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INTRODUCTION 

1990 ANNUAL REPORT 

The University of Wyoming-National Park 
Service (UW -NPS) Research Center supports and 
administers research in the biological, physical and 
social sciences performed in the 40 national parks, 
monuments, and recreation areas in Wyoming, 
Montana, North Dakota, South Dakota, Colorado and 
Utah. The UW -NPS Research Center solicits research 
proposals from university faculty or full-time 
governmental research scientists throughout North 
America through a request for proposals. Research 
proposals address topics developed by National Park 
Service scientists, resource managers, and 
administrators and deal with questions of direct 
management importance as well as those of a basic 
scientific nature. 

The Research Center also considers unsolicited 
proposals addressing applied and basic scientific 
questions related to park management, but which may 
not have been included in the request for proposal 
packet. Research proposals are distributed to 
nationally-recognized scientists for peer review and are 
also reviewed and evaluated by the Research Center's 
steering committee. This committee is composed of 
five university faculty and five National Park Service 
representatives and is chaired by the Dean of the 
College of Arts and Sciences, University of Wyoming. 

• 
This committee is responsible for all decisions 
regarding awarding of research contracts. Research 
contracts are usually awarded by the middle of March. 

The UW -NPS Research Center also operates a 
NPS-owned field research station in Grand Teton 
National Park. The research station provides 
researchers in the biological, physical, and social 
sciences enhanced opportunity to work in the diverse 
aquatic and terrestrial environments of Grand Teton 
National Park and the surrounding Greater 
Yellowstone Ecosystem. Station facilities include 
housing for up to 40 researchers, wet and dry 
laboratories, a library, herbarium, boats, and shop 
accommodations. The research station is available to 
researchers working in the Greater Yellowstone 
Ecosystem regardless of funding source, although 
priority is given to individuals whose projects are 
funded by the Research Center. 

Our Annual Report has been given a "face-lift" 
this year. In addition to the improved production and 
layout, we have also implemented a feature essay. We 
hope that you find our annual report to be informative 
and interesting. All comments or suggestions will be 
welcomed. 

RESEARCH PROJECT REPORTS 

The following project reports have been prepared primarily for administrative use. The information reported is 
preliminary and may be subject to change as investigations continue. Consequently, information presented may not 
be used without written permission from the author(s). 
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SCIENCE: THE END OF THE FRONTIER? 

LEON M. LEDERMAN 

PRESIDENT-ELEcr TO THE BOARD DIRECTORS 

AMERICAN AssociATION FOR THE ADVANCEMENT OF SCIENCE 

Once upon a time American science sheltered an 
Einstein, went to the moon, and gave to the world the 
laser, the electronic computer, nylon, television, the 
cure for polio, and observations of our planef s 
location in an expanding universe. Today we are in the 
process, albeit unwittingly, of abandoning this 
leadership role. It is up to the President, the Congress, 
and the American people to decide whether this is 
really the road we want this country to travel. 

America has lived and grown great through 
science and technology. From the founding of land 
grant universities and the flowering of agricultural 
research in the 19th century to the boom in 
microelectronics and information technology in the last 
two decades, we have hitched our economy to the best 
scientific research system we could develop and have 
prospered as a result In this long-running success 
story, American universities have played a special role. 
University researchers have produced new knowledge 
to drive the economy and at the same time have trained 
successive generations of scientists and engineers to 
staff American industry. 

But now, at a time when problems of international 
economic competition, environmental degradation, and 
quality of life demand the very best from our research 
community, new information assembled by the 
American Association for the Advancement of Science 
(AAAS) documents a deeply troubled mood among 
university researchers, even those who have been 

successful in pursuing research careers in our most 
prestigious institutions. This troubled mood is so 
pervasive that it raises serious questions about the very 
future of science in the United States. From one 
institution to the next, across demographic categories, 
across disciplines of research, the nation, s scientists 
are sending a warning. Academic research in the 
United States is in serious trouble. 

While it is difficult to make accurate predictions 
as to possible outcomes of the current situation, a 
major decline in research capability is certainly within 
the range of plausible projections. Indeed, given the 
current economic situation and budget climate, such a 
worst case scenario might be considered probable. In 
view of the close coupling we believe to hod between a 
vigorous and dynamic science and the economic and 
cultural well-being of the nation, this becomes a 
national problem. 

Ironically, there is, among policymakers and the 
informed public, a general sense that American science 
is strong and healthy. Every year, we do well in the 
Nobel prize sweepstakes. Over the past decade federal 
funding for basic research has fared rather well in the 
budget battles, at least as compared to other areas of 
government spending. 

To understand the morale problems in the research 
community, it is necessary to look at the long-term 
picture, not just at how federal investment in R&D for 

Excerpts from a January 1991 Supplement to Science. Printed with permission of the American Association for the 
Advancement of Science. 
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this fiscal year compares to last or how R&D funding 
compares to transportation, agriculture, or other 
"domestic discretionary" programs. In this 
perspective, it is not hard to see the source of the 
problem. Despite recent growth, the level of federal 
support for basic and applied research in the 
universities in 1990, after correcting for inflation, is 
only slightly larger than it was in 1968, over twenty 
years ago. 

In 1968 this level of funding was adequate. 
Indeed, 1968 was the peak year of a period that is 
considered the "golden age" of American science. 
Today, however, there are twice as many doctoral 
scientists in universities competing for those funds. 
Furthermore, in all areas of research the last decade's 
"easy" problems have been solved, and the cost of 
creating new understanding of nature has increased 
considerably. Finally, new regulatory requirements 
have added to overhead costs and reduced the funds 
available for the direct costs of research. Is it any 
wonder that morale among academic scientists is low? 

Academic science has not arrived at its present 
state through a conscious decision by the 
Administration or Congress. No political leader has 
advocated starving science -- indeed, most feel that 
they support it strongly. Presidents Reagan and Bush 
have both promised to double the size of the National 
Science Foundation's budget within five years, and 
Congress, almost every year, appropriates more for the 
National Institutes of Health than the Administration 
requests. 

Scientists in the universities began to feel the 
pinch in the early 1970s, when the sustained growth of 
the previous decade came to an end and rapid inflation 
combined with constraints on the federal budget to 
produce a constant-dollar decline of more than 20 
percent in federal funding for academic research. 
Warning signals arose at that time and eventually, to 
an extent, they were heeded. The trend in federal 
funding turned upward beginning in 1983. However, 
recent growth has been insufficient to compensate for 
the effects of the long drought that preceded it. Thus, 
in the view of those in the laboratories, there has been 
a gradual year-by-year erosion in the availability of 
funding and in the health of academic science over 
nearly two decades. 

+ THE INcREASED CosT 
OF DOING RESEARCH 

The phenomenon of level funding and a growing 
community of researchers in itself would clearly cause 
considerable hardship in the scientific community. 
The problem is compounded, however, by a number of 
other factors that, taken together, further restrict the 
results that can be obtained from each research dollar. 

1. COMPLEXITY 

One factor is complexity--or what some observers 
have called "sophistication inflation., As our 
understanding of nature increases, the questions we 
need to answer become more complex. There is a 
corresponding increase in the sophistication (and cost) 
of the equipment needed to do research, both for small, 
"table top" experiments and large facilities such as 
telescopes and accelerators. 

For example, a state-of-the-art dye laser cost about 
$19,000 in 1974. The corresponding state-of-the-art 
laser today costs $160,000. Even if we correct for 
inflation, a scientist who wishes to remain in ·the 
forefront of research in 1990 has to pay three times as 
much for this piece of equipment as he or she did 
fifteen years ago. Similarly, the cost of equipping a 
laboratory for a starting assistant professor in a 
university science department has increased by a factor 
of ten since 1968. 

One might argue that there are countervailing 
trends. As the cost of certain technologies decreases, 
the cost of doing science should go down as well. 
Ordinary hand calculators, for example, once cost 
several hundred dollars, but now cost only a fraction of 
that sum. While this cost reduction is real, in practice 
it is completely swamped by the increased demands for 
computation. although the cost per arithmetic 
operation has gone down dramatically since 1968, the 
increased need for computing power has made 
computer. costs a major portion oftoday's science 
budget Similarly, the unit cost of building an 
accelerator has dropped from $1,000 per MeV at 
Fermilab (in 1970) to $100 per MeV at the SSC, but 
the energy required to do meaningful research in high 
energy physics has gone up so much that the total cost 
of the required accelerator is much higher today than it 
was in 1968. 



These are not just examples of researchers trying 
to keep un with the Joneses--one can no more do 1990s 
research with 1974 equipment than one can build a 
modem superhighway with pick-and-shovel labor. 
The complexity factor is a direct cost imposed on 
research by increasing sophistication in science. 

2. INCREASING COSTS OF REGULATION 

The cost of regulation is a second factor. In many 
fields, particularly in the life sciences, increased 
regulation absorbs significant funds and research time. 
Requiring researchers to comply with guidelines such 
as those concerning animal care, human subjects, low 
level radioactive waste, and hazardous substances 
isimportant and certainly justifiable, but it must be 
recognized that the costs of complying with these 
regulations reduce the amount of research that can be 
done for a given amount of money. 

3. INcREASED OvERHEAD 

A third factor is institutional overhead. According 
to the National Science Foundation, indirect costs at 
universities (including administration, maintenance of 
buildings, utilities, etc.) have risen from 16 percent of 
the national academic R&D budget in 1966 to about 28 
percent in 1986. Charges equivalent to 70 percent of 
salaries are not unusual today. In the minds of many 
faculty members, overhead amounts to a tax on 
research. Obviously, it is a legitimate component of 
the cost of doing research and its recovery in research 
grants is essential to the survival of the universities. 
But, as is the case with increased regulation, the 
absorption of a growing share of research money by 
overhead means that less money is available to the 
laboratory scientist for the direct costs of the research. 

+ CoNCLUSIONS AND 

RECOMMENDATIONS 

The depressed state of the academic scientific 
community is attributed to a failure of our system of 
science funding to recognize and maintain the essential 
needs of a healthy infrastructure. 

Science funding has increased steadily in the past 
several years, yet it is apparent that current levels are 
far below what is required for healthy, even lean, 

science. Perhaps this may give some policymakers a 
sense of frustration at the "ungrateful and insatiable 
scientists." Yet we are not alone in seeing this 
problem. Warnings have been creeping up 
everywhere. Almost five years ago, the 

5 

Packard-Bromley report documented an obsolescence 
of university research equipment and evaluated the 
cost of renovation at $10 billion. Since becoming the 
President's Science Advisor in 1989, Allan Bromley 
has continued to speak out about underinvestment in 
research, as has Frank Press, the President of the 
National Academy of Sciences. There is an emerging 
consensus among science policy leaders that we are 
not making the long-term investment in research 
required to restore our economic and scientific 
leadership. 

The United States today finds itself slipping in its 
ability to compete with dynamic societies abroad. The 
new Europe, Japan and the Pacific Rim nations are 
increasing their investment in research, having already 
surpassed us in the various activities needed to convert 
research results to economic benefit It is up to us as a 
nation to decide whether the U.S. will remain a major 
player in world science and science-based technology 
or whether we will continue to slide. 

The implications of the loss of such leadership are 
immense. Just as the "brain drain" drew talented 
scientists from Europe and the Third World to the 
United States in the 1950s and 1960s, so too will some 
American scientists (and potential immigrants) follow 
the frontiers of their fields to Europe, the Pacific Rim, 
or wherever they might be in the future. The pipeline 
of new research that has nourished our high-tech 
industry will dry up, crippling our ability to compete in 
a world where science and technology play an ever 
more important role. 

We can already see ominous signs in economic 
trends. In 1986, for the first time in history, the United 
States imported more high-tech manufactured products 
than it exported. Residents of foreign countries now 
receive almost half of the patents granted by the U.S. 
Patent Office. And the three corporations registering 
the most U.S. patents last year were Canon, Toshiba 
and Hitachi. 

Finally, we should not neglect to mention the 
more subtle, less quantifiable but nonetheless profound 
influence that science has upon society. We are a great 
nation which must value the culture that the success of 
science engenders. This success permeates society, 
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generates self-confidence, inspires our youth, creates a 
sense of endless frontiers of the human mind and of 
human aspirations which would otherwise become 
increasingly confined in an ever-shrinking world. The 
loss of this scientific and technological exuberance 
would be another heavy price to pay, perhaps even the 
greatest penalty in the long run, for the decline of the 
research system. 

The full effects of the impoverishment of basic 
research will not be felt next year or the year after. We 
have been living on our accumulated scientific capital 
for a while, and we will probably be able to do so for a 
while longer. But if we persist on this course, we can 
expect to see America, s position in the world ·gradually 

weaken. We will watch as our technology-based 
products become less and less competitive in world 
markets. By then, of course, it will be too late. 

It is the long-term nature of the enterprise that 
makes the issue so dangerous. Once we begin to 
weaken, there are many feedback forces that tend to 
accelerate the decline. The best people move on to 
other activities. Students are no longer attracted. The 
stream of immigrants diminishes. The essential influx 
of young investigators dries up. Within the range of 
possible outcomes are both acceptable and 
unacceptable consequences. Yet to wait rather than 
take action now is to invite a situation that will be 
difficult and very time-consuming to reverse. 



SCIENCE: UW-NPS PERSPECTIVES 

• 
MARK S. BoYcE 

DIRECTOR • uw-NPS REsEARCH CENTER 

" ... ever since I was old enough to be cynical I have been visiting national parks, and they are a cure for cynicism, an 
exhilarating rest from the competitive avarice we call the American Way." 

We have chosen to feature Lederman's (1991) 
article entitled "Science: The end of the frontier?" 
because it addresses several issues of interest to 
researchers, particularly those who are funded through 
the University of Wyoming-National Park Service 
(UW-NPS) Research Center. And we think that it is 
appropriate to respond by discussing the Research 
Center's policy related to some of these issues. 

Lederman notes that American science is losing 
ground and that for several reasons academic research 
in the United States is in a depressed state. Many of 
these reasons affect UW-NPS researchers directly, and 
substantial reforms will be necessary before the 
situation improves very much. I will not claim to 
resolve the burdens which face researchers attempting 
to work in national parks, but rather I will discuss the 
issues raised by Lederman in the context of our 
program. 

Research is fundamental to accomplishing the 
mission of the National Park Service. It is clear that 
the NPS must have solid research on which to base 
management, e.g., such research will be necessary to 
deal with external threats to park resources (Freemuth 
1991: p. 136). The NPS does not have an explicit 
mandate from congress that includes research, and 
therefore, we find that NPS justifies research as a 
support service for resource management. 

-Wallace Stegner 

+ FUNDING 

A common complaint coming from researchers is 
that they do not have adequate funding to conduct the 
research they wish to pursue. Indeed, the availability of 
funding is an acute problem in our efforts to meet the 
long list of resource management needs for research. It 
is the objective of the UW -NPS Research Center to at
tempt to secure the best research possible for the limited 
dollars available. 

We begin our process by soliciting input from re
source management specialists from throughout the 
Rocky Mountain Region on research needs in their re
spective parks. The resource management specialists then 
meet to set priorities for this list, and we fund as many 
projects as possible. Our usual funding level is $16,000 
per year on field-based projects with the rationale that 
this is adequate to fund a graduate-student stipend for 
one year plus $5,000 to $7,000 for field and travel ex
penses. 

To my mind, it is a serious threat that we 
sometimes advertise projects at funding levels which 
would require compromising the quality of the science. 
For example, because of limits to funding the 
investigator may not be able to secure adequate sample 
sizes, or equipment may be less than optimal. Yet, 
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from a resource management specialists' perspective, 
some information is better than no information, 
therefore it may be better to use available funds for a 
research effort even if the effort is inadequate. Often 
resource management decisions must be made 
irrespective of the availability of relevant scientific 
research. 

This creates a serious dilemma and I share the 
concerns of both researchers and managers. When we 
advertise a project with "Available Funds" below that 
necessary to conduct the research, it is essential that a 
researcher resolve the availability of outside resources 
before embarking on such a study. If a project requires 
radio-telemetry equipment or specialized equipment 
for conducting chemical analyses, but "Available 
Funds" are inadequate to purchase these items, it is 
implicit that we expect the researcher to obtain such 
equipment by other means. This clearly ~ives ~ ed~e 
to a researcher who already has such eqmpment m hts 
or her laboratory. 

Similarly, researchers who live great distances 
from the park unit may have travel expenses which 
make it prohibitively expensive to compete for a 
particular project. Again, this gives an edge to 
investigators who live closer to the study area. 

But neither of these constraints imply that we 
cannot secure the needed research with the dollars 
available. Rather, it narrows the field and means that 
only a few researchers (or sometimes none) will be 
able to develop a competitive proposal for the 
"Available Funds." 

An important role of the UW-NPS Research 
Center is to encourage outside sources of support for 
research in parks of the Rocky Mountain Region. 
Researchers often come to us with proposals that 
include funding from outside sources to supplement 
their budgets. And we have succeeded in bringing in 
funds from the State of Wyoming, the Montana 
Department of Fish, Wildlife and Parks, the U.S.D.A. 
Forest Service, the U.S. Fish and Wildlife Service, the 
U.S. Geological Survey, and other non-NPS funds to 
enhance research in national parks. 

Indeed, amongst the 65 proposals which we 
received in response to our spring 1991 request for 
proposals competition, a total of 36 or 55% offered 
outside support. These supplemantal funds totalled 
$1,325,148 compared with requests forUW-NPS . 
Research Center funds totalling $1,456,650. In reahty 

there is outside support on virtually all proposals if one 
takes into consideration faculty salaries, vehicles and 
equipment provided by investigators, e~c. These .are 
research dollars committed to research m our national 
parks which are attracted by the competitive program. 

I would be remiss if I did not point out that the 
parks themselves foster interest in research .. Many . 
people return year-after-year with only outside fundmg 
for the opportunity to work in some of the most 
spectacular landscapes in the world. 

+ OvERHEAD 

Universities typically charge overhead on research 
grants and contracts to assist with capital investments 
and maintenance of research facilities. The rate of 
overhead charge ranges from 35-80% depending upon 
the university. These rates are audited by the federal 
government, and are readily justified. Indeed, I 
suspect that university indirect costs will be 
particularly well justified since the recent imbrogilio 
over Stanford's overhead rates. 

Yet, park scientists and administrators often 
complain about the overhead charges requested by 
universities, noting that more research could be 
accomplished if the overhead were not required. 
Furthermore, park research often is conducted in the 
field and it is difficult for park-based scientists to 
justify expending substantial funds to maintain 
resources on a campus. But such a view overlooks the 
fact that if the park were to maintain equipment and 
staff to be able to conduct the same research, the costs 
would be exorbitant! It is extremely expensive to 
maintain research staff and equipment; to do so in the 
diversity of areas of expertise needed by the NPS is 
certainly not feasible at current funding levels. 

The UW -NPS Research Center has a policy that 
universities will be allowed to charge no more that 
10% overhead. Although this is substantially less than 
the going overhead rate for every university that has 
ever received funds from the Research Center, we have 
yet to have a university decline funding because the 
overhead rate was too low. The National Park Service 
has successfully negotiated 10% indirect costs on park 
research and cooperative agreements at universities 
throughout the country (Office of the Inspector 
General 1990). 

My interpretation of this is that university 



administrators recognize that university faculty will be 
occupying space and using university resources 
whether or not they are funded. Thus it is better to 
secure 10% overhead for a research project than none 
at all. A major consideration is that reduced overhead 
is made less painful by the fact that a proportion of 
park research is conducted off-campus. 

Our cap on overhead has reduced substantially the 
concerns of park scientists and administrators who do 
not like to see project funds diverted for intangibles 
such as overhead. I am unwilling to argue that the 
UW-NPS Research Center should be free from indirect 
costs, but nevertheless most universities are willing to 
allow their faculty to conduct park research at reduced 
rates. Furthermore, the national parks are valuable 
resources in many of the western states, and by 
supporting research in national parks which may occur 
within the state where the university occurs, the 
university is supporting a resource which brings tourist 
dollars and development to the state. Of course private 
institutions will not share such a mission. 

• REPORTING REQUIREMENTS 

We frequently hear complaints about the extent of 
reporting requirements for projects funded through the 
Research Center. Indeed, I have struggled to meet the 
Research Center's reporting requirements myself 
because some of my research was funded by the 
Research Center before I became Director of the 
program. The Research Center requires a semi-annual 
report, an annual report, annual continuation proposals 
for multi-year studies, a draft final report and a final 
report. In addition, the park will require an "Annual 
Investigators' Report," and the investigator may be 
requested to submit a popular article for Park Science 
or similar publication. For a typical3-year study, this 
means that 13-14 proposals and/or reports are required; 
5-6 for a single-year study. All of the paper involved 
is a burden for everyone. 

We acknowledge the problem, and in recent years 
UW-NPS has reduced reporting from quarterly to 
semi-annual reports. The Research Center itself is 
obligated to produce an Annual Report, but whenever 
possible we try to use semi-annual or executive 
summaries from final reports to minimize duplication. 
In addition, just last year the Rocky Mountain Region 
NPS Science Office eliminated the draft annual report 
from the reporting requirements. Most of the reports 
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that are required are the minimum necessary according 
to federal procurement regulations. 

One approach which we encourage is to submit 
copies of manuscripts submitted for publication as part 
of the text to meet semi-annual and annual reporting 
requirements. This hastens publication of results, and 
reduces duplication of effort. 

+ COMPETITION 

Lederman (1991) points out that there are 
presently twice as many doctoral-level scientists 
competing for research dollars as in 1968. This means 
that there can be stiff competition for the funds 
available. Competition is made even more vigorous 
because many university administrators measure the 
success of a researcher in part by the grant or contract 
dollars brought into the university. Indeed, rewards to 
faculty sometimes appear to be based more directly on 
the dollars in overhead which are attracted to the 
university! 

Academics are accustomed to being rewarded for 
ideas. Proposals to the National Science Foundation or 
the National Institutes of Health are more likely to be 
funded if the principal investigator has a clever idea or 
a new approach to a problem. This runs counter to the 
RFP approach used for most projects funded through 
the Research Center, where the problem of interest is 
specified by the RFP. We have loosened this up a little 
by offering an unsolicited proposals option funded by 
the State of Wyoming for scientists with a project in 
Wyoming or based at a Wyoming research institution. 
I feel strongly that the NPS can benefit from good 
ideas coming from researchers and that a grants 
program would allow the NPS to take advantage of 
such ideas. However, as I noted above, the NPS 
presently does not have a research mandate, and 
research is viewed as a service to resource 
management-certainly not an end unto itself. 

Despite the frustrations that it may present, 
competition is fundamental to ensuring good science. 
Stiff competition amongst researchers increases the 
quality of proposals and thereby the quality of the 
research being conducted. Indeed, it is this principle 
which motivates the fundamental reason for the 
Research Center's existence; a fact which has been 
applauded by a recent audit by the Office of the 
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Inspector General on Cooperative Agreements within 
the National Park Service (Office of the Inspector 
General1990). It is our intent to ensure that anyone in 
a university community has equal opportunity to 
compete for the available funds to conduct research in 
our national parks. It is the quality of the science and 
not the institutional affiliation which determines who 
gets funded. 

• REGULATORY REQUIREMENTS 

Animal care, Office of Management of the Budget 
(OMB) approval for public survey instruments 
(questionnaires), hazardous substance and waste 
disposal restrictions, back-country permits, and 
regulations on curation of collections are but a sample 
of the regulations facing those researchers planning to 
work in one of the national parks. As pointed out by 
Lederman, such burdens reduce productivity and 
consume vast amounts of time that researchers could 
use more productively. Yet we all recognize the need 
for many of these regulations. 

It has been my experience that there are many 
individuals working for the NPS who can be of great 
help in meeting some of these regulatory requirements. 
For example, becoming well acquainted with the 
relevant district ranger will invariably save the 
researcher many hassles and can offer many benefits. 

• THE FuTURE 

I do not believe that many of Lederman's remarks 
apply to natural resources research. Although it may 
well be true that the United States is facing stiff 
international competition in technology development 
and research, in the various natural resource 
disciplines, American science still provides the 
leadership which will guide natural resource 
management into the forseeable future. Nevertheless, 
we all share Lederman's concerns for the inadequacy 
of government support for research and technological 
advance. 

Priorities are changing and society is becoming 
more cognizant of the consequences of 
mismanagement of natural resources. As public 
understanding of natural resources increases, the 
message of the NPCA' s "Gordon Report" will become 
more poignant: "the NPS cannot manage what it does 
not understand" (Gordon et al. 1989). Yet, 

management will take place whether we understand the 
resource or not. But more and more, the public will 
not tolerate uninformed management. It is the purpose 
of the UW -NPS Research Center and science programs 
in the NPS to improve our understanding of natural 
resources so that management can be better. 

The Director of the National Park Service, James 
Ridenour, has made a strong commitment to science in 
the national parks (Ridenour 1990). In addition, he has 
charged a prestigious National Research Council 
committee of the National Academy of Sciences with 
reviewing NPS science-a move which can only 
improve the quality of science. There is every reason 
to believe Huff's (1990) optimistic view for the future 
of park science. 

To conclude, I think that it takes a special sort of 
person to conduct field research in our national parks. 
There are many difficulties including back-country 
work, tourists, permits, ... But we all know why we 
contend with these frustrations: the national parks are 
very special places, the crown jewels of America, our 
national treasures. And there are special rewards for 
those of us who work there. 
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.. METHODS 

The 1990 field season constituted the last of a 
three year study to survey the hypogeous fungi of 
Grand Teton National Park and the Greater 
Yellowstone ecosystem. The objectives were to: 

Both objectives were addressed by collecting 
sporocarps of hypogeous fungi with a handheld truffle 
rake several times during the growing season. 
Collecting sites in pure or mixed stands of the 
ectomycorrhizal tree hosts were located away from 
high visibility areas, so as not to spoil the aesthetic 
appeal of the area. Litter duff and soil were carefully 
replaced after each collection, in an attempt to 
minimize disturbance of the soil. Each collection was 
photographed, described in detail, and dried in the field 
with silica gel for additional study. 

1. collect and identify hypogeous fungi found 
in association with ectomycorrhizal tree 
hosts such as lodgepole pine (Pinus 
contorta), subalpine fir (Abies lasiocarpa), 
Douglas-frr (Pseudotsuga menziesii), 
quaking aspen (Populus tremuloides), and 
speckled alder (Alnus tenuifolia), and 
several species of willow (Salix sp.) 
throughout the area; and 

2. to gain an initial understanding of the 
importance of these fungi as food for small 
mammals. 

+ RESULTS 

Since the inception of the study in 1988, several 
new records for Grand Teton National Park have been 
found (Miller 1989, McKnight 1982, McKnight et al. 
1990), as well as one or two probable undescribed 
species. 
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The following hypogeous fungi and associated 
hosts were reported during 1990: 

Engelmann spruce 
Gautieria monticola (Harlm.) Harkn. 

Subalpine fir 
Thaxterogaster pingue (Zeller) Singer & 
Smith 

Mixed spruce-frr 
Geopora cooperi Harkn. 
Leucogaster rubescens Zeller & Dodge 

Lodgepole pine 

Willow 

Alder 

Brauniellula nanceyae Smith 
Endo gone lactijlua Berk. & Broome 
Rhizopogon ochraceorubens A. H. Smith 
Rhizopogon rubescens var. rileyi Smith 
Rhizopo gon subcaerulescens A. H. Smith 

Hymeno gaster sp. 
Tuber sp. 

Alpova diplophloeus (Zeller & Dodge) Trappe 
& Smith 

+ CoNCLUSIONs 

Adequate moisture is a prerequisite for fungal 
fruiting, even for hypogeous fungi which may be 
adapted to more arid environments. The field seasons 
of 1988 and1989 were extremely dry in the northwest 
comer of Wyoming but even so, many collections of 
hypogeous fungi were made, with a number of new 
records for the area. The 1990 field season had only 
slightly more precipitation and several more records 

and perhaps two new species were collected. A study 
such as this could potentially be continued for a 
lifetime, with new fungi being found nearly every year. 
Collecting will be continued in the Greater 
Yellowstone area, as time and precipitation permit 
with the purpose of uncovering new species and new 
records. 
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.. OBJECTIVES 

In our initial survey of dispersal of spores into 
areas disturbed by the 1988 Huckleberry burn, in the 
John D. Rockefeller Memorial Parkway, we focused 
on small mammal dispersal of hypogeous 
ectomycorrhizal fungi which had been touted as a 
primary means of dispersal (Trappe and Maser 1977, 
Ure and Maser 1982), and the recruitment and 
physiognomy of conifer seedlings germinating in the 
burned areas. Interestingly, the small mammals 
captured at the Huck burn sites were feeding on both 
epigeous and hypogeous, as well as, mycorrhizal and 
non-mycorrhizal fungi. The seedlings that had 
germinated in the burned areas were non-mycorrhizal 
until late in the season. These results are somewhat 
contradictory to hypotheses offered in the literature. 
For these reasons, additional objectives, such as 
including both hypogeous and epigeous 
ectomycorrhizal fungi, were established to examine the 
process of ectomycorrhizal colonization more closely. 

.. METHODS 

During the spring and summer of 1990, field work 
was continued at the two petrnanent study sites 
established on the Huck burn. Sampling included 
collection and analysis of fecal pellets from live
trapped small mammals, examination of conifer 
seedling recruitment and mycorrhizal formation and 
extraction of spores and sclerotia from soils. Methods 
were similar to those reported for the 1989 field season 
(Miller et al. 1990a) and will not be presented in detail 
here. However, we initiated a new study to determine 
how long spores remain in the soil, and whether they 
move through the soil horizon with time. In August, 
we flagged individual basidiomes of five species of 
epigeous ectomycorrhizal fungi associated with 
lodgepole pine. One month later, we collected surface 
litter and soil cores from 0-3 em and 3-6 em in the 
mineral soil directly under the position of each 
sporocarp. Spores were then extracted from each of 
the three fractions and counted with haemocytometer. 
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+ RESULTS 

The technique for extracting spores and sclerotia 
directly appears to be 90-100% effective at recovering 
fungal spores when slurries of spores in water are 
tested. When slurries are introduced into soil and then 
extracted, the recovery efficiency decreases to 30-40%. 
We interpret this to mean that the surface charge of 
spores, the presence of ornamentation and the density 
of the different populations of spores influence how 
they interact with the physical properties of soil. 
Additional experimentation will allow us to improve 
on the technique. 

Basidiocarps of five species of epigeous 
ectomycorrhizal fungi including Suillus brevipes, 
Suillus tomentosus, Russula brevipes, Tricholoma 
zelleri and Lactarius sp. appeared to discharge most of 
their spores directly onto the surface litter during the 
life of individual basidiocarps. After one month, most 
spores were still recovered from the litter, with no or 
few spores found in the mineral soil at either 0-3 or 3-6 
em in depth. The spores of several species appeared to 
be parasitized by a conidiogenous imperfect fungus, 
which indicates that spores of some ectomycorrhizal 
fungi, once discharged, may be parasitized by other 
fungi. A second collection of soil cores will be taken 
from the same area in the spring and should 
demonstrate whether spores remain resident in the soil 
over the winter. 

Sclerotia of two fungal species, Cenococcum 
geophilum, an ectomycorrhizal ascomycete, and 
Morchella sp., a facultative ascomycete, were 
extracted from the soil. More C. geophilum sclerotia 
were recovered from subsoil fractions taken from the 
burned areas than from the unburned control sites. 
Sclerotia of Morchella sp. appeared to be most 
abundant in soils with high ash content, including soil 
from beneath downed logs. This correlates well with 
the location of sporocarp production by Morchella. 
Sclerotia formation may be stimulated by disturbance, 
and may be a mechanism whereby ectomycorrhizal 
fungi ar.e able to recolonize seedlings during secondary 
successiOn. 

Two species of conifer seedlings were 
encountered during the second year following fire in 
the H.uck bum. Little mortality occurred on flagged 
seedlmgs between the September 1989 collecting trip 
and June 1990 (Fig. 1). Most mortality that did occur 
was due to large mammal disturbance and not seedling 
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Figure 1. Survivorship of first year Pinus contorta 
seedlings at the Huck fire sites. 

p?ysiognomy. During the summer of 1989, Lodgepole 
pme (Pinus contorta) exhibited the greatest 
recruitment in the east-facing edge treatment and the 
least in the east-facing bum. However, beca~se 
recruitment was highly variable between plots, few 
significant differences could be noted between 
treatments (Fig. 2). Recruitment of lodgepole pine 
seedlings during the sumnter of 1990 was about an 
order o.f ~a~nitude less than recorded for 1989 (Fig. 
~). Th~s mdicates that establishment of lodgepole pine 
tmm~dmtely af~er frre is crucial for maintaining conifer 
dommance dunng early secondary succession (Miller 
et al. 1990b). Subalpine frr (Abies lasiocarpa) was 
rarely encountered in either 1989 or 1990 at our sites. 

As in the first year of sampling, three species of 
small mammals were commonly trapped including the 
so~them red-backed vole (Clethrionomys gapperi), the 
whtte-footed deer mouse (Peromyscus maniculatus), 
and the least chipmunk (Tamias minimus). The 
southern red-backed vole again consumed many 
species of mycorrhizal as well as non-mycorrhizal 
fungi but unlike the first field season, several 
individuals moved from the unburned forest into the 
burns. Fecal pellets of red-backed voles that moved 
into the burned areas contained spores of 
ectomycorrhizal fungi. These voles presumably served 
as a source of inoculum, although the red-backed vole 
remained primarily in the unburned forest where 
ectomycorrhizal fungi already reside. The white
footed deer mouse, which commonly inhabited the 
bums, continued to feed primarily on vascular plant 
seeds. The least chipmunk, a generalist that fed on 
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Figure 2. Recruitment of Pinus contorta seedlings at 
the Huck fire sites in numbers of seedlings per 
hectare. 

both plants and fungi and moved between unburned 
forest and the burns, also exhibited potential for 
dispersing spores. 

Fecal pellets contained both hypogeous and 
epigeous ectomycorrhizal fungal species as well as 
saprophytes and facultative ectendomycorrhizal 
species. The large number of spores from epigeous 
ectomycorrhizal and saprophytic fungi contained in the 
pellets again disproved the hypothesis that small 
mammals near the Huck burn sites feed primarily on 
hypogeous ectomycorrhizal species. 

Ongoing research includes the greenhouse soil 
bioassay for both ectomycorrhizal and vesicular
arbuscular fungi, soil chemical analysis, identification 
of fungal species from fecal pellets, spore extractions 
from soil and identification of insects from pitfall 
traps. 

+ CONCLUSIONS 

It is evident from our second year of study that 
mycorrhizal fungi affect the timing and trajectory of 
secondary succession in Grand Teton National Park 
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and the Rockefeller Parkway by directly influencing 
conifer seedling physiognomy, recruitment and 
survivorship. It is also clear that like many vascular 
plants adapted to respond quickly to fire, there are 
fungi that may be adapted to colonize quickly after fire 
events. Further understanding the strategies for 
persistence, propagation and survival of 
ectomycorrhizal fungi is required before responses of 
forest ecosystems to fire and other disturbance can be 
properly managed. 
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We made 1 trip to all three study sites to 
familiarize ourselves with the study areas and meet and 
discuss the project with the local Park Service 
personnel in charge of the project. While the canyon at 
Arches National Park was as we expected it to be, the 
canyons in Canyonlands and at Natural Bridges were . 
quite different from other canyons in which we have 
worked. These later canyons were deeper, had steeper 
canyon walls, and had thicker vegetation than prior 
canyons in which we have worked. The tall canyon 
walls shade the canyon bottom creating great 
differences in temperature/light/moisture levels over 
very short distances. The vegetation can change 
radically just by going around one bend in the canyon 
bottom. The heterogeneous nature of the habitats in 
these deep canyons require us to subsample to a much 
greater degree than we proposed in the original 
proposal. The local Park Service staff had already 
anticipated this problem and had suggested in their 
review of our proposal that we subsample to a greater 
degree. We have taken our original sampling scheme 
and broken it into a series of smaller subsamples to 
solve the problem of heterogeneous habitat types in 
each treatment type (i.e., area with road, area with trail, 
etc.). 

BRUCE WooDwARD 

DEPARTMENT OF BIOLOGY 

UNIVERSITY OF NEW MEXICO 

ALBUQUERQUE 

During this first trip we also sampled the 
vegetation at two sites in White Canyon at Natural 
Bridges National Monument. At each site we measured 
plant coverage at 50 1-m square areas. 

In early June we went to Canyonlands and placed 
72 33 x 33 em x 5 em deep screen mesh enclosures 
into Salt Creek. The containers were filled with either 
rock cobble, or rock cobble and sand. Many stream 
invertebrates live in the cobble. This experiment is 
designed to allow us to tell how infiltration of sand 
between the cobble can influence invertebrate 
population sizes. Additionally, because of the 
dispersion of the mesh enclosures we will be able to 
see how vehicular traffic influences the movement of 
sand into the rock interstices in the cobble. Finally we 
will be able to directly examine how the presence of 
vehicles influences invertebrate population sizes in the 
stream. 

During this same trip we continued on to Natural 
Bridges and measured vegetative cover on two more 
sites (50 1-m quadrats/sits). We also measured and 
marked the location of ten bird transects. We walked 
along 6 of these transects (three in an area with a 



hiking trail, three in a nontrailed area) and identified 
and counted birds on several mornings. Each transect 
was walked on two different days. Finally we 
quantified aquatic organism population sizes in all 
pools between Kachina and Sipapu bridges (area with 
a trail) and upstream of Sipapu bridge (area lacking a 
trail) for approximately 3 kilometers. 

The third trip was taken in late June. We checked 
the mesh enclosures at Canyonlands. The water level 
had dropped and all enclosures were on dry land. We 
left the enclosures and will resample them later, 
hopefully after summer rains have refilled the creek. 
Eighteen bird transects were measured and marked. 
Three of these transects were walked and the birds 
identified. Each transect was walked twice on two 
different days. Pools were present but widely scattered 
in Salt Creek. Thirty-three pools were sampled to 
estimate the population sizes of aquatic organisms. 

We returned to Canyonlands in July. Summer 
rains had flooded Salt Creek and washed our screen 
cages downstream. We located 62 of the original 72 
cages. Some aquatic insects were living in the cages, 
however most cages had been washed up onto the bank 
and they contained no organisms. We removed the 
cages and may try this experiment again in 1991. We 
quantified bird numbers on two bird transects, sampled 
several pools for aquatic organisms and sampled two 
vegetative transects (50 1 m2 quadrats in the area that 
lacked a road and 60 1 m2 quadrats in the area that had 
a road). 

The end of summer 1990 was hot and 100 degree 
temperatures held well up into mid-September. We 
waited until temperatures dropped to return as we were 
planning to live trap small mammals. We returned to 
Canyonlands and trapped 8 trap grids (four in an area 
that lacked a road, four in an area with a road). Each 
grid contained 70 traps and was trapped for four 
consecutive nights. Thus 2240 trap nights took place. 
The small mammal community was relatively large for 
a desert setting with one heteromyid and seven 
cricetids. Densities were low with only 15 to 20 small 
mammals caught per trap grid. 

We ran six bird transects (each twice). Bird 
numbers were down dramatically from prior trips, 
possibly because this trip coincided with a 20 degree 
drop in daily air temperature (95 to 75). 
Hummingbirds were present when we arrived, but 
disappeared on 17 September. It was not uncommon 
for less than five birds to be seen or heard over 600 m 
of transect. 
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We examined plant coverage on 330 plant 
quadrats located on six plant grids (three in an area 
with a road, three in an area lacking a road). Plant 
diversity was low relative to that seen at Natural 
Bridges- many quadrats contained only 1 to 4 species. 

Aash floods occurred frequently during this trip 
and the creek was high and flowing over much of this 
two week long period. We were stuck at Bates Wilson 
camp for two weeks. We did not sample the aquatic 
organisms because of the stream condition. 

We will begin data analysis shortly and should 
know the significance of our results after three or four 
weeks of analysis. We can say that the presence of 
trails or roads appear to have a direct negative effect 
on total plant coverage. Whether this effect extends to 
our other study organisms and whether it extends past 
the immediate physical insult of the trail or road is not 
yet clear. 

The work that remains for the 1990 to 1991 study 
period is data analysis and report writing. There is a 
considerable amount of data analysis to this project 
because we are interested in the interrelationships 
between various types of human impact (trails, roads, 
or casual usage) and several different types of study 
organisms. Our analyses will allow us to ascertain 
whether there are potential human impacts on our 
study organisms and whether man's effects on some 
organisms (such as plants) may have cascading effects 
on other of our study species. Some of our data sets 
are large (especially the plant and aquatic organism 
samples). We anticipate data analysis taking three or 
four weeks. 

• SUMMARY 

This was the first year of a three year study of 
organisms occupying the canyons of Canyonlands and 
Arches National Parks and Natural Bridges National 
Monument. In the first year we visited all three Parks 
or Monuments and chose study sites. We have sampled 
a variety of study organisms (birds, small mammals, 
aquatic organisms, and plants) in such a manner that 
we can contrast densities of these organisms in areas 
with different types of human usages. We 
concentrated on areas that contained foot trails, four 
wheel drive roads, or areas that received only casual 
human usage. Additionally our sampling scheme is 
such that we can ask whether differences in plant 
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coverage is associated with shifts in abundance of 
other of our study organisms. Our work to date should 
allow us to refme our sampling methods and pick a 
subset of study organisms to examine in greater detail 
in the remaining two years of the study. In the 
remaining two years we should be able to draw some 
conclusions as to whether foot trails or four wheel 
drive roads have an effect on the organisms inhabiting 
the riparian areas of canyon bottoms in these Parks and 
Monuments. 

We have quantified bird densities on 14-600 m 
long bird transects at Canyonlands and 6 bird transects 
at Natural Bridges. Each transect was sampled twice. 
We have quantified plant coverage on 4 plant grids at 
Natural Bridges and on 8 plant grids at Canyonlands. 

Each grid consisted of 50 to 60 1 m2 quadrats. We 
trapped 8 trap grids at Canyonlands. Each grid 
contained 70 traps and was trapped on four 
consecutive nights. Aquatic organisms were sampled 
in numerous pools either visually or with dip nets at 
both Natural Bridges and Canyonlands. 

At present there are no conclusions from the ftrst 
year of our study. We anticipate three to four weeks of 
data analysis before any conclusions can be drawn. 



BADLANDS NATIONAL PARK 





VEGETATION DISTRIBUTION IN BADLANDS 

NATIONAL PARK 

JACK L. BUTLER • JAMES E. BATT 

DEPARTMENT OF BIOLOGY + UNIVERSITY OF Sourn DAKOTA 

VERMILLION 

During the course of the 1990 field season a total 
of 143 sites were sampled, primarily within the Sage 
Creek Wilderness Area. Specific study sites were 
selected with use of soil survey photo-orthoquad maps. 
Once located, the vegetation which best represented 
the plant community residing on that soil type was 
selected for detailed study using the cover class system 
as described by Daubenmire (1959). The data 
collected during the 1990 field season is currently 
undergoing compilation in preparation for statistical 
analysis. No major problems were encountered during 
the field season which will limit our ability to meet 
project objectives. 

.. EXECUTIVE SUMMARY 

. The rather steep environmental gradients 
associated with badlands-type topography often 
produces an intricate mosaic of distinct vegetation 
types (Brown 1971, Butler et al. 1984, Hansen et al. 
1984, Olson 1988). Detailed ecological descriptions of 
these complex communities is essential for the 
management and perpetuation of such a diverse 
ecosystem. In 1988, a study was initiated to delineate 
the vegetation types within Badlands National Park, 
South Dakota, and to evaluate their current and 
potential ecological condition. Specific objectives of 
this study are to: 

1. to determine the steppe habitat types and 
indicate the seral stages of the current 
vegetation; 

2. to provide a mylar map of climax/relict 
communities, if any, for the entire park; 

3. to establish a network of permanent plots to 
evaluate changes in seral and climax 
communities for the North Unit and Sheep 
Mountain Table; and 

4. to provide a mylar map of candidate and/or 
listed rare, threatened, or endangered plant 
species per state and federal lists, as they are 
encountered during the course of the study. 

In 1988, Hoffman (1989) tentatively identified 
seven habitat types. They are 

1. Agropyron smithii/Carex fi/ifolia, 
2. Agropyron smithii!Carex e/eocharis, 
3. Stipa comata!Agropyron smithii, 
4. Stipa viridula!Agropyron smithii, 
5. Stipa comata/Carex e/eocharis, 
6. Stipa comata/Carex fi/ifolia, 
7. Ca/movi/fa /ongifolia!Agropyron smithii. 

The 1990 field season began with an initial 
reconnaissance of the North Unit of the Park and a 
meeting with Badlands National Park staff. 

The preliminary reconnaissance was followed by 
two, three-week periods of intensive sampling in 
conjunction with ongoing reconnaissance. These 
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three-week periods ran from about June 8 to June 28, 
and from July 10 to August 1. During the fust three
week sampling j>eriod, Dr. Fred Peabody, Curator of 
the University of South Dakota Herbarium and 
Assistant Professor of Biology spent some time 
reviewing the park herbarium. Dr. Peabody also 
collected plant specimens to update the park 
herbarium. The 1990 field season ended with a final 
visit to the Badlands National Park in mid-August to 
fill in several gaps in the field work and to brief park 
personnel as to the progress made during the current 
field season. 

During the course of the 1990 field season, a total 
of 143 sites were sampled, primarily within the Sage 
Creek Wilderness Area. Specific study sites were 
selected with use of soil survey photo-orthoquad maps 
obtained from the Soil Conservation Service office 
located in Huron, SD. Once located, the vegetation 
which best represented the plant community residing 
on that soil type was selected for detailed study. The 
representative vegetation was taken to be that which 
was homogeneous in composition and free from 
animal trails, badlands formations, and other major 
breaks in topography. In some cases, a particular 
habitat type required several sampling sites to 
adequately describe the vegetation mosaic. In small 
areas where the vegetation pattern was extremely 
complex, the community was described qualitatively. 
Two, parallel 25 m transects running along the contour 
of the topography were established at each site. A 20 
X 50 em quadrat was placed on alternate sides of each 
transect at I m intervals for a total of 50 quadrats per 
sample site. Within each quadrat, each plant species 
was identified and placed in a cover class as described 
by Daubenmire (1959). Bare ground and litter present 
in each quadrat were placed in a single cover class. 

The data collected during the 1990 field season is 
currently undergoing compilation in preparation for 
statistical analysis. Cover values will be averaged for 
site characterization and description, and to evaluate 
sampling adequacy for the major species. However, 
averaging the values assumes no within site variation, 
which is rarely the case in any ecological study. 
Therefore, vegetation attributes recorded from all 
quadrats within a particular community or community 
type will be used to characterize each habitat type as 
described by Ratliff and Westfall (1989) and Uresk 
(1990). The technique allows the classification and 
ordination of species, quadrats and communities. The 
approach involves classifying all quadrats into distinct 
clusters which best represents the ecological 

continuum of the community. For convenience, the 
clusters will be designated as low-seral, mid-seral, late
sera! and climax. Each site may then be characterized 
by the percentage of quadrats that are classified into 
each cluster. For example, it would be expected that 
relict or near-relict sites would by characterized by a 
high percentage of climax quadrats and a low 
percentage of low-seral quadrats. In contrast, a heavily 
disturbed site may have a low percentage of climax 
quadrats and a high percentage of low-seral quadrats. 
Any changes in the community can then be detected by 
evaluating the differences in the relative proportion of 
quadrats assigned to each cluster. 

Similarity indices (Mueller-Dombois and 
Ellenberg 1974) will be calculated to objectively 
compare vegetation among the 143 sites sampled 
during the 1990 field season. Sorensen's index will be 
calculated to provide a qualitative measure of 
similarity, while Ellenberg's Community Coefficient 
will be calculated to provide a quantitative measure of 
similarity among the sites. Sorensen, s index gives 
equal weight to the presence or absence of all species 
recorded at each site while Ellenberg's coefficient is 
weighted toward the more abundant species (Mueller
Dombois and Ellenberg 1974). A comparison of the 
two may provide an indication of the relative 
contribution of both rare and abundant species. A 
diversity profile will also be constructed for each 
habitat type as described by Swindel et al. (1987) and 
Lewis et al. (1988). Diversity profiles provide an 
index free method of graphically illustrating the 
intrinsic diversity between two communities. Results 
of these analyses will be included in the 1991 annual 
report. 
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A landscape approach was used to study fire 
history and fire behavior in the Douglas-fir forests and 
foothill vegetation of the Bighorn Canyon National 
Recreation Area in southcentral Montana. The 3,976 
ha study area was divided into 4-ha grid cells, and 
traditional fire scar analysis and fuel sampling methods 
were used for data collection in each cell. There have 
been 15 surface fires during the last 109 years and 10 
canopy fires during the last 360 years. The mean frre 
interval in the forests as a whole, was 7 years for 
surface fires and 31 years for canopy fires. Using the 
Weibull function, the recurrent time for frre in a 
specific grid cell was 212 and 226 years for surface 
and canopy fires, respectively. The distribution of the 
probability density function showed that there was a 
peak of high canopy fire frequency between 150-250 . 
years of stand age. There was no obvious peak period 
for surface fires in humid ravines, which suggests that 
surface fires there are not associated with aging. 
Employing Rothermel's model, a flre behavior model 
(FIREMDL) was developed and linked it to a 
geographic information system (GRASS) to simulate 

flammability of each grid cell under different 
conditions of fuel moisture and wind velocity. The 
results suggest that flammability is highly variable 
because of differences in vegetation and topographic 
position. The Patterns of flammable and 
non-flammable grid cells were clearly shown on GIS 
maps that can be used for locating natural fire breaks 
and for other fire management purposes. With the 
development of a process-based landscape model 
(SPREAD), which was also linked to GRASS, it was 
possible to predict frre spread from one grid cell to 
another. SPREAD projects the timing of fire 
movement and the effect of driving variables (e.g., 
slope, aspect, fuel amount, fuel moisture, wind speed, 
and wind direction). The simulations show that flre 
would not spread in mountain mahogany shrubland 
and may spread rapidly in juniper woodland under 
conditions of low fuel moisture and high wind speed 
(>425 m/min). Fire spread in Douglas fir forests is 
strongly controlled by topography, but wind direction 
determines the burning pattern in grassland. 
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• INTRODUCTION 

Currently, white-tailed (Odocoileus virginianus) 
and mule deer (0. hemionus) use Devils Tower 
National Monument and adjacent private agricultural 
lands year round or migrate from the Monument to 
other areas. Construction of a game proof fence by 
adjoining landowners threatens to enclose Devils 
Tower National Monument. If this occurs, deer use of 
the Monument may be substantially altered and long
term management of the population may be faced with 
many of the problems associated with island reserves. 
National Park Service management policy charges the 
Monument to detect or predict changes in the natural 
resources under its stewardship. However, current 
deer use of the Monument is not well documented so 
that a baseline for monitoring long term changes is 
lacking. 

The University of Wyoming Department of 
Zoology and Physiology and the Wyoming 
Cooperative Fish and Wildlife Research Unit, in 
cooperation with the University of Wyoming National 
Park Service Research Center and Devils Tower 
National Monument, initiated a study in June 1990 to 
document the population and habitat ecology of white
tailed and mule deer on Devils Tower National 

Monument. Objectives of the study during this 
reporting period were to: 

1. radio-collar a representative sample of the 
adult female population of deer 

2. radio-locate adult does to identify daily and 
seasonal habitat use and movement patterns 

3. determine seasonal deer densities on the 
Monument 

+ METHODS 

During June and July, deer were darted using a 
Simons dart-gun and Palmer 2.5-ml barbless darts. 
Dosages of succinylcholine chloride (Sucostrin) ranged 
between 5.0 to 5.2 mg/per animal. Deer were 
eartagged with Wyoming Game and Fish eartags. 
Adult does were instrumented with activity sensitive 
radio-collars. Deer were aged by examining tooth 
eruption and wear patterns. Body measurements were 
recorded. 

Every week to 10 days, radio-collared does were 
relocated during 4 time periods (3:01 to 9:00, 9:01 to 
15:00, 15:01 to 21:00 and 21:01 to 3:00) during a 2-
day sequence. The sequence of relocating each radio-
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collared doe was randomized within a time period. 
Relocations were classified as visual location, 
triangulation within 300m, triangulation within 1 km, 
or triangulation greater than 1 km. Efforts were made 
to obtain visual sightings. Sex and age classification of 
deer within an estimated 100m of radio-collared does 
were also recorded when observations were made. 

Deer relocations were marked on aerial photos or 
1 :24000 scale topographic maps. Vegetation type 
within an estimated 45 m radius of radio-collared does 
was recorded. 

Starting in August, deer surveys were conducted 
on a monthly basis. Straight-line transects were 
randomly placed either north and south or east and 
west across the Monument. Transect lines were 
walked during morning or late afternoons. Our data 
suggest that deer regularly use the Monument at this 
time. Each time a group of deer was observed, the 
sight distance and compass bearing from observer to 
the middle of the group of deer was measured with a 
range-finder and compass. Habitat in which the deer 
was located was recorded. These data will be used to 
assess estimates of populations numbers using a strip 
census approach. 

Forty-two pellet group density plots were 
established on the Monument in October to determine 
seasonal deer use. Plots were placed along a 
systematic grid with the grid located from a random 
starting point. Plots are circular with a radius of 5.2 m 
and an area of 0.01 hectares. Plots were cleared of all 
deer pellets so that only new deposits of pellet groups 
will be counted in the spring. 

A complete survey of deer on the Monument was 
attempted with a drive count of deer on October 20. 
Stationary observers were placed along the east and 
south borders of the Monument, while 25 people 
walked in a straight line from the northern border to 
the southern border. Species and number of deer 
crossing back through the line to the north and deer 
crossing between the stationary observers were 
recorded. Observers were not located along the west 
border of the Monument because it was fenced. 

+ RESULTS 

Between June 18 and July 21, 1990, 12 white
tailed and 4 mule deer adult does were captured and 

radio-Collared. One yearling buck was captured but 
only eartagged. 

By mid-summer, radio-collared white-tailed deer 
irregularly moved off the Monument to nearby 
irrigated hay meadows in the evenings and returned to 
the Monument in early morning. By the end of 
August, 6 of 12 marked white-tailed deer and 1 of 4 
marked mule deer were using the hay meadows. By 
the end of October, all deer except 1 mule deer had 
been located off the Monument. Movement of marked 
does on and off the Monument occurred primarily 
along the eastern and southern borders of the 
Monument. The game fence along the western and 
northern border of the Monument inhibited movement 
across these areas. One site along the fence showed 
definite signs of deer movement under it. Shortly after 
this observation, this portion of the fence was 
modified 

During September and October, concurrent with 
deer hunting adjacent to the Monument, 1 radio
collared deer was killed by hunters and another deer 
was injured. We have not been able to obtain signals 
from 2 other does since September. It is unknown 
whether these does have migrated away from the 
Monument or whether they were killed by hunters. 
Movement off the monument continued through 
September and October despite the opening of hunting 
season. No obvious change was evident in use of 
major movement corridors during this time. 

Estimates of population numbers from our line 
transect surveys are too preliminary to report at this 
time. One hundred and seventeen white-tailed and 63 
mule deer were counted during the deer drive 
conducted on October 20 . We view these numbers as 
minimum counts because animals were missed. Yet, 
the drive count has potential to provide fairly accurate 
estimates of deer numbers. However, we estimate that 
more people will be needed, to be confident that all 
deer are counted. 

• FUTURE WORK 

We will continue to monitor deer movements, 
habitat use, and population trends during late fall and 
winter 1990-91. In December we will establish 
vegetation transects to monitor seasonal forage use 
during the upcoming 2 years. Pellet group plots will 
be sampled again in April of 1991 and additional plots 
established based on these results. 
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+ EXECUTIVE SUMMARY 

This project has undertaken to survey the surface 
exposures of the Jurassic Morrison Formation within 
Dinosaur National Monument (DINO) for fossil 
occurrences of any sort. The primary purpose of this 
survey is to provide an assessment of the extent and 
characteristics of the paleontological resource in this 
geologic formation within DINO. In so doing, the 
survey may also have the effect of discovering 
specimens of obvious and immediate scientific 
importance and providing observations that will 
contribute to an improved understanding of the 
stratigraphy of the Morrison Fm. 

Dinosaur National Monument was originally 
established for, and takes its name form the unique 
occurrence of a quarry (the Carnegie Quarry (CQ) that 
has produced a diverse and abundant dinosaur fauna. 
The CQ occurs within the Morrison Fm., which is 
known worldwide as one of the most prolific dinosaur
bearing units in the paleontologic record (Colbert 
1968). In addition to the dinosaurs, the Morrison Fm. 
has produced the best-represented fauna of early 
mammals from the Jurassic (Clemens et al. 1979) and 
fossils of other vertebrates (Chore & Engelmann 
1989). 

This suggests that the area beyond the CQ at 
DINO may contain important paleontological 

resources. This project will provide the first 
systematic survey of the Morrison Fm. within DINO. 
It will provide input for management of the 
paleontologic resource in the future and is likely to 
yield immediate results in the discovery of specimens 
that can be important to ongoing research projects. 

+ METHODS 

The methods employed have been standard 
paleontological field practice. A field assistant and I 
walk over the outcrop area in a systematic pattern that 
allows us to visually inspect the surface at close range. 
When fossil material is observed at the surface, the site 
is examined more closely to determine the nature of 
the occurrence, whether the specimens are in place, the 
quality of preservation, the identity of the specimen(s) 
and any other pertinent observations. All observations 
are recorded in field notes. Shallow excavations are 
sometimes made in order to assess the site more 
accurately, although the objective is not to completely 
expose the specimen nor to collect it, in most 
instances. 

Occasionally specimens are collected if loss or 
destruction of a scientifically valuable specimen is 
imminent, or if the specimen can be used in a currently 
active research project. All specimens collected are 
catalogued into the collections at DINO. 
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In addition to field notes, all sites are documented 
in the field. A description of characteristics and 
location of the site is recorded, for later entry into the 
computerized locality file system at DINO. The 
location is plotted on enlarged sections of topographic 
maps and B&W print photographs are made. 

Information pertinent to the stratigraphic research 
project being conducted in DINO is shared with the 
investigators of that project and our work is guided by 
their findings. This is especially true in the selection 
of samples for palynological analysis and radiometric 
dating which will be done cooperatively by both 
projects. 

+ PRELIMINARY RESULTS 

In the first year of a 3-year project, we have 
inspected perhaps 40% of the total area to be covered. 
I anticipate that this rate of work will permit us to 
cover the entire area within the period of the project. 

We have recorded more than 160 sites, of which 
only about 40 were previously known in DINO 
records. The majority of these sites are dinosaur bone 
localities. Most occurrences of dinosaur bone are of 
fragmentary material of little scientific value but many 
sites could prove to be of some value with further 
investigation. For example, articulated partial skeletal 
remains of part of a theropod dinosaur were found at 
one site. 

Silicified logs were relatively common, 
particularly in some horizons. Some piant remains, 
including a cone-like structure, were found at a few 
sites. Invertebrate fossils and trace fossils were also 
documented. In addition,a few sites have the potential 
to yield microvertebrates. Many horizons that may 
contain palynomorphs have been located and sampled, 
as have many bentonite layers which may be suitable 
for radiometric dating. 

Except at Deerlodge Park, where we observed 
evidence of systematic prospecting of the outcrops, we 
saw little evidence of illegal collecting. Only a short 
distance away from areas heavily used by visitors, 
specimens seemed to be relatively undisturbed. 

+ INTERPRETATION 

Our work so far leads me to conclude that fossils 
are indeed abundant in the Morrison Fm. within DINO. 

As we expected, dinosaurs are especially common, but 
many other types of fossils which could provide 
important environmental information occur as well. 

Of particular interest is the fact that dinosaur 
remains are abundant in the Salt Wash Member; 
although elsewhere in the areal extent of this member 
this is not known to be the case. Silicified logs are also 
common in the Salt Wash. Furthermore, both dinosaurs 
and logs appear to be concentrated in the major sand 
bodies within the Salt Wash, especially in a persistent 
sand in the middle of the member. Important 
specimens of fossil vertebrates occur within this 
member, as well as, within the Brushy Basin Member 
in which the CQ is located. Also important, is the 
potential for the development of microvertebrate 
localities, which must await evaluation. 

Although some evidence suggests that illegal 
collecting of fossils does occur, there is also reason to 
believe that it is not, at the present time, widespread 
nor severe, within DINO. 

Further work will be needed to characterize and 
evaluate the resource as a whole, and specific sites and 
specimens in particular. The initial impression is that 
the Morrison Fm. within DINO is a paleontologically 
data-rich environment. It figures importantly in 
paleontologic and stratigraphic problems of regional 
and perhaps global scale. 

• LITERATURE CITED 

Chure, D. J., and G. F. Engelmann. 1989. The fauna 
of the Morrison Formation in Dinosaur National 
Monument. p. 8-14 In: Flynn, J. J., ed., Mesozoic/ 
Cenozoic vertebrate paleontology: Classic 
localities, contemporary approaches. 28th 
International Geological Congress Field Trip 
Guidebook T322, AGU, Washington, D.C. 

Clemens, W. A., J. A. Lillegraven, E. H. Lindsay and 
G. G. Simpson. 1979. Where, when and what- A 
survey of known Mesozoic mammal distribution. 
p 7-58 In: Lillegraven, J. A., Z. Kielan
Jaworowska and W. A. Clemens, (eds.), Mesozoic 
mammals: the first two-thirds of mammalian 
history. Univ. California Press, Berkeley. 

Colbert, E. H. 1968. Men and dinosaurs. E. P. Dutton 
and Co., New York, 283 pp. 



DISTRIBUTION AND SIGNIFICANCE OF MESOZOIC 

VERTEBRATE TRACE FossiLS IN 

DINOSAUR NATIONAL MONUMENT 

MARTIN G. LocKLEY • R. FARLEY FLEMING • KELLY CONRAD 

DEPARTMENT OF GEOLOGY + UNIVERSITY OF CoLORADO AT DENVER 

DENVER 

• INTRODUCTION 

Dinosaur National Monument (DINO) 
encompasses an area that has rocks with a high 
potential for preservation of vertebrate trace fossils, 
especially dinosaur tracks. The purpose of this 
research is to document the presence, type, and 
distribution of vertebrate trace fossils in Mesozoic 
rocks exposed in DINO. These rocks include the 
Moenkopi Formation, Chinle/Popo Agie Formation, 
Glen Canyon Sandstone, Carmel Formation, Entrada 
Sandstone, Morrison Formation, Cedar Mountain 
Formation, Dakota Formation, and Frontier Formation. 
This study will increase our knowledge of the 
stratigraphic and geographic distribution of vertebrate 
tracks as well as provide taxonomic, behavioral, and 
paleoenvironmental data. 

During the 1990 field season, reconnaissance of 
the western part of DINO revealed the presence of 
vertebrate trace fossils in the Chinle/Popo Agie 
Formation. In addition, our examination of the 
Moenkopi Formation suggests that vertebrate tracks 
are probably present in this unit. Locality information 
was also obtained for probable track-sites in the 
Carmel Formation, Entrada Sandstone, and Morrison 
Formation. 

• FIELD METHODS 

Reconnaissance exploration for vertebrate 
track-sites in DINO was undertaken by Martin G. 
Lockley, R. Farley Fleming, and Kelly Conrad from 
June 7-12, 1990. The June field reconnaissance was 
restricted to the Triassic Moenkopi and Chinle/Popo 
Agie Formations in the western part of DINO. 

Rowley et al. (1979) used the term Chinle for Late 
Triassic red beds in DINO. Lockley (1986) and 
Lockley and Conrad (1987; 1989) have used the term 
Popo Agie following the terminology of High and 
Picard (1969). In this report, the term Chinle/Popo 
Agie is used to designate this unit within DINO. 

The Moenkopi and Chinle/Popo Agie Formations 
are exposed along the flanks of the Split Mountain 
anticline. Exposures of these units form extensive 
strike valleys surrounding Split Mountain and are thus 
readily accessible for reconnaissance. The 
Moenkopiand Chinle/Popo Agie Formation exposures 
were examined within these valleys extending along 
Red Wash from approximately latitude 40026'45"N 
and longitude 109°17'30"W, northwest to latitude 
40028'45"N and longitude 109<'20'00"W. 
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Detailed geographic and stratigraphic infonnation 
was collected for localities with unequivocal vertebrate 
tracks. Latex molds were made of well-preserved 
tracks and some specimens were collected and 
deposited at DINO headquarters. In accordance with 
park policy, we have photographed all vertebrate 
tracks localities. 

+ PRELIMINARY RESULTS 

We did not observe well-preserved vertebrate 
tracks during reconnaissance of the Moenkopi 
Formation in Red Wash. However, a few possible 
tracks were observed in rocks that contained burrows 
of the ichnogenus Scoyenia, an invertebrate trail that 
often occurs with vertebrate trace fossils. 

Four track sites were discovered in the Chinle/ 
Popo Agie Fonnation and given locality numbers 
(Table 1). 

Locality Latitude 

UCD90-1 40~7'45"N 

UCD90-2 40~6'52"N 
UCD90-3 40°28'04"N 
UCD90-4 40°27'29"N 

Longitude Member 

109°19'40"W Red siltstone 
mbr 

109°19'50"W Upper mbr 
109°20'00"W Upper mbr 
109~0'07"W Sandstone 

and conglomerate 
mbr 

Table !.Geographic and stratigraphic data for 
vertebrate track localities in the Chinle/Popo Agie 
formation. 

LOCALITY UCD90-1 

Locality UCD90-1 occurs 6-7 m above the base of 
the red siltstone member of the Chinle/Popo Agie 
Formation. At this horizon, two small tridactyl tracks 
are poorly preserved on the top of a sandstone bed. 
The tracks are about 7 em long and 6 em wide. The 
track impressions are deep, indicting a very wet 
substrate at the time of trackmaking. 

LOCALITY UCD90-2 

Locality UCD90-2 occurs approximately 1.5 m 
below the top of the upper member of the Chinle/Popo 

Agie Formation. This locality contains several tracks 
and includes at least two ichnospecies. The first 
species is Brachychirotherium sp. and includes both 
manus and pes impressions (Figure lA). The pes is 
17-18 em long and 12-13 em wide; the manus is about 
8 em long and 9 em wide. A latex mold was taken of 
one of the better tracks of Brachychirotherium sp. The 
second species is represented by a single therapsid 
track that has not been named 

10cm 

Figure JA. Brachychirotherium sp. manus/pes set 
from locality UCD()-2 

LOCALITY UCD90-3 

Locality UCD90-3 occurs about 8 m below the top 
of the upper member of the Chinle/Popo Agie 
Formation and has an excellent trackway of 
Brachychirotherium sp. (Figure 1B). The tracks are 
preserved on the upper surface of a thin sandstone bed. 
The trackway is about 4 m long and includes 6 manus/ 
pes sets. Preservation of individual tracks is fair. 

LOCALITY UCD90-4 

Locality UCD90-4 occurs near the base of the 
sandstone and conglomerate member of the Chinle/ 
Popo Agie Fonnation. Six tridactyl tracks of Grallator 
sp. are preserved on the underside of a thick sandstone 
bed. These well-preserved tracks form a trackway 
approximately 3-4m long. Individual tracks are 
estimated to be 12-13 em long and 9-10 em wide; the 
step is about 70 em. We plan to make a latex peel and 
replica of this trackway. 
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Figure lB. Brachychirotherium sp. trackway from 
locality UCD90-3. 

+ INTERPRETATIONS 

Tracks have only previously been documented 
from two localities in the Chinle/Popo Agie Formation; 
the first in Wyoming (Branson and Mehl, 1931) and 
the second in Colorado (Lockley, 1986). The 
discoveries reported herein therefore double the known 
number of known localities. Moreover they represent 
the first reports from Utah, and the frrst reports of 
Brachychirotherium, Grallator, and a therapsid track 
from this formation. 

Brachychirotherium is an important Late Triassic 
(Carnian to? early Norian) zone fossil (ichnite). It is 
known from the Chinle of Utah (Lockley, 1986) and 
the Dockum of New Mexico (Lockley and Conrad, 
1987). The discovery of this ichnogenus at DINO 
helps confirm that beds in the sequence between 
UCD90-2 and UCD90-3 are Carnian to Norian in age. 

From a paleoecological point of view, the addition 
of three new track types doubles the diversity of 
vertebrate forms know from tracks in this formation. 
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The objective of this study is to establish a 
stratigraphic, sedimentologic, and geochronologic 
framework of the Upper Jurassic Morrison Formation 
within Dinosaur National Monument, and to tie this 
framework to the rest of the Colorado Plateau and 
other important fossil-bearing localities. The study is 
designed to complement ongoing paleontological 
inventories of the Morrison Formation within the 
Monument. During the first field season, emphasis 
was placed on beginning detailed stratigraphic and 
sedimentologic work and the collection of samples for 
various types of analyses. 

+ METHODS 

The primary tool in stratigraphic and 
sedimentologic studies is the measured section, in 
which observations and data are recorded 
systematically in a vertical transect through the 
formation. Samples are collected and tied into the 
sections for precise stratigraphic positioning. During 
the first field season, two detailed sections of the entire 
Morrison Formation and one section of the lower part 
of the formation were measured and described. In 
addition, one section of the overlying Lower 
Cretaceous Cedar Mountain Formation was measured. 
The sections of the entire Morrison Formation were 
measured near the Quarry, and in Deerlodge Park, near 

the eastern boundary of the Monument. A partial 
section of the Morrison was measured in Rainbow 
Draw, a locality about 16 km northeast of the Quarry. 
The section of the Cedar Mountain Formation was 
measured near the Quarry, at the same locality as one 
of the complete sections of the Morrison. Thicknesses, 
rock types, colors, textures, bedding types, 
sedimentary structures, erosion surfaces, and fossil 
occurrences were recorded at each locality. Localities 
were chosen _for the quality of exposure and for 
geographic distribution within the Monument. 

The types of samples that were collected varied, 
depending on the purpose. Bentonite beds (altered 
volcanic ash) were sampled extensively, for the 
purpose of isotopic dating of mineral grains within 
these beds. The isotopic dating will provide a more 
accurate age of the formation and various members 
within it than is currently known. This will help in 
correlating to other areas outside of the Monument-
one of the goals of the project. Coalified organic 
matter was collected at several localities for vitrinite 
reflectance analysis in order to help determine the 
thermal history of the rocks and the maximum depth of 
burial that the rocks experienced. Organic-rich 
mudstones were also collected because these beds 
often yield spores and pollen that provide 
biostratigraphic and paleoecologic information. The 
spores and pollen provide a paleontological means of 
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dating the Morrison Formation, which will 
complement the isotopic dates from bentonite beds. 
Other samples were collected because they contain a 
variety of invertebrate fossil remains, including 
gastropods, conchostracans, and charophytes. These 
samples will be distributed to appropriate specialists 
for more detailed analysis and interpretation. 

Studies were made on crossbedding in fluvial and 
eolian sandstone beds the Morrison and Cedar 
Mountain Formations. For the fluvial beds, these 
studies will show the orientation and direction of flow 
of the streams. For the eolian beds, the studies will 
show the direction of prevailing winds during 
Morrison deposition. 

+ PRELIMINARY RESULTS 

AND INTERPRETATIONS 

During the frrst field season we were able to 
recognize four members in the Morrison Formation in 
the Monument. Based on these data, the Morrison in 
the Monument can be correlated, on a member by 
member basis, to the Morrison Formation farther south 
on the Colorado Plateau and in Wyoming. The 
members include, from base to top, the Windy Hill, 
Tidwell, Salt Wash, and Brushy Basin Members. 
Another result was the recognition of a stratigraphic 
marker--the welded chert zone in the Tidwell 
Member--that is recognized in the Morrison Formation 
throughout much of the Colorado Plateau. 

Forty-nine bentonite samples were collected 
during the first field season, all of which are tied into 
the two detailed measured sections. Forty-six of the 
bentonites are from the Brushy Basin Member, which 
typically contains numerous bentonites. The 
remaining 3 samples were collected from the Tidwell 
Member, an interval that typically does not contain 
bentonites. The discovery of bentonites in the Tidwell 
should enable us to date the base of the Morrison by 
isotopic methods, which we had not thought was 
possible when this study was initiated. The Brushy 
Basin Member samples, comprising the upper half of 
the formation in the Monument, will provide dates 

from the middle and upper parts of the formation. 
Detailed resolution based on isotopic dating methods, 
which we had hoped would provide a means of 
detailed correlation within the Monument, may not be 
possible based on preliminary age determinations on 
bentonites elsewhere in the Colorado Plateau region. 
Preliminary ages determination indicate that the 
Brushy Basin Member was deposited over such a short 
time period that isotopic dating techniques may not be 
able to resolve very fine time increments. 

Preliminary results also indicate that bentonite 
beds at the Deerlodge Park section contain 
significantly less biotite than the bentonite beds at the 
Quarry section. We interpret this toindicate a 
downwind decrease in the abundance of airfall grains 
in volcanic ashes that were carried eastward by 
prevailing westerly winds in the Late Jurassic. This is 
consistent with the observation that the Morrison 
formation along the Front Range in east-central 
Colorado, is completely lacking in bentonite beds. 

Preliminary examination of low-level oblique 
aerial photographs of the Morrison Formation suggest 
that the Brushy Basin Member does not contain a 
significant amount of fluvial sandstone beds. This 
observation is consistent with the observations made 
while measuring stratigraphic sections; and suggests 
that even though some of the mudstone in the member 
is overbank or floodplain in origin, some of the 
mudstone may have been deposited in lake 
environments. Laminated units within the member 
seem to confirm this tentative conclusion. 

Preliminary examination of crossbedding 
dip-vector measurements in fluvial beds of the Salt 
Wash Member suggests that the streams that deposited 
this member flowed in a southeasterly direction across 
the Monument area. Preliminary examination of 
similar measurements, collected from eolian beds in 
the Salt Wash Member in the Deerlodge Park area, 
suggest that the prevailing winds were westerly, which 
is consistent with paleowind directions for eolian beds 
in the Morrison Formation elsewhere in the Colorado 
Plateau region. 
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Fossil Butte National Monument contains within 
its boundaries, a significant portion the world's best 
preserved and most complete ancient lake deposit, 
known as the Fossil Butte and Angelo Members of the 
Green River Formation (Oriel and Tracy 1970). Fossil 
Lake, the Eocene depository of these members of the 
Green River Formation, occupied a north-south 
trending structural basin within the Wyoming Thrust 
Belt known as Fossil Basin. Within Fossil Basin one 
can follow individual time horizons or rock units from 
lake center to margin with relative ease and great 
accuracy. Those rock units have faithfully recorded 
lake center to lake margin differences in lake depth, 
turbidity, salinity, alkalinity, temperature, and faunal 
elements. Areal changes in thickness and lithology 
(rock type) can be measured and mapped revealing 
details of lake shape, geography, and regional 
differences in lake depth and chemistry. Details 
concerning location and size of fluvial inlets and 
deltas, variations in lake bottom gradient and sediment 
type, and how these relate to flora and fauna can be 
discerned. An understanding of these aspects of the 
ancient lake system are essential if paleontologists are 
to put together a complete picture of the lake's fish 
fauna, which is the focal point of the monument. A 
variety of basin analysis maps derived from data 
collected in the field and laboratory will be used to 
make paleoenvironmental and paleogeographical 
interpretations of Fossil Lake through time. 

• OBJECTIVES 

The primary objective of this research is to 
determine the paleogeograpy, depositional 
environment, and chemistry of Eocene Fossil Lake 
and to document how these aspects fluctuated through 
time. The result will be a series of "time slice" maps 
portraying the widely differing characters of Fos.sil 
Lake throughout it's history. The aerial maps will 
show (when and where possible) lake margin 
boundaries, location of major inflow rivers, deltas, 
lake bottom gradient, variations in lake chemistry 
(salinity and alkalinity), variations of lake depth, 
location of subaqueous turbidity flow channels, 
sediment or facies distributions, Eh or oxygen 
conditions of the bottom sediment and water column, 
proximity and probable location of volcan~c vents near 
the lake, and distribution of bottom dwellmg 
bioturbators. These maps will be interpretive maps 
based on numerous data maps (isolith and isogrid, 
facies, mineral distribution, isotope variation, et~.) 
produced by plotting of sedimentary structure, facies, 
petrograph i.e., mineralogic, unit thickness, total 
organic ~arbon, isotopic (oxygen), and other related 
data. Paleontologic data will be included where 
available, or easily observed in hand samples 
(primarily ostracods, gastropods, trace fossils and plant 
remains). 
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... METHODS 

During the 1990 field season spent sampling 13 
sedimentary beds were sampled at 26 different 
locations throughout Fossil Basin and within Fossil 
Butte National Monument. These locations were 
located at about one kilometer intervals along outcrops 
of the Fossil Butte Member within Fossil Basin. 
Outcrops, exposing the 13 sedimentary units described 
above, occur aiong canyons and buttes within the 
mapped area. At most locations, the units were well 
exposed. Samples consisted of hand size rock samples 
that were labeled and vertical orientation indicatived 
with an arrow. Sample locations were plotted on 
topographic maps and air photos. Thickness of section 
was also measure between sample intervals. 

Rock samples, 260 collected in the field have been 
slabbed, polished, acid etched and stained so as to 
allow detailed sedimentological analysis. X-ray 
diffraction, thin-sectioning, and isotope analysis will 
be conducted before the beginning of the 1991 field 
season. Data obtained will be entered into a 
Geographic Information Systems program and plotted 
out as a series of paleogeographic maps showing unit 
thickness variations, mineralogic variations, laminae 
frequency variations, etc. 

... PRELIMINARY RESULTS 

When the sample preparation and analysis is 
completed, the resultant data entered into a Geographic 
Information System program, maps will be plotted and 
results and conclusions will be made. Lithologic and 
thickness variations from location to location appear 
important and should reveal some important variations 
when plotted as paleo-geographic maps. 
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+ INTRODUCTION 

The overall objective of this two-year 
investigation is to study gray wolf (Canis lupus): 
ungulate interrelationships in a multi-prey system. 
This study focuses on elk (Cervus elaphus), and is 
being conducted in the North Fork of the Flathead 
River drainage, in Montana and British Columbia, the 
main area of grey wolf recovery. 

We address questions that resource managers will 
be asked as wolf recovery occurs. From a National 
Park Service perspective, the results could be used to 
educate the public about the role of predation in natural 
systems. Glacier National Park has the opportunity to 
lead the way in conducting research on this keystone 
predator and its prey, and to demonstrate the role 
biosphere reserves can play in ecological research. 

Information that will be important for future 
informed resource management is being gathered. 
Management of public lands might require a balance 
accommodation between wolves, their prey, and sport 
hunting, along with other forms of recreation. The 
Montana Department of Fish, Wildlife, and Parks 
needs information on the impacts of wolves on game 
populations in order to maintain numbers and 
recreational opportunities. As reintroduction of wolves 
in Yellowstone National Park is considered and 
debated, knowledge gained from this study will be 
helpful. 

Finally, this study can expand ecological 
knowledge of the role of a major predator on the prey 
population dynamics and interrelationships. To 
expand knowledge of the study area prey base 
available to wolves, these specific parameters will be 
addressed: 

1. Age and cause-specific mortality of elk. 
2. Seasonal distribution and key elk seasonal 

use areas. 
3. Age, sex distribution/composition of the elk 

population. 
4. I.:.ong-term elk abundance and distribution 

monitoring plan. 

+ METHODS 

We are assessing cause-specific mortality for elk 
by· using motion-sensitive radio transmitters (mortality 
collars). Collapsible traps modified (Sparrowe and 
Springer 1970, Roper et al. 1971, and McCullough 
1975) from Clover's (1954) design are used to capture 
elk during winter. The traps are baited with 
second-cutting, weed-free alfalfa hay. We have placed 
the traps within the territory of the Camas Pack in 
Glacier National Park, and the Flathead National 
Forest Traps are checked daily. When elk are 
captured, the trap is collapsed and the animal remains 
physically restrained. 
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We secured mortality collars on yearlings and 
adult female elk. The collars are an inconspicuous 
color (brown and black) to satisfy the aesthetic 
concerns of Glacier Park rangers. Collars are 
monitored daily to determine whether the animal is 
still moving. When the received signal indicates that 
an animal has not moved for 4 hours, the animal is 
approached and the cause of mortality is determined 
(O,Gara 1978, Wobeser and Spraker 1980). Seasonal 
mortality rates will be determined for yearlings and 
adults following Heisey and Fuller (1985). A further 
mortality classification by age in years is not possible 
due to the small sample size. 

Calf production and survivorship will be assessed 
during 1991 by locating each cow aerially or by foot 
and looking for a calf. Visuals will begin during the 
second week of May and continue monthly throughout 
the summer. Cows that are identified as. productive 
will be visually located once a month, while cows 
without calves will be visually located every two 
weeks until the third week of June at which time they 
will be assumed to be non-productive. 

Bear scat were collected as in the past by 
McLellan, and the proportion of the scats containing 
elk remains will be determined. The proportion of elk 
remains in a wolf diets will be determined by the Wolf 
Ecology Project using scat analysis from feces 
collected at den and rendezvous sites. Hair from 
calves and adults will be identified separately, and 
regression equations (Floyd et al. 1978), modified by J. 
Weaver (pers. commun.) will be used to estimate the 
proportion of calves in the diet at that time. 

Radio-collared animals are relocated weekly to 
identify key areas of seasonal use and seasonal 
movements. Locations are determined from the 
ground whenever possible, and from aircraft when 
necessary. The Universal Transverse Mercator system 
of recording locations is used to insure that these 
locations can be used in a geographical information 
system. Areas receiving high seasonal use, as 
indicated both by radio locations and by pellet counts 
(see below), will be identified. 

Age and sex composition will be estimated when 
elk are aerially located during winter (Unsworth and 
Kuck 1988). Males continue to carry their antlers until 
the end of the winter and can be identified as such. 
Calves can be identified by size and by shape of the 
head. The sex and age comjx>sition of elk populations 
will also be estimated from road-side counts. Both elk 

and deer tend to concentrate along the North Fork 
River in spring, making this the time when elk are 
most observable from the ground. This may not be a 
representative count of males and females but, if used 
for a number of years, should indicate trend. Cow-calf 
counts should be representative of the population. 

Pellet group counts (Neff 1968) will be used as an 
index to estimate relative elk abundance. Transects 
have been set up in cooperation with concurrent 
white-tailed deer (Odocoileus virginianus) and moose 
(A/ces alces) studies, following a stratified random 
sampling scheme (Freddy and Bowden 1988). Results 
from other studies conducted in the same area, were 
used to estimate the sample size needed to detect a 
20% change in population with 95% probability. 
These indices of abundance can continue to be 
obtained after this project is complete. 

Roadside counts, described above to monitor 
population composition, will also be used with location 
data to estimate population size. The number of radio 
collared elk seen will be used in conjunction with the 
number of radio collared animals in the area and the 
total number of elk seen to estimate population size 
using the Petersen Index (Caughley 1977). Flights in 
early winter will further aid to form an index of 
abundance. 

+ RESULTS AND DISCUSSION 

Trapping of elk began in early January and 
continued until early April. Due to unusually heavy 
snowfall and a subsequent shift in habitat use by elk, 
only 16 cow elk were successfully collared (Fig. 1 for 
age distribution). Of these, two cows of ages 8 and 12 
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Figure 1. Age distribution of captured elk 



yr were killed by mountain lions (Felis concolor). One 
cow died a week after capture of what is suspected to 
be Pasteurella-related pneumonia. Tissues were 
collected and sent to the Montana State Veterinary 
Diagnostic Laboratory for analysis. Three elk died as 
a direct result of trapping. One was a calf, and the 
other two cows were the oldest of those captured at 12 
and 15 yr. The latter two also exhibited streaked livers 
indicating recent infection (O'Gara, pers. comm.). A 
meeting was held on March 31, 1990 with 
representatives from Glacier National Park, Montana 
Fish, Wildlife, and Parks, U.S. Fish and Wildlife 
Service, and U.S. Forest Service to determine whether 
trap mortalities could have been prevented. It was 
decided that in all but possibly one case, they were not 
preventable. Trapping was terminated when it was 
judged that the elk were no longer in condition for safe 
capture. Trapping will resume December 1990 and 
continue until the desired sample size of 30 animals is 
reached. We believe trapping the remaining elk will 
be much easier due to our advanced know ledge of 
winter distribution and movements from this past 
season. 

A pellet count sampling plan has been constructed 
with accuracy, precision, and efficiency in mind. Field 
work began April 22, 1990 and was completed by June 
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1, 1990. The data have not yet been analyzed. 

Roadside counts of elk have also begun along the 
North Fork River. Flights were begun in May along 
the river corridor to visually estimate elk abundance, 
and herd composition. Due to poor weather, small 
numbers of elk seen, and inability to distinguish 
antlerless males from females, it was decided to move 
the aerial surveys to early winter when elk congregate 
in large numbers in open meadows and males are 
readily distinguished from females. Early winter 
flights will probably be in conjunction with Montana 
Department of Fish, Wildlife, and Parks, which is 
planning to initiate its own aerial surveys in the North 
Fork this winter. Radiotracking and mortality 
monitoring will continue until late summer, 1991. As 
of September 1, 1990 over 300 aerial and ground 
locations of elk have been recorded on summer and 
winter ranges and migration routes. Of 13 collared elk 
alive, 10 migrated into British Columbia to summer 
ranges, two stayed in the Whitefish Range in Montana, 
and one is unaccounted for, presumably due to a 
malfunctioning collar (see Fig. 2). Four of the collared 
elk summered near a proposed coal mine in the Cabin 
Creek drainage of B.C. Winter locations are ground 
triangulations, while summer locations are obtained 
during a mix of aerial and ground radio locations. 
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Location data have not yet been 
analyzed, but initial examination of the 
data indicate that elk made extensive use 
of Big Prairie and other open meadows in 
early winter until the snowpack crusted 
over. At this point, elk moved into timber 
until spring thaw softened the snow crust. 
The Red Bench Fire area was heavily used 
by elk in the Akokala region, probably for 
aspen (Populus tremuloiodes) shoots and 
other frre-related vegetation. Migration 
began in late April and was complete by 
July, 1990. Elk began stabilizing their 
movements as early as 1 June, but after a 
week of hot weather at the end of June, 
many elk moved to higher ranges. The elk 
that did not move typically occupied steep, 
narrow ravines along riparian zones. 
During July and August elk were often 
seen lying on snowbanks in alpine cirques. 
Many were also located near mineral licks 
during this time. Cow/calf ratio as of 
September 1, 1990 was estimated to be 
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Figure 2. Seasonal distribution of collared elk. 
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.. CONCLUSIONS 

Results to date indicate that management of North 
Fork elk must be interagency and international. 
Twelve of the 13 elk captured on winter range in 
Glacier National Park, may soon be subject to hunting 
in British Columbia and Montana. We hope to trap elk 
wintering south of Big Prairie this winter in order to 
fmd additional summer range areas within and outside 
Glacier National Park. A large number of the North 
Fork elk winter on Big Prairie and surrounding areas, 
and we brlieve that park management actions, i.e. fire 
control, affect the elk. Management of the elk herd to 
account for wolf predation must include British 
Columbia agencies; Montana Department of Fish, 
Wildlife, and Parks; U.S. Forest Service; and Glacier 
National Park. 

No predation by wolves of collared elk has 
occurred thus far. Lions have killed two elk, indicating 
that they are a predator of elk. Because of this, we will 
backtrack lions this winter to find more kills to better 
understand the effects of this predator on the elk. Data 
on herd size and composition will be collected early 
this winter. 

.. SUMMARY 

The four goals of this study of the elk (Cervus 
e/ephus) inhabiting the North Fork of the Flathead 
River drainage are to determine 1) age and 
cause-specific mortality, 2) seasonal distribution and 
migration 3) age and sex composition, and 4) index to 
population change. Sixteen elk were captured using 
collapsible Clover traps and fitted with mortality 
collars during winter 1989-90. Two were killed by 
lions (Felis conco/or) at ages 8 and 13 yr, and one died 
from infection. Over 300 elk locations using 
radiotelemetry have been collected on summer and 
winter ranges and migration routes. Spring aerial 
counts for estimating herd composition were found to 
be inadequate and were rescheduled to early winter. 
Cow/calf ratio as of September 1 was 2:1. Roadside 
counts and pellet transects have been conducted for an 
index to elk abundance, and aerial counts will begin in 
early winter 1990. 
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Glacier National Park (GNP) is responsible for the 
management and preservation of biological diversity in 
the natural populations of plants and animals occurring 
within its boundaries. Information on existing levels 
of genetic variation within and among populations is a 
prerequisite for developing management strategies to 
maintain genetic diversity and to perform revegetation 
activities. We are using two methods to assess levels 
of genetic diversity and differentiation among 
populations: quantitative genetic analysis and isozyme 
(electrophoresis) analysis. To examine whether 
patterns of genetic variation and adaptation to local 
environments require that sites be revegetated with 
plants collected from nearby natural populations, or 
alternatively, whether transplants could be obtained 
from other sources; we are focussing on three 
experimental areas: 

1. quantitative genetics, 
2. electrophoresis, and 
3. natural selection. 

QuANTITATIVE GENETICS 

Quantitative genetic analysis uses measurements of traits 
that are important to the fitness of individuals in natural 
populations. This involves assessing morphologic and 
life history characters of related individuals (e.g., one 

plant and its runners (runner= clone)). Sixty transplants 
were collected randomly from each of 12 populations of 
strawberries (Fragaria virginiana) Duchesne in GNP 
during June 5-21, 1990 (Table 1). These 12 populations 
represent variability present at points along the diverse 
environmental and geographic gradients in GNP. 
Transplants were planted in a randomized complete block 
design on 24 June into Diettert Experimental Gardens at 
the University of Montana, Missoula. Plants established 
well and produced an average of three runners per plant. 

ELECTROPHORESIS 

Initial electrophoretic analyses will identify 
1. procedures necessary for resolving enzyme 

systems and 
2. polymorphic loci. 

During October 7-8, 1990, the youngest leaves present 
on the 720 maternal plants in the Diettert Experimental 
Gardens were harvested for use in electrophoresis 
screening. Leaves were placed randomly in four 
grinding buffers: 

1. P0
4
-PVP, 

2. Tris-Maleate-PVP, 
3. Tris-HCl-PVP, and 
4. distilled 
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Table 1. Locations of Fragaria virginiana populations in Glacier National Park used for quantitative genetics 
experiment. 

Many Glacier Area 
*Populationion 1 WilburCk elev. 1585 m S-facing slope,15% 

Population 2 Apikuni Ck elev. 1521 m flat 
Two-Medicine Area 

*Population 3 W end of Lower 
Two-Medicine Lakeel elev. 1511 m flat 

Population 7 E side of Dry Fork Ck, 
Running Eagle Falls elev. 1511 m flat 

North Fort Flathead River 
Population 4 South of Bowman Lake, 

1 mile elev. 1268 m, flat 
*Population 10 Big Prairie elev. 1122 m SW-facing slope, 

15%, burned in 1988 

St. Mary, s Area 
Population 5 Two Dog Flats elev. 1487 m E-facing slope, 20% 

*Population Siyeh Ck elev. 1804 m SW-facing slope, 15% 

Middle Fork Flathead River 
Population 8 ParkCk elev. 1146 m flat, gravel flood plain 

*Population 9 Belton Hills elev. 975 m flat 

Continental Divide 
Population 11 1967 Fire Pullout, Going-to-the-Sun Hwy, 

396 m W from Haystack Ck elev. 1536 m SW facing slope, 60% 
*Population 12 Logan Pass 

*Populations used in Natural Selection Experiment 

~0. These leaves were ground and stored at -40°C 
until used in enzyme analyses. 

Chromosome counting is necessary to ascertain 
the ploidallevel of (F. virginiana) in GNP. This is 
essential information for interpreting enzyme banding 
patterns. Roottips for chromosome squashes were 
taken from the plants in Diettert Experimental 
Gardens on October 25, 1990 and fixed in Farmer,s 
solution (Love and Love 1975). 

Six study populations of mountain brome 
(Bromus carinatus) Hook. and Am. were located to 
maximize diversity present in samples of the 
environmental and geographic parameters in GNP 
(Table 2). Two hundred panicles from each 
population were collected from August 19-23, 1990. 

elev. 2060 m S-facing slope, 20% 

Seeds will be germinated and used for 1) ascertaining 
population chromosome numbers and 2) genetic 
diversity assessments by enzyme electrophoresis 
screening. 

NATURAL SELECfiON 

Measurement of quantitative characters on 
individuals in natural populations in GNP will indicate 
which traits are influenced by natural selection. 
Survival and reproduction are two parts of the complex 
suite of processes that comprise individual fitness. In 
each of six F. virginiana populations in GNP, 200 
individuals were labeled with 1 x 3 inch aluminum tags 
(Table 1). Characters were measured twice during the 
growing season, June 1-6 and September 4-10 (Table 
3). These data will be used to estimate which 
characters are subject to natural selection, and if there 



are temporal or spatial differences in natural selection 
in populations throughout GNP. 

+ PROPOSED WORK 

November 1, 1990 to May 31, 1991 

During the remainder of this first year in a three 
year study, experiments to characterize genetic 
variation in natural populations in GNP will continue: 

1. quantitative genetics, 
2. electrophoresis, and 
3 natural selection. 

The development of long-term management plans for 
genetic diversity and for revegetation programs 
requires information on levels and patterns of genetic 
divergence within GNP. 

QUANTITATIVE GENETICS 

Table 3. Characters measured on Fragaria 
virginiana innatural selection experiment. 

1. number of leaves per plant 
2. number of stolons 
3. number of peduncles 
4. number of flowers and flower buds 
5. number of hermaphroditic flowers 
6. number of pistillate flowers 
7. number of staminate flowers 
8. number of fruits 
9. length of largest leaflet 

10. width of largest leaflet 
11. length of longest stolon 
12. number of stolon nodes 
13. number of leaves on runner on the 

longest stolon 
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This experiment provides information on the 
genetic differentiation and local adaptation of F. 
virginiana populations. Population transplants in 
Diettert Experimental Gardens will be monitored for 
runner production. Fifteen runners from each of ilie 60 
maternal plants (15 x 60 x 6 GNP populations= 5400 
total clones) will be needed for transplant into common 

gardens at GNP. Total number of clonal propagules 
will depend on levels of reproduction and mortality. It 
may require the 1991 growing season to produce this 
number of clones. These clones will be transplanted 
into three common gardens (low elevation west side, 
continental divide, and low elevation east side), five 
clones from each maternal plant per garden. 
Transplant times will be July-September 1991, 

Table 2. Population locations of Bromus carinatus in Glacier National Park used for electrophoresis 
experiment. 

Population 1 Big Prairie, North Fork Flathead River, 183m N of Fragaria virginiana Population 10, 
elev. 1122 m, flat, population extends along Wedge of Populus tremuloides stand 

Population 2 W of Apikuni Falls parking lot 396m, 183m S of trail to Redgap Pass, elev.1536 m, 
population extends along W edge of Populus tremuloides stand 

Population 3 Two Dog Flats, E of Two-Dog Ck, elev. 1438 m, SE-facing slope, 10%, population 
extends along WSW edge of Populus tremuloides stand 

Population 4 Two-Medicine Area, 137m W of GNP boundary, elev. 1511 m, SW facing slope, 20% 

Population 5 1967 Fire Pull-out, Going-to-the-Sun Hwy, 183m W of Haystack Ck, elev. 1536 m, 
SW-facing slope, 60% 

Population 6 Siyeh Ck, elev. 1804 m, SW-facing slope, 15% 
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depending on clone-producing success. Quantitative 
characters that are important for survival, reproduction, 
and revegetation success (Table 3) will be measured 
after clones are established. 

ELECTROPHORESIS 

Both species, F. virginiana and B. carinatus, will 
be screened on electrode/gel buffer systems for 
polymorphic enzyme systems. Bromus carinatus seed 
(Accession 9054510) will be obtained from the Plant 
Materials Center, Bridger, MT (BPMC) for a 
comparison of polymorphic loci. This is seed that was 
collected in 1987 from GNP and has been propagated 
at BPMC during the past three years. Electrophoretic 
data will provide information on feasibility of using 
off-site propagation to maintain genetic diversity in 
revegetation stocks. Analysis of all electrophoretic 
data will use measures of genetic distance and 
F-statistics (Nei 1987). Tests of statistical significance 
will use parametric (Sokal and Rohlf 1981) and 
nonparametric techniques (Mitchell-Olds 1986). 

NATURAL SELECTION 

First-year data from the six populations of F. 
virginiana will be analyzed using regression with 
parametric or jackknife significance tests to estimate 
the effects of various characters on fitness components 
(Mitchell-Olds 1986, Mitchell-Olds and Bergelson 
1990). These analyses will help to identify the factors 
that determine variation in F. virginiana fitness and, 
therefore, on revegetation success. 

+ CONCLUSIONS 

This research will provide information on genetic 
variation within and among populations of F. 
virginiana and B. carinatus in GNP. Final results from 
this three year study will facilitate the development of 
effective management strategies for preservation of 
existing genetic integrity in natural populations and the 
revegetation of disturbed GNP lands. 
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LACROSSE 

Fescue grasslands are important habitat types 
within several drainage systems in Glacier National 
Park. A two year field study (1989, 1990) was 
undertaken to assess factors potentially threatening the 
integrity of these grasslands. Objectives of this study 
are to: 

1. Identify factors determining the distribution 
of fescue grasslands; 

2. Describe plant and vertebrate communities 
inhabiting fescue grasslands; 

3. Identify factors that are potentially 
disruptive to the natural integrity of fescue 
grasslands; and 

4. Develop a management model that includes 
hypotheses to be tested by management 
actions. 

Field work for both first and second seasons has 
now been completed and data analysis is in progress. 

+ METHODS 

Glacier's computerized Geographical Information 
System was used to determine general elevation and 
slope limits of fescue grasslands and coverage of these 
grasslands within specific drainages. Size-specific 
mortality comparisons of trees in burned versus 
unbrirned ecotone areas in the North Fork grasslands 
were used to assess the role of fire in preventing tree 
encroachment into grasslands. 

In each of 11 grassland study sites, the presence of 
all vascular plant species, excluding Carex spp., was 
determine in 25-50 quadrats (0.1m2) placed along a 
100m transect Species frequency and richness were 
determined for each site. Sites were adjacent to 
primary roads (4 sites), secondary roads (4 sites), and 
back country trails (3 sites). In 6 other sites, each of 
which was approximately 20 ha in size, vertebrate 
populations were censused using a 400 m trap line of 
Sherman live traps (small mamma~s), the "consecutive 
flush" method (birds), burrow densities in 10 x 100 
belt transects (ground squirrels and badgers), surface 
coverage of elk pellets, and a limited number of pitfall 
traps (amphibians and reptiles). Trapping was repeated 
twice each summer (late June/early July and late 
August). 

Possible impacts of transportation routes and 
underground utility line construction were assessed 
using two quadrat-based vegetation parameters (native 
species richness, exotic species richness). Native plant 
species richness was also estimated in stands 
dominated by common timothy, spotted knapweed, 
and native fescues. 

+ PRELIMINARY RESULTS 

Field observations and GIS Landsat data indicate 
that fescue grasslands occur largely at elevations below 
1620 m and on alluvial deposits. Extensive fescue 
grasslands occur on both eastern and western slopes of 
the Continental Divide. Grassland coverage ranged 
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from 0.3% to 3.2% in the drainage systems examined. 
The 1988 Red Bench fire resulted in nearly 100% 
mortality of lodgepole pines in the smallest size class 
occurring in the forest/grassland ecotone, suggesting 
that frre effectively discourages encroachment of 
lodgepole pine into grasslands. 

Idaho fescue (Festuca idahoensis) and/or rough 
fescue (F. scabrella) were among the three most 
common grasses at all11 study sites. Other common 
nonfescue grasses occurring in one or more sites 
included Richardson's stipa (Stipa richardsonii), 
oatgrass (Danthonia intermedia), junegrass (Koeleria 
cristata), wheatgrass (Agropyron caninum), and 
common timothy (Phleum pratense). Common forbs 
include yarrow (Achillea millefolium), northern 
bedstraw (Galium boreale), field chickweed 
(Cerastium arvense), and silky lupine (Lupinus 
sericeus). Among-site variation in vegetation patterns 
likely results from a combination of factors, including 
variation in substrate characteristics, precipitation, fire 
frequency, historical plant dispersal patterns, and
more recently- human impact 

Nine bird species were observed within grassland 
vegetation, though vesper sparrows (Pooecetes 
gramineus) were the only common resident species. 
Three species of small mammals were trapped 
(Peromyscus maniculatus, Zapus princeps, Microtus 
pennsylvanicus), with P. maniculatus being by far the 

most commonly trapped species. Trap success was 
higher in 1990 than in 1989. Spring precipitation 
levels in 1990 were unusually high and possibly 
resulted in high.er resource levels and increased small 
mammal reproduction. 

Exotic vegetation is likely the factor most 
disruptive to the park's fescue grasslands. One or 
more exotic species occurred at each of the eleven 
vegetation study sites, including the three backcountry 
trail sites. The two most widely distributed species 
were common timothy (Phleum pratense) and 
Kentucky bluegrass (Poa pratensis), both of which 
may have been intentionally seeded in roadside areas 
by park resource managers prior to 1980 and in 
backcountry areas by horse concession personnel in the 
1930's. In the St. Mary valley grasslands, the 
occurrence of common timothy and spotted knapweed 
was associated with substrate disturbed by post-1980 
underground utility line construction. 

Estimates of four plant community parameters 
(coverage by native grasses, coverage by native forbs, 
diversity, and richness) in patches dominated either 
timothy, spotted knapweed, or native fescues were all 
lowest in the knapweed patch (Table 1). Except for 
forb coverage, these parameters were also lower in the 
timothy patch than in the fescue patch. Thus, both 
exotic species, but especially spotted knapweed, 
appear to negatively affect native fescue vegetation. 

Table 1. Diversity, species richness, and native species cover from quadrats within spotted knapweed 
(Centaurea), common timothy (Phleum), and native fescue (Festuca) stands. For cover and richness data, 
back-transformed means of square root-transformed data are given, followed in parentheses by 
untransformed means of square root-transformed data are given, followed in parentheses by 
untransformed means and their standard errors. N=20, 40, and 40 quadrats for the (Centaurea, Phleum, 
and F estuca patches, respectively 

Nativ~ S~i~s ~Qv~r 
Diversity Richness Graminoids Forbs 

Centaurea 0.385 ± 0.042 7.0(2.7 ± 0.1) 9.5(3.2 ± 0.3) 7.1(2.8 ± 0.3) 
Phleum 0.872 ± 0.028 12.7(3.6 ± 0.1) 17.6(4.3 ± 0.2) 52.3(7 .2 ± 0.3) 

F2,97 90.084 53.994 43.833 71.770 
p <0.001 <0.001 <0.001 <0.001 
Comparisons* Cea Pb.l Fe.s. Cea Pb.l Fe.s. Cea Pb.l Fe.s. C.e.a F e.s. P b.l 

*Patch acronyms (Cen=Centaurea, Phl=Phleum, Fes=Festuca) not connected by underlining have means dif
fering significantly from one another (p < 0.05, Tukey multiple-comparison tests). 



GLEN CANYON 

NATIONAL RECREATION AREA 

• 





RANGELAND RECOVERY POTENTIAL: SOIL SEED 

CONTENT AND SEED VIABILITY 

JACK L. BUlLER + KARA J. PAINTNER 

DEPARTMENT OF BIOLOGY + UNIVERSITY OF Soum DAKOTA 

VERMII1JON 

In most plant communities, soil contains a seed 
bank (population of dormant seeds), (Harper 1977), 
which provides a partial record of past and present 
vegetation (Major and Pyott 1966, Johnson and 
Anderson 1986). Seed banks are continuously 
rejuvenated by a "seed rain", from vegetation located 
on- and off-site. If existing communities are disturbed 
or destroyed, the seed bank provides a potential source 
of propagules during succession (Egler 1954, Connell 
and Slatyer 1977). Consequently, seed banks may 
serve as an index in predicting what vegetation 
changes might occur if environmental conditions are 
favorable for germination (Harper 1977). · The 
objectives of this study are to 

1. evaluate the viable seed bank within grazed 
and relict pinyon-juniper and blackbrush/ 
Indian ricegrass communities in Glen 
Canyon National Recreation Area 
(GCNRA), 

2. assess the ability of these communities to 
recover following a disturbance, using their 
respective seed banks as indicators of 
recovery potential, and 

3. address the suitability of using seed banks 
to monitor and predict community level 
composition changes in response to various 
intensities of grazing. 

This study is being integrated with a multi-year, 
site-characterization project in GCNRA, that is 
currently funded by the UW -NPS Research Center. 

The objectives of that project are to 
1. identify and evaluate the abiotic and biotic 

factors influencing structure and species 
composition of relict and grazed pinyon
juniper and blackbrush/lndian ricegrass 
communities, and 

2. to select, refine and validate a system that 
can be used to field monitor condition and 
trend of grazed and relict communities 
within the GCNRA. 

The integration of both projects should provide 
valuable insight to natural resource managers in the 
design, implementation and evaluation of specific 
land-use plans. 

Sampling of the seed bank within grazed and relict 
pinyon-juniper and blackbrush/lndian ricegrass 
communities began in mid-May, 1990 and was 
conducted in conjunction with the multi-year project 
described above. Selection of specific study sites for 
the proposed seed bank study was based on the 
procedures outlined for the multi-year project (Butler, 
Bich, Schmidt 1990. 

A reconnaissance of blackbrush/ricegrass and 
pinyon-juniper relict areas was conducted during the 
first few days of the 1990 field season. The purpose of 
that survey was to characterize each relict community 
with respect to soil depth, texture, site aspect and slope 
steepness. Since the botanical composition and 
productivity of a plant community are influenced by 
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the various interactions of weather, grazing, soils and 
topography, it is important to separate the effects of the 
physical environment of the site from the effects of 
grazing. It is assumed that grazed areas that have 
physical characteristics similar to the relict areas have 
the potential to produce a similar plant community, 
even though current botanical composition and 
productivity may have been modified by grazing 
(Shiflett 1973). 

Once the physical criteria for selection of study 
sites were established, a survey was conducted to 
locate grazed areas that best represented the end 
product of three grazing regimes (light, moderate, and 
heavy). Distance from water and the extent of physical 
evidence of livestock (degree of soil disturbance, 
number and extent of trails, presence of feces) were the 
criteria that were used to classify a site as either being 
lightly, moderately or heavily grazed by cattle. 

Soil seed bank data were collected from a 50 X 50 
m plot randomly located within each of the selected 
grazed and ungrazed pinyon-juniper and blackbrush/ 
ricegrass communities. Because of the possible 
interactions between seed reserves, perennial 
vegetation and granivorous rodent populations, 
collection of soil samples for analysis of seed reserves 
were stratified according to the vegetation matrix of 
the pinyon-juniper community (Nelson and Chew 
1977). Samples were collected from under the 
canopies of the dominant trees (UC=under canopy) and 
from the exposed interstitial spaces between plants 
(EX=exposed). 

Ten random soil samples were collected from 
under the canopy of the nearest "suitable" tree for each 
of the major species (Pinus edulis and Juniperus 
osteosperma), and from the center of the exposed area 
nearest to the sampling point "Suitable" was defined 
as the tree that was not less than the average size for 
that species. Average size was subjectively 
determined. Samples of UC were collected from an 
area mid-way between the stem of the individual and 
the edge of the canopy. Consequently, ten soil samples 
were collected from EX and 20 from UC (10 for P. 
edulis, 10 for J. osteosperma) for each grazing regime. 
Because of the difficulty in identifying a relict and/or 
lightly grazed pinyon-juniper community, soil samples 
were only taken from subjectively determined 
moderately and heavily grazed sites. For the 
blackbrush/lndian ricegrass communities, twenty-five 
randomly located soil samples were taken from 

exposed areas within each grazed and relict community 
(4 grazing regimes X 25 samples= 100 soil samples 
for the blackbrush\Indian ricegrass community type). 

At each randomly selected soil sampling point, a 
20 X 50 em frame was placed and all of the soil within 
the frame to a depth of 3 em was collected, placed in a 
paper sack, air dried and stored at room temperature. 
The majority of the seeds are generally concentrated in 
the top 3 em of soil (Koniak and Everett 1982). 
Samples were collected from mid-May to late-June of 
1990. The samples were sieved through a 2 mm screen 
and any remaining non-vegetative material was 
discarded. Any propagules too large to pass through 
the screen were identified and collected. The soil was 
thoroughly mixed and divided into approximately two 
equal portions. One portion was used immediately in 
germination tests conducted in an outside greenhouse. 
The remaining portion was stored in a plastic bag and 
maintained for 10 weeks at 1-3°C. 

The soil samples were uniformly spread to a depth 
of 1 em on top of 2 em of a sterile vermiculite-peat 
moss mixture in a standard seeding flat. Flats were 
randomized on a greenhouse bench and will be 
watered as needed. The greenhouse is being 
maintained at approximately ambient environmental 
conditions with a 12 h photoperiod. Seedlings will be 
identified and removed as they emerge. Unidentifiable 
seedlings will be grown to maturity and collected for 
identification. After 10 weeks, the samples that were 
placed in cold storage will be removed and returned to 
the greenhouse for germination tests as described 
above. 

Standard analysis of variance procedures will be 
used to evaluate differences in seed bank composition 
and density among grazing treatments within each 
community type. Means will be separated using 
Duncan's multiple range test Composition of the seed 
bank will be compared to extant vegetation (as 
sampled by the multi-year, site-characterization study 
described previously). 
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Grazing by domestic livestock is authorized in 
Glen Canyon National Recreation Area and continues 
on about 80 percent of the park. Concern over 
competing land uses has generated considerable 
interest in the direct and indirect effects of grazing on 
vegetation, small mammal, and avian community 
structure and function. The primary objectives of this 
study are: 

1. to identify and evaluate the abiotic and 
biotic factors influencing the structure and 
species composition of relict and grazed 
pinyon-juniper and blackbrush/lndian 
ricegrass communities, and 

2. to select, refine and validate a system that 
can be used to field monitor condition and 
trend of relict and grazed communities. 

It is the goal of this project to develop a method of 
qualitatively assessing and monitoring community 
condition and trend using a combination of quantitative 
community attributes which are sensitive to grazing by 
domestic livestock; and which can be easily 
implemented and interpreted within the management 
objectives of GCNRA. 

The 1989 field season was limited to an initial 
aerial and ground reconnaissance of a relict pinyon
juniper community on the South Block and several 
grazed pinyon-juniper communities on the Orange 
Cliffs. A preliminary survey of blackbrush/ricegrass 
grazed and relict areas was conducted early in the 1990 
field season. Four study sites within the blackbrush/ 
Indian ricegrass vegetation type that best represented 
the end product of four grazing regimes (relict
ungrazed, light, moderate, and heavy) were selected 
for detailed study. Selected blackbrush/lndian 
ricegrass communities are found on the area known as 
Grand Bench while the pinyon-juniper communities 
are located on the Orange Cliffs. Distance from water, 
degree of slope, and the extent of physical evidence of 
livestock (degree of soil disturbance, number and 
extent of trails, presence of feces) were the criteria that 
were used to classify a site as either being lightly, 
moderately or heavily grazed by livestock. After 
reconnoitering the Orange Cliffs area, it was estimated 
that the pinyon-juniper communities throughout the 
area had been strongly affected by the activities of 
domestic livestock. Two sites in western Canyonlands 
National Park were considered for inclusion as relict 
and/or lightly grazed sites, but proved to have been 



either disturbed by livestock in the past or located on a 
significantly different substrate. Therefore, relict and/ 
or lightly grazed pinyon-juniper sites could not be 
located during the 1990 field season. 

Four belt-transects, 2 x 50 m, were systematically 
placed within each of the four sites for each 
community type. Canopy cover for the tree 
(individuals ~ 2.0 m in height) and shrub (individuals 
< 2.0 m in height) strata were estimated by line 
intercept. Shrub and tree density were estimated by 
counting the number of individuals rooting within each 
belt transect. The herbaceous vegetation was evaluated 
from a 45 x 120 m macroplot permanently placed on 
each study site. The macroplot consisted of four 
parallel45 m transects spaced 30m apart. Fifty 50 x 
100 em quadrats were placed contiguously along each 
transect beginning 10 m from one end of the transect 
and ending 10m from the other end. Basal area of the 
major species were estimated for each site by placing 
each individual plant occurring within each quadrat 
into one of seven size classes: 1=0-0.5 cm2 (primarily 
small, single stemmed individuals), 2=0.6-5 cm2

, 3=6-
15 cm2

, 4=16-50 cm2
, 5=51-150 cml, 6=151-300 cm2

, 

7=~300 cm2
• Using the above size classes, rather than 

individually estimating percent basal cover, reduced 
subjectivity in the sampling procedure. Size class 
distribution, of different species within a series of 
quadrats, is assumed to represent the probable 
replacement series during succession or retrogression. 

A 100 x 100m grid of Sherman live traps (7.5 em 
x 8.8 em x 22.5 em) was established at each selected 
study site. Traps were arranged in a 10 x 10 square 
with 10m spacing between trap stations. Preliminary 
trapping indicated that four trap-nights were required 
to adequately sample the resident small mammal 
populations on Grand Bench. However, trapping may 
be extended to five or six nights on the Orange Cliffs 
for the 1991 field season. Traps were opened and 
baited approximately one hour before dark, and were 
checked and closed within two hours of daylight. 
Upon initial capture, each individual was toe-clipped 
for unique identification, and the following 
information recorded: toe-clip number, species, sex, 
age class (based on pelage), length of tail, length of 
hindfoot, reproductive condition, and general 
condition. As soon as all data were recorded, each 
individual was released at the point of capture and 
observed until lost from sight. Data from the mark
recapture will be treated as a nested grid (Humphrey 
1988, Otis et al. 1978), in conjunction with the mark
recapture data analysis package CAPTURE available 

from Gary C. White at Colorado State University, to 
estimate species composition, population density, age 
structure, ·and sex ratio of the small mammal 
populations at each site. 
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The avian community was sampled by walking 
along a prescribed 1000 m route on each study site. 
No attempt was made to estimate actual densities of 
bird populations, but the censuses should provide 
information on relative abundances. Having developed 
some familiarity with the communities during the 
summer of 1990, a method of estimating actual bird 
population densities may be implemented during the 
1991 field season. 

Data are currently being compiled for analysis. 
Similarity indices (Mueller-Dombois and Ellenberg 
1974) will be calculated to objectively compare 
vegetation on the four study sites in relation to the 
grazing gradient. Sorensen's index will be calculated 
to provide a qualitative measure of similarity while 
Ellenberg's Community Coefficient will be used to 
provide a quantitative measure. Sorensen's index of 
similarity gives equal weight to the presence or 
absence of all species recorded at each site, w bile 
Ellenberg's community coefficient is weighted toward 
the more abundant species (Mueller-Dombois and 
Ellenberg 1974). A comparison of the two similarity 
coefficients may provide an indication of the relative 
contribution of both rare and abundant species. A 
diversity profile will also be constructed for each 
sampled community as described by Swindel et al. 
(1987) and Lewis et al. (1988). Diversity profiles 
provide an index free method of graphically illustrating 
the intrinsic diversity between two communities. 
Diversity profiles are unaffected by the size of the 
community or by the size or abundance of the plants 
(Lewis et al. 1988). 

The overall goal in data interpretation is to 
identify a community characteristic or a set of 
community characteristics that is sensitive to grazing 
and an additional set of characteristics that 
demonstrates grazing resistance. The index will 
combine information on vegetation and wildlife and 
will define the upper and lower limits of community 
responses to grazing by domestic livestock. The series 
of 400 quadrats that will be sampled along a grazing 
gradient of ungrazed, lightly grazed, moderately 
grazed, and heavily grazed (100 quadrats per site) 
should reflect the entire array of desirable and 
undesirable situations that may be encountered. 
Averaging the values recorded from the 100 quadrats 
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at each site assumes no within-site variation. 
Therefore, the various combinations of community 
attributes recorded from all400 quadrats will be used 
to characterize each site for each vegetation type, as 
described by Ratliff and Westfall (1989). The 
technique allows the classification and ordination of 
species, quadrats and communities. The factor or 
factors which best reflect and account for differences 
among the grazed and ungrazed sites will be identified 
and used to evaluate change over time. The procedure 
recognizes within-site variation for the various 
community attributes. However, within site attributes 
can easily be averaged for site characterization. 
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This report covers the ftrst half of a project 
dealing with establishment of fteld study plots to guide 
reclamation of disturbed areas in Glen Canyon 
National Recreation Area and comparable sites. 
Unpredictable weather in the current drought cycle has 
required the rescheduling of fteld work to coincide 
with favorable soil moisture conditions. In April, 
1990, study sites were established in two locations; 
near Paige, AZ and Hall's Crossing, UT. The site at 
Paige was ripped prior to planting, and the site at 
Hall's Crossing was located on ftll over a dump area. 
At each site, 8 replications of 4 planting treatments 
involving 10 native species of grasses, forbs and 
shrubs were set out. Treatments were designed to 
create optimal conditions for establishment; including 
seeding with a mulch cover, transplanting of 
container-grown plants, planting into a small water 
collecting basin, and planting into a basin plus 
receiving a slow-release fertilizer pellet and a water 
retaining soil amendment. Tasks remaining are 
replanting some plants in March, 1991, gathering plant 
establishment data in March, and completing a 
literature review on land revegetation under arid 
conditions. 

.. OBJECTIVES 

The objectives of the research plan were to, 
1. establish two revegetation study plots, one 

at Paige and one at Hall's Crossing in late 
1989 and, 

2. review the literature on artificial 
revegetation in arid regions especially with 
relation to periods of drought. 

During a site visit in September, 1989, tentative 
sites at Paige and Hall's Crossing were discussed. At 
that time, the soil in both locations was dry and fall 
planting operations appeared to be problematical. 
Also, during the site visit, most of the vegetation 
appeared to be drought-dormant, and chances for 
success in plant establishment appeared to be minimal. 
Additional time was required to provide for a remedial 
treatment of the soil. Thus, planting was deferred until 
the Spring of 1990 after consultations with National 
Park Service personnel. 

+ SELECTION AND PREPARATION 

oF PLoT AREAS 

REVEGETATION PLOTS AT PAIGE 

The plot area chosen at Paige was near the service 
road exit from Highway 89 that services the dam and a 
view site along the beach front road to Wahweep (Fig. 
1). This location was part of an original dam 
construction site. It had been covered with a layer of 
gravel over the sandy soil, and sandstone and was very 
compacted as a result of heavy equipment operations. 
The vegetative cover was very limited and consisted 
primarily of small perennial grasses, ephedra (Ephedra 
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nevadensis), blackbrush (Coleogyne 
ramosisima) and a few other shrub 
species. Because of the compacted nature 
of the gravelly soil, a ripping operation 
was recommended to facilitate digging 
planting holes, increase plant survival, and 
allow percolation of rain and melting 
snow into the root zone. On March 26, 
1990, the site was visited to determine the 
effectiveness of the ripping operation, to 
observe the moisture content of the soil 
and to schedule a time for planting the 
plot. The ripping operation had created 
ridges that were 25 em high above the 
furrows, and the spacing between ridges 
was approximately three feet. The surface 
few inches of soil were slightly moist 
from two small rainfall events of .08 em 
on March 5th and .15 em on March 12th. The depth to 
bedrock was 25-31 em, as evidenced by the ripper 
teeth catching some of the sandstone bedrock. On 
April 7-8, we returned to plant and seed the study area. 
At this time, Russian thistle (Sa/sola kali) seedlings 
were growing demsey on the site and fear was 
expressed that they would withdraw much of the soil 
moisture needed to sustain the revegetation study. Plot 
size was two furrows wide 1.7 m long. Plants or seeds 
were planted in the flat bottom of furrows. The 
research design consisted of eight replications of four 
surface management treatments and ten plant species. 
The treatments were: 

Fig. 1 Disturbed land reclamation study site at Paige, AZ. 

Fig. 2 Proposed study site for disturbed land reclamation 
plots at Hall's Crossing. Actual study site is .8 km north of 
here on a soil covered dump site. 

1. flat seeded and mulched, 
2. flat planted, 
3. basin planted and, 
4. basin planted and mulched. all plants 

received lliter of water and a fertilizer 
tablet. The species planted were: 

Grasses 

Indian ricegrass 
Sand dropseed 
Galletta grass 

Oryzopsis hymenoides 
Sporobolus cryptandrus 

Hill aria jamesii 

Forbs 

Low desert mallow Sphaeralcea ambigua 
Scarlet gillia Gillia capitata 

Shrubs 

Fourwing saltbush Atriplex canescens 
Blackbrush Coleogyne ramoisissima 
Silverleaf buffalo berry Shepherdia 

Nevada ephedra 
Utah juniper 

argentea 
Ephedra nevadensis 

Juniperus osteosperma 



REVEGETATION PLoTs AT HALL's CRossiNG 

The original plot area chosen at Hall's Crossing 
was on an undulating mesa east of the marina. The 
area was an abandoned section of road that had been 
bypassed when a new approach road was constructed 
(Fig. 2). However, when we inspected the area on 
April9, the soil was not only excessively compacted; 
but there was essentially no moisture in it to support 
the growth of transplants or seedlings. Based on the 
essentiality of moist soil as a criteria for success in 
plant establishment under arid land conditions (Van 
Epps and McKell 1980) the abandoned road site was 
not considered suitable without some type of ripping 
treatment. Instead, a disposal area that had been 
covered with several feet of sandy topsoil was selected 
for the revegetation plots. Here, the soil had a slightly 
moist feel at a depth of 15 em, but because of its sandy 
texture the water holding capacity was minimal. Even 
so, the site represented a typical revegetation problem 
for the general area. To fit into the space available in 
the dump area, a total plot area of 27 x 24 m was 
utilized for 288 plots measuring 1.5 x 1.5 m. The 
study consisted of 8 replications of 4 treatments of 9 
species. The treatments were 

1. seeded and mulched, 
2. planted flat, 
3. planted in basins and, 
4. planted in basins with a fertilizer tablet and a 

soil amendment to retain moisture. 
The species planted were the same as at Paige with the 
exception that Scarlet -Gillia was omitted because the 
remaining plants were too small. All plants received 1 
liter of water to settle the roots after planting. After 
the plots in the two locations were established, plot 
diagrams were mailed to Mr. Richard Harris, Lake 
Powell National Recreation Area Headquarters, Paige, 
AZ. 

PLANT PROPAGATION OBSERVATIONS 

Most of the plants used in establishing the plots 
were propagated in the Botany greenhouse at Weber 
State University. The seeds were purchased from 
Granite Seed Co., Lehi, Utah. Utah Juniper and 
Silverleaf Buffalo plants were obtained in gallon-can 
size from the Porter-Walton Nursery in Centerville, 
Utah. Two species, Nevada (or green) Ephedra and 
Blackbrush were very difficult to propagate 
vegetatively. Two different attempts to propagate 
these two species from cuttings failed for reasons of 

71 

inadequate greerihouse procedures. In retrospect, the 
greenhouse flats containing the cuttings should have 
been given bottom heat and the overhead mist should 
have been less frequent and of a warmer temperature. 
However, both species were propagated from seed 
after stratification in a moist condition in a refrigerator 
at about 40°C for 15 days. Germinated seeds were 
transplanted to tubepak containers when the roots were 
about 1.5 em long. 

+ SIGNIFICANT FINDINGS 

No significant fmdings have been obtained in the 
project to this date. One of the most difficult problems 
to deal with is planning field plantings that depend on 
a supply of soil moisture during a protracted dry cycle 
in the region. Because blackbrush and ephedra plants 
used in the April8-11, 1990 planting were small, 
additional plants were grown in the greenhouse during 
the summer of 1990 and a fall planting was tentatively 
planned if soil moisture was adequate. However, soil 
moisture was not adequate until the temperature 
became too low for a safe planting. Now, an early 
Spring 1991 date is planned in time for gathering data 
on establishment success from the original planting 
and include this information in the final report. 

LITERATURE REVIEW ON REHABILITATION 

OF ARID LANDS 

A literature review of the subject is almost 
complete and will be ready for inclusion in the final 
report. This review will focus on the specific problems 
of plant establishment under environmental problems 
of drought stress and temperature extremes common to 
areas typical of the Lower Colorado Plateau. 

WoRK TO BE DoNE IN THE REMAINING 

REPORTING PERIOD 

Three tasks remain to be accomplished in the 
remaining period of the project. These tasks are 
planned and resources remain to accomplish them. 
The first task is to maintain seedings of Ephedra and 
Blackbrush for a late winter-early spring planting at 
the Paige and Hall's Crossing study sites when soil 
moisture is expected to be favorable. Additional plants 
will be available for planting if conditions and 
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technical plans warrant Late March is a proposed 
time. The second task is to make observations of 
establishment success of the plantings and seedings 
made in April, 1990 and summarize this information in 
the project final report. The third task is to complete 
the review of literature that is presently in progress. In 
addition, a visit will be made to 15-year old 
revegetation plots located on the Henry Mountains to 
observe the long-term success of plantings made there 
in 1977. The information obtained there and at the 
new plots at Paige and Hall's Crossing sites is 
expected to form the basis for a manuscript on 
reclamation of disturbed high-risk arid lands. 
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The plant community along the shoreline of Lake 
Powell in Glen Canyon National Recreation Area is 
resilient and dynamic. It is surviving the fluctuations 
in water level that characterize such reservoirs, and 
native plants are becoming established. Although the 
diversity of animals associated with the exotic 
dominant, Tamarix ramosissima, is lower than that of 
native riparian species, a surprising number of species 
are associated with tamarisk in this harsh country. 

+ STATUS OF RESEARCH 

I. PLANT SURVIVORSHIP AND GROWTH 

EXPERIMENTS 

Preliminary information is presented on the 
growth and survivorship of plants in the experimental 
garden at Wahweap. Both results and analyses are 
preliminary and must be regarded as such. Tamarix 
ramosissima, and the native species, Baccharis 
salicifolia, B. emoryi, Salix gooddingii, and Populus 
fremontii were introduced into watered and 
nonwatered plots in the garden in July, 1989. In the 
nonwatered plot, T. ramosissima (70%), B. salicifolia 

(50%), and B. emoryi (45%) survived through the fall 
of 1990. · 

In September, 1990, I planted another set of rooted 
plants and unrooted cuttings in the unwatered 
experimental plot at Wahweap, to further evaluate 
establishment of native species in tamarisk stands 
without supplemental water. Plants larger than those 
used in 1989 were used in this experiment The 
survivorship and growth of these plants will be 
monitored through the growing season of 1991. 

All species and individuals survived in the 
watered plot at Wahweap, and exhibited strong growth 
between September, 1989, and May, 1990 {Table 1). 
Of the native species, P.fremontii grew best, 
particularly when in close proximity to tamarisk. The 
presence of native plants appears to inhibit tamarisk 
growth {Table 1). These results are opposite those 
found when the same experiment was conducted in 
pots. With adequate water, native riparian plant 
species appear are to establish in tamarisk stands. 
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II. ANIMALs AssociATED 
WITH TAMARISK STANDS 

In June, 1990, with assistance from Resource 
Management at GCNRA and two biologists from 
Northern Arizona University, a census of animals 
(amphibians, reptiles, mammals, birds and insects) 

associated with T amarix ramo sis sima was conducted 
at fourteen shoreline sites along Lake Powell. I will 
provide density estimates for all taxa in the final 
analysis. Animal diversity associated with these plants 
is low, due to the exotic nature of the plant, its 
currently water-stressed condition, and the 
monospecific nature of the riparian plant community. 

Table 1. Plant growth measurements in the watered experimental plot at Wahweap. Included are overall 
plant growth measurements (1.), measurements by treatment (2.), and (3.) growth of tamarisk adjacent to 
experimental plants. Level 1 is open sand; level 2 is adjacent to tamarisks. 

1. Mean growth of species (Height in em): 

Mean S.D. n 
Tamarix ramosissima 30.89 22.27 18 

Baccharis salicifolia 5.11 12.26 18 

B. emoryi 4.18 4.23 18 

Salix gooddingii 4.89 6.24 18 

2. Plant growth by treatment (Mean (S.D.)) 

Levell Level2 p 

Tamarix ramosissima 26.13 (22.16) 33.25 (22.92) ns 

Baccharis salicifolia 2.33 (5.72) 6.50 (14.53) ns 

B. emoryi 7.80 (5.72) 2.67 (2.35) 0.02 

Salix gooddinfii 1.00 (1.67) 6.83 (6.82) 0.05 

Populus fremontii 16.33 (12.24) 23.73 (13.22) ns 

3. Growth measurements of tamarisk adjacent to native plants (Mean (S.D.)); F 4,51 =2.07, ns. 

T amarix ramosissima 10.50 (17.16) 

Baccharis salicifolia 1.67 (3.68 

B. emoryi 3.75 (6.18) 

Salix gooddingii ·1.20 (3.79) 

Populus fremontii 2.40 (5.15) 



The black-throated sparrow (Amphispiza bilineata) is 
actively using tamarisk for nesting; and the black
tailed jackrabbit (Lepus californicus) is using it as a 
major source of food. This represents one of the few 
studies to detail all major animals associated with an 
exotic plant species. 

TIL PRODUCTIVITY AND RECRUITMENT 

IN THE SHORELINE PLANT 
COMMUNITY 

In November, 1990, I did a 'repeat' census of the 
riparian plant community alorig the shoreline of Lake 
Powell. Plots established in 1988 were revisited, and 
survivorship, growth and recruitment of plants growing 
in different substrates were measured. These data are 
not yet analyzed. The indication from this trip, 
however, was that there has been remarkably little 
plant mortality, despite the fact that the lake level is 
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now 23 m below the full pool line. There has been very 
little plant growth or recruitment along the shoreline. I 
collected adequate information to be able to model the 
architecture that a tamarisk assumes when growing in 
different substrates. Baccharis salicifolia continues to 
be one of the principal native riparian plant species 
along Lake Powell. It stands to make a major 
contribution to animal diversity in the riparian 
community as over 100 species of insects are reported 
to utilize it throughout the Southwest (Boldt and 
Robbins 1990). 
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• INTRODUCTION 

Beginning in 1978, the water level of Jackson 
Lake, Grand Teton National Park, Wyoming, was 
lowered first from 2064.5 m (normal pool) to 
somewhere between 2060-2061 m, and then in 1985 
to 2057 m. The purpose of these drawdowns was to 
facilitate repair and modification of the Jackson Lake 
dam. In 1989, repair was completed and the reservoir 
was allowed to fill back to the normal pool elevation of 
2065 m. Because of impacts to the littoral habitat in 
Jackson Lake caused by restoration of the dam at the 
Snake River outlet, the status of the aquatic plant 
community was assessed in August, 1989 and 1990. 
Previous investigations conducted in 1983 (prior to 
reconstruction) and 1985 (immediately following 
drawdown to 2055 m) served as a baseline for 
comparisons. this report summarizes findings from the 
1989 and 1990 studies on impacts to the littoral 
macrophyte community caused by the repair-related 
drawdowns. To evaluate the current status of the plant 
community in Jackson Lake, the following objectives 
were addressed during August, 1990: 

1. Re-examine sites sampled in 1989; 

2. Examine sites planted during the summers 
of 1989 and 1990 by the Bureau of 
Reclamation. 

• SUMMARY OF LAKE CONDITIONS 

IN 1990 

PHOTIC ZoNE 

In general, the bottom limit of the photic zone was 
approximately the same during August 1990 as it was 
in 1989 and the past for most locations in the lake 
(Table 1). The bottom limit of the photic zone was 
still less than 2.5. meters in shallow water in both the 
northern part of the lake and in the Hermitage/Donoho 
Island areas. Low transparency values are attributed to 
increased suspended sediments in shallow areas due to 
high water movement during heavy August storms. 
Along steeper shores the photic zone was 19 meters. 



80 

Table 1.Secchi disk transparency data and approximate bottom limit of the photic zone during the summer 
of 1968 by Hayden, and during the summers of 1983, 1984, and 1989 by Brewer. Site locations are illustrated 
in Figure 2. Values are in meters. The range for the bottom limit of the photic zone around the lake each year 
is estimated in the last row. 

SECCID TRANSPARENCY VALUE (meters) 
Site August August July July August 

1990 

Lizard Creek 0.8 

Wilcox Point 1.5 

NW of Arizona Island 1.5 

North Sargent's Bay 2.5 

UW -NPS Center 3.5 

Half Moon Bay 2.9 

NE of Elk Island 5.6 

E of Waterfalls Canyon 6.0 

S of Pilgrim Creek 2.1 

W of Donoho Island 6.0 

South Landing Bay 5.5 

Deadman's Point 6.5 

Bottom Limit of 2.4-

Photic Zone 19.5 

LAKE BED SEDIMENTS 

Sediment composition is much the same as 
described in 1986. The film of fine silts which covered 
all sediments at the study sites in 1989 seems to have 
settled and is not easily mobilized by 
disturbance. 

PLANT CoMMUNITY CoMPOSITION 

In 1990, thirteen species were found rooted in 
Jackson Lake (Table 2). This value is up from eight 
species in 1989. Still species richness was 
considerably lower than in 1983/1984 when 22 species 
were reported. Two macrophyte source areas were 
found in the lake; one is in North Sargent's Bay and 
the other is in the Hermitage area. One new species, 
Limosela aquatica, was recorded for the first time in 

1989 1984 1983 1968 

0.8 1.8 

1.4 1.1 

2.9 2.9 3.5 

4.5 3.0 

3.8 4.2 6.0 

1.5 

5.0 4.3 5.1 

4.1 4.8 5.0 6.0 

2.4- 8.7- 3.0- 10.0-

15.0 14.4 18.0 18.0 

Jackson Lake this summer. It is a small, amphibious 
plant commonly called mudwort. 

PLANT COMMUNITY DISTRIBUTION 

Evaluation of historical transects in 1990 revealed 
extremely low plant density in the photic zone. In fact 
density was below detection limits for the Daubenmire 
canopy coverage method used in the past. On exposed 
shorelines, the littoral habitat is still essentially devoid 
of aquatic vegetation. On most of the shallow marshy 
lake bed, remnant terrestrial grasses, forbs, and 
willows are decaying. Blooms of a filamentous green 
algae (Spirogyra sp.), are associated with the decaying 
vegetation. At Wilcox Bay, near Arizona Island, in the 
borrow area, North Sargent's Bay, and at the outlet 
near Lizard Creek, the algae blooms were often quite 
prominent. Development of planted beds of 
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Table 2. Names of families and species collected from Jackson Lake in 1968 by Hayden, reported by 
Brewer in 1986, and collected by Brewer in 1989. +indicates present,- indicates not reported, and? 
indicates that the species may have been present but positive identification was not possible based on the 
plant material collected. 

Family and Years reported in collections 
Species 1968 1986 1989 1990 

Alismataces 
Sagittaria cuneata Shel. + + 

Callitrichaceae 
Callitriche sp. + + 

Ceratophyllaceae 
Ceratophyllum de mer sum L. + 

Characeae 
Chara sp. + + + + 
Nitella sp.- + + 

Cyperaceae 
Eleocharis acicularis (L.)R.&S. + + 

Haloragaceae 
Myriophyllum exalbescens Fern. + + 
Myriophyllum spicatum L. + + 

Hippuridaceae 
Hippuris vulgaris L. + + 

Hydrocharitaceae 
Elodea canadensis Michx. + + + + 
Elodea nuttallii (Planch)St.John + 

Pol ygonaceae 
Polygonum amphibium L. + + + 

Potamogetonaceae 
Potamogeton a/pinus Balb. + 
Potamogetonfiliformis Pers. + + ? 
Potamogetonfoliosus Raf. + ? 
Potamogeton pectinatus L. + + + 
Potamogeton pusillus L. + ? 
Potamogeton richardsonii 

(A.Benn)Rydberg + + 
Potamogeton sp. + + + 

Ranunculaceae 
Ranunculus aquatilis L. + + + + 
Ranunculus reptans L. + ? 

Scrophulariaceae 
Limosella aquatica + 

Sparganiaceae 
Sparganium sp. + + + 

Zannichelliaceae 
Zannichellia palustris L. + + 

Total species reported 8 22 9 13 
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Potamogeton pectinatus in the Hermitage area, near 
the outlet of Lizard Creek, and in Half Moon and 
North Sargent's Bay is encouraging. Natural 
revegetation is occurring near Arizona Island. 

Habitat for other organisms that rely on aquatic 
plants is nearly nonexistent along exposed shores at 
this time. Cover for trout fry, minnows and sculpin is 
still very low except in North Sargent's Bay, 
Hermitage, and between Arizona Island and the shore. 

RATE OF REVEGETATION 

During 1991, it may finally be possible to 
compare the rate of natural revegetation with the rate 
of revegetation the planted area of North Sargent's 
Bay. Material planted by the BORin early summer 
1990 was not relocated while diving. But, material 
planted in August 1990 was relocated by diving. 
Because there was still essentially no natural 
revegetation on historical transects, it will hopefully be 
possible to compare any natural recovery in 1991 with 
the transect in North Sargent's Bay which was planted 
in August 1990. The newly planted transects are 
clearly identified and should be very easy to relocate. 

REVEGETATION AND MONITORING 

RECOMMENDATIONS 

The northern marsh area (an arc from Arizona 
Island to the northern most part of the lake and then 
south to Wilcox Point) was planted in 1990 with 
Elodea canadensis and Potamogeton pectinatus. 
Unfortunately, there was an extensive bloom of 
Spirogyra sp. and planted material may not have 
survived. Continued revegetation efforts in these areas 
will likely benefit wildlife. Stabilizing the macrophyte 
community will continue to be instrumental for 
reducing turbidity as particulate material settles out in 
plant beds. These planted areas are normally in 
shallow water; so it is important that the lake level not 
be drawn down so that beds desiccate and die. 

In 1989, I recommended two measures of recovery 
which should be evaluated: species richness (number 
of species present in each habitat and/or the lake as a 
whole) and cover of macrophytes on the lake bottom. 
Species richness increased in 1990 over 1989. I still 
think it is important to establish a target for species 
richness for key habitats in Jackson Lake, e.g., the 
northern marsh area and the Hermitage area. 
Hopefully, targets for diversity and cover, by key 
species used by wildlife, can be agreed upon by the 
agencies involved prior to the 1991 field season. Such 
criteria can be used to determine if the current planting 
strategy produced adequate recovery. Planting both 
Potamogeton pectinatus and Elodea canadensis has 
certainly contributed to reestablishing the macrophyte 
community. 

In August 1991, the sites evaluated in 1989 and 
1990 should be remeasured by diving to determine if 
species richness and plant cover have increased. 
Again, any cover by aquatic macrophytes along 
historical transects greater than zero will show some 
level of recovery. Species richness in each habitat type 
and in the entire lake can be easily compared to 1989 
and 1990 data. 
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• OBJECTIVES 

Microtus longicaudus exhibits relatively stable 
numbers while M. montanus has dramatic fluctuations 
in some habitats. The study sites forM. montanus 
have been chosen to include primary and secondary 
habitat, and proximate and isolated habitat patches. 
Vegetation has heretofore not been quantitatively 
analyzed. The purpose of the research begun in 1989 
is to ascertain how selectively these species feed, and 
to assess vegetation as a factor in demographic 
processes in the two species. 

+ METHODS 

Virtually all previous work on these species by the 
author (1971-1977, 1982-1988) involved live trapping. 
The present work requires specimens obtained in . 
Museum Special traps for stomach content analysts. 
The trapping begun in 1989 is a preliminary effort, the 
purpose of which was to assess the effic~cy of 
Museum Special traps. The number of Sites where M. 
longicaudus were trapped was increased across a. 
spectrum of vegetation types. Only three populauons 
of this species were monitored from 1982-1988. Also, 
at three sites with populations of M. montanus,live 
traps are still being deployed to secure voles. It is 
hoped that, by replicating previous efforts at these 
three sites, work on food habits can be related to 

changes in vole numbers. For this end, the three sites 
chosen for continued monitoring with live traps were 
one field having definite population fluctuations, one 
site peripheral to primary habitat, and one site of . 
secondary habitat. 

Most trapping periods were limited to two days so 
that impact on populations would be minimized. From 
fresh specimens, eyes were removed for age 
determination upon lens weight (Gourley and J annett, 
1975). For another researcher's DNA-DNA 
recombination research, an effort was·made to secure 
specimens of heather voles (Phenacomys intermedius). 
Lastly, for another geneticist, material forM. 
pennsylvanicus karyotype preparations was secured 
elsewhere in Jackson Hole outside Grand Teton · 
National Park. 

+ RESULTS 

At two sites the populations of M. montanus 
increased from October, 1989 to October, 1990 by 
factors of 4.6 and 14, respectively. But in secondary 
habitat, the number of voles merely increased from 0 
to2. 

In one of the two larger samples there was no first 
pregnancy female or reproductively active paro~s 
female (out of eight parous females); one lactatmg and 
one pregnant female were among five parous females 
in the other sample. 
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Time and weather permitted the author to find two 
additional M. longicaudus sites. Tissues were secured 
from a small series of M. pennsylvanicus and three P. 
intermedius. 

+ DISCUSSION 

Eighteen populations of M. montanus were 
previously identified 1982-1988, but only six of M. 
longicaudus have been located to date. Considerable 
effort is planned for 1991 to find more, preliminary to 
vegetation and gut analyses. 

Continued monitoring of three M. montanus sites 
is showing disparity in population size trends within 
one year. Whether there is concomitant disparity in 
morphological patters among specimens is uncertain. 
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.. OBJECTIVES 

Rivers are dynamic features of the landscape 
whose characteristics vary over time and space with 
changes in environmental controls. The Snake River 
in Grand Teton ~d Yellowstone National Parks has 
responded to the impoundment of Jackson Lake and 
subsequent changes in the operation of Jackson Dam. 
The 1988 fires in the Snake River watershed may also 
affect channel morphology. Whether a new system 
equilibrium might be attained and the extent to which 
the effects of past events might persist in the fluvial 
landscape, are two critical questions that need to be 
addressed for the Snake River. The stability of the 
Snake River, in turn, will affect the quantity and 
quality of riparian and aquatic habitats judged to be 
critical to fish and wildlife in the parks. Stream 
channel dynamics of the Snake River in Grand Teton 
National Park are also intimately tied to issues of 
floodplain delineation and management, the aesthetic 
value of rivers, and the quality of recreational float 
trips. 

The purpose of this three-year study is to describe, 
explain and predict changes in the geomorphology of 

the Snake River (from Jackson Lake Dam to Moose) 
and related changes in riparian vegetation due to 
Jackson Lake Dam, and 1988 fires in the watershed. 
Specific objectives are to determine changes over time 
and space in: 

1. sediment mobilization on hillslopes from 
rainsplash and overland flow; 

2. sediment delivery to streams from slope 
failures; 

3. equilibrium condition and relative stability 
of the Snake River; and 

4. extent of various riparian vegetation 
communities in the Snake River floodplain. 

+ METHODS 

The first objective was achieved through a series of 
rainfall simulation experiments. The methods employed 
in collecting and analyzing these data were described in 
the 1989 UW-NPS Annual Report (Marston et al. 1989). 
Sites for the experiments were chosen to reflect differ
ences in logging and fire history on the two dominant 
geologic substrates (Table 1). 
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Table 1. Plot distribution for rainfall simulation experi
ments. 

History of 
Logging and Fires 

Logged before 1988 fires 
and burned 

Unlogged before 1988 fires 
and burned 

Burned and logged 
after 1988 fires 

Unlogged and unburned 
by 1988 fires 

Number of Plots 
Glacial Till Volcanic 

8 12 

20 12 

0 4 

4 0 

Progress toward achieving the second objective 
has been made through 1989 field surveys of slope 
failure mapped by the Wyoming Geological Survey. 
Slope failures were grouped into two types: 

1. rapid-shallow failures: including dry debris 
avalanches and wet debris flows; and 

2. slow-deep failures: including blockslides 
(especially slumps), earthflows, and debris 
flows. 

The data collected in the field surveys of slope 
failures were described in the 1989 UW-NPS Annual 
Report (Marston et al. 1989). The timing of past slope 
failures was estimated in selected cases using 
dendrochronology. Each slope failure surveyed in the 
field was evaluated for potential sediment delivery to 
stream channels using procedures developed for the 
U.S. Environmental Protection Agency and U.S. Forest 
Service by Swanston and Swanson (1980). Work in 
the third year of the project (1991-92) will estimate 
total sediment delivery to channels from slope failures, 
by coupling the USFS-EPA procedures with data on 
controlling variables, in a geographic information 
system (GIS) of the watershed. 

The third objective was achieved through analysis 
of aerial photography and topographic maps combined 
with field surveys of the 42-km section of the Snake 
River from Jackson Lake Dam to Moose Junction. 

Procedures for mapping the channel and for 
conducting the stream surveys were described in the 
1989 UW-NPS Annual Report (Marston et al. 1989). 
The 100-year floodplain was transferred from 1989 
Federal Insurance Management Agency maps to our 
maps, and the width of the floodplain was measured. 
The stream survey data were entered into a computer 
data base for statistical analysis. Based on spatial 
trends in the stream surveys data and inspection of the 
channel maps, the 42 km long study section of the 
Snake River was divided into five distinct reaches. A 
measurement of "total sinuosity" was made of each of 
five reaches along the Snake River. Sinuosity is 
defined by Richards (1982) as the total channel length 
(including all braids) divided by the distance through 
the channel belt along straight segments which either 
connect the inflection points of meanders or are 
oriented midway through a belt of braided channels. 
The assessment of equilibrium condition for each reach 
was based on the degree to which channel pattern 
changed over time. Relative channel stability was 
described for each reach using criteria developed by 
Schumm (1981), supplemented by evidence provided 
by the stream survey data. 

Progress toward achieving the fourth objective 
was made during the summer of 1990 by conducting 
field surveys of riprain vegetation. Preliminary maps 
of riparian communities were prepared from 1975 
orthophotos and 1987 color aerial photos. Mapping 
units were delineated on the basis of plant height and 
density, shadows, shape of the crown margin, foliage 
pattern, texture, and color. Trees, shrubs, and ground 
cover (soil texture, percent grass and detritus) were 
measured along two 100-meter long transects at each 
of 60 sites. Trees were sampled with the point -quarter 
method; shrubs and ground cover were sampled with 
the line intercept method, following procedures 
outlined by Mueller-Dombois and Ellenberg (1974). 
The sites were chosen from the preliminary vegetation 
map to provide a data set with an equal number of 
vegetation units in each of the five reaches. 
Consideration was also given to access from either 
roads or from the river. A final vegetation map will be 
produced from interpretation of 1989 color aerial 
photos using mapping criteria for the communities 
classified from field survey data. Community diversity 
will quantified in terms of "relative richness" and 
"relative evenness" following the guidelines presented 
by Romme (1982). 



+ RESULTS 

The second year of this three-year project has 
offered several insights regarding the four project 
objectives. 

The results of the rainfall simulation experiments 
on runoff and soil loss are summarized in Tables 2-3. 
The rates of runoff reached a maximum of 96 percent 
of the applied rainfall on a plot with water repellant 
soils and no litter. The rates of runoff were generally 
higher on volcanic soils than on glacial till (Table 2), 
but the difference was not statistically significant at p < 
O.OOI (Mann-Whitney test). The differences between 

Table 2. Runoff for rainfall simulation experiments. 

Mean Runoff Cliters) 
History of Logging 

and Fires 
Glacial Till Volcanic 

Logged before I988 I6.2 21.I 
fires and burned 

Unlogged before I988 I8.7 22.I 
fires and burned 

Burned and logged I9.7 
after I988 frres 

Unlogged and I5.7 
unburned by I988 fires 

plots with contrasting histories of logging and fires 
were also not statistically significant at p < O.OOI 
(Kruskal-Wallis test). The differences in runoff 
stratified by both geology and logging/fire history were 
not statistically significant at p < O.OOI (Kruskal
Wallis test). The data were also analyzed using 
stepwise multiple regression. The resulting equation, 
with independent variables listed in the order they 
entered the equation, was: 

Log R = 2.1I- .042 (Log L)- .6IO (LogS)- .063 (Log W) 
+ .260 (Log HI)+ .233 (Log H2) + .I94 (Log H3) 

where 

R =runoff for the I-hour storm (liters) 
L = litter cover (percent) 
S = silt content of soil (percent) 
W =minimum depth of wetting (millimeters) 

87 

Table 3. Soil loss for rainfall simulation experiments. 

Mean Soil Loss (grams) 

History of Logging Glacial Volcanic 
and Fires Till 

Logged before I988 fires 562.2 5I1.8 
andburned 

Unlogged before I988 fires 300.4 422.3 
andburned 

Burned and logged -- 393.I 
after I988 frres 

Unlogged and unburned 8.5 --
by I988 [Ires 

HI= dummy variable for logging/frre history (I 
if unlogged; 0 if logged) 

H2 =dummy variable for logging/frre history (I 
if logged before 1988 fires; 0 if not logged 
before 1988 fires) 

H3 =dummy variable for logging/fire history (I 
if logged after I988 fires; 0 if not logged 
after 1988 fires) 

This regression was significant at the p < 0.001 
level, with a cumulative :r2 of 0.38. 

The rates of soil loss reached a maximum of 2.5 
kg/m2/h. The rates of soil loss were not statistically 
significant between volcanic and glacial terrain at p < 
0.001 (Mann-Whitney test). The differences between 
plots with contrasting histories of logging and fires 
were statistically significant at p < 0.001 (Kruskal
Wallis test). The rates of soil loss were highest at sites 
which had been logged and subsequently burned by the 
1988 fires. This can be attributed to the higher fuel 
loads which would have existed on the forest floor, 
leading to more intense burns. The differences in 
runoff stratified by both geology and logging/frre 
history were statistically significant at p < 0.001 
(Kruskal-Wallis test). The data were also analyzed 
using stepwise multiple regression. The resulting 
equation, with independent variables listed in the order 
they entered the equation, was: 
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LogE= .129- .162 (Log L) + 1.52 (Log Hl)- 1.32 (Log H2) 
+ 1.61 (Log H3) + .679 (LogS) 

where 
E = soil loss for the 1-hour storm (grams) 

L, Hl, H2, H3, S as above 

This regression was significant at the p < 0.001 
level, with a cumulative r2 of 0.85. Litter density was 
the key variable controlling both runoff and soil loss. 
The timber harvest methods contribute to the degree to 
which litter will suppress soil loss after the fires. 
Lodgepole forests are typically clearcut which leaves 
no source of post-fire needlefall to replenish litter 
cover. Even in lodgepole forests which were not 
logged before the 1988 fires needles were easily 
burned. Douglas-fir forests which were selectively 
logged prior to the fires provided post-fire needlefall 
because the needles are more fire-resistent. 

It would seem that the active role of logging/fire 
history on soil loss must be reconciled with the passive 
role of logging/frre history on runoff. The two results 
were not inconsistent, because the majority of soil was 
mobilized by rainsplash, not by runoff. This 
interpretation was supported by the relative lack of soil 
loss associated with snowmelt runoff, while soil loss 
from summer thunderstorms was quite pronounced. 
Regression analyses revealed that silty soils caused 
lower runoff but higher soil loss, further accounting for 
the poor correlation between runoff and soil loss. 

The potential for sediment delivery to streams 
from slope failures depended on the type of failure 
analyzed. The potential sediment delivery from rapid
shallow slope failures averaged 50 percent of the total 
volume of the failures and was a function of slope 
gradient and slope irregularity. The potential sediment 
delivery from slow-deep slope failures averaged 95 
percent of the total volume and was a function of slope 
position. The total potential sediment delivery from 
the rapid-shallow and slow-deep slope failures 
surveyed was estimated to be 2.4 x 106 cubic meters 
and 34.4 x 109 cubic meters, respectively. A complex 
slope failure on Gravel Creek accounted for 96.7 
percent of the total volume surveyed. Of the total of 
62 slope failures surveyed, 43 were situated in 
unburned areas and 19 in burned areas. Ten of the 19 
in burned areas have an increased potential for 
sediment delivery to stream channels as a result of the 
fires. However, no direct evidence was uncovered in 
the upper Snake River drainage of accelerated slope 
movement related to the 1988 fires, in contrast to 

reports elsewhere in the Greater Yellowstone Area. 
Dendrochronology was performed on a total of 32 
trees cored on five different slope failures. The data 
revealed sporadic movement beginning in 1890, 1935, 
1958, and 1967. These dates, however, do not 
preclude earlier movement. In general, the larger slope 
failures which existed prior to the 1988 frres have been 
little affected by the fires because: 

1. they are large and deep-seated, with a 
sliding plane below the extent of tree roots; 

2. the more open terrain on unstable slopes 
supports fewer trees for burning and the 
typical hummocky topography retains 
moisture; 

3. low-fuel producing aspen dominates 
unstable terrain instead of the more 
flammable conifers; and 

4. broken topography tends to act as a 
firebreak. 

The 42 km long study section of the Snake River was 
divided into five reaches: 

1. Jackson Lake Dam to Pacific Creek (0-7 
km): single channel, pools, narrow 
floodplain, low gradient, substrate of fines; 

2. Pacific Creek to Sagebrush Island (7-13.5 
km): compound channel, glides/riffles, not 
as deep as reach 1, substrate more coarse 
than reach 1, steeper gradient; 

3. Sagebrush island to Deadman's Bar (13.5-24 
km): larger substrate than reach 2, large 
floodplain width; 

4. Deadman's Bar to Frustration Ponds (24-30 
km): entrenched meandering channel, more 
rapids than other reaches, increase in 
channel gradient and substrate sizes; 

5. Frustration Ponds to Moose (30-42 km): 
compound channel, fewer rapids than reach 
4 but steeper gradient and wider floodplain. 

The reaches also exhibited differences in terms of 
total sinuosity and variability over time in sinuosity 
(Figure 1). The highest values of total sinuosity and the 
greatest variability over time in total sinuosity was 
observed in reaches 2, 3, and 5. These reaches have 
wide floodplains, high gradient, and abundant supplies 
of sediment from either tributaries or erosional 
cutbanks. Reach 1 has a narrow floodplain and low 
gradient; reach 4 has a steep gradient but is entrenched 
and is therefore able to transport the imposed sediment 
load. The temporal trends in total sinuosity were 
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1: JACKSON DAM TO PACIFIC CREEK 
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Figure 1. Total sinuosity for each of the five reaches 
of the Snake River between Jackson Lake Dam 
and Moose, Wyoming. 

related to the frequency of peak flows released from 
Jackson Lake Dam. Total sinuosity increased in 
periods when overbank flows were significant either in 
terms of frequency (1899-1945) or magnitude (1975-
1983). In these periods, new channels were opened 
which increased total sinuosity through increased 
braiding. Total sinuosity increased from 1955-1968 
even though peak flows were at a minimum. This has 
been attributed to the accumulation of sediment from 
tributaries during this period. Total sinuosity 
decreased in periods of few peak flows (1945-1955, 
1968-1975) when overflow channels would be 
abandoned and reattached to the floodplain or mid
channel islands. 

The effects of Jackson Lake Dam on equilibrium 
conditions in the Snake River has been revealed by 
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Figure 2. Actual hydro graphs (bold lines) and virgin 
flow (i.e., without Jackson Lake Dam) for the 
Snake River near Moran for periods before and 
after Palisades Reservoir was completed (1957) 
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compiling a series of hydrographs for the Snake River 
gage near Moran, based on periods before and after the 
completion of Palisades Reservoir near the Idaho
Wyoming border (Figure 2). Between 1912-1956, 
Jackson Lake Dam had little effect on the magnitude of 
peak flows, but did cause a one-month delay in the 
peak. Following the closure of Palisades Reservoir 
the release schedule was altered for Jackson Lake ' 
Dam. The magnitude of peak flows was decreased 
which eliminated the hydrologic events which were 
destructive to riparian vegetation. This was coupled 
with an increase in late summer flows, raising the 
water table which in turn facilitates vegetation 
encroachment on channel deposits. Virgin flows in the 
two periods were quite similar, indicating that climate 
change has not been a driving force in the fluvial 
system of the Snake River. 

Five riparian communities have been tentatively 
identified: 

1. unvegetated channel deposits (mid-channel 
bars, point bars); 

2. shrub-swamp community dominated by 
willow and mountain alder; 

3. open (low tree density) forest dominated by 
cottonwood; 

4. mixed forest (moderate tree density) of blue 
spruce and cottonwood; 

5. closed forest (high tree density) dominated 
by blue spruce. 

The mapping of these communities and measurement 
of community diversity are in-progress and will be 
completed in FY91. 

• CONCLUSIONS 

The 1988 fires in the Snake River watershed have 
increased sediment mobilization on hillslopes due to 
rainsplash and overland flow. The reestablishment of 
ground cover and surface litter will suppress sediment 
movement by these processes. Sediment stored behind 
fallen logs could be remobilized upon salvage logging. 
The 1988 fires will have little affect on slow-deep 
types of slope failures, but are expected to accelerate 
rapid-shallow forms. The sediment supplied to 
streams from rainsplash and overland flow will be too 
small to cause persistent changes in channel 
morphology, although some sediment storage can be 
expected in willow-covered floodplains. However, 
slope failures will introduce larger particles to the 
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· Snake River and its tributaries with more persistent 
impacts. 

The closure of Palisades Reservoir initiated 
changes in the reservoir release schedule of Jackson 
Lake Dam, with consequences to channel morphology. 
Without peak flows to cut new channels and move 
sediment, the braided sections of the Snake River 
revert to a compound pattern and eventually to single 
meandering channels. This trend is preferred by those 
who prefer to see the Snake River managed for 
recreational float trips. However, channel stability 
may be obtained at the expense of riparian community 
diversity. 
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• PROJECT OBJECTIVES 

The objectives of this study are to document effects of 
parasitism on vole populations, and to determine the 
potential of small mammals of Grand Teton National Park 
to serve as reservoirs of human parasites. 

Specific goals for this year were: 
1. to continue surveying small mammals for 

Babesia microti; 
2. to collect and identify ticks found with these 

animals; 
3. to determine if Ixodes eastoni is a tick vector 

of B. microti; 
4. to determine the incidence of 

Campylobacter spp. in these small 
mammals; and 

5. to continue documentation of the occurrence 
of Giardia as an intestinal parasite of the 
montane vole. 

+ METHODS 

Animals were trapped in Sherman live-traps at one 
of six sites within the boundaries of the Grand Teton 

National Park. They were anesthetized before an 
incision was made into the pericardia! cavity and blood 
collected from the heart into several heparinized 
capillary tubes. Thin blood smears were fixed in 100% 
methanol, and stained with Wright's Giemsa stain. 
Hematocrits were recorded as the mean of two separate 
determinations. Reticulocyte counts were done with a 
Becton-Dickinson Unopette Test 5821. The spleen 
and liver were removed, weighed and measured. 
Impression smears of the spleen were also ftxed in 
methanol and stained with Wright's Giemsa stain. 

Blood smears were each examined for the 
presence of Babesia a minimum of 15 minutes. If no 
parasitized cells were found, the specimen was scored 
as negative. The number of parasitized erythrocytes in 
a sample of 1000 was counted and recorded as percent 
parasitemia. The morphology of the erythrocytes was 
noted. Polychromasia was graded on a scale from a 
trace to 4plus. 

Ticks found attached to the animals were removed 
and stored in 10% buffered formalin (pH 7.0). They 
were later transferred to a solution of water and 
detergent (Alconox), and cleaned in an ultrasonic 
washer for 20 minutes. After rinsing in tap water, they 
were transferred to 50% ethanol, dehydrated in an 
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ascending series of ethanols, placed in acetone for one 
hour, critical point dried, and sputter coated with 
gold-paladium. They were examined on an lSI Alpha 
9 scanning electron microscope and photomicrographs 
were recorded on Polaroid 55 film. 

+ RESULTS 

B. microti was identified on the basis of the 
morphology of the parasite. The incidence of Babesia 
microti in Microtus montanus from Grand Teton 
National Park for the years 1987 through 1990 is given 
in Table 1. In addition, 5 of 12M. pennsylvanicus and 
1 of 3 Arvicola richardsoni were parasitized by B. 
microti. None of the 39 Peromyscus leucopus was 
infected. 

The spleens of all infected animals were enlarged 
(P<0.001). The spleens of 86.7% of uninfected 
animals measured less than 20 mm or greater in length; 
with 56% of these spleens measuring 30 mm or 
greater. The mean spleen size of 9 laboratory-reared 
M. montanus was 14.9±1.8 mm long by 4.4±0.5 mm 
wide. The mean size of spleens of infected wild 
animals (32.0±6.8 x 11.8±2.3 mm) was about twice 

that of uninfected or laboratory-reared animals B. 
microti cells were sometimes observed in the stained 
spleen smears. 

Reticulocyte numbers were greater in infected 
animals. Only 6.7% of the uninfected animals had 
reticulocyte levels greater than 10%, while 48% of the 
infected animals had reticulocyte counts greater than 
10%. 

Differences in hematocrit values were 
unremarkable. The mean hematocrit for uninfected 
animals was 49.5±3.3% packed cell volume, while the 
mean hematocrit for infected animals was actually 
slightly higher at 50.4±4.1 %. 

Infections of a Hepatozoon sp. were concurrent with B. 
microti in 4 M. mont anus and in 3M. pennsylvanicus. A 
Trypanosoma infection was concurrent with B. microti 
in 1 M. montanus. Two M. mont anus had a triple infection 
of B. microti, Trypanosoma, and Hepatozoon. Six M. 
mont anus were infected with Trypanosoma sp., while the 
bacterium, Grahamella sp., was found in the erythrocytes 
of 7 other M. mont anus. Giardia sp. was found in 98% 
of theM. montanus. Nine ticks, Ixodes eastoni, 7 adult 
females and 2 nymphs, were removed from M. montanus. 

Table !.Incidence of Babesia microti in Microtus mont anus from six sites within Grand Teton National Park. 

1987 1988 1989 1990 

SITE JULY MAY JULY MAY JULY MAY JULY TOTAL 

Cattleman's 1/3* 1/1 4/5 

Moose Calf 6/7 2/2 2/4 10/13 

Depletion 3/13 4/10 1/15 3/4 5/6 8/15 12/35 36/98 

Grid 6/14 5/10 4/13 16/35 31n2 

Tornado 2/3 1/1 13/33 2/9 18/46 

Bear Grass 4/21 4/21 

*Number of infected animals/total number trapped 



.. CONCLUSIONS 

The montane vole and the meadow vole are the primary 
reservoirs of Babesia microti in Grand Teton National 
Park. Splenomegaly and reticulocytosis are important 
diagnostic signs of babesiosis in montane voles. 
Hematocrit is not a reliable diagnostic tool. The voles 
are also the hosts for a number of other parasites, any or 
all of which must certainly impact on their health and 
survival. The white-footed mouse appears not to be a 
significant reservoir for B. microti in this ecosystem. 
Ixodes eastoni is the most likely candidate for the vector 
of Babesia. Transmission studies will be necessary to 
document this tick as the vector. 
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• OBJECTIVES 

Multiannual fluctuations in population density 
("cycles") of small rodents are well known (Elton 
1942). Numerous hypotheses have been proposed to 
explain this phenomenon (for reviews see Krebs and 
Myers 1974, Finerty 1980, Taitt and Krebs 1985). 
However, none of these hypotheses, alone or in 
combination, have been able to explain the causality of 
cycles. 

The objectives of this long-term study are to 
determine whether environmental variables, possibly 
acting through reproductive responses, contribute to 
the multiannual fluctuations of the montane vole, 
Microtus montanus. 

+ METHODS 

In 1990, Microtus montanus.were livetrapped at 
two times of the year: the second half of May (spring 
study period) and mid-July to mid-August (summer 
study period). Animals were killed as soon as possible 
after capture. Animals were aged using weight, total 
length and pelage characteristics. Reproductive 
organs, the spleen and the adrenal glands were 

collected from all animals and preserved in Lillie's 
buffered neutral formalin for further histological study. 
Flat skins were prepared from all animals. 

Population density was e~timated on the basis of 
the trapping success in a permanent grid (established in 
1970). The grid consists of 121 stations placed in a 
square, 5 m apart, 11 stations (50 m) on a side. Each 
station is marked with a stake. Trapping in this grid 
was performed only during the summer study period. 
One unbaited Sherman livetrap was set at each station. 
Additional trapping was carried out in nearby 
meadows to obtain additional females for litter size 
determination. In these areas, traps were not set in a 
regular pattern; rather, they were placed only in 
locations showing recent vole activity (cuttings, 
droppings). 

During the spring study period, trapping was 
carried out in a number of sites, all well removed from 
the permanent grid. The objective of trapping of sites, 
all well removed from the permanent grid. The 
objective of trapping during the spring study period 
was to determine (on the basis of embryo size) the 
onset of reproduction on a population-wide basis. The 
reason for not trapping the grid during the spring study 
period was to leave the site as undisturbed as possible, 
since the grid is the major source of information on 
population density. 



+ RESULTS 

The populations of Microtus montanus had 
crashed in 1989. However, at the onset of the spring 
1990 study period, it was immediately apparent that 
two key factors favorable for a rapid buildup of animal 
numbers were present: meltoff had occurred unusually 
early and precipitation had been low in May. 
Furthermore, the moisture in the preceding winter's 
snowpack was below average, contributing to the 
dryness of the early spring. 

The onset of reproduction in Microtus montanus is 
closely linked with the timing of meltoff since the 
latter is closely correlated with the onset of vegetative 
growth of grasses. Substances in such grasses have 
been shown to stimulate reproduction in Microtus 
montanus in the laboratory as well as in the field 
(Pinter and Negus 1965, Berger et al. 1981). As 
expected, all females collected during spring were 
pregnant. Early onset of reproduction does not, 
however, automatically guarantee a successful 
breeding season. lf precipitation during the spring is 
high, the reproductive success of voles is compromised 
(Merritt 1985, Pinter 1988), leading to an actual 
decline in animal numbers. In 1990, the combination 
of a dry spring and an early onset of reproduction held · 
potential for an increase in population density. 

During the summer study period it became 
apparent that spring conditions had, indeed, been 
conducive to population growth in Microtus montanus. 
by the end of the summer study period the population 
had quadrupled as compared with the population 
density recorded at the same time in 1989. A decrease 
in predation pressure no doubt contributed to this 
successful recovery. There had been extensive 
precipitation during the early summer (June). This, in 
turn, had resulted in an unusually luxuriant growth of 
herbaceous vegetation, providing the voles with 
exceptionally dense cover and an unusual degree of 
protection from aerial predators. For example, in one 
of the study areas the grass had an average height of 
1.25m (4ft). The height and density of the vegetation 
provided such thorough cover that it was extremely 
difficult to locate stakes that projected 25 em above the 
ground. Furthermore, weasel populations were low in 
1990, apparently reflecting the previous year's crash in 
their prey population. The relative scarcity of these 
small carnivores further reduced predation pressure on 
the voles. 

A recovery of M. montanus populations was also 
observed in other parts of Wyoming, demonstrating a 
geographic synchrony for microtine population 
dynamics. 
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There had also been a large population increase of 
gophers (Thomomys talpoides) and of shrews (Sorex 
vagrans). There was, however, an interesting 
difference between the population dynamics of 
Microtus, Thomomys, and Sorex. Whereas Micro_tus 
population increased in both, optimal and marginal 
habitats, the increase in the populations of Thomomys 
and Sorex could be observed only in the optimum 
habitats for these two species. 

+ CONCLUSIONS 

In 1990, the increase in population density of 
Microtus montanus.was consistent with my hypothesis 
(Pinter 1988) that spring population plays a major role 
in population fluctuations. The importance of climatic 
factors as contributors to such dynamics is further 
emphasized by the geographic synchrony exhibited by 
this phenomenon. 
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+ INTRODUCTION 

The Prophalangopsidae is an ancient insect family 
with fossil records dating back to the Jurassic period, 
approximately 180 million years ago (Vickery 1989). 
The family is believed to be ancestral to the ensiferan 
Orthoptera (crickets and katydids), a diverse and 
economically important group of insects (Morris & 
Gwynne 1978). Although fossil records indicate that 
the Prophalangopsidae was once a diverse, widely 
distributed and abundant group of insects, the family is 
now nearly extinct It is represented in North America 
by a single relict genus (Cyphoderris) containing three 
species, by a single species in the Soviet Far East, and 
by a single species in India that is known only by a 
single specimen (Vickery 1989). By way of contrast, 
an allied family, the Gryllidae (true crickets), contains 
over 2600 species worldwide, distributed across 14 
subfamilies (Walker 1989). 

The decline of the Prophalangopsidae is poorly 
understood, although climatic changes accompanying 
the Pleistocene glaciation are considered one possible 
factor (Vickery 1989). The three extant North 
American species occur only in the western US and 
Canada. One of these, the sagebrush cricket 

(Cyphoderris strepitans), is known only from a few 
mountainous areas in Wyoming and Colorado, 
including Grand Teton National Park (Morris & 
Gwynne 1978). Despite the prevalence and apparent 
homogeneity of the sagebrush-dominated habitat 
within which C. strepitans occurs, sagebrush crickets 
are patchily distributed within G1NP (pers. obs.), 
perhaps owing to their low vagility (sagebrush crickets 
are cumbersome walkers lacking flight ability) and/or 
to restrictive microhabitat requirements. Intensive 
studies concerning the natural history, population 
biology and behavioral ecology of sagebrush crickets 
have been ongoing in GTNP since 1978 when the 
species was first named (e.g., Morris & Gwynne 1978, 
Dodson et al. 1983, Sakaluk et al. 1987, Morris et al. 
1989, Sakaluk & Snedden 1990). In recent work, we 
have attempted to identify the selective forces 
contribution to the evolution of the species' unique 
mating system and life history. 

In Grand Teton National Park, adult C. strepitans 
become sexually active at an unusually early and hence 
unseasonable time of year (early May) and remain 
active only for a short 4-6 week period. Each night of 
the breeding season, males emerge from the soil litter 
shortly after sunset, climb into the sagebrush and begin 
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to sing, presumably to attract sexually receptive 
females. Copulation is initiated when a receptive 
female climbs onto the dorsum of a male, at which 
time he attempts to transfer a spermatophore. During 
the time that the female is mounted on the male, she 
feeds on the male's metathoracic wings and ingests 
any hemolymph oozing from the wounds she inflicts 
(Dodson et al. 1983, Sakaluk et al. 1987). 

A previous field study involving the 
mark-recapture of a large number of males showed that 
once a male had mated, his probability of obtaining 
additional copulations paradoxically was reduced 
(Morris et al. 1989). One explanation for this result is 
that non-virgin males, having lost a substantial portion 
of available energy reserves at mating, may be unable 
to sustain calling at pre-mating levels. In support of 
this hypothesis, electronic assays of male signaling 
behavior (see Kidder & Sakaluk 1989) have shown 
that virgin male C. strepitans call for significantly 
longer durations than recently mated males (Sakaluk et 
al. 1987, Sakaluk & Snedden 1990). 

The above hypothesis assumes that females 
respond to the acoustic signals of males, such that 
males which call for longer durations attract more 
mates. We have been unable, however, to demonstrate 
female phonotaxis in standard behavioral bioassays 
(Morris et al. 1989). There are at least three 
hypotheses which could account for the observed lack 
of female responsiveness: 

1. females are not phonotactic, but instead 
locate males via other signaling modalities 
(e.g., olfaction, substrate-transmitted 
vibrations), 

2. females may exhibit phonotaxis only during 
a narrow time windo~ or respond only 
under test conditions which closely 
approximate the field environment and 

3. elicitation of a female response may require 
an extended period of auditory stimulation 
that exceeds the short response times 
expected of females in standard laboratory 
phonotaxis experiments (Sakaluk & · 
Snedden 1990). 

The objectives of the present study were: 
1. to seek evidence of female phonotaxis by 

comparing the subsequent mating success of 
experimentally muted males with that of 
untreated rivals and 

2. to complete time-lapse video studies of 
mating interactions initiated in the 1989 
field season. 

+ METHODS 

I FIELD STUDY 

To test the hypothesis that females use the sounds 
of males to locate males as mates, a mark-recapture 
study was conducted in May-June, 1990 near the 
Snake River at Deadman's Bar in Grand Teton 
National Park. Four corners of a rectangular study 
plot(90 m x 60 m) were staked out in a sagebrush 
meadow that was located on a bench of the river's 
flood plain. During four nights of sampling (May 17, 
18,21 and 22), we attempted to capture and mark all of 
the virgin males present in the study plot. Perching 
locations of males were found by orienting to the 
acoustic signals produced by individual males and then 
searching the sagebrush with the aid of a headlamp. 
Non-virgin males (as evidenced by wing wounding) 
were released at their point of capture immediately 
after their mating status had been ascertained. Each 
virgin male was placed in a numbered vial and 
transported to a processing table located at the study 
site, after their mating status had been ascertained. 
Each virgin male was placed in a numbered vial and 
transported to a processing table located at the study 
site, after its capture site had been marked with an 
identically numbered flag. Following experimental 
processing (see below), virgin males were released at 
their flagged capture sites, thereby preserving the 
original distribution of males and facilitating their 
subsequent recapture. 

Captured males were sequentially assigned, in 
order of their capture, to one of three experimental 
groups: 

1. experimentally muted, 
2. sham control, and 
3. unmanipulated. 

Sequential assignment of males ensured that a 
comparable number of males in each group was 
mar~ed on any one night, and that subsequent mating 
opportunities were equivalent across treatments. 
Moreover, this protocol ensured that the locations of 
experimental males, for each of the three treatments, 
were drawn at random. Males in Group 1 were 
rendered mute by surgically removing the file from 
each tegmen, an operation facilitated with the aid of a 
Wild MSA stereo-microscope. Removal of both files 
was required because males are capable of 
"switch-wing" singing, in which one or the other file is 
employed during stridulation (Morris & Gwynne 
1978). Males in Group 2 group had a portion of their 



tegmina removed comparable in area to that of Group 
1 males, but distal to the sound-producing structures. 
The tegmina of Group 3 males were left unaltered. 
Males of each treatment were color coded by painting 
their pronota with Testor's fluorescent model paint 
(mute: blue or green, sham: yellow, unmanipulated: 
orange). We marked and released a total of70 virgin 
males (24 mute, 23 sham and 23 unmanipulated). 

Once we had marked the bulk of the virgin male 
population in our study plot, males were re-captured 
and examined for evidence of mating activity on four 
subsequent nights (May 26, 27, 28 and June 3). 
Experimental males were located by scanning the 
sagebrush and ground with portable UV lights, the 
illumination of which caused the painted pronota of 
experimental males to brightly fluoresce. Although the 
re-capture of sham and unmanipulated was aided 
further by orienting to their sounds, the number of 
males that were recaptured at least once was almost 
exactly the same for all three treatments (13 mute, 12 
sham. 13 unmanipulated). 

We recorded the following data for each male 
captured: 

1. mating status, as determined by the 
condition of the hindwings (unwounded= 
virgin, wounded- non-virgin), 

2. whether the male was marked 
(experimental) or unmarked 
(non-experimental), and 

3. if marked, the treatment to which the male 
belonged. 

When a marked male was recaptured, his right 
metathoracic femur was marked with pigmented nail 
polish if he was a virgin, and both femora were marked 
if he was a non-virgin. On subsequent sampling 
nights, therefore, we were able to record whether a. 
marked male was a previous recapture, and ascertam 
his previous mating status. This protocol prevented us 
from counting any male more than· once in the final 
recapture tally, and allowed us to determine whether a 
male has mated over successive recaptures. 

The hypothesis predicts that the mating success of 
muted males should be significantly lower than that of 
sham-control or unmanipulated males. Alternatively, 
if females employ some other means of fmding males 
(e.g., olfaction, vibratory signals), we would not expect 
any appreciable difference in male mating success 
across treatments. 
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II TIME-LAPSE VIDEO STUDY 

To examine more closely the determinates of male 
mating success, a time-lapse video study was 
conducted in May-June 1989 and 1990. Male and 
female C. strepitans were captured at a study site 
located on top of an escarpment overlooking the Snake 
River at Dead Man's Bar in Grand Teton National 
Park. Because females are mute, they were found 
largely through chance encounters. Crickets were 
transported back to the research station where they 
were housed in plastic vials, provisioned every other 
day with a slice of apple. 

Triadic mating interactions were staged in a 
plexiglass arena and recorded using a time-lapse ~ideo 
recorder (Panasonic AG-6050) and a camera eqwpped 
with a macro lens (Panasonic WV-3250/8AF). Each 
triad consisted of a virgin male a non-virgin male and a 
female of unknown mating status. All crickets were 
weighed prior to introduction into the arena. Each 
night of the study, a single triad was established at 
approximately 2000 hours at which time recording 
commenced. The video recorder was set to the 12-H 
recording option; on this time mode, a single frame 
was recorded every 0.1 seconds. In total, we 
video-taped 43 triadic interactions (20 in 1989 and 23 
in 1990) of which 30 resulted in matings ( 15 matings 
in each of 1989 and 1990). When a mating occurred, 
the participants involved in the interaction were never 
used again, thereby avoiding pseudo-replication of 
data. 

Upon review of video-tape recordings of mating 
interactions, we recorded: 

1. the number of mating opportunities for each 
male (as indicated by wing feeding behavior 
of the female and/or clamping of the 
female's abdomen by the male's abdominal 
pinching organ), 

2. the frequency and duration of copulations, 
3. the time spentcalling by each male and 
4. the frequency and duration of 

spermatophore feeding by the female. 

+ RESULTS 

I FIELD STUDY 

Of those marked males recaptured at least once, 2/ 
13 muted males, 12/12 sham-control males, and 12/13 
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unmanipulated males had mated. Contingency table 
analysis showed that differences in male mating 
frequencies across treatments were statistically 
significant ('x} = 25.89, p < 0.001). The source of these 
differences was revealed by subdividing the chi-square 
analysis CZar 1984). The mating frequency of muted 
males was significantly less than that of sham-control 
(X2 =18.13, p < 0.001) and unmanipulated males (X2 = 
15.48, p < 0.001). There was no significant difference 
in the mating frequency of sham-control and 
unmanipulated males (X2 = 0.96, p < 0.05). 

The above analysis incorporates those instances in 
which the mating status of a male changed over 
successive recaptures. To provide a more conservative 
test of the null hypothesis, the data were re-analyzed 
using frrst-time recaptures only. Of those marked 
males recaptured for the frrst time, 1/13 muted males, 
10/12 sham-control males, and 9/13 males had mated. 
As in the previous analysis, differences in male mating 
frequency across treatments were statistically 
significant (X2 = 16.50, p < 0.001). Pairwise 
comparisons revealed that the mating frequency of 
muted males was significantly lower than that of 
sham-control (X2 = 14.49, p < 0.001) and 
unmanipulated males (X2 = 10.40, p < 0.005). There 
was no significant difference in the mating frequency 
of sham-control and unmanipulated males (X2 = 0.41, P 
> 0.05). 

II TIME-LAPSE VIDEO STUDY 

Preliminary analyses using full-factor ANOV As 
revealed that YEAR (the year in which triads were 
video-recorded) had no effect on any of the 
reproductive parameters measured. Consequently, data 
from 1989 and 1990 were combined in subsequent 
analyses. Means are given ± SE. 

MATING FREQUENCY 

In the 30 interactions leading to copulation, the 
male to first mate with the female was designated the 
'successful' male while the other male was designated 
'unsuccessful'. Initial copulations occurred, on the 
average, 317.8 ± 33.8 minutes after the introduction of 
experimental individuals (range= 24-643 min) and 
lasted, on the average, 272.3 ± 19.2 seconds (range= 
120-595 sec). In 8 of the 30 interactions, two matings 
occurred during the recording interval; 4 of the second 
matings involved the successful male and 4 involved 
the unsuccessful male. Secondmatings by successful 
males occurred 107, 196,245 and 447 minutes, 
respectively, after the frrst 

CoRRELATES OF MALE MATING SuccEss 

I CALLING DURATION 
Pre-copulatory calling durations of successful 

and unsuccessful males are shown in Table 1. The 
absolute difference in calling durations of successful 
and unsuccessful males covaried with the time at 
which the mating occurred (r = 0.66, p < 0.0002); 
essentially, differences in pre-copulatory calling times 
increased as copulations occurred later in the night. 
This covariance was effectively eliminated by 
transforming calling durations to their log

10 
values (r = 

0.10, p > 0.05), thereby facilitating direct comparison 
of the calling times of successful and unsuccessful 
males. The analysis revealed that successful males 
called for a relatively longer duration prior to 
copulation than did unsuccessful males (paired t-test, 
one tailed, t = 1.76, p < 0.05) 

In 16 interactions, the successful male was the last 
to call before the copulation occurred versus 4 
interactions in which the unsuccessful male was the 

Table !.Pre-copulatory calling durations of mated and unmated male C. strepitans in triadic interactions. 
Means are significantly different at p < 0.025 (paired t-test, one-tailed, t = 2.19). 

N Mean (min) SE Range 

Mated 30 170.4 25.5 0-447 

Unmated 30 127.5 23.1 3-559 



last to call. This difference is statistically significant 
{,.,l = 6.05, p < 0.025). 'Ayu. 

Calling did not always immediately precede a 
successful copulation. In 35 interactions, the 
successful male was calling immediately prior to 
copulation, but on 4 occasions the successful male had 
ceased calling 2, 8, 14 and 47 minutes before 
copulation, respectively. On one occasion, the 
successful male did not call at all before mating, but 
was standing immediately adjacent to a calling 
(unsuccessful) male at the time the female mounted 
him. 

II MATING OPPORTUNITIES 
Successful males experienced significantly more mating 
opportunities prior to copulation than did unsuccessful 
males· (2.13 ± 0.39 vs 0.77 ± 0.30, Wilcoxon paired 
sample test, p < 0.0005). There was no significant 
difference, however, in the total number of mating 
opportunities experienced by successful and unsuccessful 
males over the entire 12-h recording interval (3.50 ± 0.53 
vs 2.67 + 0.63, p > 0.05). 

Ill MATING STATUS 
Sixteen of the 30 successful males mated as 

virgins, and 14 mated as non-virgins. Mean calling 
durations of virgin males were longer than those of 
non-virgins (Table 2), but the difference in 
log-transformed calling times was only marginally 
significant (paired t test, one tailed, t = 1.65, p = 
0.055). We also compared the frequency of matings 
by virgin males that were either the "high" caller or 
"low" caller in triadic interactions. Contingency table 
analysis revealed that high virgin callers achieved 
proportionally more matings than low callers (13/20 vs 
3/10), but this too was only marginally significant 
(log-likelihood ratio, G = 3.34, p- 0.068). There was 
no significant difference in the number of mating 

opportunities experienced by virgin and non-virgins 
prior tocopulation (1.67 ± 0.40 vs 1.23 ± 0.33, p > 
0.05), nor was there a difference in mating 
opportunities over the entire 12-h recording period 
(3.57 ± 0.55 vs 2.60 ± 0.62, p > 0.05). 

IV MALE BODY SIZE 
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There was no significant difference in the wet 
mass of successful and unsuccessful males, nor in the 
mass of virgin and non-virgin males. 

MALE-MALE COMPETITION 

No overt aggression was ever observed benyeen 
males. Frequently, however, one male would mount 
the other an engage in wing feeding for a variable 
length of time. We observed 15 such homosexual 
mountings distributed over 9 interactions. In such 
cases, the mounted male would expose the underlying 
metathoracic wings and attempt genitalic contact in 
much the same manner as if he had been mounted by a 
female. Homosexual mountings were of variable 
duration and invariably terminated with the mounted 
male pulling away. 

FEMALE BEHAVIOR 

Females frequently mounted males and engaged in 
wing feeding without receiving the spermatophore. 
Such 'opportunistic feedings' occurred in 24/30 
interactions and at a variable frequency within 
interactions (range= 1-21). 

With one exception in which the spermatophore 
was dislodged against a wall of the chamber, females 
always consumed the spermatophore after mating; 
spermatophore consumption commenced, on the 
average, 168.46 ± 25.0 minutes after the initial 
copulation (n=26, range= 3-512 min). 

Table 2.Pre-copulatory calling durations of virgin and non-virgin male C. strepitans in triadic interactions. 
Means are significantly different at p < 0.05 (paired t-test, one-tailed, t = 1.94). 

N Mean (min) SE Range 

Virgin 30 165.80 24.98 6-433 

Non-Virgin 30 132.13 23.90 0-559 
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• CONCLUSIONS 

Our field experiment showed a marked decrease in 
the fitness of experimentally muted males, and we 
interpret this result as evidence of female phonotaxis. 
Alternatively, male calling theoretically could function 
as a territorial signal to other males, with females 
attracted to males via some other signaling modality 
(e.g., olfaction, substrate-transmitted vibrations). One 
could argue, therefore, that the decline in fitness of 
muted males comes from an inability to exclude rivals, 
rather than an inability to attract females. For this to 
be a plausible alternative, however, males would have 
to show evidence of territorial behavior, defending an 
area from which other calling males were actively · 
excluded. In contradiction of this prediction, we have 
observed male C. strepitans frequently calling from the 
same bush and, on a number of occasions, males have 
been observed calling side-by-side at the base of the 
same bush (pers. obs.). If calling functions as a 
territorial signal, it is remarkably ineffective. 
Moreover, males display none of the aggressive 
behaviors that characterize territorial Orthoptera. In 
close to 1000 hours of video recording of male-male 
interactions we have not observed a single instance of 
overt aggressive behavior, nor has such behavior ever 
been observed in the field Males do, however, appear 
to hear and react acoustically to the ·signals of other 
males: silent males can be easily primed to call through 
playback of conspecific song (pers. obs.). 

At least two lines of evidence from our video 
studies also support a mate-attracting function to male 
calling. First, in triadic interactions, males that called 
the most prior to matings had a significantly higher 
probability of acquiring the matings. Second, and 
perhaps more compelling, the last male to call prior to 
when the mating occurred, copulated more often than 
expected on the basis of chance. If females were 
attracted to males through olfaction, we would predict 
that whichever male was the last to call would have no 
bearing on the probability of that male mating. That it 
does, supports the female-phonotaxis hypothesis and 
negates the olfaction hypothesis. It is possible, of 
course, that sagebrush crickets possess pheromones 
that are employed in sexual recognition, as is true of a 
number of other ensiferan Orthoptera. 
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+ INTRODUCTION 

The Snake River plains and foothill areas of 
Jackson Hole have been grazed by domestic livestock 
~ince ~ttlement of the area. Wildlife populations, 
mcluding elk (Cervus elaphus), buffalo (Bison bison), 
mule deer (Odocoileus hemionus), and antelope 
(Antilocapra americana) have historically used the 
area. Moose (Alces alces) are currently relatively 
abundant. Currently, .livestock continue to use part of 
the area contained in Grand Teton National Park either 
as a concession or due to authorization by Park 
enabling legislation. Large grazing wildlife also 
inhabit the Park area. Park managers need information 
concerning the effects of grazing by large ungulates on 
vegetation resources, to achieve desired plant 
community goals by effectively managing grazing. 

• OBJECTIVES 

The objectives of this research are summarized as 
follows: 

1. Determine kind and location of important 
potential natural plant communities (PNC's) 
within a study area, largely defined by areas 
of current use by livestock, east of the Snake 
River, and adjacent comparable areas used 

only by wildlife, west of the river. 
2. Compare current vegetation composition on 

representative sites used by livestock and 
wildlife. Compare potential vegetation 
composition for these sites with an emphasis 
on comparisons of livestock and wildlife 
effects. 

3. Estimate forage utilization on key sites and 
map utilization patterns. 

4. Establish permanent vegetation trend 
monitoring transects. 

5. Provide grazing management 
recommendations to the Park Service, to 
assist them in reaching vegetation 
management goals. 

+ METHODS 

Authorization to begin this effort was received in 
mid-summer 1990. Starting this date limited data 
collection. A reconnaissance of the area was 
conducted with Park managers to identify general areas 
of use and their concerns. Later, principal 
investigators covered most areas of interest on foot or 
horseback to ascertain general patterns of soils, 
vegetation composition and use, and grazing animal 
distribution. The Park Service soil scientist provided 
assistance in interpreting soils information. 
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Specific areas examined in early August, with 
respect to potential for high use by grazing animals and 
need for detailed vegetation analysis and monitoring 
included: 

1. Upland plains west of the Snake River, 
grazed only by wildlife 

2. Floodplains (Cottonwood lowlands) west of 
the Snake River, grazed only by wildlife 

3. Pacific Creek drainage to the Park boundary, 
grazed by cattle and wildlife. 

4. Elk Ranch Reservoir area, grazed by cattle 
and wildlife. 

5. Floodplains east of the Snake River in the 
Triangle X horse pasture, grazed by horses 
and wildlife. 

6. Antelope Flats, upland plain east of the 
Snake River, grazed by cattle during trailing 
to summer pasture and wildlife. 

7. Other areas yet to be examined include 
Mormon row and Blacktail Butte pasture. 

+ RESULTS 

Results to date are based only on field 
observations as utilization and trend transects have yet 
to be installed. 

Upland plains west of the Snake River consist of a 
uniformly complex area of 2 drouthy soils dominated 
by low and big sagebrush (Artemisia arbuscula and A. 
tridentata). Utilization of vegetation appeared to be 
light. Elk and buffalo were sighted in the area. 

Floodplains west of the Snake River and adjacent 
to the Triangle X pasture were a complex association 
of vegetation types including cottonwood (Populus 
angustifolia) dominated lowlands, wet/subirrigated 
areas, and sagebrush dominated communities. Live 
willows (Salix sp.) were uncommon and cottonwoods 
were dominated by a single mature age class. 
Herbaceous plants were heavily utilized. Elk and 
buffalo were abundant. 

The Pacific Creek drainage appeared to have 
received little use by cattle. Riparian zones were 
dominated. by apparently healthy willow stands. A few 
cattle were seen along the Park boundary with National 
forest lands. 

The Elk Ranch Reservoir area has a variety of 
terrain and vegetation types including wet/subirrigated 
riparian zones, sagebrush dominated communities, and 
aspen communities. Utilization patterns of forages 

suggest an uneven distribution of grazing pressure. 
Riparian zones and adjacent sagebrush dominated 
valley floor and gentle slopes had been heaviest used. 
Dense sagebrush on surrounding hills appears to limit 
cattle use of these areas. Cattle were primarily in the 
irrigated meadows at the time of our visit. We noticed 
several situations where management actions could be 
easily undertaken to improve cattle distribution and 
reduce grazing pressure on native riparian, valley 
bottom sagebrush communities, and irrigated meadows 
without reducing stocking rates. These actions include 
intensified use of the irrigated meadows (perhaps by 
additional subdivisions), salting and/or herding to 
move cattle away from the reservoir and riparian zones 
along Uhl Draw, and burning dense sagebrush stands 
on adjacent hills to attract cattle. 

The Triangle X horse pasture along the Snake 
River is largely cottonwood dominated lowland with 
areas of wet/subirrigated vegetation, and an area of 
sagebrush dominated upland. Willows were common 
in wetter areas and a mixture of age classes of 
cottonwoods was apparent. Utilization of herbage was 
light to moderate. Horse tracks and trails indicated 
grazing was ongoing, apparently at night. 

The Antelope Flat area has an exceptionally 
uniform soil with sagebrush dominated vegetation 
type. Similar but smaller areas of the same soils had 
been observed west of the River. Utilization of forages 
had been minimal and the only evidence of trailing was 
along the dirt road on the east of the area. 

The areas identified above except Pacific Creek 
and including the Blacktail Butte pasture appear to be 
the most important areas for installation of utilization 
and trend monitoring studies because of the obvious 
probabilities for grazing use and apparently altered 
plant community composition of a few locations. The 
soils mapping units for the upland area in the published 
soil survey by the Soil Conservation Service appear to 
be accurately described and located. Some additional 
mapping of soils may be desirable in lowland and wet 
areas. These mapping units should suffice as a basis 
for identification ofPNC's although additional soil
PNC correlation may be necessary. Complex mapping 
units (2 or more soil types) will require additional 
stratification in conjunction with locating vegetation 
sampling sites to insure correct identification of PNC 
for sampling locations. 

Utilization and trend monitoring transects will be 
installed at the earliest opportunity in the coming 
spring (1991). Sampling of PNC's will begin with 
sufficient development of vegetation phenology. 
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The Teton fault is a major, range-front normal 
fault that bounds the east side of the,.. 70 km-long 
Teton Range, located in northwestern Wyoming. It is 
an integral component of the 1,300 Ian-long 
Intermountain Seismic Belt, an active zone of 
intraplate seismicity that extends from southern Utah, 
northward through western Wyoming, eastern Idaho 
and western Montana. Geologically the Teton fault 
has evolved in the last 7 to 9 million years 
accumulating 6 to 9 km of displacement, concomitant 
with the development of the Basin-Range extensional 
tectonics in western Wyoming. In the past 5 to 8 
million years, the nearby Yellowstone hotspot has 
likely influenced the activity of the fault including the 
timing and amount of slip on the fault. Quaternary 
scarps of the Teton fault extend for -55 km, 
north-south along the east side of the Teton Range and 
provide excellent exposures of the Teton fault. The 
Teton fault is the primary structure responsible for 
producing more than 2,100 m (7,000 ft) of vertical 
topographic relief of the range front and is the single 
most important factor contribution to the spectacular 

topography and scenery of the Teton Range- hence 
to the essence of the Grand Teton National Park. 

Attesting to the size and youthfulness of the Teton 
fault is the realization that this major structure is also 
fully capable of producing major, scarp-forming and 
damaging earthquakes of magnitudes as large as M

5 

7 .2±0.3 and thus represents an important long-term, 
natural hazard of this region. To evaluate earthquake 
potential and related earthquake hazards in Grand 
Teton National Park and the surrounding region, 
scientists and students of the University of Utah have 
conducted three years of research (spring 1987 to 
spring 1990) funded by the University of 
Wyoming-National Park Service Research Center with 
supplemental support from the U.S. Geological 
Survey. This study focussed on an evaluation of the 
earthquake capability of the Teton fault through the 
integration of geophysical, geologic, and geodetic data. 
We targeted such topics as timing, magnitude and 
long-term deformation rates, and will suggest scenarios 
of possible ground deformation associated with future 
earthquakes in a later report. 
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QUATERNARY FAULTING OF THE TETON 

FAULT 

The Quaternary (approximately last 2 million 
years) expression of the Teton fault consists of two to 
three independent fault segments, 13 to 42 km long, 
that are marked by Holocene (post -glacial and less 
then 14,000 to 30,000 year old) fault scarps. On the 
basis of 25 precisely surveyed topographic profiles of 
scarps of the Teton fault, post-glacial surface offsets 
have been determined to range from 3 to 35m, 
averaging 13m in height in the southern segment, and 
15m in the middle segment. Scarp heights on the 
other hand, are rather large and exceed 50 m in the 
middle segment. In addition, there is some evidence of 
a 50% component of left-lateral strike-slip 
displacement in the central part of the fault zone which 
suggests that the post-glacial slip on the fault may 
actually exceed that indicated by the surface offsets. 

Extrapolation of the maximum segment lengths of 
normal faults to the magnitudes of modem earthquakes 
suggests that the individual segments of the Teton fault 
may have generated M

5 
= 6.8±0.3 earthquakes in the 

past. However, if a single event involved the entire 55 
km long Teton fault, it would have produced by an M

5 

= 7 .2±0.3 earthquake. 

SEISMIC GAP 

Despite the evidence for contemporary earthquake 
activity in the surrounding region, the Teton fault 
occupies a prominent gap in the historic seismicity of 
the Intermountain Seismic Belt. On the basis of the 
Holocene history of faulting and the long-term 
geologic record, however, we do not believe that the 
Teton fault is inactive. The Teton fault may thus be 
storing stress and could be expected to "fill in" with a 
moderate to large earthquake in the future. 
Alternately, it may reflect seismic quiescence due to 
strain redistribution on other structures such as 
reflected in the modern seismicity of the Gros Ventre 
Range, or it may not be accumulating stress at this time 
for an unknown reason. We do not have adequate 
information at this time to determine the state of stress 
on the Teton fault. 

TIMING OF FAULTING 

To determine the age and amount of slip 
associated with the most recent ground-breaking, 
pre-historic earthquakes of the Tetonfault, a 3.6 m fault 

scarp at the mouth of Granite Canyon was excavated 
by trenching in 1989. This trench exposed 4.1 m of 
fault displacement related to ~me, and possibly two, 
scarp-forming prehistoric earthquakes. The oldest, and 
most well constrained event occurred 7980 ± 210 years 
before present (7175 ± 100 radiocarbon years). Dating 
of charcoal samples (in progress) will help us 
determine if the 4.1 m displacement is solely the 
product of a single 7980 year old event, or if a younger 
ground rupturing earthquake has contributed to the 
total displacement. If the 4.1 m event represents a 
single displacement event it would have been 
associated with an estimated magnitude of M5 7.2±0.3 
earthquake that would likely have ruptured the entire 
length of the Teton fault. 

Combining the ages of faulting determined from 
the trench at Granite Canyon with the determinations 
of surface offsets from the Quaternary scarp profiles 
provides estimates of fault slip rates due to multiple, 
prehistoric earthquakes on the Teton fault. These data 
yield recurrence intervals for large, ground breaking 
earthquakes of M 7+ of 1650 to 6060 years. 
Corresponding slip rates on the fault range from 0.45 
mm/yr slip rate, assuming a 30,000 year age of glacial 
cessation, from the 7,175 years b.p. displacement event 
and tied to the age of most recent faulting determined 
at Granite Canyon to the present, suggests that the 
southern segment of the Teton fault may be storing 
stress at a normal rate. On a more problematical basis, 
extrapolating the 1.6 mm/yr slip rate, assuming a 
14,000 year glacial cessation date, forward in time 
from the 7,17 5 year old event, suggests that the 
southern segment and may have already stored 
sufficient stress to generate a M 7+ earthquake that 
would effectively fill in the seismic gap. However, 
because we do not know the actual state of stress on 
the fault, we can not confidently state the current state 
of earthquake potential without more information. 

EARTHQUAKE INDUCED GROUND 

DEFORMATION 

Ground deformation, in particular the extent and 
magnitude of subsidence of the hanging-wall block, 
associated with three large historic normal faulting 
earthquakes in the western U.S. has been well 
documented. These earthquakes are: 

1. the M
5 

7.3, 1983, Borah Peak, Idaho, 
2. the M

5 
7.5, 1959, Hebgen Lake, Montana, 

and 
3. the M

5 
6.8, 1954, Dixie Valley, Nevada, 

earthquakes. 



We have used a hypothetical working model 
determined from observations of these large 
earthquakes to tentatively identify a north-south 
trending area of topographic subsidence up to ,... 29 m 
deep and approximately 8 km long (north-south) and 2 
km (east-west), adjacent to and east of the middle 
section of the Teton Range. This unusual depression 
may reflect, in part, tectonic surface deformation 
(hanging wall subsidence) associated with fault 
displacements from large pre-historic scarp forming 
earthquakes, exceeding M

5 
6.3, on the Teton fault. 

This subsidence feature appears to have contributed to 
the range-front capture of streams flowing eastward 
from the central Teton range and produces an 
anomalous southward drainage pattern rather than 
eastward drairiageinto the Snake River. However, the 
subsidence area is also likely influenced by a 
combination of tectonic activity, stream channeling, 
and aggradation from ancient flow channels emanating 
from the ancient Jackson Lake and we have not yet 
determined the relative amount of tectonic versus 
depositional deformation in this area. 

Preliminary modeling of detailed topographic 
profiles across the depression, assuming an 
seismotectonic origin, suggests that the subsidence 
could have been produced by as many as 5 to 10 large 
ground breaking M 7+ earthquakes on the Teton fault 
in the past 14,000 years with an average recurrence 
interval of 1,500 to 6,000 years. These results are 
considered preliminary since the ages of the tilted 
surfaces on the valley floor are poorly known, and no 
attempts have been made yet to remove pre-existing 
depositional slope, or the effects of aggradation of 
fluvial sediments. 

TETON FAULT LEVEL LINE 

Contemporary deformation associated with active 
faults is considered a key element of an earthquake 
hazard assessment. In a cooperative project between 
the University of Utah and the University of California 
at Santa Barbara, we have conducted two precise · 
elevation surveys of an east-west leveling profile 
across the middle segment of the Teton fault. The 22 
km long level line extends from the head of Cascade 
Canyon eastward across the fault at Jenny Lake to 
Deadmans Bar on the Snake River and was established 
in 1988 to 1st order surveying standards. The results of 
the initial 1989 re-observation of this 1st order level 
line indicates that the footwall block, the Teton Range, 
subsided up to 7.8 mm ± 0.7 mm relative to valley 
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floor, in the one year period. Geologically we 
expected the mountain block to rise rather than 
subside, thus this observation of mountain block 
subsidence is considered very unusual and may reflect 
unknown processes related to the seismic quiescence 
of the Teton fault. 

There are several explanations for this unusual 
aseismic behavior, such as interseismic energy 
accumulation, seismic energy release in the Gros 
Ventre block to the east that is locking the Teton fault, 
or possible relative footwall subsidence that may be 
due to lateral compression (deviatoric compression) on 
a uniform upper-crustal block, including the fault. 
Nonetheless, the measured deformation occurred as 
aseismic creep, i.e., without accompanying 
earthquakes. These observations notably represent the 
first documented occurrence of aseismic creep across a 
major normal fault, as well as the first case of vertical 
creep reported anywhere in the world, aside from 
afterslip or subsidence of blocks in mid-ocean rift 
zones. 

PALEOMAGNETIC MEASUREMENTS OF 

FAULT DEFORMATION 

In a cooperative project with John Geissman of the 
University of New Mexico, analyses of paleomagnetic 
samples collected at 67 sites in the Huckleberry Ridge 
tuff, a 2.0 million year old volcanic unitassociated with 
the Yellowstone caldera and deposited across the 
Teton range, allows the determination of the post 2 
million year deformation of the Teton Range and the 
adjacent valley associated with the long term activity 
of the Teton fault. These analyses suggest that the 
westward back-tilting of the Huckleberry Ridge tuff in 
the Teton Range (footwall) and Jackson Hole 
(hangingwall) may be entirely due to movement on the 
Teton fault, with as much as 2,800 meters of vertical 
displacement. This observation establishes a 
displacement rate of 1.4 mm/yr for the Teton fault for 
the last 2 m.y. that is consistent with the post-glacial 
displacement rates, and is significantly higher than 
those determined for other normal faults in the region. 

.. OVERVIEW 

Tectonic modeling of topographic profiles, along 
with determination of slip rates from the trenching and 
paleomagnetic analyses suggest that the long-term 
Quaternary displacement rates of the Teton fault range 
from 0.45 to 1.6 mm/yr. These long-term average 
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rates are notably larger than Quaternary deformation 
rates measured on other large and active normal fault 
zones of the western U.S. These observations suggest 
a rather uniform long-term average displacement rate 
on the Teton fault for the last two million years. There 
is no definitive evidence that the displacement rates on 
the Teton fault have changed in historic time, hence 
there is no reason to suggest that the earthquake 
activity has changed from that deduced from the 
Quaternary record. 

The significance of these findings on the 
earthquake potential of the Teton region is important 
when one considers the similarities of the Teton fault 
with the seismotectonics of the three well- studied, 
large normal faulting earthquakes in the Basin-Range 
in historical time (described above). Analyses of these 
earthquakes suggest that they occurred at or near the 
lateral boundaries of fault segments on 400 to 600 
dipping planar faults, nucleating at mid-crustal depths 
of 12 to 16 km. Unilateral rupture from near the ends 
of fault segments was noted for the Borah Peak 
earthquake and suggested for the Hebgen Lake 
earthquake. We suggest that these faulting 
characteristics provide a hypothetical working model 
for a ground breaking, 6.3 s M5 < 7 .5, normal faulting 
earthquakes that can be applied to the Teton and other 
large normal faults of the Intermountain region. 

On the basis of the long-term record of 
earthquakes in the region, future earthquakes of 
magnitude 6.3 s M5 < 7.5 are expected to continue in 
the Hebgen Lake-Yellowstone-Teton region with 
expected recurrence intervals on the order of 1,000's of 

years. While the repeat times are large compared to 
expected lifetimes of man-made structures and of man 
himself, the occurrence of such large earthquakes can 
have a significant impact on the surrounding areas. 
Such factors as disruption of lifelines (roads, power 
lines, water lines, etc.), damage to man-made and 
natural structures, and loss of life may result from 
ground deformation and strong ground shaking that 
could accompany such events (depending on the 
locationof the epicenter with respect to the structure). 
Secondary effects of these large earthquakes could also 
include landslides, avalanches, and flooding. 

Increased knowledge and recognition of 
earthquake processes and the earthquake potential of 
the region by local, state arid federal officials and the 
general public can significantly mitigate the effects of 
a major earthquake. Furthermore, an understanding of 
active geologic processes in the Teton region can lead 
to informed emergency and land management 
decisions and policies by public officials that lead to an 
increased awareness of the seismic hazard and 
recognition of safety precautions that can be taken by 
the general public. 

The results of our research to date provide the first 
direct information for estimating the maximum 
magnitude of earthquakes, and their effects, that could 
occur on the Teton fault The results, together with 
estimates of long-term slip rates, also provide a 
measure of the time history of the fault that is useful 
for long-term assessments of the earthquake hazards of 
Grand Teton National Park and surrounding region. 



HABITAT DISTRIBUTION OF SMALL MAMMAL 

COMMUNITIES IN GRAND TETON NATIONAL PARK 

NANCY STANTON + SmVEN BusKIRK 

DEPARTMENT OF ZooLOGY AND PHYSIOLOGY 

SmVE MilLER 

DEPARTMENT OF BOTANY + UNIVERSITY OF WYOMING 

LARAMIE 

.. OBJECTIVES 

Since Grand Teton National Park adopted a 
natural fire policy in the early 1970's, four major fires 
have burned within the park which created a 
chronosequence of post-bum successional ecosystems. 
The burns encompassed forests varying in composition 
from Englemann spruce (Picea englemaniz) /subalpine 
fir (Abies lasiocarpa) /lodgepole pine (Pinus contorta) 
(Beaver Creek, Mystic Isle) to Englem~n spruce I 
subalpine frr (Waterfalls Canyon) to pnmarily 
lodgepole pine (Huckleberry Mountain). 

The purpose of this study was to survey small 
mammal communities in this burn chronosequence and 
to relate trapping success for each rodent species to 
microhabitat parameters. Specifically we hypothesized 

1. that habitat use and distribution of small 
mammals cannot be predicted by burn 
chronosequence per se, and . 

2. that microhabitat features at each individual 
trapping station such as canopy cover, tree 
and sapling density, coarse woody debris 
and herbaceous/woody ground cover are 
most closely correlated with trap success. 

This report describes our trapping efforts for the 
1990 field season. It presents a preliminary analysis of 

small mammal population trends and habitat 
descriptors of successional states of burned areas and 
adjacent unburned forests. We provide preliminary 
data that support Hypothesis 1 above. Microhabitat 
data to test Hypothesis 2 are being analyzed (principal 
component or discriminant analysis). 

+ METHODS 

STUDY SITES 

During summer 1990, 1-ha trapping grids were 
established on five burned sites and adjacent unburned 
forests. Waterfalls Canyon (4354N-11043W UTM) 
burned in 1974, Mystic Isle (4349N-11041W UTM) in 
1981 Beaver Creek (4230N-11044W UTM) in 1985, 
and Huckleberry Mountain ( 4403N -11041 W UTM) in 
1988. In the latter burn, two sites were established
one on an east-facing aspect and one west-facing-on 
opposite sides of John D. Rockefeller Jr. Memorial 
Parkway. Each of the 10 grids was trapped once a 
month from June through August The trapping dates, 
the number of trap nights per site and the abbreviations 
for the sites are presented in Table 1. 
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Each of the 10 sites was surveyed in June and the comers 
of the plots were permanently marked with metal fence 
posts. Within these plots, 100 trapping stations (10 m 
apart) were temporarily marked with wire stakes. 

SMALL MAMMALS 

During each trapping bout (3-5 days) Sherman 
live traps were placed at each station. All were baited 
with rolled oats and peanut butter in late afternoon and 
checked early the following morning. Polyfil was used 
for bedding. Captured animals were ear-tagged with 
unique metal fmgerling tags and classified by species, 
sex, age class, reproductive condition and then 
released. Finally, fecal samples were collected from 
the traps for fungal spore and parasite analysis. At each 
comer of the grid, weasel traps were set and baited 
with fresh liver. 

To capture shrews and ground dwelling 
arthropods, pitfall traps (106 cm3

) were installed at 
every fourth station and partially filled with propylene 
glycol. These traps were open continuously for 3 days. 

For preliminary analysis, rodent population 
densities by species were calculated by Schnabel's 
Method (1938). The Shannon-Wiener Diversity Index 
(H'=-1: pi log pi where pi is the proportion of 
individuals of the ith species) was calculated per grid 
for all animals trapped. Nomenclature for mammal 
species is from Jones et al. (1986). 

MICROHABITAT MEASUREMENTS 

At randomly selected stations within each grid, 
microhabitat measurements were taken. Half of the 
measurements were made at successful stations (at 
least one rodent captured) and half were made at 
unsuccessful stations and the total number of points 
sampled/grid ranged from 14 to 20. The point-quarter 
distance method (Cottam and Curtis 1967) was used at 
each station for trees, saplings (d < 10 em dbh), logs, 
shrubs and stumps. In addition, percent canopy 
closure, woodiness of the adjacent vegetation and 
percent ground cover were measured at each point as 
described by Dueser and Shugart (1978). These data 
will be subsequently used to associate trap failure or 
success with these habitat characteristics. 

+ RESULTS 

SMALL MAMMALS 

Over the 10,100 trap nights, seven small mammal 
species were trapped in a total of 1170 captures. But 
only the deer mouse (Peromyscus maniculatus) and the 
southern red-backed vole (Clethrionomys gapperi) 
were abundant enough to estimate population size 
(Table 2). Densities across sites for the deer mouse 
ranged from 0 (HWC) to a high of 45/ha (BCB in 
August). Densities of the southern red-backed vole 
ranged from 0 (most of the bums) to a high of 56/ha 
(HEC in August). The least chipmunk (Tamius 
minimus) was occasionally trapped at all sites (Table 
2). The mountain vole (Microtus montanus) and the 
long-tailed vole (Microtus longicaudus) were trapped 
in a small area of BCB and only incidentally at a few 
other sites. Only two woodland jumping mice (Zap us 
princeps) were trapped (MIC and HWC). The masked 
shrew (Sorex cinereus) was found in low numbers at 
all sites and typically in more mesic microhabitats. 

For all species combined, the highest densities 
occurred in three controls: 42/ha at BCC, 39/ha at 
WFC and 38/ha at WCC. Of the bums, BCB had the 
highest density of 33/ha. The lowest densities were 
found at MIC (17/ha), MIB (22/ha) and HWB (18/ha). 
Thus, although the controls tended to support higher 
densities, the difference between the bums and control 
was not significant (Mann-Whitney U). 

BURN 

CONTROL 

P. MANICULATUS C. GAPPERI 

Fig. 1. Population densities ofPeromyscus 
maniculatus and Clethrionomys gapperi in burns 
and controls. 
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Table 1. The trapping dates (and number of trap nights) for 10 sites in and around Grand Teton National 
Park during summer, 1990. 

Dates Total 
Days trapped 

Sites June July August (Trap Nights) 

Waterfalls Canyon* 6/28-30 7/24-26 8/21-23 9 
Burn(WCB) (150) (150) (150) (450) 
Control (WCC) (150) (150) (150) (450) 

Mystic Isle 6/20-22 7/17-20 8/07-10 11 
Burn (MIB) (300) (400) (400) (1100) 
Control (MIC) (300) (400) (400) (1100) 

Beaver Creek 6/14-16 7/03-06 7/31-8/03 12 
Burn (BCB) (300) (400) (400) (1100) 
Control (BCC) (300) (400) (400) (1100) 

Huck, West-facing 6/05-08 7/10-13 8/13-16 12 
Burn (HWB) (400) (400) (400) (1200) 
Control (HWC) (400) (400) (400) (1200) 

Huck, East-facing 6/05-08 7/10-13 8/13-16 12 
Burn (HEB) (400) (400) (400) (1200) 
Control (HEC) (400) (400) (400) (1200) 

Total days 55 

Total Trap Nights (3100) (3500) (3500) (10100) 

*These sites at Waterfalls Canyon were established on the grids used by Barmore et al. (1976). 

To contrast burn and control communities, 
densities were averaged over the three trapping 
sessions (Fig. 1). The deer mouse was the most 
ubiquitous species and was trapped in both burns and 
controls at all sites except HWC. At the older burns, it 
was equally abundant in both burns and controls. At 
the most recent burns, it was trapped almost entirely 
within the burns with only incidental occurrences in 
the control. In contrast, the red-backed vole was 
almost entirely restricted to unburned forests at four 
sites and it was never trapped at MI (Fig. 1). 

The least chipmunk was captured at all burn sites 
and in three of the controls and, although numbers 
were too low at most sites for population estimates, the 

number of captures (Table 1) suggests that the burns 
supported higher densities than the unburned forest (if 
the probability of capture is assumed to be the same in 
both controls and burns). Shrews were captured almost 
entirely within the unburned forest. No weasels were 
trapped. 

The number of captures/month was used to 
calculate the Shannon-Wiener Diversity Index: H was 
consistently higher for all months on the controls and 
the average H' for both burn and control sites increased 
from June through August (Table 3). At each site, 
captures on the burn and control were combined and 
diversity calculated for populations at this "landscape" 
unit to test the hypothesis that fire increases the overall 
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increases the overall diversity of the community. If H' 
Table 2. Population estimates/ha (Schnabel 1938) by for the landscape unit is consistently higher than the H' 

species (Peromyscus maniculatus, Cletlvionomys for the controls, the hypothesis is supported. For 2{3 of 
gapperi, Tamias minimus) for June, July, and the site-months, diversity was higher at the landscape 
August for burn and control in each of the five level. Thus the ttend is suggestive but inconclusive. 
trapping sites. See Table 1 for site designations. Finally, no pattern of increasing diversity was found 

with the age of the bum. 

June July August 
STUDY SITES: SucCESSIONAL STATUS P. maniculatus 

WCB 4(5) 5(9) 21(13) 
To ascertain how similar the control sites are now wee 14(19) 24(10) 22(15) 

and how similar the bums and controls were before the MIB 31(23) 8(23) 20(52) 
ftre, the Point-Quarter Distance Method was used to Mie 17(25) 14(23) 10(17) 
measure tree and sapling density at randomly selected 

BeB 22(19) 32(54) 45(87) 
trapping points on each site. Furthermore, points 

Bee 20(30) 32(53) 30(57) 
sampled were separated out by whether they were 

HWB 3(13) 11(19) 39(76) "successful"-a least one rodent trapped at that 
HWC *(0) *(0) *(4) point- or "unsuccessful'' -no rodents trapped. 
HEB 16(31) 23(44) 43(59) Importance values (relative density+ relative basal 
HEe *(5) *(3) 13(14) area + relative frequency) for canopy trees were 
TOTAL (170) (238) (394) calculated for the controls and burns at each site. 

C. gapperi wee is primarily an Englemann spruce/subalpine fir 
WeB *(0) *(0) *(I) forest with few lodgepole pine. In the WeB, 
wee 2(4) 10(9) 32(15) lodgepole pine clearly had been the more prevalent 
MIB *(0) *(0) *(0) pre-bum canopy species and this site may have been in 
Mie *(0) *(0) *(0) an earlier successional stage when burned, than the site 
BeB *(0) *(0) *(0) we used as a control. However, because of the age and 
Bee *(2) 20(17) 15(28) severity of the bum most of the snags were not 
HWB *(0) *(0) *(4) identif:aable to species. 
HWe *(3) 22(16) 39(38) 
HEB *(0) *(3) *(4) Similar results were found at MI: lodgepole pine 

HEe 9(6) 14(18) 56(72) has a higher (IV) in the control than in the bum, 

TOTAL (15) (63) (162) indicating a younger successional stage. At Be, the IV 

T. minimus for Englemann spruce and subalpine frr are slightly 

WeB *(1) . *(3) *(7) higher in the control. At HW, the control is dominated 

wee *(0) *(0) *(0) by lodgepole pine. Lodgepole pine had also dominated 

MIB *(0) *(0) 6(10) the burned stand but it had slightly more frr than in the 

Mie *(0) *(0) 10(20) control. 

BeB *(0) 11(8) *(2) 
In summary, the trees were so severely burned at 

Bee *(0) *(1) *(0) 
we that it is impossible to determine if the species 

HWB *(5} *(3) *(11) 
composition of the bum and control were similar. At 

HWe *(1) *(0) *(6) Ml, Be and HW, the IV of the overstory species 
HEB *(8) *(2) *(2) indicate that pre-bum stands were quite similar to the 
HEe *(0) *(0) *(0) control stands we selected. At HE, the IV of lodgepole 
TOTAL (15) (17) (58) pine on the burned sites had been double that of the 

control. 

*Numbers not sufficient to calculate population estimates. For weB, MIB and BeB, the saplings represent 
(Total captures). post-frre new growth. At HWB and HEB, the 1988 

bums, the saplings represent the pre-frre understory. In 
all five of the control sites, subalpine ftr is the 
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Table 3. Shannon-Wiener Diversity Index (H) in burn and control sites by month, the total diversity of all 
months combined, landscape diversity/month (burn and control combined) and the diversity averaged 
over sites in burns and controls. 

June July August 
B c B c B c 

we .196 .201 .439 .477 .415 .473 

MIO 0 0 .121 .331 

BC 0 .102 .369 .441 .230 

HW .333 .555 .243 .331 .259 

HE .220 .449 .173 .250 .159 

AVE .. 150 .261 .245 .324 .279 

dominant understory species. In the burns, WCB has 
the most diverse understory consisting of Englemann 
spruce, subalpine fir and lodgepole pine. At MIB and 
BCB, subalpine frr had been the dominant with a small 
percentage of lodgepole pine present The Huck frres 
burned most of the saplings beyond recognition; but 
the only ones identifiable were subalpine frr. In the 
Huck controls, subalpine frr dominates the understory 
with a smattering of lodgepole pine. 

.345 

.409 

.364 

.236 

.365 

The number of successful trap sites did not appear to be 
related to IV of any of the canopy species. At three sites, 
WCC, MIB, BCB traps were more successful where 
sapling density was higher. No trends were apparent at 
the other locations. We also examined trap success as a 
function of the individual components of IV for canopy 
species (density, basal area, and frequency), and no re
lationships were apparent on a cursory analysis. 

+ DISCUSSION 

Habitat use and distribution of small mammal 
species (community composition) cannot be predicted 
by bum chronosequence alone. The only trend related 
to the age of the burn that may prove significant after 
further analysis was higher deer mice densities in the 

Site Landscape 
Average Burn & Control 

B c June July Aug 
.350 .384 .237 .533 .551 

.110 .155 0 .075 .383 

.200 .317 .072 .462 .396 

.278 .417 .568 .589 .451 

.184 .312 .434 .345 .354 

.225 .307 .262 .401 .427 

more recent burns of 1985 and 1988. Interestingly, 
Mystic Isle is the only forest site where no southern 
red-backed voles were trapped. This anomaly may be 
due to the location of this forest on a peninsula in 
Jackson Lake. The frre swept through a large section 
of the peninsula and only a small corridor of intact 
forest remains connecting the intact forest with the 
"mainland". The absence of voles may be a function 
of local extinction and restricted routes for 
colonization. 

Few studies have documented post-frre mammal 
response in coniferous forests. Our results showing 
highest diversity in unburned forest contrast with 
Taylor's (1973). Taylor (1973) trapped small 
mammals in a burn chronosequence (1-300 years since 
burning) in Yellowstone National Park and he reported 
highest species richness in burns of 13 and 25 years 
old (5 and 9 species respectively). 

In a mixed hardwood/coniferous forest in 
Minnesota, Krefting and Ahlgren ( 197 4) reported that 
deer mice were dominant in the frrst seven years 
following a burn and decreased during the 7-13 year 
post burn period. Southern red-backed voles increased 
during this latter period, but were still less abundant 
than in unburned forests. Chipmunks (Tamias striatus) 
were more abundant in burned areas over the entire 13 
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year post-bum period. Unlike our findings, deer mice 
were relatively rare in unburned forest. 

Sullivan (1980) found larger deer mice 
populations than Oregon voles (Microtus oregoni) in 
burned and a slash cut area. Sims and Buckner (1973) 
snap trapped small mammals in slashed and burned 
forests of Manitoba and found that Southern red
backed voles were absent from these disturbed sites 
while deer mice were abundant. The reverse was true 
on the control sites. 

In Yellowstone National Park, Wood (1981) snap 
trapped small mammals in 1978 and 1979 on a spruce/ 
fir/lodgepole pine site that burned in 1974 and one that 
burned in 1976. Southern red-backed voles were the 
most abundant mammal trapped but densities were 
highest in unburned forest and in the older bum. Over 
two years of trapping, only 43 deer mice were caught 
in the bums versus 123 southern red-backed voles. In 
the adjacent unburned forests, six deer mice were 
caught versus 335 southern red-backed voles. 

In 1975, Barmore et al. (1976) trapped at 
Waterfalls Canyon on a site that had burned in 1974. In 
August, they estimated deer mice densities at 38/ha 
and southern red-backed vole densities at 20/ha. We 
retrapped this exact site in 1990 and deer mice density 
was 21/ha, but only one southern red-backed vole was 
trapped. Because the 1974 fire created a mosaic of 
burned and unburned understory (Barmore et al. 1976), 
it is possible that some voles survived the burn and the 
population gradually declined in the frre-modified 
habitat 

In Barmore's unburned spruce/frr sites no deer 
mice were captured and southern red-backed vole 
density was 64/ha, much higher than our 1990 estimate 
of 22/ha and 32/ha respectively. 

Based upon our 1990 data, deer mice are not 
restricted to more open habitat as has been reported in 
other studies. In three of our forests, deer mice and 
southern red-backed voles coexisted at high densities. 
Wood (1981) experimentally removed southern red
backed voles from two plots in Yellowstone National 
Park to assess if interspecific competition might be 
structuring the observed habitat separation between the 
two species. At retrapping no differences were found 
between controls and experimental plots in the ratio of 
southern red-back voles to mice and, therefore, no 
evidence for competition emerged. 

We suggest that small mammal community 
structure is not a function of post-fire successional 
state per se but, rather, microhabitat features that are 
closely related to shelter and preferred food resources. 
Diet studies have shown that southern red-backed 
voles consume hypogeous fungi, lichen and conifer 
seeds (Ure and Maser 1982), and epigeous fungi 
(Miller et al, in prep) which are most abundant in 
mature forests. Deer mice are more eurytrophic in 
their food habits and can tolerate more xeric conditions 
(Holbrook 1978). Williams (1959) reported that the 
diet of deer mice in Jackson Hole was composed 
primarily of coniferous seeds and insects, but the 
proportion of each type was dependent upon habitat 
Van Horne (1982) also found that fruits, seeds and 
arthropods were the major food sources for deer mice 
in Alaska. For deer mice in shortgrass prairie, 
arthropods constituted 99% of their summer diet. 
Holbrook (1978) concluded that Peromyscus sp. are 
opportunistic foragers, but prefer arthropods (when 
available) because of their high protein content (Van 
Home 1982). Therefore based upon differences in diet 
and limited experimental evidence, exploitation 
competition is probably minimal between deer mice 
and red-backed voles. 

Most evidence suggests that microhabitat selection 
is the force structuring small mammal communities 
and intraspecific competition is more important than 
interspecific competition in defming habitat use (Alder 
1985). In montane habitats in Utah, deer mice were 
associated with high densities of fallen logs and high 
brush cover. Southern red-backed voles were found in 
areas of dense canopy, fallen logs and woody cover 
(Belk et al1988). Our multivariate analysis should 
reveal if similar preferences exist in the Grand Teton 
Park populations. 

+ CoNCLUSION 

In summary, the southern red-backed vole was the 
only indicator species of mature forest. The deer 
mouse was found in both burned· and unburned forest, 
chipmunks were more frequently trapped in the bums. 
No patterns of small mammal density and diversity 
could be associated with the burn chronosequence, 
although diversity was consistently higher in unburned 
forest. At the landscape level (bum + control), 
diversity tended to be higher when bums were 
included. 
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Ever increasing pressures on our natural 
environment necessitate measures to detect and 
ameliorate problems of contamination, construction 
and overuse, before they become critical. This is 
particularly the case in our national parks and 
monuments where the tide of visitors is continually 
growing. the underground resource of natural caverns 
is especially vulnerable to damage, due to its fragile 
features, rare and delicate biota, open communication 
with groundwater, and its invisibility beneath the 
ground surface. It is important that we be able to 
recognize the existence of a cavern system prior to the 
planning of roads and facilities that may encroach 
upon or introduce waste and hazardous materials into 
the underground system. 

To minimize the effect of surface development 
and construction on the subterranean system of Jewel 
Cave National Monument, South Dakota, it is 
necessary to detect and map the caverns from the 
surface beyond the known 130 km-extent mapped by 
explorers. Because of its limited passage size and 
depth (ranging between 30 an 120m), and the area's 
high surface relief, resolution of underground galleries 
by active electrical, seismic and gravity methods 
would be time-consuming, expensive, and possibly 
unavailing. 

A number of geophysical tools have been applied 
to the detection and mapping of caves and tunnels, 

including gravity, seismic and active electrical 
methods. In the case of voids at depths of 50 or more 
meters and of limited dimensions, particularly in areas 
of considerable relief, these methods lose resolving 
power; furthermore, they become costly to implement. 
As a practical alternative, the natural-potential method 
offers a rapid and economical technique whose 
response is based on the movement of groundwater not 
only at cave-depth but within the zone of infiltration 
between the cave and the surface. Although the 
natural-potential has been applied for many years in 
the exploration for minerals and for targeting dam 
leakage, its application to cave mapping has been 
undertaken only recently. Tests over caverns in 
Kentucky, Missouri, Texas and Nevada have 
demonstrated its efficacy for detecting voids and 
underground streams at depths between the surface and 
forty or ·more meters. 

Jewel Cave is a deep (30-140 m) and comp~!x 
network of galleries and tubes in Madison limestone, 
lacking voids of a size readily targeted by other 
geophysical methods. The local relief exceeds 150m, 
and for the most part is covered by forest. All in all, it 
is an ideal area for testing the capability of the natural
potential method. Four trial lines were laid out, 
totaling 2.9 k in length, to cross over portions of the 
mapped cavern representing both relatively simple as 
well as complex cave structure. The flagging and data 
acquisition on these four lines were completed by the 
two-person crew in three days. 
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The natural-potential profiles revealed a direct 
correlation of negative anomalies with mapped caverns 
at a variety of depths, as expected in a carbonate 
environment containing waters of pH> 7, as is the case 
at Jewel Cave. Of the 825 m of mapped cave crossed 
by the profiles only one 60 m segment of cavern, 
exceeding 50 m in depth showed no evident potential 
low (possibly the effect of mis-location). Thus, in 
relative terms, 93% of the known cavern system 
crossed by the profiles produced a definitive response. 
No relationship between millivolt response and 
elevation or lithology was evident in the plots. 

An additional 500 m of relatively negative 
response appeared in the profiles, of which 200 m 
occurred over meadow and 150m over fault zones, 

where in both cases, enhanced infiltration may be 
expected. These are also possible zones for cavern 
development beyond the mapped extent of the cave 
system. 

In conclusion, the natural potential method 
delineated approximately 93% of the mapped cavern 
crossed over by the survey lines, and indicated 
additional zones of likely uncharted cavern. It mapped 
clearly the cone of depression around a pumping well 
and the main east/west fault crossing the Monument. 
The method can be relied upon for detecting and 
mapping undiscovered cavern in the Jewel Cave 
environment, with possible follow-up confrrmation 
over selected areas of concern by precise gravimetric 
observations. 



THEODORE RoosEVELT 

NATIONAL PARK 





FERAL HORSE DISTRIBUTION, HABITAT USE AND 

POPULATION DYNAMICS IN THEODORE ROOSEVELT 

NATIONAL PARK 

CLAYToN B. MARLow • LEONARD C. GAGNON • ELENA HoVLAND 

ANIMAL AND RANGE SCIENCE DEPARTMENT 

LYNN R.IRBY 
BIOLOGY DEPARTMENT + MONTANA STATE UNIVERSITY 

BOZEMAN 

• OBJECTIVES 

Description of the ecological niche feral horses fill 
in Theodore Roosevelt National Park requires 
information on reproductive rates, home range size, 
individual and band affmity to home ranges, food and 
shelter requirements and seasonal diets. Therefore, the 
initial objectives will be to: 

1. identify the number, size and location of 
home ranges for harem and bachelor stallion 
bands; 

2. describe daily and seasonal movements of 
bands within identified home ranges; 

3. describe the vegetation habitat types and 
landform types used by horses for mating, 
foaling, foraging, and resting cover; 

4. describe seasonal horse diets; and 
5. collect data on sex, age and social hierarchy 

within respective bands to facilitate 
estimation of horse population growth rates. 

Ultimately, this information will be used to accomplish 
the project goal; integrate horse requirements with those 
of elk, bison and the Park's vegetation communities to 
determine the large ungulate carrying capacity of 
Theodore Roosevelt National Park. 

+ METHODS 

The 1989 and early 1990 field work provided the 
basis for horse/band identification. We continue 
recording feral horse use of the various land form types 
within Theodore Roosevelt National Park. 

Field observations and data collection continued 
as in 1989, e.g. recording horse activity, land form 
utilized, and population size. Data collection was to 
have begun in mid-March 1990 but we requested and 
received an amendment to our research schedule to 
give our field assistant, Ms. Hovland, the opportunity 
to take several research design and analysis courses. 
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Consequently, field work resumed again on June 1, 
1990. Data collection continued until July 13, 1990 
when Ms. Hovland had to leave the field for personal 
reasons. We obtained a new field assistant, trained her 
and resumed observations on August 10, 1990. 

• RESULTS 

On 4 June 1990 there were 90 adult and sub-adult 
feral horses in Theodore Roosevelt National Park. 
This was an increase of 18 individuals over the last 
census on 31 August 1989. (Table 1). Two new bands 
appeared to have formed over the fall, winter and early 
spring period bringing the total number of feral horse 
bands to 10 on 4 June 1990. At the same time, there 
were 20 foals (1990 births) occurring within nine of 
the bands for an average of 2.2 foals per band (range of 
1-6 per band). However, comparison of total horse 
numbers between August 1989 and August 1990 does 
not suggest as large an increase in feral horse numbers 
as does the August 1989 to June 1990 counts. The 
inconsistency in horse numbers may result from an 
animal distribution pattern that makes all horses 
converge on the Boicourt Springs - Limbo Flats area 
during late May and June and are easily observed. As 
the summer progresses, some bands or subgroups of 
larger bands disperse into the rugged drainages of 
upper Paddock Creek. such bands and groups could be 
overlooked in the monthly observations. The absence 
of the Painted Canyon Son and Little Roan bands from 
the monthly records after early June (Table 1) supports 
this argument. 

Foal mortality appears to be highest during the 
first 4-6 weeks of life. Three foals died within the first 
week; 2 at birth and 1 within the first five days. The 
cause of death could not be determined. From June to 
September 1991, two more foals were lost (1 to bison 
goring and 1 to unknown causes). Four adults shifted 
from the Brookman and Target bands to the Bad 
Black, Iron Grey and Boys Club bands. A 
conservative estimate of horse numbers suggests a 
population growth rate of less than 1 percent 
However, the low mortality among adult horses 
indicates that the population increase could be 
significant in terms of the impact on the vegetation 
community. The likelihood of a negative impact on 
plant community and soil conditions is further elevated 
under the present distribution pattern of the feral 
bands. 

Table 1. Size of feral horse bands in Theodore 
Roosevelt National Park during field observations in 
1989 and 1990. 

August 
1989 

Band 
Brookman 17 

Painted Canyon 10 

Target 12 

Blue Roan/ Arab 6 

Red Roan 9 

Iron Grey 3 

Bad Black 6 

Boys Club 7 

Painted Canyon Son 1 

Little Roan _l 

Total Number of Horses 72 

June 
1990 

August 
1990 

15 14 

10 10 

17 14 

5 5 

8 8 

7 7 

10 11 

13 9 

2 a 

.l ..a 

90 78 

aThese small bands were not relocated after June 1990. 

Horse use was concentrated in the extreme south
east and eastern portions of the park (Figure 1). This 
pattern was the same as we had observed in 1989 
(Marlow et al. 1989). The only notable exception was 
the use of the upland grasslands and rolling scoria 
landforms between Painted Canyon and Peck Hill 
during August 1990. However, only the Boys Club, 
Target and Painted Canyon bands used this area. All 
other bands continued to concentrate in the Boicourt
Limbo Flats-Sheep Butte Springs Complex, and in the 
upland grassland/introduced grass types immediately 
adjacent to the Southeast Comer Spring. 



Figure 1. Areas within Theodore Roosevelt 
National Park that receive continuous use by 
bands of the feral horses. Stipple pattern 
represents areas of multi-band concentration. 
Solid circles indicated where individual bands 
(Target, Painted Canyon, Boys Club) were 
found in August 1990. 

• SUMMARY 

The feral horse population within Theodore 
Roosevelt National Park is growing and the heavy 
seasonal use of certain areas along the eastern edge of 
the Park continues. Foal mortality appears to be 
highest from birth through the first week of life. The 
number of horse bands in the Park appears to be 
relatively stable, but winter observation work may help 
answer the question regarding whether two new bands 
were actually formed in 1990. Continual use of a very 
limited land area by the horses increases the likelihood 
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of overgrazing especially when the concurrent use 
patterns of elk and bison are included. Long term 
social stability of individual bands and high fidelity of 
each band to certain areas suggests that horse 
management may have to be more intensive, in terms 
of population manipulation, than for either the elk or 
bison populations. 
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Theodore Roosevelt National Park (TRNP), the 
only national park and wilderness in the United States, 
to represent a "mixed grass prairie ecosystem, has 
considerable external development near its boundaries. 
Park managers have wanted to know to what extent 
such development was affecting park values and the 
visitor's experience. They also wanted a better 
estimate of the park's contribution to the local and 
state economy so that changes in visitation might be 
viewed in economic terms. Additional information 
about visitor perceptions, preferences, and 
characteristics was also requested. 

During the summers of 1988 and 1989, a 
combination of on-site interviews at six integral park 
vistas and a mailback questionnaire were used to 
gather such data. Photo simulations depicting the 
addition or removal of man-caused features were used 
as well as the actual landscape appearing in the photo 
to obtain visitor perceptions regarding external 
development. Post-visit mailback questionnaires were 
used to gather data about visitor expenditures, 
activities and characteristics. Economic data (both 
visitor expenditures a park operational expenditures) 
were run through an input-output model to estimate the 
economic value of the park. 

+ EXTERNAL DEVELOPMENT AND 

THE VISITOR EXPERIENCE 

Theodore Roosevelt National Park is a 
visually-oriented park where people spend much time 
at the various scenic vistas looking at the open 
landscape, viewing wildlife, and taking pictures. The 
terrain has many long and sweeping viewsheds that go 
beyond park boundaries and on which unnatural 
landscape features are noticeable. At all six vistas 
where sampling was done, the simulated removal of 
visual impacts (human-made or human caused features 
associated with external development, i.e. powerlines, 
oil and gas wells etc.) increased visitor ratings of 
landscape attractiveness while the simulated inclusion 
of such landscape features lowered attractiveness 
ratings. In most cases even subtle simulated changes 
in landscape features caused noticeable differences in 
landscape attractiveness ratings. Moreover, increases 
in external development occurring at these sites 
between 1988 and 1989 show up distinctly in the data. 

Although visitors still rate their experience at 
TRNP as good,external development (particularly oil 
and gas development and its associated structures, 
roads, dust, odors and noise), is negatively affecting 
their experience. Visitors report that they experience 
such things and that they detract from their visit, and 



that they will spend less time doing a variety of 
activities in sections of the park where such 
development is present nearby. Some visitors, 
especially those who seek a more pristine backcountry 
setting, have indicated they may stop coming to the 
park because of external development. 

Not all landscape features caused by humans 
detract from the visitor's experience. The study 
reveals that park visitors view objects on the landscape 
in a given context and assign meanings to them. By 
way of example, visitors tell us that smoke from 
natural sources (burning coal seams etc.) does not 
detract from the visitor experience while smoke from 
oil and gas wells detracts significantly - even though 
they cannot normally distinguish between them. 

Even though Theodore Roosevelt National Park is 
off the beaten path, has a prairie/badlands setting not 
typical of most National Parks, and is not a primary 
destination park, those that have been there value it 
highly, often more than other national parks. There is 
a sizable constituency of repeat visitors whose use of 
the park changes from more passive to more active, 
and whose positive evaluation of the park increases the 
more times they visit. Many of these people are from 
North Dakota. 

Nationwide, there is a growing awareness about 
the importance of protecting natural and wildland areas 
within that represent all of our ecosystem types. This 
seems to be supported in this study by visitor attitudes 
recognizing the unique nature of the park in this 
regard. The park's wildlife are particularly valued by 
visitors. The historical themes protected by the park 
are highly valued and reinforced by the town of 
Medora and its emphasis on the historical figure of 
President Theodore Roosevelt and the area's early 
history. It is suspected, though visitors were not asked 
directly, that one of the unique values held by the park 
and adjacent lands, is the ability to view the landscape 
as the early settlers might have seen it, as Roosevelt 
himself saw it and benefitted from its wildness, and to 
feel the contrast with the increasing development on 
surrounding pastoral and agricultural lands. These are 
difficult concepts to quantify in a study but are 
suggested by comments received on the mailback 
questionnaires. 

+ PROTECTING PARK VALUES 

There is strong support among visitors for 
adhering to the legislation that protects the park's air 
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and water quality even if it means adding to the costs 
of energy development There is also strong support 
for the concept of buffering the park even though the 
language used ("in which no oil and gas development, 
transmission lines etc., would be permitted") is 
stronger than thepolitical·realities or existing leases 
may allow at present. 

Local visitors, who value the park highly and 
make the most return visits, may sometimes have 
difficulty in reconciling their affinity for the park with 
their undeniable economic ties to the region's energy 
industry. They are at once supportive of the park but 
somewhat less supportive than the majority of visitors 
for the concepts of buffering and strict adherence to 
legislation protecting the park. It should be noted, 
however, that the majority of visitors in each visitor 
origin category, including locals and others from North 
Dakota, favor both adherence to the legislation and 
buffering. At the very least, visitors are certain to 
support the management of visual resources and the 
mitigation of the man-made or caused landscape 
features that are the most intrusive. Data about what 
visitors see from each of the vistas used as interview 
sites is directly applicable by NPS staff. 

+ THE PARK's EcoNoMic 

CONTRIBUTION 

The Park makes a significant contribution to both 
the local and State economies, and this study has been 
able to estimate the number of jobs and millions of 
dollars that it generates each year- more than 100 
million dollars and the equivalent of more than 2,000 
extra jobs in the past two years combined. The 
question partially remains, does external development 
erode that economic contribution? The data indicates 
that i~ does but it is difficult to put dollar value on lost 
revenues. 

Visitors have indicated that external development 
will reduce the amount of time that they will spend 
pursuing certain activities near sites that have 
experienced development. Since the study found that 
viewing, picture taking, and other activities at these 
sites are such a prominent part of the experience at 
TRNP, this reduction in activity must be taken 
seriously - in economic terms as well as for the other 
types of value held by the park. Some visitors will 
stop using the most impacted sites and the cumulative 
impact produced by external development now present 
at most vistas could likely cause a smaller percentage 
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of visitors to stop using the park altogether. 
Calculating the dollar value of these reductions in use 
is made difficult by several factors. When visitors 
reduce their length of stay or are displaced, several 
things might happen. Out of state visitors (the 
majority) might, indeed, spend that time and money 
outside the region, but, local people may just spend it 
elsewhere in North Dakota. 

It may also be assumed that since external 
development has been present for a number of years, 
that an undetermined number of people, especially 
repeat users who are the most sensitive to such 
impacts, have already been displaced or no longer visit 
the park. Who they are and how much they might 
have spent is difficult to know. 

• THE RELATIONSIDP WITH MEDORA 

The study makes it more apparent that the Park 
and the town of Medora co-exist in a symbiotic 
relationship. For many visitors, each enhances the 
other. The percentages of people with "Medora as 
primary destination but who decided to visit the park" 
and vice versa are about equal. Visitors with Medora 
as their primary destination value the park highly. 
Medora, if it works together with the TRNP staff, can 
maintain an atmosphere that will reinforce park values. 
Results from the study done of visitors to Medora for 
the Theodore Roosevelt/Medora foundation (1989) 
reinforce the idea of promoting careful development 
that does not become too commercialized or lose the 
western/historicaVnatural history emphasis. If 
development in Medora takes another course, (as it 
could with the airport issue), Park values easily can be 
threatened. 

+ VISITATION DATA/VISITOR 

CHARACTERISTICS 

Given the park's multiple entry points, 
adjustments can be made in the data describing the 
number of visitors that the park receives each year. 
The study has determined, after calculating the 
multiple entries for our sample, that "real visits" (one 
party visiting the Park but being counted at several 
places) are approximately 38% of the total recorded 
visitor entries. 

TRNP is not a primary destination park but was 
included in multiple destination trips for 58% of the 
visitors surveyed. The Park has a core of dedicated 

repeat users for whom it often is a primary destination. 
Many of these visitors are local. Fifty-eight percent of 
the visitors interviewed were from outside the region 
and 41.4% of local and regional origin. The average 
party size was 2.9 and the mean length of stay 1.9 
days. More than 78% of all visitors came in a family 
group. First time visitors to the park comprised 57% 
of the sample. Forty percent of these newcomers 
learned about the park from highway maps and signs 
which draw in a significant number of passers by 
(16.4% of all visitors are passers by). Park Service 
information, except for road signs, was not the source 
of information about the park for most people. The 
south Unit and the Visitor Center/Museum are visited 
by about 3/4 of all visitors, while the North Unit 
receives visits from about half of all visitors. 

• FUTURE RESEARCH 

There is a special challenge in protecting the 
wilderness portion of the Park. The works of man, 
contrary to the intent of the Wilderness Act, are 
especially noticeable from many points within the 
TRNP Wilderness. Backcountry use- especially 
overnight use, is currently low at the park and the 
study was not able to focus on wilderness users or the 
solitude issue mentioned in the original study 
objectives. Nonetheless, since there is so little 
prairiewilderness like that found at TRNP, there is a 
need to do some research specifically on the 
perceptions of wilderness users about external impacts. 
Points out, providing and protecting aesthetic resources 
such as remoteness, solitude, quiet, natural smells, and 
the opportunity to experience the natural and historical 
scene of Roosevelt's time (which influenced his life so 
profoundly), is difficult to do. These park values are 
often intangible and not sought or perceived by all 
visitors. This makes them no less important, perhaps 
more important. 

This study has begun to probe the perceptions of 
the majority of visitors to the park who were 
encountered at accessible pullovers. To get at the 
more profound impacts of external development on 
what might be called the real essence or uniqueness 
that the park engenders may require a sample of 
backcountry and wilderness users. This subset of 
visitors who make the effort to experience these 
special attributes held by the park may be able to tell 
us a lot about the incidence of many of the impacts that 
this study simply has not had the time to cover, 
including light pollution at night, aircraft and pump 
noise, hydrogen sulfide odors and others. 
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+ INTRODUCTION 

In this paper we discuss the frrst phase of a 3-year 
effort to document the frre history of Yellowstone 
National Park's (YNP) Lamar River drainage southeast 
of Soda Butte Creek. The overall goal of the study 
was to provide managers with a more complete 
understanding of YNP natural frre regimes. Specific 
objectives were: 

1. Determine natural (pre-1900) frre 
periodicities, severities, burning patterns, 
and post-frre succession within the study 
area's major forest types (Douglas frr/ 
grassland, lodgepole pine/subalpine frr/ 
spruce, whitebark pine/lodgepole pine/ 
subalpine frr, and whitebark pine/subalpine 
frr timberline habitats); 

2. document and map the pre-1988 forest 
age-class mosaic; and 

3. digitize the age-class mosaic map for the 
YNP' s GIS data base. This study is 
considered especially timely because the 
1988 fires destroyed much evidence of area 
fire history. 

Our sampling in 1989 focused on a 24,000 ha area 
encompassing the Cache Creek drainage, which was 
severely burned in 1988. The forest age-class mosaic 
was sampled by increment boring and sawing frre scar 
samples from old trees (Arno and Sneck 1977, Barrett 
and Arno 1988). Aerial photographs were used to map 
the pre-1988 forest age-class mosaic~ Data was 
digitized for the park's GIS data base. Information 
from the YNP frre atlas also was useful in interpreting 
fire patterns during the post-1900 period. 

• FIRE REGIMES 

Sampling at 43 sites produced 17 frre scar cross 
sections and 182 increment cores from frre initiated 
age-classes. The Master Fire Chronology derived from 
sampling the forest age-class mosaic area extends from 
1756 to 1989. There is little frre history evidence prior 
to 1956 because a large fire (ca. 1756), and subsequent 
stand replacing frres, obliterated most evidence of 
earlier lodgepole pine age classes. Additionally, fire 
scarred Douglas-frr (Pseudotsuga taxifolia) in 4 stands 
in the Lamar Valley grassland/forest ecotone provided 
a relatively continuous record of surface fires back to 
1534. Sampling produced evidence of 11stand 
replacing frres during the 233 year period. During this . 
period ten frres produced the the pre-1988 age-class 
mosaic before widespread stand replacing frres 
occurred in 1988. Data yielded a mean fire interval 
(MFI) of 23 years for the study area. That is, a stand 
replacing frre occurred somewhere in the 24,000 ha 
study area on an average of every 23 years. 
Moderate-to-large fires, defmed here to be in excess of 
400 ha, occurred at least 4 times during the period, 
yielding a MFI of 78 years for such frres. Thus an 
average of at least 1 of every 3 stand replacing fires 
grew to large size. Two extensive fires occurred 
during the 233 year period--the 1756 frre apparently 
burned a large portion of the study area, followed by a 
232 year interval before the next drainage-wide ftre in 
1988. 

There was evidence of several fire regimes in the 
study area. For example, dry Douglas-fir stands 
adjacent to valley grasslands experienced primarily 
surface frres after short intervals (houston 1973). The 
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300 to 500 year old Douglas-frrs in these areas often 
have 6 or more frre scars each, and 4 stands near Soda 
Butte Creek produced evidence of 15 frres between ca. 
1534 and 1989. The MFI between 1534 and 1886 
(Houston's [1973] "Prehistoric Period,) was 29 years, 
and 32 years respectively for the entire sample period. 
Most fire intervals during the "Prehistoric Period, 
were less than 30 years long. As of 1989, however, 3 
of the 4 Douglas-frr stands had not burned for 119 
years or more, an unusually long fire interval for this 
forest type (Houston 1973, Amo 1980, Amo and Gruel 
1986) and a likely result of efficient frre suppression in 
northern YNP (Houston 1973). 

A different frre regime occurred in the adjacent 
lodgepole pine (Pinus contorta) forests. Relatively 
moist north slope stands experienced predominantly 
stand replacing frres at ca. 150-250 year intervals 
(8-stand mean: 202 yr). Stand structure data show that 
moist-site stands nearly always had a one-aged seral · 
component and lacked frre scarred trees, suggesting 
that stand replacing frres prevailed. On south aspects, 
intervals between stand replacing frres were slightly 
shorter (10-stand mean: 178 yr) and trees occasionally 
had single fire scars. These partial replacement frres 
had killed as many half of the stand dominants and 
triggered a new seral age class 20-80 years after stand 
initiation. 

Results to date differ substantially from Romme's 
(1982) study of lodgepole pine on YNP's central 
plateau. In that area, unproductive stands (sparse live 
fuels), very slow fuel accretion, and gentle terrain 
often retard the development of large stand replacing 
fires, resulting in very long intervals (ca. 300-400 yr) 
between stand replacing frres. By comparison, stands 
in the Cache Creek study area occupy sites on steeper 
terrain,, where south slope fuels are more prone to 
drying and where fuel pre-heating occurs more readily 
during frres. It is possible that some frre intervals in 
the Cache Creek data are uncharacteristically short 
because the severe 1988 frre provided the only 
complete frre intervals in the data. Several factors, 
however, suggest that a ca. 150-250 year frre interval 
range is in fact characteristic: 

1. the lodgepole pine mosaic contained 
virtually no stands older than 250 years, 
[older age classes would exist if the area had 
experienced very long frre intervals (Romme 
1982)], 

2. the 1988 frre evidently was not unprecedented 
because evidence of another extensive frre (ca. 
17 56) occurs in the data, and 

3. the Cache Creek frre intervals are similar to 
those found in other studies of lodgepole 
pine in mountain terrain (Amo 1980, Barrett 
et al. [in prep]). Moreover, frre frequencies 
actually may have been lengthened 
somewhat by frre suppression because the 
study area is adjacent to the Lamar Valley 
grassland where many ignitions have been 
suppresses since the late 1880s (Houston 
1973, unpub. reports on file: YNP Fire 
Cache). 

+ EFFECTS OF FIRE SUPPRESSION 

The data were examined for 3 time periods during 
the time span of the 'frre history data (Houston 1973, 
Taylor 1974, Ro~me and Despain 1989): 1) the 
Prehistoric Period (pre-1886), 2) Complete 
Suppression Policy 1886-1976), and 3) the Natural 
Fire Program (1976 to present). Fire suppression was 
effective in remote areas (subsequent phases of this 
study) for only about 30 years before the natural fire 
program (Romme and Despain 1989), suggesting a 
logical fourth category for remote areas between 
1945-1976 (Fig. 5). However, since Cache Creek 
adjoins grasslands where many frres were suppressed 
after the park's inception (Houston 1973), the 
1886-1976 period would best apply to our study area. 

Historically, lightning ignited most frres in YNP. 
Humans undoubtedly contributed to ignition frequency 
during the Prehistoric Period, particularly near 
grassland valleys (Houston 1973). For example, the 
Lamar Valley and adjacent Soda Butte Creek drainage 
has long been a major travel and hunting route for 
Indians, miners, and others (Houston 1973). Written 
records state that Indians caused a major frre in 1870 in 
the lower and mid-Lamar Valley, apparently to drive 
game (Houston 1973). Interestingly, data for the 
nearby Cache Creek study area indicate that a ca. 1870 
frre replaced a substantial portion of the area's 
lodgepole pine age-classes. Houston's (1973) fire scar 
data showed a marked decrease in frre frequency on 
the northern range after YNP's inception in 1886, and 
Houston's (1982) examination of old photographs 
found a concurrent increase in shrub and tree densities 
in grasslands. Fire frequency data from Douglas -fir 
stands in the Cache Creek study area agree with 
Houston's (1973) findings, suggesting a "relatively 
long, period of fire suppression in those areas. 

The YNP frre atlas also produced evidence of fire 
suppression, particularly near the road corridor in the 



Lamar-Soda Butte valley. Fourteen frres were 
recorded for the study area between 1930 and 1989--2 
of which occurred during the period of theNatural Fire 
Program (1988 and a 1986 spot fire). The 1988 frre 
was the only significant stand replacing event during 
the 6 decade period, and most of the 12 suppressed 
ignitions were less than a hectare in size. Moreover, 8 
of the 12 suppressed frres occurred in grassland near 
the Lamar Valley road, 3 of which were caused by 
humans. 

Several factors suggest that some suppressed frres 
had potential to become important stand replacing 
fires: 

1) 

2) 

3) 

6 of 12 suppressed frres occurred during 
known drought years (1936, 1940, 1949,m 
960) (unpub. reports on file: YNP Fire 
Atlas, Romme and Despain 1989), 
most suppressed ignitions occurred in 

grassland fuels where fires can grow rapidly 
and spread to adjacent forests, and 
efficiency of detection and suppression 

apparently decreased with increasing 
distance from roads, allowing backcountry 
fires to spread to substantial size before 
eventual suppression. Future phases of this 
study will provide more data on natural frre 
regimes for the Lamar River drainage, 
permitting a more refined comparison of 
pre- and post 1900 frre patterns. 
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+ INTRODUCTION 

The ecology of natural, unexploited coyote 
populations is, for the most part, unknown. Whether 
research is management-oriented or of evolutionary 
significance, the ecology of natural coyote populations 
must be understood in the absence of human 
exploitation. Yellowstone National Park should 
provide the ideal situation for such an investigation. 
Not since Adolph Murie's landmark study 50 years 
ago (Murie 1940) has a comprehensive, objective 
study of coyote ecology been undertaken in the 
Yellowstone ecosystem. 

The objectives of this project are to: 
1. assess effects of 1988 fires on coyote 

survival, reproduction, activities, pack and 
territorial dynamics, 

2. estimate coyote population density and 
quantify their ecological role preceding 
potential wolf (Canis lupus) restoration, 

3. quantify the effect of winter elk carrion 
availability and mule deer (Odocoileus 
hemionus) density on coyote population 
dynamics, 

4. describe coyote seasonal responses to 
movements of elk and mule deer, 

5. test if coyote pack size is related to prey 
size, territory size, size of litters, and pup 
survival, 

6. describe interspecific interactions among 
scavengers, and 

7. document predation on ranch livestock by 
coyotes from Yellowstone; and on 
allotments on National Forests adjacent to 
the northern range. 

+ METHODS 

GENERAL SOCIAL ECOLOGY 

AND POPULATION DEMOGRAPHY 

Adult coyotes are captured with padded, offset 
leghold traps (Soft-catch, Woodstream, Inc.) with 
attached tranquilizer tabs (Balser 1965) and other 
injury-minimizing (and avoidance of non-target 
species) modifications developed by Crabtree (1988). 
The sex, weight, estimated age, condition indices 
(Crabtree 1988), presence of scars and unique marks, 
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and description of genitalia and mammae are 
determined for each coyote. The vestigial frrst 
premolar is extracted from an anaesthetized lower jaw 
for age analysis via cementum annuli examination. 
Each coyote is ear-marked and fitted with a modified 
(Crabtree 1988) 3.5-year radio collar weighing 3% of 
body weight Blood samples are taken for serological 
analysis and DNA fmgerprinting. 

All baseline ecological data are collected 
according to 3 biological seasons: whelping, April to 
mid-June; pup-rearing, July through September; and 
winter (breeding), November through March. At the 
end of each biological season pre-defined transects are 
canvassed to collect coyote feces. 

This allows correlation of biological-season 
specific movements, habitat use, and behavior with 
foraging ecology and food habits. 

Resident coyotes are radio-tracked with a variety 
of techniques including a fixed-station null-peak 
system. Non-resident coyotes are monitored 
approximately every other day at random hours. 
Coyotes are assigned social status based on the 
classification criteria of Crabtree (1988) who studied a 
natural, unexploited population. 

Litter size is determined from den counts and 
occasional (if any) female carcasses. The proportion 
of females in the population that breed is estimated 
from activity and movement data during whelping as 
verified by Crabtree (1988). Pups are hand captured at 
dens when 10-12 weeks old and surgically implanted 
with intraperitoneal implants. This allows estimates of 
early pup mortality, dispersal, and social interaction 
and transitions up to 2 years of age. 

Coyote home ranges and utilization distributions 
(probability density functions) are estimated with an 
adaptive kernel method (Worton 1989). Seasonal 
spatial overlap indices are calculated based on volume 
overlap of animals' utilization distributions and 
statistically tested with a non-parametric 
randomization test. · 

+ RESULTS AND DISCUSSION 

We began field work in fall 1989 in the Lamar 
Valley at Blacktail Plateau areas of northern 
Yellowstone. As of 1 November we have 
accomplished our first year goal of capturing 1 to 3 
adults in all social groups in both study areas. Lamar 

Valley has 7 social groups or "packs", whereas 
Blacktail Plateau has 6. Including only the areas 
adjacent to, and either side of the paved highway there 
are 21 social groups from the west end of Blacktail 
Plateau to the east end of Lamar Valley. 

Thirty-seven adult coyotes were captured (17 F, 
20M) in Lamar and Blacktail areas during fall/winter 
and spring trapping periods. Trap success was high 
and averaged approximately 50 trap nights/coyote. In 
addition 5 badger (Taxidea taxus) and 1 red fox were 
captured. Trapped coyotes averaged 13.0 kg; and 6 
larger alpha males, averaged 17.0 kg. Three of 23 
(13%) captured in the fall were 6 month-old pups 
which may indicate low population productivity. The 
age of adults (11 + months and older) ranged from 1 to 
12 years and averaged 4 years. To our knowledge this 
is the oldest average age yet reported in any coyote 
study. 

Adults captured in the spring averaged 11 kg (16% 
less than fall). One recapture was an alpha male that 
lost 31% (5.5 kg) body weight from October to May. 
The condition index of spring-captured coyotes was 
significantly less than that in the fall. In November we 
set up approximately 170 miles of scat-survey 
transects. We will begin scat analysis this spring. 
Seven of 17 ( 41%) radio-collared elk calves were 
killed by coyotes in the Lamar Valley area in the May 
to July period. This corresponds to the remains of 1 to 
3 elk calves per den found during June in both study 
areas. 

SociAL ORGANIZATION 

Of radio-collared adults, 10 appear to be alpha 
breeding males; 8 alpha breeding females; 10 
associates or beta-adults; 4 loners, and 5 unknown. 
After 8 months of radio-tracking (over 5000 
relocations), 31 of 35 adult and 11 of 12 pups have 
stayed in close proximity to their initial location of 
capture, indicating a resident status. Territorial packs 
were adjacent, non-overlapping, contiguous, and 
averaged 15 km2

• 

We have systematically collected visual 
observations to ascertain social status and estimate 
pack size. Mean pack size (12 paks) was 4.2± adults. 
Numerous behavioral interactions and capture of prey 
items have been documented. Northern range coyotes 
appear well-suited to unbiased behavioral observation. 



POPULATION DEMOGRAPHICS 

Based on visual capture-recapture and territory 
enumeration, population density of coyotes on the 
northern range appears to be very high. Preliminary 
estimates averaged 3.6 adult coyotes per km2

• On 
December 28 female #633 was killed by a 
radio-collared mountain lion at a lion-killed elk carcass 
at Druid Peak in Lamar Valley. In the past 2 winters, 
we have collected 8 records of mountain lion-killed 
coyotes. On July 20 female #650 was killed by a 
motor vehicle. These 2 mortalities equate to an 
approximate 90% annual adult survival rate. One of 
13 pups died due to unknown causes 6-8 weeks after 
capture. Assuming a litter size of 6 at birth, pup 
mortality during the first 4 months of life was 33%. 
Reproductive failure rate among 12 territorial packs 
was 25%. These data result in an overall estimate of 
population productivity at 3 pups recruited per pack. 

+ CONCLUSIONS 

The northern Yellowstone population has 
characteristics similar to the natural, unexploited 
population in south-central Washington studied by 
Crabtree (1988). Individuals in the northern 
Yellowstone population are older-aged and physically 
among the largest coyotes in the western U.S. and may 
have pack sizes approaching that of gray wolves. 

• SUMMARY 

In 1989-1990, 37 healthy adult coyotes (Canis 
latrans) and 13,8-12 week old pups were captured and 
radio-tagged in the Lamar Valley and Blacktail Plateau 
areas of the Northern Range of Yellowstone National 
Park. Twenty males and 17 females weighed an 
average of 13 kg. Only 3 of the 23 captured in the fall 
were 6 months-old which suggests low population 
productivity. Adults ranged in age from 1 to 11 years 
and averaged 4 years old. After 10 months of 
radio-tracking, 31 of 35 adults and 11 of 12 pups were 
in the general vicinity of capture. Two adults were 
killed (1 mountain lion (Felis conco/or), 1 road-kill) 
which equates to a 10% annual mortality rate. One of 
13 pups died 6-8 weeks after capture, due to unknown 
causes. Initially, 10 appear to be alpha breeding males; 
8 alpha breeding females; 10 associates or beta-adults· 
4 loners, and 5 unknown. Average litter size at 10 ' 
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weeks of age was 4.4 (31 pups(7 females). Population 
productivity the frrst breeding season was estimated at 
3.0 pups recruited per territory. The reproductive 
failure rate among breeding groups was 25%. Thirteen 
pups were surgically implanted with intraperitoneal 
transmitters with a 28 month battery life. Recapture 
data suggest the surgery had minor affect on pups and 
12 are still alive. Pack size (excluding pups) appears 
large and initial minimum counts ranged from 2 to 6 
and averaged 4 adults per group. Over 5000 
relocations have been collected from fixed-station 
radio-telemetry towers. Territory size is approximate} y 
15 square kilometers. Initial density estimates are 1.4 
c~yotes per square mile. One hundred and seventy 
miles of scat-survey transects have been laid out and 
over 1500 scats have collected in three separate 
surveys. Coyotes killed as high as 40% of 1990 elk 
(Cervus e/aphus) calves on the study areas. 

We will continue radio telemetry, visual 
observations, and scat transects this winter and spring. 
We will begin intensive winter observations at 
carcasses in December. 
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Mountain goats (Oreamnos americanus) are not 
thought to be historic natives to the Greater 
Yellowstone Ecosystem. They occurred in the area 
before 10,000 B.P. but all evidence indicates they were 
extirpated from the area by the time Europeans arrived. 
The Idaho Department of Fish and Game and the 
Montana Department of Fish, Wildlife, and Parks 
introduced goats into the area in the mid 1900's. Goats 
have expanded in numbers and range and are 
occasionally seen within Yellowstone and Grand Teton 
National Parks. There is concern that their presence in 
the Parks might negatively impact native plants and 
animals. This study assessed the current distribution of 
mountain goats and their potential impact on fauna and 
flora of the Parks. The current distribution of 
mountain goats in the Greater Yellowstone Ecosystem 
was determined by consulting area resource managers, 
perusing sighting records, and conducting field 
surveys. The potential impact of goats on the fauna 
and flora of Yellowstone and Grand Teton Parks was 
assessed by compiling all available information on 
mountain goat behavior and ecology. 

Mountain goat distribution within the Greater 
Yellowstone Ecosystem has not changed significantly 
from previously reported accounts. If goats colonize 
either Park, low and high population levels of 95 and 
500 for Yellowstone and 160 and 500 for Grand Teton 
Parks were estimated. Based on existing literature, 

little impact of goats on vegetation and the physical 
environment is anticipated in either Park. The main 
wildlife species that goats may impact would be 
bighorn sheep (Ovis canadensis). Food habits and 
habitat requirements of mountain goats and bighorn 
sheep overlap. However, in sympatry, investigators 
have found minimal overlap in specific foods used and 
habitat selected. At low populations of goats, no 
negative impact on sheep in Yellowstone is 
anticipated. In Grand Teton National Park, even low 
numbers of goats may impact sheep because of 
constricted sheep winter range. Goats are expected to 
negatively impact sheep in both Parks at high density 
estimates. At this time, it is difficult to predict future 
population trends of goats and their total impact on the 
two Parks. 

If the National Park Service classifies goats as 
exotic to the Greater Yellowstone Ecosystem, Park 
personnel will have to develop a management plan for 
them. Three management alternatives are presented: 
No action, limited control of mountain goats, and total 
elimination of goats within Park boundaries. Of the 
three alternatives, it is recommended no action be 
taken. However, a multi-option plan should be 
formulated to respond to whatever changes in goat 
numbers and distribution occur in the future. 
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Collection of insect abundance and distribution 
data for the 1990 field season in Yellowstone National 
Park was initiated in early June, using several methods: 
litter sampling, pit traps, sweeping and Malaise traps. 
Final collections were made during the first week of 
September. 

We are presently coding and entering data for 
analysis. Data analysis will be conducted in upcoming 
months (analysis of variance, regression, and 
multivariate analysis). Summary calculations of litter 
data are presented in Tables 1-3 compared with data 
obtained in 1989. Based on these initial comparisons, 
forest arthropod diversity changed only slightly, while 
densities increased at most sites. 

+ LITERATURE SEARCH 

A literature search was conducted using CARL 
during October, 1989 for papers dealing with insect 
research in Yellowstone National Park. An additional 
search was conducted in Entomology Abstracts. The 
results were disappointing, as only 12 papers were 
located. Subsequent searches of the taxonomic 
literature revealed a plethora of records of individual 
species. These published records have been compiled 
into a listing of species of insects known to occur in 

Yellowstone National Park, a draft copy of which has 
been supplied to the Park. 

+ IDENTIFICATIONS 

Slow progress is being made on obtaining 
identifications of various insect taxa. Thus far, 
identifications have been obtained on a portion of the 
material in the following groups: Acari, Annelida, 
Araneae, Chilopoda, Collembola, Diplopidea, 
Opiliones, Orthoptera, Lepidoptera, Hymenoptera, 
Neuroptera, and one family of Diptera. A summary of 
accomplishments for identification of Hymenoptera 
follows. 
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Table 1. Comparisons of lodgepole pine (Pinus contorta) litter arthropod diversity, richness, and evennes 
between locations and the years 1989 and 1990. 

Ecological Parameters 

Diversitya Densityb RichnessC Evennessd 

Site Firee '89 '90 '89 '90 '89 '90 '89 '90 

1 N 2.78 2.72 139 2005 34 55 .79 .68 
y 1.33 1.73 209 509 19 24 .45 .55 

2 N 3.28 2.67 334 1187 52 53 .83 .67 
y 2.43 2.51 116 240 24 27 .77 .76 

3 N 2.43 3.49 421 1104 46 80 .64 .80 
y 1.98 2.39 59 96 9 16 .90 .86 

4 N 3.05 3.39 341 905 48 61 .79 .83 
y 2.24 1.49 146 515 22 25 .73 .46 

5 N 3.01 3.26 268 279 39 47 .82 .85 
y 2.08 2.17 41 755 13 37 .81 .60 

6 N 2.97 2.82 837 723 53 43 .75 .75 
y 1.47 2.24 59 118 10 20 .64 .75 

7 N 3.22 2.71 397 1001 52 43 .81 .72 
y 2.49 3.00 46 144 16 29 .90 .89 

8 N 3.41 3.01 417 1008 54 56 .86 .75 
y 2.18 2.39 109 66 21 15 .72 .88 

9 N 3.18 2.57 242 1278 39 43 .87 .68 
y 2.34 2.64 56 102 16 21 .85 .87 

aniversity was calculated as the average Shannon-Weiner Index for natural logs in 45.5m2 plots, in each site, from 
June to mid-September. 

bnensity was calculated as the average number of specimens in 45.5m2 plots, from each site, from June to mid-
September. 

CRichness was the average number of insect species in 45.5m2 plots, in each site, from June to mid-September. 

dEvenness was calculated from the average of 45.5m2 plots, in site, from June to mid-September. 

~ = Unburned sites. 
Y = Intensively burned sites. 
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Table 2. Comparisons of lodgeple pine litter insect diversity, density, richness, and evenness between loca-
tions and the years 1989 and 1990. 

Ecological Parameters 

Diversitya Densityb RichnessC Evennessd 

Site Firee '89 '90 '89 '90 '89 '90 '89 '90 

1 N 2.52 2.21 44 180 17 15 .89 .82 
y 1.72 .31 28 254 8 6 .83 .17 

2 N 2.60 1.25 135 553 22 18 .84 .43 
y 2.21 1.51 22 98 10 11 .96 .63 

3 N 2.30 2.46 76 107 15 22 .85 .80 
y .69 1.49 4 39 2 7 1.00 .77 

4 N 2.11 2.61 121 201 22 26 .68 .80 
y 1.95 2.30 24 20 10 10 .85 1.00 

5 N 2.21 2.40 48 79 13 21 .86 .79 
y 1.56 1.79 6 87 5 13 .97 .70 

6 N 2.39 1.76 658 479 22 14 .77 .67 
y 1.06 1.89 5 18 3 7 .96 .97 

7 N 2.54 1.21 59 209 18 13 .88 .47 
y .96 2.17 7 43 3 11 .87 .91 

8 N 2.59 1.80 167 280 25 18 .81 .62 
y 1.00 1.39 68 8 8 4 .48 1.00 

9 N 2.23 1.21 84 695 15 12 .82 .49 
y 1.72 1.78 11 32 6 9 .96 .81 

aoiversity was calculated as the average Shannon-Weiner Index for natural logs in 45 .5m2 plots, in each site, from 
June to mid-September. 

boensity was calculated as the average number of specimens in 45.5m2 plots, from each site, from June to mid-
September. 

CRichness was the average number of insect species in 45.5m2 plots, in each site, from June to mid-September. 

dEvenness was calculated from the average of 45.5m2 plots, in site, from June to mid-September. 

eN = Unburned sites. 
Y = Intensively burned sites. 
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Table 3. Comparisons of lodgepole pine litter noninsect diversity, density, richness, and evenness between 
locations and the years 1989 and 1990. 

Ecological Parameters 

Diversitya Densityb RichnessC Evennessd 

Site Firee '89 '90 '89 '90 '89 '90 '89 '90 

1 N 1.99 2,44 95 1827 17 40 .70 .66 
y .81 1.74 181 253 11 18 .34 .60 

2 N 2.61 2.62 199 634 30 35 .77 .74 
y 1.89 2.06 94 142 14 16 .72 .74 

3 N 1.88 3.18 345 938 31 59 .55 .78 
y 1.81 1.87 55 57 7 9 .93 .85 

4 N 2.5r 2.93 220 704 26 35 .78 .83 
y . ,7 1.25 122 490 12 15 .71 .46 

5 N S1 2.76 220 200 26 26 .80 .85 
y 1.0~· 1.80 35 666 8 24 .81 .57 

6 N 2.69 3.00 179 244 31 29 .78 .89 
y 1.19 1.74 . 54 90 7 13 .61 .68 

7 N 2.84 2.46 338 792 34 30 .81 .72 
y 2.29 2.49 40 101 13 18 .89 .86 

8 N 2.84 2.66 250 728 29 38 .84 .73 
y 2.32 2.11 41 58 13 11 .93 .88 

9 N 2.69 2.69 158 581 24 31 .85 .78 
y 1.88 2.12 45 70 10 12 .82 .85 

a Diversity was calculated as the average Shannon-Weiner Index for natural logs in 4 5 .5m2 plots, in each site, from 
June to mid-September. 

boensity was calculated as the average number of specimens in 45.5m2 plots, from each site, from June to mid-
September. 

CRichness was the average number of insect species in 45.5m2 plots, in each site, from June to mid-September. 

dEvenness was calculated from the average of 45.5m2 plots, in site, from June to mid-September. 

eN= Unburned sites. 
Y = Intensively burned sites. 



+ PROGRESS ON 1990 
HYMENOPTERA SAMPLES 

During 1990 the sampling ofYellowstonee's 
Hymenoptera (wasp) species was greatly improved 
through the addition of four Malaise (passive flight 
intercept) traps to the study. During the season a total 
of 27 Malaise trap samples (1 pint Mason jars of flying 
insects trapped into alcohol) were collected. To date, 
all Hymenoptera have been sorted from Malaise trap 
samples into separate alcohol vials, and we are 
currently dry-mounting, labelling, sorting, and 
identifying these specimens. Mounting and labelling is 
being done by two student technicians working under 
the direction of Dr. Shaw. Approximately 1,024 
specimens have been dry-mounted and labeled for 
study, representing perhaps 10-20% of the 1990 
Hymenoptera samples. Remaining to be mounted are 
11 four dram vials and 12 two dram vials of 
Hymenoptera samples; progress on these will now be 
more rapid with the addition of two student helpers. 
Only one bum-site sample has been fully sorted, with 
the following results [site 1ba, September 7, 1990]: 
200 specimens total comprising 55 species, of which 
parasitoid species are clearly dominant, representing 
53/55 species. Remarkably, only two aculeate 
(stinging) species were present in this sample (one bee 
and one predatory wasp) and no phytophagous wasp 
species were present Of the parasitoids, the dominant 
groups are Ichneumonoidea (28 species) and 
Chalcidoidea (13 species). The vast majority are 
parasitoids of larval stages of phytophagous insect 
larvae (especially Lepidoptera and Diptera species); 
however, also present were at least three species of 
insect egg parasitoids. Only one hyperparasitoid 
(Mesochorus) was present. The most abundant 
parasitoid species (both with 21 specimens) were a 
campoplegine ichneumonid (parasitoid of tortricoid 
moth larvae) and a platygastrid wasp (parasitoid of 
cecidomylid fly larvae). Only one parasitoid of wood
boring beetle larvae was present. The majority of 
parasitoid species present are apparently utilizing leaf
feeding hosts in the newly regenerating meadow 
habitat During 1989 about 800 total hymenopterans 
were collected, of which 90% were aculeates (bees and 
predatory wasps). 

These results may indicate that large, strong 
flying, flower-foraging hymenopterans were the ftrst to 
migrate into burned areas, and to some extent insect 
host populations may not have been sufftciently 
developed to support parasitoids. However, this 
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aberration may also be largely due to differences in the 
sampling methods. Sweep sampling, although done 
periodically, favors collection from low vegetation 
(especially flowers), and consequently tends to 
selectively sample greater numbers of aculeates (bees 
and predatory wasps). Malaise traps, on the other 
hand, sample flight activity around the clock, and 
consequently do a better job of sampling minute fonns, 
widely dispersed individuals, and crepuscular of 
nocturnally active species. Whatever the reason, it is 
clear that Malaise traps do a far better job of sampling 
parasitoid Hymenoptera than sweep sampling alone, 
and given that most new migration into burned areas is 
by flying insects, Malaise traps are probably the best 
overall method for monitoring insect migration into 
these areas. 

Our view is that future research should further 
emphasize the wasps, not only because they comprise 
one of the most diverse insect orders present, but also 
because they represent the highest trophic levels of 
insect diversity within the ecosystem (parasitoid wasps 
represent a tri-trophic level of diversity: parasitoid/host 
insect/host plant, thus are uniquely suited to serve as 
key- indicator organisms for population changes in the 
habitat). Our plans are to 

1. continue preparation and study of 
Hymenoptera specimens and develop 
species inventories for the various habitats; 

2. continue Malaise sampling of burned vs. 
unburned sites to gain comparative measures 
of both relative diversity and abundance of 
species; 

3. evaluate abundant wasp species as possible 
key-indicator organisms (marking the 
presence of insect hosts and plant species 
that were not directly sampled); and 

4. characterize the major parasitoid guilds 
present at different stages of succession. 

+ DATABASES 

We have created a database in Dbase IV, ver, 1.0, 
format, which ties together fteld collected data and 
identifted material for 1989 and 1990. Date of 
collection by various methods is presented in Table 1. 
As more arthropod taxa are identifted, this data is 
being entered into the database. The intent is to be 
able to tie individual species to speciftc locations in 
Yellowstone National Park and to eventually map the 
distribution of individual species within the Park. We 
are presently coding and entering data on the VAX 
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computer system for data analysis. We have 
accumulated nearly 3,500 blocks of data, of which 
30% is now entered into VAX. In addition to the 
arthropod data, we are including stand data and abiotic 
data sampled from each site and for each sampling 
period over the last two years. 

+ DATA ANALYSIS 

Stand structure data incJudes 
1. litter biomass, 
2. herbaceous cover, 
3. seedling density, 
4. log density, 
5. sapling density, 
6. standing dead tree density, and 
7. density of mature trees. 

Litter and herbaceous material was also sampled from 
each site for subsequent nutrient analysis. The nutrient 
data should be ready by the end of this year. 
Biological data for litter includes 

1. richness, 
2. density, 
3. evenness, 
4. diversity and dominance of insect, spider, 

mite, centipede, millipede, and annelid 
populations in each site every ten days from 
June until mid-September. Data analysis 
will be conducted in tenns of analysis of 
variance, regression, and multivariate 
analysis. 

• RESULTS 

The second year's data has not yet been analyzed. 
Therefore no major comparisons have been made. 
However, summary calculations of litter data have 
been made (Tables 1-3) as comparisons with data 
obtained in 1989. Based on these comparisons, forest 
arthropod diversity changed only slightly, while 
densities increased at most sites. 
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Management of elk on the northern winter range 
of Yellowstone National Park has remained a 
controversial subject through most of this century 
(Singer 1989). Until1968 elk were artificially 
controlled because it was believed that ranching 
outside the park excluded elk from winter ranges 
resulting in unnaturally high populations in the Park 
and uncontrolled elk numbers would result in 
overgrazing and ecosystem degradation. However, in 
1968 elk reductions were terminated and by 1971 a 
hypothesis of naturnl regulation was formulated by 
Park biologists (Singer 1989). The natural regulation 
hypothesis asserts that the Yellowstone area used by 
elk is an ecologically complete habitat (all required 
components of the habitat are present) and that density 
dependant factors will limit population growth of elk 
without major range degradation. 

Despite severe criticism of presumably 
deteriorated winter range, the natural regulation policy 
has been maintained based on the argument that 
animals have not greatly altered the range and that the 
primary purpose of natural areas such as Yellowstone 
is to "maintain ecological processes" (Houston 
1982:1). Several studies in the 1970's using historical 
photographs supported the natural regulation 
hypothesis (Cayot et al. 1979, Barmore 1980). 
Houston (1982) in his book on the northern 
Yellowstone elk herd reported the natural regulation 
experiment to be largely successful through 1979. 
However, major increases in elk as well as other 

ungulate populations in the Park since 1979 have 
prompted new concern over the success of the Park's 
management program (for example Alston Chases' 
book: Playing God in Yellowstone). We think that the 
Yellowstone winter range controversy can not be 
resolved until a better understanding of soil-plant
herbivore system is achieved. 

The frrst detailed information on grazing effects 
on plants of the northern winter range comes from 
recent comparisons of vegetation inside and outside 
exclosures established by the Park in the late 1950's 
(Singer 1989, Coughenour submitted). These studies 
found that dry weights of dead plant material were 
higher (6.2 times) in ungrazed exclosures than in 
grazed areas, and despite heavy grazing important 
forage species have persisted (as indicated by no 
difference in species composition and root biomass in 
grazed areas and in exclosures). However, 
aboveground production may be reduced by grazing 
particularly under drought conditions. Finally, 
nitrogen concentration of roots and aboveground 
foliage was higher when grazed. These studies 
concluded that winter grazing by ungulates had little 
negative effect on plants and that plants may even 
benefit by a shift in the flow of carbon from 
decomposers to ungulates with possibly an enhanced 
rate of nitrogen recycling back to the herbivores. 

We hypothesize that aboveground herbivory by 
ungulates during spring green-up prior to migration 
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alters below ground processes which, in tum, 
influences annual net primary production (NPP), 
nitrogen content of grazed plants, and morphological 
characteristics of plant regrowth as reported in the 
above studies. We suggest the following scenario 
results from spring grazing by elk prior to migration. 
Under the intense grazing in spring, grazed plants will 
initially show a decline in root biomass because 
photosynthesized assimilate will be allocated to 
regrowth (Delling et al. 1979). Phytophagous 
nematodes (that feed on roots) will decrease (Seastedt 
et al. 1988) but because senescing roots provide 
increased substrates for decomposers, microbial 
biomass and nitrogen mineralization should increase 
(Stanton et al. 1984). Dung (deposited during winter) 
as compared to litter amended soils will enhance these 
mineralization processes (Ruess and McNaughton 
1987). 

As regrowth occurs, carbon initially will be 
allocated to shoots (unless water is limiting, i.e. 
drought) and then to roots (Seastedt et al. 1988). 
Phytophagous nematodes will increase as new root 
growth provides nitrogen rich feeding sites (root hairs) 
but populations may not reach levels found under 
grazed plants for two reasons. First, because ungrazed 
plants experience lower levels of nitrogen 
mineralization than grazed plants, they will be nutrient 
stressed and produce proportionally greater numbers of 
root hairs (nutrient absorption organs) which serve as 
feeding sites for nematodes. Second, moisture stress 
usually brought on by summer drought limits 
phytophagous nematodes more than microbial feeders 
(Stanton et al. 1984). 

The net result may be no detectable differences in 
above and below ground NPP during years of normal 
rain fall. However, during drought years, we would 
predict similar root production between grazed and 
ungrazed plants but reduced production of foliage of 
grazed plants. Nitrogen concentration may be higher 
in the foliage of grazed plants than ungrazed plants 
because of higher levels of nitrogen mineralization and 
nitrogen uptake per unit root biomass (Jarmillo and 
Detling 1988). This difference may extend into the 
winter period if tiller recruitment is extended such that 
plants are cured before nutrients are translocated to the 
roots (Anderson and Scherzinger 1975, Butler and 
Briske 1988). If grazed plants on the winter range are 
higher in nitrogen they may become preferred food 
items and sustain proportionally greater grazing 
pressure. However, if spring grazing induces changes 
in plant morphology (e.g. basal area, tiller density, and 

lengths: McNaughton 1979, Detling and Painter 1983), 
plants subsequently may be less intensively or 
frequently grazed because growth fonns restrict bite 
size and intake rates of ungulates (Black and Kenny 
1984, Illius and Gordon 1987). This may be an 
important trait temporarily allowing grasses to escape 
herbivory when high in nutrient content. 

Because elk are migratory and graze the northern 
range primarily during winter, the effect of spring 
grazing on winter range vegetation largely has been 
ignored. We initiated a pilot study in 1990 to 
determine whether intense grazing of actively growing 
plants during this short but critical period plays an 
important role in the annual soil-plant-herbivore 
dynamics. Our study was designed to address 4 
specific hypotheses: 

1. Density of phytophagous nematodes will 
decrease and microbial feeders will increase 
on grazed plants as compared to ungrazed 
plants. 

2. Root biomass of grazed and ungrazed plants 
will be similar. 

3. Tiller density/unit of plant basal area will 
increase, and tiller length and weight will 
decrease as result of spring grazing. 

4. Nitrogen concentration of soils, roots, and 
tillers will be higher in grazed than in 
ungrazed plants. 

+ METHODS 

Our original design called for grazing 
manipulations with tame elk within enclosures in the 
upland steppe portion of the northern elk winter range 
during early spring. Because our tame elk were 

'-subject to a 3 month quarantine after entering the state 
of Wyoming, we were not able to use them in our 
grazing trails. Instead, we sampled inside and outside 6 
small, exclosures (1.5 x 1.5 m) and inside and outside 
one large exclosure (100 x 100m) located on Crystal 
Bench in Yellowstone National Park. Areas outside 
the exclosures were subject to natural levels of 
herbivory primarily by elk and bison. Plants within the 
large exclosure had not been grazed for 3 growing 
seasons prior to our sampling. Plants within the small 
exclosures were grazed during winter but not spring, 
i.e. small exclosures were established in April prior to 
green-up. 



Within the small enclosures, we randomly located 
6 individuals of bluebunch wheatgrass (Agropyron 
spicatum) and Idaho fescue (Festuca idahoensis) 
using an x -y coordinate system from a marked 
location. Our efforts focused on bluebunch wheatgrass 
(Agropyron spicatum) which is considered "grazing 
sensitive" and june grass (Koeleria cristata) which is 
not considered "grazing sensitive". Because of their 
caespitose and rhizomanous growth fonn, respectively, 
we counted the number of tillers of each idaho fescue 
"plant" and the number of tillers of bluebunch 
wheatgrass within a 18 cm2 area (area of our soil corer) 
circumscribing each bluebunch wheatgrass tiller 
chosen at random. Tiller height was measured to the 
top of the 3 tallest tillers. Two perpendicular basal 
diameters were measured on each Idaho fescue plant 
These morphological characteristics were resampled at 
approximately 6 week intervals. During July, we also 
counted the number of flowering culms. Differences 
between characteristics of grazed and ungrazed plants 
were tested using pair-wise or comparisons. 

Eight individual plants of each species were 
randomly selected and collected with a soil corer 
(diameter 4.8 em, depth 10cm) inside and outside the 
large exclosure. Previous studies by Dr. Stanton have 
indicated that this is an adequate sampling intensity to 
detennine nematode densities. Cores were kept cool in 
a ice chest while transporting them to the laboratory 
where they were refrigerated until processing. Above 
ground biomass was clipped at 3 em lengths starting at 
2 em. Standing dead and green biomass was separated, 
dried at 50 degrees C for at least 48 hours and 
weighed. 

The soil cores were suspended in cold water and 
the soil gently washed from the roots. The suspension 
was sieved frrst to remove plant tissue (sieve #18) and 
then to remove nematodes (#325 mesh). Roots were 
hand-sorted while suspended in water and crowns cut 
from the roots. Roots and crowns were dried at 50 
degrees C for at least 48 hours and weighed. The 
suspension with nematodes was put on Baennann 
funnels for 48 hrs (Christie and Perry 1951). 
Abundance and identification of nematodes to trophic 
category in each sample was detennined by counting 
the number of individuals present in 2 1-ml 
subsamples of a 30 ml suspension as described by 
Smolik (1974). Randomly selected subsamples were 
re-extracted to measure extraction efficiency as 
follows: 92% for bacterial feeders, 91% for 
Dorylaimida (omnivores), 86% for Aphelenchus 
(fungal feeders), 93% for Tylenchidae (plant parasites) 
and 73% for Monohysteridae (unknown). 
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+ DATA ANALYSIS AND RESULTS 

Morphological measurements of individual plants 
were taken at three sampling dates: 11-12 May, 16-17 
July, 8-9 September. Preliminary summaries indicate 
that there are significant differences in the heights of 
grazed and ungrazed plants of both species but not in 
tiller densities. 

As expected, standing dead increases with time 
since grazing with significant differences between 
grazed and ungrazed plants evident by the end of the 
first season after rest from grazing. The amount of 
aboveground biomass that was green in September was 
greater in both grass species in grazed areas than non
grazed areas. Analysis of data on root biomass is not 
yet complete but the pattern of response appears 
different between species. Similarly, data analysis of 
changes in nematode composition and abundance 
between species and treatments is not complete. 
Preliminary results indicate that total densities under 
both species were bimodal with highest densities 
occurring in May and September. In these two 
months, densities of plant parasites on both grass 
species were lowest under ungrazed species while 
bacterial feeders exhibited no obvious trends. 
Additionally, nematode abundance under Idaho fescue 
is seasonally more variable than under bluebunch 
wheatgrass. 
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Traditional methods for measurement of 
vegetative biomass can be time-consuming and labor
intensive, especially across large areas. Yet such 
estimates are necessary to investigate the effects of 
large scale disturbances on ecosystem components and 
processes. One alternative to traditional methods for 
monitoring rangeland vegetation is to use satellite 
imagery. Because foliage of plants differentially 
absorbs and reflects energy within the electromagnetic 
spectrum, remote sensing of spectral data can be used 
to quantify the amount of green vegetative biomass 
present in an area (Tucker and Sellers 1986). 

In 1987 we found that Landsat Multispectral 
Scanner (MSS) imagery could be used to quantify 
green herbaceous phytomass (GHP) on ungulate 
summer range in the northeastern portion of 
Yellowstone National Park. Estimates of GHP in the 
study area were well within values reported for the 
habitat types sampled (Mueggler and Steward 1980). 
Annual variation in GHP was related to winter snow 
accumulation probably due to the timing of snow melt 
(Merrill et. al. 1988). Additionally, we found that 
GHP explained a significant amount of the variation in 

the per capita growth rate of elk and bison populations 
from 1972 to 1987 (Merrill et. al. 1988; Merrill and 
Boyce 1991). 

The extensive fires that occurred in the Park 
during summer 1988 provided an opportunity to 
determine whether remote sensing could be used to 
monitor grassland vegetation recovery in the Park and 
to explore the effects of the 1988 fires on ungulate 
populations using models we developed in 1987. 
Previous studies have used Landsat imagery to monitor 
succession of seral stages after fire in pine 
(Jakubauskas et. al. 1990), but no studies to our 
knowledge have used this approach to quantify 
herbaceous recovery in grasslands. 
The objectives during this study period were: 

1. to develop a model for predicting GHP in 
sagebrush-grassland communities using 
1989 Landsat TM spectral information and 
field data on GHP 

2. to validate the 1989 model by comparing 
predictions made from it using 1990 Landsat 
data to actual field data collected in 1990. 
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Once we have validated our model, our objectives 
are to compare vegetation recovery in burned areas 
relative to unburned areas, and to apply the results of 
this analysis to the ungulate summer range model 
developed in 1987 to predict the effects of the fires on 
ungulate populations. 

We thank John Baldwin, Jon Hak, Greg 
McDaniel, and Bob Brennen for help in collection of 
field data. We also thank Rich Klukus, Don Despain, 
Francis Singer, John Varley, Jennifer Whipple, George 
McKay, and Jack Norland of Yellowstone National 
Park for assistance. Lyman McDonald and Jeff 
Pontius of the University of Wyoming provided 
statistical advice. 

• STUDY AREA 

The study was conducted in the northeast portion 
of Yellowstone National Park with major focus on the 
upper Lamar, Cache and Calfee River drainages and 
the Mirror Plateau. General descriptions of 
physiogamy and soils are given by Despain (1973). 
Elevations range from 1,5000 to 3,300 m. Climate of 
the Park is characterized by long, cold winters and 
short dry summers. Climatic patterns within the Park 
is 67.0 em (26.8 in) and mean daily temperature in 
January and July is -10.3 C (13.5 F) and 13.9 C (57.1 
F), respectively. 

Descriptions of vegetation communities in the 
park have been given by Despain (1973). Our work 
focused on the non-forested plant communities within 
the study area. These included sagebrush (Artemisia 
tridentata) communities which have an understory of 
bluebunch wheatgrass (Agropyron spicatum) in dry 
areas and Idaho fescue (Festuca idahoensis) on the 
more mesic sites. Silver sagebrush (Artemisia cana) 
with an Idaho fescue co-dominant is found on areas 
associated with high water table such as streambanks 
and seeps. High elevation grasslands are dominated by 
Idaho fescue/tufted hairgrass (Deschampsia cespitosa) 
and tufted hairgrass/sedge (Carex spp.). At 
intermediate elevations, Idaho fescue/wheatgrass 
(Agropyron spicatum and A. caninum) communities 
are encountered with the latter dominating in the more 
mesic sites. 

Elk (Cervus elaphus), mule deer (Odocoileus 
hemionus), bison (Bison bison), moose (Alces alces), 
bighorn sheep (Ovis canadensis), and pronghorn 

(Antilocapra americana) are the major ungulates in 
this area (Houston 1982). 

+ METHODS AND RESULTS 

VEGETATION DATA COLLECTION AND 

ANALYSIS 

Vegetation data were collected from July 25-
August 10 in 1989 and July 30-August 11 in 1990 at 
40 sites across two elk summer ranges (Norris/Cache/ 
Calfee Ridge complex and Mirror Plateau). Each site 
encompassed at least 0.81 hectares (2 acres or 
approximately 9landsat pixels) of homogeneous 
vegetation. At each site physiographic characteristics 
were recorded using topographic 1:24,000 maps. 
Grassland habitat types followed Yellowstone National 
Park habitat mapping (Despain 1973). 

Vegetation was sampled and analyzed using a 
double sampling approach (Merrill et. al. 1988). At 
each site, percent cover of graminoids, forbs, bare 
ground, rock, moss, lichens and wood were estimated. 
Average heights of plants within forage classes were 
also measured and an index to plant volume was 
calculated as canopy cover x average plant height. 
Shrub cover was measured using line intercept method. 

Ten of the 30 microplots at each site were clipped 
to ground level. Vegetation was separated into green 
graminoids, green forbs and standing dead. A criterion 
of>= 25% "green" was used to differentiate green 
from senesced (standing dead) plants. Biomass 
samples were dried at 70° for 48 hours and weighed to 
the nearest 0.1 gm. All weights are reported as oven
dry weights. The relationship between plant volume 
and biomass was determined using a least squares 
multiple regression analysis. Plant volume explained 
between 54-67% of the variation in green forb biomass 
and 69-75% of the variation in grass biomass. 

LANDSAT DATA AcQUISITION AND ANALYSIS 

Landsat Thematic Mapper (TM) imagery for 
August 2, 1989 and August 13, 1990 of the study area 
were acquired from EOSAT by the National Park 
Service. Due to mechanical problems with the 
receiving stations, EOSAT was unable to provide us 
with data from our projected August 6, 1990 overpass. 



The closest date for which there was available data was 
August 13, 1990. Data from this overpass are less than 
ideal because the date is outside our sampling window 
and there are considerable clouds in the scene. 
Nonetheless, it is the most accessible data for 
comparing our field sampling information between 
years. 

Digital Landsat data were transferred from 9-track 
computer tape to the Micro-computer Image 
Processing System (MIPS) for data processing. At 
each of the 40 sites the spectral values of 9 contiguous 
pixels were averaged for each of the 6 TM bands. 
Linear combinations of TM spectral values as well as 
published vegetation indices are being developed. The 
soil brightness index (SBI), the perpendicular 
vegetation index (PVI), and the green vegetation index 
(GVI) are derived using the Graham-Schmidt 
orthogonalization process (Frieberger ·1960 in Jackson 
1983). Jackson (1983) showed that these indices 
minimize soil background variations while improving 
green vegetation signals. Relationships between the 
averaged TM band spectral values and their various 
vegetation indices and phytomass estimates were 
determined using linear and nonlinear least squares 
multiple regression analysis. 

+ ONGOING WORK 

Currently were reanalyzing our spectral models 
due to several errors found in the vegetation analysis. 
Once these data are corrected, we will select 1-4 
spectral models based on the 1989 data which meet the 
following criteria. First, a spectral model must have a 
significant F value (P < 0.05). Second, a model must 
account for >=50% of the variance in the field data 
collected in 1989; predictive ability of the model will 
be assessed based on the standard error of the estimate. 
Finally, models which meet these criteria will be 
evaluated by comparing their predictions based on 
1990 Landsat data to our 1990 field data. 

To make this comparison, Landsat data from 1990 
must first be corrected for differences related to 
changes in instrument sensitivity, electronic gain and 
bias (Markham and Barker 1986). Environmental 
conditions, such as sun angle and haze, that differ 
among satellites overpasses are corrected by regressing 
spectral signatures of 5 reference sites with no 
vegetation (e.g. bare rock or scree slopes, lakes, and 
hot springs) against values for the same areas in 1989. 
At lake sites, which absorb nearly all radiation, we 
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took the average of the 3 lowest pixel values for each 
band. For hot springs, which reflected most radiation, 
we took the average of the 3 highest pixel values. For 
rock/scree slopes, we took the average of 9 adjacent 
pixel values. Additionally, from our preliminary 
assessments, we will be unable to use ground-truth 
data from 3 plots sampled in 1990 due to cloud cover. 
We expect to complete these analyses by our 1991 
Annual Report. 
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There are proposals to reintroduce (Canis lupus) 
to Yellowstone National Park through translocation of 
individuals from other populations. Ideally, these 
wolves should have a genotype similar to that 
possessed by the subspecies previously found in the 
Park. This genetic similarity would enhance the 
probability that genetically based adaptations to the 
environment of the Park were present, and thus 
enhance the likelihood that a viable population would 
be established with minimum animals and effort. 
Concern has been expressed about preserving the 
genetic purity of potentially translocated wolves. A 
genetic test which would permit differentiation 
between restored pure wolves and clandestinely 
introduced ones, as well as between pure wolf and 
wolf x coyote, and wolf x dog hybrid genotypes would 
be valuable. Furthermore, it is important to understand 
the power of DNA fmgerprinting as a tool for 
monitoring breeding structure of the restored pack(s) at 
intervals subsequent to their release in Yellowstone. 

This research tests the applicability of DNA 
technology utilizing hypervariable minisatellite loci 
("DNA fmgerprinting") in monitoring and controlling 
the genetic constitution of the Yellowstone wolf pack. 
DNA fingerprinting was first described by Jeffreys et. 
al. (1985), and has been proved successful for 
individual identification, as well as for parental testing 
in humans and in several species of animals (Burke 
and Bruford 1987, Helminen et. al. 1988, Morton et al. 
1987, Rabenold el al. in press). · 

Knowing the original restored wolves' DNA 
"fingerprints", the National Park Service could then 
periodically monitor and control the genetic 
constitution of the Yellowstone wolves, since they 
could exactly determine each puppy's parents. Action 
could also be taken to determine which offspring could 
not have been derived from the park wolves, due to 
possible hybridization with coyotes or dogs living in or 
around the Park. 

+ SUMMARY OF RESEARCH PROJECT 

ACCOMPLISHMENTS TO DATE 

This project, aimed at examining the effectiveness 
of DNA fmgerprinting as a tool for monitoring 
breeding structure in planned gray wolf restoration 
populations in Yellowstone, has made logistical and 
technical progress. Because DNA fingerprints of 
individual wolves of known genetic relatedness are 
required, we have contacted 60 private breeders, zoos, 
and wildlife parks, requesting blood samples from 
wolves taken at next handling, particularly requesting 
samples from sets of wolves of known relatedness 
(siblings, parents and offspring, etc.). We provide a 
collecting kit including appropiate solutions and 
containers for blood handling and shipment to all 
interested parties, as well as impor,t permits for foreign 
shippers. Five such keepers of wolves have responded 
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positively, although some have not yet had their next 
scheduled handling, and others report that they will 
keep our request in mind when their next handling 
occurs, but that it will be not for some time. We have, 
however, obtained 16 individual samples from 3 
locations, representing 4 sibships with as many as 4 
full siblings each, a father and 2 offspring, and some 
cousins. 

We have extracted high quality DNA from all 
samples obtained (mean yield= 100 mg) and prepared 
DNA fmgerprints from 2 sibships screening 2 enzymes 
(HAE III and HINF I) with M13 multilocus probe. 
Both enzymes produced excellent results, with HINF I 
showing greater polymorphism. 

Wolf blood samples were suspended in PBS 
(phosphate buffered saline) solution, SDS (sodium 
dodecyl sulfate), and proteinase K, and incubated at 
55°C overnight. This was followed by one phenol, one 
phenoVchloroform, and one chloroform extraction; and 
alcohol precipitation. We then made a digestion and 
hybridization test on 7 samples, using Haelll and 
Hinf1 restriction enzymes, with M13 DNA probe. 
Banding patterns produced by Hinfl were slightly 
more polymorphic, although both sets were of 
excellent quality. 

We will produce final gels containing DNA 
fmgerprints for all possible combinations of gray wolf 
kinships. We will analyze them by making all possible 
pairwise comparisons between lanes. Only individuals 
on the same gel will be compared, and estimates of 3 
genetic parameters, mean average percent difference 
(MAPD), frequency of polymorphic loci (P), and 
average heterozygosity (H) will be derived based on 
the banding scores of the fmgerprints. The proportion 
of bands shared by individuals of known relatedness 
can be used to estimate the average allele frequency 
across the family of loci screened. Allele frequency is 
the fundamental feature of the system under study that 
can be used to determine confidence in assignment of 
parentage through a simple series of calculations 
(Rabenold et. al., in press, Jeffreys et. al., 1985). 

This will allow us to determine the efficiency of 
DNA fmgerprinting in establishing relatedness and 
testing parentage within gray wolf populations, which 
in tum might allow us to propose the technique as a 
tool which could be used to monitor and control the 
genetic constitution of Yellowstone's wolves. 

We are technically prepared to produce the 
necessary gels, having calibrated conditions on the 
preliminary set mentioned above. However, slow 
arrival of samples (often due to long intervals between 
handlings of animals by their keepers and the simple 
low availability of this material) impedes our progress. 
We await samples from the Toronto Zoo and the North 
Dakota Zoo, and potentially more samples from the 
Quebec Zoo that would round out a complete nuclear 
family. We will also be in touch with Ernest Vyse at 
Montana State University to inquire about providing 
each other with samples. 

For all existing samples and any yet to be 
received, we will prepare DNA fingerprints for all 
possible combinations of gray wolf kinships. Through 
a series of calculations explained in the executive 
summary, we will estimate the power of DNA 
fmgerprinting in assignment of parentage in gray 
wolves, based on the similarities of banding patterns of 
individuals of known degrees of relatedness. 

.. LITERATURE CITED 

Burke, T., and M.W. Bruford. 1987. DNA 
fmgerprinting in birds. Nature 327:149-152. 

Helminen, P., C. Ehnholm, M.L. Lokki, AJ. Jeffreys 
and L. Pettonen. 1988. Application of paternity 
determination. The Lancet 1:574-575. 

Jeffreys, AJ., J.F.Y. Brookfield, and R. Semeonoff. 
1985. Positive identification of an immigrant test 
case using human DNA fingerprints. Nature 
317:818-819. 

Jeffreys, AJ., V. Wilson, and L. Thein. 1985. 
Individual specific "fingerprints" of human DNA. 
Nature 316:76-79. 

Morton, D.B., R.E. Yaxley, I. Patel. AJ. Jeffreys, S.J. 
Homes and P.G. Debenham. 1987. Use of DNA 
fmgerprint analysis in identification of the sire. 
Vet Rec. 121:592-593. 

Rabenold, P.P., K.N. Rabenold, W.H. Piper, J. 
Haydock, and S.W. Zack. In press. Shared 
paternity revealed by genetic analysis in 
cooperatively breeding tropical wrens. Nature 



EFFECTS OF THE 1988 FIRES ON AQUATIC 

SYSTEMS OF YELLOWSTONE NATIONAL PARK 

CHRISTOPHER T. ROBINSON • DERON E. LAWRENCE • G. wAYNE MINSHAlL 

STREAM EcoLOGY CENTER • DEPARTMENT oF BIOLOGICAL SciENCES • IDAHO STATE UNIVERSITY 

POCATELLO 

Collections and measurements were made in 
August 1990 at the same site locations as in 1988 and 
1989 (Table 1). All the information specified in our 
research proposal for year 1990 was obtained except 
for some transport and water chemistry samples. 
These data are being incorporated with data collected 
in 1988 and 1989 for evaluation of temporal trends. 
The status of the various measurements and sample 
collections is given in Table 2. All of the physical and 
chemical determinations have been completed through 
the tabulation stage and initial statistical or graphical 
data analysis. Also note that water chemical analyses 
are less complete than previous years with only 
alkalinity, hardness, specific conductance, pH, nitrogen 
and phosphorus being analyzed in 1990 due to funding 
restrictions. The processing of all periphyton samples 
(as chlorophyll .a and AFDM, N=llO) is complete. All 
collected organic matter transport samples (as CPOM 
and FPOM, N=80) have been processed and 
categorized for organic matter type. 

Transport samples were not collected at Cache 
Creek 3rd, 4th order, South Cache 3rd order, and Soda 
Butte 4th order sites due to rainstorms which produced 
high inorganic sediment loads and caused the nets to 
clog. As anticipated, the processing of benthic 
macroinvertebrate samples with the quantification and 
characterization of associated benthic organic matter 
(BOM) are only partially complete at this time (Table 
2). Of the 110 samples collected (5/site * 22 sites), 90 
samples still need to be processed. Stream profiles still 

need to be digitized for calculating bankfull channel 
areas and consequently bankfull discharge values. 
Woody debris maps for the 1991 field season are being 
prepared. 

+ BIOLOGICAL RELATIONSIDPS 

The transport data indicate an increase in both 
CPOM and FPOM in 1st order burn sites from 10/88 to 
8!90 (Figure 1). The quantity of CPOM and FPOM 
decreased slightly in 2nd order burn sites in 8/90 from 
8/89, although the quantity still was greater in the burn 
sites than in 2nd order reference sites in 8/90. The 
quantity of CPOM decreased in 1990 from 1989 to 
comparable values found in 1988 in 2nd order 
reference sites, while FPOM values were comparable 
among years. CPOM and FPOM decreased in 1990 
from 1989 in 3rd and 4th order burn sites to values 
found in 3rd and 4th order reference sites (Figure 1). 
The characterization of the CPOM and FPOM indicate 
a substantial decrease in the % charcoal in all bum 
sites from 1989 to 1990, suggesting that much of the 
transported CPOM and FPOM was derived from new 
riparian growth (Figure 2). 

Periphyton levels were somewhat greater in the 
1st, 2nd, and 3rd order burn sites in 1990 over values 
in 1989 as indicated by chlorophyll .a levels (Figure 3), 
Chlorophyll .a levels remained unchanged in 2nd and 
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BURNED WATERSHEDS COORDINATES UTM 

BLACKTAIL CREEK-WFK 1B 1017-22 110'35";44'53" 4973.1N, 532.8E 

. BLACKT AIL CREEL-EFK 1B 101705 110'35";44'53" 4973.5N, 534.3E 

CACHE (noname) 1B 1033221001 110'03";44'51" 4966.3N, 575.8E 

FAIRY CREEK 1B 20180803 110'52";44 '32" 4930.3N, 511.7E 
TWIN CREEK 1B 103323 110'10";44'48" 4962.3N, 567.5E 

BLACKTAILCREEK-MAIN2B 1017-21 110'35";44'53" 4975.9N, 533.5E 
CACHE (noname) UPPER 2B 10332210 110'05";44'49" 4966.5N, 573.9E 
CACHE (noname) LOWER 2B 10332206 110'05";44'50" 4964.0N, 572.0E 
FAIRY CREEK 2B 201808 110'51";44'33" 4930.9N, 511.0E 
IRON SPRINGS CREEK 2B 20181604 110'52";44'26" 4921.7N, 511.2E 

CACHE CREEK 3B 103322-22 110'04";44'51" 4965.5N, 573.2E 
HELLROARING CREEK 3B 1026-22 110'23";45' 10" 5001.7N, 548.6E 
IRON SPRINGS CREEK 3B 201816 110'51";44 '27" 4922.8N, 511.7E 
LAVA CREEK 3B 100705 110'38";45'56" 4976.0N, 529.7E 
SOUTH CACHE CREEK 3B 10332208 110'04";44'50" 4965.2N, 573.3E 

CACHE CREEK 4B 103322-21 110'05";44 '50" 4965.0N, 572.7E 
HELLROARING CREEK 4B 1026-21 110'23";45'09" 5000.2n, 548.4E 
LAMAR RIVER 4B 1033-22 110'08";44'48" 4962.5N, 567.6E 

UNBURNED WATERSHEDS 

A~HITEEATERCREEK 2 10331714 110'04";44 '56" 4974.3N, 571.9E 
ROSE CREEK 2 103312 110'13";44'54" 4972.0N, 561.2E 
PEBBLE CREEK 3 10331713 110'07";44'56" 4976.0N, 570.0E 
SODA BUTTE CREEK 4 103317 110'10";44'52" 4968.5N, 56.5.7E 

Table 1. Stream research sites for Yellowstone National Park wildfire study (SONYEW =System of 
Numbering Yellowstone Waters (Mahony and Lentsch 1986); UTM =Universal Mercator Map 
coordinate system). 



Samples or Measurements Data Data 

Variable Processed/Total Obtained Entered Reduced 
Analyzed 

Physical 
ure,annualrange 22(22 · 22 22 
Discharge 22(22 48 48 
Channel Gradient 220/220 220 220 
Cross-section Profiles 60/110 60 60 
Velocity 2200/2200 2200 2200 
Substratum Particle Size 2200/2200 2200 2200 
Embeddedness 2200/2200 2200 2200 
Retention Devices 22 sites mapped 
Riparian/Channel Conditions 110/110 110 NA 

Chemical 
General Properties 22(22 22 22 
Major Specific Ions 22(22 22 22 

Biological 
Periphyton 

AFDM 110/110 110 110 
Chla 110/110 110 110 

Benthic Invertebrates 20/110 0 0 
Benthic Organic Matter 

AFDM 20/110 0 0 
%Charcoal 20/110 0 20 

Transported Organic Matter 
AFDM 80/80 80 80 
%Charcoal 80/80 80 80 

Table 2.Summary of measurements made in 1990 and status of data processing and analysis. (NA =Not 
Applicable) 
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Figure 1. Transported organic matter (glm3) as coarse (CPOM) or fine (FPOM) particulate organic matter in burn or 
unvurned stream study sites. Numbers represent respective stream orders. Bars represent one standard deviation. 
Sample size equals five sites (2 samples per site) for burn streams orders 1-3, three sites for burn stream 4th order, two 
sites for unburn 2nd order, and one site for unburn 3 rd and 4th order study streams. Numbers in parenthesis represent 
values outside range of graph. 
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Figure 2. The percent charcoal comprising transported organic matter. Bars represent one standard error of the 
mean. Sample size as in figure 1. 

3rd order reference sites, and increased in the 4th order 
reference site in 1990. The AFDM of periphyton was 
similar or unchanged in 1990 from those in 1989-bum 
and reference sites. The AFDM (biomass) to 
chlorophyll il ratio (B/C index) decreased in 1990 from 
values observed in 1989 suggesting an even greater 
degree of autotrophy in 1990 than in 1989. 

Woody debris maps were drawn for two 50 m 
reaches at each site during both 1989 and 1990. All 
wood larger than 40 em long or 2 em diameter was 
recorded. The following characteristics were measured 
or noted for each piece of wood: its source, whether it 
had fallen directly from the riparian zone or had 

floated to its location; the probability the piece of 
wood will move on a scale of 1-5; the wood 
orientation, ("drift" is contained within the channel, 
"ramp" was partially in the channel "bridge" crossed 
the stream channel, "overhang" leaned over the 
channel from the bank without touching the substrate, 
"debris dam" consisted of smaller debris, mud, and 
gravel piled together; and "new since fire" (NSF) if it 
appeared the piece had entered the stream since the 
1988 fires and was charred). In the field we worked 
with the premise that all wood was in the stream prior 
to 1988, and gathered evidence to contradict this if a 
piece was placed in the "NSF" category. 
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Figure 3. Periphyton characteristics as chlorophyll a (mgl 
rrr ), AFDM (mglrrr ), and biomass/chlorophyll ratio 
(B!C )for the Yellowstone National Park study streams 
in October 1988,August1989,andAugust1990. Bars 
represent 1 standard deviation. Sample size equals 
5 sites (5 samples/site) for 1st, 2nd, and 3rd order 
burn streams, three sites for 4th order burn stream, 
two sites for 2nd order unburn stream, and one site 
each for 3rd and 4th order unburn streams. 
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In every stream more wood was present in 1990 
than in 1989, but burn streams showed more dramatic 
change than reference streams. Among bum streams 
the 2nd order sites displayed the greatest gross change 
(pieces lost in 1989 added to those gained in 1990), 
and we attribute this to the maximized combination of 
high flow discharge and stream/riparian zone 
interaction. The 1st order site had the greatest riparian 
zone effect, but high flows were not sufficient to move 
many pieces of wood. Third order sites had enough 
power during high flow to move larger pieces of wood, 
but relatively few pieces of wood entered from the 
riparian zone. Fourth order sites removed nearly all 
wood from the channel except those pieces protected 
atong the stream banks, so wood entering from the 
riparian zone becomes more important than in the 3rd 
order sites. 

Wood contained within the channel (drift) was 
more common than any other group, in both burn and 
reference streams. Fourth order sites showed the 
fewest pieces of drift, most likely because the high 
flows are able to carry away nearly anyunattached 
piece of wood in the channel. Drift is the least stable 
type of wood found in these streams, and probably 
doesn't offer a high amount of stabilization to the burn 
streams until many pieces combine to form debris 
dams. 

The number of "NSF' pieces in each site and year 
represent the new pieces entering the reach during the 
previous year. Second order sites had the greatest 
number of new pieces, followed by 1st, 3rd, then 4th 
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Figure 4. Mean embeddedness (+1 std err)for burn 
and reference study sites of the Yellowstone 
National Parkfire study in October 1988,August 
1989, and August 1990. 
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order sites. In every case more new pieces entered the 
streams during 1988-1989 than during 1989-1990. 
Yellowstone Park has been experiencing average 
spring runoff, and until higher than average peak-flows 
occur, wood probably will continue to accrue within 
these stream channels. At that point much of the wood 
gained in channels will probably be removed by stream 
flow, and moreso in the burn stream sites than in the 
reference sites. 

+ PHYSICAL AND CHEMICAL 

RELATIONSIDPS 

Five transects were mapped from each study 
stream for determination of channel proflle changes, 
with one representative cross-section from each stream 
presented in this report. Little change in channel 
morphology was observed for most sites as indicated 
by cross-section profiles. Of 1st order sites additional 
bed cutting was evident in West Fork Blacktail Deer 
Creek and Twin Creek in 1990. A small degree of bed 
movement (e.g. bed filling) was observed for the other 
1st order burn sites (Cache Creek in particular), while 
the reference site, Rose Creek, displayed no change. 
Fairy Creek, a low gradient system, also displayed no 
change. 

Channel proflles of 2nd order study sties indicate 
little change, although bed filling was present at 
Mainstem Blacktail Deer Creek. Upper Cache Creek 
displayed a small amount of channel cutting in 1990, 
although most of the cutting at this site occurred in 
1989. Essentially no change was observed in low 
gradient 2nd order burn sites (Fairy Creek and Iron 
Springs Creek). The reference stream (Amphitheater 
Creek) displayed some bed cutting. 

Channel profiles of 3rd order sites indicate no 
change in Lava Creek, Iron Springs Creek, South Fork 
Cache Creek, and the reference stream Pebble Creek. 
Both Cache Creek and Hellroaring Creek burn sites 
displayed additional channel changes in 1990 from 
those observed in 1989. Of the 4th order sites, only 
Hellroaring Creek displayed substantial channel 
movement in 1990 compared to those observed in 
1989. The Hellroaring system, in general, is still 
showing major channel cutting and some lateral 
movement. 

Mean baseflow channel width, estimated from 5 
transects at each site, remained essentially unchanged 
in 1990 from values observed in 1989. Baseflow 
discharge was greater in 1990 than in 1989 atmost 
sites, with the notable exception of Cache Creek 1st 
order. Of note, is that major rain/runoff events did 
occur during the 1990 sampling period and may have 
influenced baseflow discharge calculations. No 
changes were observed in the % slope among years at 
any site. 

Mean current velocities tended to be greater in 
1990 than in 1989 at most sites, suggesting stream 
flows were higher or channel gradients greater in 1990. 
The coefficients of variation (CV) for current 
velocities continued to decrease or remain about the 
same in the burn sites to values similar to reference 
sites from 1989 to 1990. Of interest is that the CV for 
current velocity st 3rd order Hellroaring Creek 
increased in 1990 over values found in 1989, thus 
supporting the observed channel changes at this site. 
No substantial changes were observed for mean 
substrate size, with most values being similar to values 
found in 1989. Coefficients of variation for substrate 
size for 1990 also were similar to values found in 
1989. The mean embeddedness remained unchanged 
in 1st, 2nd, and 3rd order burn sites, and decreased in 
3rd order burn sites from 1989 to 1990 (Figure 4). 
Mean embeddedness was unchanged in 2nd order 
reference sites, decreased in the 3rd order reference 
site (Pebble Creek), and slightly increased in the 4th 
order reference site (Soda Butte). These data suggest 
that the influx of particles into 3rd order burn sites in 
1989 were removed in 1990. 

Ortho-phosphate levels decreased in 1990 in 1st, 
2nd, and 3rd order burn streams, while remaining 
unchanged or increasing slightly in 4th order bum 
streams. Ortho-phosphate levels remained unchanged 
in Amphitheater Creek (2nd order reference site) and 
decreased in Rose Creek (2nd order burn site) and 
slightly decreased in Pebble Creek (3rd order reference 
stream). Alkalinity and hardness values decreased in 
1st, 2nd, and 3rd order burn streams in 1990 from 
values in 1989. These values decreased only in Cache 
Creek for the 4th order burn streams. In contrast, 
nitrogen levels (as NH4 and N03 increased in 1st, 2nd, 
and 3rd order burn streams, and increased in 4th order 
Hellroaring Creek. Nitrogen levels decreased in the 
other 4th order burn sites. Nitrogen levels decreased in 
2nd order reference sites, and increased in the 3rd 
order reference stream. 
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.. PROJECT OBJECTIVES 

PuRPoSE OF THE INvESTIGATION 

In order to investigate the impact of the 1988 
forest frres on the chemistry and water quality of 
shallow ground water in Yellowstone National Park, a 
two-year regime of sampling and analysis was begun 
in August, 1989. Samples from ground-water wells for 
which pre-frre chemical data could be obtained were 
selected for this study. 

Although it may have been anticipated that the 
surface waters would show some effects of the ftre, in 
terms of increased sedimentation and the addition of 
ash-laden runoff, the effects of the frre on ground 
water are less predictable. The purpose of this 
investigation is to determine the character and extent 
of these effects. 

RESEARCH OBJECTIVES 

The main objective of this study is to defme the 
chemistry, transport, and fate of dissolved components 

entering the ground water as a result of the forest frres 
of 1988. 

Specific objectives that are being addressed by 
this investigation include: 

1. Determination of chemical and physical 
properties of the ground water by means of 
geochemical analyses performed in the 
laboratory and in the fteld. 

2. Sampling and chemical analyses of soil 
water (i.e. water from the unsaturated zone). 

3. Leaching of ash and soil samples and 
chemical analysis of the aqueous extracts. 

4. Comparison of the analytical results for the 
post-bum waters with the pre-fire database. 
These comparisons will be made on a 
component by component basis. Results 
will be assessed with respect to the pre-fire 
data, as well as to the mineralogies of soil 
and bedrock, and the chemical composition 
of the ash leachates. 

5. Computer modeling of the analytical data, 
using the geochemical modeling programs 
PHREEQE (Parkhurst et al. 1980) 
MIN1EQA2 (Environmental Protection 
Agency 1989), and BALANCE (Parkhurst et 
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al. 1982), to assess transport and fate of ash
derived solubles. 

HYPOTHESES TO BE TESTED 

We anticipate that the impact of the forest fires on 
ground-water chemistry will be more subtle than the 
chemical and physical effects on surface waters in the 
Park. We envision a "front" of downward-migrating 
leachate, containing components dissolved from the 
ash. The soil and regolith in this case should act much 
like the ion-exchange resin of a chromatography 
column. That is, different components will migrate 
with different rates of attenuation and adsorption. 
Some dissolved constituents will probably never reach 
the water table due to their uptake by plants or 
adsorption onto clays and other components in the 
regolith. 

The bulk of precipitation in Yellowstone National 
Park occurs as snowfall during the winter months, with 
infrequent scattered thunderstorms during the summer 
months (Dirks and Martner 1982). Ground-water 
recharge in the greater Yellowstone area therefore 
occurs mainly in the spring and early summer months 
as a result of percolation of snowmelt through the 
unsaturated zone. To monitor the progress of this 
recharge, twenty vacuum lysimeters were installed in 
April, 1990. By sampling the soil water collected at 
four different depths, we may be able to track the 
downward migration of ash-derived components and 
thereby test our hypothesis. 

In addition to tracking the chemical constituents 
known to be leached from the ash, we are also 
investigating the use of isotopic tracers. Specifically, 
we plan to examine the wood ash and ground water for 
radioactive Sr-90 (Farber 1990) to determine if 
relevant information can be gained from such analysis. 

+ RESEARCH STATUS 

INrRODUCfiON 

During the period from August, 1989 to 
November, 1990, one reconnaissance trip and seven 
sampling trips were made. In addition to the ground
water samples, soil-water samples were also collected 

and analyzed during 1990. Ash-extraction studies, 
which began in March, 1990, will continue throughout 
the frrst half of 1991. The results of these three facets 
of our study are presented and discussed below. 

GROUNDwATER SAMPLING SITES 

The four sites of sampling for ground water are 
centrally located in Yellowstone National Park. These 
sites include: Fishing Bridge (no burn), Madison 
Junction (light to no burn), Old Faithful (moderate 
burn), and Grant Village (heavy burn). 

RESULTS 

Concentrations of ferrous iron were insignificant 
for all wells except MJ-9. 

All samples collected in 1989 were analyzed for 
arsenic by graphite furnace atomic absorption 
spectroscopy (GFAA). Because all samples contained 
concentrations of arsenic far below the Drinking Water 
Standard (DWS) of 50 ug/L recommended by the U.S. 
EPA (1976), it was decided not to continue analyzing 
arsenic in all samples, unless time allowed. Thermal 
waters in the Park commonly contain high levels of 
arsenic (Stauffer et al. 1980), so data suggest that 
thermal input is minor in the ground waters examined 
for this study. 

Although large amounts of particulate charcoal 
and ash have been observed in the surface waters in 
Yellowstone (July, 1989, personal observations), the 
low concentrations of dissolved organic carbon (DOC) 
seen in all of the wells sampled to date indicate that 
carbon-rich waters have not yet, or will not, reach the 
water table. The average concentration for DOC in 
rivers is 5.75 mg/L (Hem 1985). The concentrations in 
ground water are normally less, due to adsorption of 
organics as the waters pass through the unsaturated 
zone. As summarized by Thurman (1985), the "DOC 
in ground water ranges from 0.2 to 15 mg/L with a 
median concentration of 0. 7 mg/L. the majority of all 
ground waters have concentrations below 2 mg/L." 
Because of the low concentrations of DOC measured 
in the ground-water samples, it was decided to sample 
for DOC only on an annual basis. 



VARIATIONS IN GROUND-WATER CHEMISTRY 

WITH TIME 

Most wells exhibited no well-defmed trends in 
ground-water composition over the course of fourteen 
months, from August, 1989 to late October, 1990. 
Samples from well GV-1 seem to show a cyclical trend 
in composition, although this could be attributed to 
dilution following snowmelt and subsequent 
concentration of solutes as the season progresses. As 
noted earlier, the bulk of recharge to the ground water 
comes as a result of snowmelt In the case of well GV-
1, this would assume a period of recharge nearly 
instantaneous with the period of snowmelt (i.e. very 
rapid percolation of melt waters through the 
unsaturated zone and into the ground water of the 
saturated zone), or a coincidental one-year lag in the 
response of ground water to snowmelt. The former 
explanation seems more probable, especially in view 
of the very shallow water table (about 2m) in the 
vicinity or well GV -1. 

COMPARISON TO lllSTORICAL DATA 

Although up-gradient wells were specifically 
selected for this study, the first factor that must be 
taken into account when examining the water 
chemistry is possible chemical impact from adjacent 
wastewater treatment facilities. The impact of the 
sewage effluent is best seen as an increase in the 
values for Cl, No

3 
and conductivity between our data 

and those of Cox ( 1979) for specific wells at the 
Fishing Bridge (FB-1 and FB-2) and Madison Junction 
(MJ-4) sites. By studying these three parameters, the 
extent of chemical modification resulting from sewage 
effluent entering the local ground water can be 
determined. It is clear that the ground waters 
intercepted by wells MJ-4, FB-1, and FB-2 have all 
been markedly affected by the sewage effluent since 
the analyses of Cox (1979). In wells FB-1 and FB-2 
especially, the effluent has altered the chemistry of the 
ground water. As levels of the anions from the effluent 
(Cl and NOJ increased, there was a parallel increase in 
cation concentrations. The concentrations of major 
cations (Ca, Mg, K, and Na) in wells FB-1 and FB-2 
doubled, or more than doubled from the period of 1977 
to 1989. The chemistry of the ground water from the 
other wells sampled for this study appears to be little 
affected by the sewage effluent. 
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In light of the knowledge that the water chemistry 
in wells FB-1 and FB-2 has changed so drastically, the 
use of these wells as "background controls,, is 
diminished. Fortunately, for the purposes of this study, 
wells MJ -1 and MJ -7 can be used as background. The 
chemistry of the water from these two wells has 
changed little due to the effects of the nearby treatment 
plant The immediate area around these wells is 
unburned, although surrounding cliffs have sustained 
some degree of burning. 

The chemistry of ground water at the most 
severely burned site (Grant Village) has not changed 
appreciably since the mid-1970s, nor during the first 
year of this study. At this time, waters from wells GV-
1, GV-5, GV-6, GV-10A, and GV-10 show no 
significant changes in chemical compositions that may 
be directly attributable to the 1988 forest fires. 

AsH-EXTRAcrioN STUDIEs 

To date, only one half of the ash samples collected 
have been leached and their aqueous extracts. Trends 
seen in the results of the three extractions include: 

1. a trend for the concentrations of some ions 
to drop off sharply with successive 
extractions (eg. S0

4
, Ca, K, Mg), 

2. a fairly constant concentration for other 
ions (eg. Si0

2
), and 

3. a trend of increasing levels of some other 
ions ( eg. PO) in some samples. 

Shown graphically for results from resh ash, collected 
immediately after the fires and prior to any 
precipitation (Figures 9a to lOb), these trends are 
visible. The trends correspond to (respectively): 

1. dissolution of soluble salts, 
2. equilibrium with a solid phase present, and 
3. possible oxidation or microbial decay of 

organic components. 

The fresh ash, which was collected in 1988 prior 
to any leaching by precipitation, contains high 
concentrations of water-soluble Ca, K, Mg, Si02, and 
S0

4
• Alkalinity and pH of these fresh samples are also 

elevated with respect to values for the shallow, non
thermal ground waters of the Park. Comparison of the 
analytical results from the frrst round of extractions of 
ash samples collected from the same localities one year 
after the fires, with samples collected in 1988 
immediately after the fires, show decreased 
concentrations of all the above constituents (i.e. 
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samples collected one year after the frres show the 
effects of leaching by precipitation). 

It is also interesting to note that the samples 
collected one year after the fires were subject to further 
leaching for some components. Our data suggest that 
ash-derived components may continue to be leached 
for at least several years after the frres. 

• SUMMARY 

Results from the ash-extraction studies will be 
valuable for assessing the changes in ground-water 
chemistry, which may occur as a direct result of the 
1988 forest frres~ by providing a measure of the solutes 
released during weathering of the ash. 

The extractions performed on wood ash, collected 
from throughout the Park, have identified the chemical 
components of the ash, as well as their relative 
abundances. From this work, it is clear that the ash 
contains large amounts of soluble material. However, 
the levels of alkalinity and the pH of the ash leachate 
were lower than expected. Consequently, no 
appreciable increase in the alkalinity and pH of the 
ground waters is anticipated as a result of the forest 
fires. 

Substantial amounts of some essential elements 
required by plants (Ca, Mg, K) are quickly released 
from the ash upon wetting. Nutrients (N0

3
, P0

4
) 

appear to be released more slowly, possibly as the 
result of oxidation of or microbial action on the ash. 

L YSIMETER SAMPLES 

Vacuum lysimeters, which were installed in April, 
1990, have been sampled four times. Time needed for 
equilibrium to be restored in the soil profile, following 
the installation of the lysimeters, has been estimated to 
be as long as a full year (Litaor 1988). Although care 
was taken to reconstruct the soil proftle, early results 
from the lysimeter sampling program should be viewed 
with caution. 

High observed levels of chloride and low values of 
pH are most likely the result of incomplete flushing of 
the HCl used in cleaning the lysimeters. Because of 
this, these early results (May and June, 1990) will have 
little validity as measures of the true composition of 

the soil solution. As expected, however, the data from 
the September and october, 1990, show significant 
improvement over the earlier results. 

Results for the first year of lysimeter sampling 
show the movement of the wetting front (from 
snowmelt) downward through the unsaturated zone. 
At sites that experienced an early snowmelt (e.g. 
Madison Junction), no water was present and no 
samples were collected from the shallower (15 and 30 
em) lysimeters. At the Old Faithful and Grant Village 
sites, more samples were collected from the 60 and 90 
em depths in June than in May. These results are 
encouraging and suggest that it should be possible to 
track the downward migration of constituents leached 
from the ash. 

According to Fahey and Knight (1986), the pH of 
the soil solution in a lodgepole pine forest should have 
values of about 5.5 to 6.0. This range of pH is 
approached or attained by most samples. We expect 
complete equilibration of the lysimeters to be achieved 
by the spring of 1991, and this should be seen in the 
next set of samples. 
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American marten (Martes americana) use 
primarily old growth coniferous habitat (Bateman 
1986, Raine 1983, Soutiere 1979, Steventon and Major 
1982). However, habitat use may vary by season 
(Steventon and Major 1982, Koehler and Hornocker 
1977, Wynne and Sherburne 1984). In summer, 
marten use of non-forested areas to forage for fruits 
and berries has been documented (Soutiere 1979, 
Steventon and Major 1982). While there is some 
seasonal variation in habitat use, all authors agree that 
old growth is the core habitat required by marten. 
During winter, marten tend to remain in mature 
coniferous forests and will seldom cross open areas 
greater than lOOm wide (Steventon and Major 1982, 
Soutiere 1979). Winter appears to be the most critical 
period for marten survival (Zielinski et al. 1983, 
Buskirk 1984). 

In winter, marten seem to require subnivean 
access for three major reasons: food, escape cover, and 
homeothermy. The use of subnivean access points has 
been well documented (Pullianen 1981, Buskirk 1984, 
Buskirk et al. 1989), but the mechanisms that 
determine the use of some access points and not others 
are not well understood. Certainly there is a 
relationship between the use of access points and 
CWD (coarse woody debris). Buskirk et al. (1989) 
found that 49% of marten resting sites and 63% of 
resting episodes were associated with CWD. CWD 

provides structure that breaks the snow surface, 
providing access to the subnivean zone where marten 
may escape low ambient temperatures, find prey or 
escape from predators. Buskirk (1989) has suggested 
that marten use subnivean access points to reach CWD 
that provides insulation from the cold. Marten in 
Wyoming (Buskirk et al. 1989) were found to use 
resting (access) sites associated with CWD when 
ambient temperatures were coldest; therefore, use of 
access points can decrease the metabolic demand for 
maintenance of body temperature. Studies of marten 
activity patterns, however, have shown that marten are 
most active at night during the winter (Zielinski 1981, 
Zielinski et al. 1983, Lesink 1955) when temperatures 
are coldest This strategy is not energetically 
beneficial from a thermoregulatory standpoint and 
implies that other mechanisms may contribute to 
access point use. Microtines are the major food item in 
marten diets. Additionally, marten tend to hunt on a 
daily basis and their activity patterns in winter tend to 
be nocturnal. Zielinski et al. (1983) showed a 
correlation between marten activity and the activity of 
their principle prey in California. These aspects oftheir 
natural history suggest a relationship between the use 
of subnivean access points and prey densities. The 
primary goal of this study is to determine if this 
relationship occurs. 



• GOALS AND OBJECTIVES 

The goal of this study is to identify the variables 
that influence subnivean access. The objective is to 
examine the relationship between subnivean access 
and subnivean prey abundance (see methods). 
Specifically, I will attempt to determine if a correlation 
exists between used access points and the abundance 
of subnivean prey. If there is a positive relationship 
between prey densities, CWO, and access points, then 
marten access point use should be related to increased 
levels of CWD and high prey densities. This implies 
that either prey and or CWO are causal factors or 
covariates to causal factors for access point use by 
marten. I will determine if these relationships exist by 
addressing the following hypotheses. 

H : Utilization of access points is positively 
1 

correlated with subnivean prey abundance. 
If there is no prey at an access point, then I 
expect marten will not use that access point. 

H
0

: There is no correlation between access point 
use and subnivean prey abundance. 

~: Mean prey abundance at used access points 
will be higher than the mean prey abundance 
within marten home ranges. If this is the 
case, it implies a positive relationship 
between prey and CWD and suggests a 
causal mechanism. Hypothesis 3 attempts to 
further elucidate the relationship. 

H
0

: There is no difference in mean prey 
abundance at used and random access 
points. 

~: There will be a positive relationship between 
prey abundance and the % cover or 
dispersion of CWD. I expect to find higher 
prey abundance at points with high levels of 
CWD. 

H
0

: There in no correlation between prey 
abundance and CWD. 

• STUDYAREA 

The Canyon-Norris region of Yellowstone 
National Park (YNP) has been chosen as the primary 
study area because it contains a variety of habitat 
suitable for marten and also provides a suitable road 
network for telemetry and accessibility to marten 
habitat by foot. The major cover type of the area is 
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lodgepole pine with small to moderately sized 
spruce-fir inclusions. Varying degrees of fire intensity 
created a mosaic pattern of burned, partially burned 
and unburned cover types. Elevation ranges from 
approximately 2500 m to 3500 m. Temperatures 
rangefrom approximately 5°(C) to -6(}0(C) in winter 
and 25°(C) to -5°(C) in summer. Normal snow 
accumulation during winter is about 2 meters, making 
this study area ideal for investigating subnivean access 
point use. 

+ METHODS 

HYPOTHESIS TESTS 

H1: There is a positive correlation between 
access point use and subnivean prey. To 
determine if a correlation exists between 
access point use and prey abundance, I will 
first document use of access points versus 
non-use. I will then compare prey 
abundance at access points with prey 
abundance at random plots. After 
determining relative prey abundance at 
access points (sampling scheme), I will 
conduct a field experiment by randomly 
removing small mammals from half of the 
used access points. Trapping will be 
conducted continuously throughout the 
summer in an effort to remove all of the 
prey around these used access points. 
Because small mammal populations tend to 
increase during the summer (Van Vleck 
1968, Myers and Krebs 1971, Sullivan 1977, 
Tamarin 1977), continuous trapping should 
remove juveniles and immigrants from 
adjacent areas. In order to be assured of 
independence between access points, a 
minimum distance of 200 m will be used. A 
100m grid, centered on the access point, 
will be used to trap out microtines. This 
distance will encompass a large enough area 
to effectively account for microtine 
movements. Although microtines will 
eventually move back into the trapped out 
area, recolonization should not occur until 
the following spring (Tamarin 1977, Myers 
and Krebs 1971, Van Vleck 1968). 
Additionally, I will trap the areas late in the 
fall before the first snow fall to ensure that 
each area has no small mammal species. 
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Seed boluses will be used the following 
winter to monitor the extent of migration, if 
any, back into the trapped areas. Finally, an 
abbreviated trapping scheme will be 
conducted the following spring, comparing 
trapped and untrapped areas to document 
recolonization, if any. The remaining access 
points will not be trapped during the 
summer. Seed boluses will be placed at 
these points as well. If marten use access 
points because of higher prey densities, they 
should use the control points more than the 
trapped access points. There may be a 
transition period early in the winter when 
marten explore access points. Statistical 
analysis will include a G-test, logit model, 
and logistical regression. 

~: Mean prey abundance at used access points 
will be higher than mean prey abundance at 
random points within marten home ranges. 
Random sampling plots will be selected 
within the home ranges of marten as 
described in the sampling scheme. Small 
mammals will be trapped on these plots and 
mean preyabundance for random points (see 
sampling scheme) compared to mean prey 
abundance at used access points. I expect 
that mean prey densities will be higher at 
used access points than mean prey densities 
for random points. Data will be based upon 
relative abundances of small mammals and 
seed bolus utilization. Results will be 
compared as stated above. Analysis will 
consist of a G-test and loglinear model. If 
the data meets the criteria for normal 
statistics, a t-test will be used as well. 

~:There is no correlation between prey 
abundance and the % cover and dispersion 
of CWO. Prey abundance at access points 
and random plots will be compared to CWO 
at the same points. CWO will be measured 
as % cover within a 10 m radius of the 
access point or random plot. Dispersion will 
be measured using the point quarter method. 
Distances to the closest form of CWO will 
be averaged for access points and ransom 
plots. Only CWO with a diameter of 7.5 em 
or more will be measured. Results will be 
averaged for random plots and access points 
and then compared to prey abundance. 
Analysis will include a G-test and analysis 
of variance. 

+ ANALYSIS 

Multivariate analysis techniques will be used to 
identify relations between the measured variables and 
access point utilization. Categorical interdependence 
methods, such as G square analysis and loglinear 
model, will be used at this point. Logit and logistic 
regression techniques will be used to determine if 
dependency relationships exist between access point 
use, prey density and CWO. The contingency table 
given below will provide the basic data structure for 
analysis. 

MARTEN USE OF ACCESS POINTS 

YES NO 

CWO LEVEL 

PREY DENSITY 

H 
M 
L 

1 
2 
3 

* 
* 
* 
* 
* 
* 

+ AccoMPLISHMENTS TO DATE 

The frrst two of four field seasons were completed 
January 1 through March 15 and June 4 through 
September 15, 1990. In this period 10 marten (8 
males, 2 females) were captured and radio collared in 
the Canyon region of Yellowstone National Park 
(YNP). Approximately 200 telemetry locations were 
recorded during thewinter and summer periods. 
Habitat data were collected for 128 subnivean access 
points. A sub-sample (45) of these points were used to 
record subnivean prey abundance and levels of course 
woody debris (CWO); additionally, 45 random points 
were selected for comparison. Prey abundance and 
CWO data were also collected at these points. 
Preliminary analysis of these data has been conducted 
and significant relationships have been found between 
used access points and relative prey abundance. A 
significant relationship has also been found between 
relative prey abundance and CWO, however, no 
relationship has been found between access point use 
andCWD. 

A computer program for using radio telemetry 
data in a GIS database has also been developed. 
Results should be available by the spring of 1991. 



+ POTENTIAL PROBLEMS 

Two major problems developed during the 1990 
field season. The frrst problem was related to radio 
telemetry. Two marten, both female, slipped their 
collars in the early swnmer. No evidence of mortality 
was found and every effort will be made to recapture 
these animals in the 1991 winter season. Radio failure 
became a problem in mid-swnmer due to low battery 
power. This problem can only be corrected by 
recapturing animals and using new collars. 

The second problem lies in estimating winter prey 
densities from summer prey estimates. An extensive 
literature search is continuing and some progress has 
been made. Additionally, a comparison of seed bolus 
use and prey abundance values obtained over the 
summer is being conducted. Analysis is not yet 
complete but initial indications are that this method of 
estimating prey abundance in winter will be effective. 

• WORK REMAINING 

In the remaining field seasons there are three 
major objectives. The frrst is to recapture and re-fit the 
study animals with new radio collars and obtain more 
access point data. The second is to test marten use of 
areas in which prey were removed over the summer, 
and therefore further explore the relationship of marten 
access point use to subnivean prey. The third objective 
is to verify prey abundance values collected over the 
first summer field season and to increase the sample 
size of seed bolus data. 

Remaining data to be analyzed include habitat 
variables at used and random access points, seed bolus 
and prey abundance relationships, and home range and 
cover type data. Telemetry relocations will be used to 
determine habitat types from the park's GIS database. 
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FIRE EFFECTS ON THE BIOLOGICAL AND 

GEOLOGICAL CHARACTERISTICS OF SEDIMENTS IN 
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A number of studies have examined the effect of 
forest fires on the nutrient and productivity levels of 
lakes and streams, but no consistent pattern has been 
identified. In the specific case of Yellowstone Lake, 
Romme and Knight (1982) and Albin (1979) suggested 
that cyclic fires in the Yellowstone Lake drainage 
basin could potentially increase nutrient loading of the 
lake and thereby increase its productivity. 

This study proposes to measure the effects of the 
1988 fires on Yellowstone Lake by examining 
sediments currently being deposited in the Lake 
(experimental) and comparing these sediments with 
older sediments collected from the Lake bottom 
(control or background). Four sediment traps collected 
sediments at two sites near the Pelican Creek inlet 
between March and November 1989. Differences 
between the sediment trap samples (experimental) and 
the uppermost lake sediments (control) will be the 
basis for evaluating the effect of the frres on lake 
ecology with a particular emphasis on diatoms, the 
major primary producers in the lake. Differences in 
sedimentation processes will also be evaluated based 

Jill K. SINGER 

STATE UNIVERSilY CoLLEGE 

BUFFALO, NEW YORK 

on the physical and chemical analysis of the 
experimental and control samples. 

The second question which we are examining in 
our research is the long-term fire history in 
Yellowstone National Park. If frres of the magnitude 
of 1988 alter the characteristics of sediments being 
deposited in Yellowstone Lake, then the lake 
sediments should contain "signals" of previous large 
frres in the form of altered sediment composition 
(particle size, charcoal, diatom assemblages). We 
collected a series of gravity cores (large and small 
diameter) near the sediment trap sites to look for 
potential frre "signals". 

+ SIGNIFICANCE 

We will be able to determine the magnitude and 
rate of changes in the biological and geological 
characteristics of sediments being deposited in 
Yellowstone Lake following a large fire. Our sediment 
traps were the only sampling equipment in place to 
collect sediments from the spring 1989 snowmelt 
runoff, which we expect to best reflect fire effects. 
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The biological and geological characteristics 
which we measure in the 1989 and 1990 sediments will 
be used as a calibration index to evaluate the record of 
previous fires preserved in older ~e sedime.nts. 
These older lake sediments potentially contain a record 
of fires extending back to the immediate post-glacial 
period. This calibration plan is unique an~ will 
provide a needed validation for many pre~I~us 
paleolimnological studies. Only by exammmg the 
direct effect of frre on sediments currently being 
deposited can we accurately intetpret older sediments 
and reconstruct a fire history. 

+ METHODS 

Four sediment traps were deployed in Yellowstone 
Lake from March - November 1989. A pair of traps, 
one approximately 2 m below the water surface and the 
other approximately 2 m above the bottom, were 
anchored at two locations (16 m and 20 m depths) at 
the Pelican Creek inlet on the north side of 
Yellowstone Lake. Sediments collected in these traps 
were removed approximately every 2-3 weeks during 
the 1989 period. Our 1990 sediment trap samples were 
too irregular in timing and location to be used in this 
study. Between November 1989 and summer of 1990, 
three traps were lost and the fourth was washed on to 
shore. 

During the week of August 5, 1990, lake bottom 
sediments were sampled near the trap sites. 
Undisturbed upper sediment samples from the lake 
bottom were collected using a Hongve corer. Four 
cores were obtained and sectioned at approximately 1 
em intervals, resulting in approximately 60 samples for 
analysis. four larger diameter (3" or 7.6 em) and 
longer length (1-2m) cores were also collected near 
the sediment trap sites. These longer sediment 
sequences will be X-rayed prior to sampling. X
radiographs of cores will augment the visual . 
description of the sediment sequences and permit 
identification of subtle or fme-scale sedimentary 
structures, such as laminations. 

Sediment samples collected through coring and in 
the sediment traps will be analyzed to determine the 
relative contributions of biogenic and terrigenous 
material. Because the biogenic component is 
dominated by diatoms, determination of biogenic silica 
content allows the biogenic to non-biogenic (i.e. 

terrigenous) contribution to be evaluated. Downcore 
biogenic silica determinations will ~ made at 2 em. 
(approximately 20 yr.) intervals. This should perm1t 
short-term fluctuations in biogenic silica content 
(diatoms) to be identified. 

The weight percent of biogenic silica can be 
determined using a colormetric technique outlined by 
DeMaster (1979). Approximately 10 to 20 mg of 
sediment is leached at 850C for 5 hours in a .1 M 
NaOH. The amount of silica extracted hourly is 
measured using the molybdate-blue 
spectrophotometric method of Strictland and Parsons 
(1968). The intensity of the blue color is measured on 
a spectrophotometer and is compared to a set of 
standards of known concentration. This method will 
be modified (Dunbar, personal communication) to take 
into account the presence of volcanic glass shards. 

The size distribution of particles in the water 
column and lake bottom sediments also will be 
determined. Samples will be analyzed using a 
SediGraph, an instrument which measures particle size 
as a function of settling rate and particle density. 
Downcore textural (size) variability, coupled with the 
compositional data, will provide a means to evaluate 
sediment sources and transport paths. 

We will also construct Pb-210 profiles for one or 
more of the cores we collect. These analyses will be 
conducted at the Nuclear Facility at Chalk river, 
Ontario on a contract basis. The Pb-210 profiles will 
enable us to determine sediment accumulation rates. 
When coupled with the biogenic silica determinations, 
the sediment accumulation rates will reflect the 
productivity of diatoms in Yellowstone Lake. 

In addition, by determining sedimentation rates for 
our cored sequences, the charcoal accumulation rate 
can be calculated using the method outlined by 
Winkler (1985). This procedure involves the nitric 
acid digestion of sediment samples to remove all 
organic material, carbonates, and pyrite; charcoal . 
carbon and inorganic material remain. The sample 1s 
ignited (450-500'C for 3 hrs) to remove' charcoal 
carbon. Winkler's method permits calculating 
charcoal as a percentage of the dry weight of the 
sample, and has been shown to give results comparable 
to counting of microscopic charcoal (Winkler 1985). 

Diatom assemblages will be examined using 
standard techniques as described by Patrick and 
Reimer (1966). The technique involves digesting the 



sample in nitric acid to solubilize the organic 
component The digested samples are repeatedly 
washed until only the silica minerals and diatoms 
remain. These remaining materials are then placed in 
special evaporating trays (Battarbee trays). The water 
is allowed to evaporate and the diatoms are deposited 
on coverslips. Hyrax mounting medium is used to 
attach these coverslips to microscope slides. 

The prepared slides will be used to determine 
taxonomy of the species at 1000x. Black and white 
photographs will be used to document these 
identifications. Transect counts will then be made on 
each sample until a total of at least 500 frustules have 
been counted. Percent abundance and biovolume 
comparisons will then be calculated and graphed for all 
samples. 

• PRELIMINARY RESULTS 

Field work was completed and resulted in four 
large diameter and four small diameter sediment cores 
for analyses. Sediment trap samples from May -
November 1989 will be analyzed as described above. 
Sediment trap samples from 1990 are either absent or 
unreliable. 

+ CONTINUING RESEARCH 

Laboratory analyses are currently in progress. A 
plan is being developed to continue collecting 
sediment trap samples during 1991, regardless of 
continued funding. 

• LITERATURE CITED 

Albin, D.P. 1979. Fire and stream ecology in some 
Yellowstone Lake tributaries. Calif. Fish and 
Game 65:216-238. 

175 

De Master, D. D. 1979. The marine budgets of silica 
and Si. Unpublished Ph.D. Thesis, Yale 
University, New Haven, Conn. 

Patrick, R., and C. W. Reimer. 1966. The diatoms of 
the United States. Acad. Nat. Sci. Phila. No. 13, 
Vol. 1. 

Romme, W. H., and D. H. Knight. 1982. Landscape 
diversity: The concept applied to Yellowstone 
Park, Bioscience 32:664-670. 

Winkler, M.G. 1985. Charcoal analysis for 
paleoenvironmental interpretation: A chemical 
assay. Quat. Res. 23:313-326. 





THE INTERACTION OF FIRE, VEGETATION, AND 

LARGE MAMMALIAN HERBIVORES ON EcosYSTEM 

PROCESSES IN YELLOWSTONE NATIONAL PARK 

BENJAMIN F. TRAcY • SAMUEL J. McNAUGIITON 

BIOLOGICAL REsEARCH LABORATORIES + SYRACUSE UNIVERSITY 

SYRACUSE, NEW YORK 

INTRODUCTION 

There is considerable evidence that interactions 
among fire, large mammals and vegetation exist in 
Yellowstone National Park. These interactions are 
likely complex, and discerning their nature will 
provide valuable information about basic ecosystem 
processes in the Park. The fires of 1988 have given us 
an excellent opportunity to evaluate potential 
interactions and consequently; provide additional 
information to resource managers regarding the 
importance of these factors in ecosystem dynamics. 

• OBJECTIVES 

The objectives of the first field season were as 
follows: 

1. To select study sites 
2. To collect preliminary data on standing crop 

and soil nutrients in burned and unburned 
areas 

3. To establish temporary exclosures in each 
study site 

METHODS 

The 1990 field season began the first week of June 
and lasted until September 17. Selection of study sites 
in burned and unburned areas was undertaken during 
the month of June using aerial photographs and 
topographic maps. These areas then were 
reconnoitered from the ground. The most favorable 
sites were selected. A total of three sites were chosen 
encompassing summer, transitional and winter ranges 
of the primary large herbivores in the Park: Hellroaring 
Slopes (winter range), Swan Lake Flat (transitional 
range) and Hayden Valley (summer range). The sites 
are approximately 1.6-3.2 km from roadways and 
essentially hidden from heavy use hiking trails. 

The three study sites each contain paired sampling 
areas in burned and unburned zones. The sampling 
areas in each burned/unburned zone are as similar as 
possible with respect to vegetation, aspect, slope, 
elevation and bum contiguousness. The sampling 
areas are sagebrush steppe except for one additional 
area in Hayden Valley which is dominated by sedge. 
Thus, there are a total of eight sampling areas. 
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Following site selection, peak standing crop was 
estimated in each of the sampling areas, except for the 
Hayden Valley sedge area. This site was included in 
the study design after peak standing crop had passed. 
Standing crop was measured using the point intercept 
method, which provides an accurate, nondestructive 
method of measuring standing crop. Eight, 0.5 m2, 

quadrats were randomly located and sampled by 
passing 50 pins through the vegetation and counting 
the number of pin contacts for each species. One 
quadrat was clipped and the vegetation weighed to 
estimate the accuracy of this technique. 

Vegetation samples were also collected in each 
sampling area for possible future nutrient analyses. 
Ten to twelve of the most common species in each 
sampling area were clipped in several random 
locations around the area until approximately two 
grams were obtained. The samples were placed into 
paper bags, air dryed and transferred into plastic bags 
for transport back to Syracuse University. 

Nitrogen mineralization was evaluated in burned 
and unburned areas by measuring the difference of 
available nitrogen concentration over a 30 day period. 
This was done by extracting the soil with a 4 em 
diameter stainless steel pipe, then placing 20 em 
lengths of 4 em diameter PVC pipe in the hole made 
by the pipe. The soil from the steel pipe then was put 
into the PVC pipe in the order it was extracted from 
the ground and subsequently left in the ground for 30 
days. At the time of mineralization tube installation, a 
soil core was taken outside the tube to measure the 
initial concentrati-on of nitrogen. The soil cores, as 
well as the soil in the mineralization tubes, were 
separated into three depths (0-5, 5-10, 10-20 em), and 
placed in plastic bags until extraction. A total of five 
mineralization tubes and corresponding soil cores were 
taken in each sampling area. 

Each soil sample was weighed and placed into 
three separate plastic bags. the frrst bag was used to 
determine the percent water of the sample, and the 
other two bags were used for separate soil extractions. 

The frrst extraction was done with KC 1 to remove the 
available nitrogen, and the second extraction was done 
with Mehlich solution to remove all other mineral 
nutrients from the soil. Both extractions were filtered 
into plastic vials and returned to Syracuse University 
for analysis. 

Temporary exclosures were flown to the study 
sites in early September. The exclosures were 
constructed with four 2x2 m panels made of rebar and 
wire. Five exclosures were constructed in each of the 
sampling areas, except for the Hayden Valley sedge 
area that received three, and were placed 
approximately 10-15 m apart. 

+ RESULTS 

Analysis of the standing crop and soil samples is 
incomplete. 

+ CONCLUSION 

The primary objectives of this frrst field season 
have been achieved. Preliminary standing crop, 
nitrogen mineralization, and mineral nutrient data have 
been collected. Temporary exclosures are in place so 
that sampling can begin immediately in the spring. 
Data collected in 1990 will enable us to determine 
whether there are general differences in vegetation 
productivity and diversity between burned and 
unburned areas, and whether such differences may be 
attributable to soil nutrient concentrations. Herbivory 
data collected during 1991 from established exclosures 
will provide additional information on how fire, large 
mammals and vegetation interact in Yellowstone 
National Parle. 
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Substantial progress has been made in both the 
modeling and field studies during the first six months 
of research funding. Yegang Wu, Jennifer O'Hara, 
and Michael O'Hara all began working full time for 
the project on September 1, 1990. Wu is based at Oak 
Ridge National Laboratory (ORNL) and is working 
primarily on model development and analyses using 
the geographic information system (GIS) located in 
Yellowstone. The O'Hara's are based in Yellowstone 
and are working full time on the field studies. Here we 
describe our progress during the past six months for 
each main area of the proposed work: 

1. field studies, including aspen (Populus 
tremuloides) and grassland sampling, and 

2. model development and GIS analyses. 

• ASPEN SAMPLING 

Sampling of aspen (Populus tremuloides) stands 
for browsing intensity as a function of distance to 
burned areas was initiated in May 1990 by Romme, 
Wallace and Turner. A total of 18 aspen stands were 

selected for study, including three stands at each of six 
sites: two burned areas, two unburned areas located 
near an extensive bum, and two unburned sites remote 
from an extensive bum. The locations of these stands 
are stored in the Park GIS, and distances to burned 
areas have been calculated by using the GIS. In May, 
a transect was extended through the middle of the 
longitudinal axis of each stand. From this central 
transect, all browsed and unbrowsed aspen sprouts 
were counted in five 1-m belt transects that extended 
from the central transect to the edge of the stand. Belt 
transect alternated between the left and right sides of 
the central transect and were spaced equidistantly. 
Aspen sprouts were classified as "new" sprouts of the 
year or "old" sprouts that were greater than one year in 
age. In addition, sprouts were categorized by height in 
1 0-cm increments. 

Preliminary analyses of the May 1990 aspen data 
suggest that aspensprouts are most abundant in burned 
stands and least abundant in unburned stands that are 
remote from the fire. In addition, browsing intensity 
appeared to be highest in the burned stands and 
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unburned stands located close to an extensive burn. 

The 18 aspen stands were resampled in September 
1990 to estimate summer browsing intensity and the 
abundance of sprouts available for winter browsing. 
Following discussions with park biologist Don 
Despain, a new category was added. Aspen sprouts 
were classified by growth form (juvenile or adult) 
because the juvenile growth form is the only type that 
can potentially reach tree size. Because our 
hypotheses address the potential of some individuals to 
escape herbivory and reach tree size, this additional 
category will be useful. Sampling of these stands will 
be repeated during May and September 1991. 

During September and October 1990, increment 
cores were obtained from aspen trees in stands 
adjacent to the 18 study stands for determination of 
stand age structure. Data regarding the establishment 
periods of mature aspen stands in the Park will 
enhance our interpretation of the implications of fire 
and ungulate browsing for the potential establishment 
of new stands following the 1988 fires. 

During October and November 1990, the aspen 
stands are being revisited to obtain samples for 
biomass abundance and forage quality analysis. Five 
sprouts > 50 em in height and five sprouts < 50 em in 
height will be collected from the stands but outside the 
permanent belt transects. These samples will be dried 
to constant mass, weighed, then ground for chemical 
analysis. 

.. GRASSLAND SAMPLING 

First, extensive analyses were conducted on the 
Park GIS to locate sampling sites. The study area was 
demarcated following Houston (1982) then stratified 
into the following vegetation classes based upon 
burning status and gross productivity: 

1. burned dry grassland; 
2. burned mesic grassland; 
3. burned moist grassland; 
4. burned wet grassland; 
5. unburned dry grassland; 
6. unburned mesic grassland; 
7. unburned moist grassland; 
8. unburned wet grassland; and 
9. canopy burned forest. 

A minimum of three sampling sites were· located 
within each of these classes, spanning the geographic 
extent of the norther range. At each site, two 100-m 

transect will be established such that the transects are 
perpendicular and intersect at their mid points. Ten 
biomass samples will be obtained along each transect, 
for a total of 20 per site. Samples will be dried to 
constant mass and the mass recorded. Subsamples of 
the biomass collected from each site will be ground 
and prepared for forage quality analysis. Sampling 
sites were also located for the six 30-m x 30-m plots 
from which we will obtain data describing the spatial 
variability in available forage at a relatively fine scale. 

All project investigators gathered in Yellowstone 
in October 1990 to establish satisfactory field sampling 
protocols and begin the grassland sampling. The 
grassland sampling will serve several purposes. First, 
a set of pre-winter biomass samples obtained in 
October will provide estimates of the available winter 
forage in different vegetation .classes. These values 
will be used to initialize the simulation model. 
Second, biomass samples obtained from six 30-m by 
30-m gridded plots will be used to estimate the fmer 
scale spatial heterogeneity of forage availability and 
provide greater insight into the foraging decisions 
made by ungulates within resource patches. Third, 
biomass samples obtained from grazed and ungrazed 
sites throughout the winter will be used to estimate 
grazing intensity as a function of site-specific variables 
such as snow depth, snow density, slope, and aspect. 
The grassland sampling was begun during the first 
week of October and should be completed by 
mid-November. 

.. MODEL DEVELOPMENT AND 

GIS ANALYSES 

The model we are developing simulates the winter 
foraging dynamics of large ungulates when the 
distribution of preferred forage across the landscape is 
spatially heterogeneous. The original prototype model 
was expanded to incorporate a larger spatial extent, a 
greater number of ungulates, variable abundances of 
forage per pixel, and a variety of alternative rules by 
which ungulates search for resources and move across 
the landscape. Our current simulations use a landscape 
that is represented as a 100 x 100 array in which each 
grid cell has a resolution of 1 ha. A 1-day time step 
has been used The set of model parameters for the 
initial simulations was derived from preliminary field 
data we obtained in January 1990 and from the 
literature. Ungulate foraging was simulated with 
random and aggregated resource distribution patterns 



and with 10-km x 10-km sections of the Northern 
Range. Simulation results suggest that ungulate 
foraging may be most efficient when resources are 
aggregated and least efficient when resources are 
randomly distributed. When initial resource 
abundance was reduced by 40% (e.g., by deep snow), 
the differences in spatial patterns appeared to be less 
important. That is, the effect of resource limitation 
alone may exceed the effect of spatial heterogeneity. 
Simulations conducted using alternative movement 
rules suggested that different search and movement 
strategies may be appropriate for alternative spatial 
distributions of resources. We are presently exploring 
this by comparing six different ways by which 
ungulates can search for resources and move across the 
landscape. 

A series of analyses were conducted on the Park's 
GIS to provide input for the simulation model and to 
aid in selecting field study sites. The simulation model 
requires spatially explicit information on topography 
(elevation, slope and aspect), vegetation types, burning 
patterns, and precipitation zones because ungulate 
movement and foraging will be influenced by these 
factors. Therefore, we created a series of maps and 
digital data files forthe Northern Range study site in 
which data were aggregated into a limited number of 
categories within each data layer. For example, aspect 
categories were aggregated to represent mesic (north, 
northeast, and northwest), xeric (south, southeast, and 
southwest) and intermediate (east and west) sites. 
Similarly, slope categories were aggregated as flat, 
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mile, moderate, and steep slopes. The data files 
created on the GIS will be sent to ORNL on tape and 
used in the spatial model. Coincidence analyses were 
done by using the GIS to determine the relationship 
between areas burned and the aggregated categories of 
elevation, slope, aspect, and vegetation type. Results 
of these analyses are being used to ensure an adequate 
spatial extent of field sampling. 

Recent progress in development of the source 
code for the simulation model includes the ability to 
input topography data, variable levels of initial 
biomass, and multiple categories of resource pixels. In 
addition, the ungulate search and movement rules have 
been modified to permit variable distances to be 
moved during a single time step and a reduction in 
time spent feeding as a function of distance moved. A 
simulation experiment is in progress to explore the 
sensitivity of the model to alternative movement rules, 
variable forage abundance, and variable forage 
patterns. These results will provide the basis for a 
paper describing the general model of winter foraging 
by large ungulates. 
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+ INTRODUCTION 

Conservation of biological species, often involves 
the introduction of organisms from one population to a 
site in which a population has gone locally extinct. 
The genetic constitution of the introduced organisms is 
of immediate concern both in terms of restoring the 
original population as nearly as possible and to 
maintain genetic diversity of the introduced organisms. 
Molecular techniques using protein or isozyme 
variation and DNA Restriction Fragment Length 
Polymorphisms (RFLPs), have been used to estimate 
genetic variation. These techniques are not sensitive 
enough to make comparisons using limited sample 
sizes or to analyze samples from preserved specimens 
of extinct organisms. The advent of the Polymerase 
Chain Reaction (PCR) (Saiki et al. 1985, 1988) which 
amplifies small segments of DNA millions of times 
has extended the application of molecular biology 
techniques to the genetic comparisons of dried or 
alcohol preserved museum specimens to extant 
organisms (Paabo 1989 and Paabo et al. 1989). 
Application of this technique has allowed the 
comparison of extinct organisms to each other and to 
extant species (Thomas et al. 1990). 

PCR synthesizes many copies of the target 
sequence greatly increasing the quantity of the 
amplified sequence. PCR involves denaturing or 
strand separation of the DNA, hybridization of primers 
to the denatured single strands and then enzymatic 
extension of the primers using strands of the sample 
DNA as a template. This cycle is repeated many 
times, theoretically amplyfying the target DNA 
twofold with each cycle. Therefore, after n cycles 
there is 2 to the nth power as much of the target 
sequence DNA as there was in the original sample. 
Essentials of the PCR technique are shown in Figures 1 
and 2 taken from Amheim et al. (1990). 

+ MATERIALS AND METHODS 

Samples of wolf (Canis lupus) tissue were 
obtained from wolves killed on the Blackfoot Indian 
Reservation in Northern Montana and supplied by 
Montana Fish and Game. Coyote (Canis latrans) 
muscle and blood samples from YNP were provided 
by R. Crabtree and dried hide samples of wolves killed 
in the early 1900s were supplied by R. D. Fisher from 
the National Museum of Natural History. 
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DNA was extracted using standard techniques for 
tissue samples (Sambrook et al. 1989) or a 
modification developed by Allan Wilson's lab at the 
University of California, Berkley (Paabo et al. 1989) 
for dried skin tissues. 

PCR was performed using Amplitag polymerase 
from Perkin Elmer Cetus in a reaction mix containing 
buffer (10 mM Tris-HC1 pH8.3, 2.5 mM MgC1

2
), 

deoxynucleotide triphosphates (200 uM each dATP, 
dGTP, dCTP, dTIP), primers (synthesized 
oligonucleotides 20-30 nucleotides long designed to 
hybridize to conserved mt DNA sequences) (.1-1.0 
uM), and Amplitaq polymerase (2-2.5U). PCR was 
performed in a Coy thermocycler at a denaturing temp 
of 92-94° C for one minute, hybridization temp. of 45° 

12s ribosomalsomal 

C for 2 minutes and a chain elongation temp of 72° C 
for one minute. The cycle of denaturation, 
hybridization and elongation was repeated 40 times. 
PCR products were analyzed by electrophoreses in 
1.2-2% agarose gels at 25-30 rnA for 1-2 hrs. 

Primers for PCR were synthesized in the 
Veterinary Molecular Biology Lab at Montana State 
University based on conserved sequences of the human 
mt DNA genome (Kocher et al. 1989) that have been 
shown to have wide applicability in vertebrates. 
Primers are designated with Lor H which signifies the 
L or H, strand in human mt DNA and the nucleotide 
number to which the 3' nucleotide in the primer 
corresponds to in human mt DNA. 

5' AAACTGGGATTAGATACCCCACTAT 3' L1067 
5'GAGGGTGACGGGCGGTGTGT 3' H1478 

D Loop 5' TCAAAGCTTACACCAGTCTTGTAAACC 3' L15926 
5' TAACTGCAGAAGGCTAGGACCAAACCT 3' H00651 
5' GCGAATTCCTAGTGGGTGAGGGGTGGC 3' H16255 
5' GCTCTAGACCATGCTTACAAGCAAGT 3' L16209 

Cytochrome B 5' AAAAAGCTTCCATCCAACATCTCAGCATGATGAAA 3' L14841 
5' AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA 3' H15149 

Cytochrome C oxidase 5'ATGCTAAGTTAGCTTTACAG 3' H8297 
5 'A TTCCCCT AAAAACTTTGA 3' L8244 
5' ACAGTTTCATGCCCATCGTC 3' L8215 

+ RESULTS 

Amplification of DNA from wolf and coyote 
samples has been accomplished using all of the 
primers above except the cytochrome oxidase primers. 
Amplification of the cytochrome B fragment using 
PCR primers L14841 and H 15149 with both wolf and 
coyote samples is shown in Figure 3. Dilutions of one 
coyote sample from 1/10 to 1/5000 of the original 
extract still allows amplification of the cytochrome B 
fragment (Figure 4 ). The amount of amplified DNA in 
the 1/5000 dilution suggests that this extract could still 
be diluted further and amplification of up to 10,000 
fold has been achieved with other samples and primers. 

Unfortunately single stranded amplifications as a 

precursor to sequencing for species and individual 
comparisons has not yet been accomplished. The 
amplified products for both wolves and coyotes are the 
same approximate length based on the agarose gels but 
these gels are not capable of resolving small length 
differences and large differences between these closely 
related species is not expected. For species and 
individual comparisons, sequencing will be necessary. 
Although we are using published methods (McCabe 
1989), these have not yet been fruitful. We are trying 
to improve single stranded amplifications, but if we are 
not successful, we will develop an alternative strategy 
for sequencing. This will be by sequencing the double 
stranded product or cloning the products into the M13 
bacteriophage for sequencing. 
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.. SUMMARY been successful. Samples for the amplification of 
DNA extracted from YNP dried wolf skins shot in the 
early 1900s was kindly supplied by R. D. Fisher of the 
National Museum of Natural History. In anticipation 
of amplifying DNA from these dried specimens we 
have amplified DNA extracted from muscle and 
diluted 5,000 and 10,000 times to demonstrate that we 
can still produce a product that is visible on an 
ethidium bromide agarose gel. We are currently 
attempting asymmetric PCR in anticipation of 
sequencing the PCR fragments for DNA comparisons 
between species and among individuals. To date, this 
necessary next step in the project has not been 
successful. 

Mitochondrial (mt) DNA comparisons of wolves, 
coyotes and extinct Yellowstone National Park (YNP) 
wolves with the polymerse chain reaction (PCR) 
technique was begun in July 1990. Total cellular DNA 
was extracted from muscle samples of wolves killed 
near Glacier National Park in 1988 and stored at -500 C 
along with muscle samples of coyotes killed in YNP in 
1990. PCR reactions on these samples amplified DNA 
from the D loop, 12s ribosomal RNA gene, and 
cytochrome B gene of the mt DNA. Attempts to 
amplify DNA in the cytochrome oxidase gene has not 
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Figure 1. Principle of the polymerase chain reaction. 
a. The target sequence within a double-stranded DNA molecule is 

indicated with a box. 
b. After the DNA has been denatured, the two PCR primers, P 1 and 

P2, anneal to the sequences flanking the target. The 3' end of the 
primer undergoing elongation by DNA polymerase is denoted by 
an asterisk. Below primer P 1 are the details of the base pairing 
between the primer (boxed) and the DNA strand. .AT~P~fF~ 

3 -GGACGTATCCTGTCCGATTGCCA- s· 
c. DNA polymerase extends the two primers. The region of the 

extension product complementary to the other primer is shown by 
a broken line. 
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d. In the second cycle of PCR, each of the four DNA strands shown in 
c anneals to a primer, which is subsequently extended. Note that, 
at the completion of the second cycle, there are four double
stranded copies of the target, which was originally present as one 
double-stranded molecule in a. Note also that two of the eight 
single-stranded products are equal in length to the two primers 
and the intervening target. Products of this size accumulate 
exponentially during additional cycles. 
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Figure 2. a. Temperature profile of three consecutive PCR cycles. 
Each cycle takes approximately three minutes. A typical 
experiment uses 95°C for denaturation. 54°C for primer 
annealing, and 72°C for polymerization. 

b. Exponential increase of amplified product. The amount of product 
is shown as a function of the cycle number. The 3' end of the 
fragment being elongated is marked with an asterisk. If every 
target molecule in a reaction is extended each cycle, then the 
amount of target will double each cycle. Under these conditions, 
20 cycles increases the amount of target approximately a 
million/old. If only 90% of the targets get extended each cycle, 
20 cycles yields a 375 ,OOOfold amplification. 
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Figure 3. Amplified cytochrome B DNA fragments 
from wolf and coyote samples were 
electrophoresed in 1.2% agarose gels at 25-30 
MAJor 1.5-2 hrs. and stained with ethidium 
bromide. Lane 1: Size marker pBR322 digested 
with Msp I (top five bands are 622,527,404, 
309, and 242 bp), lane 2-5: wolves, lanes 6-10: 
coyotes, lane 11: negative control, lane 12: 
Size marker lambda DNA digested with Hind Ill 

Figure 4. DNA extracted from coyote muscle was 
diluted and then amplified by PCR using the 
cytochrome B primers. Reactions (20 ul) were 
analyzed by electrophoresis as in figure 3. Lane 1: 
Negative control, lanes 2-7: dilutions 1/10, 1/100, 
1/200, 1!500, 1/1000,1/5000, lane 8: pBR322 size 
marker as in figure 3. 
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The paleoecologic record provides unique insights 
into the response of communities to environmental 
perturbations of different duration and intensity. 
Climate is a primary agent of environmental change 
and its long-term effect on the vegetation of the 
Yellowstone/Grand Teton region is revealed in a 
regional network of pollen records. Fire frequency is 
controlled by climate, and as climate changes, so too 
does the importance of fire in shaping and maintaining 
spatial patterns of vegetation. The prehistoric record 
of Yellowstone's Northern Range, for example, shows 
the response of vegetation to the absence of major frres 
in the last 150 years (Whitlock et al. 1991; Engstrom 
et al. in press). In longer records spanning the last 
13,000 years, periods of frequent frres are suggested by 
sediments containing high percentages of lodgepole 
pine (Pinus contorta) and Douglas-frr (Pseudotsuga 
menziesii) and high amounts of charcoal (Bamosky et 
al. 1987; Whitlock in prep.). 

In Yellowstone National Park, determination of 
the prehistoric frre frequency over long time ranges has 
taken two approaches. The frrst involves the study of 
fire-scarred tree rings on surviving trees, along with an 
analysis of stand ages for trees that depend on fire for 
regeneration (Romme 1982; Romme and Despain 
1989; Houston 1973). The second approach and the 
focus of this project is to analyze the frequency of 

charcoal particles and other frre indicators in dated 
lake-sediment cores. Intervals with abundant charcoal 
and other indicators are interpreted as times of past 
frres. The frre reconstruction is improved at sites 
where annually laminated (varved) sediments offer a 
high-resolution time scale. 

The significance of charcoal size or abundance in 
lake-sediment records has been poorly understood in 
the absence of case studies on modem charcoal 
deposition. The 1988 frres in Yellowstone Park offer 
an opportunity to obtain this information and to study 
the processes by which charcoal, pollen, and magnetic 
minerals accumulate in lakes during and after a major 
frre. The calibration of these data with size and type of 
bum allows us to reconstruct more precisely past fire 
events from lake-stratigraphic data. 

.. OBJECTIVES 

The primary research objective has been to study 
the vegetational history of Yellowstone and its 
sensitivity to changes in climate and frre frequency. 
To establish the sequence of vegetational changes, a 
network of pollen records, spanning the last 13,000 
years has been studied from different types of 
vegetation within the Park. The fossil pollen record 
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has been interpreted in terms of past vegetation based 
on the relationship between modem pollen rain and 
modem vegetation. 

The frre research has been divided into three parts: 

1. A study of the depositional processes that 
incorporate charcoal into lake sediments. At 
regular time intervals, we are collecting 
surface sediments from different water 
depths in lakes in the 1988 burned region 
and lakes at varying distances from the burn 
(Figure 1). From these sediment samples, we 
are relating charcoal abundance to basin 
size, water depth, and frre size and 
proximity. 

2. An analysis of the last 200 years of 
sediments from lakes on the Central Plateau. 
To determine if the stratigraphic evidence of 
fire correlates well with the fire chronology 
based on dendrological studies (Romme 
1982, unpublished data), we are examining 
charcoal abundance, pollen composition, 
and palaeomagnetic characteristics at closely 
spaced intervals in meter-long sediment 
cores. 

3. An analysis of a lake with annually 
laminated (varved) sediments. To 
reconstruct fire history on an annual time 
scale and to extend the frre chronology 
beyond the limits of Lead-210 dating (i.e., 
ca 200 years), we are studying a varved 
record from the Northern Range. 

Figure 1 

+ METHODS 

Detailed methodology for this research has been 
described in the Final Report to the UW -NPS Research 
Center "Late-Quaternary vegetational and climatic 
history of the Yellowstone/Grand Teton region" 
(Whitlock 1990) and will not be repeated here. 

+ RESULTS 

Characterization of the 1988 fires. Charcoal 
particles between 125 and 250 microns have been 
found to be a reliable indicator of local catchment fire 
(Millspaugh and Whitlock Barnosky 1990). Lakes 
with steep catchments in most cases show steady 
increases in charcoal concentration since 1988, 
suggesting significant inwashing of material from the 
slopes. The charcoal concentration in lakes with low
gradient catchments has not changed significantly, 
apparently because most charcoal was introduced as 
airborne fall-out during the frre. Charcoal abundance 
declines significantly in lakes that lie more than 5 km 
from the burned area (Figure 2). These observations 
will continue to be tested with additional charcoal 
sampling. 
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Comparison of lake-sediment records and 
historically dated fires. Charcoal and magnetic 
susceptibility were analyzed in lead-210-dated short 
cores from Duck, Mallard, and Dryad lakes. 
Stratigraphic levels that feature abundant charcoal and 
high values of magnetic susceptibility are interpreted 
as times of local catchment fire accompanied by 
significant erosion. The study lakes all record a major 
frre ca 1690, which corresponds with the large 
Yellowstone fire reported by Romme and Despain 



(1989). Lesser peaks in charcoal and magnetic 
susceptibility, representing smaller scale fires, are 
noted at Duck Lake at 1630 and 1890, in Mallard Lake 
at 1906, and in Dryad Lake at 1680 and 1750. Pollen 
analysis is underway to determine whether changes in 
pollen rain occurred as part of the short-term fire cycle. 

The varved sediments of Crevice Lake are under 
study to reconstruct the fire and vegetation history with 
greater precision than is possible in nonlaminated 
sediments. A frozen core obtained last summer 
preserves the last ca 300 years of annual laminations. 
This core is being counted and subsampled for 
charcoal, pollen, geochemical analyses, and diatoms, 
in a collaborative study with the U.S. Geological 
Survey. 

Reconstruction of the postglacial fire history 
for different parts of the Park. A transect of pollen 
records are available in the region from Jackson Lake 
northward to the Pinyon Peak Highlands. The late
glacial pollen sequence (ca 13,000-10,000 yr B.P.) 
suggests a progression from tundra vegetation with 
birch and juniper to spruce parkland to spruce, fir, 
whitebark pine (Pinus albic au/is) forest Sites above 
6800 m record the development of a lodgepole pine 
forest in early Holocene time (10,000-7000 yr B.P.), 
and a replacement by lodgepole pine and Douglas-fir 
forest in the middle Holocene (7000-4000 yr B.P.). 
Spruce and fir are more important in the forest in the 
late Holocene (4000 yr B.P.- present). At low 
elevations, the record is somewhat different. A mixed 
forest of lodgepole and limber pine (Pinus flexilis was 
present between 10,000 and 7000 yr B.P., followed by 
an open parkland of Douglas frr parkland. The contrast 
in the vegetational sequence suggests that regional 
climatic changes affected high and low elevations 
differently. 

PROBLEMS ENCOUNTERED 

DURING PROJECT 

We did not anticipate the time or cost involved in 
collecting, sampling, and analyzing the varve record 
from Crevice Lake. The varved cores must be planed, 
photographed, and sampled in a freezer room. 
Subsamples for pollen, geochemistry, and diatoms 
must be carefully documented in terms of their varve 
year and varve thickness. Charcoal analysis involves 
sectioning the core, impregnating the samples with 
epoxy, making thin-sections of the core, and counting 
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charcoal under a stereoscope. While these tasks are 
underway, the research is proceeding more slowly than 
anticipated. 

• FUTURE WORK 

IN THE CONTRACT YEAR 

Charcoal samples collected between 1988 and 
1990 will be analyzed from all the study sites. 
Additional samples will be collected in March 1991 
from Duck, Goose, Cascade, and Grizzly lakes. 
Confidence intervals will be calculated for the Duck 
Lake transect from replicate samples. Short cores will 
be obtained for charcoal and paleomagnetic analyses 
from Grizzly and Goose lakes. The varve record from 
Crevice Lake will be counted, photographed and 
subsampled for pollen, charcoal, geochemistry, and 
diatoms. 

• SUMMARY 

In an ongoing study of the fire history in 
Yellowstone Park, some preliminary conclusions can 
be drawn: 

1. Sedimentary charcoal in closed basin lakes 
can be used effectively to distinguish 
between local catchment frres and extralocal 
frres. The amount of charcoal in lake 
surface sediments is a function of the bum 
area, type of vegetation burned, and the 
gradient of the catchment. 

2. The 1690 Yellowstone frre is recorded by 
charcoal and magnetic susceptibility in all 
the study lakes examined thus far. These 
data are consistent with evidence from the 
dendrological record that this was a fire at 
least as large as that of 1988. Smaller scale 
frres are also documented in the charcoal 
record. 

3. The pollen record shows that the postglacial 
vegetational history is significantly different 
at high and low elevations. The 
reconstructions suggest that frre history at 
middle elevations should have been greatest 
between 10,000 and 6000 years ago, when 
lodgepole pine and Douglas-frr were 
widespread. At low elevations frre 
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frequency may have been highest in the last 
7000 years when Douglas-frr parkland 
developed. 

4. Crevice Lake is the only varve-sediment 
lake reported from the Rocky Mountain 
region. Analysis of a frozen core from the 
site will provide a high resolution of 
climatic, vegetational, and limnological 
changes not possible from nonvarved lake
sediment records. 
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INTRODUCTION 

The recent listing of the Northern spotted owl 
(Strix occidentalis caurina) by the U.S. Fish and 
Wildlife Service as a threatened species (Federal 
Register 1990) raises heated debate concerning the 
long-term survival of the species and perceived 
economic cost to timber industry (Thomas et al. 1988). 
Long term studies of the owls's ecology are necessary 
to provide information needed for ecologically based 
management plans (Dawson et al. 1987). Much is 
already known about the natural and life history of the 
Northern spotted owl (Forsman et al. 1984, Gutierrez 
et al. 1984, Gutierrez 1985, Franklin et al. 1990) as 
well as the California subspecies (S. o. occidentalis) 
(Gutierrez and Pritchard 1990). In contrast, the 
Mexican spotted owl (S. o. Iucida) is the least studied 
of the three subspecies (Ganey and Balda 1989). It is 
known that this latter subspecies inhabits rocky 
canyonlands and coniferous forests in the southwestern 
United States and Mexico (Kertell1977, Wagner et al. 
1982, Webb 1983, Johnson and Johnson 1985, Ganey 
1988, and Skaggs 1988) but there are few published 
studies on its ecology and habitat needs (Ganey 1988). 
Also, the effects of human activities, such as 
recreation, on the Mexican subspecies are unclear, 
particularly in isolated habitats (Gutierrez 1985). 
Therefore, in 1989, we initiated a two year 
investigation of abundance and distribution of Mexican 
spotted owls in Zion National Park. This report 
summarizes our 1990 survey effort and research 
findings. 

• METHODS 

We located owls by imitating owl vocalizations 
during day and night surveys (Forsman 1983, Franklin 
et al. 1990) between April1 and August 13, 1990. We 
used cruise, point and walk-in surveys (Franklin et al. 
1990) with some modifications to account for the 
rugged canyon country of Zion Park. Cruise surveys 
were conducted by calling every 30-60 seconds while 
hiking canyons or trails. In addition, we called for 10 
min at prominent canyon overlooks during these 
surveys. Point surveys were conducted on ridge and 
mesa tops using an 45.7 em diameter plastic parabolic 
dish and microphone for 3-5 hour periods between 
2000 and 0500 hours (Mountain Standard Time). 
During these listening periods we called for 10 minutes 
once every hour and listened forresponses the 
remainder of the hour. We also conducted daytime 
walk-in surveys throughout canyons to locate owl roost 
sites. We allowed at least five days between our 
surveys at a particular location. Used roost sites were 
also located which were characterized by feathers, 
pellets and white wash. Sex of owls was determined 
by voice; females having a higher pitch than males 
(Forsman 1983). Our main emphasis in 1990 was 
locating new owls and resighting owls previously 
located. We also searched in historical owl sites. In 
addition, we assessed reproductive status (Forsman 
1983). 

We captured owls using a noosepole (Forsman 
1983). Each individual was marked with an aluminum 
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U.S. Fish and Wildlife Service leg-band on one leg and 
a color-band on the other leg. A 2 em long colored, 
vinyl tab was attached to each color band which 
provided unique combinations for individual 
identification (Franklin et al. 1987). We identified 
owls from our 1989 survey year by resighting their 
color band. We collected morphologic measurements 
from each captured owl. We estimated age by 
plumage characteristics and categorized owls as adult, 
subadult or juvenile (Forsman 1981). In addition, we 
collected pellets and recorded habitat characteristics at 
each owl site. 

+ RESULTS 

We spent approximately 2,060 hours over the 
course of 103 days surveying owls. In addition, we 
hiked 618 km on and off trail to gain access and 
conduct surveys. One hundred and ten surveys were 
conducted; of these, 43 were conducted using the 
parabolic dish. We estimated that we had surveyed 90 
percent of the available habitat at least once in Zion 
Park. Eight pellets were collected from two territories, 
which will be pooled with samples collected in 1989. 
Our food habit analysis will be presented in our 1991 
Final Report 

We located six pairs and two single birds in eight 
locations. We located a pair of spotted owls with two 
juveniles in upper Pine Creek Canyon, and banded 
both juveniles. The female was never sighted and the 
male was banded the previous year. A second pair was 
located in Echo Canyon, with one juvenile. This pair 
had also been banded the previous year. A third, 
presumed pair was heard in Oak Creek Canyon in high 
cliff sites, inaccessible for capture. A fourth pair was 
found in Kolob Creek Canyon, 1.5 km north of the 
park boundary. A fifth, presumed pair was found in 
Orderville Canyon, and a sixth, presumed pair was 
heard in a hanging canyon below Lady Mountain. The 
two latter pairs were located using the parabolic dish, 
and were also inaccessible for captures. Other 
responses included a male in La Verkin Creek (Willis 
Creek vicinity), and a single male in Refrigerator 
Canyon. All adult owls from the 1989 survey were 
relocated except for the single male in Camp Creek, 
and the single male in South Fork of Taylor Creek 
(Larry Hays 1989, per. comm.). 

+ DISCUSSION 

Spotted owls were uncommon, but widely 
distributed in Zion National Park, and appeared 
coincident with a patchy, disjunct habitat All owls 
were found in steep-walled canyons or deep gorges. 
Access was a major problem encountered while 
surveying Zion, but our greatest problem was 
surveying hanging canyons where owls lived. Since 
the rate of erosion of these hanging canyons lags 
behind that of the main canyon, they drain a smaller 
watershed and thus, create a refuge for spotted ow Is 
that were generally inaccessible to biologists. Three of 
the eight owl sites located this year were in hanging 
canyons, and one other site contained hanging canyons 
within the main canyon (Table 1). Fewer pellets were 
collected during 1990 than in 1989. In several 
instances, our method for surveying these hanging 
drainages (climbing neighboring mesa tops to gain a 
vantage point) proved successful in finding owls. We 
believe the parabolic dish greatly improved our 
chances of hearing an owl when surveying this type of 
potential habitat. 

Although six new adult spotted owls were located 
during intensive surveys (Table 2), we believe there is 
a low density of spotted owls in Zion Park relative to 
other spotted owl populations in North America. 
Absolute density provides an initial step in estimating 
owl abundance (Franklin et al. 1990), and can be 
further subdivided into crude density (i.e., measured 
with respect to all of the area containing the 
population) and ecological density (i.e., measured with 
respect to a particular habitat) (Johnson 1978:11, 
Tanner 1978:2). Although calculating the latter will 
require more knowledge of the owl's habitat 
requirements in the park, we will estimate crude 
density in our 1991 Final Report. 

We suggest that hot weather may have decreased 
owl responses during 1989 surveys. We also suggest 
that low numbers of responses on the Colorado Plateau 
in general could be related to detectibility (i.e., owls 
were more difficult to hear in the canyon country) or 
reproductive activity (non-reproductive owls may have 
lower response rates). This may again explain the 
enigmatic situation of low owl responses which 
occurred throughout the Colorado Plateau and areas in 
Northern Arizona during 1990 surveys. However, we 
were unable to test these potential influencing factors 
on calling rate. Again, no owls were detected on Dixie 
National Forests lands in southern Utah (S. Boyce, 



pers. comm.) but two owls were detected in Texas 
Canyon (Abajo Mountains) on the Mante LaSalle 
National Forest (D. Willey, pers. comm.). Willey 
(pers. comm.) also reported five owls sighted at 
Capitol Reef National Park, two sightings in Dirty 
Devil Canyon east of Capitol Reef (BLM), four owls 
in Canyonlands National Park and five birds near Mesa 
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Verde. Despite extensive surveys by the U.S. Forest 
Service no owls were located on the North Kaibab area 
in northern Arizona (K. Menasco, pers. comm.). 
Menasco (pers. comm.) also reported only three 
confmned spotted owl territories on the South Kaibab 
Plateau. 

Table 1. S urn mary of locations, status and brief canyon description of spotted owls 
found between 1 April- 13 August, Zion National Park, Utah. 

LOCATION NUMBER STATUS CANYON 
(N-14) DESCRIPTION 

Echo Canyon 3 1 pair Narrow gorge 
w/ 1 juvenile1 

Kolob Creek Canyon 2 1 pair High-walled 

canyon 

Lady Mt. Canyon 2 1 pair1 Hanging canyon 

La Verkin Creek 1 1 male, status Steep-walls/cliff 

Oak Creek Canyon 2 1 pair Hanging canyon 
w/ cliff sites 

Orderville Canyon 2 1 pair1 High-walledcanyon 

Pine Creek Canyon 4 1 pair1.2 Narrow canyon 
w/hanging 
canyons present 

Refrigerator 1 1 male, status Hanging canyon 
Canyon 

unknown 

1 New birds for 1990 that were undetected during the 1989 survey effort. 
2 Male (only) was detected in 1989. 
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Table 2. Location and number of spotted owl surveys conducted between 1 April - 13 
August 1990, Zion National Park, Utah. 

LOCATION NUMBER OF SURVEYS RESULTS 

Beartrap Canyon 1 No response 
Camp Creek 1 No response 
Canyon Overlook TraiJZ 2 No response 
Court of Patriarchs 2 No response 
Deep Creek" 2 No response 
Echo Canyon2 3 1 pair (banded 1989) 

w I juveniles 
Gifford Canyon2 5 No response 
Goose Creek" 4 No response 
Heaps Canyon2 (top) 4 No response 
Hepworth2 (top) 2 No response 
Hidden Canyon2 4 1 male (Echo Terr.) 
Kolob Arch Canyon 2 No response 
Kolob Creek Canyon 4 1 male, 1 female(pair) 
La Verkin Creek 1 1 male 
Lady Mt. Canyon4 (top) 1 1 male, 1 female 

(unconfirmed pair) 
LavaPoint2 1 No response 
Left Fork (top) 1 No response 
MIA Road (call route) 2 No response 
Middle Fork Taylor Creek 2 No response 
North Fork Taylor Creek 2 No response 
OakCreek2 7 1 male, 1 female 

(unconfrrmed pair) 
Orderville Canyon2

•
4 5 1 male, 1 female 

(unconfrrmed pair) 

PineCreek2 4 1 male (banded 1989), 
1 female w/2juv. 
(banded 2 juveniles) 

Phantom Canyon (top) 3 No response 
Potato Hollow2, and 3 No response 

top of Imlay Canyon 
Refrigerator Canyon2 7 1 male (social status 

unknown) 
Right Fork North Ck (top) 2 No response 
South Fork Taylor Creek 3 No response 
Telephone Canyon 1 No response 
West Rim Trail (route) 3 No response 
Wildcat Canyon (top) 1 No response 
Willis Creek 1 No response 
Canyon 4 (3293E, 41205N) 1 No response 
Canyon 5 (3299E, 41209N) 1 No response 
Canyon 6 (3301E, 41211N) 1 No response 
Canyon 7 (3305E, 41214N) 1 No response 
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Table 2 cont. 
LOCATION NUMBER OF SURVEYS RESULTS 

Canyon 8 (3312E, 41213N) 
Canyon 9 (3314E, 41215N) 
Canyon 10 (3314E, 41224N) 
Canyon 11 (3327E, 41217N) 
Canyon 13 (3327E, 41213N) 
Canyon 14 (3316E, 41210N) 
Canyon15(3308E,41209N) 
Canyon 16 (3299E, 41213N) 
Canyon 17 (3288E. 41212N) 

1 
2 
1 
1 
2 
1 
2 
1 
1 

No response 
No response 
No response 
No response 
No response 
No response 
No response 
No response 
No response 

1 L. Hays, Resource Officer, Zion National Park. 
2 The approximate historic sighting location. 
3 Universal transverse mercator coordinates represent location at the mouth of the 

given canyon; 7.5 Minute Series (topographic) Springdale East Quadrangle, 
Utah. 

• New areas, not surveyed during the 1989 survey. 

C. Dargon (pers. comm.) reported 98-100 spotted owl 
territories on the Coconino National Forest During 1989, 
Joe Ganey (pers. comm.) reported only 70 responses on 
the Coconino National Forest. 

In general, the low number of spotted owl 
responses maybe the result of a low density of spotted 
owls throughout southern Utah, northern Arizona and 
parts of the Colorado Plateau. We are unable to 
speculate if there is a relationship between habitat 
quality and the number of owls detected at this time. 
Further population characteristics are needed to fully 
understand Mexican spotted owl since density alone is 
not an indicator of habitat quality (Van Home 1983). 
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PROBLEM DESCRIPTION AND PROJECT OBJECTIVES 

+ THE PROBLEM 

Many velvet ash (Fraxinus velutina) in Zion 
Canyon have declined in vigor, and some are dying. 
This species is aesthetically and ecologically important 
in the canyon, because it is one of only three species 
that commonly grow to large size on the canyon floor. 
None of the three species is reproducing abundantly, 
because suitable seedbeds are scarce and young plants 
are severely browsed by deer. A disease known as ash 
yellows, which is caused by unnamed mycoplasmalike 
organisms (wall-less, obligately parasitic prokaryotic 
organisms, commonly called MLOs) was found in 
Zion Canyon in 1988, and is suspected to cause or 
contribute to the decline of velvet ash there. Until this 
project began, nothing was known about the ecology or 
epidemiology of ash yellows in the West. 

.. RESEARCH OBJECTIVES 

1. Determine the extent of damage to ash 
species in Zion Park, and map distribution of 
ash yellows in the park. 

2. Learn whether or not the MLOs in ash 
species in Zion Park are closely related to 
those associated with ash yellows in Nevada 
and New York. 

3. Determine the means and rate of spread of 
ash yellows and the rate at which the 
epidemic is progressing within the currently 
affected area. 

4. Assess possibilities for managing the 
disease. 

+ ACTIVITIES DURING THE PERIOD 

OF REPORT 

Project personnel visited Zion Park three times, in 
May, August, and October, 1990 to: 

1. perform disease surveys, 
2. establish observation plots, 
3. perform diagnostic observations, 
4. collect plant specimens for diagnostic 

procedures that would be performed in the 
laboratory, 
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5. collect increment cores for study of ash 
growth as related to disease, and 

6. collect insects for study of their possible role 
as vectors of ash yellows. 

Increment cores and related specimens are being 
processed in the laboratory of co-investigator Treshow 
at Salt Lake City. Other specimens are or have been 
processed and examined in the laboratory of principal 
investigator Sinclair at Ithaca, NY. 

+ SURVEY FOR ASH DECLINE IN 

ZION NATIONAL PARK AND 

ADJACENT AREAS 

All highways in and near the park and all trails 
near the floor of Zion Canyon were traversed to learn 
where velvet ash grows and where it is declining. 
Within the park, velvet ash is concentrated in Zion 
Canyon, and the decline syndrome (slow growth, 
dieback) was found to be restricted to that canyon. In 
areas near the park (Cedar City, Hurricane, Kanab, La 
Verkin, Rockville, Toquerville, Virgin, and St. George, 
UT), most velvet ash appeared normal. The few trees 
observed with dieback were on private land, had been 
damaged by livestock, and were not studied. 

+ ASSOCIATION OF MYCOPLASMAL 

INFECTION WITH DECLINE OF 

VELVET ASH IN ZION CANYON 

+ METHODS 

Sixteen sites between the south edge of the village 
of Springdale and The Narrows, a distance of 
approximately 12 km, were selected for observations 
of velvet ash and associated plant species. Five or 
more vel vet ash representing the range of health and 
debilitation of this species on each site were tagged 
and/or their locations plotted on maps, so they could be 
located again. Each tree was scored in one of five 
health categories, wherein 1 = normal, in appearance 
and vigor; 2 =growing slowly, and/or having a thin 
crown; 3 =growing slowly, and having a thin crown 
and some dieback; 4 = showing much dieback; and 5 = 
dead to near ground level. Sample trees were also 
examined for witches' -brooms (which are diagnostic 
for ash yellows), sprouts on the butt or bole, simple 
versus compound leaves on sprouts(simple-leaved 
sprouts are indicative of ash yellows), deliquescent 
branching (another indicative symptom), chlorosis, and 
evidence of injury by insects. Health score was later 

evaluated in relation to results of the DAPI 
fluorescence test for MLO infection. 

Root samples for diagnosis by means of the DAPI 
fluorescence test were collected from 174 velvet ash 
on the 16 sites. One small root from each tree was 
held on ice for up to 10 hr, washed, and subsampled. 
Segments 2-6 mm in diameter were fixed and stored in 
2.5% aqueous glutaraldehyde for up to 1 month. 
Longitudinal sections were then cut with a freezing 
microtome, treated with DAPI, and examined with a 
fluorescence microscope for MLO infection. 

The condition of tree species associated with 
velvet ash on each site was also assessed. Root 
samples for assessment of possible MLO infection 
were collected from certain distressed trees. Ten sites 
and the areas surrounding them were searched for 
plants, other than ash, showing symptoms indicative of 
infection by MLOs: dwarfmg, sterility, or growth 
forms resembling witches' -brooms. Samples for the 
DAPI test were collected from all such plants. The 
sites for this search were selected after ash yellows was 
diagnosed on each of them. 

Singleleaf ash (Fraxinus anomala) on seven sites 
in Zion Canyon were selected for diagnostic 
observations and root sampling for possible MLO 
detection. The objective was to learn whether this 
species is affected by MLOs. Therefore, the selection 
of trees for sampling was deliberately biased toward 
stressed trees, in order to maximize the possibility of 
detecting MLOs. 

+ RESULTS AND DISCUSSION 

Symptoms of stress in velvet ash (slow growth, 
dieback, deliquescent branching) were common 
throughout Zion Canyon, including all research sites. 
Vigorous trees, as judged on the basis of either twig 
growth in recent years, or canopy density, were rare. 
Except for an occasional irrigated specimen, vigorous 
trees were confmed to the sapling category. 

Although velvet ash generally colonizes only 
moist sites, it was found on a number of dry sites in the 
lower half of the canyon, where it had become 
established in irrigated soil or on sand bars that were 
later isolated from the river. Slow growth and dieback 
were prominent in this species on once-irrigated sites 
where water supply had not been maintained. On deep 
sands, apparently high above the present water table, 
slow growth and dieback were common not only in 



velvet ash, but also in Fremont cottonwood (Populus 
fremnntii) and boxelder (Acer negundo). We 
concluded that water shortage is playing a part in the 
decline of velvet ash in the lower half of the canyon. 

Damage to all three major tree species by 
defoliating insects: loopers (Lepidoptera: 
Geometridae) and perhaps a noctuid moth 
(Lepidoptera: Noctuidae), and to ash by two species of 
plant bugs (Hemiptera: Miridae), was prominent in the 
upper half of the canyon. Many velvet ash and 
boxelder were found leafless in May, having 
apparently been defoliated by loopers. These insects 
could not be identified to species on the basis of larval 
characters; adults were not available. The trees had 
refoliated by August. Ash plant-bugs (Tropidosteptes 
pacificus and a species not yet identified) were 
responsible for stunting and distortion of young foliage 
and for dramatic yellowing of fully expanded foliage 
on some velvet ash. We judged that the insect damage 
was common enough and severe enough to exert a 
major impact on ash growth and perhaps to induce 
some of the observed dieback. 

MLOs were detected, by means of the DAPI test, 
in velvet ash on 13 sites located throughout Zion 
Canyon and on one site each in the side canyons of 
Pine Creek and Oak Creek. Of 174 representative 
trees sampled, 66 (38%) were scored positive in the 
DAPI test (i.e., had fluorescent particles in sieve tubes 
of DAPI-treated sections examined under UV). The 
sampled trees included 58 saplings, of which 18 (31 %) 
were scored positive. Thus, velvet ash of all ages and 
sizes above the reproduction class are infected. Velvet 
ash in the reproduction class (up to 1.4 m tall) are not 
numerous in Zion Canyon, and were not sampled 
extensively enough to justify a statement about MLO 
infection in this class. Five seedlings of atypical form 
(all having been browsed) were examined, and all were 
scored negative in the DAPI test 

The health scores of velvet ash were not 
significantly related to results of the DAPI test (Table 
1). Three of 15 trees judged to be healthy and 
vigorous were found to be infected with MLOs. In all 
other health categories, the frequency of infected 
individuals was near the overall proportion of 38% 
infected. Differences in proportions of trees found 
infected in the various health classes were tested by 
Chi-square analysis. A proportion of 38% of trees 
expected to be found infected was nonsignificant 
(Chi-square= 1.74, 3 d.f, P=0.05). This result 
indicated that differences as large as those observed in 
the proportion of trees found infected in the various 
health categories could be expected due to chance. 
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Categories 4 and 5 were combined for tabulation and 
calculations, because only two trees in category 5 were 
tested. 

The presence of MLOs in velvet ash saplings 
indicated that young plants are at risk of infection and 
that some ash probably are becoming infected every 
year. We conclude that ash yellows is distributed 
throughout Zion Canyon and is endemic there in a 
large proportion of the velvet ash. We believe that the 
decline of velvet ash in Zion Canyon may result not 
from MLO infection alone but from an interaction of 
MLO infection, foliar damage by insects, and water 
shortage. The probable nature of the interaction is that 
trees infected with MLOs have subnormal vigor. 
Infected trees do not recover from drought stress or 
insect attack as fully as do comparable noninfected 
trees. 

MLOs were not detected in singleleaf ash, 
although 27 of the 34 trees examined displayed 
dieback, and the remainder had thin crowns. The 
reaction of DAPI with nuclear DNA in phloem 
parenchyma cells of the 34 plants examined appeared 
normal. Therefore, we believe the DAPI test would 
have allowed detection of MLOs, had they been 
present in phloem sieve tubes. We conclude that 
singleleaf ash trees in Zion Canyon are free from 
MLOs. 

It was not possible to examine singleleaf ash on 
sites occupied by diseased velvet ash, because, except 
for isolated individuals, the two species are not found 
growing together. Singleleaf ash colonizes more xeric 
sites than does velvet ash. 

• CONTINUING STUDIES 

The following lines of work have begun, but data 
are not yet available: 

1. infection in plants other than ash in Zion 
Park; 

2. Radial growth of velvet ash in relation to 
MLO infection; 

3. Incidence of MLO infection as related to 
dieback and slow growth in velvet ash 
saplings; 

4. Possible masked symptoms of ash yellows 
in a creekbed population of velvet ash. 

5. Identification of the ash yellows MLOs in 
Zion Park by dot hybridizations with cloned 
biotinylated DNA probes; and 
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6. Preparation of small ash trees for a 
chemotherapy experiment. 

• SUMMARY 

Velvet ash (Fraxinus velutina) trees in Zion 
Canyon, Zion National Park, are in declining health, 
and many exhibit severe dieback. A disease called ash 
yellows, which is caused by unnamed mycoplasmalike 
organisms (MLOs) was detected in declining velvet 
ash in Zion Park in 1988 and was suspected to cause or 
contribute to the decline. MLOs are obligately 
intracellular prokaryotic parasites of plants and certain 
insects. They typically cause slow growth and decline 
in woody plants. 

Research on ash yellows in Zion Park began in 
May, 1990 with the following objectives: 

1. Determine the extent of damage to the ash 
species in Zion Park, and map the 
distribution of ash yellows in the park. 

2. Learn whether or not the MLOs in ash in 
Zion Park are closely related to those 
associated with ash yellows in Nevada and 
New York. 

3. Determine the means and rate of spread of 
ash yellows and the rate at which the 
epidemic is progressing within the currently 
affected area. 

4. Assess the possibilities for managing the 
disease. 

The presence of ash yellows in velvet ash was 
confmned by means of the DAPI fluorescence test 
which is a standard test for detection of MLOs in ' 
plants. The disease was found to be distributed 
throughout Zion Canyon in 38% of the 174 trees 
examined. Because MLOs were found in saplings as 

well as large trees, and because some normal
appearing trees were also found infected, we believe 
that new infections probably are occurring yearly. The 
effects of this disease alone on velvet ash are, as yet, 
obscure, because the affected ash population has also 
been subject to drought stress and damage by 
defoliating insects in recent years. Based on 
experience with ash yellows in the East, however, we 
hypothesize that MLO-infected ash are less vigorous 
than comparable noninfected trees and are less tolerant 
of drought stress and defoliation. 

A search for declining velvet ash along highways 
in localities near Zion Park revealed no syndrome 
similar to that found in Zion Park. 

Singleleaf ash, the only other ash species 
indigenous to Zion Park, was examined for :MLO 
infection with negative results. 

Additional lines of work are in progress, as 
indicated by the following titles: 

Micoplasmal infection in plants other than ash in Zion 
Park 

Radial growth of velvet ash in relation to :MLO 
infection 

Incidence of ash yellows as related to dieback and slow 
growth in velvet ash saplings 

Possible masked symptoms of ash yellows in a 
creekbed population of velvet ash 

Identification of the ash yellows MLOs in Zion Park 
by dot hybridizations with cloned biotinylated 
DNA probes 

Preparation of small ash trees for a chemotherapy 
experiment. 

Table 1. DAPI test scores in relation to health categories of velvet ash. 

Health category Trees tested :QAPI -UQ~iy v~ 
(no.) Number Percent 

1. (Normal and vigorous) 15 3 20 
2. (Thin canopy or slow growth) 66 24 36 
3. (Thin canopy and some dieback) 63 26 41 
4. (Dieback general or involving large limbs) 

plus 30 13 43 
5. (Dead to near ground level) 

Totals and average 174 66 38 
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