions during the last 
two winters. 

During the spring of 1990, two females in the 
Camas pack apparently bred; they split and 
separated by about 22 kilometers to whelp just 
before denning began. Some adults went with 
each female, and there was some interchange 

between the two den sites. Each female pro
duced six pups. The Headwaters pack, 

which had moved over into the now ap
parently vacant Wigwam River drain
age during the previous autumn, win
tered and denned there. In July, the 
Headwaters pack left the Wigwam with 

the pups; but the pups were no longer 

. -· 

with the pack by late 
summer . 

. ~-'··· .... -... 
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Two females that had dispersed the previous 
year were followed only occasionally during 
the past year because of long distances and 
budget constraints. One female was observed 
with a gray adult wolf and four gray pups in 
the Kananaskis area of Alberta, just south of 
Banff National Park in August. Another fe
male was found in the upper Old Man River 
drainage in Alberta. 

During the past year, Geographic Information 
System (GIS) data bases were established, along 
with data bases from Glacier National Park 
and the Flathead National Forest, at the For
estry School's GIS Laboratory. Winter track
ing travel routes were digitized, along with 
locations of kills, scats, and bed sites. Informa
tion from moose, elk, and white-tailed deer 
population and mortality studies will be added 
during the coming year. 

Project title: Gray wolf prey base ecology (moose) 

Investigator: D.H. Pletscher, R.R. Ream and M. Langley 

The overall goal of this research is to under- her 2 calves, was probably taken by wolves. 
stand more about moose ecology in an area Calving site locations were determined for 10 
recently recolonized by wolves. The objec- animals based on daily locations obtained during 
tives are to: 1) determine seasonal distribution May and June. These sites were examined on 
of moose; 2) gather data on cause-specific the ground using a revised Ecodata format. 
mortality rates; 3) estimate age and sex distri- Additional calving sites, as well as rando~- - . 
bution; 4) establish an index to moose abun- sites, will be similarly examined during the 
dance; and 5) determine critical features of summer of 1991. 
moose calving sites. 

Flight transects will be conducted in the winter 
Adult cow moose were captured from a heli- of 1990-91 to determine age and sex distribution 
copter using a Cap-Chur dart gun in January, and to establish an index to moose abundance 
1990. Each was fitted with a motion sensitive thatcanbecontinuedbyGlacierNationalPark. 
radio collar and released. Since January, 858 Additional moose will be captured in De<:ember 
locations have been obtained for 21 animals. In 1990 to reach our objective of 30 radio-collared 
July, 2 radio-collared animals died, one from a animals. 
grizzly bear attack and the other, along with 

-··- . ·-----.... .. 
. . " 

> • '· ~ 

~ l. ····,.::· ... ~·~,-!~ ~-~;.-- .... -· .. 

. . . ~·~ 
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Jim Jokerst 
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Project Title: Gray wolf prey base ecology in the North Fork Flathead River 
drainage. 

Investigators: CL. Marcum, D.H. Pletscher, M. Bureau, D.A. Childress, and B. Mclellan 

Project Title: 

In ves tiga tor: 

The four goals of this study of the elk (Cervus using radio-telemetry have been collected on 
elaphus) inhabiting the North Fork of the summer and winter ranges and migration routes. 
F1athead River drainage are to determine: 1) Spring aerial counts for estimating herd com
age and cause-specific mortality; 2) seasonal position were found to be inadequate and 
distribution and migration; 3) age and sex counts were moved to early winter. The cow I 
composition; and 4) an index to population calf ratio as of 1 September was 100:50. Road
change. Sixteen elk were captured using col- side counts and pellet transects have been 
lapsible Clover traps and fitted with mortality conducted for an index to elk abundance, and 
collarsduringwinter1989-90. Twowerekilled aerial counts will begin early winter 1990. 
by lions (Felis concolor) at ages 8 and 13 and Trapping of elk will continue until a total of 30 
one died from infection. Over300elklocations elk are collared. 

Mortality and seasonal distribution of white-tailed deer in an area 
recently recolonized by wolves 

D.H. Pletscher, CL. Marcum and J. Rachael 

Study objectives include: 1) evaluate cause
specific mortality of white-tailed deer; 2) de
termine seasonal distribution of deer; 3) de
velop an index of deer abundance; 4) estimate 
population sex -and age-structure; and 5) iden
tify habitat characteristics important during 
the fawning period. 

Of 23 deer captured and radio collared from 
January-March 1990, 4 have died, and 1 radio 
transmitter has ceased functioi:ling. Wolves 
killed 1 radio-collared deer in mid-March, and 
are probably responsible for predation on 
another in early June. A probable bear kill 
occurred in June, though it is possible that the 
bear may have scavenged the carcass shortly 
after the deer died from other,· undetermined 
causes. The fourth deer mortality was the 
result of a Glacier Park management action in 
which the human-habituated animal was in
jured during a relocation attempt ~nd had to 
be euthanized. .. ··· 

'::·::~: 
\: ,, ·. ::' . A p6J>blati0.n monitoring index has been initi-

'.~ ~1~:r:::/.__ :;:.:f.· . .. . ateq; and preli~lJ~ID' estimates o~ population 

· ... 
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Project Title: Response of cavity-nesting birds to the effects of the Red Bench 
Fire 

Investigators: B. R. McClelland and Elaine Caton 

Study Objectives: 1) characterize nesting sites 
used by cavity-nesting birds; 2) characterize 
foraging sites used by woodpeckers; and 3) 
relate nesting and foraging site use frequencies 
to 4 bum severities. 

Study Methods: We established nest site 
transects within the burn by choosing random 
starting points. Randomly selected compass 
bearings were extended from those points to 
the edge of the bum. Transects were walked 
from 7 June to 9 July. A series of tree and 
habitat measurements was recorded at each 
nest site. Burn severity at each site was desig
nated as: a) low intensityunderbum; b) crown 
scorch; c) crown bum black; and d) crown 
burn severe (classes identified by park geogra
pher C. Key). 

We examined woodpecker foraging at 2 sites, 
each encompassing the 4 burn severities. At 
random points on random transects, 100 m2 
plots were established. Various tree character
istics and amount of bark disturbed by forag
ing woodpeckers were recorded. 

Results: We located 90activecavitynestsofl 1 
bird species: northern saw-whet owl (Aego
lius acadicus); northern flicker, red-shafted 
race (Colaptes auratus); pileated woodpecker 
(Dryocopus pileatus); red-naped sapsucker 
(Sphyrapicus nuchalis); hairy woodpecker 
(Picoides villosus); downy woodpecker (Picoi
des pubescens); black-backed woodpecker 
(Picoides arcticus); three-toed woodpecker 
(Picoides tridactylus); tree swallow (Tachycineta 
bicolor); red-breasted nuthatch (Sitta canad::.----· 
ensis); and mountain bluebird (Sialia currucoi
des). 

Most nests were in aspen (79%). Intact snags 
were the most common structure type and 
most of these appeared to have been alive 
before the fire. Evidence of advanced (pre
fire) decay was indicated in 83% of the nest 
trees by the presence of conks and/ or by soft~ 
ness of excavation chips. Slightly less than 
50% of nest trees had additional nest-type 
ca vi ties present, indicating preburn use. Knots 
appeared to have been naturally excavated by 
fire, allowing use by secondary cavity-nesters 
such as swallows and bluebirds. Cavities were 
oriented in all directions; southwest was the 
least common orientation. 

Nest trees averaged 37 cm dbh. The larger 
woodpeckers tended to use larger trees. Tree 
and nest height varied among species. Al
though nests were found in all burn severities, 
most were found in the more severely burned 
areas. 

Evidence of woodpecker foraging was found 
in all burn severities at both sites. Lower bum 
severities were used more than severely burned 
areas; this may relate to bark having been 
consumed more extensively by high intensity 
fire. Western larch, lodgepole pine, and Douglas
fir were used most by foraging woodpeckers. 
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Project Title: Numbers and movement patterns of bald eagles associated with 
autumn concentrations 

Investigators: B. R. McClelland, P. T. McClelland, S. J. Gniadek, R. E. Yates, and E. L. Caton 

Weekly counts of bald eagles (Haliaeetus leu- lapsed population in Flathead Lake) persists 
cocephalus) in the Lake McDonald and lower andspawnersinthevicinityofLakeMcDonald 
McDonald Creek areas were continued during Lodge attracted up to 10 eagles, including the 
autumn 1990. These systematic counts, initi- Lake McDonald resident pair. Count results 
ated in 1965, provide long-term documenta- were again used by management to trigger 
tion of the dynamic nature of this phenome- specific site closures (to public use) for the 
non. The peak count of bald eagles this year purposesofenhancingeagleviewingopportu
was 22 on 11 December. This compares with nities for people and reducing disturbance to 
peaks of 25 in 1989 and 639 in 1981. We the birds. 
recorded 686 eagle-use-days for lower 
McDonald Creek and lower Lake McDonald We received a number of reports of marked 
(644in1989)and268forupperLakeMcDonald eagle sightings (eagles marked at previous 
(427 iri 1989). There were approximately 200 autumn concentrations in Glacier). All sight
kokanee salmon (Oncorhynchus nerka) spawn- ings came from previously identified migra
ers in lower McDonald Creek; only 50 were tion ·routes or wintering areas. No sightings 
documented the previous year. Eagles were were reported from the Missouri River con
still feeding on kokanee in lower McDonald centration near Helena, Montana, nor from the 
Creek on 20 December, unusually late. Com- Kootenai River concentration near Libby, 
pared with the 1985 count of 118,000 salmon, Montana. We believe that most eagles that 
the collapse is evident. Food web changes that formerly stopped at McDonald Creek are 
have affected this eagle concentration are de- continuing to use the same migration corridor. 
scribed in a recently published article: Spencer, There is as yet no evidence of a major shift to 
C.N., B.R. McClelland,andJ.A. Stanford.1991. the east or west. Analyses of data from the 
Shrimp stocking, salmon collapse, and eagle study of marked eagle migrations patterns 
displacement: cascading interactions in the food (1977-1990) are currently being prepared for 
web of a large aquatic ecosystem. Bioscience publication submission. 
41(1):14-21. 

The kokanee population in Lake McDonald : 1 
(separate from the . lower McDonald Creek : 'I 
spawners which came primarily from the col-

I 

Jim fokerst 
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Project Title: Bald eagle productivity and nest site characteristics 

Investigators: B. R. McClelland, P. T. McClelland, E. L. Caton, S. J. Gniadek, and R. E. Yates 

Glacier's six bald eagle nesting territories and 
two territories adjacent to the park were moni
tored for occupancy, activity, and success during 
1990 (for the ninth consecutive year). Activity 
was documented during brief overflights in 
Cessna 182 aircraft and from ground observa
tion sites. Only two nests were successful. The 
Bowman Lake and Logging Lake pairs each 
produced a single fledgling. 

As has been typical in recent years, the Lake 
McDonald pair failed during incubation. Bald 
eagle productivity for the 8 nests (1982-1990) 
averaged 0.58 young per occupied nest and 
40% success. This represents the lowest pro
ductivity in Montana. Statewide, young per 
occupied nest has recently averaged 1.3, with 
a success rate of 75%. The Northern States 
Recovery Plan established criteria of at least 
1.0 young per occupied nest and 65% success 
for delisting. 

Project Title: Peregrine falcon survey 

Investigators: R. E. Yates and J. E. Weaver 

Prior to 1989 no systema ticinventory of raptor 
nesting areas had been conducted in Glacier 
National Park, Montana. Beginning in 1989, 
funds were provided through the Rocky 
Mountain Regional Office of the National Park 
Service and the Peregrine Fund to survey po
tential peregrine falcon (Falco peregrinus) 
nesting areas. Peregrine falcon populations 
were decimated by extensive use of the pesti
cide DDT during the 1950's and 1960's. Pere
grine recovery has hinged on a reintroduction 
program. The present and historic status of 
the endangered peregrine falcon in the park 
must be determined prior to any reintroduc
tion efforts. 

The objectives of this project were to survey 

The low productivity in Glacier is primarily a 
result of two related factors: 1) most of the 
nesting territories have inconsistent and rela
tively unproductive forage bases at least par
tially as a result of man-caused changes in the 
biota; and 2) recreational facility development 
and associated use in the territories negatively 
impact the limited foraging sites. Preparation 
and implementation of site-specific manage
ment plans based on carefully designed re
search could ameliorate some of the human 
disturbance factors. 

Nest sites were characterized by measurements 
of habitat and variables at the eight nest sites. 
Preparation of a manuscript will be completed 
in 1991. 

August 1990, 118 days were spent in the field, 
including 284 hours observing potential pere
grine falcon nesting cliffs. Potential nesting 
cliffs were chosen due to their proximity to 
suitable prey species or riparian habitat, and 
vicinity to reliable sightings of peregrines during 
sununer months. No peregrines or peregrine 
eyries were observed by project personnel in 
1990 .. Two visitor sightings of peregrines near 
St. Mary Lake were recorded for July. Produc
tivity of cliff-nesting raptors appeared to be 
poor,. possibly as a result of heavy rainfall 
during May, when incubation is normally ini
tiated. Potential peregrine falcon cliffs to sur
vey or resurvey and potential raptor nesting 
territories also were recorded. 

and "clear" potential peregrine falcon nesting All raptor nests within the potential peregrine 
cliffs in the proximity of suitable habitat, and territories were documented as baseline infor
todocument all other raptor activity and nests mation. Golden eagle, (Aquila chrysaetos) 
within these areas. Between 16 April and 31 great-homed owl (Bubo verginianus), and 
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prairie falcon (Falco mexicanus) nests a1so were 
documented as they are potential competitors 
with peregrines for food and nest sites, or they 
may prey on young peregines (U.S. Fish and 
Wildlife Service, 1984). 

During the 1990 field season, 25 raptor territo
ries were documented as follows: American 
kestrel (Falco asperverius), three; common raven 
(Corvus corax), five; golden eagle, seven; prai
rie falcon, nine; and red-tailed hawk (Buteo 
jamaicensis), one. Nests or eyries were identi-

fled in 11 of the territories. Young were docu
mented at two golden eagle nests and two 
prairie falcon eyries. Of seven occupied golden 
eagle nests, only two were active. Both of 
those nests fledged two young. Nine occupied 
prairie falcon territories were documented, 
two were active, and only one was known to 
have produced fledglings. 

This three year project will continue through 
the 1991 field season if funding is available. 

Project Title: Ecology of the northern bog lemming 

Investigators: Kerry R. Foresman and Dean E. Pearson 

The northern bog lemming (Synaptomys bore
alis) is one of only two living members of a 
genus restricted to the new world. Its range 
extends from Alaska to eastern Canada and 
reaches just below the United States border in 
the west and extreme east. Some of the south
ern-most populations occur in Montana where 
it is one of the rarest mammals in the state. 

The northern bog lemming makes a timid 
appearance in the scientific literature. Though 
general infonnation is available about its range, 
little is known of its ecology. Our primary 
objectives are to explore the population dy
namics and general ecology of this rare mam
mal. 

In 1990 we focused primarily on identifying 
the distribution of the northern bog lemming. 
We trapped 12 locations in western Montana, 
9 of which were in Glacier National Park. This 
effort resulted in two new captures. The first 
capture, at Shoefly Meadows near Missoula, 
reconfirmed the lemmings' existence at the 
southern extent of its range in Montana. The 

Project Title: Breeding bird surveys 

Investigator: Steve Gniadek 

only previous record from this site was taken 
in 1969. The second site, Numa Ridge Bog in 
Glacier National Park, established a new loca
tion for the species. 

In addition to the distributional studies in 
1990, we briefly looked at using fecal tracking 
boards and modifications of traditional small 
mammal traps as study methods. These pre
liminary studies suggest that the tracking boards 
used iri conjunction with new or modified 
traps may be critical to furthering knowledge 
of the northern bog lemming. 

The biological journals contain vast quantities 
of information on most mammals of the United 
States and Canada. This information is essen
tial to helping us understand how to protect 
endangered species. The northern bog lem
ming is one of the few remaining mammals of 
which little is known. Being rare and existing 
in isolated populations, this species' contin
ued existence may be contingent upon acquir
ing knowledge of its needs and relationship to 
its environment. 

The Logan Pass Breeding Bird Survey (BBS) mile intervals. The Logan Pass BBS, with stops 
and the Inside Road Mini-BBS are components at approximately half-mile intervals due to 
of a continent-wide effort to monitor bird availability of pullouts, extends along the Going
populations. The BBS is a standardized road- to-the-Sun Road from Wild Goose Island Post
side survey route, sampled annually, consist- card View to McDonald Falls. It was estab
ing of three-minute counts at 50 stops at half- lished and first surveyed in 1980 and resur-
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veyed annuaUy since 1988. 

The Inside Road Mini-BBS, consisting of half 
the number of stops (25) of a standard BBS, 
was established during 1989 along the Inside 
North Fork Road and Bowman Lake Road 
from Logging Creek to near Bowman Lake. 
This route has 15 stops within the 1988 Red 
Bench Bum and 10 stops in unburned forest. A 
road obstruction prevented completion of the 
survey during 1989; the first complete survey 
was made during 1990. Results of these sur
veys, run during late June, will be used with 
other information to assess trends in conti
nent-wide avian populations. Information 
gathered from these surveys will also be help
ful in documenting and quantifying bird dis
tribution and abundance, and in assessing bird 
population and community trends within 
Glacier Park. 

During the 1990 surveys, 275 individuals of 41 
species were detected on the Logan Pass BBS 
and 226 individuals of 45 species on the Inside 
Road Mini-BBS. The Swainson's thrush was 
the most common bird on the Logan Pass 
route, with 31 at 21 stops, followed in relative 
abundance by MacGillivray's warbler, fox 
sparrow, warbling vireo, Townsend's warbler, 
and pine siskin. These 6 species comprised 
52% of the birds detected. Other birds of note 
included 11 black swifts, 5 Vaux's swifts, and 
one water pipit. The Oregon junco was the 
most common bird on the Inside Road route, 
with 34at19 stops, followed in relative abun
dance by Swainson's thrush, American robin, 
pine siskin, Audubon's warbler, and warbling 
vireo. These 6 species comprised 48% of all 
birds detected. Twelve woodpeckers of 5 
species, 1 black swift, 1 European starling, and 
1 red-winged blackbird were noteworthy. 

Chris Brown 
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Project Title: Effects of the 1988 Red Bench Fire on coleopteran and 
hymenopteran populations 

Investigators: Michael A. Ivie and Kevin M. O'Neill 

The insect orders Coleoptera and Hymenop
tera are 2 of the most biologically diverse 
groups of animals, yet their occurrence and 
ecosystem relationships within Glacier Na
tional Park remain virtually undocumented. 
This study is directed toward an understand
ing of the biodiversity of these groups in the 
North Fork Flathead River drainage, and the 
effects of fire-induced perturbations on occur
rence and abundance of species within each 
group. The information will be important in 
the management of fire as a tool for maintain
ing biological diversity in the park. 

Permanentstudysites were established in 1989 
in wet meadow, 1840-dass lodgepole pine, 
and old growth communities, with both burned 
and unburned replicates (3) of each combina
tion. Forest communities were further di
vided into light and hard burn treatments. 
Each site received 5 pit-fall traps, and each 
forest site 3 flight intercept traps and a Lind
gren funnel trap. Counts of all coleopteran 
and hymenopteran species captured are taken 
monthly throughout the season. 

Data collection continued in 1990, and data 
capture of the 1989 collection was completed 
for Coleoptera. The 1989 Hymenoptera data 
capture has progressed wen, and the 1990 
capture is in progress. Preliminary data for 
261 species of beetles (of an estimated 350) 
have been entered for 1989, with fields for 
habitat, burn 'treatment, trap type, trap iden
tity, date, species identity and abundance. These 
species represent 48 families, and include heroi
vores, predators, fungivores, detritivores, 
parasites, and wood-borers. 

In its final form, this project will generate a 
data matrix 127 traps X ca. 600 species X 5 
years of monthly samples, with the entries in 
specimen numbers. This data set will be sub
ject to analyses with a variety of statistical 
methods, including analysis of variance and 
multiple contingency. These analyses will 
answer questions about the impact of fire, 
specificity of habitat/species (or group) inter
actions, relative abundance, seasonality, guild 
effects and many others, by species, group or 
individuals. Managers with concerns regard
ing any of the factors in the data base will be 
able to ask questions about effects of fire on 
biodiversity for any permutation of depend
ent values. It is hoped that these data will 
provide for predictive, scientifically validated 
information that will translate into better 
management choices. 
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Project Title: Relation between discharge and distribution of hyporheic habitats 
within selected stream segments 

Investigators: Jack A. Stanford, Bonnie K. Ellis and William R. Hansen 

While the existence of alluvial aquifers on the discharge will be made. The hyporheos of the 
intermontane floodplains of gravel-bed rivers North Fork, Nyack Creek and the North Fork 
has been understood for years, recently Stan- of Cutbank Creek will be surveyed to deter
ford and Ward (1988) discovered that these mine if the community is similar to that of the 
hypogean systems are inhabited by a unique Nyack in order to support the rationale that 
biota that includes large-bodied organisms the Nyack site is reasonably representative of 
(Insecta: Plecoptera) that have terrestrial life major stream corridors bounding GNP. · 
stages. Indeed, it appears that biodiversity in 
gravel-bedriversisinlargemeasurerelated to Owing to a desire on the part of the NPS to 
the existence of hypogean food webs. More- establish federal reserve water rights for the 
over, downstream transport of dissolved and main tributaries of GNP, the purpose of this 
particulate matter by the river appears to be vi- cooperative research is to quantify existing re
tally influenced by biogeochemical cycles within lations between river flow patterns that relate 
these food webs. This four-dimensional pie- to the maintenance of hyporheic habitats and 
ture of river ecosystems is a holistic way of biotawithintheNorthandMiddleForksofthe 
viewing rivers and has significant implica- Flathead River and the North Fork of Cutbank 
tions for the determination of minimum in- Creek. These are major streams that drain 
stream flows. much of GNP and should serve as key seg-

ments for articulating the water rights issue. 
The extent (volume) of hyporheic habitat on The goal of this cooperative project is to pro
the Nyack floodplain will be determined as a vide a data base that describes the relationship 
function of river discharge. A determination between river discharge and the unique hy
of the change in hyporheos of the Nyack porheic biota of the gravel-bed rivers in GNP. 
floodplain in relation to the volume of habitat 
available or other physical and chemical vari-
ables that are known to vary in relation to 

Project Title: Monitoring water quality of selected lakes 

Investigators: Bonnie K. Ellis, Jack A. Stanford, James A. Craft, and Kristin A. Selivanoff, 

The lakes and streams of Glacier National Park thology. Biophysical variables (e.g. chemistry, 
are thought to be unaffected by anthropogenic phytoplankton, zooplankton) were analyzed 
pollution. However, few water quality data in samples from all the lakes and in the frontcoun
existto support this contention and the park is try lakes (e.g. McDonald, Two Medicine), in 
literally surrounded by land-use activities that situ profiles (e.g. relative fluorescence, light, 
threaten its pristine waters. In order to estab- temperature, pH, DO, specific conductance) 
lish a water quality baseline for Glacier Na- were obtained. 
tional Park lakes, the National Park Service 
and the Flathead Lake Biological Station began In comparison to the backcountry lakes, the 
a long-term (i.e., 10+ years) cooperative moni- frontcountry lakes generally had higher con
toring program in 1984. Five of the large centrations of those chemical constituents which 
frontcountry lakes, which are heavily used by contribute to alkalinity and conductivity. 
park visitors and have lakeshore developments, However, samples from Two Medicine Lake 
were selected for study along with eight were very low in alkalinity (i.e., 12-19 mg/l). 
backcountry lakes, which are located in very The backcountry lakes of Gyrfalcon, Upper 
"remote, alpine headwater areas of varied li- Dutch, Snyder and Cobalt are poorly buffered 
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(e.g. 2-16 mg/I alkalinity) and numerous acidic 
pH readings have been obtained. These lakes 
would be very sensitive to acidic deposition. 
In contrast, Stoney Indian Lake is well buff
ered and has consistently had the highest 
conductivity, alkalinity and dissolved inor
ganic carbon concentrations of the backcoun
try lakes. 

Analyses to detect the presence of 6 specific 
pesticides in the frontcountry lakes indicated 
the possible presence of heptachlor in all lakes 
but Swiftcurrent. Confirmation would require 
mass spectrophotometry. Abnormal peaks 
were also observed in pesticide scans of all the 
frontcountry lakes, indicating the presence of 
halogenated hydrocarbons other than the 6 
pesticides analyzed. 

Baseline limnological data on the alpine and 
subalpine lakes of Glacier National Park will 

provide scientists with essential information 
needed to monitor water quality. This work 
has provided data for a number of important 
research papers (e.g. Ellis and Stanford 1988, 
Stanford and Prescott 1988). 

Ellis, B. K. and J. A. Stanford. 1988. Nutrient 
subsidy in montane lakes: fluvial sediments 
versus volcanic ash. Verhandlungender Inter
nationalen Vereinigung fur Theoretische und 
Angewandte Limnologie 23:327- 340. 

Stanford, J. A. and G. W. Prescott. 1988. 
Limnological features of a remote alpine lake 
in Montana, including a new species of Clado
phora (Chlorophyta). Journal of the North 
American Benthological Society 7:140-151. 

Tau Rho Alpha 

Project Title: Effects of the 1988 Red Bench Fire on stream water chemistry 

Investigators: Craig N. Spencer and F. Richard Hauer 

Previous studies have documented changes in tivity. The Red Bench Fire burned the lower 
stream water chemistry following wildfires; portions of three watersheds (Akakala, Bow
however, our study is the first documenting man, and Quartz Creeks) in the North Fork 
changes occurring during actual wildfire ac- Flathead River drainage. Monitoring stations 
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were established within the burned section of to be from diffusion of smoke gasses into the 
each of the.se streams, as well as on sites lo- stream waters. 
cated upstream from the fire perimeter. 
Additional control sites were located on Log- Phosphorus and nitrogen levels increased again 
ging and Anaconda Creeks, located totally in fire-impacted streams during the subse
outside the fire zone. Sample collection began quent spring run-off (1989) and again during 
within 12 hours after the outbreak of the fire the spring run-off in 1990. Peak nutrient con
and measurements included a variety of physi- centrations during spring run-off were corn
eal and chemical parameters including phos- parable during the first two years following 
phorus, nitrogen, carbon, metals, and discharge. the fire. Monitoring will continue for at least 

two more years to evaluate nutrient retention 
Phosphorus and nitrogen concentrations in- capacities as the watersheds revegetate. 
creased 5 to 60 fold over background levels 
within the first two days of the fire with maxi- Results from this study indicate that signifi
mum recorded concentrations for dissolved cant nutrient enrichment of surface waters 
nutrients reaching as high as 135 ug/L soluble may occur downwind from large fires, result
reactive phosphorus, 261 ug/L ammonium, ing from aerial transport of volatile gasses and 
and 61 ug/L nitrate. Nutrient concentrations airborne particulates. Significant nutrient 
declined to background levels typically <5-10 loadings also may occur for at least several 
ug/L within several days to several weeks. years via overland flow and grooodwater trans
Experimental evidence suggests that the pri- port. Suchnutrientloadingshavethepotential 
mary source of the short-term phosphorus to stimulate periphyton growth, which in turn 
increase was from leaching of ash deposited may impact benthic invertebrates and other 
directly into the streams during the firestorm trophic levels within the stream ecosystem. ---
while the primary source of nitrogen appeared 

Project Title: Airshed management 

Investigator: Bill Michels, Lindy Key and Lynne VanHorn 

Air pollution is a potentially adverse influence 2~ 
to Glader National Park, affecting visibility, 
flora, fauna, and aquatic resources. The qual-

Identify park resources that may be af
fected by air pollution. Air Quality Related 
Values (AQRV) are those resources which 
are dependent on good air quality. 

3. Evaluate effects of air pollutants on park 
resources and visitor enjoyment: 

ity of the air in the park plays a vital role in the 
perpetuation of cultural and natural resources. 
Park managers have the affirmative responsi
bility to protect air quality related values. In 
order to accomplish the air resource objec
tives, Glacier National Park has initiated the a. 
following activities: 

Biological indicator network including li
chens 

b. Visual air quality analysis 
1. Participate in regional monitoring programs: c. Baseline research of aquatic systems 

a. National Atmospheric Deposition Program 
(NADP) - acid precipitation 

b. National Dry Deposition Program (NDDP) 
- dry deposition 

c. Interagency Monitoring of Protected Vis-

d. Vegetative and ambient analysis for fluo
ride 

4. Maintain an updated emission inventory 
to determine the sources of pollutants. 

ual Environments (IMPROVE) - aerosol 5. 
fine ,particulate, transmissorneter 

Mitigate air pollution through a diversity 
of opportunities and responsibilities that 
apply policy, data and legal documenta
tion. 

d. National Trends Network (NIN) - research, 
analysis, and long-term monitoring of acid 
precipitation 
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Project Title: Lake McDonald fishery investigations 

Investigator: Leo F. Marnell 

Project Title: 

Investigators: 

This project is part of a comprehensive fisher- ment movements and habitat utilization of the 
ies-limnology investigation planned for the various species; (3) determine the extent of 
Lake McDonald basin. It is supported by the ecological conflicts between native and non
NPS and by the Montana EPSCOR Program. native species; and (4) recommend possible 
Additional fisheries work planned for second- management actions to minimize the adverse 
ary lakes and streams in the Lake McDonald effects of non-native fish on the indigenous 
basin is currently suspended pending the avail- biota. 
ability of necessary support funds. Funds 
available in FY90 were sufficient to carry out Specimens collected by gill nets were weighed 
limited fisheries studies only on Lake McDonald. (gm), measured (TL in mm), and sex was iden-

tified by internal examination. Scales and 
Lake McDonald was selected for this work otoliths were removed for age and growth 
because the ecosystem exhibits problems typi- analyses and stomachs were preserved from 
cal of several perturbed aquatic systems in specimens containing gut contents. Scale and 
Glader National Park. A case-study approach otolith analyses and identification of stomach 
is being pursued as a means for acquiring contents will be carried out this winter. 
information about the degree of disturbance to 
the indigenous aquatic community, primarily Bull trout (Salvelinus confluentus), lakewhite
due to the presence of non-native fish species. fish (Coregonus clupeaformis), and lake trout 

(SalveJinus namaycush) were collected from 
Purpose of the work is to document the nature Lake McDonald in the fall. Seasonal (i.e. spring, 
of ecological interactions between native and summer, fall) fish collections will be combined 
introduced fish species in Lake McDonald. with snorkeling observations and sonar data 
Objectives are to: (1) describe the food habits in 1991. 
of native and introduced fish species; (2) docu-

Montana EPSCOR -- Complex interactions in large oligotrophic 
lakes: non-native species as strong interactors controlling spatial 
and trophic linkages 

Jack Stanford, Ric Hauer, Craig Spencer, Stephen Running, Andrew Sheldon, 
and Leo F. Marnell · 

In 1989 the NPS embarked on a joint research resulting interactions depends upon the com
effort with the University of Montana, flathead binations and phenologies of non-native and 
Lake Biological Station to study trophic rela- indigenous populations that are present. The 
tionships and energy dynamics in aquatic role of introduced fisheries is believed to be 
communities at selected sites throughout the particularly significant. This hypothesis pre
flathead River basin. The project is funded by diets that primary production and associated 
the Montana EPSCORProgram (Experimental nutrient availability (i.e., bottom-up controls) 
Program to Stimulate Cooperative Research), are of little consequence in determining food 
an affiliate of NSF, and by the University of web linkages in these lakes. 
Montana. 

The primary research site for this work is 
The main premise of this research is that non- Flathead Lake, Montana, where a 17-year data 
native invertebrates and introduced fisheries recordexistsdescribingabioticconditionsand 
alter food webs in natural oligotrophic lakes in population dynamics of zooplankton, phyto
predictable but different ways. The nature of plankton, and the fishery. The EPSCOR team 
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also has at its disposal an array of smaller but 
trophically similar lakes, one of which is Lake 
McDonald, which provide ideal control situ
ations for trophic comparisons with Flathead 
Lake. Lake McDonald contains neither opos
sum shrimp (Mysis relicta) nor yellow perch 
(Perea flavescens), both present in Flathead 
Lake. 

Objectives of the Montana EPSCOR program 
are to: (1) describe seasonal variances in zoo-
plankton and phytoplankton community 
composition in study waters to a depth of 50 
M.; (2) calculate daily and hourly estimates of 
primary production and chlorophyll-a con
centration in the zone of photosynthetically 

Project Title: Cutthroat trout management 

Investigator: Leo F. Marnell 

active radiation; (3) analyze time-series collec
tions of selected nutrients; (4) identify contents 
of stomachs collected from larval, juvenile, 
and adult fishes representing all species pres
ent in the study lakes; and (5) determine age 
and growth rates for species of fish present in 
study waters by comparative scale and otolith 
analyses. 

The EPSCOR team is currently preparing an 
expanded proposal for a continuation of this 
program through NSF support; EPSCOR 
funding is limited to 2 years. NSF support 
would extend the study for an additional 5 
years. 

Half a century of non-native fish introductions A management report will be prepared in 
in Glader National Park has obscured the ge- conjunction with the NPS Science and Natural 
netic and ecological status of the native cut- Resources Division (SERO, Atlanta) and sup
throat trout. Research conducted between port from the Rocky Mountain Regional Chief 
1978and 1987yielded positivegenotypiciden- Scientist's office. This document will contain 
tifications of all existing lake resident cutthroat management recommendations and will serve 
trout populations in the park and documented as the foundation for future management of 
the locations of surviving populations of ge- the cutthroat trout in Glacier National Park 
netically pure trout. Results from that work 
have been published in two technical articles. 

Project Title: Sediment geology of Lake McDonald 

Investigator: Henry T. Mullins 

Extensive research has been carried out by this 
research team in the Finger Lakes region of 
New York and in Canada to obtain informa
tion about the geological histories of glaciated 
basins. Similar studies were conducted on 
Lake McDonald in Glader National Park in 
1987-88 as a basis for comparing lake substrate 

· morphologies. A boat employing side-scan
ning sonar was used for the work. 

More than half of Lake McDonald is character
ized by substrate material that limits seismic 
penetration. This observation suggests that 
near-surface sediments may contain biogenic 
methane gas resulting from a previous period 

of eutrophication. Exact cause of poor seismic 
impenetrability is unknown. 

Where deep sediment penetration was pos
sible, the data revealed a well developed V
shaped gorge with more than 120 M of sedi
ment fill. This finding suggests a significant 
pre-glacial flu vial history. A summary of find
ings and lake sediment maps resulting from 
this work were prepared for Glacier National 
Park. 
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Project Title: Location of water inflow sources to two mountain lakes by means 
of water temperature measurements 

Investigator: Stephen E. Silliman 

This work pioneered the technique of using Fish Lake was a single subsurface spring; sev
precision on-site.measurements of water tern- eral sources of inflow were detected at Gun
peratures to locate subsurface inflows in two sight Lake. Additionally, the suspected out
small high elevation lakes in Glacier National flow of Fish Lake across a marsh was validated 
Park. Fish and Gunsight Lakes are charged by with this technique and confirmed through the 
very different inflow sources. The inflow of use of color infrared photography. 

Project Title: Biology of the bull trout (Salvelinus confluentus) in Upper Kintla 
Lake 

Investigator: Leo F. Marnell 

A relic population of bull trout exists in Upper land-locked char populations of the arctic region. 
Kintla Lake in the North Fork drainage of Studies ongoing since 1984 have examined 
Glacier National Park. The lake is isolated by foodhabits,ageandgrowth,andreproductive 
a downstream falls and no other species of fish biology of the population. Field work in 1990 
occurs in the lake. The population appears to concentrated on reproductive physiology. Five 
have evolved some unusual life-history spe- female specimens were collected for fecundity 
cializations to cope with isolation. Similar and egg size studies. Work is expected to 
adaptations have been reported for certain continue for two more seasons. 

Project Title: Amphibian survey 

Investigator: Leo F. Marnell 

Amphibians appear to be on the decline glob
ally. Although the exact cause(s) is unknown, 
there is speculation that add deposition and/ 
or high levels of UV light may be involved. In 
some regions, including the southern Sierra 
Nevada Range in North America, certain spe
cies of formerly abundant frogs and salaman
ders have all but disappeared. 

Since almost nothing is known about frogs and 
salamanders in Glacier National Park, this 
project was initiated to document their status 
and distribution. All museums and universi
ties known to have collected amphibians in 
Glacier National Park were contacted and a 

species list based on past collections and sitings 
was compiled. Field work concentrated on 
validation of the tentative species list and, to 
the extent possible, the location of populations 
at other sites. 

Common species were found at most previous 
collection sites and some additional popula
tions were located. Several less common spe
cies were not found; however, a thorough 
search has yet to be made. Field work in 1991 
will commence earlier in the spring for loca
tion of breeding populations and emerging 
tadpoles. Close contact is being maintained 
with regional amphibian experts. 
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Project Title: Effects of the 1988 Red Bench Fire on aquatic biota 

Investigator: Robbin Wagner 

The Red Bench Fire of 1988 represented a 
major perturbation of the riparian area along 
parts of three streams in the bum area; possi
bly affecting aquatic fauna populations. The 
basic research design includes comparative 
study of partial data collected in 1977 with 
data collected on both macroinvertebrates and 
fish populations collected in 1989 and 1990. 

Four streams were selected in the burn area. 
Akokala and Bowman Creeks both had similar 
bum patterns with severe burning on the lower 
sections and no burning in the upper sections. 
Sampling stations were selected along the road. 
The same stations were used as in 1977, and 
new stations were established upstream of the 
burn lines. Quartz Creek suffered no burning 
in the lower section and varied burning in the 
upper sections. Sampling stations were set up 
along the road in the unburned lower section 
in the same location as in 1977, and immedi
ately downstream of the burn line in the up
stream sections. Logging Creek was unburned, 
but sampling stations were established adja
cent to the bum areas on the lower section 

along the road as in 1977, and an upstream 
station was also established. Logging Creek 
was selected as a control comparison and also 
to collect baseline data on the stream's aquatic 
biota. 

Data collection is still in progress. The 1989 
collections are complete and the sample analy
sis is finished. The 1990 collections are in 
progress. 

To date, the results have not been surprising. 
Most enviromnentally sensitive species of fishes 
and aquatic macroinvertebrates appear in 
reduced numbers or have completely disap
peared from their niches as compared to 1977 
numbers or to unburned stream sections. 

Future periodic sampling should be conducted 
to determine the recovery time for impacted 
species, and the eventual use of unoccupied 
niches. This data should be helpful to manag
ers to determine the treatment of riparian ar
eas in the event of other wildfires or possible 
control burning strategies. 

Project Title: Regional tectonic analyses using Helena Formation and Altyn 
Formation inclined stromatolites 

Investigator: J. Vanyo 

Glacier National Park, with its classic expo
sures of relatively undisturbed Precambrian 
stratigraphy, presents a unique opportunity to 
test the use of inclined columnar stromatolites 
in the analysis of regional tectonics. Such 
stromatolites are abundant in both the Helena 
Formation and the Altyn Formation; location 
of excellent outcrops are well known; and an 
exteruiive body of literature already exists 
identifying their structure and other charac
teristics. Because the strata are known to be 
relatively undeformed by regional and local 
events, columnar inclination is probably re
lated to either current flow at time of deposi
tion or to heliotropism of the producing micro
.organisms. Each inclination mechanism has 
unique features and preserves unique sets of 

useful tectonic data. Studies to distinguish 
and to interpret the two mechanisms are in 
progress using field observations, photographs, 
and small specimens. 
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Project Title: Modeling alpine lake turbidity levels through morphometric basin 
variables: Integration of remote sensing and statistical approaches 

Investigators: Daniel G. Brown and Stephen J. Walsh 

The statistical relationship between spectral throughaclusteringprocedureandanalysisof 
radiance values from lake surfaces (evaluated variance tests. The objective was to assess the 
using Landsat Thematic Mapper sensors) and degree to which the selected variables (repre
lake turbidity levels (measured at ground sample senting basin form, drainage network charac
points) were examined. Estimations of turbid- teristics, and lake form) affected lake turbidity 
ity levels, in lakes for which no field data were levels. A significant statistical relationship 
available, were made using a multiple regres- existed between basin geomorphology and lake 
sion . modeling approach in which Landsat turbidity levels. Areal extent of glacial ice and 
satellite spectral responses and statistical ma- total stream length within the basins were the 
nipulations of such spectral responses were in- most significant variables for explaining lake 
corporated into a estimating model of lake turbidity levels. 
turbidity. Estimated lake turbidity values were 
compared with basin biophysical variables 

Project Title: Cartographic modeling of snow avalanche path location through 
GIS techniques 

Investigators: Stephen J. Walsh, Daniel G. Brown and Ling Bian 

Geographic Information System (GIS) tech- tion produced. The cartographic model was 
niques were applied to the study of snow- evaluated, initially by comparison to the 121 
avalanche path location within Glacier Na- control paths, and secondly to 43 paths not 
tional Park, Montana. Snow-avalanche paths utilized in model formation. Data organized 
are conspicuous and important phenomena in the GIS provided an effective approach for 
within the park: they affect geomorphic, hy- model development, evaluation, and variable 
drologic, and vegetative processes and distri- re-weightingforperformanceenhancementof 
butions,andfonnthespatialsignatureofasig- the model. The capability to perform spatial 
nificant natural hazard. Aerial photointerpre- proximity measures of paths to selected mor
tation and field surveys confirmed the location phological factors contained within the GIS 
of 121 avalanche paths within the selected and to add derived attribute data to INFO 
study area. Spatial and non-spatial inforrna- tables provided essential infonnation for model 
tion information on each path were integrated building not effectively generated through other 
using the ARC/INFO GIS. Lithologic, struc- approaches. 
tural, hydrographic, topographic, and landcover 
impacts on path location were analyzed. All 
path frequencies within variable classes were 
normalized by the area of class occurrence 
relative to the total area of the study area and 
were used to cartographically model, by means 
of composite factor weightings, avalanche path 
locations. Buffers were constructed, weighted, 
and composited to relate distances of paths to 
lithologic, structural, and hydrographic fea-
tures. Buffer and factor composites were in-
tersected to determine the spatial probability 
of path location. The derived model was im-
plemented and a probability map of path loca-
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Project Title: 

Investigators: 

Image enhancement of landsat thematic mapper digital data for 
terrain evaluation 

Stephen J. Walsh, Ling Bian, Daniel G. Brown, David R. Butler, and George 
P. Malanson 

Summary: Following the preprocessing of an characterization. An unsupervised digital 
August 6, 1986 Landsat Thematic Mapper (1M) classification of the TM data were used to map 
scene (ID# Y5088917461XO) to remove biases dominantvegetationpatternsfromLakeSher
and distortions introduced by radiometric and burne to Saint Mary Lake. Finally, a 1 :250,000 
geometric factors, the data were analyzed base-scale Digital Elevation Model (DEM) was 
through image enhancement, classification, and used to characterized general terrain features 
landcover classification/ digital terrain inf or- and orientations to match the general landcover 
mation integration techniques. Principal classification. The 1:24,000 base-scale DEMs 
Components Analysis (PCA) was used to trans- were not used in this project. All derived 
form the highly correlated TM data into statis- products were used to interpret the landscape 
tically independent orthogonal axes on which for selected biophysical phenomena and their 
the original satellite data were reprojected for spatial patterns. 
increased clarity and precision in landscape 

Project Title: Comparison of landsat thematic mapper digital enhancements of 
snow-avalanche paths: Validation through GIS/remote sensing 
integration 

Investigators: Stephen J. Walsh, Daniel G. Brown and Ling Bian 

Landsat 1M digital data were enhanced through width. Attributes related to the characteristics 
a combination of ratio, spatial filtering, and of each path, organized within INFO tables of 
principal components analysis to discern the a GIS, were searched to identify paths that 
composition, orientation, and dimensionality offered a unique combination of the test vari
of snow-avalanche paths within a portion of ables. Data contained within the GIS served as 
Glacier National Park, Montana between Lake control attributed for comparison to the Land
Sherbume and Saint Mary Lake. A set of sat TM digital enhancements. The success of 
control paths were identified that represented each enhancement technique was validated by 
variability in elevation, slope angle, slope aspect, the development of a Spectral Variability In
vegetation regeneration, path length, and path dex for the in-path versus out-path pixels. 

Project Title: Alpine treeline migration and terrain variability: Integration of 
remote sensing digital enhancements and digital elevation models 

Investigator: Stephen J. Walsh and Nina M. Kelly 

Remotely-sensed digital data and topographic and channel ratios were separately studied 
digital data were independently and collec- and combined for understanding alpine treeline 
tively analyzed to detect and measure the current from a vegetative perspective, specifically, plant 
position of alpine treeline and possible topo- composition and productivity. A digital ele
graphic influences on treeline expansion and vation model, manipulated within a GIS envi
contraction within the Logan Pass quadrangle rorunent, was used to interrelate elevation with 
Qf Glader National Park, Montana. Vegeta- slopeanglecategories. Composite scores were 
tion indices, principal components analysis, generated for both the remote sensing derived 
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analytical data sets and the slope angle and an improved data set for understanding the 
elevation matrix. A final product was gener- current position of alpine treeline and how 
ated which integrated both the composite remote treeline might spatially vary as a consequence 
sensing scores of vegetation characteristics and of topographic influences. 
the terrain orientation matrix values to yield 

Project Title: Effect of spatial scale on estimating the relationship between 
landscape components and topography in mountainous 
environments 

Investigators: Ling Bian and Stephen J. Walsh 

The effect of spatial scale is inherently in- andNOAAAVHRRsensors. Thetopographic 
valved in landscape studies and has been variables were derived from Digital Elevation 
encountered and recognized in many disci- Modelsatboththel:24,000and 1:250,000base
plines. Thedevelopmentofmodemanalytical scale products. The relationship between the 
systems, techniques, and data make it possible landscape and the topographic variables will 
and feasible to systematically study the effect be analyzed through GIS statistical approaches. 
of spatial scale for landscape characterization. The significant scales were identified through 
The relationship between landscape compo- semivariance and fractal approaches. The 
nents and topographic variables will be stud- changeintherelativeimportanceofeach topo
ied at a set of important spatial scales. The graphic variable in explaining the landscape 
landscape parameters were derived from sat- distribution and the overall relationship be
ellite digital data from SPOT Panchromatic tween landscape pattern and topography will 
and Multispectral, Landsat Thematic Mapper, be investigated. 

Project Title: Stress, disturbance, and climate sensitivities of patterns of alpine 
treeline 

In ves tiga tors: Daniel G. Brown and Stephen J. Walsh 

Projected long-term warming of global cli
matic conditions has the potential to cause 
alpine treeline migrations which can threaten 
the existence of fragile alpine tundra commu-
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alpine treeline. This study is designed to pro~ bances and geomorphic events have been ob
vide important information about the strength tained. The analysis will be guided and vali
and significance of linkages between climate dated through field inspection of study sites. 
and vegetation communities at alpine treeline. Remote sensing techniques are employed for 
The relative importance of topoclimatic fac.:. mapping the distributions of vegetation com
tors, disturbance, and geomorphic processes munity types and densities. These data sources 
as determinants of treeline location and char- will be integrated within a GIS environment, 
acter are being examined. Topoclimatic mod- and important ecological relationships will be 
els of ecologically critical inputs to plant com- examined through statistical and spatial ana
munities, utilizing digital elevation models will lytical approaches. The study facilitates re
be developed and/or .adapted. Moisture po- search into the response of alpine treeline 
tential, solar radiation potential, wind poten- communitiestoprojecteddimaticwarmingby 
tial,andsurfaceslopeangleandconvexitywill testing the strength of the linkage between 
be derived from elevation data, utilizing topo- alpine treeline vegetation and micro- to meso
graphic models of the distributions of these scale climatic gradients, in the presence of 
phenomena. Archived map data on the loca- active geomorphic and disturbance regimes. 
tions and dates of important historicaldistur-

Project Title: Tree-ring analysis of alluvial fans, gravel bars, and cutbanks 

Investigators: David R. Butler, George P. Malanson and Stephen J. Walsh 

The fluvial environment of Glacier National 
Park is a dynamic one in which major geomor
phic changes occur frequently, which can be 
reconstructed via an examination of soils 
developing on flu vial landforms such as gravel 
bars and alluvial fans, and can be dated through 
the use of tree-ring analysis. This study is 
directed toward an understanding of the fre
quency of high-magnitude geomorphic events 
in the fluvial environment. It also seeks to 
gamer data relative to the accuracy of a re
cently published Surficial Geology (Carrara, 
1990) map of the park. 

Tree-ring cores were collected along the edges 

Several features mapped by Carrara (1990) as 
alluvial fans have been misidentified by him. 
We examined in detail the fan-shaped land
format the mouth of Red Eagle Creek where it 
bebouches into St. Mary Lake. The landform, 
mapped as alluvial fan, is instead clearly a 
delta. Soil-depth measurements along the edge 
of the delta illustrate a deep, fine-grained deposit 
not characteristic of alluvial fans, but indica
tive of deltaic deposits. Off-shore soundings 
profiles also revealed the true deltaic nature of 
the deposit. Widespread evidence of beaver 
activity found on other stream and delta envi
ronments in the park, but not on alluvial fans. 

of two active cutbanks along the Middle Fork The misclassification of the Red Eagle Creek 
of the Flathead River, in the vicinity of Paola delta as an alluvial fan suggests that many 
Creek. One cutbank was in Glacier National other riparian beaver habitats in the park may 
Park, the other in the adjacent Flathead Na- be misclassified on the Carrara map. Further 
tional Forest. Approximately 30 other trees collection of tree-ring data to date periods of 
were cored along the cutbarik edge at each site, deltak deposition should tie the deltaic study 
to determine the rates of erosion and incision in more closely with the gravel bar aspects of 
at these sites. The site within Glacier National fluvial geomorphology. The reexamination of 
Park appears relatively stable with little ero- deposits mapped as alluvial fans should con-

. sion, due primarily to a bedrock outcrop ar- tinue, via fieldwork, tree-ring analysis, and 
moring the base of the cutbarik from further analysis of soils and sediments on the deposits 
incisionexcept by excessive high-water events. to determine the true geomorphic history and 

. The cutbank in the Flathead National Forest is . nature. Misclassification of landforms deters 
actively advancing, due to the absence of a. from proper ecologic classification of land
bedrock outcrop at its base. forms which form valuable wetland riparian 

habitats in the park. 
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Project Title: Ancient ecology of branching and cone-shaped stromatolites, 
northwestern Montana 

Investigator: Alicia Stickney 

Stromatolites in the Helena Formation in Gla
cier National Park include a very prominent 
zone of alternating cone-shaped Conophyton 
and branching Baicalia beds called the Cono
phyton zone. This zone extends south and 
west of the park and may provide opportunity 
for intrabasinal correlation within the Belt Basin. 
Lateral changes in stromatolitic growth forms 
may coincide with lithic changes in silicidastic 
to carbonate cycles in the Belt basin. If so, they 
may help show transgression and regression 
fades patterns supportive of marine trans
gressions and regressions, or they may reflect 
abrupt changes across the basin suggestive of 
chemical changes in a restricted lacustrine 
environment. An analysis of the combination 
of growth form changes and lithic changes 
may provide information with which to test 
existing environmental interpretations of the 
Belt Supergroup. 

Sections measured by Bob Horodyski at 
Swiftcurrent Glader and Lunch Creek in Gia-

cier National Park were revisited this summer. 
Lithologies surrounding stromatolite patches 
were described and sampled. Additional sec
tions at Somers, Ousel Creek, Inspiration Pass 
and Holland Lake were measured, described 
and sampled. Lithic intervals including indi
vidual levels of patch reefs can be correlated 
from Glacier National Park to Somers and 
Holland Lake in the Swan Range. Lithologies 
are being described in thin section under the 
microscope. Some samples are being analyzed 
geochemically. 

It appears that there are vertical and horizon
tal patterns in 1ithologies. Interpretation of 
these patterns will supplement our understand
ing of the ecology and depositional environ
ment of Baicalia and Conophyton. Further
more, this research may provide additional 
information to aid in the paleoecological inter
pretation of the Helena Formation and the Belt 
Supergroup as a whole. 
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