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INTRODUCTION 

1991 ANNuAL REPORT 

. The University of Wyoming-National Park 
Servic.e (UW -NPS) Research Center supports and 
administers research in the biological, physical and 
soci~l sciences performed in the 41 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 makes 
recommendations to the National Park Service 
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 

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). 

ix 
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FIFTEEN .YEARS OF RESEARCH: AN ANALYSIS OF THE 
UW -NPS RESEARCH CENTER, 

A COOPERATIVE PARK STUDIES UNIT 

• 
GLENN E. PLUMB + ASSISTANT DIRECfOR 

UW-NPS RESEARCH CENTER 

• UNIT HISTORY 

The foundation of the University of Wyoming
National Park Service Research Center (UW-NPS) is 
rooted in the first research station established in a 
national park. The Jackson Hole Research Station, 
was initiated in 1948 by the New York Zoological 
Society and the Jackson Hole Preserve, Inc. In 1953, 
the University of Wyoming (UW) joined with the 
New York Zoological Society in operating and 
sponsoring that facility and its research program. A 
name change in 1954 to the Jackson Hole Biological 
Research Station (JHBRS) described the research 
emphasis of the program. In 1971, the Yellowstone 
Environmental Research Center (YERC) program 
was jointly established by the University of Wyoming 
and the National Park Service- (NPS). Finally, a 
cooperative agreement between the University and the 
NPS in 1977 joined JHBRS with YERC to form the 
present UW-NPS Research · Center, the first 
Cooperative Park Studies Unit (CPSU) in the Rocky 
Mountain Region (RMR) of the NPS. A field re
search facility at the former AMK Ranch continues to 
be cooperatively operated and maintained in Grand 
Teton National Park imder a-long-term special use 
permit. -

With this reorganization, UW and NPS agreed 
to jointly sponsor and administer a new research 
program covering 19 national park areas in four 
states: Wyoming, Montana, North Dakota and South 
Dakota. In 1985, Utah was added to the program, 

and Colorado was added in 1990 to reach a total of · 
41 park units. The Research Center is headquartered 
in the Department of Zoology and Physiology on the 
University of Wyoming campus, Laramie. 

+ UNIT ORGANIZATION 

UW-NPS is one of the first CPSU's in the 
United States and is unique because if is the only 
CPSU to · fund and administer research projects 
through a competitive process, and it is the only 
· CPSU which operates a field research station. The 
Research Center is governed by a ten-member 
Steering Committee composed of 5 NPS represen
tatives and 5 UW representatives and is chaired by 
the Dean of -the College of Arts and Sciences, 
University of Wyoming. Administration of the 
program and the field facilities is carried out by a 
Director. The Director is a faculty member in the 
Department of Zoology and Physiology (50% 
administration, 25% teaching, and 25% research). In 
addition, other UW ~NPS personnel include an 
Assistant Director (75% administration and 25% 
research); 1 secretary-accountant, 1 half-time care
taker and maintenance superviSQr, and 2 . student 
summer laborers. Although there are now many 
CPSU's, UW-NPS is also unique in that other 
CPSU's are staffed by NPS personnel, whereas the 
UW-NPS Director is a UW faculty member with 114 
NPS administrative salary support. 
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The Research Center solicits researeh proposals 
from university faculty or full-time governmental · 
research scientists throughout North America through 
a request for proposals. Research proposals address. 
topics developed by NPS scientists, resource 
managers, and administrators and generally 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 described above. 
Research proposals are distributed to research special
ists for peer review and are also reviewed by the 
Research Center's staff and Steering Committee. 
This con;unittee is responsible for ranking the 
proposals based upon their scientific merit. 

+ UNIT GOALS AND 
RESPONSmiLITIES 

AS A RESEARCH UNIT 

1. To sponsor a collaborative; unbiased research 
program between concerned agencies and 
scientists, which supports applied and basic 
research in the biological, physical, and social 
sciences, and; which will lead to a better 
understanding, interpretation and management 
of natural and cultural resources of concern in 
·national park areas of Wyoming, Utah, 
Montana, North Dakota, South Dakota, and 
Colorado, and; 

2. To provide opportunities and facilities for 
conducting limited ·research symposia, work
shops, conferences, and to promote the 
exchange of scientific information and methodo
logy pertinent to natural and cultural resources 
issues, and; 

AS A PUBLIC SERVICE. ENTITY: 

3. To provide scientific expertise and perspective~

in the evaluation and solution of natural and 
_ cultural resource management issues, and: 

. AS AN ACADEMIC SUPPORT UNIT: 

4. To facilitate the exchange of University of 
Wyoming faculty and NPS scientific personnel 

for greater Understanding in teaching, scientific 
investigations and resource management. 

+ ANALYSIS OF UW-NPS 

From 1984- 1992, cooperative support between 
NPS and UW has allowed UW -NPS fu award more 
than $2.9 million to hundreds of research investi
gators from 45 host institutions (Table 1). During 
this period, NPS and UW contributed approximately 
$2,560K (87%) and $375K (13%) to research 
funding, respectively (Figure 1). Over the past seven 
years, research funds awarded through UW -NPS have 
expanded tremendously (from $177Kin 1985 to $1.1 
million in 1990) due to greatly increased commitment 
by the NPS RMR Branch of Science ·to regional 
research/management issues (e.g. NPS-NRPP: 
Program for insular populations) and the availability . 
of Yellowstone National Park post-1988 fire research 
funds. While funds are competed for by authorized 
institutions from throughout North America, approxi
mately 80% of total available funds have been 
awarded to host institutions located in the NPS Rocky 
Mountain Region (Table 1). Not represented by 
research funding is the cooperative financial support 
provided by NPS and UW for program administration 
and UW -NPS field station operation. 

Although 45 institutions have successfully 
competed for funds, the goal of providing for an 
unbiased funding protocol has been achieved, for no 
single institution has received a disproportionate 
amount of NPS funding (see Figure 1). State of 
Wyoming funds can be awarded to any scientists 
working in Wyoming-based parks or Wyoming-based 
scientists working in parks outside of Wyoming. 
Between 1984 and 1988, UW funds supported 35 
projects of which 22 were by out-of state researchers 
while NPS supported 62 projects of which 61 had 
non-Wyoming investigators. Total funds awarded to 
UW scientists from NPS funds during 1984-1991 are 
less than UW' s financial contribution to the program. 
Budget reductions between 1987 and 1988 created a 
short term reduction in UW support for UW-NPS. 
Subsequently (1989-1991),increased funding(Stateof 
Wyoming research funds, salary for the Assistant 
Director, and improvements to the NPS owned UW
NPS Research Center field station) has reestablished 
UW's commitment (Figure 2). 
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.Table 1. Research funding made available to 45 host institutions through UW -NPS Research Center from 1984 -
1991. 

INSTITUTION NPS REGION/PARK UNIV.WYO. TOTAL 

Univ. of Wyoming 368,308 125,650 .493,958 
Utah State Univ. 241,286 5,568 246,854 
Univ. of Montana 158,215 25,282 183,497 
Fort Lewis College 178,7801 0 178,780 
Montana State Univ. 148,871 29,326 178,197 
Syracuse Univ. 168,181 0 168,181 
Univ. of Colorado 136,080 12,189 148,269 
Univ. of Idaho 111,800 0 111,800 
Univ. of Minnesota 94,447 13,970 . 108,417 
Icblho State Univ. 95,222 8,673 103,895 
Univ. of South Dakota 101,960 0 .101,960 
Brigham Young Univ. 97,306 0 97,306 
Univ. of Oklahoma 69,500 0 69,500 
San Juan College 67,877 0 67,877 
Carnegie Mus. of Nat. Hist. . 15,730 51,669 67,399 
Univ. of Utah 29,321 33,850 63,171 
Colorado State Univ. 55,513 0 55,513 
U.S. Geol. Survey 31,520 15,994 47,514 
Univ. of Oregon 44,950 0 44,950 
U.S. ForestService 42,700 0 42,700 
Univ. of Nevada 36,552 0 36,552 
Cornell Univ. 31,839 0 31,839 
New Mexico State Univ. 0 29,197 29,197 
Univ. of Northern Arizona 29,000 0 29,000 
Colorado Dept. Nat. Res. 27,898 0 27,898 
Lorna Linda Univ. 15,776 5,000 20,776 
Univ. of Nebraska (Omaha) 10,813 8,900 19,713 
Northern Arizona Univ. 18,455 0 18,455 
Oregon State Univ. 16,235 0 16,235 
Western Wyoming College 15,990 0 15,990 
Humboldt State Univ. 13,896 . 0 13,896 
Univ. of Wisconsin 13,873 0 13,873 
Snow College 13,702 0 13,702 
Univ. of North Dakota 12,956 0 12,956 
North Dakota State Univ. 12,499 0 12,499 
Weber State College 12,000 0 12,000 
Medaille College 4,937 0 4,937 . 
Univ. of California 0 4,431 4,431 
Univ. of Southern Colorado 3,612 0 3,612 
San Diego State Univ. 3,500 0 3,500 
Montana College of Mines 3,492 0 3,492 
Purdue Univ. 3,450 0 3,450 
Illinois State Univ. 0 3,410 3,410 

, .. South Dakota State Univ. 2,411 0 . 2,411 
Univ. of New Mexico 0 1,817 1,817 

TOTALS 2,560,453 . 374,926 2,935,379 

$61,600 awarded by USDA Forest Service in cooperation with NPS. 
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o. uw ..... of tot.l uw fw1dlng d. UW etwe of tot.l RMR Md UW M1clng 

Figure 1. ·Research funding made available through the UW-NPS Research Center from 1984-1991: a. Funding 
contribution by NPS Rocky Mountain Region (RMR) and University of Wyoming (UW); b. Awards 
from available RMR funds; c. Awards from available State of wyoming funds, and; d. Awards from 
total available RMR and State of Wyoming funds~ 
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Since its inception, more than 350 papers, 
theses, and abstracts have been published as a result 
of 8upport provided through UW-NPS (UW-NPS 
Bibliography, 1951-1991). Additionally, UW-NPS 
staff provides service and extension functions by 
consulting with NPS resource managers and 
scientists, and other federal and state agencies 
regarding research needs~ Outreach and extension 
services are also provided by involving residents and 
park employees in workshops and seminars focusing 
on research important to Grand Teton National Park 
·and the Greater Yellowstone Ecosystem. 

In the past 8 years, the UW -NPS Research 
Center's field station has provided the setting for 
more than 100 research investigations by scientists 
from around the world; as well as more than 20 
important limited symposia, workshops, and con
ferences including the North American Conference of 
Mycorrhizae, the North American Oligochete Society 
Bi-Annual Meeting, the International Conference on 
Martens, numerous inter-agency task groups meetings 
and section meetings of the Wildlife Society. 

The Research Center also plays a major role in 
supporting the exchange of scientific information and 
methodology pertinent to natural and cultural 
resources issues in park areas. Since 1987, UW-NPS 
staff have published 4 books (e.g. Boyce 1989 and 
Keiter and Boyce 1991), >20 refereed papers, and 
given > 40 presentations at local, regional, national, 
and international professional meetings. UW-NPS 
staff have also recently provided important support 
for major conferences and symposia such as 
"Examining the Greater Yellowstone Ecosystem: A 
Symposium on Land and Resource Management-
1989", and "Plants and their environments: first 
biennial scientific conference on the Greater 
Yellowstone Ecosystem-1991 ". 

In order to facilitate exchange of understanding 
in teachfug, scientific investigations and resource 

. management between UW faculty and NPS, 12 NPS 
scientists have recently ·been given appointments · as 
Adjunct Professors at the University of Wyoming. 

+ SUMMARY 

In 1989 the UW Provost hosted an academic 
review of the Research Center (Office of the UW 
Provost 1989). The review- committee gave the 
program - high marks for enhancing cooperative 
relations with NPS, and emphasized that the program 
is a "real and significant asset" to UW, "consistent 
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with the ·strength of the University in teaching and 
research in the area of natural resources. " The 
review also emphasized UW-NPS's value to the State 
of Wyoming and noted that "As the State searches for 
additional resources, . the Center's activities can be 
usefully advocated for making contributions to 
economic development and the enhancement of 
tourism." The · review report concluded that the 
"program represents a successful cooperative venture 
of which the University and the State of Wyoming 
should be proud~ " 

In addition to UW's review of the program, the 
Inspector General's Office of the U .S. Department of 
the Interior also reviewed the program in 1989 and 
praised the cooperative program suggeSting that it 

·was unique in the nation, and should serve as a 
model for other Cooperative Park Studies Units 
(Office of Inspector General 1990). Strengths that 
were emphasized included an efficient mechanism for 
administering federal research contracts, and a highly 
cost-effective vehicle to ensure the best possible 
science in national parks. In reviewing NPS's need 
for reliable knowledge gained through research, 
Leopold (1991) regards UW-NPS's competitive 
grants program as a successful if "little appreciated" 
marriage of agency and academia. I believe that 
competition is fundamental to ensuring good science. 
As in all endeavors, only stiff competition brings out 
the very best; so as to increase the quality of 
proposals and research being conducted in national 
parks (Boyce 1990). · 

Presently, because NPS does not have a clear 
mandate from congress that includes research, NPS 
must justify research as a support service on which to 
base resource management (National Park Service 
1991). As such, matching funds represent a very 
important source of support for research being 
conducted in national parks. An important role of 
UW-NPS to date has been to attract outside funding 
support for research in parks of the Rocky Mountain 
Region. Research proposals submitted to UW-NPS 
often bring funding from outside sources to 
supplement their budgets. In fact, during the UW
NPS 1990-1991 funding year, research investigations 
(43) received an average $14,120 while contributing 
an average $12,782 in matching support. Important 
research funds successfully encumbered through UW
NPS for science in national parks have come from 
NPS, universities and colleges, 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. 
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Continued support for the UW-NPS Research 
Center is delayed while the NPS science program is 
being reviewed by the National Academy of Science. 
It is expected that the NAS report will make 
recommendations for the administration of NPS 
cooperative research programs. In the meantime, the 
UW-NPS Research Center continues to support park
based research using State of Wyoming funds. The 
Research Center is also participating in developing 
climate change studies funded by NPS and will be an 

· important participant in the new Central Grasslands 
. climate change research program involving a number 
of NPS units. 
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+ INTRODUCTION 

The gray wolf (Canis lupus) was extirpated from 
Yellowstone National Park by U.S. Government 
personnel during 1914-1926. Since then, occasional 
reports of wolves in Yellowstone National Park have 

. been recorded (Weaver 1978}, but no recent records 
exist of wolves breeding in the park. In recent years, 
public attitudes towards predators have changed such 
that predators are_ more commonly viewed as an 
integral component of natural ecosystems (see e.g., 
Mech 1970, Despain et al. 1986, Dunlap 1988). An 
increasing proportion of the American public desires 
that wolves be reestablished in Yellowstone National 
Park (McNaught 1987, Bath 1991). 

lit 1987, the U.S. Fish and Wildlife Service 
approved a Recovery Plan for the Northern Rocky 
Mountain wolf (U.S. Fish & Wildlife Service 1987). 
Before proceeding with wolf recovery, however, 
Congress appropriated funds in 1988 and 1989 and 
directed that studies be conducted by the U.S. Fish 
and Wildlife Service and the National Park Service to 
determine the effects of wolf recovery on ungulate 
populations. Boyce (1990) developed a predator-prey 
model for unglilate populations in Yellowstone 
National Park as a part of this Congressional charge 
to determine the probable outcome of wolf recovery. 

Our purpose is to expand upon the simulation 

model of Boyce (1990) to predict the probable 
consequences of wolf reintroduction in Yellowstone 
National Park to ungulate populations in Jackson Hole 
and along the North Fork of the Shoshone River. As 
in the previous model, this model allows the user to 
choose among several likely management scenarios. 
By manipulating alternatives, the user of the model 
can explore the consequences of management actions. 
In particular, it is essential to be able to anticipate if 
wolves will be culled if they leave the parks, if 
poaching can be controlled within the park, and if 
hunting for bison and elk will continue in the 
Yellowstone River valley north of Gardiner, 
Montana. 

Any such model must incorporate the natural 
variability in the environment, because the vagaries 
of climate can have enormous effects on ecological 
processes. Therefore, the model is a stochastic one, 
i.e., it contains random variation in climatic 
variables. Such stochastic model structure is 
important because it helps to educate the user that it 
is impossible to predict precisely the consequences of 
wolf recovery. 

It is not the purpose of this effort to offer 
· recommendations for whether wolf recovery should 
take place, but rather to provide resource managers 
with an additional tool which will assist them in 
making that decision. 
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+ METHODS 

The core model structure is based on that 
developed by Boyce (1990), using stochastic 
difference equations. As in the previous model called 
program "WOLF", this version called program 
"WOLFS" has been developed for interactive use, 
and includes expanded maps showing the projected 
distribution of wolves. As before, the model is used 
to project time series of wolf and ungulate 
populations for 100 years into the future. 

The principal · development in this mOdel is that 
it incorporates 2 additional areas: the Jackson Hole 
area south of Yellowstone National Park, and the 
area along the North Fork of the Shoshone River east 
of the park. A new multi-species logistic functional 
response is used in the revised model which probably 
better represents the response of wolves to alternative 
prey. In addition, a number of improvements to 
program . "WOLF." have been incorporated into 
program "WOLFS." See Boyce and Gaillard (1991) 
for detailed core model structure and program 
options. 

+ _RESULTS 

UNGULATE POPULATION DYNAMICS 
WITHOUT WOLVES 

Perhaps the. most striking outcome of ungulate 
population projections under program "WOLFS", as 

in previous versions of the model, is the high 
variance in population size through time. Yet, this 
variation is strictly empirically based. Variation in 
winter severity causes substantial population 
fluctuations in all ungulates in the Greater 
Yellowstone Ecosystem, and such fluctuations are 
well documented (Meagher 1971, Houston 1982). 
For example, in 1989 we observed . an estimated 
7,000-8,000 decrease in elk numbers due to density 
dependence, hunting, drought, fire, and slightly 
above average winter severity (Singer and Schullery 
1989, Singer et al. 1989, Boyce and Merrill 1991). 

Average population sizes for elk and wolves tend 
to be lower in the stochastic model simulations than 
for deterministic calculations using the same 
parameter values. This is due to reduc~ long-term 
population trajectories in stochastic simulations 
(Boyce 1977) as well as· to the general concavity of 
population growth rate in these density-dependent 
models (see Boyce and Daley 1980). 

In general, the responses of ungulate populations 
to wolf recovery would appear less pronounced in 
"WOLFS" than in the original model of Boyce 
(1990). We believe this to be a consequence of the 
explicit spatial structure of the model which dampens 
population fluctuations over the 3 subpopulations. 
For example, fluctuations in Yellowstone may not be 
in synch with those in Jackson Hole or the ·North 
Fork such that when the popUlations are totalled 
across areas we see less extreme fluctuations in total 
population size. Despite this effect, however, the 
revised functional response used in this model results 
in a larger decline for moose and mule deer within 
Yellowstone National Park than in previous versions 
of the model. 

EFFECTS OF WOLVES ON UNGULATE 
POPULATIONS 

Elk. The outcome of the simulations depends 
upon a large number of variables under the control of 
the program user. Nevertheless, under all possible . 
management scenarios, except those resulting in the 
extinction of wolves, the existence of wolves in the 
area will result in fewer prey over the long-term 
average. For elk we expect lo see a reduction in 
average · population size over the next 100 years of 
S-20% subsequent to wolf recovery. Elk population 
response to various program options is summarized 
in Tables 1-3. Effects will be greatest in 
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Table 1. Response to program alternatives in program . "WOLFS" . for wolves and ungulates in the Greater 
Yellowsto.ne Ecosystem. Responses to alternatives are to be compared with the 100-year deterministic 
projection with wolves under the default alternatives as listed in Table 4. The first 6 lines present mean 
populations and standard deviations for each species under default conditions, and the subsequent lines 
contain the proportional response resulting from each alternative in the program. 

OPTION ALTERNATIVE Nclk NbWoll 

Stochastic Model (n = 1000) 

Default--no wolves 36726 2688 
Stan. deviation 4547 318 

Default--with wolves 32954 2289 

Stan. deviation 4492 312 

Detenninistic Model 

Default--no wolves 37614 2685 
Default-with wolves 33779 2214 

Winter 
Climate Severe -0.030 -0.032 

Mild 0.030 0.035 
Migratory 
Behavior Nonmigr 0.017 0.037 

Elk Hunting No hunt 0.029 -0.021 

Conflicts 
w!humans Frequent 0.04 0.075 

Wolf Culls None -0.043 -0.077 
Poaching 20% 0.054 0.1 

*Hunter harvest of elk 

Yellowstone National Park, and east along the North 
Fork. 

There is no combination of choices where wolves 
have devastating consequences to elk populations in 
the Greater Yellowstone Ecosystem. The reason is 
that social factors limit wolf d~nsities (Packard and 
Mech 1980, 1983) such that the wolf population 
Can.not attain total numbers high enough to depopulate 
the elk herds. Likewise, under no management 
scenarios do we see the development of a predator 
"pit" where low prey densities are sustained by wolf 
predation (see Gasaway et al. 1983, Page 1989). 

N~ Ndccr Nwolf Kill* 

5909 10315 4515 
84 10315 978 

5565 8397 109 4400 

114 716 42 969 

5909 10322 4642 
5521 8278 123 4496 

-0.001 0.024 -0.13 0.000 
0.001 0.021 0.122 -0.003 

0.010 0.035 -0.154 0.004 
-0.007 -0.028 0.144 -0.136 

0.024 0.078 -0.341 0.013 
-0.026 -0.067 0.333 -0.02 
0.033 0.106 -0.463 0.018 

Again, we attribute this to the high prey density and 
territorial population limitation by wolves. 

With wolves present, elk populations still 
undergo substantial population fluctuations, although 
we observed a decrease in the coeffient of variation 
in elk numbers of approximately 10% with wolves 
present. This observation given the functional 
response (see eq. 11, Boyce and Gaillard 1991) is 
consistent with results reported by Boyce (1990) 
which were also based upon a · stabilizing logistic 
functional response. Substituting this functional 
response with Holling's disc equation (Type II) yields 
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Table 2. Resp>nse to program altematives in program "WOLFS" for Jackson Hole. The mean population size 
for Comparison of alternative responses are from deterministic projections for 100 years with default 
alternatives as listed in Table 4. The first 6 lines present mean population size and standard deviations·· 
for each species under ·default conditions, and the subsequent lines include the proportional response 
resulting from each alternative in the program. 

OPTION ALTERNATIVE Nelk Ntum 

Stochastic Model (n = 1000) 

Default-no wolves 15187 147 
Stan. deviation 1337 3 

Default--with wolves 14523 135 
Stan. deviation 1390 10 

Detenninistic Model 

Default-no wolves 15373 147 
Default--with wolves 14529 136 

Winter 
Climate Severe 0.001 -0.029 

Mild -0.005 0.022 
Migratory 
Behavior Nonmigr 0.007 0 

Gardiner 
Elk Hunting No hunt -0.005 -0.007 

Conflicts 
wlhumans Frequent 0.023 0.007 

Wolf Culls None -0.036 -0.007 
Poaching 20% 0.033 0.007 

*Hunter harvest of elk 

increased variation occurring in prey popula.tions 
under predation. Effects of wolves on hunted 
populations of elk differ between areas. The 
Gardiner, Montana, hunt is a limi~ quota hunt, and 
only a relatively small fraction of the northern herd 
is harvested in ari.y particular year. Given continued 
quota permit regulations, we expect no consequences 
of wolf recovery to the harvest of elk in Montana; 
rather ·we expect to See a reduction· in herd size. In 
Jackson Hole and the North Fork, however, 
populations are harvested at higher rates, closer . to 
the maximum . sustained yield possible from these 
herds. Model · predictions are that we can expect 

N~ Ndccr Nwolf Kill* 

5000 1500 3329 
51 35 968 

4629 1431 16 3165 
54 26 4 949 

5002 1501 3392 
4924 1426 17 3246 

0.002 0.003 0 0.001 
-0.004 -0.006 0.118 -0.004 

0.002 0.006 -0.06 0.005 

-0.001 -0.004 0.118 -0.004 

0.006 0.02 -0.353 0.018 
-0.009 -0.029 0.529 -0.028 
0.009 0.029 -0.529 0.026 

wolves to reduce the population size as well as reduce 
the average annual harvest of elk. However, the 
harvest reductions are relatively small: at least 
5-10% for the Jackson elk herd and 1-2% for the 
North Fork. 

Bison. Overall, wolves are not expected to be 
nearly so effective at preying on bison as on elk and 
deer. · Yet, in areas where wolf numbers are 
maintained high by alternative prey, particularly elk 
and deer, wolves can have a noticeable effect on 
bison populations. · Given the default management 
scenario, the average bison population will be less 
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Table 3. Response to program alternatives in program "WOLFS" for the North Fork of the Shoshone River area. 
The projected population size for comparison of alternative responses are from deterministic ·runs for 100 
years using default alternatives as listed in Table 4. The first 6 lines present the mean populations and 
standard deviations for each species under default conditions, and subsequent lines contain the proportional 
response resulting from each alternative in the program. 

OPTION ALTERNATIVE Nclk NIIIOC»C 

Stochastic Model (n = 1,000) 

Default--no wolves S343 89 
Stan. deviation 896 2 

Default--with wolves S181 88 
Stan. deviation 967 2 

Detenninistic Model 
Default--no wolves S74S 89 
Default--with wolves S623 88 

Winter 
Climate Severe -0.027 0 

Mild 0.028 -0.011 
Migratory 
Behavior Nonmigr 0.004 . 0 

Gardiner 
Elk Hunting No hunt 0 0 
Conflicts 
wlhumans Frequent 0.010 0 

Wolf Culls None -0.009 -0.011 
Poaching· 20% 0.012 0 

*Hunter harvest of elk 

than 1S% lower with wolves than without wolves. 
Bison population response to each of the program 

. options is suminarized in Tables 1-2. 

Moose. The empirical data base for moose in 
the GYE is much less complete than for bison or elk, 
and consequently we cannot be as confident about the 
consequences of wolf recovery on moose. However, 
since moose are relatively low in number, they are 
not likely to have major ramifications to the overall 
behavior of the system. None of the management 
alternatives offered . in program "WOLFS" create 
more than a 7% change in the abundance of moose 
(see Table 1), but heavier local effects may occur in 
the face of heavy hunting pressure on moose in 

Nc~ca 

SS12 
162 

S341 
1S7 

SS18 
S31S 

0.009 
-0.003 

0.006 

0 

0.018 
-0.016 
0.02 

Nwo~t Kill* 

637 
1S4 

7 633 
2 162 

6SO 
8 6SO 

-0.12S 0 
0 0 

-0.12S 0 

0 0 

-O.S 0 
o.s 0 

-O.S 0 

Montana. During winter, a substantial fraction of the 
Yellowstone moose population migrates out of the 
park, with many going · to Jackson Hole. These 
animals are projected to bear little consequence from 
wolf recovery, whereas the moose that winter in the 
park will suffer much higher wolf predation. 

Simulation results predict that wolf recovery will 
cause an average reduction in moose numbers by 
approximately S%, although this may be overly 
conservative. Again, a major concern is that portions 
of the park's moose population appear to be heavily 
hunted when they leave the park (Singer 1991). 
Consequently, the effects of wolf recovery may be 
greater on moose than other potential prey if current 
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Table 4. Default ·responses to options in program "WOLFS." 

OPTION DEFAULT ALTERNATIVE 

CLIMATE AVERAGE CLIMATE 

MIGRATORY BEHAVIOR PARTIAL MIGRATIONS 

ELK HUNT CONTINUE ELK HUNT 

CONFLICTS W/HUMANS WOLVES AVOID HUMANS 

LEGAL WOLF CULLS WOLVES CULLED OUTSIDE PARK 

POACHING IN PARK LITTLE POACHING MORTALITY 

INOCULUM SIZE 30 WOLVES RELEASED 

hunting kill rates are sustained. 

The largest wintering concentration of moose in 
the Yellowstone area is in northern Jackson Hole. 
Densities of moose alone may be sufficient in this 
atea to sustain a couple of wolf packs. This 
possibility is further enhanced by the occurrence of 
several hundred elk in the Buffalo Fork valley. 
Although prey in this area may be sufficient to 
support wolves, it is difficult to foresee how wolves 
will be managed in this area where private 
landowners may be affected. 

Mule Deer. Although wolves preferred mule 
deer slightly more than elk, the total number of deer 
killed by wolves is expected to be far fewer than elk 
because of their lower population size. The effect of 
wolf predation on mean population size of mule deer 
is intermediate between that of elk and bison. 
Simulations suggest a reduction by 3-19% in mule 
deer numbers. Response of deer numbers to 
management alternatives are presented in Tables 1-3. 

When building the model, we were concerned 
that there may be a risk that deer could be locally 
extirpated by wolves, especially on Yellowstone's 
Northern Range. Yet, we thought that this was 
unlikely because there should always be some deer 
near the town of Gardiner, Montana where a number 

of deer winter now. This motivated us to construct 
a refugium in program "WOLFS" to ensure that 
wolves did not reduce deer numbers below 700. As 
it turned out, however, wolf predation on deer only 
rarely drives deer numbers to the refugium level. 

WOLF POPULATION DYNAMICS 

Under most management scenarios, we expect to 
fmd between SO and 170 wolves in the 
Yellowstone-Jackson-North Fork area during the 
century following reintroduction. Three of the 
options offered the user of program "WOLFS" 
involve an increase in the mortality rate for wolves, 
i.e., frequent conflicts with man, culling outside the 
park, and poaching within the park. Future wolf 
populations are highly sensitive to these options (see 
Table 1). If the user chooses to increase mortality in 
all 3 options, the survival rate for wolves would be 
O.S78 .of that occurring without the human-induced 
mortality and the wolf population will often decline 
and may go extinct. This is in line with observations 
of Keith (1983) and Ballard et al. (1987) suggesting 
that wolf kills by man in excess of 40% caused a 
decline in wolf populations. 

Users of program "WOLFS" will note that it is 
common to observe low frequency oscillations in the 
number of wolves, as illustrated in Figure 1 in 
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Figure 1. A projected population trajectory for wolves in Yellowstone National Park showing typical 
quasi-periodicity. 
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Figure 2. A population trajectory for elk under wolf predation in Yellowstone National Park generated by program 
WOLFS. 
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contrast to the projection for elk shown in Figure 2. 
This is suggestive of nonlinear dynamics typical 
ofsome predator-prey systems. In deterministic 
simulations, no such oscillations appear and the 
system converges on equilibrium. Apparently the 
stochastic variation is great enough to destabilize the 
system temporarily. The population then undergoes 
transient motion back toward a dynamic attractor. 
Such destabilizing effects from stochastic 
perturbations have been observed previously in 
spatially structured models (May 1989). 

A new method lias been developed for analysis 
of such nonlinear structure (Sugihara and May 1990). 
Complex dynamics of a nonlinear system should be 
predictable into the future, but we expect such 
predictability to erode as the prediction interval 

increases. In . contrast, purely stochastic processes 
might be expected to show th~ same level of predict
ability irrespective of the projection interval. 
Thereby, the relative role of random "noise" versus 
nonlinear structure in a population's dynamics can be 
discerned from the reliability of nonlinear forecasts 
into the future. 

In Figure 3 we present such an analysis for the 
S species which we modelled in Yellowstone National 
Park. As might be expected frottl the dynamical 
patterns in Figures 1 and 2, the ·nonlinear forecasting 
ability is highest for wolves and lower for each of the 
other species. This might be expected since the 
effects of severe winters are direct and immediate on 
ungulate populations whereas they are buffered by a 
trophic-level interaction for the wolves . . 
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Figure 3. Combined role of nonlinear model structure and stochastic variation in program WOLFS. is shown by 
the decay in the coefficient of determination as a function of nonlinear forecast projection interval for 5 large 
mammal species in Yellowstone National Park. Nonl~ear dynamics play a major role in the modelled dynamics 
of wolves whereas stochastic effects, i.e., severe winters, are more important to the population dynamics of the 
ungulate species. 



+ DISCUSSION 

Our view of population regulation for ungulates 
in the Greater Yellowstone Ecosystem does not differ 
substantially from the nonlinear plant-herbivore 
model described by Caughley and Lawton (1981). 
Since we had inadequate information to develop a 
complete plant-herbivore model, a trophic level is 
missing in program "WOLFS." ·Because there are 
several species incorporated into the model, it is 
nevertheless complex. Complex models, especially 
when driven by seasonal forcing (Inoue and 
Kamifukumoto 1984) can yield complex dynamics. 
However, our analysis of elk and bison population 
dynamics for the Northern Range herds showed no 
evidence of such complex dynamics, and indeed both 
species showed stable dynamics (Merrill et al. 1988). 
For the most part, population fluctuations can be 
attributed to stochastic variation in winter severity 
and summer range 'phytomass (Merrill and Boyce 
1991), but not due to inherent instability in the 
dynamics for either elk or bison. However, the 
analysis of the model at Figures 1-3 suggest that 
excursions into regions of complex system behavior 
may occur under wolf predation with the addition of 
environmental stochasticity. 

The features of wolf population regulation in 
program "WOLFS" are similar to those characterized 
by Packard and Mech (1980, 1983). Specifically, 
population regulation in wolves results from an 
interaction of social and nutritional variables. Pack 
territoriality sets an upper limit to wolf population 
size which is only attained when prey abundance is 
exceptionally high. 

CONSEQUENCES OF MANAGEMENT 
ALTERNATIVES 

Potential Conflicts With Hunting. One of the 
major concerns about wolf recovery is the possibility 
that predation on ungulates will substantially reduce 
populations of hunted game species, especially elk, 
moose, deer, and bighorn sheep (Zumbo 1987). 
Simulation results by Boyce (1990) indicate that there 
will indeed be a reduction in the number of these 
large mammals, although it does not appear that wolf 
predation should require that hunting opportunities be 
reduced. However, these results cannot be 
generalized to the Jackson elk herd or the North Fork 
of the Shoshone. In Jackson Hole and along the 
North Fork, ungulate management is much more 

19 

haryest oriented with average yields approaching 
maximum sustained yield (Boyce 1989). Simulatiqn 
results project a S-10% reduction in harvest from the 
Jackson elk h~rd but only a 1-2% reduction along the 
North Fork. These declines in elk harvest will be 
accompanied by a 4-8% reduction in herd size in 
Jackson Hole and a 2-3% reduction along the North 
Fork. Nevertheless, wolf predation is certainly 
compatible with a hunter-harvest program in areas 
adjacent to the national parks. In the same fashion 
that density dependence and compensatory mortality 
ensures sustained yield hwiting opportunity, moderate 
predation by wolves will stimulate similar responses. 

Under · the default alternatives, program 
"WOLFS" projects that terminating the late Gardiner 
hunt in ·Montana will only increase the wintering 
population of elk in Yellowstone by 7%, and in the 
total Yellowstone-Jackson Hole-North Fork area by 
3-4%. Interestingly, the increase in the elk 
population in Yellowstone is accompanied by a nearly 
30% reduction in the coefficient of variation in mean 
elk numbers. This occurs because of the way that we 
modelled the elk hunt. For program "WOLFS," we 
presumed that the Montana Department of Fish, 
Wildlife and Parks will continue to annually issue 700 
elk permits for the late Gardiner hunt. This would 
only change if the population of elk fell below S,OOO 
animals, whereupon the elk hunt would be 
temporarily discontinued. In reality, it seems 
probable that if elk numbers again become 
exceptionally high, as they were in 1988, the number 
of permits may be increased again. This would result 
in a density-dependent effect wliich would tend to 
stabilize elk numbers. 

There are examples where conflicts between 
hunting and wolf predation have been sufficient to 
m~rit reductions in hunting opportunities (Mech and 
Karns 1977, Bergerud et al. 1983, Gasaway et al. 
1983, Keith 1983, Gunson 1986). The reason that 
we expect this may not be necessary in the 
Yellowstone area is largely because hunting does not 
take place within the boundaries of Yellowstone 
National. Park. Wolf predation rates on ungulates 
tend to be highest during late winter when the prey 
are most ·vulnerable (Carbyn 1974·, 1983), and 
therefore the consequences of predation on transient 
summer herds will not be as great. In addition, 
during summer ungulate populations in the park more 
than double in . size such that the predation is 
distributed over many more animals. 
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"WOLFS" projects that total moose populations 
in the GYE will decrease by only 4-8%, whereas, 
those wintering in Yellowstone National Park may 
decrease by more than 37% as a consequence of wolf 
recovery. This occurs because the large elk 
population increase wolf numbers, thereby increasing 
the encounter rate between wolves and moose. This 
could be resolved by reducing the hunting pressure 
on moose which winter on Yellowstone's Northern 
Range. I simulated such a closure, and found that 
wolves would only reduce moose numbers by 1S% in 
yellowstone if moose hunting were stopped in 
Montana. 

An alternative perspective on the consequences 
of . human harvest of ungulates on ungulate-wolf 
interactions is that potential wolf numbers may be 
reduced (see Table 1). Carbyn et al. (1987) 
postulated that wolf numbers in Riding Mountain 
National Park were not as high as they could be 
because of human harvests outside the boundaries of 
the park. According to program "WOLFS," 
terminating the late 'Gardiner hunt would allow an 
increase in the wolf population in Yellowstone 
National Park by 10-1S%, but eliininating the 
Gardiner elk hunt is not proposed or anticipated in 
reality. 

Wolf recovery in the GYE may resolve a 
long-standing management issue in Grand Teton 
National Park, namely the elk herd reduction 
program within the park (Wood 1984). Since the 
inception of the program in 19SO, the National Park 
Service has been · uncomfortable with hunting in the 
park (Murie 19Sl). But because of the 
winter-feeding program at the adjacent National Elk 
Refuge, the hunt appears to be necessary to check 
population size and to ensure reasonable distribution 
of elk in the valley (Boyce . l989). Wolf predation 
should alleviate this. Wolves will surely be protected 
within Grand Teton National Park, thereby affording 
them refuge. And during summer Grand Teton 
supports a high proportion of the Jackson elk (Boyce 
1989) herd, offering · an ample prey base. By 
concentrating in areas of highest prey density (Fuller 
1989), wolves may help to ensure more uniform 
distribution of elk throughout Jackson Hole. 

Controlling Dispersers. One of the management 
alternatives that has been suggested to minimize 
conflicts with local livestock growers is to control 
wolves if they leave the park. The consequence will 

be to increase the mortality rate for wolves in the 
GYE and inhibit colonization outside the park, 
especially amongst packs whose territories cross into 
private property. This source of mortality will 
increase the probability of extinction for wolves, 
although whether this is a significant factor 
determining the success of the recovery effort will 
depend on the other management choices. So long as 
other sources of mortality are controlled (e.g., 
poaching), culling of dispersing wolves is not likely 
to jeopardize wolf recovery. 

Poaching. Poaching within the parks could 
become a serious problem, and could further reduce · 
the chances that wolf recovery would be effective. 
This would be much more of a threat to the continued 
survival of wolves in the parks than legal culling of 
wolves outside the parks, because legal culling would 
not threaten wolves in packs whose complete home 
range was within Yellowstone or Grand Teton 
National Parks. 

RESEARCH NEEDS 

One of the outcomes of modeling is to learn 
weaknesses in our empirical understanding of 
systems. To understand the role of wolves in shaping 
the dynamics of ungulate populations in Yellowstone 
National Park, the obvious research need is to restore 
wolves to the park. But to better anticipate the 
consequences of wolf recovery, there are clearly. 
some data needs. 

Elk and bison in Yellowstone have been 
monitored closely, and although our understanding of 
the population dynamics of these 2 species is still 
rudimentary, we at least have a basis for simple 
models. However, our understanding of moose and 
·mule deer in the GYE is fragmentary. Our 
simulation results suggested, that under certain . 
conditions, both of these species might suffer 
substantial local losses from wolf predation, and 
therefore, there is a need to learn more about the 
habitats, distribution, and abundance of these 
ungulates. 

Mule deer are of concern because in winter they . 
concentrate on private lands north of Yellowstone 
National Park. Also, the species is a preferred prey 
by wolves and populations wintering in the park may 
be substantially reduced by wolves. Mule deer may 
be critical prey for wolves during summer along the · 



North Fork of the Shoshone River where a substantial 
fraction of the elk herd migrates seasonally (Rudd et 
al. 1983). Additional baseline data on mule deer 
distribution and movements is necessary to be able to 
anticipate the probable consequences of wolf 
recovery. 

Moose numbers in the GYE are not well 
known. Because moose frequent riparian areas near 
the road system in Yellowstone and Grand Teton 
National Parks, nonconsumptive use (viewing, 
photography) of moose in the GYE is important. 
Moose are important prey for wolves in other areas 
(Mech 1970, Ballard et al. 1986, Van Ballenberghe 
1987), but they are more difficult to kill than elk or 
deer (Carbyn 1983) and therefore are less preferred. 
Nevertheless, there is particular concern about the 
possible consequences that wolves may have on 
moose numbers because of the high hunter mortality 
on moose outside the park, especially in Montana 
(Singer 1991). Yet, it is appropriate to note that 
moose colonized the Northern Range during the late 
19th century when wolves were present (M. 
Meagher, pers. commun., National Park Service, 
Yellowstone National Park). Better information on 
moose numbers and ecology in the Yellowstone area 
is needed before we can reliably project . the likely 
consequences of wolf recovery. 

Fundamental to understanding the ecology of the 
large mammal ranges in the GYE is a better 
assessment of plant-herbivore interactions. In 
particular, the role that ungulates play in plant 
succession and community structure must be 
understood in response to concerns that certain ranges 
may be overgrazed (Beetle 1979, Chase 1986, 
Chadde and Kay 1991). Understanding the dynamics 
of the plant-herbivore system will require dissection 
of the foraging functional response for ungulates (see 
e.g., Spalinger et al. 1988), especially for elk. 

Should wolf recovery take place, it will be of 
utmost importance to implement a vigorous program 
of monitoring to verify predictions of this and other 
models (e.g., Boyce 1990, Garton et al. 1990). And 
among the more important _things to study during 
wolf recovery are ·the mechanisms shaping the 
functional response of wolves to prey abundance and 
availability in a multi-species system (Allen 1989, 
Caro 1989). Many of our predictions regarding 
population behavior and the effect of wolves on 
ungulate numbers are based upon coinmonly held 

assumptions about functional responses. 
assumptions need empirical verification. 

+ CONCLUSIONS 
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These 

We think the most appropriate way to conclude 
is with a few caveats. We cannot know the exact 
sequence of events that will occur subsequent to wolf 
recovery. This was the reason for our constructing 
a stochastic model. With the unpredictable climate in 
Yellowstone National Park, there are certain to be 
large confidence intervals surrounding any projections 
for animal populations in the park. 

Computer simulations indicate that . wolf 
recovery will result in ·a reduction in ungulate 
numbers. But this does not imply that management 
problems associated with elk and bison populations in 
the park will disappear. For example, the number of 
bison on the Northern Range will certainly not be 
reduced so low that seasonal movements north of the 
park (Meagher 1989a, 1989b) will be .curtailed. 
Also, we will continue to observe substantial die-offs 
of ungulates during severe winters, although we 
expect that the magnitude of these should be less with 
wolves. · 

The perception that Yellowstone's Northern 
Range is "overgrazed" may change subsequent to 
wolf recovery, ·because "overgrazing" is often 
attributed to the absence of wolves, presumably a 
keystone predator. Ungulates will continue to 
concentrate on the same ranges, since these are areas 
of lower snow accumulation where forage is more 
readily available. Yet, it seems likely that these 
areas have been heavily grazed by ungulates sirice the 
Pleistocene, and recent palynological (pollen analysis) 
evidence suggests that no major trends in vegetation 
composition on the Northern Range during the last 
11,000 years can be attributed to ungulate grazing 
(Whitlock et al. 1991). 

We have not attempted to model livestock 
conflicts resulting from wolf recovery. However, 
after wolves have become established, we might 
expect approximately 15-25 wolves dispersing from 
Yellowstone National Park each year. We can be 
reasonably certain that some of these dispersing 
wolves will get themselves into trouble from time to 
time. Conflicts are likely to be most severe 
following initial release because translocated wolves 
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are likely to disperse (Fritts et al. 1984), although 
strategies for release may reduce such problems 
(Fritts 1990). It is probable that some wolves will 
kill livestock and control of problem animals will be 
necessary (Fritts 1990). 

Wolves will compete for game with hunters, 
and there will be differences of opinion as to whether 
wolves or hunters should be given priority. Hunters 
have very mixed opinions on whether wolf recovery 
is good or bad. When the senior author was 
organizing the conference entitled •Examining the 
Greater Yellowstone Ecosystem• in spring 1989, he 
spoke with several members of the Wyoming Guides 
and Outfitters Association. We were surprised to 
learn that the association has no official policy on 
wolf recovery because there is so much dissention 
amongst their members. - Some members reflect 
Zumbo's (1987) view that hunting opportunities may 
decline as a consequence of competition between 
hunters and wolves. However, others see benefits 
from wolf recovery. One guide believed that his 
business depended upon providing clients with 
high-quality wilderness experiences in the Teton 

. Wilderness. And what could be a higher quality 
wilderness experience than to hear wolves howling on 
the evening before embarking on a remote-country 
elk hunt? 

We cannot know the consequences of wolf 
recovery until itactually takes place. Yet, we believe 
that our underStanding of ungulate population biology 
and wolf predation is adequate to predict reasonable 
bounds for the expected population responses. We 
hope that the results of this model will assist resource 
managers in making policy related to wolf recovery. 
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+ INTRODUCTION 

The equilibrium theory of island biogeography 
proposes that on an island of a given area, there 
exists an equilibrium number of species when the 
rates of immigration and local extinction of species 
are equal (MacArthur and Wilson 1967). This theory 

· bas been applied to park systems because parks may 
act as functional islands when surrounding 
unprotected land is cleared of natural vegetation. 
Alteration of these surrounding habitats isolates these 
parks and reduces the effective area, causing a 
decrease in the equilibrium number of species. In 
animal communities, this process is called faunal 
collapse (Soule et al. 1979). 

The effects of park isolation and faunal collapse 
have been studied for mammals in Rocky Mountain 
parks (Picton 1979, Newmark 1986, Glenn and 
Nudds 1989). In western U.S. parks, extinctions 
were more numerous in smaller or older parks 
(Newmark 1987). Area, topographic diversity, and 
habitat diversity have been correlated with mammal 
species richness .in western North American parks 
(Picton 1979, Newmark 1986). Initial population size 
was also related to the extinction probability of a 
species (Newmark 1986). It has been proposed that 
all parks in a region are subject to similar factors 
influencing local extinctions, and therefore a similar 
suite of species should become locally extinct in all 
parks (Patterson and Atmar 1986, Patterson 1987). 

This means that a nested subset pattern is produced, 
where parks with low species richness contain mainly 
species already present in parks with high species 
richness. This pattern was not found for Canadian 
parks, where even small parks contained different 
species assemblages (Glenn 1990). 

The objectives of this three-year study are to: (i) 
identify mammal species that have become locally 
extinct in each of the Rocky Mountain National 
Parks; (ii) distinguish between hypotheses regarding 
the causes of these local extinctions in National 
Parks; (iii) determine if the same species become 
locally extinct in all parks; and (iv) identify potential 
sites for future protection of species prone to 
extinction. 

+ MEmODS AND PRELIMINARY 
RESULTS 

A Geographic Information System (GIS) is being 
created that covers the entire Rocky Mountains. The 
Rocky Mountain region corresponds to the U.S. 
portions of the Montanian and Coloradan mammals 
provinces developed by Hagmeier (1966) based on 
mammal distributions. The region was divided into 
50 by 50 km grid cells for defining general pre
settlement distributions (Fig. 1). Finer resolution is 
not warranted given problems in defining range 
maps. 
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Figure 1. Rocky Mountain region of the United States 
defined by Montanian and Coloradan homogeneous 
mammal provinces (Hagmeier 1966). Species 
distributions were mapped in the SO by SO km grid 
cells shown. 

We acquired listings of mammals from the 
Heritage Programs in Montana, Idaho, Wyoming, 
and New Mexico. We also searched published 
literature for information on mammal distributions in 
the region. From these sources, we compiled a list 
of 143 species of mammals found in the region, 
including species in the immediate vicinity that were 
found on the edge of this region. General 
distribution of each species was mapped over the SO 
by SO km grid cells. Grid cells falling at the edge of 
a species range have been identified. Maps of both 
current and historical · distributions, when known, 
have been completed for all143 species. These maps 
will be digitized. 

We acquired 3-arc second digital elevation data 
of the study area and will acquire A VHRR satellite 
data to determine land cover types. These auxiliary 

data layers will be used to refme the mammal 
distribution maps. We are currently completing a 
database on habitat and elevation range tolerance of 
each species. 

Pre-settlement range maps will be used to 
determine potential mammal species lists and species 
richness for each park. Pre-settlement range maps 
will be subtracted from current range maps to 
determine where species may have become locally 
extinct~ When these extinction maps are examined at 
the park locations, it will be possible to identify those 
species that may have become locally extinct from the 
vicinity of the park. Conservative extinction maps 
will be produced by subtracting pre-settlement maps 
from current center-of-range maps. This analysis 
will elini.inate edge-of-range local extinctions. 
Current park species lists will be compared to pre
settlement species lists in grid cells containing the 
parks to identify possible local extinctions from the 
actual parks. A list will be produced for each park 
of species that were not on the edge of their range 
and are no longer found in the park. Therefore, by 
using the differences in these lists, the contribution of 
edge-of-range local extinctions to species loss in 
National Parks will be identified. 

Pre-settlement species-area curves will be 
constructed for the region based on the GIS of pre
settlement range maps by combining species lists and 
areas of adjacent grid cells (Glenn and Nudds 1989). 
This will determine if total richness of native species 
is significantly different than predicted for a similar
sized area in pre-settlement times. 

Each species that has become locally extinct from 
parks and was not at the edge of its range will be 
further examined. Initial population sizes of extinct 
versus extant species will . be compared using t-tests 
to determine if only small populations were prone to . 
local extinction. Additionally, three sites will be 
selected that are the same size as the park and 
support species that are locally extinct in the park but 
were not species at the edge of their ranges. Digital 
elevation models and land cover maps of each site 
and park will be analyzed. This information will be 
refined in ground surveys of each site and park. · 
Indices of habitat quantity and quality will be 
measured at each site and park and compared to. 
determine which factors may have contributed to 
local extinctions in parks. Nestedness of species lists . 
will be measured to determine if all parks are missing 



the same species combinations (Patterson and Atmar 
1986). 

Mammal species richness maps will be generated 
for the · Rocky Mountain region reflecting total 
speci~, non-exotic species, globally rare species, 
endangered and threatened species, species not 
occurring in National Parks, and species intolerant of 
human landuse in each grid cell. A companion map 
will be generated for each richness map that 
designates grid cells with higher than average species 
richness for rapid assessment of potentially complex 
patterns (Glenn 1990). 

Designating specieS rich grid cells masks 
information on species composition. There may be 
many grid cells will high species richness, but no 
information is provided indicating which of these grid 
cells contain different potential species assemblages. 
Grid cells containing a unique assemblage of species, 
but with low species richness, will not be identified. 
Therefore, additional companion maps will be 
generated for each of the richness maps that designate 
the similarity of each grid cell to all other grid cells 
in the region. Jaccard's coefficients will be averaged 
for each grid cell as a measure of how similar it is to 
all other grid cells (Digby and Kempton 1987). Grid 
cells less similar than average will be designated as 
sites for further consideration because they are more 
likely to support unusual species assemblages. 
Species rich grid cells and the most unusual grid cells 
will be identified for further investigation. These 
maps may be used for long-term planning by the 
National Park service and other conservation agencies 
in the Rocky Mountain region. 

This analysis of richness maps is a rapid, 
economical means of designating potential sites for 
field inventory. It is currently being developed for 
designation of National Wildlife Refuges . by the US 
Fish and Wildlife Service under the "Gap Analysis" 
program (Scott et . al. 1990). The technique uses 
current range maps to identify areas of high species 
richness that are not currently protected (gaps in 
protection). This is one of several techniques for 
identifying areas for protection, and because this is a 
first step, other methods should be used to further 
refine decisions regarding site selection (Kirkpatrick 
1983, Noss 1987, DeVelice et al. 1988, Hun:teret al. 
1988, Margules et al. 1988, Eyre and Rushton 1989) . . 
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This was the third year of a four year 
investigation on the composition, distribution, relative 
abundance and habitat requirements of endangered, 
threatened, and rare plant species in the Southeastern 
Utah National Park Complex. Our specific objectives 
and accomplishments for 1991 follow. 

+ OBJECTIVES 

1. Develop a list of rare, threatened, or endangered 
species in Arches and Canyonlands National 
Parks, and Natural Bridges National Monument. 

The investigators have documented the following 
threatened, endangered, candidate, 3C, or rare taxa: 
Erigeron kachinensis, Astragalus monumentalis, 
Phacelia howelliana, Habernaria . zothecina, 
Sphaeraicea janese, Yucca toftiae, Primula 
specuicalor, Peteria thompsonae, Asclepias rusbyi, 
Cirsium rydberrgii, Cymopterus newberryi, Zigadenus 
vaginatus, Lygodasmia entrada, Haplopappus 
scopulorum and Cucurbita foetidissima. 

2. Locate populations of these rare, threatened, or 
endangered species within the parks and map 
them on 7 112 minute quadrangles. Collect 
baseline population information on the 
populations including plant size, distribution, and 
density. 

Locations have been documented· for the taxa in 
objective #1, and mapping has been started. Baseline 
population information has been started on the 
following species: Lomatium latilobum, Sphaeralcea 
janeae, and Habenaria zothecina. 

3. Characterize the habitats where threatened and 
rare plant populations are found. Use 
comparative methods to arrive at hypothesis 
regarding habitat requirements and population 
ecology for the species, testing the hypothesis 
where feasible. 

Habitat information has been collected on all taxa 
. listed in objective #1. Habitat requirement data and 
data on population ecology for each taxon will be 
discussed in the final report. 

4. Based on a review of studies of past and present 
distribution and population ecology, evaluate 
long term viability of these populations. 

Three taxa have been selected, one per Park of 
the Complex, in order to meet this broad objective. 
Progress to date covers the population characteristics 
and fecundity of Lomatium latilobium in Arches 
National Park, Sphaeralcea janeae in Canyonlands, 
and Habeneria zothecina in Natural Bridges National 
Monument. Long-term monitoring of these three 
taxa has been established. Along with site 
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characteristics such as plot dimensions, substrate, 
elevation, aspect, soil type, monitoring will include 
abundance of plants, associates, plant community 
type, threats/ disturbances. 

5. Establish a reference collection for park 
herbarium, and in the academic repository 
selected. This would include previously 
unknown locations of rare plants and other taxa 
that are needed for the Southeastern Utah 
National Park Herbarium. 

A total of 292 plants were collected in the 
Southeastern Utah National Park Complex in 1991. 

· 6. Develop management guidelines and policies 
regarding these species and make 
recommendations for ·park management of rare, 
threatened, and endangered species. 

This objective will be written for the final report 
after conferring with park personnel. · 

7. When possible, collect seed for storage in the 
Colorado State University seed bank. 

Seed of Lomatium latilobum and Sphaeralcea 
janeae bas been collected. Habenaria zothecina seed 
will be collected in the fall of 1992. 

8. Photograph all threatened-endangered-rare plants 
and their habitats in the Southeastern Utah Park 
Complex. 

Approximately 90% of the plants have been 
photographed with a 35 mm Nikon camera. Sixty 
percent of the habitats have been photographed. This 
objective will be completed "y late summer of 1992. 

POPULATION STRUCTURE AND SURVIVAL OF 
LOMATIUM LATILOBIUM IN ARCHES 

NATIONAL PARK 

Lomatium latilobium (Rydb) Mathias, 
Umbelliferae, a perennial endemic to the Navajo 

· Basin region, is a candidate for Federal protection 
under the Endangered Species Act. This species is 
re8tricted to fins derived from Entrada Sandstone, · 
and populations occuring in Arches National Park are 
particularly accessable to visitation impacts. This 
species has been focused upon in the past three years 
in an effort to determine patterns of . resource 
allocation, survival, and effects of physical impacts 

(particularly from trampling). · Preliminary data on 
resource allocation and survival are reported here. 

Two populations are being compared in Arches 
National Park. Devils Garden consists of well
developed and heavily-visited fins, while the Tower 
Arch region of Klondike Bluffs is relatively 
inaccessible and sustains far fewer visits. LOmatium 
latilobium exhibits both prolific sexual reproduction 
as well as population extension by cloning. We are 
testing the hypothesis that cloning occupies a 
relatively more important role in population 
maintenance in regions of high disturbance where 
seedling survival is made difficult by trampling and 
density-independent factors. 

Study 1: Each year for tlie past three years we have 
reexamined 3 plots in the fins of Devils Garden. We 
record the size of clones, the number of new 
germinants, and the reproduction (number of 
inflorescences) of each individual. In 1991, a large 
cohort of seedlings was documented in early May, 
thus we have an opportunity to determine early 
seedling success. There is significant recruitment 
into Lomatium populations by spring germination 
(density= 115/48m~. Within the first 2 months 
(S/4/91-6/24/91), 33% of the seedlings had survived 
in plot 1, 47% had survived in Pl~t 2, and 70% · 
survived in Plot 3. Differences in survival may be 
attributed in microhabitat variations. Plot 1 is located 
against a fin, but Plot 2 and 3 are partially shaded by 
Pi.iion and juniper trees and include decaying logs and 
debris which protected seedlings from the early 
summer heat and dessication. Based on survival of 
the 1990 cohort of seedlings, which bad 57% survival 
between 6/15/90 and 5/4/91 in Plot 1, SO% survival 
in that time period in Plot 2, and 65% survival in 
Plot 3, we project that further mortality of the 1991 
cohort will occur this winter. Although seedling 
survival is low, it is premature to project the net 
effect of recruitment from seed germination on 
population structure. 

The reproductive output of mature clones is 
being monitored ·in the Devils Garden ·fins in the 
same permanent plots. Reproductive output, 
measured as the number of inflorescences, dropped in 
1990 and 1991 relative to 1989 (Table 1), but it is 
not clear whether this is a significant or consistent 
change in the pattern of sexual reproductive output. 
Because of the small sample size within the plots, it 
is more reliable to examine the reproductive output of 
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Table 1. Summary of reproductive output by Lomatium latilobium in the Devils Gardens area in Arches National 
Park, Utah. Data are the number of inflorescences per mature clones, and have been recorded in three 
permanent plots. 

Plot Number of inflorescences 
1989 

Number of inflorescences 
1990 

Number of inflorescences 
1991 

1 18.5 10.1 

2 4.8 3.1 

3 0 22.0 

adults in the fin survey, Study 2. Study 2: Fins were 
surveyed in 1990 and 1991 to determine the structure 
(mature, non-reproductive, germinant) of Lomatium 
latilobium populations, and 
to compare recruitment and mortality in the relatively 
inaccessible Tower Arch area to the heavily visited 
Devils Garden fins (Table 2). In the Devils Garden 
region, the relative proportion of reproductive 
individuals decreased from 1990 to 1991 while the 
percentage of germinants increased significantly. 
Immature individuals remained approximately the 
same proportion. In the Tower Arch region, the 
proportion of reproductive individuals did not change, 
while immature individuals decreased relative to new 
germinants over the 2 years. The success of cloning 
is high, and asexual prolification occurs in all size 
classes at both study sites. 

Study 3: Seed viability, as measured by the presence 
of dehydrogenase enzymes, is high in June seed 
collections (54. 7%) while seeds collected in July 
averaged 32.8% viability in. 1991. We have been 
unsuccessful in attempts to germinate large numbers 
of Lomatium seeds. With · stratification, a small 
percentage will germinate, but dampen off within a 
few days. In 1991, collections were made earlier in 
the year than they were in 1990. Seed testing will 
begin this fall. In addition -to stratifying, we will 
attempt- several hormonal applications, KN03, 

thiourea, and hydrogen peroxide applications, in 
order to induce germination. 

16.3 

0.9 

3.1 

POPULATION BIOLOGY OF SPHAERALCEA 
JANEAE IN CANYONLANDS NATIONAL 

PARK 

On April 20, 1991 we initiated a study of 
Sphaeralcea janeae population structure along the 
White Rim between Musselman Arch and Lathrop 
Canyon. Populations are accessible from the road,· 
and appear to be prolific and robust. Two permanent 
plots (each 10 m x 10 m) were set up west of 
Musselman Arch parking area, SW/4, Sec. 19, T. 27 
W, R. 20 E., Island in the Sky District. All 
individuals were tagged with metal markers placed in 
the ground and buried, and their size and 
reproductive output were recorded. The population 
is clumped, and there is some evidence of cloning 
between plants, but the extent of this characteristic is 
unknown. The clumps tend to be clusters of even
sized plants. The most common size class consists of 
individuals with photosynthetic coverage of 5-10 em 
in diameter, and heights of 8-12 em. We cannot at 
this time identify age classes which correspond to 
these size classes. 

Reproduction was surveyed with a scale from 1-
5, with the extremes 1=young, non-reproduCtive 
plants, and 5 =large, reproductive individuals with 
nearly all shoots producing buds. In addition, the 
number of buds was r~orded. This survey was 
carried out on plants within the two permanent plots, 
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Table 2. Lomatium latilobium population structure in fins, Arches National Prk, Utah. Data are the number of 
individuals and their relative proportion in four growth classes. "Mature" clones consist of many clumps 
in a distinct mounded structure, "New" clusters consist of a few clumps which are tightly adhered and 
non-reproductive, "Germinants" have recently emerged from seeds. 

Site Year Mature 
# % # 

Devils 1990 266 59.6 131 
Garden 
(n=467) 

Devils 1991 248 38.9 217 
Garden 
(n=636) 

Klondike 1990 79 50.1 69 
Bluff 
(n=155) 

Klondike 1991 138 58.7 69 
Bluff 
(n=235) 

as well as along a transect near Little Bridge Canyon. 
Here, a 10 m x 100 m belt transect was run, and 
each individual was scored for reproductive class. 
The most frequently encountered classes are 
designated 2 or 3, with "moderate" reproductive 
output. The number of buds appear to be predicted 
by the diameter of photosynthetic cover, as well as 
by plant height. 

Both the permanent plots at Musselman Arch and 
the transect at Little Bridge Canyon were returned to 
on 5/18/91. New individual were recorded to 
determine recruitment into the population by spring 
germination, and the established individuals were 
again scored for reproductive status. Within the 
transect, 36 new individuals were recorded, and 7 
new seedlings appeared i_!l the permanent plots, 
representing significant rec01itment · into the 
population during early 8pring. 

On 6/25/91, we retUrned to the White Rim area 
for seed collections. The adult individuals in 
Musselman Arch plots lacked seeds despite the 

New 
% 

28.0 

34.2 

44.5 

29.4 

Germinant Dead 
# % # % 

65 13.9 5 1.1 

171 26.8 0 

7 4.5 0 

28 11.9 0 

abundance of flowers recorded in May. This trend 
persists in the region. However, at slightly lower 
elevations near Shafer campground, and beyond into 
Bureau of Land Managements tracts outside the Park, 
Sphaeralcea produce numerous, dark, full seeds. 
This trend will be of focus next year, as it appears 
significant, and, if repeated, may relate to pollination 
effectiveness in the permanent plot region. Seed 
collections were made in the Shafer campground 
area, and seed testing will begin this fall. 

POPULATION BIOLOGY OF HABENARIA 
ZOTHECINA IN NATURAL BRIDGES 
NATIONAL MONUMENT 

This year we initiated a study of populations of 
Habenaria zothecina near Kachina Bridge in Natural 
Bridges National Monument. · This study was directed 
by Linda Reeves, San Juan College, and will be 
continued during 1992. 

On 6/15/91, seeps were surveyed ip. the area of 
Kachina Bridge for the presence of Habenaria 



zothecina. Two sites were identified for study. Site 
1 is a WSW-faci.tig, 100m alcove with 3 significant 
seeps, no pools, and at least 3 benches with 
accumulated soil and Zygadenas-Habenaria 
associations. Plants among this association include 
Circium sp. 1 Erigeron kachinensis1 Carex sp. 1 Juncus 
sp. 1 Pachystima myrsinites 1 Aquilegia micrantha 1 

Heterotheca villosa1 Salix sp. 1 Carcocarpus sp. 1 

Yucca sp. 1 and Pinus edulis. A tOtal of 238 plants 
were found at this site. Their age is difficult to 
determine, as many plants which appear to be 
seedlings may actually be offshoots of older stalks, or 
ramacauls. Plants are not embryonic, since early· 
embryos would be undifferentiated (protocorms) 
following germination, and prior to necessary 
infection with mycorrhizal filaments. Ten plants 
were in flower, and 4 flowers had pollinia removed. 
Thus, 13.5% of the population was reproductive. On 
the average, plants had 2 flowers open; and 22 plants 
were in late bud. The mean number of buds and/or 
flowers per plant was 7. 
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A striking observation recorded predation on 
reproductive structures. A surprisingly high 19.2% 
of infloresences were nipped off entirely. Predation 
extended to vegetative structures, with 180 plants, or 
75.6% of the population, exhibiting leaf predation. 
During 1991, a thorough search for repetition of . 
predation, and the agent (possibly deer) causing this 
loss, will be made. 

, Further investigation of Habenaria zothecina in 
1992 will focus on seed set, asexual budding, seed 
viability, germination rates, and consistency of habitat 
characteristics. Because of the close taxonomic 
relationship with Platanthera sparsijlora, comparison 
will be made of pollinators, position of pollinia, and 
size-shape relationships between the two taxa. 



EFFECTS OF FIRE ON -ECTOMYCORRHIZAL FuNGI, 
SPORE DISPERSAL AND DEPENDENT FLORA 

ESTABLISHMENT IN SOILS 

• 
STEVEN L. MILLER + DEPARTMENT OF BOTANY 

NANCY L. STANTON + DEPARTMENT OF ZOOLOGY ~D PHYSIOLOGY 

STEPHEN E. WILLIAMS + PLANT, SOIL AND INSECT SCIENCES 

UNivERSITY OF WYOMING + LARAMIE 

Movement of ectomycorrhizal fungal propagules 
by small mammals · into burned areas of the Huck 
fire, John D. Rockefeller Memorial Parkway, was 
monitored for a third field season by live-trapping 
small mammals in burned and unburned forest sites 
and examining spores contained in their fecal pellets. 
As in the first two years, three species of small 
mammals were commonly trapped including the 
white-footed deermouse (Peromyscus maniculatus), 
least chipmunk (Tamias minimus) and southern 
red-backed vole (Clethrionomys gappen). 

Analyses of the fecal samples and small mammal 
populations froin the third year remain to be 
completed, however, results from the previous two 
field seasons show that the three species of small 
inammals exhibited different degrees of mycophagy. 
The white-footed deermouse fed on a variety of fungi 
when spor6carps were available. The 1989 field 
season was dry and few fungal sporocarps formed. 
Spores of 13 different species of fungi were contained 
in the fecal pellets from the white-Jooted deermouse 
in 1989 (Table 1). The- maximum frequency of 
individual deermice with spores of a particular fungal 
getius occurred with Morchella sp. and was 

· approximately 16.7%. Rainfall was higher in both 
the 1990 and 1991 field seasons and sporocarp 
production was also high . . Fecal pellets of the 
white-footed deermouse from 1990 contained spores 

from 20 fungal species, but the maximum frequency 
of individual deermice with spores was 18.3% for a 
Cortinarius sp., only slightly higher than the 
maximum in the 1989 field season (Table 2). 

The least chipmunk, considered to be more of a 
generalist, fed on both vegetation and fungi in all 
fecal samples examined to date. Combining all 
treatments, chipmunks consumed only seven species 
of fungi in 1989 (Table 1). The genus Rhizopogon 
was found in 85.7% of the 21 chipmunks trapped, the 
maximum frequency value for 1989. The 1990 fecal 
samples from the least chipmunk contained spores 
from ten fungal species, but the maximum frequency 
of chipmunks with spores of a particular fungus 
dropped to .16. 7% for a Cortinarius sp. (Table 2). 

The red-backed vole consumed the greatest 
diversity and quantity of fungi. In 1989, 18 species 
of fungi were recovered from vole fecal pellets, with 
a maximum frequency value of 58.6% of the voles 
with Rhizopogon spores (Table 1). Twenty-three 
species of fungi were consumed in 1990 by the 
red-backed voles examined and 37.5% of all voles 
consumed spores of Cortinarius sp. (Table 2). 

During the first year of trapping, no voles were 
captured in the burned area, suggesting that voles 
were not acting as strong vectors for dispersal of 
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Table 1. Frequencies (percent of occurrence) of fungi for bum and unburned control treatments combined by small 
mammal species, 1989. Number in parentheses following each small mammal denotes sum of captures 
throughout the entire trapping season. 

Fungal Fungal White-footed Red-backed Least 
Genus (or Family) Habit deermouse (84) vole (29) chipmunk (21) 

Cortinarius ectomycorrhizal 
Gautieria ectomycorrhizal 
Geopora ectomycorrhizal 
Gloeophyllum saprophytic 
Glomaceae endomycorrhizal 
Gomphidiaceae ectomycorrhizal 
Hymenogaster ectomycorrhizal 
Hysterangium ectomycorrhizal 
Leucogaster ectomycorrhizal 
Leucophleps ectomycorrhizal 
Melanogaster ectomycorrhizal 
Morchella facultative 
Naematoloma saprophytic 
Pachylepyrium saprophytic 
Pholiota saprophytic 
Psathyrella saprophytic 
Rhizopogon ectomycorrhizal 
Russulaceae ectomycorrhizal 
Unknown Basidiomycetes 
Unknown 3 ? 
Unknown6 ? 
Unknown Ascomycetes 
Unknown 1 ? 
Unknown2 ? 
Unknown4 ? 
Unknown 5 ? 

spores into burns. Fecal samples from white-footed 
deermouse trapped in both east- and west-facing 
burns in 1989, however, contained spores of three 
ectomycorrhizal fungi that produced sporocarps only 
in the unburned control forest. This indicates that at 
least some deermice were foraying into the control 
areas to eat fungi, and then returning to the bum. 
Similarly, at least some least Chipmunks captured in 
the west-facing bum during 1989 had eaten two 
species of ectomycorrhizal fungi that had fruited in 
unburned areas. 

During the second year of trapping, there were 
three documented dispersal events of small mamnials 

9.5 37.9 9.5 
1.2 3.5 9.5 
0.0 6.9 0.0 
2.4 6.9 0.0 
1.2 0.0 0.0 
0.0 13.8 0.0 
0.0 0.0 4.8 
2.4 24.1 4.8 
0.0 0.0 4.8 
0.0 17.2 0.0 
1.2 0.0 0.0 

16.7 34.5 4.8 
1.2 10.3 0.0 
1.2 0.0 0.0 
4.8 13.8 o.o 
0.0 6.9 0.0 
8.3 58.6 85.7 
7.1 48.3 0.0 

0.0 3.5 0.0 
0.0 10.3 0.0 

9.5 3.5 0.0 
1.2 0.0 0.0 
0.0 3.5 0.0 
0.0 3.5 0.0 

moving from unburned forest to the bum, one for 
each of the three major small mammals trapped 
regularly at the sites. In addition, there were seven 
"assumed" events of dispersal by red-backed voles 
which were captured within the bum treatment but .. 
never recaptured in the unburned plots. Analysis of 
fecal pellets from the individuals trapped in both the 
burned and unburned forest, and individuals trapped 
in areas not normally occupied by that particular 
small mammal species, contained both hyp<>geous and 
epigeous ectomycorrhizal fungal species as well as 
saprophytes and facultative ectendomycorrhizal 
species (Table 3). 
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Table 2. Frequencies (percent of occurrence) of fungi for bum and unburned control treatments combined by small 
mammal species, 1990. Number in parentheses following each small mammal denotes sum of captures 
throughout the entire trapping season. 

Fungal Fungal White-footed Red-backed Least 
Genus (or Family) Habit deermouse (262) vole (112) chipmunk (36) 

Ascobolus ? 
Cortinarius · ectomycorrhizal 
Gautieria ectomycorrhizal 
Geopora ectomycorrhizal 
Glomaceae endomycorrhizal 
Gomphidiaceae ectomycorrhizal 
Gyromitra facultative 
Hysterangium ectomycorrhizal 
Leucogaster ectomycorrbizal 
Leucophleps ectomycorrhizal 
Morchella facultative 
Naematoloma saprophytic 
Pachylepyrium saprophytic 
Pholiota saprophytic 
Psathyrella saprophytic 
Radiigera ectomycorrhizal 
Rhizopogon ectomycorrhizal 
Russulaceae ectomycorrbizal 
Sriillus ectomycorrhizal 
Unknown Basidiomycetes 
Unknown 7 ? 
Unknown 8 ? 
Unknown Ascomycetes 
Unknown 2 ? 
Unknown 9 ? 
Unknown 10 ? 
Unknown 11 ? 

Two species of conifer seedlings were recruited 
into the burned areas during the first three field 

. seasons post-fire in the Huck bum. Lodgepole pine 
(Pinus contorta) recruitment was highest during the . 
first field season, but germination occurred at much 
lower rates in years 2 and 3 (Fig . . 1). Subalpine fir 
(Abies lasiocarpa) was present, especially in June of 
year 1 but was · rarely encountered thereafter. 
Survivorship of lodgepole pine seedlings flagged at 
the end of the first field season was still nearly 100% 
by spring of the second field season and remained 
high even into year 3. Mortality that did occur was 
due primarily to large mammal disturbance. 

0.4 5.4 0.0 
18.3 37.5 16.7 
3.1 8.9 13.9 
0.4 5.4 0.0 

· 0.4 1.8 0.0 
0.0 5.4 0~0 

0.4 3.5 0.0 
7.3 27.7 2.8 
4.2 13.4 5.6 
9.2 17.9 0.0 
1.5 0.9 5~6 

1.5 6.3 0.0 
17.6 8.0 5.6 
16.0 24.1 8.3 
1.2 4.5 5.6 
0.8 0.0 0.0 
8.8 31.3 11.1 
2.3 15.2 0.0 
0.0 2.7 0.0 

0.0 0.9 2.8 
0.0 0.9 0.0 

0.4 0.9 0.0 
0.4 0.0 0.0 
0.0 0.9 0.0 
0.8 0.9 0.0 

This is the final year of the proposed study. 
Work yet to be performed includes completion of the 
remaining fecal analyses, counts of Cenococcum 
sclerotia, and analysis of the small mammal data 
taken in 1991. In addition, it would be desirable to 
map the data in such a way that both the small 
mammal distribution and corresponding spore load 
could be observed. At this time there appear to be 
no problems that may impede completion of the 
proposed research within the time remaining. 
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Table 3. Fungal genera present in fecal pellets from small mammals trapped both in burned and unburned plots 
or suspected of moving between treatments at the Huck fire sites, John D. Rockefeller Memorial 
Parkway, 1990. · 

SMALL MAMMALS 

Clethrionomys gapperi 

Tamias minimus 

Peromyscus maniculatus 

Hypogeous 

Rhizopogon--e1 

Hysterangium--e 
Gautieria --e 
Leucogaster--e 
Glomus--en5 

Hysterangium 
Gautieria 
Leucogaster 
Rhizopogon 

Rhizopogon 
Gautieria 
Leucogphleps--e 
Hysterangium 
Radiigera--e 
Geopora--e 
Leucogaster 

FUNGI 

Epigeous 

Psathyrella--s 
Morchella-fl 
Russula!Lactarius--e 
Pholiota-s4 

Naematoloma-s 
Gyromitra-u3 

Cortinarius--e 
Pachylepyrium--s 

Pholiota 
Psathyrella 
Morchella 
Peziza 
Cortinarius 
Pachylepyrium 

Morchella 
Pachylepyrium 
Cortmarius 
Pholiota 
Russula/Lactarius 

1ectomycorrhizal habitat; 2facultative habit; 3habit unknown; 4saprophytic habit; . 
Svesicular-arbuscular endomycorrhizal habit · 
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+ EXECUTIVE SUMMARY 

This research was designed to assess the impact 
of a hiking trail or a four wheel drive road on our 
three focal groups (plants, aquatic animals and small 
mammals). Analyses in 1990 revealed · large 
differences in species abundances and some instances 
of presence/absence differences among the three focal 
groups. Differences occurred both between the road 
right of way per se and nonroaded sections of the 
canyon bottom and between roaded and nonroaded 
sections of the canyon bottom. In 1990 we sampled 
small mammals and plants for 2.4 km up and 

. downstream of the road terminus. In May, June, and 
July 1991 we extended sampled areas to 

· approximately 4. 8 km up and downstream of the end 
of the four wheel drive road. We also sampled 
aquatic organisms at Natural Bridges and in 
Canyonlands. In addition, we performed an 
experiment in which we placed screen mesh 
enclosures into the creek above and below Bates 
Wilson Campground, Canyonlands. This experiment 
was -designed to assess sand infiltration rates and 
aquatic animal densities in areas lacking or possessing 
a road. Four small mammal trap grids (70 
traps/ grid) were trapped in the area lacking a road 
and in an area containing a road up Salt Creek.· Each 
trap grid was trapped for four successive nights. 

Eight plant grids ( 4 up and 4 downstream of the road 
terminus) were examined for species composition and 
plant coverages. Each upstream grid consisted of 
fifty 1 m2 plots, while the downstream grids consisted 
of the same 50 plots plus 10 plots randomly located 
in the road right of way. · 

Data analyses for 1991 are not yet complete but 
our subjective impression is that the 1991 results will 
duplicate those obtained in 1990. The hiking trail at 
Natural Bridges appears to influence the distribution 
and abundance of aquatic animals, perhaps by 
inc~ing the amount of sand entering the stream 
channel. In the area containing the trail, pools have 
a sandy substrate and contain many sand living 
organisms like mayflies. Conversely, in the area 
immediately upst~m of the trail, pools have a rocky 
substrate and are occupied primarily _by organisms 
that live between or on the surface of rocks like 
snails and caddisflys. At Canyonlands in 1990 we 
observed differences in species abundances for plants, 
aquatic animals and small mammals between areas 
containing or lacking a road in Salt Creek Canyon. 
Our subjective impression is that further sampling in 
these areas in 1991 has revealed similar patterns. We 
are currently in the process of analyzing these data 
sets. 
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+ INTRODUCTION 

Many amphibian populations appear to be 
declining throughout much of the world (Com and 
Fogleman 1984, Beiswenger 1986, McAllister and 
Leonard 1990, Wake and Morowitz 1990, Wake 
1991). Declines appear to be particularly noticeable 
in the western United States in the true frogs and 
toads (families Ranidae and Bufonidae, respectively). 
For example, leopard frogs (Rana pipiens) and 
western toads (Bufo· boreas) have disappeared from 
the majority of their historic ranges in Colorado 
(Com et al. 1989) and populations of spotted frogs 
(Rana pretiosa) have gone extinct or declined on the 
periphery of their range in Washington, Oregon, 
California, Nevada, and Utah (McAllister and 
Leonard 1990). 

Monitoring amphibian poE_ulations is important 
for several reasons. First and most obvious, we need 
to know- if and why amphibian populations are 
fluctuating so we can effectively manage and preserve 
them. Second, amphibians are important components 
of many ecosystems, both as predators and prey, 
often making up a significant amount of a system's 
biomass (Pough 1983). Finally, amphibians are 
potentially sensitive indicators of environmental 
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change because of a unique combination of biological 
· characteristics such as their permeable skins, biphasic 
life cycles, and aquatic reproduction and development 
(Wake and Morowitz 1990). For these reasons, the 
monitoring of amphibians populations ·has been 
recommended as an "early warning system" of 
environmental change (Beiswenger 1986, 1988, Wake 
1991). 

Two major questions need to be addressed to 
understand declines in amphibian populations: 
(1) To what extent are amphibian populations 
actually declining? The evidence for declining 
populations is largely anecdotal and there are few 
quantitative, long-term studies of amphibians · 
populations (Wake 1991). We do not know what 
percentage of species are affected or to what extent 
_their populations have declined. Consequently, to · 
determine how widespread this problem is, top 
research prioritieS should include resurveying 
previously studied populations and initiating 
integrated, long-tei:m studies of populations (Wake 
and Morowitz 1990, Pechmann et al. 1991). 
(2) If populations are decreasing, what are the . 
causes of the declines? A variety of factors may be 
involved with declines in amphibian populations, 
including temperature changes, increased ultraviolet 
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radiation, air and water pollution, drought, habitat 
destruction, and the introduction of exotic species. 
The causes of declines which have occurred in 
relatively undisturbed areas such as national parks 
and wilderness areas are of special concern and 
interest. A key issue is the extent to which 
population fluctuations are the result of natural 
causes, such as drought, versus anthropogenic causes, 
such as pollution (Pechmann et al. 1991). Because of 
this diversity of potential factors, we need data for a 
variety of species and locations to understand the 
extent of this problem and to determine its causes 
(Wyman 1990). We need to gather data on 
environmental variation and the responses of 
individual amphibians to that variation as well as 
documentation of population fluctuations. 

The Greater Yellowstone Ecosystem (Anderson 
1991, Marston and Anderson 1991) is an important 
location for a amphibian monitoring program for 
several reasons (Koch and Peterson 1989), including: 
(1) it is located in the northern intermountain west, 
an area for which there is relatively little information; 
(2) it is relatively undisturbed and thus may provide 
comparisons valuable for testing hypotheses 
concerning the causes of declines in amphibian 
populations (e.g., water pollution); (3) it is relatively 
protected and will be available for long term studies; 
( 4) there are historical distribution data for the five 
amphibian species occ,urring there, including 
population data for spotted frogs (Rana pretiosa) 
(Turner 1958, 1960) and for · tiger salamanders 
(Ambystoma tigrinum) (Fishery and Aquatic 
Management Program in Yellowstone National Park -
Technical Reports for Calendar Years 1964-1982); 
and (5) the amphibian species which occur there are 
experiencing problems elsewhere in their ranges 
(Com and Fogleman 1984, Harte and Hoffman 1989, 
McAllister and Leonard 1990). The Greater 

. Yellowstone Ecosystem will therefore be an important 
site when an international network of monitoring sites 
for amphibian populations is established. 

OBJECTIVE OF CURRENT STUDY 

The objective of this study was to initiate a 
mopitoring program to help determine the status and 

· trends of amphibian populations in Yellowstone and 
Grand Teton National Parks. 

+ METHODS 

We monitored amphibian populations at eight 
sites (Figure 1). Six sites were located in 

. Yellowstone National Park (Slide Lake, Slough Creek 
Road Pond, Harlequin Lake, Lodge Creek, Indian 
Pond, and South Entrance Pond) and two sites were 
located in the Jackson Hole area (Lower Moose Pond 
and Togwotee Pass Pond). These sites were chosen 
on the basis of location, elevation, aCcessibility, the 
existence of previous data, and the present occurrence 
of amphibians. 

Our principal sampling technique oonsisted of 
timed searches along the shores of lakes and ponds 
and along the banks of streams. We_ counted the 
number of egg masses found and all the individuals 
seen and classified them as adults, juveniles, recently 
transformed (metamorphs), or larvae. In the case of 
large numbers of larvae or metamorphs, we only 
estimated their numbers. Dip nets were used · to 
collect larvae and tadpoles for identification. We 
listened for calls of chorus frogs (Pseudacris 
triseriata) during the spring sampling. We also 
experimented with the use of minnow traps at 
Harlequin Lake and Lower Moose Pond to sample 
for larvae and tadpoles. 

During the first visit, we described the site using 
a standard format developed by U.S. Fish and 
Wildlife Service (USFWS) personnel (date, location, 
area, depth, origin, type, substrate, vegetation, etc.). 
We noted beginning and ending times and the number 
of observers so that observation rates for each species 
could be calculated. Water samples were taken at 
each site during the first two sampling periods and 
shipped .to Fort Collins, Colorado for analysis (pH, 
conductivity, and ions) by the U.S. Forest Service 
(USFS). We also recorded shaded 1 m air tempera
tures and 1 em water temperatures at one or more 
locations. Cloud cover, relative wind speed, and 
general weather conditions were also noted for each 
sampling period. We sampled each site once per 
month from May through August. Park personnel 
also sampled most of these sites several times during 
June and August. 

To detect long-term changes in populations, we 
attempted to make comparisons ~th sites that had 
been studied in the early 1950's by Frederick B . 

. Turner (1955, 1960) in Yellowstone National Park 
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Figure 1. Location of amphibian sampling sites in the Greater Yellowstone Ecosystem; ( 1) Slide Lake; (2) Slough 
Creek Road Pond; (3) Harlequin Lake; (4) Indian Pond; (5) Lodge Creek; (6) South Entrance Pond; (7) 
Togwotee Pass Pond; (8) Lower Moose Pond. 
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and Charles C. Carpenter (1953b, 1954) in the 
Jackson Hole area. Turner and Carpenter revisited 
their study sites with us from 20-21 June and 24-27 
June 1991, respectively. Between July and August of 
1991, we also conducted a mark/recapture study of 
spotted frogs at Lodge Creek for comparison with 
1953-1955 population estimates (Turner 1960). 

+ PRELIMINARY REsuLTS AND 
DISCUSSION 

SAMPLING 

Much of the difficulty in determining population 
trends for amphibians is due to the variety of factors 
influincing their activity and abundance, including the · 
species, life stage, sampling technique, weather, 
time, and location. We often failed to observe a given 
species at a particular. site even though we found it 
there at another time. Because of the number of 
variables involved and their potential interactions, we 
feel that careful sampling using a variety · of 
techniques at Several times during the year is 

· required. Once a general understanding of these 
effects is achieved, a more efficient sampling 

. schedule can be developed. The participation of park 
personnel in the sampling greatly increased our 
understanding of temporal variation in the abundance 
of amphibians. Although we have not yet analyzed 
the effects of weather variation on our results, the 

.spring of 1991 was generally cool and wet and 
presumably delayed reproductive activity. 

Tiger salamanders (Ambystoma tigrinum) were 
relatively difficult to sample. They were most easily 
seen in the water, either as adults or larvae. We 
found eggs only at one site (Slide Lake). It was 
apparent that the probability of observing this species 
was more affected by the experience of the observer 
than for the other species. We did not locate them 
consistently and typically detected this species on 
only one or two sampling dates at a given site. Our 
efforts to collect individuals with minnow traps at 
Harlequin Lake and Lower Moose Pond were 
unsuccessful but, given the success that Carpenter 
(1953a) had with this technique, we plan to try again 
next year, earlier in the season. Tiger salamanders 
have been found in pit . traps placed out for sampling 
small mammal populations (Mary Harter, pers. 
comm.) but we did not use traps because of our 
limited sampling schedule and because many of the 
sites are visible to the public. Previous lake surveys 

for fish indicate that gill netting is effective (Fishery 
and Aquatic Management Program in Yellowstone 
National Park- Technical Reports for Calendar Years · 
1964-1982) but often results in the death of the 
salamanders. Although mass migrations of 
salamanders have been reported in Yellowstone 
National Park (Koch and Peterson 1989), we did not 
encounter or hear of any such migrations in 1991. 

Western toads (Bufo boreas) are apparently 
relatively easy to sample if they are present. The 
timed searches were effective for sampling adults, 
larvae, and metamorphs at the South Entrance Pond 
site. We · did not hear them calling although 
individuals sometimes vocalized when captured. We 
did not find any eggs. Many transforming 
individuals were seen _from June through · August at 
the South Entrance Pond site in a geothermally 
influenced side-channel of the Snake River. 

The presence of Western chorus frogs 
(Pseudacris triseriata) at a site was most easily 
determined by listening for their calls in the spring. 
We encountered adults at a low rate (only 27 adults 
during the study). Eggs were hard to find and-only 
seen at two sites. We saw fewer tadpoles than we 
expected to fmd on the basis of calling and adults 
seen. Tadpoles were only observed at one 'of the 
sites (South Entrance Pond). 

Spotted frogs were the most easily sampled 
species. We found all stages (eggs, tadpoles, 
metani.orphs, juveniles, and adults) during the timed 
searches. We did not hear any calling. Eggs were 
found from mid May to mid June, depending on the 
location of the site. We captured many tadpoles in a 
minnow trap in Lower Moose Pond but were 
unsuccessful at Harlequin Lake, perhaps because of 
differences in the substrates, sizes of the water 
bodies, ·and times of development. Transforming 
individuals were observed from late July to early 
September, depending on the location of the site. 

DISTRIBUTION 

Table 1 summarizes which species · and stages 
were observed at each of the sites as well as historic 
records of occurence. Tiger salamanders had been 
previously recorded . at or near '.five . of our eight · 
sampling sites. We found salamanders at four of the 
five sites where they had previously been found. 
We may have failed to detect the presence of this 
species at some sites because of sampling difficulties. 
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Table 1. Amphibian species and life stage occurrence at eight sampling sites in Yellowstone and Grand Teton 
National Parks during 1991. An asterisk indicates that a species was recorded at or near that site before 
1991. A = adult. C = calling. E = eggs. J = juvenile. L = larva or tadpole. M = recently 
metamorphosed individual. 

Days Tiger Salamander 
Sampling Site Sampled Ambystoma tigrinum 

Slide Lake 7 *EL 

Harlequin Lake 11 *L 

Slough Creek Road 
Pond 7 *AJL 

Indian Pond 4 * 

Lodge Creek (upper) 13 

South Entrance Pond 10 

Togwotee Pass Pond 3 *AL 

Lower Moose Pond 7 

Western toads were found at only three of the eight 
sites and at only one of five sites for which 
previousrecords are available. Carpenter (1953b) 
described western toads as the most wide-spread 
amphibian in the Jackson Hole region. We do not 
believe the apparent limited distribution is the result 
of ineffective sampling. Because western chorus 
frogs were found at seven of the eight sites, we 
considered them to be widespread as did Turner 
(1955). They may also occur at the Indian Pond site 
but may simply have not been detected. Spotted 
frogs were found at all eight sampling sites and, thus, 
were the most wide-spread species. 

ABUNDANCE 

Because of the variety of factors influencing the 
visibility of amphibians, . it is difficult to estimate 
abundances from the timed search data. Based on the 
number of adults observed, spotted frogs were the 
most abundant species (over 750 adults observed), 
followed by tiger salamanders (49 adults), western 

Western Toad Western Chorus Frog Spotted Frog 
Bufo boreas Pseudacris triseriata Rana pretioss 

AC AEJM 

* AC AEJLM 

* AC *AEJ 

JL * AEJLM 

*1 *A *AEJLM 

ALM ACL AEL 

* c *ALM 

* c *AEL 

chorus frogs (27 adults), and western toads (10 
adults). The calling activity of the chorus frogs 
suggests that they actually may be more abundant 
than the tiger salamanders. Adult western toads were 
only observed at one site (South Entrance Pond). 
Tadpoles and metamorphs were very abundant there, 
numbering in the thousands. Hundreds of toad 
tadpoles were also observed at Indian Pond. Based 
on conversations with Charles Carpenter and on the 
1991 field data, western toad populations appear to 
have declined since the 1950's. Based on the water 
samples we collected in 1991, acidity does not appear 
to be a problem for amphibians in the Greater 
Yellowstone Ecosystem (Com and ·vertucci, in 
press.). 

Although spotted frogs appeared to be 
abundantand reproducing at all locations sampled, we 
do not know what the population trends are. 
Seasonal variation in the number and observation 
rates of spotted frogs was great (Figure 2). Turner's 
subjective impression from his 1991 visit was that 
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Observation Rate for Sp()tted Frogs 
· Harlequin Lake, 1991 
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Figure 2. Observation rates of spotted frogs (Rana pretiosa) at Harlequin Lake during 1991. The juvenile category 
includes recently transformed individuals. The numbers above the bars indicate the total number of 
individuals observed on that day. 

·there were fewer spotted frogs now than in the 
1950's. We found very few spotted frogs during two 
visits to the· Natural Bridge Area in Yellowstone 
National Park, even though Turner had observed that 
they were abundant there in . the 1950's. Our 
preliminary analysis of 1991 mark/recapture data for 
spotted frogs at · Lodge Creek suggests that, although 
many frogs are still present, a dramatic decline (about 
60-80%) has occurred since the 1950's. On 16-17 
July 1991 we captured, marked (freeze-branded), and 
releaSed 104 spotted frogs in the upper portion of 
Lodge Creek. On August 24, we captured 87 frogs, 
37 of which had been marked. This recapture ratio 
indicates a population size of about 245, compared to 
Turner's population estimates of 1000-1600 frogs in 
1953-1955 (Turner 1960). Unfortunately, this site 

has been heavily disturbed by roads and a water well 
system and thus is probably not representative of the 
Park as a whole. The construction of roads and 
buildings in Grand Teton National Park also 
prevented comparisons of current and past 
abundances at Carpenter's best studied sites 
(Carpenter 1954). 

+ SUMMARY 

1. Western toads were easy to sample, had a 
limited, possibly decreasing ·distribution with 
relatively few adults observed, and successfully 
reproduced at two of the sites. This species 
appears to be less widespread and less abundant 



than in the past, especially in the southern 
portion of the Greater Yellowstone Ecosystem. 

2. Spotted frogs were easy to sample, widespread, 
abundant, amd reproducing successfully. 

3. The widespread distribution of western chorus 
frogs was easy to determine because of their 
spring calling behavior. However, relatively few 
adults, eggs, or tadpoles were observed. 

4. Tiger salamanders were moderately difficult to 
sample and were only found at half of the sites. 
We encouritered a moderate number of 
individuals. 

5. It is difficult to determine population trends 
because of a lack of previous studies. 
Unfortunately, those sites for which previous 
population data were available had been modified 
by developments so that m~ingful comparisons 
could not be made. We recommend that the 
parks identify previous study areas and try to 
protect such sites from. further development. 
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1. Harlequin Lake. 
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• INTRODUCTION 

Hanging gardens are relatively small, isolated 
mesophytic communities surrounded by the xeric 
environment of canyon walls in the entrenched 
dendritic drainage pattern of the Colorado Plateau 
(Welsh 1989a, Malanson 1980, Welsh and Toft 
1972). Various sandstone formations . such as the 
NavaJo in Zion National Park serve as aquifers which 
produce permanent seeps or springs when underlain 
by impervious layers (Welsh and Toft 1972). These 
reliable sources of water' and the associated 
processes of erosion and sedimentation, allow the 
formation of biotic communities that starkly contrast 
with the surrounding desert. Several endemic plant 
species have been found in Utah hanging garden 
surveys (Welsh 1989b, Loope 1977, Welsh and Toft 
1972) and Dinosaur National Monument (T. 
Naumann, personal comm.). Virtually nothing is 
known about the invertebrate fauna. Our specific 
research objectives are to (1) survey the plant and 
invertebrate animal communities of hanging gardens 
in Zion National Park (ZION) and Glen Canyon 
National Recreation Area (GLCA), (2) map the 
geographic distribution of the endemics identified and 
determine levels of endenli.sm within and among 
parks; (3) determine levels of similarity between 
each sampled hanging garden plant and insect 
community, and to ( 4) determine similarities among 
plant communities and among .insect communities 
across gardens. 

• FIELD METHODS 

Most of the hanging gardens we sampled were 
chosen during a reconnaissance trip to ZION and 
GLCA on May 14-18, 1991. We centered our work 
on the larger distinct hanging gardens which Welsh 
(1984, 1989a, 1989b) and Tuhy and MacMahon 
(1988) had previously surveyed for plant species 
during prior NPS-sponsored research. Thus we were 
able to focus on measuring the community 
importance of plant speeies in these gardens, 
especially the endemics; to expand to nearby smaller 
hanging gardens; and to increase our effort on 
invertebrate surveys. 

Each hanging garden was visually separated into 
the following microhabitats: wet walls/floors, ledges, 
and colluvial soils below ledges. Wet walls were 
obviously vertical whereas wet floors were covered 
with a thin sheet flow of water. . Both were 
dominated by prokaryotic and protistan communities. 
Ledges were of sufficitmt width and length to support 
linear plant communities. Most of the vascular plant 
communities were found on colluvial soils which 
develop just downslope of ledges or on the talus/scree 

· underneath . an alcove~ Herbaceous vegetation was 
systematically sampled by Daubenmire frames to 
estimate percent canopy cover by species. Voucher 
specimens were oollected . for each species. 
Systematically placed line transects were also used in 
GLCA when woody plants were an important 



component of the community. For the smallest 
hanging gardens, only plant species lists were 
compiled. 

Sampling intensity for insects was hierarchically 
scaled with hanging garden size. For the largest 
hanging gardens, such as Upper Three Garden at 
GLCA or Grotto Hanging Garden at ZION, we used 
pitfall and malaise traps for ,insects as well as general 
sweep netting of the vegetation. Off-garden controls 
were set on dry slopes for malaise and pitfall traps. 
We also collected flower feeders and pollinators when 
plants were blooming. Insects were collected from 
wet walls and floors by hand or aspirator. Malaise 
traps were set only on the largest hanging gardens in 
order to minimize the collection of-off site insects. 
However, pitfall traps were placed on all but the 
smallest hanging gard~ns. 

Seasonal effects will be examined from plant 
and insect data collected in June, July, and August 
from ZION's two largest hanging gardens: Upper 
Emerald Hanging Garden and Grotto Hanging 
Garden. These gardens were completely sampled 
each month. Small mammal presence-absence data 
were collected on three hanging gardens in both 
ZION and GLCA. 
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+ RESULTS AND DISCUSSION 

Within the Coleoptera (beetles), the Carabidae 
and the aquatic Gyrinidae and Dytiscidae (Table 1) 
contain the most specimens. The best represented 
families of Apoidea (bees) are the Halictidae and the 
Apidae. Among the Hemiptera (true bugs), the 
aquatic families Veliidae and Gerridae and the 
terrestrial family Miridae are the best represented by 
collected specimens (Table 1). 

In GLCA and ZION, many hanging gardens 
appear to be located at the contact between the 
Navajo sandstone and the Kayenta formation, at 
approximate elevations of 1248-1260 and 1350-1410 
m respectively. These· gardens straddle the contact 

· and have distinct geomorphic microhabitats. The wet 
backwall (and hanging wall under an alcove) are in 
the cliff forming Navajo sandstone, whereas the 
ledges and colluvial soil slopes develop in the 
siltstone and mudstone layers of the Kayenta. 

Over 400 plant specimens were collected as 
vouchers for distribution and community data. At 
this time, species appear to be in agreement with 
Welsh's (1984, 1989a) reports to ZION and GLCA. 

Table 1. Preliminary trends in insect family richness and importance for three selected taxa from hanging gardens 
.in ZION and GLCA. ( ) indicate number of specimens. 

Coloeptera 

Chrysomelidae (13) 
Dytiscidae (18) 
·Gyrinidae (86) 
Tenebrionidae (7) 
Carabidae (16) 
Leiodidae (10) 
Scarabaeidae (11) 
Lampyridae ( 11) 
Scirtidae ( 1) 
Buprestidae (1) 
Pselaphidae ( 1) 
Heteroceridae (1) 
Lycidae {2) 
Elateridae (12) 
Coryophidae (2) 
Hydrophilidae (3) 
Curculionidae (1) 

Hemiptera 

Gerridae (26) 
Cicadidae (1) 
Pentatomidae (8) 
Miridae (15) 
Rhopalidae (5) 
Veliidae (29) 
Hebridae ( 4) 
Lygaeidae (1) 
Reduviidae (1) 
Dipsocoridae? (1) 
Nabidae (1) 
Notonectidae (1) . 

Apoidea 

Halictidae (26) 
Apidae (46) 
Megachalidae (3) 
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Insect collections are currently .being processed and 
identified to family prior to shipment to the USDA 
Bee Laboratory at Utah State University and the 
Systematic Entomology Laboratory at Oregon State 
for species identification. Most of the sweep . netted, 
hand, and flower pollinator/feeder collections have 
been processed and shipped for identification. Over 
1400 insects have been pinned thus far. 

The first priority for the remainder of the 
reporting period is to identify the pressed plant 
specimens and to process the pitfall and malaise trap 
insect oollections. Analyses of vegetation ecology 
data and plant and insect biogeographic distribution 
patterns will follow. The results of these analyses 
will then be used to refine our field sampling 
techniques for next season. We also plan to evaluate 
Welsh · and Toft's (1972) classification of hanging 
gardens into . three types: alcove (with five 
developmental stages), windowblind, and terrace. So 
far, we have found this classification difficult to 
interpret and apply, even though it has descriptive 
value. An attempt will be made to incorporate 
surface drainage patterns, geologic structure, and 
erosional features into Welsh's system, or to 
construct a new one. 
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The objectives of this study are to 1) determine 
the steppe habitat types and indicate the successional 
status of the current vegetation, 2) provide a mylar 
map of climax/relict communities, if any, for the 
entire park, 3) establish a network of permanent plots 
to evaluate changes in seral and climax communities 
for the North Unit and Sheep Mountain Table, and 4) 
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. 

All of the field work for the project was 
completed during the 1991 field season. Specific 
study sites used during the 1990-91 field seasons 
were selected with the 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. 

A total of 139 sites were sampled during the 
1990 field season primarily within the Sage Creek 
Wilderness Area (Batt, in preparation). The collected 

data have been entered into the USD mainframe 
computer in preparation for summarization and 
analysis. Exploratory analysis indicates that much of 
the within-site variation can be reduced using an 
agglomerative clustering technique (Ratliff and 
Westfall 1989). The method appears to be quite 
useful in classifying a particular site into a 
community type and in determining the successional 
status of the site. 

The vegetation of the Sage Creek Wilderness 
Area consists of an intricate mosaic of a 
predominately grassland vegetation type interspersed 
with a variety of shrub and woodland communities 
(Batt, in preparation). Western wheatgrass 
(Agropyron smithit) was the dominant native species 
in approximately 70% of the sampled stands. 
However, Bromus spp., which includes B. tectorum 
and B. japonicus, were the dominant or subdominant 
species within a substantial number of the stands, 
even those stands previously considered to be 
undisturbed or relict. Blue grama (Bouteloua 
gracilis) and threadleaf sedge (Carex filifolia) were 
the two most common secondary species. 

Batt (in preparation) has identified 10 
community types within the Sage Creek Wilderness · 
Area (Table 1). The community types were found 
occupying different positions on the landscape in. 
different areas of the park. Further, a considerable 
number of the sampled stands have been disturbed by 
bison and/or prairie dogs, and much of the area has 
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Table 1. Major grassland community types of the 
Sage Creek Wilderness Area, Badlands 
National Park, South Dakota which were 
sampled during the 1990 field season. 

Community type 

1. Agropyron smithii/Bouteloua gracilis 

2; Agropyron smithii/Buchloe dactyloides 

3. Agropyron smithii/Carex eleocharis 

4. Agropyron smithii/Carex ./ilifolia 

5. Agropyron smithii/F estuca octo flora 

6. Agropyron smithii/Stipa viridula 

7. Artemesia canal Agropyron smithii 

8. Festuca octoflora/Bouteloua gracilis 

9. Sporobolus cryptandrus/Agropyron smithii 

10~ Stipa comata/Agropyron smithii 

been impacted by livestock grazing in the past. The 
current successional status of the major community 
types within the North Unit appears to be part of a 
continuum ranging from early seral to near climax 
condition. Consequently, community types were also 
separated according to soil series even though they 
were sometimes classified as belonging to the same 
range site by · the Soil Conservation Service. · Such 
separation will increase the complexity of the 
vegetation map, but should increase the utility of the 
map as a management tooL The vegetation map for 
the Sage Creek Wilderness Area is complete and will 
be submitted to Badlands National Park along with a 
copy of Mr. Jim Batt'S- completed thesis, which 
should be finished in 1991. 

The primary goal of the 1991 field season was 
to identify and evaluate potential climax/relict 
communities (objective 2 above) which may serve as 
reference points in evaluating the successional status 
of the major habitat types in the park (objective 1 and 
3). Several sites north of the wall, which were 
initially described by Olson (1988), were also 
evaluated during the 1991 field season. A dedicated 
effort was also made to identify any candidate and/or 
listed rare, threatened · or endangered plant species 
during this survey (objective 4). 

. Several sites which were established during the 
1990 field season were revisited in 1991. Although 
fairly detailed directions were recorded as to the 
location of the permanent sampling points, the 
complex nature of the badlands type topography will 
make finding the sites in the future difficult. 
Probably nothing short of using a Global Positioning 
System will help in locating these sites. 

Information collected during the 1991 field 
season is currently being entered into the USD · 
mainframe computer in preparation for analysis. The 
vegetation map as delineated by Batt (in preparation) 
is currently being expanded to include the 
successional communities for the North Unit and the 
climax/relict communities for the entire Park. 
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• EXECUTIVE SUMMARY 

The burrowing owl (Athene cunicularia), was 
once widely distributed throughout the western United 
States and Canada (Bent 1938), and was considered 
common on the prairie dog towns of South Dakota 
and Nebraska (Cooke 1888, Over and Thomas 1920). 
Recently however, concern over the birds status has 
resulted in its being listed as; "endangered" in two 
states (MN and IA), "threatened" across its range in 
Canada, and of "special concern" in seven states 
{WA, OR, CA, MT, WY, ND, FL) (Martell1990). 
Land management practices including grazing, 
shooting, and poisoning on prairie dog colonies, the 
primary nesting habitat of burrowing owls in the 
Great Plains, has the potential to greatly affect owl 
populations. Information on population sizes and 
trends, the location of wintering areas, and the degree 
of nest site fidelity is needed to monitor and manage 
this species on public lands. 

The objectives of this project are to: 

1. detertnine the . number ~d distribution of 
burrowing owls in Badl~ds National Park 
(BNP) and adjacent areas; 

2. develop a census technique which will allow for 
continued monitoring of the Park's population, 
and; 

3. document the degree of natal and nest-site 

fidelity of burrowing owls in southwestern South 
Dakota. 

+ METHODS 

In consultation with BNP biologists, five prairie 
dog towns were chosen for repeated surveys in 
Badlands National Park; Bums Basin, Kocher Flats, 
Sage Creek, Tyree Basin, and Roberts (Table 1). 
Fifteen additional survey siteS were selected in the 
Conata Basin (CNB) for surveys (Table 1). 

Surveys to locate owls were conducted in spring, 
between 1 May and 8 May, and during the summer, 
between 19 June and 24 July. Trapping and banding 
of owls was done between 29 June and 25 July. 

Owls were located by visually searching active 
and abandoned prairie dog towns, using binoculars 
and 20 - 60X spotting scopes. Site visits when owls 

. were counted were of two types; 1) visits for banding 
owls, checking burrows, or conducting short non
systematic searches of a town; or, 2) systematic 
searches of towns to collect data for developing a 
repeatable survey technique. This second type 
involved walking along a transect line through the 
town and stopping for 10 minutes at points spaced 
300m apart. 

The location of each bird seen was recorded on 
1:24000 USGS topographic maps. The age and sex 
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Table 1. Location, size, and number of visits to survey sites. 

Town Hectares Location #of Visits 

Bums 205 T03S R17E Sl7,19,20 7 

Kocher 327 - -T03S R14E Sl,2,11,12 4 

Sage 190 T02S R14E S11,14,15,23 8 

Tyree 119 T02S R15E S33 ,34 13 

Roberts 130 TOtS R15E S3 8 

BGG-03 12 T04S R17E S7 14 

BGG-04 65 T04S R16E S4,5 9 

BGG-05 50 T03S R16E S8 15 

BGG-11 166 T04S RISE S3 1 

BGG-12 51 T04S R15E S4 1 

BGG-18 176 T03S R16E S21,28,33 3 

BGG-19 8 T03S R16E S7 1 

BGG-31 72 T03S R15E S11 3 

BGG-33 229 T04S R16E S4,5 6 

BGG-34 56 T03S T16E S3,10 1 

BGG-35 no data T03S R18E S5 1 

BGG-36 34 T03S R16E Sll . 1 

BGG-37 28 T03S R15E S12 2 

BGG-42 294 T03S R15E S24 1 

BGG-43 84 T04S R16E S2,3 1 

of the birds, which was -determined by plumage 
patterns (Bent 1938, Grant 1965, Thomsen 1971) 
were also noted. Counts of juveniles were done after 
their emergence from the burrow. Active burrows, 
being those -we found broods at, were marked with an 
orange wooden stake (placed 20 m north of the 
burrow). We also searched for owls which had been 
banded and color-marked in past years (Martell et al. 
1990). 

· Haug-traps (Martell 1990) were used at burrows 
to catch juveniles and bal-chatri traps were used to 
catch adult birds. Trapped birds were banded with 
standard aluminum U. S. Fish and Wildlife Service 
bands (adults on the right leg, juveniles on the left 
leg) and yellow herculite bands (adults on the left leg, 

juveniles on the right leg). Morphometric 
measurements which included length of 7th primary, 
wing chord, foot pad length, mid-tarsal thickness, 
beak depth and length were taken at the time of 

. banding (Baldwin et al. 1931). Requests for 
information on sightings of the color-marked birds 
were sent to American ornithological organizations 
and to biologists at universities and research 
organizations in Mexico. 

· + RESULTS AND DISCUSSION 

We -surveyed 2297 ha of -prairie dog town, 970 
ha in BNP and 1327 ha in CNB. A total of 70 adult 
and 67 juvenile burrowing owls were seen during this 



survey. Twenty-seven adults making up 14 pairs 
were· located in BNP, an average of 1 pair/60 ha. 
They were found on three towns; Bums, Tyree, and 
Kocher (Table 2). We saw no burrowing owls on 
either Roberts or Sage Creek. Twelve of these pairs 
successfully raised broods, and we counted a total of 
29 juveniles (2.42 young/brood) (Table 2) in BNP. 

Table 2. Numbers of burrowing owl seen on 
prairie dog towns in Badlands National 
Park. 

Town 
Numbers of burrowing owls 
Adults Pairs Juveniles Broods 

Bums Basin 4 

Kocher Flats 11 

Sage Creek 0 

Tyree Basin 
Town A 9 
Town B 3 

Roberts 0 

Totals 27 

1 

5 

0 

6 
2 

0 

14 

2 

12 

0 

9 
6 

0 

29 

1 

4 

0 

5 
2 

0 

12 

Nineteen pairs of owls were located on 10 of 
the 14 towns surveyed in the Conata Basin, and 
average of 1 pair/66 ha. Fourteen broods with a total 
of 33 juveniles were recorded (2.36 young/brood) 
(Table 3). One adult, and 31 juvenile owls were 
banded and color-marked during the course of this 
field season. The adult was captured using a bal
chatri on town 37 in the Conata Basin. All of the 
juveniles were captured using haug-traps. Seven 
juveniles were trapped in BN~, 19 were trapped on 
the Conata Basin, and 5 were trapped in Interior, SD. 
No owls were seen wearing color-bands from 
previous years. 

Problems arose in two areas; trapping and 
analysis of transect line surveys. Our inability to 
successfully trap adult owls for banding will interfere 
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with estimates of nest burrow fidelity in future years. 
However, our experiences this past year will 
hopefully lead to more successful trapping methods in 
the future. 

Table 3. 

Town 

BGG 
03 

04 

05 

11 

12 

18 

19 

32 

33 

34 

36 

37 

42 

43 

Total 

Number of burrowing owls seen on 
prairie dog towns in the Conata Basin, 
South Dakota. 

Numbers of burrowing owls 
Adults Pairs Juveniles Broods 

1 2 4 2 

2 0 0 

11 6 9 3 

1 1 2 1 

0 0 0 0 

6 2 2 1 

1 1 3 1 

4 2 1 1 

4 2 5 2 

0 0 0 0 

0 0 0 0 

2 1 4 1 

1 1 1 1 

2 1 2 1 

41 19 33 14 

Burrow located outside of study area in Interior, SD 

35 2 1 5 1 
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· Statistical analysis of transect surveys of wildlife 
require higher densities of target animals than were 
present in this study. This problem is not unique to 
this study, as most raptor populations have low 
densities. Recent · work done by Paul Giessler and 
Mark Fuller at the U.S.F.W.S. Pautuxent Research 
Lab have led to statistical analysis techniques for 
woodland raptor populations. We are currently 
WQrking with Dr. Fuller in analyzing our data using 
these techniques. Preliminary assessments suggest 
that our data will be ammenable to this technique. 
Analysis of data is .expected to be completed for the 
final report. 
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REFINEMENT OF LIST OF RARE AND 
POTENTIALLY RARE PLANTS IN BRYCE 

CANYON NATIONAL PARK 

A literature survey has been completed in order 
to determine plant species that have been considered 
rare, and also plant species that are potentially rare. 
Dr. Stan Welsh of the Botany and Range Science 
Department of Brigham Young University (Provo, 
Utah) was contacted personally during the field 
season. His experience in the region has provided a 
list of additional species that are considered rare for 
the state of Utah and occur on specific sites near the 
National Park (Table 1). It is possible that these 
additional rare species may occur within the 
boundaries of the park. 

DETERMINE DISTRIBUTION AND 
ABUNDANCE OF RARE PLANT SPECIES 

IN BRYCE CANYON NATIONAL PARK 

Plant ·records of the small herbarium in the park 
were consulted and notation was made of the location 
and date of collection of each rare plant specimen. 

Plant _records of the research herbarium at 
Brigham Young University were consulted and 
notation was made of the lOcation and date of 
collection . of each rare plant specimen. Special 
arrangements ~ave been made with the curator (Kay 

Table 1. List of additional rare plant species possibly 
found within park boundaries. (According 
to Welsh, S.L. personal communication). 

1. Astragalus limnocharis var. tabulaeus 
2. Cymopterus minimus 
3. Eriogonum aretoides 
4. Eriogonum panguicense var. panguicense 
5. Lepidium mont anum var. neeseae 
6. Oxytropis oreophila var. jonesii 
7. Physaria chambersii var. sobolifera 
8. Ranunculus acris var. aestivalis 
9. Spiranthes diluvialis 
10. Heterotheca jonesii 

Thome) to obtain large format photocopies of each 
herbarium sheet for future reference. 

Known locations of rare plant populations were 
visited in the park during the field work phase of the 

' project. This included four weeks in June and two 
weeks in August Five of the six species previously 
listed as rare were found in the park (Table 2), some 
at numerous locations. The sixth species is 
commonly found in the central and southern portion 
of the park, a region that is scheduled for plant 
survey during a subsequent field season. 

Relative abundaDce of each of the five rare 
species found in this season's field work (Table 2) 
indicates that some are more rare than others. 
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Table 2. List · of rare plant species located in first 
field season. 

Name 
Number of 

Plots 

Category 1 and 2 species: 

1. Castilleja parvula var. 
revealii 4 

2. Cryptantha ochroleuca 2 
3. Pediomelum pariense 8 
4. Penstemon bracteatus 5 
5. Silene petersonii var. 

minor 4 

Additional rare species: 

6. Townsendia montana var. 
minima 5 

7. Oxytropis oreophila var. 
jonesii 2 

Relative 
Abundance 

m2 per plant* 

4.7970 
2.1883 
0.2282 

22.9091 

0.4601 

1.4733 

0.5150 

* Estimates based on measured plant densities in 
individual plots. 

Geographic location of populations of each of the 
. five rare species found in this season's field work 
(Table 2) indicates that they are very closely 
correlated with edaphic. factors, primarily substrate 
parent material. It is also noted that some of the 
species are commonly found along, and even on, 
heavily used trails. This may have some impact on 
management decisions relating to trail expansion and 
alternative trail usage patterns. 

CHARACfERIZE HABITAT 'PARAMETERS OF 
RARE PLANT POPULATIONS IN BRYCE 

CANYON NATIONAL PARK 

Field notations were made on each rare plant 
population to determine temporal, edaphic, 
top<)graphic, and biotic components. Phenology, soil 
parent material, root substrate material, aspect of 
slope, percent of slope, and associated species were 
noted for each rare. plant population. 

DEVELOP A LONG-TERM MONITORING 
PROGRAM FOR RARE PLANT 

POPULATIONS IN BRYCE CANYON 
NATIONAL PARK 

Permanent plots have been established for each 
rare plant population. The relative abundance of rare 
plants in each plot has been measured. This will 
provide a means of tracking the general health of rare 
plant populations through time. 

+ SIGNIFICANT FINDINGS 

A. Five of the six rare plant species were found in 
localities where they had been previously 
collected (Table 1). A preliminary search for the 
sixth rare species was not successful, but a more 
detailed survey is planned for the next two field 
seasons. 

B. Permanent plots have been established for all of 
the five rare plarit populations found (Table 2). 
From preliminary surveys it is possible that some 
of the species previously considered to be rare 
are more abundant than originally estimated. 

C. Appropriate habitat may exist for inclusion in the 
rare plant listing of additional species that are 
found in regions of similar habitat outside of the 
National Park boundaries. 

D. From preliminary surveys it is-possible that rare 
plant populations are restricted to areas of the 
park that are currently experiencing very heavy 
use from foot and horse traffic. Attempts to 
locate rare plant populations at some distance 
from these areas has been unsuccessful. 
Continued surv~ys in more remote regions of the 
park may uncover additional rare plant 
populations. 

+ PROBLEMS THAT IMPEDE 
PERFORMANCE AND CORRECTIVE 

ACTIONS 

A. Dates of flowering times recorded on herbarium 
labels of rare plant species has proven to be an 
inaccurate predictor of primary anthesis. The 
variation of phenology at higher elevations is too 



great to be accurately predictable. One of the 
rare plant populations was sampled slightly past 
its primary anthesis. This may have made it 
more difficult to locate additional populations 
since the showy perian~ is the primary search 
pattern. Adjusting the time of the field season 
(from four weeks in June to two weeks in June 
and two weeks in July) should allow researchers 
to sample rare plant populations when they are 
most conspicuous. This would be mediated by 
the lateness of the onset of spring temperatures. 

B. Because of the ruggedness of the terrain, locating 
rare plant populations at some distance from 
established trails will involve more backpacking 
time and more preliminary detailed mapping. It 
was hoped that maps produced by the G.I.S. 
would be able. to provide better predictors of 
potential areas of rare plant populations. Since 
the G.I.S. is currently undergoing reorganization 
is was not possible to obtain the needed maps. 
We hope that G.I.S. maps will be available 
during the next two field seasons so that back
country search ·time can be as efficient as 
possible. Lacking. G.I.S. maps researchers will 
use standard 7.5 minute topographic quadrangles. 
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+ WORK TO BE PERFORMED DURING 
REMAINING REPORTING PERIOD 

A. Data from all plots and all species will be 
compiled in order to determine the current status 
of the distribution of each rare plant species in 
the park. 

B. Abundance measures and cover class values for 
each species wiil be computed. 

C. Lists of edaphic, topographic, and biotic 
determinants for each rare plant species will be 
compiled. 

D. Park habitats, as indicated on topographic maps 
and preliminary G.I.S. maps, will be evaluated 
for the possible occurrence of rare plant 
populations. A list of potential new localities will 
be compiled for survey attempts during the next 
two field seasons. 
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• INTRODUCTION 

Blackbrush (Coleogyne ramosissima Torr.) is a 
small to medium sized shrub of the Rosaceae family. 
It is considered to be a paleoendemic species which 
once disturbed on a site does not reestablish. Its 
distribution is a narrow band ranging from eastern 
California to extreme western Colo~do occupying a 
niche between the major species of the Great Basin 
and Mojave Deserts (Bjugstad 1983; Landis and 
Simonich 1983; and Wallace et al. 1970). The 
populations at Arches and Canyonlands National 
Parks occupy the northern most region of its range. 

Guidelines exist for the propagation of 
blackbrush by seed (Vories 1981). Problems exist, 
however, with the acquisition of seed due to 
infrequent and inconsistent seed set and establishment 
of seedlings due to feeding by herbivores (Bowns and 
West 1976). Therefore, asexual -propagation by 
cuttings or mound layering off~r potential. Asexual 
propagation techniques may present the answer to the 
revegetation problem in that a relatively large number 
of plants may be produced with a minimal amount of 
effort once a successful methodology is established. 
Additionally, rooted cuttings result in a mature plant 
more rapidly than do seedlings, reducing the 
mortality problem due to herbivore feeding. Finally, 
mother plants which are well adapted to a specific 
site may be reproduced, increasing the probability of 
success once the plantlets are reintroduced into the 
field. There were three primary objectives of this 

research. The first was to evaluate the effeets of 
rooting hormones, season, and maturity of the wood 
on the rooting of cuttings of blackbrush. The second, 
was to evaluate response of blackbrush to mount 
layering with mother plants receiving normal or 
supplemental water. Finally, we evaluated the _ 
reintroduction of all plantlets to the field using proper 
planting times, soil preparation, and water harvesting 
techniques. The ultimate goal was tO establish 
procedures for propagating blackbrush and 
reestablishing it onto disturbed sites within the 
National Parks. 

-+ MATERIALS AND METHODS 

SITE DESCRIPTIONS 

This study was conducted over a period of two . 
years and involved five study sites. Sites were 
located within the Island in the Sky district of 
Canyonlands National Park, Moab, Utah.
Precipitation in this region ranges from 150 to 200 
mm and is highly variable over small areas. Total 
precipitation over the duration of the study was -170 
mm in 1988 and 115 mm in 1989. Annual 
temperatures range from -26°C to 42°C. Sites were 
selected based on their proximity to disturbances in 
various stages of recovery. (See Hughes and 
Weglinski 1991 for detailed site descriptions and 
methodology). 
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t RESULTS AND DISCUSSION 

STEM CUTIINGS 

Analysis of variance for the spring and summer 
collection dates indicated significance only · among 
main effects (age, site, treatment). Age was the only 
significant factor to affect rooting of cuttings 
collected in spring. One-year-old growth prOduced a 
higher percentage of rooted cuttings, more roots, and 
longer roots than old growth (Table 1). Data 

collected from the summer sample resulted in 
significance of all three main effects on the dependent 
variables. Cuttings collected in summer showed a 
similar rooting response to spring collected cuttings 
.in terms of cutting age (Table 2). Younger growth 
(new and one-year-old) responded better than old 
growth for all dependent variables. Additionally, 
new growth produced a higher percentage of ro<>ted 
cuttings than one-year-old growth. Cuttings treated 
with hormones produced a higher percentage of 
rooted cuttings and more roots than cuttings given the 

Table 1. Effects of cutting age on the percent of blackbrusll cuttings rooted, average roots per cutting and root 
length for cuttings collected in spring 1989. · 

AGE* % CUTIINGS AVERAGE CLASS 
ROOTED #ROOTS 

New Growth 

One-Year Growth 34.00. 4.00. 2.52. 

Old Growth 14.12t, 1.7Dt, 1.32t, 

LSD (p<O.OS) 8.47 1.67 0.69 

* Means within a column followed by the same letter are not significantly different. 

Table 2. Effects of cutting age on the percent of blackbrush cuttings rooted, average roots per cutting and root 
length for cuttings collected in Summer 1989. 

AGE* %CUTTINGS AVERAGE CLASS 
ROOTED #ROOTS 

New Growth 42.50. 3.87. 2.55. 

One-Year Growth 24.69b 4.36. 2.04 • 

. Old Growth 3.75c 2.50b 

LSD (p<0.05) 7.78 1.22 0.56 

* Means within a column followed by the same letter are not significantly different. 



talc control (Table 3). The only difference between 
hormone treatments occurred with 0.3% ffiA which 
did not exceed control values in terms of the average 
number of roots produced. The site at which the 
cuttings were collected bad an effect on the percent 
of cuttings rooted and root length (Class) with 

. cuttings collected at site 2 outperforming those 
collected at site 1 (Table 4). There was no difference 
between the average number of roots produced. 
Analysis of the date collected in fall resulted 
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iil significance of both a treatment effect (Table 5) 
and a site-age interaction (Figure 1) for the average 
number of roots produced. Age-site interactions 
were significant for the percentage of cuttings rooted 
and root length. Hormone treatments on cuttings 

· collected in fall exceeded control values for the 
average number of roots per rooted cutting although 
again no one treatment performed better than the 
others (Table 5). 

Table 3. Effects of treatment on the percent of blackbrush cuttings rooted, average roots per cutting and root 
· length for cuttings collected in Summer 1989. 

TREATMENT %CUTTINGS AVERAGE CLASS 
ROOTED #ROOTS 

Control (Talc) 15.62. 1.41. N.S. 

0.3% IBA 27.3-\ 1.76. N.S. 

0.8% IBA 24.9~ 3.30b N.S. 

Roo tone 26.45b 3.73b N.S. 

LSD (p<0.05) 8.98 1.41 

* Means within a column followed by the same letter are not significantly different. 

Table 4. Effects of site on the percent of blackbrush cuttings rooted, average roots per cutting and root length 
for cuttings collected in Summer 1989. 

SITE 

1 

2 

LSD-(p < 0.05) 

%CUTTINGS 
ROOTED 

19.48. 

6.35 

AVERAGE 
#ROOTS 

N.S. 

N.S. 

* Means within a column followed by the same letter are not significantly different. 

CLASS 

1.34. 

0.48 
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TableS. Effects of treatment on the percent of blackbrush cuttings rooted, average roots per cutting and root 
length for cuttings collected in Fall1989. 

TREATMENT %CUTTINGS AVERAGE CLASS 
ROOTED #ROOTS 

Control (Talc) N.S. 1.18. N.S. 

o.3% mA N.S. 2.29b N.S. 

o.8% mA N.S. 2.69b N.S. 

Rootone N.S. 3.~ N.S. 

0.97 

• Means within a column followed by the same letter are not significantly different. 

~~------------------------------~ 

I LSOS0.05 

0 

N!WGROWTH OLDGROwni 

- CONTRoL 5!Si 0. 3-I. IBA ~ 0. 8To IBA !S:Si ROO TOt£ 

Figure 1. Interaction of age and treatment on the 
percent of rooted cuttings of blackbrush 
(Coleogyne ramosissima Torr.) collected 

. in Fall1989. 

Age-site interaction indicates new and one-year-
. old growth produced more average roots per rooted 
cutting than older growth. New growth collected 
from site 2 also produced significantly more roots 
than new growth collected at site 1. New growth 
produced a greater percentage of rooted cuttings and 
longer roots than older wood while one-year-old 

growth showed an intermediate response. Treatment 
effects were negligible except for one..:year-old 
growth in both cases. It appears that cutting age has 
a greater effect than hormone treatment for 
differences in the rooting response illustrated in 
Figures 1 and 2. The percentage of cuttings rooted 
and the average number of roots per rooted cutting of 
cuttings collected in summer were higher for 
hormone-treated cuttings. Differences between 
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Figure 2. Interaction of age and treatment of root 
length (CLASS) of blackbrush 
(Coleogyne ramosissima Torr.) cuttings 
collected in Fall1989. 



treatments occurred only with 0.3% IBA treated 
cuttings whose values did not exceed the controls for 
the average number of roots produced (Table 3). 
One-year-old cuttings collected in fall and treated 
with 0.3% IBA also failed to exceed control values in 
the percent of rooted cuttings and root class (Figures 
1 and 2). Although the age of the cutting itself is not 
directly correlated with differences in rooting 
response, younger wood produced a greater number 
of rooted cuttings, more roots, and longer roots than 
older wood at each date. Structural and physiological 
changes associated with organ age such as 
lignification and differences in enzymatic activity and 
auxin levels respectively affect rooting in a number of 
species (Hartmann and Kester 1983). The nutritional 
status of stock materials may also have an effect on 
rooting response in some species. Cuttings taken 
from tissues which are high in carbohydrates and 
have a balanced mineral nutrient status root more 
readily than tissues low in carbohydrates or showing 
nutrient deficiencies (Hartmann and Kester 1983). 
Young growth, such as that sampled in this study, is 
typically a resource sink (Salisbury and Ross 1978) 
and therefore may be better physiologically suited for 
rooting than older wood. Differences in rooting 
response based on site differences were apparent 
during the summer and fall dates. Cuttings collected 
from site 2 outperformed those from site 1 in terms 
of the number of cuttings rooted, root length (Table 
4), and the average number of roots produced. 

The Institute for Land Rehabilitation (1979) 
found differences in rooting ability of Atriplex 
between two separate populations as well as among 
individuals. They speculate that the differences may 
be a result of environmental or genetic differences. 
Chase and Strain (1966) and Alvarez-Cordero and 
McKell (1979) drew similar conclusions based on 
results from similar experiments with relatively small 
sample sizes. Although plants at both sites were of 
similar size and general vigor, it is possible that 
Jiloisture · regimes and phenological stage differed 
between the two sites resulting in a site effect. 
Genetic aspects of blackbrush remain uninvestigated. 

There were no treatment effects on cuttings 
collected j.n spring ·1989. Differences did occur in 
the late sample dates between treatments and the 
control within some variables. The general result is 
that rooting hormones increased the rooting response 
over the controls. IBA at 0.3% was the only 
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treatment, in some cases, which did not exceed 
controls. These findings are similar to those reported 
by Chase and Strain (1966) and Wieland et al. (1971) 
in that hormone treated cuttings of various species 
rooted better than controls although hormone 
concentration was often insignificant. One-year-old 
growth is apparently in a transition in its ability to 
produce rooted cuttings. The 0.3% IBA response on 
one-year-old growth could possibly be explained in 
two ways. First, it is possible that rooting cofactors 
(Hess 1965) may be involved in the change in rooting 
ability of blackbrush cuttings. Second, it may be that 
the sample size may not have been large enough to 
accurately reflect the true rooting response of this 
material. Blackbrush may be among the plants which 
have the potential to produce roots ·but are lacking 
sufficient amounts of an auxin which must be added 
exogenously for roots to form. Additionally, it is 
possible that rooting cofactors are produced only in 
younger wood which accounts for the poor rooting 
response of older wood. The objective of the study 
was to determine optimum conditions for production 
of rooted blackbrush cuttings. New growth at the 
semi-hardwood stage was clearly the optimal age for 
successful rooting. A hormone treatment is beneficial 
to rooting success, while sample date, although 
difficult to compare statistically, is likely to affect 
physiological factors enough to influence rooting. 
The optimum regime for cutting production as 
determined by this study ·is to collect cuttings from 
current season's growth in early summer and treat 
cuttings with 0. 8% IBA. An interesting study by 
Klass et al. (1985) reported that optimizing air 
temperature, light intensities, and photoperiod had a 
greater effect than hormonal treatments in rooting 
mesquite (Prosopis alba). This type of approach 
might be valuable in propagation studies of species 
with highly variable rooting responses. 

The results from this investigation indicate 
possible directions for future study. A closer 
examination of hormone response on younger wood 
(new and one-year-old growth) might provide further 
clarification of hormone effects. Additionally, the 
use of rejuvenated plant material such as that 
produced in the attempted mound layering study 
versus typical cutting material may yield valuable 
results in production of rooted. cuttings. Physio
logical investigations with climatic monitoring might 
assist in assessing the differences in rooting response 
between populations at different sites. 
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MOUND LAYERING 

Evaluation was completed in November 1988 
when the mounded soil was carefully re~oved and 
shoots were examined for rooting. Only one plant in 
the entire study produced a root. The lack of rooting 
could be attributed to the inability of blackbrush to 
produce adventitious roots, the lack of vigor of the 
mother plants, a lack of moisture in the mo\mding 
material, or other unforseen possibilities. Fifty-eight 
of the 60 plants produced vigorous new growth 
initially following the shoot removal. Plants re
ceiving irrigation visually produced more growth than 
the nonirrigated plants. All new growth following 
shoot removal on eight plants (3 irrigated, 5 non
irrigated) eventually died. Varying degrees of 
mortality were observed in shoots of other plants. 
Irrigated plants were the most healthy in appearance 
at the time of final evaluation. 

Problems with the delivery system occurred at 
. different times at each of the sites. The drip tubing 

occasionally became clogged and . rodents chewed 
through some of the exposed tubing at the Grand 
View Point site. Water ran freely from the damaged 
tubes depriving the plants fed by those tubes of their 
regular water supply and causing the barrel to drain 
faster as a result of the unchecked water flow. 
Clogged and damaged lines were repaired at the 
monthly recalibration, however, the plants watered by 
those particular lines went without water from the 
time of the problem until the lines were rechecked. 
Plant mortality was not associated with these 
interruptions. The study was unsuccessful in tts goal 
of establishing a procedure for mound layering 
blackbrush. The production of a single root may 
indicate that conditions around that shoot were 
eonducive for rooting. The appearance of a root 
might also be explained as an unusual natural 
occurrence. However, it may indicate that there was 
insufficient moisture to allow for rooting. 
Alternatively, it could mean that the stems need 
girdling after initial development to stimulate rooting 
as is the case for layering in some plant species 
(Hartmann and Kester 1983). The study supports the 
fu:ldings of Bowns and West (1976) that removal of 
older growth to near ground level resulted in a flush 
of new growth. The success of the cutting aspect of 
this research indicates this treatment may provide 
excellent material for cuttings. 

REESTABLISHMENT 

The survival of the cuttings throughout the 1989 
growing season is summarized in Table 6. More 
than half of the cuttings died in the first month 
following planting, while survival apparentlystabilized 
by mid-summer. Fifteen percent ( 4/26) of the 
cuttings receiving supplemental irrigation survived 
through November when the final evaluation was 
completed. An inspection in March 1990 revealed no 
additional mortality. 

Statistical analysis within the study was not 
possible as a result of the small sample size. An 
analysis using Fisher's exact test (Steel and Torrie, 
1980) to compare survival of cuttings planted in 
March 1989 to survival (0/50) of blackbrush 
seedlings planted at the same site by a private 
contractor in fall 1988 was made. Fisher's test 
allows comparison of two unrelated sets of numbers. 
The two sets of numbers were significantly differeritat 
the 0.05 level. Although there were a great number 
of variables involved in this comparison, including 
planting dates, plant material, and planters, one could 
assume that irrigation influenced the survival rate. 

A possible explanation for the initial mortality 
rate is that the cuttings were barerooted at the time of 
planting. The potting soil in which the cuttings were 
planted contained a large percentage of native soil 
which was not bound by the roots when cuttings were 
removed from the tube packs. Mortality in bare-root 
plantings is not uncommon. The Institute for Land 
Rehabilitation (1979) evaluated the survival of nine 
shrub and five grass species in containerized versus 
bare-root plantings on a site in Bonanza, Utah. They 
reported better survival with containerized plants for 
both types. They rioted that survival and heights of 
containerized plants after five years were significantly 
better on harsh sites than that of bare-root plants. 
They present a review of similar research which 
indicates various results in comparisons of 
containerized and bare-root plantings. Although 
survival of bare-root plantings equals or exceeds that 
of containerized in some cases, it is likely that this 
occurrence coincides with more mesic environments. 
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Table 6. Survival of Blackbrush (Coleogyne ramosissima Torr.) cuttings over the 1989 growing season. 
! ~·. 

Date March 15 April17 

Control 14 3 

Irrigation 12 5 

Irrigation+ 13 6 
Agrosoke 

• CONCLUSION 

Stem cuttings proved to be a successful method 
for asexual propagation of blackbrush. The highest 
percentage of rooted cuttings within a treatment was 
nearly SO%. Cuttings taken in summer or fall from 
current year's growth and given supplemental rooting 
hormone produced more rooted cuttings with a 
greater number of roots and longer roots than older 
cuttings, cuttings collected in spring, or cuttings not 
given a hormone treatment. Mound layering 
was not a successful approach for asexual 
propagation. Plants produced luxuriant growth in 
response to the mound layering process and 
supplemental irrigation. This type of new growth 
was not evaluated for its ability to root; however, it 
is likely that such growth would root as readily as the 
new growth reported in this study. 

The use of a rejuvenation treatment such as 
cutting growth back to ground level as in the mound 
layering process may provide a valuable tool in 
producing sources material for other methods of 
propagation. Rejuvenated and irrigated plants in the . 
case of blackbrush produced on the order of ten times 
more new growth than untreated plants. This 
approach may be especially useful when source 
material is limited. The addition of supplemental 
water also serves to increase _growth and vigor of 
new growth and is likely to increase the success of 
producing rooted cuttings in species which have the 
potential to root. 

June 15 July 15 Nov 12 

0 0 0 

3 2 2 

4 2 2 
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+ INTRODUCTION 

White-tailed ( Odocoileus virginianus) and mule 
deer (0. hemioniJs) currently use Devils Tower 
National Monument and adjacent private agricultural 
lands year round or migrate from the Monument to 
other area8. In 1989, a game fence was constructed 
on the west and north borders of the Monument. 
Enclosure of the Monument by additional fencing 

. could alter habitat use of deer substantially and create 
many of the problems associated with island reserves. 
National Park Service management policy directs the 
Monument to predict changes in the natural resources 
under its stewardship. Because current deer use of 
the Monument is not well documented, the 
Department of Zoology and Physiology and the 
Wyoming Cooperative Fish and Wildlife Research 
Unit, in cooperation with the Devils Tower National 
Monument, initiated a study in June 1990 to 
document current population numbers and habitat 
ecology of white-tailed and mule deer on the 
Monument as a baseline for monitoring long-term 
changes in the deer herd. 

+ STUDY OBJECTIVES 

(1) Evaluate methods to estimate seasonal deer 
densities on the Monument. 

(2) Determine seasonal movement patterns and time 
spent on and off the Monument by radio
collared deer. 

(3) Determine habitat selection patterns of deer on 
the Monument relative to forage, snow, and 
cover characteristics. 

( 4) Estimate the nutritional carrying capacity of the 
Monument for deer . 

+ METHODS AND RESULTS 

POPULATION ESTIMATES 

The cost-effectiveness of · 3 population 
monitoring methods are currently ·being evaluated. 
Each month, 12 transects have been walked across 
the Monument. Observers recorded the number of 
deer within a group, distance and compass bearing to 
a group, and plotted the location of the group on an 
aerial photo. A group of deer was defined as an 
aggregation of deer within 30 m of each other. 
Estimates of deer density were calculated using the 
computer program TRANSECT. Estimates of the 
number of white-tailed deer using the Monument 
during the fall of 1990 and spring of 1990 were 107 
and 204, respectively. Estimates of the number of 
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mule deer are unreliable and imprecise because of the 
low densities of deer on the Monument. In October, 
we will increase the number of transects to 16 per 
month to try to increase the precision of our 
estimates. 

Pellet group counts have been conducted twice 
on the Monument since the initial clearing of 44 plots 
in the fall of 1990. Thirty additional plots were 

. established and cleared in the spring of 1991. Pellet 
group counts indicated that approximately 205 + 93 
deer used the Monument on average during the 
period November 1990-April 1991. Counts for the 
period May-October 1991 have not yet been 
analyzed. Our initial counts indicate that 117 pellet 
group plots would be needed to obtain a relative 
precision of 20% and > 400 plots would be needed to 
obtain a precision level of 10%. An additional 50 
plots (n= 125) were cleared in October of 1991 and 
will be counted in the spring of 1991. 

Our third total deer count was conducted on the 
Monument on 19 October 1991 using 51 people. 
Forty-three "drivers" (approximately 55 m apart) 
walked in a line from the northern border of the 
Monument southward counting deer as they passed 
through the line. The remaining participants were 
stationed along the Monument's borders and counted 
deer as they moved across the borders. One hundred 
and fifty eight white-tailed deer, 53 mule deer and 2 
unclassified deer were counted. This number of deer 
is somewhat higher than the 117 white-tailed deer, 63 
mule deer, and 2 unclassified deer counted the 
previous fall with 34 participants. In the spring of 
1991, 97 white-tailed deer, 2 mule deer and 2 
unclassified deer were counted on the drive count 
using 65 participants. 

Some deer are displaced from the Monument by 
the drive but return shortly afterwards. For example, 
prior to the drive on October 19, all but one of the 
radio-collared deer (n = 12) were located on the 
Monument. About half of the does were displaced 
off the Monument after the drive but returned to the 
Monument within 3-4 days after the drive. 

CAPTURE, MOVEMENTS AND HABITAT USE 
- OF RADIO-COLLARED DEER 

During July 1991, 2 adult white-tailed does and 
2 adult mule deer does were radio-collared. Thus, 
twenty-six deer have been radio-collared during the 
study. Seven of the collared deer have died naturally 

or ·were killed by bunters. An additional 7 collared 
deer have either moved off the Monument or their 
transmitters have failed. Three of these deer were 
white-tailed deer which rnoved to private land west of 
the Monument in the spring of 1991. Of the 12 deer 
that currently use the Monument, 3 have used the 
Monument only on a seasonal basis. 

White-tailed and mule deer increase their 
movement off the Monument to adjacent alfalfa fields 
in late summer and fall. In 1990, peak use of 
agricultural fields off the Monument by radio-collared 
deer occurred in September and October. Most does 
utilized alfalfa fields during the night and spent the 
daytime hours in either dense overstory vegetation 
just off the Monument or moved back onto the 
Monument. 

Plant community was recorded for each of the 
radio-locations of deer on the Monument. Seasonal 
use of vegetative types on the Monument will be 
compared relative to forage availability, snow depths, 
and cover characteristics within the plant 
communities. Vegetative characteristics of plant 
communities were sampled within 45 representative 
sites during late June through July 1991 to describe 
forage availability at the peak of the growing season 
and relative cover characteristics during the summer. 
At each site, 20 microplots (0.10 m~ were placed at 
2 m intervals along a transect and canopy coverage 
estimated by species. Every other plot (n= 10) was 
then clipped and separated into forbs, grasses, half
shrubs, and special forage species, dried at 7CJ' C and 
weighed. Tree densities·, canopy coverage, and DBH 
of tree species were determined within two 4 x 25 m 
belt transects at each site. Shrubs densities and 
volumetric measurements (height x diameter) of 
shrubs were estimated in 20 circular plots ( 4 m~ 
located at 5 m interval along 2 transects at each site. 
Individuals were considered shrubs if they were 
~1. 8 m. Volumetric measurements were taken of at 
least 20 individual shrubs of each species, harvested, 
separated into leaves, current annual growth of stems, 
and old growth and weighed. Volumetric 
measurements will be used to estimate shrub biomass 
present at each site. 

Seasonal changes in forage availability and 
forage consumption were monitored at 18 herbaceous 
plots and 13 shrub plots. Plots were selected to be 
representative of the particular plant communities on 
the Monument. Biomass was estimated using a point 



sampling (100 points) approach within 0.25 m2 

microplots by plant form (green grass, green forb, 
dead grass, dead forb) inside 5 small, movable 
exclosures and at 5 random points outside the 
exclosures. Microplots were point· sampled at 
begiiming and the end of a 6-week sampling period to 
determine the change in biomass during the sampling 
period. After sampling, 5 plots were clipped at each 
site, vegetation w~ separated into plant form, dried 
at 7CfJ C and weighed to determine relationships 
between points sampled and biomass. Along browse 
transects, 20 twigs of each species were marked 
within 3 height levels ( <0.5 m, >0.5 m and < 1.5 
m, and 1.5-1.8 m). Length, terminal and basal 
diameter of twigs, and diameter at point of browse 
and number of leaves were recorded for each twig. 
Twenty leaves and twigs of each species were 
collected each month, length and diameters measured, 
dried at 50 o, and weighed to determine twig-length
diameter relationships. 

Five pellets from each of 20 deer pellets groups 
were collected from each of the 4 quadrats of the 
Monument on a monthly basis to determine diet 
composition. Pellets were dried at ~ 500 C for > 
3 days. 
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+ FuTURE WORK 

We will continue to monitor population densities 
and movements of radio-collared deer until the fall of 
1992. We will initiate road counts in the fall of 1991 
to evaluate this procedure as a tool for monitoring 
population trends. An additional SO (n = 125) pellet 
group plots will be established this fall to increase the 
precision in our estimates. Snow markers will be 
reestablished in November to monitor snow depth 
within habitats on the Monument. Vegetation 
exclosure plots and browse transects will be surveyed 
this fall and again next spring. We will continue to 
collect fresh deer pellets on a monthly basis. Forage 
species will be collected bi-monthly during the 
winter. Collections will consist of the portions of 
plants that are observed to be cropped by deer. 
Dried forage collections will be analyzed for nutrient 
content and used to determine a nutritional carrying 
capacity. 





DINOSAUR NATIONAL MONUMENT 

• 





PALEONTOLOGICAL SURVEY OF THE JURASSIC 
MORRISON FORMATION IN 

DINOSAUR NATIONAL MONUMENT 

• 
GEORGE F. ENGELMANN+ DEPARTMENT OF GEOGRAPHY AND GEOLOGY 

UNIVERSITY OF NEBRASKA AT OMAHA 
OMAHA 

+ EXECUTIVE SUMMARY 

This project was undertaken to survey the 
surface exposures of the Jurassic Morrison Formation 
within Dinosaur National Monument (DNM) 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 DNM. 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 Formation. 

Dinosaur National Monument was originally 
established for, and takes its name from 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 
Formation which is known worldwide as one of the 
most prolific dinosaur-bearing units in the 
paleontologic record (Colbert..1968). In addition to 
the dino~urs, the Morrison has produced the best
represented fauna of early mammals from the Jurassic 
(Clemens et al. 1979) and fossils of other vertebrates 
(Chure & Engelmann 1989). 

This suggests that the area beyond the CQ at 
DNM may contain important paleontological 
resources. This project will provide the first 

systematic survey of the Morrison Formation within 
DNM. It will provide a basis 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 are 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 cataloged into the collections at DNM. 
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In addition to field notes, all sites are 
documented in the field by recording a description of 
characteristics and location of the site for later entry 
into the computerized locality file system at DNM, 
the location is plotted on enlarged sections of 
topographic maps and B&W print photographs on 
which the exact location can be plotted later are 
made. 

Information pertinent to the stratigraphic 
research project being conducted in DNM 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 two years of a 3-year project, we 
have inspected perhaps 80% 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, and I believe we are covering the area 
very thoroughly. 

In terms of the discovery and documentation of 
fossil localities, we have obtained very good results. 
We have recorded more than 270 sites, of which less 
than a quarter were previously known in DNM 
records. The overwhelming majority of these sites 
are dinosaur bone localities. Most occurrences of 
dinosaur bone are of fragmentary material not 
obviously of great scientific significance. However, 
many sites could prove to be of some scientific value 
with further investigation, and several sites are 
clearly important even given only the limited 
information provided by our field study. For 
example, articulated remains of part of the skeleton 
of a theropod dinosaur were found at one site. 

Silicified logs were relatively common, 
particularly in some horizons, and some other plant 

. 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 if developed 
further. 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, and only 
a short distance away from areas heavily used by 
visitors, specimens seemed to be relatively 
undisturbed. 

+ INTERPRETATION 

With more than half of the survey completed, it 
is clear that fossils are present throughout the Salt 
Wash and Brushy Basin members of the Morrison 
wherever these units are well exposed, and even 
where they are but poorly exposed. The 
paleontological resource is rich, but there are few 
sites where the potential for a scientifically significant 
specimen is obvious from surface indications. In 
many cases, one can only distinguish between 
fragmentary, unidentifiable bone and well preserved 
skeletal elements by careful excavation. Similarly, . 
microvertebrate sites may have no suiface indications 
at all. Over the long term it would probably be 
worthwhile to further investigate the majority of the 
sites recorded by this survey. 
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• INTRODUCTION 

Dinosaur National Monument (DNM) 
encompasses a large area with surface exposures of 
Mesozoic rocks. Although only one isolated footprint 
(from an unknown locality) had previously been 
discovered at DNM, there is a high potential for 
preservation of fossil footprints in this area, as has 
been proven by discoveries in similar rocks in the 

-region around DNM, and during research activity at 
DNM. As reported by Lockley et al. (1990), the 
purpose of this research is to seek, document and 
interpret vertebrate trace fossils in any of the ten 
potentially track-bearing Mesozoic stratigraphic units 
in which footprints might be discovered. 

During the course of the first ·year (6/90-6/91) 
the University of Colorado at Denver Research Group 
documented 11 localities where tracks were 
discovered at one or more stratigraphic levels 
(Lockley et ·at. 1990, 1991). In the first part of the 
second year of investigation (7/91-1 0/91) the research 
group discovered an additional five localities, and 
three additional sites were rel>orted to us by Park 
Paleonto1ogists and other researchers. This brings 
the total to 19 localities, of which three include at 
least two levels with tracks (Total = 22 localities). 
As discussed below, the tracks provide evidence of 
the activities of several dozen animals that represent 
distinct ancient animal communities. 

• - FIELD METHODS 

During the summer of 1991 (end of year one 
and start of year two), reconaissance exploration for. 
vertebrate tracks at DNM was undertaken by Martin 
Lockley, Kelly Conrad and Mark Paquette in June, 
July and August. Following our initial success with 
tracksite discovery in the late Triassic Chinle/Popo 
Agie beds of the western part of DNM, we continued 
to survey this unit throughout DNM. Tracks were 
found at all but the last locality. At all sites where 
exposure permitted, we also measured the 
stratigraphic position of trackbearing layers. 

We also began a collecting and replicating 
program that resulted in the acquisition of 27 original 
specimens · and replicas. Tracks were molded from 
original specimens in the field using latex rubber, 
then replicated in the lab using plaster of Paris. -

+ RESULTS 

During the course of this study, it has become 
apparent that there is some confusion about 
stratigraphic nomenclature in the study area (Uintah 
County, Utah and Moffat County, Colorado). The 
Late Triassic red bed sequence, referred to as the 
Chinle Formation in many areas and at DNM (e.g. 
Rowley at al. 1979), is referred to, at least in part, as 
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the Popo Agie Formation in Wyoming (High and 
Picard, 1969; Stewart and others, 1972; Pipiringos 
and O'Sullivan, 1978). Spencer Lucas (written 
communication 1991) suggests that at DNM the lower 
part of the sequence, the conglomeratic Gartra 
Member and the overlying yellowish Ochre Member 
both belong to the Popo Agie and are separated by an 
unconformity from the younger, upper Red Siltstone 
member (sensu Pipiringos and O'Sullivan 1978) 
which consists of whitish and pink, ripple-marked 
sandstones alternating with brick red and purple 
siltstones and shales. These upper beds (about 20 to 
25 meters) contain the track-bearing levels, and are 
equivalent to the Rock Point Member of the Chinle 
Formation. Thus the red bed sequence essentially 
consists of two units and we therefore use the 
compound term Popo Agi/Chinle Formation to refer 
to this entire red bed sequence (Lockley et al. 1990, 
1991). 

Uncertainty also exists regarding the age and 
nomenclature of units in the Glen Canyon Sandstone, 
overlying the Popo Agie/Chinle sequence at DNM. 
However the discovery of Late Triassic tracks 
(Brachychirotherium) in beds seven meters above the 
base of this unit (UCD loc. 8) clarify the situation 
considerable. They indicate the existence of an 
older, Wingate- equivalent, facies underlying the so 
called Navajo-Nugget beds that make up the majority 
of the group. This discovery provides 
biostratigraphic support for the stratigraphic 
conclusions of Poole and Stewart (1964a, p. D 38; 
1964b, p. 102), who inferred the existence of an 
older Wingate-equivalent unit in this area. 

Studies of the Popo Agie/Chinle Formation, and 
the lower part of the Glen Canyon Group (Wingate 
equivalent) at DNM have revealed remarkable diverse 
Late Triassic vertebrate track assemblages. To date 
we have discovered 16 tracksites within the DNM 
boundaries- 14 in the Popo Agie/Chinle and two in 
the Glen Canyon Group, (see Lockley . et ·al. 1990, 
1991). The smallest of these sites has yielded only 
one or two isolated tracks whereas the larger sites 
reveal several dozen tracks comprising trackways of 
several animals. The trackways indicate the presence 
of a_t least seven different vertebrate (reptile) groups 
(Figure 1 and Table 1). 

Assessment of the relative abundance of these 
animals, based on proportions of different trackway 
types, allows us to make a census of the compossition 
of the animal community represented by these tracks 

Table 1. Vertebrate tracks from the Late Triassic, 
Dinosaur National Monument. 

Dinosaur tracks (Agialopus and ?Grallator) 
Sphenodontid/lizard tracks (Rhynchosauroides) 
Tanysropheiid tracks (Gwyneddichnium) 
Phytosaur tracks (?Chirotherium sp) 
Aetosaur tracks (Brachychirotheium) 
Synapsid tracks ( -- no name - ) 
?trilophosaur tracks (Apatopus) 

(see Figure 2). This data stiggests that the animal 
communities in this region were dominated by small 
bipedal dinosaurs (Agialopus) with tanystropheids 
(Gwyneddichnium) also being equally common. 
Phytosaurs and sphenodontids may also have been 
quite common ( cf. Stewart and others 1972, for 
reports of phytosaur teeth). The DNM track 
assemblages compare favorably with those reported 
from the Late Triassic elsewhere in the western USA; 
for example from the Sloan Canyon Formation of 
New Mexico (Conrad and others, 1987}, and from 
the Chinle Formation of eastern Utah (Lockley 1986). 

One of the most interesting discoveries is that of 
two well preserved trackway segments which show 
evidence of the Gwyneddichnium trackmak:er engaged 
in swimming activity. Instead of progressing on all 
fours with alternating steps of hind and front feet, the 
"swimming" trackways show only hind foot 
impressions situated in paired or side-by-side 
arrangement reminiscent of a hopping gait (except for 
the wider spacing between left and right footprints: 
see Figure 3, and discussion by Thulbom 1989). The 
tracks also show a very wide splay between the digit 
imprints and clear impressions of interdigital webbing 
between toes one and three. These features indicate 
a partially bouyant aquatic animal using the substrate 
to gain purchase in propelling itself forward with 
synchronous strokes of its hind feet. As shown by 
trackway speciment DINO 15006 the animal was 
evidently accelerating or at least increasing the length 
of strokes as it progressed. All other known 
Gwyneddichnium occurrences at DNM reveal widely 
splayed digit impressions and isolated tracks evidently 
indicative of swimming or bouyant activity. By 
contrast all occurrences of Gwyneddichnium 
trackways outside DNM reveal evidence of animals 
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Figure 1.- Summary of all known Late Triassic vertebrate track types from the Popo Agie Formation at Dinosaur 
National Monument (except for Apatopus). UCD91-6 = Phytosaur trackway, Dino 13932-3 and 14992 = 
Brachychirotherium, Dino 1499 and UCD91-7 = Rhynchosauroides, Dino 15006 = Gwyneddichnium, Dino 
14991 = ?synapsid track, and UCD91-7 = Agialopus (trackway of a small bipedal dinosaur). 
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that were walking on all fours with digits held close 
together and directed forWard in the direction of 
progression. 

Gwyneddichnium is one of the few track types 
that have been attributed with some confidence to a 
particular genus. In this case, according to Baird 
(1986) and Lockley (1986) the trackmaker was 
probably the small aquatic reptile Tanytrachelos, 
which is known from skeletal remains in the Late 
Triassic of eastern and western North America. To 
the best of our knowledge this is the first example of 
an ichnogenus for which such well-preserved walking 
and swimming trackways are documented. Certainly 
it is the only example for a trackmaker identified with 
confidence down to the genus level. Moreover it is 
the only example we know of in which tracks Can be 
used to demonstrate the exact configuration of 
interdigital webbing. 

+ CONCLUSIONS 

1. The Late Triassic Ichnofaunas of the Dinosaur 
National Monument area indicate the former 
existence of diverse reptile-dominated faunas in 
this area. 

2. The Ichnofaunas are typical of this epoch and 
compare favorably, in diversity and quality of 
preservation, with coeval track assemblages . 
from the Chinle Formation and Dockum Group 
elsewhere in the western USA. 

3. The high density of tracksites in a small area 
and at several stratigraphic levels suggests a 
good potential for further discovery and 
paleoecological and biostratigraphical synthesis 
in the future. 

4. Well-preserved Gwyneddichnium tracks and 
trackways provide new insights into the anatomy 
of soft parts (foot web configuration) and 
behavior (swimming style) of the traclcmak:er, 
now thought to be the tanystropheid 
Tanytrachelos. 

5. The occurrence of Late Triassic tracks in the 
basal part of the Glen Canyon Group provides 
important age constraints for a unit that was not 
previously dated with any certainty. 

Ap S 

p 

p 

B 

Fig. 2. Pie diagram proportions of different track 
types found in the Popo Agie/Chinle Formation at 
Dinosaur National Monument, arranged clockwise in 
rank order of abundance. Top diagram is · based on 
total trackways (=individuals) N =32, bottom 
diagram based on number of localities where a 
particular trackway type occurs, N =22. Note 
similarity iti proportions. The three most common 
track types are accompanied by a symbol showing the 
inferred traclcmak:er. A= Agialopus a bipedal 
theropod, G = Gwyneddichnium a tanystropheid, R = 
Rhynchosauroides a sphenodontid /lizard, B = 
Brachychirotherium probably an aetosaur, P= a 
phytosaur, Ap= Apatopus, possibly a trilophosaur, 
and S= synapsid (mammal-like reptile). 
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Fig. 3. Comparison of Gwyneddichnium trackway indicative of swimming behai=vior (left = DINO 50006) and 
walking (right- USGS specimen from Popo Agie Fm. Vermillion Creek, Moffat Co. Colorado). Trackmak:er 
was probably Tanytrachelos (see silhouette of 20-25 em long animal for general morphology, and text for 
details). 
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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 (DNM) and to 
tie this framework to the rest of the Colorado Plateau 
and other important fossil-bearing localities in the 
W~tern Interior of the U.S. The study is also 
designed to complement ongoing paleontological 
inventories of the Morrison Formation within the 
Monument. During the 1990 field season emphasis 
·was placed on the larger aspects of stratigraphic and 
sedimentologic work and collection of samples for 
various types of analyses. Work during the 1991 
field season was concentrated on detailed stratigraphic · 
and sedimentologic studies of the quarry interval and 
on the regional studies that will relate the Morrison 
Formation at DNM and its contained bones to 
important bone-bearing localities elsewhere in the 
Western Interior of the U.S. 

+ METHODS 

Significant progress has been made on all four 
aspects of the research endeavor, which are 1) 
Stratigraphy, 2) Sedimentology, 3) Geochronology, 
and 4) Regional relationships. 

STRATIGRAPHY 

Two complete sections of the entire Morrison 

Formation were measured, one just west of the 
quarry (DQW) in the western part of DNM and 
another at Bill White's Cabin (BWC) in Deerlodge 
Park in the eastern part of the Monument. In 
addition, a partial section consisting of the lower 3 
members was measured at Rainbow Draw (RD) on 
the north side of the western part of DNM about 16 
km northeast of the main quarry. 

The Morrison Formation in DNM was found to 
contain 4 members that are recognized elsewhere on 
the Colorado Plateau. From oldest to youngest these 
are the Windy Hill, Tidwell, Salt Wash, and Brushy 
Basin Members. 

Several key beds or units that are being 
evaluated for their potential to aid in regional 
correlations were also found at DNM. 1) A zone of 
authigenic red chert, called the welded chert, is 
present in the lower part of the Tidwell Member and 
has been found farther south on the Colorado Plateau 
and even in central and eastern Colorado and 
northeastern New Mexico. 2) The Salt Wash 
Member can be divided into two parts: the lower part 
contains fluvial sandstone beds with relatively few 
pebbles whereas the upper part tends to contain 
abundant pebbles. · This distinction may allow 
correlation with the . lower and upper parts of the 
member farther south in the central and western parts 
of the Colorado Plateau. 3) The Brushy Basin 
Member of the Colorado Plateau contains two parts 
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that are distinguished by the types of clay minerals 
that they contain. Nonswelling clays are 
characteristic of the lower part of the member and 
. swelling clays characterize the upper part of the 
member. A similar vertical change in clay 
mineralogy has been found in the Morrison off the 
Plateau in central Colorado near Denver and Garden 
Parle where members are not distinguished, 
suggesting that the change in clay minerals marks a 
wideSpread event throughout the southern part of the 
Western Interior. Preliminary investigations in 
Wyoming suggest that a similar change in clay 
mineralogy also occurs there, offering the potential to 
extend lithologic correlations from DNM to the 
quarry localities in that state. 

Two other stratigraphic units that lie just below 
or above the Morrison were also measured and 
studied at the DQW locality. These are the Redwater 
Member of the Stump Formation of earliest Late 
Jurassic age and the Cedar Mountain Formation of 
Early Cretaceous age. These additions to the DQW 
section provide a better understanding of changes in 
rock types at the formation boundaries. 

Selected rock samples were collected to be 
processed for detailed dating of the formation. These 
included samples from bentonite beds for isotopic 
dating and· samples of organic-rich and (or) reduced 
mudstone or claystone for palynological analyses 
(chiefly spores and poilen). Other 
microfossil-bearing samples for charophytes, 
ostracodes, and conchostracans were also collected. 
Their value will be primarily for interpretation of 
depositional environments although the charophytes 
may also yield detailed age information. 

SEDIMENTOLOGY 

While measuring the sections, information such 
as lithologic descriptions, fresh and weathered colors, · 
textures, bedding structures, alteration types, the type 
and nature of fossils, and crossbed orientation were 
also made to help in determining the environments of 
deposition of the beds. Particular emphasis was 
given to determining the sedimentology of the quarry 
interval and quarry bed. - we use the term mY!!!Y 
interval to denote the fluvial sandstone and 
conglomerate unit in the Brushy Basin Member that 
is about 7-10 m thick and consists of about a dozen · 
fluvial chamiel sandstone beds. Only one of these 
fluvial beds contains the abundant dinosaur bones and 
it is designated as the 9!!M!Y bed. 

The quarry interval was studied by lateral · 
profiling in which approximately 32 closely spaced 
measured sections (averaging about 30m apart) were 
measured along the approximately 1,000 m extent of 
the outcrop belt. Correlations were then made of 
important surfaces within the interval that define the 
individual fluvial beds by tracing the surfaces 
between the sections. The resulting panel shows the 
relationships of the various fluvial channels, including 
the quarry bed, to each other as well as to other 
significant rock types. 

Crossbedding studies were also made in fluvial 
and eolian sandstone beds in the Morrison and Cedar 
Mountain Formations to determine the direction of 
flow of the streams or winds that deposited these 
beds. Considerable effort was also given to 
determining the direction of flow of the streams that 
deposited the quarry interval and the strata that lie 
above the quarry interval in the uppermost part of the 
Brushy Basin Member. 

GEOCHRONOLOGY 

By this term, we include either isotopic or 
paleontologic methodologies for determining the age 
of the rocks. For isotopic age determinations we 
collected stratigraphically controlled samples · of 
bentonite beds (actually altered volcanic ash deposits) 
from the Tidwell Member at the RD section and from 
the Brushy Basin Member at the DQW and BWC 
sections. These were sent to laboratories in Provo 
(Utah), Berkeley (California), and Reston (Virginia) 
for preparation and analysis. 

For paleontologic age determinations, 
stratigraphically controlled samples for palynomorphs 
(spores and pollen) or charophytes were collected 
from all 4 members of the Morrison as well as from 
the underlying Redwater Member of the Stump 
Formation and the overlying Cedar Mountain . 
Formation. Within DNM, palynomorphs offer the 
best possibility for detailed dating of the Morrison as 
rock types favorable for containing these microfossils 
occur throughout most of the formation. These 
samples have been sent to the appropriate laboratories 
for processing and analysis by specialists. Most of 
the sampling was done at the DQW section although 
especially promising samples were also colleeted 
from the BWC and RD sections. We also collected 
palynomorph samples from other localities either 
inside or outside the Monument, wherever we felt 



that the additional control was needed that would help 
in understanding the age of the formation within 
DNM. 

+ PRELIMINARY RESULTS AND 
INTERPRETATIONS 

The four members that have been recognized in 
DNM can be correlated elsewhere on the Colorado 
Plateau by means of their characteristic lithologies, 
stratigraphic position, and (or) their contained marker 
beds or correlatable horizons. Along with the 
detailed geochronologic work in progress, this should 
allow us to achieve a detailed chronology within the 
formation and allow us to correlate Morrison 
dinosaur quarries at DNM with other important 
Morrison bone~ bearing localities in the Western 
Interior. 

Paleocurrent studies on crossbeddi.rig in fluvial 
sandstone beds indicate that Morrison streams flowed 
generally to the southeast across DNM and probably 
originated in a highland region in northwestern Utah 
or southern Idaho. Similar studies on eolian 
sandstone beds in the eastern part of the Monument 
indicate that the prevailing winds came from the 
west, consistent with paleowind determinations made 
farther south on the Colorado Plateau. 

Our studies indicate the need for a revision in 
thought concerning the origin of the quarry bed that 
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contains the abundant bones in the quarry building. 
The bones occur at and near the bottom of an ancient 

. stream channel, not on a bar on the side of the 
. channel. This interpretation is the result of detailed 
examination of the quarry interval and quarry bed in 
light of modem sedimentologic techniques for 
studying fluvial strata. We can also identify the 
quarry bed in outcrops east of the quarry building 
where it also contains a large quantity of dinosaur 

· bones. · 

Considerable progress has been achieved in the 
regional studies that will allow us to relate the 
dinosaur bones at DNM.with other dinosaur quarries 
in the Western Interior. . We have studied other 
important dinosaur-bearing localities at Kenton 
(Oklahoma), Garden Park (Colorado), Morrison 
(Colorado), Dry Mesa (Colorado), East Canyon 
(Utah), and Strickland Creek (Montana). At each of 
these localities, sections were measured if not already 
available, the stratigraphic positions of the . quarries 
were determined, stratigraphically controlled 
microfossil samples were collected, and · samples for 
isotopic dating were also collected if the appropriate 
rock types were present. Although detailed 
correlations between these localities and DNM cannot 
be made without the micropaleontological analyses, 
work already accomplished gives us confidence that 
the goal of relating the various dinosaur quarries in 
the Western Interior with those at DNM can be 
achieved. 
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• 
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LOMALINDA 

• INTRODUCTION 

Fossil Butte National Monument contains within 
its boundaries a significant portion the world's best · 
preserved and ·most complete ancient lake deposit, 
known in the scientific literature 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, chemistry and paleoclimate of Eocene 
Fossil Lake and to document how these aspects 
fluctuated through time. The result will be a series 
of about seven "time slice" maps portraying the 
widely differing characters of Fossil Lake throughout 
it's history. The aerial maps would 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 distribu
tions, Eh or oxygen conditions of the bottom 
sediment and water column, proximity and probable 
location of volcanic vents near the lake, and 
distribution of bottoin dwelling bioturbators. These 
maps will be interpretive maps based on numerous 
data maps (isolith and isogrid, facies, mineral 
distribution, isotope variation, etc.) produced by 
plotting of sedimentary structure, facies, petrograph
ic, mineralogic, unit thickness, total organic carbon, 
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 1991 field season 33 stratigraphic 
sections of the Fossil Butte Member of the Green 
River Formation were measured and sampled (Figure 
1). Ten sedimentary units were sampled (generally 
fist sized samples) as indicated in Figure 2. Sections 
were located at approximately one km intervals along 
outcrops of the Fossil Butte Member where possible. 
Poor outcrops, covered section, or erosion (lack of 
outcrop) prevented sampling in some areas. Samples 
consisted of hand size rock samples that were 
labeled, including vertical orientation indicated with 
an arrow. Sample locations were plotted on topo
graphic maps and air photos. Thickness of section 
was also measured between sample intervals. 

A total of 330 samples were collected. In the 
laboratory each rock sample was slabbed with a rock 
saw, polished, acid etched and stained, to allow 
detailed sedimentological analysis. X -ray diffraction, 
thin-sectioning, and isotope analysis will be 
completed before the beginning of the 1992 field 
season. 

Data obtained will be entered into a computer 
graphics program and plotted out as a series of 
paleogeographic maps showing unit thickness 
variations, mineralogic variations, laminae frequency 
variations, etc. 
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Figure 1. Location of measured stratigraphic 
sections within the Green River Formation of 
Fossil Basin. 
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Figure 2. Stratigraphic section of the Green River 
Formation showing units sampled during this study. 

• PRELIMINARY RESULTS AND 
INTERPRETATIONS 

Although not enough data has been processed 
yet to construct detailed paleogeographic maps, field 
study and observations during lab analysis provide 
some insights into the paleogeography, paleoenviron
ments, geochemistry of Eocene Fossil Lake (refer to 
Figure 2). Unit 3 (refer to Figure 1), a dolomicrite, 
was found to grade laterally into calcimicrites nearer 
the margins of the basin, indicating fresher lake 
margins. The dolomicrite indicates hypersaline 
waters at the lake center, however the hypersalinity 
did not extend more than six kilometers outward froni 
location 1401. 

An abrupt expansion took place at the beginning 
of unit 4 (lower oil shale). This unit was found to be 
laminated, calcite dominated and kerogen-rich at all 
localities, indicating that Fossil Lake was at it's most 
expansive and freshest phase during deposition of this 
unit. 

Unit Sa, a volcanic ash, shows alteration pat
terns that indicate a hypersaline lake at the basin 
center (about location 1440) as indicated by it's· 
feldspar mineralogy. - However the lake was in
creasingly fresh toward the margins, as indicated by 



montmorillonite mineralogy. 

Unit 5, can be easily identified by the presence 
of two red tuff beds marking it's base and top. The 
unit increases dramatically in thickness from about 8 
em at the basin center to over 28 em at the basin 
margins. The laminae number increase from about 
1000 to 1600 nearer the margins. Total organic 
carbon drops off from about 12% to less than 2% 
within eight kilometers of the basin center. Laminae 
thickness also follows this trend, increasing from .07 
to .14 mm.. Details of these trends will be plotted 
using a graphics program, and should reveal details 
about the lake's paleogeography. These data suggest 
that the precipitation of calcium carbonate was more 
dramatic at the lake margins. · It is suspected that 
calcium-rich inflow waters mixed with the alkaline 
lake water resulting in higher .rates of calcite 
deposition nearer the lake's margins. 

Unit 6, famous for the abundance of fossil 
fishes, was apparently restricted to about a 150 km2 

area centered around location 1440. A centimeter 
thick pink tuff bed at it's base allows precise 
correlation of this unit. Total organic carbon drops 
off rapidly as it does in unit 5. The lake was 
restricted in size and occupied only less than half of 
it's normal basin. The calcite mineralogy of this unit 
is indicative of fresh waters. 

Unit 9, a dolomicrite, is indicative of a highly 
regressed phase of Fossil Lake. The lake was 
hypersaline and all fish populations had either died or 
were driven to marginal fresh water lagoons or 
rivers. 

Unit 10, represents a return to hypersaline 
conditions after a period of fresh lake expansion. 
The lake did, however cover over two-thirds of the 
lake basin, but probably was not more than several 
meters deep. Abundant ostracods at all locations, the 
presences of scour and fill structures, the restriction 
of laminated sediments to a SO km2 area centered 
around locality 1440 indicate shallow conditions. 
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Unit 11, the thickest volcanic ash (tuft) 
· deposited in Fossil Lake, was found to be generally 

about 13 em thick, but increased dramatically in the 
northwest part of the lake to over 25 em, indicating 
a local volcanic source. Ripple and scour and fill 
structures within this unit provide evidence of shallow 
water conditions throughout the lake at this time. X 
ray miiteralogy show that the tuff is composed of 
nearly 100% potassium feldspar, that suggests 
hypersalinity during it's deposition. 

Unit 12 represents another expansion of Fossil 
Lake to it's second largest area, occupying about 350 
km2• It's calcite composition and well laminated 
structure provides evidence of a fresh lake, which 
seems contrary to the mineralogic evidence seen in 
Unit 11. 

Data collected so far indicate a dynamic lake 
that occupied over 500 km2 during it's most 
expansive phases and fluctuated from hypersaline to 
fresh. A closed hydrographic system and a nearly 
flat depositional basin allowed frequent regressions 
and expansions with only slight changes in lake level. 
Details of these events should become clear as more 
sample sites are studied, collected, and analyzed. 
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this year's pellet transects. Twelve hundred pellet 
plots were counted to detect a 20% change in the 
population. This year's data have not been analyzed. 
In addition, 191 elk were counted during five evening 
roadside surveys between 26 April and 2 May. Elk 
were counted along a specified route so that counts 
may be repeated annually. This number may be used 
in conjunction with the pellet index to monitor elk 
abundance. 

Spring roadside counts were also used to 
determine cow/calf ratio before this year's new calves 
arrived. The ratio was 100:48, though it may be a 
high estimate due to a large number of unknowns 
(81) . . Only one antlered bull was seen. Thus, it is 
expected that winter aerial surveys are more accurate 
for determining age and sex composition. 

Calving success and survivorship, which are 
·secondary objectives of the study, were measured by 
aerially sighting collared elk during calving (15 May 
through 15 July) and afterwards by aerially counting 
large groups of elk (n=546) to determine a cow/calf 

ratio. Sixty percent of the adult collared cows were 
seen with calves during calving. This number 
dropped to 40% by 15 August. Similarly, the 
cow/calf ratio determined from large groups of elk 

. dropped from 100:50 in mid-June to 100:30 in mid
August. Calf survivorship and/or production appears 
to be down from last year when the January cow/calf 
ratio was 100:44. This may be due to a severe early 
winter and long-lasting snowpack, or . simply to 
differences in sightability between summer and 
winter. Aerial surveys in January 1992 will 
determine whether difference in sightability was a 
factor. Elk will be located once a week and checked 
for mortality as often as possible for the remainder of 
the reporting period. 
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+ INTRODUCTION 

Monitoring of the natural resources available in 
parks is necessary to allow the National Park Service 
to develop long term management strategies for 
preservation of those resources for future generations. 
To this end, personnel at Glacier National Park 
(GLAC) determined that it was necessary to identify 
populations of plant species that might serve as 
indicators of environmental change. Preliminary data 
on locations of populations of sensitive plants was 
obtained by the park from work done by . Lesica 
(1984). However, basic life history data on these 
species had not been· collected and made available to 
park personnel in such a manner as to interface with 
existing park data bases. The acquisition of such data 
was seen . as a necessary step in developing a baseline 
data base that park personnel could use to base future 
assessments of biological change within the park. 

The objective of the research described in this 
final report was to obtain basic life history data from 
the literature for 52 species of plant populations in 
GLAC judged to be rare or endangered, and hence 
potentially sensitive to changes- in the biological and 
environmental conditions in the park. To accomplish 
this objective, we used the list of rare plant species 
given by Lesica (1984; Table 1 of this report) with 
recent additions by the Montana Natural Heritage 
Program (1990) as the basis of a literature search to 
determine the basic life history attributes of each 
species. We used these data and the locations of 

populations of each species to document the spatial 
distribution of the different ecological groups 
represented by the rare flora of the park. This 
suggested that park personnel should focus on 
eontinued attempts to assess potential ecological 
changes in response to changes in the global climate 
induced by human activity. We suggest that the park 
take an active role in establishing permanent 
vegetation plots for monitoring changes in these . 
sensitive plant populations. One such study (Lesica 
and McCune 1989) is already in progress. 

+ STUDY AREA 

Glacier National Park was established by an act 
of Congress in 1910 to preserve the rugged mountain 
scenery it afforded (Runte 1987). The park contains 
parts of two mountain ranges: the Livingston and 
Lewis Ranges. These ranges were · built by the 
upthrusting of sediments laid down during the 
Mesozoic. Some rock layers in the range are 
Precambrian in origin. During the Pleistocene, most 
of the park was covered with glaciers, and the 
remnants of these glaciers still exist at high 
elevations. Elevation ranges from 960 m in some of 
the valley areas to over 2900 m on some of the 
mountain peaks. The western portions of the Lewis 
Range receive significantly higher amounts of rainfall 
than the eastern foothills region of the tange. 
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Table 1. Rare plant species with populations in Glacier National Park according to Lesica (1984). 

Lycopodiaceae- Clubmoss family 

Lycopodium alpinum L. Alpine clubmoss 
L. obsurum L. Ground pine 

Ophioglossaceae- Snake's-tongue fern family 

Botrychium matricariaefolium (Doell.} A. Braun. Camomile grape-fern 
B. montanum Wagner Mountain moonwort 
B. paradoxum Wagner Peculiar moonwort 

Polypodiaceae - Polypody-fern family 

Cystopteris montana (Lam.) Bernh. Mountain bladder-fern 
Dryopteris cristata (L.) Gray Buckler fern 
Thelypteris phegopteris (L.) Slosson Northern beech-fern 

syn: Phegopteris polypodioides Fee 

Asteraceae- Sunflower family 

Artemesia norvegica var. saxatilis (Bess.) Jeps. Boreal sageword, boreal 
wormwood 

Erigeron lanatus Hook. Wooly daisy 
Townsendia condensata Eat. Cushion townsendia 

Brassicaceae - Mustard family 

Draba fladnizensis Wulfen Austrian whitlow-wort 

Ericaceae -Heath family 

Vaccinium myrtilloides Michx. Myrtle-leaved huckleberry 

Fabacae - Pea fami!y 

Hedysarum alpinum var. americanum Michx. American sweetvetch 
syn: H. americanum (Michx.) Britt. 

Lathyrus bijugatus White Pinewoods sweetpea 
Oxytropis campestris var. columbiana (St. John) Barneby Columbia River 

crazyweed 
0. podocarpa Gra~ Stalked-pod crazyweed 

Fuinariaceae - Fumitory family 

Corydalis sempervirens (L.) Pers. Pink corydalis 
syn: Cap no ides sempervirens (L.) Borkh. 



Table 1. con't 

Gentianaceae: Gentian family 

Gentiana glauca Pall. Glaucous gentian 
G. propinqua Richards Four-parted gentian 

Lentibulariaceae - Bladderwort family 

Pinguicula vulgaris L. Common butterwort, butterwort 
Utricularia intermedia Hayne Mountain bladderwort 

Paperveraceae- Poppy family 

Papaver pygmaeum Rydb. Alpine glacier poppy, dwarf alpine poppy 

Ranunculaceae - Buttercup family 

Delphinium burkei Greene Meadow larkspur 
Ranunculus gelidus Kar. & Kir. Arctic buttercup 

syn: R. ramulosus Jones 
R. pedatifidus Smith Birdfoot buttercup 

Salicaceae -Willow family 

Salix barrattiana Hook. Barratt's willow 
S. serissima (Bailey) Fern. Fall willow 

Scrophulariaceae - Figwort family 

Castelleja occidentalis Torr. Western paintbrush 
Euphrasia arctica var. disjuncta (Fern. & Wieg.) Cronq. Northern eyebright 

Violaceae - Violet family 

Viola renifolia Gray Kidney-leaved violet 

Cyperaceae- Sedge family 

Carex chordorrhiza L. Rope-root sedge 
C. Eleusinoides Turcz. Goose-grass sedge 

syn: C. plectocarpa Herm. 
C. Lenticularis var. dolia Michx. Kellogg's sedge 
C. livida (Wahl.) Willd. ~ale sedge 
C. petricosa Dewey Rock sedge 
C.· saxatilis L. Russet sedge 
Eriophorum viridicarinatum (Engelm.) Fern. Green-keeled cottongrass 
Kobresia simpliciuscula (Wahl.) Mack. Simple kobresia 
Scirpus hudsonianus (Michx.) Fern. Hudson's Bay bulrush 

syn: E. alpinum L. . 
S. subterminalis Torr. Waterbulrush, wate{ clubrush 
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Table 1. con't 

Juncaceae- Rush family 

Juncus castaneus Smith Chestnut rush 
J. triglumis var. albescens Lange Three-flowered rush 

syn: J. albescens (Lange) Fern. 

Liliaceae -Lily family 

Allium .fibrillum Jones Fringed onion 
Erythronium grandijlorum var. candidum (Piper) Abrams White glacier-lily* 
To.fieldia pussilla (Michx.) Pers. Little false asphodel 

syn: T. palustris Huds. 

Orchidaceae- Orchid family 

Cypripedium passerinum Richards Spotted lady's slipper 
Epipactis gigantea Dougl. Giant helleborine 

syn: Serapias gigantea (Doug I.) Eat. · 
Goodyera repens (L.) R. Br. Western rattlesnake plantain 

Poacae - Grass family 

Elymus innovatus Beal Boreal wildrye 
Festuca ovina var. vivipara L. Viviparous sheep fescue, bulbiferous sheep 

fescue; syn: F. vivpara (L.) Sm. 

The diversity of geology and climate has lead to 
a large degree of ecological diversity in the Park. 
The eastern portion of the park below 1200 m is 
characterized by prairies. At elevations below 1800 
m, various coniferous forest types are found. Slopes 
are generally dominated by Douglas fir (Pseudotsuga 
menziesit), lodgepole pine (Pinus contorta), and 
western larch. Higher valleys have Engelmann 
spruce (Picea engelmannii) and subalpine fir (Abies 
lasiocarpa), while lower, more mesic valleys support 
western redcedar and western hemlock. Above 1800 
m forests tend to be stunted due to high winds and 
cold conditions. At elevations greater than 2000 m 
but below 2700 m, ~lpine tundra vegetation 
predominates. 

Because of its geographical location and unique 
combination of ecosystems, GLAC contains a number 
of populations of rare plant species. Most of these 
populations are representatives of species whose 
geographical range boundaries exist in or near the 

park (Lesica 1984). However, at least two popula
tions appear to be restricted only to the park itself. 

+ METHODS 

Plant populations that were identified by Lesica 
(1984) as being rare in GLAC formed the basis of 
this study (Table 1). We took Lesica's list and 
initiated an intensive literature search to identify life 
history traits of each species. The Fire Effects 
Information System (FEIS) coordinated by William · 
Fischer of the USDA Forest Service Intermountain 
Fire Sciences Laboratory, Intermountain Research 
Station, in Missoula, Montana maintains a data base 
on life history and management information of 
species of plants in the northwestern U.S. None of 
the species found in Table 1 were in the FEIS when 
we initiated our research. However, the FEIS 
employs an extensive literature searching system. 
Williams spent the summer of 1990 at the Fire 



Sciences Library using their literature searching 
system to locate references on the species in Table 1. 
A total of 162 references were obtained during this 
literature search. In return for the use of the 
literature searching system, we compiled life history 
and management information in the proper format for 
entry into the FEIS. Entry of the data we collected 
for the FEIS was recently completed by the Forest 
Service. 

We used the information gathered in the 
literature search to classify each species according to 
a number of life history characteristics. Twelve 
categories were used in this classification. Five 
categories referred to processes affecting population 
recruitment rates: fruit type, pollinator, reproductive 
mode, longevity, and dispersal agent. Five categories 
were related to habitat selection: successional stage, 
life form, soil type, . soil moisture, and habitat type. 
Two additional categories contained management 
information: response to fire and value. Descriptions 
of the specific levels of these categories are given in 
Table 2. 

Locations of populations for each species in 
GLAC were obtained from information recorded in 
Montana Natural Heritage Program (1990) and from 
an unpublished map compiled by P. Lesica for 
GLAC. The locations of each population were 
plotted out on a topographic map of GLAC (USGS 
1968). These locations were then digitized by the 
University of Utah Digit Lab and stored in a 
Geographical Information System (GIS). Data on life 
history attributes of each species that had been 
obtained from the literature search were then 
associated with each population in the GIS. These 
data were used to obtain maps of the distribution of 
species with particular life history attributes in the 
park. 

As human activities increasingly change 
ecological systems across the world, a number of 
changes to the ecology of the GLAC ecosystem can 
be expected. Pollution is having a number of direct 
effects on continental ecosystems. Probably the most 
widespread of these effects result from acidification 
of precipitation due to increased levels of sulpher 
dioxide and other gasses (Kennedy 1986, Reuss and 
Johnson 1986, Binkley et al. 1988). An indirect 
effect of increased levels of carbon dioxide and other 
gasses in the atmosphere has been to increase average 
temperatures across the globe (Abrahamson 1989, 
Leggett 1990). Changes in climatic patterns are 

109 

likely to be induced by such increased temperatures 
(Schneider 1990). More localized effects on the 
GLAC ecosystem come from physical disturbances 
due to human. activities in and around the park. 
Increased numbers of visitors in the park will 
increase the likelihood of trampling and similar 
disturbances to understory. vegetation. . Human 
activity also increases the likelihood of fires 
accidentally being started. Biological disturbances to 
park vegetation result from competition or other 
biological effects induced by introduced exotic 
species. Finally, as development increases in and 
around the park, the · GLAC ecosystem may become 
more fragmented, decreasing the probability of 
population dispersal of species rare in the park. This 
may eventually lead to declines in populations that · 
are being maintained by emigration. Each of these 
potential changes to the GLAC ecosystem will effect 
populations of rare species in the park. We 
attempted to evaluate these potential effects by using 
the life history information to identify how many 
species would be effected by these changes and where 
in ~e park such effects were most likely to be felt. 

+ RESULTS AND DISCUSSION 

AVAILABLE DATA BASES 

In our literature search, we encountered several 
sources of computerized information on plant life 
histories. These data bases are run by several 
different government agencies, and Park personnel 
should be aware of them in future efforts to locate 
information on plant species in the park. The first 
data base we encountered was the Plant Information 
Network (PIN). This was a data base originally set 
up by the Western Energy and Land Use Team of the 
US Fish and Wildlife Service located in Fort Collins, 
Colorado. This initial effort to identify character
istics of plant species that might be· useful in 
management has apparently not been maintained, 
although there is a computer tape with a program for 
searching the database that still exists. 

The Fire Effects Information System, mentioned 
above, is .maintained by the U.S. Forest Service 
Intermountain Fire Sciences Laboratory. We chose 
to use this system to search the primary literature for . 
information used in this report because the literature 
search capabilities of the system. Since the FEIS 
contained no previous information on the study plant 
species (Table 1) were entered into the data base 
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Table 2. Categories of life history criteria used to summarize information on the life histories of rare plant species 
in Glacier National Par}c. 

Fruit type 

1 = Achene 
2 = Coryopsis 
3 =Legume 
4 =Capsule 
S =Spore 
6 =. Silicle 
7 =Follicle 
8 =Samara 

Pollinator 

1 =Wind 
2 =Insect 
3 =Bird 
4 =Self 

Successional Stage 

1 = Pioneer · 
2 = Mid-seral 
3 = Late-seral 

Life Form 

1 =Grass 
2 =Forb 
3 =Shrub 

Longevity 

1 =Annual 
2 = Biennial 
3 = Perennial 

Response to Fire 

1 = Decreaser 
2 = Sprouter 
3 =Pioneer 
4 = Low fire regime 

Soil·Tyoe 

1 = Rocky slope 
2 = Boggy 
3 =Organic 
4 = Sandy loam 
5 = Variety 
6 = Fertile, high 

moisture capacity 

Primary Reproductive 
Mode 

1 =Sexual 
2 = Vegetative ( 
3 =Both 

Soil Moisture 

1 =Wet 
2 =Dry 
3 =Shallow 
4 =Rocky 

Habitat Tyoe 

1 =Alpine 
2 = Spruce/fir 
3 = Douglas fir 
4 = Cedar/hemlock 
S = Bunch grass 
6 = Alpine, spruce/fir 

· Dispersal agent 

1 = Wind, gravity 
2 =Animal 

1 = Rehabilitation 
2 =Forage 
3 = Shelter, nesting 
4 = Rehabilitation and 

forage 
S = Rehabilitation and 

shelter, nesting 

after the literature search was completed. about locations of populations and some information 
about site locations and conditions. The contact 
person for this data base is Margaret Beer, Montana 
State Library, Helena, Montana. Another data base 
that we encountered, but have little information on is 
the National Park Service Common Data Base. A 

. Another data base that contains information 
about GLAC·plants is the Montana Natural Heritage 
Program. this program is administered by the . 
Montana State Library, and contains information 



part of that data base, called NPFLORA, has or will 
have information on the flora of all national parks. 
The data we assembled in our literature search were 
input into a GIS. This data base has been delivered 
to GLAC personnel on a floppy diskette in a format 
compatible with the park's GIS. 

PLANT POPULATIONS 

Rare plant populations were not randomly 
distributed throughout GLAC, but occurred in several 
distinct concentrations. The largest concentration of 
.rare plant populations was in the Logan Pass area. 
This area had over 30 different populations 
representing 28 different species. Populations in this 
region are more or less evenly distributed from the 
Piegen Pass region southwest to Hidden Lake. East 
of this group of populations is a small cluster of 
populations near the origin of Boulder Creek in the 
Siyeh Pass/Preston Park area. Many of the same 
species found in the Logan Pass cluster are also 
found in Siyeh Pass cluster. A third group of 
populations is found south of the Logan pass cluster 
along the glaciers that follow the continental divide in 
the chain of peaks from Mt. Logan to Mt. Brown. 
Many of the same species are represented in these 
clusters. For example, alpine glacier poppy (Papaver 

. pygmaem) and little false asphodel (Tofielldia pusilla) 
both have populations in each of these three clusters. 
A number of the species represented in these clusters 
also have populations scattered in other high alpine 
areas of the vark. This group of species occurring in 
the high alpine areas of the park appears to represent 
the largest group of rare species in the park. 

Generally, species found in these high alpine 
areas tend to be associated either with alpine or 
alpine/fir habitat types. Most of these species tend to 
be perennial forbs or grasses found in wet or boggy 
soils or on rocky slopes. ·Most are insect pollinated, 
or more infrequently, wind pollinated, and reproduce 
primarily by sexual means, although a number of 
species will also propagate vegetationally. Most of 
these species form dry, dehiscent fruits, such as 
capsules, but several have indehiscent fruits, such as 
achenes. Few of the species are of any economic 
value, and those that are tend to be species that have 
some value as forage. Generally, the species found 
·in the alpine areas are those that tolerate only a low 
fire regime. Since most species are in moist soils or 
rocky outcrops, it is unlikely_ that they are affected in 
any degree by fire. 
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A second significant cluster of species is found 
in the McGee Meadows area northwest of Lake 
McDonald and northeast of the Apgar Mountains. 
This area has extensive bogs and forms a unique 
habitat. Species which inhabit this region tend to be 
found in wet or shallow soils of high moisture 
content. . All are perennial grasses or forbs. Most 
species propogate by sexual reproduction, though 
some employ primarily vegetative propogation. 
Species are wind or insect pollinated. The species in 
the McGee Meadows area generally tend to be 
species that require a low fire regime. Since they are 
generally found in areas with boggy or wet soils, this 
is not surprising. The species generally do not have 
any significant value in management. 

Perhaps the most striking property of most of 
the rare plant populations in GLAC is that they are 
either located in riparian areas or are associated with 
them. Populations of rare plants are distributed 
throughout the alpine areas of the Lewis and 
Livingston Ranges, but are concentrated in the wet 
alpine areas in and near Logan Pass. The second 
major concentration of rare plant populations is in the 
boggy areas of McGee Meadows. 

POTENTIAL RESPONSES TO ENVIRONMENTAL 
CHANGE 

In this section we consider changes that are 
likely to occur in GLAC ecosystems as a result of 
human activities. Many of these potential changes 
are linked to alterations in global ecosystems that may 
have complex effects in local ecosystems (e.g. 
Bazzazz and Williams 1991). Although the existing 
information is inadequate to make accurate pre
dictions of changes that might occur, the following 
general descriptions of potential impacts should 
provide a starting point for more detailed 
investigations. 

. ACID RAIN - Massive amounts of gasses and 
particulate matter have been released into the earth's 
atmosphere by industrialization. The GLAC 
ecosystem may be relatively isolated from nearby 
sources of such pollutants, but the massive amounts 
released often cause subtle changes in precipitation 
over wide areas, most notably decreasing the pH 
(increasing the acidity) of rain and snow (Binkley et 
al. 1988). Increases in the acidity of precipitation 
have a number of effects on ecosystems. Acidic 
precipitation intercepted in the canopy of a forest 
increases the rate at which nutrients are leached from 
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leaves, although trees can partially compensate · 
physiologically for such leaching (Boerner 1984)~ 
More significantly, acidic precipitation can increase 
soil acidity, which in tum decreases nutrient content 
and· increases concentration of aluminum cations to 
toxic levels (Kennedy 1986, Reuss and Johnson 1986, 
Binkley et al. 1988, Smith 1990). 

Acidification of soils in GLAC over a long 
period of time may have profound effects on rare 
plant populations. Fourty five percent of the rare 
species in this study occur in shallow soils, and 35% 
are confined to rocky slopes. Such species exist in 
soils in which nutrients are likely to be leached 
relatively rapidly. The major concentration of these 
species, as described above, is in the high alpine and 
subalpine areas in and around Logan Pass. A large 
proportion of rare species (37%) occur in wet, boggy 
soils. Such soils tend to be more acidic than normal, 
they have little ability to buffer increased acid 
deposition by precipitation. In GLAC, the bogs in 
McGee Meadows area will be most affected by such 
changes. In both the Logan Pass and McGee 
Meadows areas, acid precipitation would result in 
declines in rare plant populations as a consequence of 
losses in soil fertility. If acidification is severe 
enough, replacement of lost vegetation would occur 
very slowly. 

GLOBAL WARMING - Another affect of increased 
industrialization is increased amounts of carbon 
dioxide, methane, and other gasses in the 
atmosphere. These gasses share the common 
property of absorbing infrared (heat) radiation 
reflected from the earth's surface. The consequence 
of this is that global temperatures and the climatic 
patterns that they generate may be altered (Hansen 
1989, Leggett 1990). Changes in global climate 
patterns will have profound consequences for 
continental ecosystems. Measurable increases in 
atmospheric carbon dioxide have been correlated with 
increased in average global temperatures (Hansen 
1989). A number of consequences are likely to 
ensue. First, as temperatures warm, the geographic 
distributions of species will generally shift northward 
following temperature extremes (Peters 1989). This 
will result in a contraction · of biomes that 
predominate cooler latitudes. Altitudinal zones 
corresponding to cooler biomes will shift to higher 
elevations, contricting and fragmenting montane 
habitats. Increased temperatures will change water 
cycles, particularly in peatland habitats (Gorham 
1991), leading to decreases in soil moisture. The 

rapidity of such changes relatively to climate changes 
associated with the decline of glaciers suggest that 
significant successional changes may be induced in 
coniferous forest biomes (Long and Hutchin 1991). 
Unfortunately, weed species often exceed ability of 
native species to respond to elevated levels of carbon 
dioxide, so successional changes may be dominated 
by increases in weedy species and exotics rather than 
native species adapted to warmer temperatures (Long 
and Hutchin 1991). 

Changes in global climates that lead to increased 
temperatures in coniferous forest biomes will greatly 
impact the rare plant populations of GLAC. Changes 
in water tables associated with warming would de
crease the availability of wet, boggy soil types on 
which most of the rare plant populations in the 
McGee Meadows areas are located. Shifting of life 
zones to higher elevations would contract the area of 
alpine and spruce forest habitats in the park. Seventy 
eight percent of the rare plant populations in GLAC 
are associated with these habitats. Significant 
alterations in the alpine and spruce forest life zones 
in GLAC might result in losses of many rare plant 
species for at least two reasons. First, contraction of 
life zones, particularly the alpine zone, would further 
isolate populations of these species and would 
decrease the total number of individuals that could be 
contained in these populations. This would in tum 
increase the likelihood of stochastic extinction (Lande 
1988, see also papers in Soule 1987). Second, in
creased vigor of populations of weed species as a 
result of elevated carbon dioxide levels in the 
atmosphere might result in populations of rare plant 
species being outcompeted by weeds during 
secondary succession in shifted life zones. 

As GLAC receives a greater number of visitors, 
greater physical disturbances are likely in and around 
the park. . Two types of physical disturbances may 
have important consequences for rare species. First, 
increased human activity will increase the number of 
persons using trails in the park. This increases the 
likelihood that populations of rare plants will be 
encountered. Since many of these populations are 
found on shallow soils at higher elevations, increased 
activity may result in increased weathering of these 
soils. In the McGee Meadows area, increased 
activity near bogs may result in trampling of 
vegetation. The increased compaction of these soils 
may decrease their ability to hold water. Second, as 
human activity increases, there is an increased 
likelihood of human started fires. Most of the rare 



species in this study (59%) require low fire regimes 
or decrease after fire. Both of these physical impacts 
will interact with larger scale climate change and 
acidic precipitation to threaten populations of rare 
plant species in GLAC. As drier climatic conditions 
result from global warming, vegetation communities 
in GLAC may become more susceptible to fire. 
Decreased fertility of soils in response to acid 
precipitation may make them more sensitive to 
erosion and weathering stimulated by higher 
frequencies of hiking. 

Nearly all of the rare plant species · in GLAC 
occur in small, isolated populations at or near the 
edge·of their geographic ranges (Lesica 1984). Such 
populations may be maintained in a large degree by 
immigration from larger populations outside of the 
park (see, e.g., Maurer and Brown 1989). The long 
term persistence of such populations may therefore 
depend on the maintenance of dispersal from 
populations outside the park. As development and 
use of natural resources outside GLAC increase, it is 
likely that the park itself may become more like an 
isolated island (MacArthur and Wilson 1967). If 
development isolates the park, it is likely that rates of 
dispersal into the park may be decreased. Virtually 
all of the rare plant species we studied are wind 
dispersed, so distance from dispersal sources may 
have a major impact on the persistence of their 
populations. In addition, half of the species are 
pollinated by insects or birds. Thus, in order for 
these plant species to be able to reproduce sexually, 
populations of pollinators must be maintained at 
adequate levels in the park. Here again, increased 
isolation of the park by development may prevent 
pollinators from locating it or maintaining large 
enough populations to adequately pollinate their 
respective plant populations. 

• CONCLUSIONS 

Management of the resources of GLAC to 
maintain its uniqueness and value as an ecological 
reserve requires special attention to the McGee 
Meadows and Logan Pass areas. To date, these areas 
have the highest known concenTrations of rare plant 
populations. Since these areas are created by unique 
combinations of geological, climatic, and ecological 
conditions, it is important that further research be 
carried out to identify what makes these areas so 
unique. Ecosystem level studies that are aimed at 
identifying the processes that maintain such high 
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concentrations of rare plant populations should be 
encouraged. The results of such studies, when 
related to life history information such as that 
included in this report, should allow GLAC managers 
to formulate strategies to protect these habitats. 

A second con~m regarding the populations of 
rare species in the park is current plans for 
monitoring populations. At least one effort is cur
rently underway for monitoring plant populations in 
the Logan Pass area (Lesica and McCune 1989). The 
results of this study should be integrated very 

. carefully with management plans in the Park. 
Options such as limiting access to sensitive areas, 
planning development of park roads and structures to 
protect these areas, and developing a flexible 
management strategy to mitigate changes in the park 
should be considered very carefully by managers. 
With this report and the work of Lesica (1984), it is 
clear which areas in the park are important reservoirs 
of biodiversity. It is now critical that Park managers 
and scientists use this information to develop 
strategies for coping with ecological change in the 
park. 
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+ EXECUTIVE SUMMARY 

Genetic diversity, as the fundamental resource 
of Glacier National Park (GNP), is central to the 
characterization of biodiversity present in GNP. 
Preserving the genetic variation in species maintains 
their intrinsic flexibility to deal with variable abiotic 
and biotic environments. Although often not readily 
apparent as visible morphologic (phenotypic) 
differences, genetic variation may occur 1) between 
individuals within a population and 2) between 
populations of a species. Managers need to consider 
these two components of genetic variation when 
mediating the effects of human disturbance in GNP. 
However, very little is currently known about these 
levels of genetic ot:ganization in GNP species. 

Our three year project examines the presence 
and patterns of genetic variation in two GNP species: 
strawberry (Fragaria virginiana Duchesne) and 
mountain brome (Bromus carinatus Hook. and Am.). 
We are quantifying the amount and distribution of 
genetic and phenotypic variation using quantitative 
genetic and electrophoretic _ methods and are 
identify~g phenotypic characters subject to natural 
selection, i.e., those characters important for survival 
and reproduction differences in populations. 

QUANTITATNE GENETICS 

Individual plants may differ genetically by 
variation among many genes that have small effects, 

forming a continuum of phenotypes. Quantitative 
genetic methods assess genetic variation by measuring 
the phenotypic traits of related individuals (e.g., one 
genotype and its clones). Transplants from six GNP 
strawberry populations (360 individual plants) have 
been propagated since June 1990 in Diettert 
Experimen~ Gardens, University of Montana. 
Strawberries reproduce asexually by developing small 
plantlets on a runner (=clones). These clones are 
genetically identical to the original (or maternal) 
strawberry plant. During the 1991 growing season, 
maternal strawberries produced 1018 clones. Clones, 
placed in pots, are in a randomized complete block 
design in the garden. Since the original experimental 
design called for 3600 clones, the strawberry clones 
are overwintering at UM. Hopefully, more plantlets 
will be produced from these clones and the maternal 
strawberries in 1992. 

ELECTROPHORESIS 

Electrophoresis can reveal genetic 
polymorphisms of isozymes and give estimates of the 
amount of genetic variation present within a 
population. During our first field season, . dormant 
strawberry leaves were harvested during Oct./Nov. 
1990 for· electrophoresis. Subsequent analysis 
revealed that proteins (enzymes) from dormant leaves 
are broken down; therefore, electrophoretic trials 
were unsuccessful. Young leaves from the 360 plants 
were harvested again during June 1991. Leaves were 
ground in two buffers, phosphate-PVP and 
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tris-maleate-PVP and stored at -SOC. Electrophoretic 
screening to resolve enzyme systems continues during 
fall 1991. 

Mountain brome seeds have been germinated 
for six GNP populations and Bridger Plant Materials 
Center accessions. Seedlings were ground in the two 
buffers mentioned above and stored at -SOC. 
Electrophoretic screening for resolution of enzymes 
and polymorphic loci continues during fall1991 and 
winter 1992. 

NATURAL SELECTION 

Measurements of varying phenotypic ·traits in 
strawberries can indicate differences in fitness (i.e., 
survival and reproduction). At the beginning and end 
of the 1991 growing season, 200 labeled strawberry 
plants in each of six GNP populations were relocated 
and characters measured. For plants in lower 
elevation populations (Belton Hills, Big Prairie, 
Wilbur Creek, and Lower Two-Medicine), 
measurement times were two and five months after 
the snow receded (June and September). At Logan 
Pass and Siyeh Creek populations, the same 
proportion of time after snow melt and before snow 
fall was used; plants were measured at three weeks 
and again at two months (August and September). 
These data will be compared with 1990 data to 
estimate temporal/spatial differences in natural 
selection. 

Plant tags on the study population at Belton 
Hills were vandalized between fall 1990 and spring 
1991, with 74 tags removed or destroyed out of the 
200 experimental strawberry plants. New plants 
were chosen randomly and tagged in August to 
replace those vandalized. 

+ PROPOSED WORK 

1 November 1991 to 31 May 1992 

During the remainder of this second year of 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 first part of this year has been 
spent collecting data and potting strawberry clones. 
Two main tasks to be completed this year are 
electrophoresis on both species and data analysis for 
all experiments~ 

QUANTITATIVE GENETICS 

This experiment provides information on the 
genetic differentiation and local adaptation of 
strawberry populations. Maternal strawberries and 
their 1991 clones will be monitored for production of 
plantlets. Experimental planting designs will be 
modified to accommodate the number of clones 
produced by early June 1992. Final clone numbers 
for transplant depend upon winter mortality and 
spring asexual reproduction rates. Clones will be 
transplanted into three common environments: 1) low 
elevation west side (Headquarters, West Glacier, 975 
m), low elevation east side · ( 400 m up the Red Eagle 
Trail, 1372 m), and high elevation (Werner Mt, 
Whitefish Range, Flathead NF, 2070 m). 
Quantitative ·characters will be measured in June 
when clones are initially transplanted and again in 
August at the end of the growing season. 

ELECTROPHORESIS 

Electrophoretic screening and analyses for 
polymorphic loci will continue for both strawberry 
and mountain brome. 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 

These analyses will help to identify the factors 
that determine variation in strawberry survival and 
reproduction (i.e., fitness) and, therefore, on 
revegetation success. Second year data from the six 
populations will be compared with first year data. 
Regression significance tests will be used to estimate 
the effects of various characters on fitness 
components (Mitchell-Olds 1986, Mitchell-Olds and 
Bergelson 1990). 

+ CONCLUSIONS 

The results of our three year study will reveal 
whether genetic divergence has· occurred along 
environmental and geographic gradients in GNP. To 
preserve ecologically and evolutionarily important 
genetic variation, we must identify genetic 
differentiation and local adaptation among 
populations, quantify the distribution of isozyme 



genetic variation between populations arid between 
geographic areas, and discover which characters are 
subject to natural selection in the wild. This 
information will indicate necessary . steps for 
managers to effectively maintain genetic diversity 
currently present in the park. Our research will 
identify potential impacts to genetic diversity in GNP 
resulting from revegetation activities. 
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+ EXEUTIVE SUMMARY 

Surviving populations of native cutthroat trout 
( Oncorynchus clarki lewisi) in isolated lakes of 
Glacier National Park are being assigned a potentially 
important role in a recovery program of cutthroat 
trout fishery in the Lake McDonald basin. One 
population of native trout inhabits A valance Lake; yet 
its indigenous nature is questioned, because of the 
absence of other fish species that normally occur in 
association with the trout, and because the creek 
giving access to Avalanche Lake from Lake 
McDonald is considered too precipitous for naturally 
dispersing fish. 

This study aims to find out whether the trout 
population in Avalanche Lake was established 
fol19wing a deliberate but unrecorded introduction 
sometime during the last century, or much earlier 
through successful natural immigration. Evidence is 
to be derived from examination of fossil zooplankton 
assemblages contained in the lake's ptofundal bottom 
sediments. The approach is based on the idea that 
introduction of planktivorous fish to a fishless lake 
must have caused significant changes in the 

zooplankton community. Visual, size-selective 
predation by planktivorous fish typically results in 
preferential removal of larger prey types and/or of 
prey that tend to stay in the upper water column · 
during daytime. There are two groups of 
zooplankters in Glacier National Park lakes whose 
populations are likely to be affected, and whose 
buried remains preserve well enough to trace these 

. changes in the sedimentary record: the limnetic 
cladoceran Daphnia, and the planktonic larvae of 
Chao horus, a dipterous insect. In Daphnia, changes 
associated with fish introduction may include a shift 
to smaller body-size in resident species or a 
replacement altogether of large species by smaller 
ones. In Chaoborus, species that lack the habit of 
diurnal vertical migration are rapidly eliminated, and 
may then be replaced by congeners that do migrate. 

Analysis of fossil zooplankton assemblages in a 
210Pb-dated sediment profile may be able.to establish 
if species replacement and/or a directional . shift 
toward smaller individuals has occurred in the recent 
past or not. If change has occurred, then deliberate 
introduction of trout into a formerly fishless 
Avalanche Lake would be the likely cause. If no 



such change can be detected, suggesting that the food 
web structure has remained stable for at least about 
150 years, then the proposition that Avalanche Lake 
cutthroat trout are indigenous would gain crednece. 

Two short piston cores were retrieved from the 
profunda} bottom of Avalanche Lake, at a near
deepest locality in 19.8 m of water. Special attention 
was paid not to disturb the sediment/water interface. 
In upright position and with the pistons in place, the 
cores were carried down along Avalanche Creek, 
then brought to the bungalow at Apgar by car. There 
they were extruded, Sectioned in 1 em thick slices 
and transferred to separate airtight plastic (Wid-Pack) · 
bags for transport. 

On five single-day outings, sev.en other lakes in 
Glacier National Park were visited (Table 1). Lakes 
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were selected on the basis of accessibility and, 
ideally, a general similarity to Avalanche Lake in 
hydrogeological setting. Four of the8e lakes (Fish, 
Lower Snyder, Trout and Hidden Lakes) contain 
indigenous or introduced populations of cutthroat 
trout; the three others {Upper Snyder Lake, Hidden 
Pond and Babbe Lake) supposedly do not support 
fish. Upper-Snyder Lake (at 1699 m) and Hidden 
Pond (1944 m) probably are too shallow for resident 
fish populations to survive winter freeze-over. Babbe 
Lake (at least 12.5 m deep) lies in the midst of forest 
and has no permanent outlet to nearby Bow Creek, 
which connects with the Kintla drainage. 

At corresponding near-deepest localities in each 
of the lakes, surface mud was collected by means of 
a Hongve gravity corer. Composition of recent 
assemblages of zooplankton remains in the surface 

Table 1. Locality information for. the reference collections of modem zooplankton and corresponding fossil 
assemblages in recently deposited sediments, from selected lakes and ponds in Glacier NP. Altitudes 
in meter a.s.l., based on 1:25,000 topographic maps of the Mt Cannon, Logan Pass, Lake McDonald 
East, Camas Ridge East, and Kintla Peak Quadrangles; locality depth and type (near-deepest ND and 
littoral LT) refer to the Hongve sediment samples. 

Date Name Code Alt Drainage Depth Type 

09 18 91 Avalanche Lake AVAL 1191 MFFlathead- 19.80 ND 
McDonald 

09 20 91 Fish Lake FISH 1265 MFFlathead- 7.20 ND 
McDonald 

09 22 91 Lower Snyder Lake LSNY 1585 MFFlathead- 0.55 LT 
McDonald 

09 22 91 Upper Snyder Lake USNY 1699 MFFlathead- 2.00 ND 
McDonald 

09 23 91 Trout Lake TROU 1190 NFFlathead- 20.10 ND 
Camas 

09 24 91 Hidden Lake HIDL 1944 MFFlathead- 20.10 ND 
McDonald 

09 24 91 pond, NW Hidden Lake HIDP 1944 MFFlathead- 1.55 ND 
McDonald 

09 25 91 'Babbe Lake' (unnamed) BABB 1309 NFFlathead-Kintla 12.55 ND 
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mud samples will serve as reference for evaluation of 
paleoassemblages in the Avalanche Lake core. At the 
same limnetic localities, modem late-summer 
zooplankton was sampled qualitatively with a 85 um 
mesh plankton-net. The net was lowered to near
bottom and then hauled through the water column, to 
obtain an integrated sample of hypo- and epilimnetic 
zooplankton. The net was then hauled through the 
upper water column only, as defined by the water 
depth at which the net became invisible; this sample 
is considered to represent the (-epilimnetic) 
zooplankton, which is most vulnerable to visual 
predation by fish. 

• ACCOMPLISHMENTS TO DATE 

1. One core (Core 1: 74 em; Figure 1) is used 
for dating purposes, and for sediment and macrofossil 
analyses. The other core (Core 2: 60 em) is kept 
intact for future reference. Basic sediment 
composition and water content (Figure 2a, b) were 
determined by the loss-on-ignition method. The 
close-interval profile of water content will be 
employed to calculate instantaneous sedimentation 
rates, a detailed assessment of which is necessary to 
establish a correct 210Pb-chronology. 

2. Study of modem zooplankton in the set of 
reference lakes and ponds (Table 2). Copepods 
dominate the late-summer zooplankton community in 
the majority of lakes sampled. In Trout Lake, 
Hidden Lake and Pond, and Babbe Lake, the 
dominant copepods are calanoids; in Avalanche Lake, 
the dominant copepod is a cyclopoid. Copepods 
cannot be employed for the purpose of this study, 
because their remains do not survive long in the 
sediment record. Therefore, specific identification of 
all the copepods present is not considered crucial 
here. Calanoid copepods identified include 
Diaptomus cf. oregonensis (Trout Lake), Diaptomus 
arc.1icus (one of at least two species in Hidden Lake), 
and Arctodiaptomus arapahoensis (Hidden Pond); 
cyclopoid copepods include Tropocyclops prasinus 
(Fish Lake) andMesocydops cf. tenuis (Babbe Lake). 
In_ theory, comparison of modem zooplankton in 

lakes with and without fish should already reveal the 
differences we would expect to find in the fossil 
record of Avalanche Lake. However, a clear 
distinction between these two categories of lakes, as 
point-sampled in late-summer, is not apparent (Table 
2). Major differences among lakes in depth and 
trophic level might be two of the more important 
factors involved. Still, the largest Daphnia were 
found in Upper Snyder Lake and Hidden Pond, which 
are both fishless; and the presence in fishless Babbe 
Lake of the non-migrating Chaoborus . americanus, 
which is highly susceptible to fish predation, is 
suggestive indeed. 

• FURTHER WORK PLANN1NG 

1. Measurement of 210Pb-activity at selected 
levels of core 1, to construct a chronology of events. 

2. Establishment of the relationship between 
length of the postabdominal claw and body length in 
the two species of Daphnia found in the modem 
samples. Besides ephippia, postabdominal claws are 
the only diagnostic parts of a Daphnia - body that 
preserve well enough to be recovered in quantity 
from sediment samples. 

3. Examiniation of sub fossil zooplankton 
assemblages in the Hongve samples of surface 
sediment. This involves (i) identification and count 
of Chaoborus mandibles, Daphnia ephippia, and 
Daphnia postabdominal claws: (ii) for each species of 
Daphnia present, measurement of postabdominal 
claws as · a proxy for _body size; and (iii) 
characterization of paleoassemblages (relative 
abundance of composing species and size range of 
Daphnia) for lakes with and without fish. 

4. In a similar way as under (3), examination 
of fossil assemblages in the last century's sedimentary 
record of Avalanche Lake. 

5. Statistical analysis of the count and 
measurement data to detect and quantify changes over 
time. 
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Figure 1. Stratigraphy of Avalanche Lake Core 1, collected at a near-deepest locality in 19.80 m waterdepth. 
Color codes on left follow Munsell (1915: Atlas of the Munsell color system). 
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Table 2. Composition of late-summer zooplankton in selected lakes and ponds of Glacier NP, September 1991; 
taxa in boldface can be found and recognized in fossil assemblages. +=present, c=com.mon, 
a= abundant; epilimnetic water temperature, for central (limnetic) or near-shore (littoral) locations, in 
degrees centigrade; for lake codes see Table 1. 

AVAL FISH LSNY USNY TROU HIDL HIDP BABB 

Surface water temperature 10.1 15.7 8.3 8.1 13.5 9.5 10.6 13.5 

Sampling location limn limn litt limn limn limn limn limn 

Fish presence y y y N y y N N 

Calanoids + c + a a a a 

Cyclopoids a + + + a a a 

Daphnia rosea + c + c c + 

Daphnia middendorffiana + + c 

Holopedium gibberum c 

Chydorus sp. + + + 

Hydracarina + + 

Chaoborus americanus + 

Chaoborus flavicans + 
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+ PROJECT SUMMARY 

All of the field work for the project was 
completed during the 1991 field season. All of the 
vegetation data from both field seasons hav~ been 
entered into the USD mainframe computer in 
preparation for detailed analysis. The first objective 
of the 1991 field season was to identify suitable relict 
and lightly grazed pinyon-juniper sites that could be 
·used as reference points in evaluating the effects of 
livestock grazing on the pinyon-juniper communities 
of the Orange Cliffs. Two sites in western 
Canyonlands National Park were considered in 1990, 
but they proved to have been either disturbed by 
livestock in the past or located on a significantly 
different substrate. Two areas, the North Block and 
the South Block, were selected during the 1991 field 
season as potential relict sites. 

Permanent vegetation transeets which were 
established in 1990 on the heavily and moderately 
grazed sites on the Orange Cliffs were revisited in 
1991. Overall species richness and plant densities 
were low on all four sites which lilay limit our ability 
to detect trends in the vegetation in response to 
livestock grazing. The greatest number of species 
was recorded on the South (25) and North Blocks 
(21). Sixteen species were recorded on the 
moderately grazed site on the south end of the 
Orange Cliffs while 13 species were observed on the 
heavily grazed site near French's Spring. Only five 

species were common to all four sites, and these 
occurred in relatively low abundance (Table 1). 
Indian ricegrass was observed only on the North 
Block and the South Block. 

Four study sites within the blackbrush/lndian 
ricegrass vegetation type on Gnuid Bench that best 
represented the end product of four grazing regimes 
were evaluated during the 1990-91 field seasons. 
Permanent vegetation transects which were 
established in 1?90 were revisited in 1991. Further, 
vegetation sampling was conducted on two additional 
randomly selected sites during the 1991 field season. 

Preliminary results indicate a shift in 
composition and abundance for the major species 
along the grazing gradient (Table 2). The abundance 
of Indian ricegrass ( Oryzopsis hymenoides) increased 
toward the relict site at the south end of Grand Bench 
in both 1990 and 1991. Galleta grass (Hilaria 
jamesil) and broom snakeweed ( Gutierrezia 
sarothrae) both demonstrated a decrease in abundance 
towards the relict end of the grazing continuum. 
Hyalineherb (Hymenopappus filifolius) and sand 
dropseed (Sporobolus cryptandrus) were rarely 
encountered during the 1990 field season, but showed 
a substantial increase in 1991, especially on the 
heavily grazed site. 
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Table 1. Density(# of Individuals I m2) of the major herbaceous species recorded during the 1991 field season 
within four Pinyon/Juniper stands on the Orange Cliffs, the North Block, and the South Block in Glen 
Canyon National Recreation Area. The four stands represent a grazing gradient of heavy, moderate, and 
no grazing (relict). 

Number of Individuals l m2 

Grazing Gradient 
Orange Cliffs North Block South Block 

Species Heavy 

Indian Ricegrass 
(Oryzopsis hymenoides) 

Broom Snakeweed 
( Guterierrezia sarothrae) 

Lepidium montanum 
(no common name) 

Dye Cryptanth 
( Cryptandra micrantha) 

Opuntia eriliacea 
(no common name) 

Streptanthus cordatus 
(no common name) 

The resident rodent populations were resampled 
on the reli~t and lightly and heavily grazed sites on 
Grand Bench, and the moderately and heavily grazed 
sites on the Orange Cliffs. Several individuals that 
were captured and marked in 1990 were recaptured 
in 1991 in both vegetation types. Preliminary results 
indicate that Perognathus longimembris responds to 
livestock grazing as a "decreaser" species while 
Peromyscus maniculaius behaves as an ".increaser" 
(Hanley and 
Page 1981). 

During the 1990 field season, the avian 
community along the grazing gfadient was sampled 
by-walking along a prescribed 1,000 m route within 
each study site. No attempt was made to estimate 
actual densities of bird populations during this 
survey, but the census did provide information on 
composition (Table 3). A total of 14 species were 
recorded during the 1990-91 field seasons in the 

0.0 

0.2 

0.2 

0.1 

0.1 

0.0 

Moderate Relict · Relict 

0.0 0.3 . 0.5 

0.9 0.4 0.5 

0.0 0.1 0.2 

0.5 1.9 0.5 

0.1 0.7 0.1 

1.4 0.1 0.0 

. blackbrush/Indian ricegrass communities on Grand 
Bench while 12 species were observed in the pinyon
juniper communities on the Orange Cliffs for 1990 
(Table 3). 

Having developed a familiarity with the 
communities during the 1990 field season, a method 
of estimating actual population densities was 
implemented during the 1991 field season on Grand 
Bench. The method used was the variable-strip 
method as described by Emlen (1971, 1977). The 
technique is a widely used censusing method which is 
rapid and relatively easy to use in large areas and can 
be used during . any season of the year. It was 
especially useful on Grand Bench where the birds 
could be easily seen and identified. However, the 
complex nature of the vegetation structure of the 
pinyon-juniper communities would have ·required 
identification of birds by songs/calls to . adequately 
sample the population. We lacked the skills and time 
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Table 2. Density (# of Individuals I nr) of the major herbaceous species recorded during the 1990-91 field seasons 
within four Indian ricegrass stands on Grand Bench in Glen Canyon National Recreation Area. The four 
stands represent a grazing gradient of heavy, moderate, light and no grazing (relict). 

Hea:yx 
Species 1990 1991 

Indian Ricegrass 0.9 0.6 
( Oryzopsis hymenoides) 

Galleta Grass 10.9 7.7 
(Hilaria jamesi1) 

Sand Dropseed 0.0 4.0 
(Sporobolus cryptandrus) 

Broom Snakeweed 1.8 5.2 
(Gutierrezia sarothrae) 

Sixweeks Fescue 0.3 0.9 
(Festuca octojlora) 

Nelson Globemallow 0.1 1.5 
(Spaeralcea parvifolia) 

Hyalineherb 0.0 16.6 
(Hymenopappus filifolius) 

necessary to accurately identify the birds by sound. 
Consequently, the variable-strip method was 
attempted, but not used on the Orange Cliffs. 

One avian census site was located at each of the 
four vegetation and small mammal sampling sites 
described previously for Grand Bench. Each census 
site consisted of a single 1 km linear transect. Each 
transect was walked by a single observer twice a day, 
just after sunrise and just before sunset, for four 
days. However, only the morning surveys were used 
to calculate avian densities. 

Analysis of transect data .was accomplished by 
grouping_ the number of individuals for each species 
into 5 m bands extending out from the transect line. 
A distribution curve was generated by plotting the 
distance from the transect to where the bird was 
observed on the x-axis and the number of observa
tions on the y-axis. The density value for each 

Number of Individuals I m2 

Grazing Gradient 
Moderate Light Relict 

1990 1991 1990 1991 1990 1991 

1.7 0.9 2.8 1.3 4.2 3.6 

13.1 13.7 13.6 12.9 1.2 1.8 

0.2 4.7 0.1 0.6 0.0 0.0 

2.3 2.5 0.1 0.0 0.0 0.1 

0.0 0.6 0.5 8.7 0.0 13.5 

0.0 1.0 0.0 1.6 0.7 0.9 

0.0 0.5 0.0 8.8 0.0 0.0 

species was then determined by counting the number 
of individuals in the strips on either side of the 
transect which are proximal to the point of inflection 
on the distribution curve. In this way, the inflection 
point designated the lateral boundaries of the specific 
census strip for the species. These lateral boundary 
lines and the ends of the transect route defined the 
areal base for the density estimate (Emlen 1977), 
which, in this study, was 40 ha. 

The black -throated sparrow (Amphispiza 
bilineata) was the most abundant species recorded at 
all four sites and tended to decrease in abundance 
with increasing grazing intensity (Table 4). The 
house finch (Carpodacus mexicanus) was observed 
only on the relict site, while homed larks 
(Eremophila alpestris) were observed only on 
moderately and lightly grazed sites. These three 
species may be useful as additional "decreaser" 
species similar to the rodents described previously. 
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Table 3. Avian species recorded during the 1990-91 field seasons on Grand Bench and the Orange Cliffs by 
walking a prescribed 1,000 m route. 

Species 

Grand Bench (Blackbrush/Indian Ricegrass Community) 

Black Throated Sparrow 
Ash-Throated Flycatcher 
1Say's Phoebe 
Homed Lark 
House Finch 
Brewer's Sparrow 
Pinyon Jay 
1Rock Wren 
Common Raven 
White-Throated Swift 
Violet-Green Swallow 
Cliff Swallow 
2Qray Vireo 
2MacGillivaray's Warbler 

30range Cliffs (Pinyon-Juniper Community) 

Plain Titmouse 
Black-Throated Gray Warbler 
Mountain Chickadee 
Empidonax sp. 

Gray Jay 
Clark's Nutcracker 
Pinyon Jay 
Scrub Jay 
Common Raven 
Bewick's Wren 
Mourning Dove 
Blue-Gray Gnatcatcher 

10bserved only in 1990 
2Jdentification not 100% positive 
3Includes only 1990 observations 

(Amphispiza bilineata) 
(Myiarchus cinerascens) 
(Sayornis saya) 
(Eremophila alpestris) 
( Carpodacus mexicanus) 
(Spizella brewen) 
( Gymnorhinus cyanocephalus) 
(Salpinctus obsoletus) 
(.Corvus corax) 
(Aeronautes saxatalis) 
(Tachycineta thalassina) 
(Hirundo pyrrhonota) 
(Vireo vicinior) 
(Oporornis tolmiei) . 

(Parus inornatus) 
(Denroica nigrescens) 
(Parus gamebeli) 
(includes E. wrightii, E. ~berholseris 
and E. hammondiz) 

(Perisoreus canadensis) 
(Nucifraga columbiana) 
( Gymnorhinus cyanocephalus) 
(Aphelocoma coerulescens) 
(Corvus corax) 
(1hryomanes bewickiz) 
(Zenaida macroura) 
(Polioptila caerulea) 
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Table 4. Density (individuals I 40 ha) of the major avian species recorded during the 1991 field season on Grand 
Bench in Glen Canyon National Recreation Area along a grazing gradient of heavy, moderate, light and 
relict. 

Species 

Black Throated Sparrow 

House Finch 

Homed Lark 

Brewer's Sparrow 
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+ PROJECT SUMMARY 

The objectives of this project are to 1) evaluate 
the viable seed bank within grazed and relict pinyon
juniper and blackbrush!Indian rice grass communities, 
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 predid community level composition changes in 
response to various intensities of grazing. 

Sampling of the seed bank within grazed and 
relict pinyon-juniper and blackbrush!Indian ricegrass 
communities was conducted during the 1990-91 field 
seasons in conjunction with a multi-year site 
characterization study. Soil seed bank data were 
collected from a 50 X 50 m plot randomly located 
within each of the selected grazed and ungrazed sites. 
An ungrazed pinyon-juniper community could not be 
located during the 1990 field season. However, soil 
samples were collected in 1991 from an ungrazed 
pinyon-juniper cortununity located on the South 
Block. 

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 osteospenna), and from the 
center of the exposed area nearest to the sampling 
point. Suitable was defined as a 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. 
osteospenna) for each grazing regime. For the 
blackbrush!Indian 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 early- · 
May to late.;.June of 1990 and 1991. 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 moistened and stored in 
plastic bags 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 were 
watered as needed. The greenhouse is being 
maintained at approximately ambient environmental 
conditions with a 12 h photoperiod. Seedlings were 
identified and removed as they emerge. 
Unidentifiable seedlings are being grown to maturity 
and collected for identification. After 10 weeks, the 
samples that were placed in cold storage were 
removed and returned · to the greenhouse for 
germination tests as described above. 

Germination trials (stratified and unstratified) 
for the soil seed bank samples collected during the 
1990 field season are complete. Trials for samples 
collected during the 1991 field season are currently 
being conducted in the USD greenhouse. Standard 
analysis of variance procedures were initially 
considered as a method . of evalilating significant 
differences in seed bank composition and density 
among ungrazed (relict), lightly grazed, moderately 
grazed, and heavily grazed sites within each 
community type. However, preliminary analysis 
indicated that the data deviated significantly from a 
normal distribution. Consequently, the Kruskal
Wallis test (Zar 1974), a nonparametric test often 
called an analysis of variance by ranks, will be used. 

A total of 10 species have emerged from soil 
samples collected on Grand Bench during the 1990 
field season (Table 1). Seedling densities was highest 
on soil samples collected from the ungrazed relict site 
at the south end of Grand Bench (Figure 1). 
Stratification reduced the number of emerging plants 
by about one-half. Only two species of graminoids, 
six-weeks fescue (Festuca ~ctojlora) and sand 
dropseed (Sporobolus cryptandrus), emerged during 
the gemiination trials. They were, by far, the most 
common species emerging from soil samples · 
collected from all four sites. Mean densities for 
wallflower (Erysimum asperum) and Lepidium 
montanum (no common name) were highest on the 
heavily grazed site. 
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Nine species of seedlings have been identified 
from soil samples collected from pinyon-juniper 
communities on the Orange Cliffs (Table 1). No 
graminoids were recorded during the germination 
trials. Freemont goosefoot ( Chenopodiumfremontii), 
wallflower and desert eucrypta (Eucrypta micrantha) 
were the .most common seedlings emerging from soil 
samples collected from the Orange Cliffs during the 
1990 field season (Figure 2). Densities of goosefoot 
and desert eucrypta were highest on soil samples 
collected from the heavy grazed site. Seedlings 
densities were highest from nonstratified soil samples 
collected from under the canopies of pinyon pine 
compared to seedling densities on stratified samples 
taken from exposed areas. 

The extant vegetation was poorly represented in 
the soil seed bank evaluated in this study. Similarly, 
species which had emerged from soil samples 
collected in 1990 were poorly represented in the 1990 
survey of the extant vegetation. However, several 
species, which had emerged during the 1990 
germination trials, were recorded in the 1991 survey 
of the extant vegetation. This trend was true for both 
the blackbrushllndian ricegrass (Grand Bench) and 
pinyon-juniper communities (Orange Cliffs). 

Although the seed bank of a community is often 
considered as the primary source of propagules 
during progressive or retrogressive succession, it may 
not accurately reflect the recovery potential of these 
communities. A germinating embryo is . dependent 
upon a limited supply of stored food reserves for 
growth and development until it becomes 
photosynthetically independent. During this 
developmental . period, the young seedling is 
susceptible to herbivores, pathogens and 
environmental stresses. In vegetative regeneration, 
the vascular tissue of the parent shoot extends into the 
developing shoot and provides a mechanism by which 
assimilates produced in the established portions can 
be quickly translocated to newly initiated shoots. 
Vegetative growth and regeneration in perennial 
grasses is called tillering. New tillers arise from 
activation of axillary buds located at the base of the 
sheath. If the secondary tillers develops normally, it 
will produce subsidiary tillers (complete with axillary 
buds) in acropetal succession that may' in tum, also 
initiate shoots. Consequently, the production of 
tillers with their associated axillary buds provides a 

. continuous source of meristematic tissue which can 
lend potentially immortality to the plant. 
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Table 1. Plant·species and their growth patterns which have emerged during greenhouse germination trials from 
soil samples collected from Grand Bench and the Orange Cliffs during the 1990 field season. 

Species Growth Pattern 

Grand Bench 

Erysimum asperum (Nutt.) DC. 
Festuca octojlora Walter 
Hymenopappus filifolius Hook 
Lepidium montanum Nutt. 
Malacothrix glabrata (DC. Easton) Gray 
Plantago patagonica Jacq. 
Oenothera caespitosa Nutt. 

· Sphaeralcea parvifolia A. Nels. 
Sporobolus cryptandrus (forr.) Gray 
Streptanthella longirostris (Wats.) Rydb. 
Unknown Dicot 

Orange Cliffs 

Astragalus nidularius Barneby (?) 
Chenopodium fremontii Wats. 
Descurainia pinnata (Walter) Britt. 
Erysimum asperum (Nutt.) DC. 
Eucrypta micrantha (forr.) Heller 
Festuca octojlora Walter 
Gutie"ezia sarothrae (Prush) 

Britt. & Rushy 
Oenothera caespitosa Nutt. 
Sphaeralcea coccinea (Nutt.) Rydb. 
Unknown Dicot 

The production of new tillers is seasonal and 
very much affected by environmental conditions 
(Jewiss 1972). In some cases, dormant axillary buds 
may accumulate in great numbers creating a "bud 
bank" very similar to the seed bank. Indian ricegrass 
(Oryzopsis hymen0ides) is the dominant species on 
many of the relict sites in GCNRA that are 
considered to be in a climax successional stage. The 
plant is also found on grazed sites, but in reduced 
numbers. Further, the plants that are found in grazed 
areas tend to be in a decadent stage with very little 
green tissue. In this case, the bud bank may be 

Biannual or Short Lived Perennial 
Winter annual 
Perennial 
Perennial or Biannual 
Winter annual or Biannual 
Annual 
Perennial 
Perennial 
Perennial 
Annual or Winter Annual 

Pererinial 
Annual 
Winter Annual 
Biannual or Short Lived Perennial 
Annual 
Annual 

Perennial 
Perennial 
Perennial 

extremely valuable in maintaining or improving the 
status of Indian ricegrass in the community should 
favorable conditions return. However, the viability 
of this bud bank is unknown. 

A research grant from the University of South 
Dakota General Research Fund has provided us with 
the opportunity to evaluate . the potential role of the 
axillary bud bank of Indian ricegrass during 
succession. This investigation was carried out in 
conjunction with the seed bank study. The general 
approach of this study involved collecting crowns of 
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emerged seedlings in response to stratification. 
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Indian ricegrass plants on lightly grazed sites within 
the blackbrush/lndian ricegrass community type. 
Approximately one-half of the collected plants had no 
green tissue present while the other half had at least 
five tillers with green tissue. Collected crowns were 
moistened, placed in open, plastic ziplock bags and 
stored at approximately 10-15 C for the trip to the 
USD campus, which took approximately three weeks. 

To estimate bud viability, crowns of collected 
plants were planted in standard growth containers 
filled with a soil-vermiculite mixture. Plants were 
grown under ambient conditions in the USD 
greenhouse under a 12-hour photoperiod. Containers 
were watered as needed with water arid a dilute 
Nitrogen-Phosphorous-Potassium (N-P-K) solution. 
The number of secondary tillers emerging from 
activated axillary buds were recorded weekly. Plants 
were be grown · under these conditions for 
approximately three months. 

At the end of the experiment no new green 
tissue had emerged from any of the collected plants, 
including those which initially had green biomass. 
The longevity of the axillary buds appears to be low, 
even for the plants which had green tissue. None of 
the plants seems to have survived storage and the trip 
to the usn greenhouse. 
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t INTRODUCTION 

Since the construction of the first dam at the 
Snake River outlet at Jackson Lake in the early 
1900's, the littoral habitat bas been subjected to 
numerous perturbations of varying intensities. 
Changing water levels, a consequence of reservoir 
drawdown schedules, alter plant community species 
composition and distribution over time. From the 
perspective of a plant, water level changes present a 
challenge to growth and community persistence. A 
plant which begins the growing season 2 m deep may 
be under 4 m of water after spring runoff fills the 
reservoir. Later in the summer, the same plant may 
be left at a depth of only 1 m as water is removed 
from the reservoir during summer drawdown. 

The magnitude and timing of water level 
fluctuations may be one of the most important factors 
regulating macropbyte community processes upslope 
on the vertical gradient in Jackson Lake (Brewer and 
Parker 1990). Under normal regulation, annual 
changes of 3-4 m are sufficient to select for a plant 
community with a typically weedy phenology (e.g., 
Elodea canadensis). In natural lakes with 
substantially lower annual changes in water levels, 
species that produce seeds annually . are favored 
(e.g., Potamogeton species). Moreover, drawdowns 
greater than several meters substantially reduce the 
lake bed area suitable for the development of 
extensive shallow water plant beds. 

The most recent perturbations to the littoral 
habitat in Jackson Lake began in 1978, when the 
water level was lowered first from 2065 m (normal 
pool) to somewhere between 2060 - 2062 m. Then 
in 1985, the surface elevation of Jackson Lake was 

· further lowered to 2057 m to facilitate repair and 
modification of the Jacks.on Lake dam. The entire 
lake bed was seriously impacted during the four years 
that the dam was being restored. While the lake bed 
in the borrow zone and the area adjacent to the dam 
were obviously impacted by repair activities, the 
entire shallow littoral zone was severely perturbed . 
when previously inundated sediments were exposed 
for four years. In 1989, repair was completed and 
the reservoir was allowed to fill back to the normal 
pool elevation of 2065 m~ 

Because of severe impacts to the littoral habitat 
and significant reduction of the submergent plant 
community caused by restoration of the dam, the 
status of the aquatic plant community was monitored 
during the summers of 1989-1991. This report 
summarizes the status of the aquatic plant community 
three years after repair of the dam was completed. 

SUMMARY OF LAKE CONDITIONS IN 1991 

In general, the bottom limit of the photic zone 
was deeper in August 1991, compared to previous 
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Table 1. Secchi disk transparency data and approximate bottom limit of thephotic zone · during the summer of 1968 
by Hayden, and during the summers of 1983, 1984, 1989, 1990 and 1991 by Brewer. Values are in 
meters. The range for the bottom limit of the photic zane at various locations in the lake each year is 
estimated in the last two rows. 

SEC~HI TRANSPARENCY VALUE (meters) 
Site Aug July July Aug Aug June Aug 

1968 1983 1984 1989 1990 1991 1991 

Lizard Creek 1.0 0.8 0.8 0.5 1.8 

Wilcox Point 1.5 0.5 2.5 

NW of Arizona Island 1.1 1.4 1.5 0.5 5.8 

North Sargent's Bay 2.5 1.0 3.2 

UW -NPS Center 3.5 2.9 2.9 3.5 0.8 5.9 

Half Moon Bay 2.9 1.8 3.2 

NE of Elk Island 3.0 4.5 5.6 0.8 6.5 

E of Waterfalls Canyon 6.0 4.2 3.8 6.0 0.9 4.5 

S of Pilgrim Creek 1.5 2.1 1.3 2.2 

W of Donoho Island ·6.0 1.8 7.0 

South Landing Bay 5.1 4.3 5.0 5.5 1.3 6.0 

Deadman '.s Point 6.0 5.0 4.8 4.1 6.5 1.0 5.5 
----------------------------------------------------------------------
Bottom Limit of 10.0- 3.0- 8.7 
Photic Zone (meters) 18.0 18.0 14.4 

y~rs 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 Point and Donoho 
Island areas. Low transparency value$ are attributed 
to increased suspended sediments in shallow areas 
due to high water movement during severe August 
thunderstorms. 

Lake Bed Sediments 

Sediment composition is much the same as 

2.4- 2.4- 1.5- 5.4 
15.0 19.5 5.4 21.0 

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. 

Community Composition 

In 1991, nineteen rooted species were collected 
from Jackson Lake (Table 2). This value is higher 
than the vahie for 1989 when only eight species were 
collected. One new species, Fontinalis sp., a small 
aquatic moss, was collected for the first time in 
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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, 1990 and 1991. + indieates present, -indicates not reported, and 
? indicates that the species may have been present but positive identificatimi was not possible based on the 
plant material collected. 

Family and Years reported in collections 
Species 1968 1986 1989 1990 1991 

NONVASCULAR AQUATIC MACROPHYTES 
CHAROPHYCEAE (Macrophytic green algae) 

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

MUSCI (Aquatic mosses) 
Fontinalaceae 

Fontinalis sp. + + 

VASCULAR AQUATIC MACROPHYTES 
TRACHEOPHYTA 

Alismataeea 
Sagittaria cuneata Shel. + + + 

Callitrichaceae 
Callitriche sp. + + + 

Ceratophyllaceae 
Ceratophyllum demersum L. + 

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

Haloragaceae 
:Myriophyllum sibiricum Kom. + + + 
Myriophyllum spicatum L. + 

Hippuridaceae 
Hippuris vulgaris L. + + 

Hydrocharitaceae 
Elodea canadensis Michx. + + + + + 

Polygonaceae 
Polygonum amphibium var. stipulaceum + + + + 

Coleman 
Potamogetonaceae 

Potamogeton alpinus Balb. + + 
Potamogeton filifonnis Pers. + + ? ? 
Potamogeton gramineus L. + ? 
Potamogeton pectinatus L. + + + + 
Potamogeton pusillus L. + ? + 
Potamogeton richardsonii (A.Benn) + + + 
Rydberg 

Potamogeton sp. + + + + 
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Table 2. Continued 

Family and 
Species 

Ranunculaceae 
Ranunculus aquatilis var. capillaceus 
(Thuill. )DC 

Ranunculus jlamula L. 
Scrophulariaceae 

Limosella aquatica L. 
Sparganiaceae 

Sparganium sp. 
Zannichelliaceae 

Zannichellia palustris L. 

Total species reported 

Jackson Lake in 1991. This species was found in 1.5 
- 3 m of water in the northern part of the lake. 

Community Distribution 

In general, plant density was low in the photic 
zone. On exposed shorelines, the littoral habitat was 
still devoid of aquatic vegetation in 1991. On most 
of the shallow marshy lake bed in the north part of 
the lake, decaying willows were still present. Blooms 
of a filamentous green algae (Spirogyra sp.), were 
commonly associated with the dead terrestrial 
vegetation that remains in the lake. At Wilcox Bay, 
near Arizona Island, in the borrow area, North 
Sargent's Bay and at the Snake River outlet near 
Lizard Creek, algae blooms were locally prominent. 

By August 1991, the distribution of plants had 
spread · considerably compared to 1989 and 1990, 
especially in bays. Dense submersed plant beds were 
present in North Sargent's Bay, the southern most 
end of Spaulding and Half Moon Bays', and the south 
and west shores of Moran Bay. Sargent's Bay and 
South Landing Bay were exceptions. Plant density 
wa8 low in Sargent's Bay and there was no evidence 
of rooted inacrophytes in South Landing Bay. 

Parts of the northern shallow zone (the area of 
the shoreline extending from Arizona Island to the 
northern most part of the lake and then south to 

Years reported in collections 
1968 1986 1989 1990 1991 

+ + + + + 

+ ? + 

+ + 

+ + + + 

+ + + 

8 21 8 13 19 

Wilcox Point) were planted in 1990 with Elodea 
canadensis and Potamogeton pectinatus. 
Unfortunately, there was an extensive bloom of 
Spirogyra sp. and planted material did not survive . 
into 1991. Natural revegetation, though slow because 
of high turbidity and low water clarity, has finally 
started in this region of the lake. Ultimately, the 
development of a stable aquatic plant community in 
this area will benefit wildlife and be instrumental for 
reducing turbidity as particulate material settles out in 
plant beds. These areas are normally in shallow 
water and it will be important that the lake level not 
be drawn down so low that these beds desiccate and 
die. 

REVEGETATION EFFORT 

Poiamogeton pectinatw and Elodea canadensis 
planted by the Bureau of Reclamation have been 
important in the development of plant beds in the 
Hermitage area and North Sargent's Bay. In 
addition, these assisted plantings most likely provided 
propagule materials which have been important for 
establishing new beds at other locations in the lake. 
However, the successful development of macrophyte 

· beds in the many new areas identified during the 
summer of 1991 was facilitated by the unusually 
stable water levels. In past summers (e.g., 1983), 
water level fluctuations ranged from a low surface 
elevation in June of 2060 m, to a high surface 



elevation in July of 2063 m (unpublished data from 
the Bureau of Reclamation Pacific Northwest 
Regional Office). By September 1983, at peak 
macrophyte standing crop, the surface elevation was 
lowered to 2060 m. Therefore, water level 
fluctuations were more than 3 min 1983. During the 
summer of 1991 however, the surface elevation only · 
varied from 2063 m in June, to 2064 m in July at 
peak runoff, and then down to 2062 m in . 
niid-October. For most of the growing season the 
surface elevation was greater than 2063 min 1991, a 
change of only 1 m. Consequently, stable water 
levels coupled with good water clarity in many 
habitats around the lake resulted in better than 
expected recovery of the submergent plant community 
in 1991. 

Assisted revegetation was locally successful in 
Jackson Lake. This was especially true in shallow, 
sheltered bays where substrates were stable, and light 
penetration was high by midsummer. Substrate 
texture may have been important in the success or 
failure of plantings. Sites with high success, e.g., 
North Sargent's Bay and Pilgrim Creek, had 
relatively fine grained substrates such as silts mixed 
with sands. Plantings were not successful in Half 
Moon Bay directly west of the inlet to Heron Pond 
where the sediments were more coarse and 
hard-packed. Moreover, plantings were not 
successful in areas such as Wilcox Point where there 
was an extensive fila~entous algal bloom. In the 
future, it may be possible to select more appropriate 
sites for assisted revegetation based on our experience 
at Jackson Lake. While the recovery of the 
submergent plant community was slightly accelerated 
by the replanting effort, it would seem that natural 
revegetation processes are far more important for 
recovery of an aquatic plant community in a large 
water body like Jackson Lake. Replanting efforts of 
the magnitude executed at Jackson Lake are probably 
more effective in smaller water bodies. 
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• 
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+ SUMMARY 

The award covers research expenses for a 
comparison of bird community · structure--species, 
diversities, densities and distribution, and 
interspecific interactions--in two habitat types in 
Jackson Hole/Grand Teton National Park, 1966-68 
data ver8us 1991-92 data. In 1991 two study sites 
were re-established in the park, in sites as nearly 
overlapping as possible sites worked previously in 
1966-68. The sites are 

a) willow scrub habitat, ca. 100 m west of 
Moran Junction; 

b) grass-sagebrush/forb meadow, ca. 200 m SE 
of Moran Junction. 

Each site was re-established with a 15 m x 15 
m grid. In the grass-sagebrush site, overlap (1991 
site) with the 1966 study area (Cody, 1974, 1985) is 
estimated to be 95%; in the willow serub site, 
overlap with the previous site is estimated to be 70%. 
A partial relocation of this site was necessitated by 
extensive flooding of the old site, a product of high 
water levels within the willows area, a late season, 
and. the influence on these factors by a great deal of 
beaver activity. 

Within each site, breeding bird censuses were 
made during two time periods, June 15-27 and July 
30-Aug 9. Territorial activity was mapped, and 
vegetation measures . made within each 15 m x 15 m 

quadrat. Foraging behavior and activity was 
measured for each bird species present. Density 
estimates, territory size, intraspecific interactions 
with vegetation structure and interspecific interactions 
over habitat were measured in each of these two 
sites. Insect densities were estimated in the willows 
site using Tanglefoot boards. 

In the grass-sage plot (Table 1), the chief 
differences, 1966-1991, can be summarized as 
follows: 

a) an overall reduction in habitat occupancy by 
emberizids, by a factor of about 2; 

b) . a reduced number of Brewer's sparrows, 
with the addition of a second species of 
Spizella, chipping sparrow; 

c) the addition of starlings, which were not 
present at the site in 1966. 

At the willow study site, bird densities were 
very similar in the foliage-feeding insectivores, the 
warblers and flycatchers (Table 2). Densities were 
comparable also in the three emberizids that favor the 
wetter sites, Lincoln's, fox and song sparrows. 
However, the two species of emberizids that are 
typical of drier sites, white-crowned sparrow and 
clay-colored sparrow' were reduced in density' and 
absent, respectively. 
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Table 1. Site characteristics and bird community in grass-sagebrush site. 

Year of Census 

Site area 

Brewer's sparrow Spizella breweri 
Quads occupied 
Breeding pairs 

Chipping sparrow Spizella passerina 
Quads occupied 
Breeding pairs 

White-crowned sparrow Zonotrichia leucophrys 
Quads occupied 
Breeding pairs 

Vesper sparrow Pooecetes grammineus 
Quads occupied 
Breeding pairs 

Savannah sparrow Passerculus sandwichensis 
Quads occupied 
Breeding pairs 

Species also present: 
Cliff swallow Petrochelidon pyrrhonota 

Brewer's blackbird Euphagus cyanocephalus 

Brown-headed cowbird Molothrus ater 

Starling Sturnus vulgaris 

F:urther, the ground-foraging thrush was absent in 
1991, as was the hummingbird. These results seem 
to indicate that, with overall wetter conditions and a 
later season, the bird community has shifted 
correspondingly to disfavor those species that 
customarily forage on drier ground (thrush, two 
emberizids), or on late-blooming flowers (the 
hummingbird). However, the clay-colored sparrow 
could not be located anywhere in the park, whereas 
it was reasonable common in several locations in 
1966 (e.g. up the Gros Ventre). Whether there has 
been a population status change in this species, which 

1966 

4.97 ha 

108 
6 

0 

45 
2 

129 
4 

67 
4 

++ 

++ 

+ 

1991 

4.97 ha 

58 
5 

12 
1 

18 
2 

55 
5 

40 
5 

++ 

++ 

+ 

+ 

is here on the extreme westen edge of its range, 
remains to be seen following next season's work. , 

+ 1992 SEASON 

The work will continue in June-July 1992, and 
no problems are anticipated in its completion. The 
1992 season will amplify data on vegetation structure, 
collect the season's bird census data, and allow a 
detailed comparison of ·the status of the bird 
populations in these two habitats across a 25 year 
time span. 
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Table 2. Site characteristics and bird community in the willows site. 

Year of Census 1966 1991 

Site area 2.21 2.20 

Yellow warbler Dendroica petechia 
Quads occupied 61 62 
#Breeding pairs 8 8 

Wislon' s warbler Wilsonia pusilla 
Quads occupied 48 52 
#Breeding pairs 6 6 

Northern yellowthroat Geothlypis trichas 
Quads occupied 85 50 
#Breeding pairs 11 7 

Trail's flycatcher Empidonax traillii 
Quads occupied 34 37 
#Breeding pairs 2 2 

Lincoln's sparrow Melospiza lincolnii 
Quads occupied 80 36 
#Breeding pairs 6 6 

Fox sparrow Passerella iliaca 
Quads occupied 58 41 
#Breeding pairs 5 5 

Song sparrow Melospiza melodia 
Quads occupied 27 27 
#Breeding pairs 3 5 

White-crowned sparrow Zonotrichia leucophrys 
·Quads occupied 71 31 
#Breeding pairs 6 3 

Clay-colored sparrow Spizella pallida 
Quads occupied 28 0 
#Breeding pairs 3 

Swainson' s thrush HylociChla ustulata 
· Quads occupied 15 

Calliope hummingbird Stellula calliope 
Quads occupied 33 
#Breeding pairs 3 



Table 2. (continued) 

Black-billed magpie Pica pica 
++ 

#Breeding pairs 

Cliff swallow Petrochelidon pyrrhonota 
++ 

• OVERALL SUMMARY 

Data collected in 1991 show that the vegetation 
structure in the · grass-age plot is essentially 
unchanged in 25 years, and that the willows site is 
structurally similar though parts of it are now flooded 
which were drier in 1966. A part of this difference 
is attributable to 1991-specific conditions, such as 
high precipitation and a late season; other aspects are 

. due to beaver activity' which is presumably of a 
cyclic or opportunistic nature in such habitat. Bird 
species and densities are generally very similar, with 
some evidence showing a tracking of the altered 
conditions in the willows by the bird community, 
respondidng to wetter ground foraging conditions 
there. The single most apparent anomaly is the 
absense from the study sites, and from the park as 
determined from a cursory survey, of clay-colored 
sparrows, a difference that might reflect a range 
contraction in the species from these its westernmost 
outlying breeding sites in the central Rockies. 

2 

• 

++ 
2 

++ 
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+ INTRODUCTION 

A major objective of the National Park Service 
is to preserv~ examples of natural features and 
processes that characterize the North American 
landscape. Fire is now widely recognized as a 
natural process in many ecosystems, but its 
management remains a controversial issue. Research 
on successional change following fire will contribute 
to improved fire interpretation and management. 

The Waterfalls Canyon (WC) fire was started 
by lightning in July 1974 and continued burning until 
December. Approximately 1414 ha were burned on 
the west side of Jackson Lake in Grand Teton 
National Park (GTNP) (Barmore et al. 1976). This 
fire was especially significant because it was one of 
the first large fires to occur in a National Park 
following the adoption of the revised fire management 
policies in 1972, allowing natural fires to bum in 
certain designated areas. Prior to 1972, the long
standing fire management policy was to suppress both 
natural and human-caused fires (Barmore et al. 
1976). 

Considerable scientific and public interest was 
generated by the •Waterfalls Canyon fire. For 
example, tourists in GTNP complained about the 
smoke which obscured views of the Tetons. For park 
scientists, ·the Waterfalls Canyon fire provided an 
opportunity to initiate studies to better understand and 
interpret the fundamental role of fire in GTNP. 

. During the summer of 1975, Barmore et al. 
(1976) established a series of permanent plots to 
evaluate post-fire changes in vegetation and small 
mammal and bird abundance. In addition, baseline 
data were collected in 1975 describing the soils, 
streamwater chemistry, and insect populations. 

. Permanent plots were established within two stands 
that burned in 1974: 1) a severely burned stand 
(forest floor burned exposing mine~ soil), and 2) a 
moderately burned stand (forest floor mostly 
unburned). In addition, permanent plots were 
established in two adjacent sites, both unburned in 
1974, ~ut which appeared to be very similar to the 
we burned area. One was a mature spruce-fir forest 
that had not burned for more than 100 years, and the 
other was a stand that burned in 1932. 

Important data was collected by Park scientists 
following the Waterfalls Canyon fire, with 
vegetation, bird and mammal data being collected in 
the four study sites in 1975, 1976, 1977 and 1983. 

+ OBJECTIVES 

The primary objective of our research is to 
better understand successional dynamics following 
fire in GTNP and to refine methods with which to 
monitor and . assess patterns of successional change 
following fire. Our research focuses on the 
Waterfalls Canyon fire. In addition, over the course 
of the three-year project, we will synthesize 
information on all known fires in GTNP, thereby 



determining how well the information collected for 
the Waterfalls Canyon fire can be extrapolated to 
other areas within and surrounding the Park. 

We will resample the permanent plots for plant, 
bird and small mammal ab\mdance using the methods 
adopted by Barmore et al. (1976), and determine 
trends and rates of change by comparing 199111992 
data to comparable data collected in 1975, 1976, 
1977 and 1983. We will use these data to test or 
refine models about coniferous forest succession. 

We will examine spatial and topographic effects 
on post-fire plant succession within the bum using 
GIS methods. · Because succession is spatially 
variable, succession cannot be . effectively studied 
through monitoring a small number of permanent 
plots. To overcome the shortcomings of permanent 
plot studies, we will collect and compare data from 
a series of plots within the we burned perimeter 
which represent a range of environmental conditions. 
We will measure variables such as slope, distance 
from unburned forest, the nature of the surrounding 
vegetation, and characteristics of the substrate; and 
we will evaluate the effect of these variables on post
fire changes in vegetation. 

We will compare the results obtained from the 
Waterfalls Canyon fire to observations made on other 
forest fires in GTNP, with the goal of determining 
how widely the Waterfalls Canyon fire results can be 
extrapolated. 

STUDY AREA 

The Waterfalls Canyon bum extends along the 
west side of Jackson Lake for about 10.8 km and has 
a maximum width of approximately 2.6 km. 
Elevation ranges from 2,065 m on the lake shore to 
about 2,898 m on the east side of Ranger Peak. 
Slopes range from approximately 0 to 40%. Three 
major canyons bisect the study area, contributing to 
the variation in environmental conditions. There is 
considerable variation in vegetation within the study 
area. Engelmann spruce (Picea engelmanii), 
subalpine fir (Abies lasiocarpa), and lodgepole pine 
(Pinus contorta) are the most abundant conifers, 
while whltebark pine (Pinus albicaulis) occurs locally 
at higher elevations. Aspen (Populus tremuloides) 
·and Douglas fir (Psuedotsuga menziessii) are 
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abundant in the northern half of the bum. Wet and 
dry meadows are scattered throughout the area. In 
1974, 89% of the area within the perimeter of the 
bum was subjected to flames of varying int_ensity. 

PROGRESS TO DATE 

Vegetation was resampled on all permanent 
plots. As our field season started in July, and · 
previous bird and small mammal data were collected 
earlier in the summer, for consistency we postponed 
resampling birds and small mamma1s until1992. All 
available data, from 1975, 1976, 1977, 1983 and 
1991, are now being entered into oomputer files and 
will be summarized within the next few months. 

A reconnaissance survey within the Waterfalls 
Canyon Study Area was accomplished. Aerial 
photographs, maps of fire ·intensity (completed in 
1975) and topographic maps were used, in 
conjunction with site visits, to determine the range of 
variation. Information collected regarding the 
variability of the study area is currently aiding our 
efforts to design methods to quantify and analyze the 
spatial variability of post-fire vegetation change 
following fire within the entire study area. 

Sites within or adjacent to GTNP which have 
burned within the last 7 years were visited. These 
include the Beaver Creek fire, the Hunter. Fire, the 
Mystic Isle Fire, the Dave Adams Hill Fire and the 
Huck Fire. Notes on the similarity and differences 
between these fires and the Waterfall Canyon Fire 
were recorded. This information will help in 
determining the extent to which successional patterns 
in Waterfalls Canyon are representative of the Park 
as a whole. 

In sum, field work and data analysis are on 
schedule. Data collection will continue during the 
summers of 1992 and 1993. 
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• OBJECTIVES 

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 1990 Annual Report (Marston 
1990a). The results related to this project objective 
were described in 1990 Semiannual Report (Marston 

1990b) and have been published by Marston and 
Haire (1990). 

Progress toward acheiving the second objective 
has been made through 1989 and 1991 field surveys 
of slope failures which had been originally 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 field survey methods for this project 
objective were described in the 1990 Annual Report 
(Marston 1990a). Only events where the sum of 
length and width for the failure exceeded 100 meters 
were utilized, yieldin_g a total 53 slope failures (39 
surveyed by 1989 Co-PI Shroder in 1989 and 14 
surveyed by 1991 graduate assistant Wrazien in 
1991). For each failure, the following data were 
compiled: 

1) type of failure: fast-shallow or slow-deep 

. 2) length, width, depth, volume: from field 
measurements 



3) underlymg bedrock geology: maps by GYCC 
(1987, map 3) 

4) slope gradient: measurement along line from the 
highest elevation to lowest elevation of the 
failure on 1:24,000 topographic maps 

5) vegetation type: maps by GYCC (1987, map 
22) 

6) surface area: measurements by electronic 
planimeter from 1:24,000 topographic maps 

The third objective was achieved through 
analysis of aerial photography and topographic maps 
combined with field surveys of the 8 Ian 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 1990 Annual Reoort (Marston 1990a). The 
results related to this project objective were described 
in the 1990 Semiannual Reoort (Marston 1990b) and 
have been published by Mills (1991) and Mills and-· 
Marston (1990). 

Progress toward the fourth objective has been 
achieved by completing the mapping of floodplain 
vegetation for 1945 and 1989. The 1989 map was 
field-checked in August 1991. Landscape diversity 
was measured for each· of five geomorphic reaches 
between Jackson Lake Dam and Moose, Wyoming, 
using the Shannon-Wiener function. The procedures 
and results of this work were described in the 1991 
Annual Report (Marston and Mills 1991) with a more 
complete analysis provided in the thesis by Mills 
(1991). In the current project year, the planview 
channel maps (for 1899, 1921, 1945, 1968, 1975, 
1983, 1989) and the floodplain vegetation maps (for 
1945, 1989) were digitized using Arclnfo. These 
vector files were then converted to a raster format. 
The raster grid is 320 cells x 220 cells and each cell 
has dimensions of 80 m x 80 m, or approximately 
0.65 ha. A program was written to determine the 
years since channel occupance and change in 
vegetation for any one cell. 

+ RESULTS 

The mass wasting data have been entered into 
SPSS where regression analyses will be performed to 
estimate the volume of slope failures as a function of 
area and slope gradient. Tests of significance will be 
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undertaken to determine whether regression equations 
differ between types of slope failures, underlying 
geologic units, and vegetation. These analyses will 
be completed by the end of the current project year. 

From an overlay of the digitized 1945 and 1989 
vegetation maps, Table 1 was derived to show the 
direction of vegetation change. The total for each 
row reveals the numbers of cells in each vegetation 
unit in 1945. The total for each column reveals the 
number of celis in each vegetation type in 1989. The 
entries in the matrix reveal how many cells for each 
vegetation type in 1945 changed or remained the 
same in 1989. 

+ CONCLUSIONS 

While vegetation succession is expected from the 
younger seres (U, G, S) to the forest communities 
(C, M, B), it is also interesting to note the degree to 
which forest communities were converted to non- · 
forest communities. By relating these changes to the 
year of last channel occupance for each cell, it will 
be possible to determine to what degree channel 
niigration is responsible for vegetation change on the 
floodplain. Please refer to previous project reports 
for conclusions regarding other aspects of this multi
year research effort. 
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Table 1. Matrix of vegetation change along the Snake River from Jackson Lake Dam to Moose, Wyoming: 1945-
1989. 

1945 VEG 1989 VEGETATION 
UNITS u 
u 397 
G 97 
s 37 
c 24 
M 14 
B 0 

TOTAL 569 

U = Unvegetated deposits 
G = Grass-covered deposits 

G s 
21 25 

122 103 
212 380 
69 96 
31 63 
11 7 

466 674 

S = Shrub-swamp (willow-alder) community 
C = Low density cottonwood community 

c M :B TOTAL 
54 24 0 521 

270 172 12 776 
660 300 32 1621 
254 237 27 707 
46 .203 80 437 
10 7 0 35 

1294 943 151 4097 

M = Moderate density, mixed community of cottonwood-blue spruce 
B = High density blue spruce community 
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+ PROJECT OBJECTIVES 

The objectives of this study are to document the 
effects and cost 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 I. eastoni is a tick vector of B. 
microti; (4) to compare spleen histology of babesiosis 
in laboratory-infected and uninfected animals; and (5) 
to continue documentation of the occurrence of 
Giardia as an intestinal parasite of the montane vole. 

t METHODS 

All animals were trapped at six sites within the 
boundari~ of Grand Teton National Park using 
Sherman live-traps. After being anesthetized 
(ketamine), blood was collected by cardiac puncture. 
Several peripheral blood smears were prepared, fixed 
in methanol, and stained with Wrights-Geimsa stain. 
The peripheral blood smears were examined for a 

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

Two capillary tubes were centrifuged in a 
micro-hematocrit centrifuge for five minutes and the 
hematocrit determined from a reader. White blood 
counts were done using a Becton-Dickson Unopette 
microcollection system for WBC determinations, and 
a Neubauer hemacytometer for the counts. 
Reticulocyte counts were done using a 
Becton-Dickson Unopette Test 5821. Serum was 
collected from the remaining capillary tubes after 
centrifugation and stored frozen for future use. 

The spleen and liver were removed, weighed 
and measured. Impression smears of the spleen were 
fixed in methanol and stained as with the the 
peripheral blood smears. The remaining portions of 
liver and spleen were stored in 10 % buffered 
formalin until preparation for histological 
examination. Intestmal contents were observed for 
Giardia. 
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Ticks were collected from live-trapped animals. 
In addition, attempts were made to collect ticks from 
the grass and soil surrounding the nests using a 
Berlese funnel as well as a flannel drag. The ticks 
were maintained on a plaster of Paris medium until 
needed for the transmission studies. transmission 
studies are in progress. 

To document the early stages of pathology 
during babesiosis, laboratory-reared voles were 
infected by intraperitoneal (IP) injection of 0.1 mL of 
infected blood. The infected animals were monitored 
and treated as described for the trapped animals. 
Uninfected control animals were included for 
comparison of normal histology and hematology. 

+ RESULTS 

Results of surveys for Babesia microti in 
Microtus montanus trapped in Grand Teton National 
Park in the spring and summer, 1987 through 1990 
are given in Table 1. Of 257 Microtus mont anus, 
103 were infected with B. microti. Parasitemias 
ranged from <0.1% to 10.0%. In addition, 5 of 12 
M. pennsylvanicus and 1 of 3 Arvicola richardsoni 

were parasitized by B. microti. None of 40 
Peromyscus maniculatus was infected. 

Reticulocyte numbers were significantly greater 
(Student's t-test; P<0.001) in infected animals. The 
results of the reticulocyte counts of infected and 
uninfected M. montanus are summarized in Figure 1. 
Only 7. 7% of the uninfected animals had reticulocyte 
levels > 10%, while 69% of the infected animals had 
reticulocyte counts > 10%. Polychromasia in 
peripheral blood smears of infected animals was 
always 2 + or greater, and was consistent with the 
elevated reticulocyte counts. 

The spleens of all infected animals were 
significantly enlarged (Student's t-test; P<0.001). 
The spleens of 77% of uninfected animals measured 
< 20 mm in length while 98% of the spleens of 
infected animals measured > 20 mm in length with 
73% of these spleens measuring > 30 mm. The 
mean spleen size of nine laboratory-reared M. 
montanus was 14.9 ± 1.8 mm long by 4.4 ± 0.5mm 
wide. The mean spleen size of infected wild animals 
(32.0 ± 6.8 x 11.8 ± 2.3 mm) was more than twice 
that of uninfected or laboratory-reared animals. 
Differences in hematocrit values were unremarkable. 

Table 1. Incidence (infected animals/total examined) of Babesia microti in Microtus montanus from six sites 
within Grand Teton National Park, Wyoming. NC = no collection. 

SITE 1987 1988 1989 1990 TOTAL 

1 NC 3/4 NC NC 3/4 

2 NC 9/10 2/4 NC 11114 

3 3/13 6/27 8/10 20/50 37/100 

4 6114 6/11 4/13 16/35 32173 

5 2/3 1/1 15/42 NC 18/46 

6 -'NC 4/20 NC NC 4/20 



Scanning electron micrograph of ventral view of 
IxOdes eastoni, a newly discoverd tick in Grand 
Teton National Park. 

Infections of Hepatozoon sp. were concurrent 
with B. microti in 13 M. montanus and in 3 M. 
pennsylvanicus. Eight M. mont anus were infected 
with Trypanosoma sp., while the bacterium, 
Grahamella sp., was found in the erythrocytes of 
nine other M. montanus Four adult female ticks 
were removed from trapped voles this season. This 
brings the total to twenty-three ticks, 17 adult females 
and 6 nymphs, which have been removed from M. 
montanus. The only species we haveidentified is 
Ixodes eastoni. The females from this season laid 
eggs which hatched to produce larvae. These larvae 
are being used in the transmission study. Attempts to 
capture ticks from around the nest were unsuccessful. 
Analyses of the field studies for 1991 and of the 
pathology studies on laboratory-infected voles are not 
completed. 

+ 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 

Scanning electron micrograph of dorsal view 
of Ixodes eastoni. 
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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 eastorii is the most 
likely candidate for the vector of Babesia. 
Transmission studies will be necessary to document 
this tick as a vector. 
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+ INTRODUCTION 

The sagebrush cricket, Cyphoderris strepitans, 
is one of only five extant species belonging to an 
ancient insect lineage, the Haglidae, believed to be 
ancestral to modem-day crickets and katydids 
(Orthoptera: Ensifera) (Morris and Gwynne 1978). 
C. strepitans occurs exclusively in mountainous areas 
of Wyoming and Colorado, where it is found 
primarily in high-altitude sagebrush meadow habitat. 
Adults become sexually active in May, shortly after 
snowmelt, and remain active for the next 4-6 weeks. 
Each night of the breeding season, males emerge 
from the soil litter shortly after sunset, climb into the 
sagebrush and begin 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 copulation, the female feeds 
on the male's fleshy metathoracic wings and ingests 
any haemolymph leaking from the wounds she inflicts 
(Sakaluk et al. 1987, M<!_rris et al. 1989, Sakaluk and 
Sn~den 1990). The wounds that result from wing 
feeding provide a convenient, permanent record of a 
male's mating status; through visual inspection of the 
metathoracic wings, it · is possible to determine 
whether field-collected males are virgin or have 
mated at least once prior to their capture (Dodson et 
al. 1983, Morris et al. 1989). 

Pair formation in crickets usually is mediated 
through acoustic signaling by males, which functions 
to attract sexually receptive females (reviewed by 
Cade 1979). We have been unable, however, to 
demonstrate phonotaxis of female C. strepitans in 
standard behavioral assays. There are at least two 
hypotheses which could account for the observed lack 
of female responsiveness: 1) females are not 
phonotactic, but instead located males via other 
signaling modalities (e.g., olfaction), and 2) females 
are phonotactic, but the experimental protocol 
employed in previous laboratory studies was 
inadequate to detect such a response. With respect to 
the latter possibility, it may be that females respond 
only under test conditions which closely approximate 
the field environment or, alternatively, that elicitation 
of a female response requires an extended period of 
auditory · stimulation that exceeds the short response 
latencies expected of females in standard phonotaxis 
experiments. 

To more fully explore the hypothesis that 
females use the sounds of males to locate males as 
mates, a mark-recapture study was conducted in 
May-June 1990, in which the subsequent mating 
success of experimentally muted males was compared 
with that of males in a sham-control group. This field · 
experiment showed a marked decrease in the fitness 
of experimentally muted males, a result that can be 
interpreted as evidence of female phonotaxis 



(Snedden and Sakaluk, in review). Alternatively, 
male calling theoretically could function as a 
territorial signal to other males, with females 
attracted to males via some other signaling modality. 
It could be argued, therefore, that the decline in 
fitness of muted males arose from their inability to 
exclude rivals, rather than an inability to attract 
females. The objective of the present study was to 
test the hypothesis that acoustic signaling by male 
sagebrush crickets functions to exclude rival males, 
thereby facilitating increased male mating success. 
We tested this hypothesis by comparing the mating 
success of males experimentally hindered from 
defending a territory with that of control males. 

+ METHODS 

MARK-RECAPTURE STUDY 

The territorial hypothesis predicts that males 
unable to detect the acoustic signals of their rivals 
would be at a selective disadvantage because such 
males would inadvertently trespass on the territories 
of their competitors and/or be unable to detect rivals 
present on their own territories. To test this 
prediction, a mark-recapture study was conducted in 
June 1991 near the Snake River at Deadman's Bar in 
Grand Teton National Park. Four comers of a 
rectangular study plot (90 m x 60 m) were staked out 
in relatively homogeneous, sagebrush-meadow habitat 
on a bench of the river's flood plain. During an 
initial sampling period (June 1-7, 1991}, 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 beadlamp. Mating status 
(virgin or non-virgin) of individual males was 
ascertained by inspection of their hind wings. Non
virgin males were released at their point of capture 
immediately after their mating status bas been 
ascertained. Virgin males were placed in individually 
numbered vials and transported back to the UW -NPS 
Research Center, approximately 30 km away, where 
they were processed. Capture sites of individual 
males were flagged with surveyor's stakes, numbered 
to correspond with the collecting vials. The 
following morning, virgin males were transported 
back to the study site and released at their flagged 
capture sites, thereby preserving the original 
distribution of males. 
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Captured males were sequentially assigned, in 
order of their capture, to one of three experimental 
groups: 1) experimentally deafened, 2) sham control, 
and 3) unmanipulated. Sequential assignment of males 
ensured that a comparable number of males in each 
group were marked on any one night, and that 
subsequent mating opportunities were equivalent 
across treatments. Experimental males were rendered 
deaf by rupturing their tympanic membranes with an 
entomological pin; an ante~or and posterior 
tympanic membrane occur on both forelegs. The 
hindlegs of sham-treated males were punctured at 
similar locations. Unmanipulated controls_ were 
physically handled during marking, but were 
otherwise left unaltered. Each male was marked 
individually with a numbered plastic tag attached to 
the pronotum with cyanoacrylic glue. Additionally, 
fluorescent paint was applied to the pronotum around 
the tag, and to the hind femora of each male. In 
total, we tagged and released 77 virgin males (26 
deafened, 25 sham-control, 26 unmanipulated). 

After the first group of males had been 
processed and released, male8 were re-captured and 
examined for evidence of mating activity every 
second night over the course of the breeding season. 
Recapture of experimental mal_es was enhanced by 
scanning the sagebrush and ground with portable UV 
lights, the illumination of which causes the-painted 
pronota of experimental males to brightly fluoresce. 
Unmarked virgin males detected in subsequent 
censuses were transported to the field station and 
processed according to standard procedures. To 
determine the average nearest-neighbor distance of 
males in each treatment, a numbered surveyor's flag 
was placed at the capture site of each male and that 
of his nearest calling neighbor. Nearest-neighbor 
distances were determined the following day using a 
Sonin R ultrasonic measuring device, accurate to 0.01 

. m. We also recorded the following data for each 
male captured: 1) mating status, as determined by the 
condition of the hindwings (intact = virgin, wounded 
= non-virgin}, 2) whether the male was marked 
(experimental) or unmarked (non-experimental}, 3) 
tag number (if marked) and 4) the number of the flag 
placed at each male's capture site. 

CALLING DURATIONS OF EXPERIMENTAL 
MALES 

To control for the possibility that the calling 
behavior of deafened males is influenced by their 
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inability to hear, nightly calling durations of treated 
males were monitored using an electronic sound-relay 
apparatus (Kidder & Sakaluk 1989). Males were 
captured at a site adjacent to the mark-recapture study 
area, and transported to the UW -NPS Research 
Center. Three males were monitored each night, one 
from each of the above treatments. 

Each male was housed in a uniquely labeled 
cage, appropriately ventilated and with an opening 
through which a microphone w~ inserted. 
Approximately 10 em of soil litter was placed on the 
bottom of the cage to provide cover for males during 
the day, and a slice of apple added as a source of 
food and water. A sprig of sagebrush was inserted 
into the litter of each cage to provide a perch from 
which the male could call at night. Cages were 
separated by at least 1.5 m, within the range of 
normal inter-male distances. Electronic monitoring 
of acoustic signaling commenced on the second night 
following capture, to allow sufficient time for males 
to acclimate to their new surroundings, and continued 
until the following morning. In total, we monitored 
the singing activity of 31 males over the course of the 
study. 

+ RESULTS 

MARK-RECAPTURE STUDY 

Forty-seven tagged males (61% of all marked 
males) were recaptured at least once, and recapture 
frequencies were homogeneous across treatments (X2 

= 0.48, P = 0. 79). There was no significant 
difference in the proportion of males that mated 
across experimental treatments (Fisher's Exact Test, 
P = 0.449). As a separate measure of male mating 
success, we also determined the time elapsed from 
the release of each male to the first observed 
evidence of mating (Table 1.) There was no 
difference in the time taken by males to secure their 
first copulation across experimental treatments 
(ANOV A, F = 0.17, P > 0.05). We conclude, 
therefore, that deafened males are not hindered in 
their ability to secure matings. 

-A two-way mixed model ANOV A was used to 
compare nearest-neighbor distances across treatments, 
with treatment as the fixed effect and sampling night 
as the random effect. Nearest-neighbor distances 
were square-root transformed to render them suitable 

for parametric analysis. Although average nearest
neighbor distances varied significantly from night to 
night (F =28.3, P < 0.0001}, nearest-neighbor 
distances were uninfluenced by the treatment to which 
males belonged (F = 2.20, P > 0.05). The 
average-nearest neighbor distance of all males at peak 
density (June 11, 1991) was compared with the 
average distance expected under a random 
distribution (Clark and Evans 1954); the spatial 
distribution of males did not deviate significantly 
from randomness (R = 0.886, P > 0.05). 

CALLING DURATIONS OF EXPERIMENTAL 
MALES 

Preliminary analyses revealed no significant 
effects of mass, sampling date or average nightly 
room temperature on male calling duration. There 
were also no significant differences across treatments 
in the mean nightly calling durations of males (Table 
2; K.ruskal-Wallis, X2 = 0.81, P > 0.05). 

Table 1. Average time elapsed from initial release 
to copulation in male C. strepitans. 

Treatment N *Mean( nights) SD 

Deaf 11 4.45 2.34 
Sham-Control 12 4.42 3.70 
Unmanipulated 12 3.83 2.29 

*p = 0.17, p > 0.05 

Table 2. Mean nightly calling durations of male C. 
strepitans. 

Treatment 

Deaf 
Sham-Control 
Unmanipulated 

N *Mean (min) 

10 
11 
11 

71.6 
31.4 
57.6 

*Kruskal-Wallis, ~ = 0.81, P > o.o5 

SD 

68.6 
53.6 
78.9 



• CONCLUSIONS 

Deafened males, since they are unable to 
respond to calling rivals, should have a reduced 
ability to maintain exclusive broadcast areas. If the 
ability to maintain a territory is important in securing 
access to potential mates, deafened males should 
experienced reduced mating success. In our study, 
however, the mating success of deafened males did 
not differ significantly from that of sham-operated or 
unmanipulated males. 

The territorial hypothesis also predicts that the 
nearest-neighbor distances of deafened males should 
be significantly shorter than those of sham-operated 
males. This prediction is based on the premise that 
deafened males should frequently be at risk of 
intruding inadvertently into the broadcast space of 
rival males. Depending on whether the resident male 
is able to hear or has been deafened, there are two 
possible outcomes of such an interaction: hearing 
residents would be expected to exhibit negative 
phonotaxis to calling intruders and thereby regain an 
exclusive broadcast area, whereas deafened residents 
would be expected to remain oblivious to intruders 
and exhibit no locomotory response. However, our 
results showed no significant differences in the 
average nearest-neighbor distances across treatments. 
Moreover, the observed distribution of all males at 
peak density did not deviate significantly from 
randomness. These results suggest that calling does 
not in any meaningful way mediate the spatial 
distribution of males. We conclude, therefore, that 
acoustical signaling in sagebrush crickets does not 
function in territorial maintenance. 
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+ OBJECTIVES 

Multiannual fluctuations in population density 
("cycles") of small rodents have been known since 
antiquity (Elton 1942). Numerous hypotheses have 
been proposed to explain this phenomenon (for 
reviews see 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 mont anus. 

+ METHODS 

In 1991 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 with an 
overdose of Metofane 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 estimated 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 thi~ 
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 
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 

A very large population of Microtus montanus 
had survived the winter: during the spring study 
period it was easy to find exceptionally well-defmed, 
deeply rutted runways and abundant cuttings. Many 



of these nmways were beneath a very heavy mat of 
dead vegetation - the latter a reflection of the 
unusually luxuriant growth of herbaceous vegetation 
during the summer of 1990. The potential for a 
dramatic rise in the population density of voles in 
1991 was thus presaged by the high survivorship of 
these rodents during the preceding winter. 
Furthermore, all females trapped during the spring 
study period were pregnant with their first litter. 
Although the onset of breeding in 1991 was later than 
in 1990, the litter sizes of the first litter in 1991 were 
larger than those in 1990. The first litter of the year 
invariably becomes reproductively active in the year 
of its birth (Pinter 1988). Consequently, the very 
high potential for an increase in the population 
density of Microtus montanus in 1991 was signalled 
by the production of large numbers of large litters. 
More importantly, this meant the addition of a large 
number of animals to the breeding population of 
1991. 

During the summer of 1991, the vole population 
achieved near-record densities (i.e., of densities 
recorded since the onset of this study). In marginal 
habitats the 1991 density had increased over the 1990 
level by a factor of 1.5; in optimal habitats the 
increase was by a factor of 5. The fmal densities 
achieved in the optimal habitat were 4.5 times higher 
than those recorded from the more marginal habitats. 
This dramatic rise in population density can be 
attributed, in part, to the large size of the initial 
breeding cohort and the large first litters produced. 
However, there may also have been some reduction 
in predation pressure since no weasels (long - or 
short-tailed) were trapped during the 1991 study 
period. 

The population of shrews (Sorex vagrans) that 
had "exploded" during 1990 also remained high in 
1991, although there was a reduction in the number 
of gophers (1homomys talpoides). In 1991 there was 
also a dramatic increase in the numbers of meadow 
voles (Microtus pennsylvanicus). No effort had been 
made to trap specifically forM. pennsylvanicus: they 
had expanded their range into one of the M. 
montanus study plots. Although the montane and the 
meadow voles occupied distinctly separate areas, 
there was an overlap of at least 10 m between the 
two species along their zone of contact. 

A mutant Microtus mont anus was trapped during 
the spring study period. Although this animal (an 
adult female) has the normal agouti pelage it also has 
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a mask of white hairs extending from the eyes to the 
ears. Attempts are now being made to breed this 
animal in our laboratory colony to determine the 
mode of inheritance of this mutation. This is the 
fourth mutation I have found in Microtus montanus 
from Grand Teton National Park [the others are pink
eyed dilution (Pinter & Negus 1971), hairless (Pinter 
& McLean 1971), and dominant spotting (Pinter 
1979)]. Pink-eyed dilution was also found in the 
Uinta ground squirrel, (Spermophilus armatils) (Pinter 
1973). . 

+ CONCLUSIONS 

As in previous years, the population dynamics 
of Microtus montanus in Grand Teton National Park 
were similar to those observed in other parts of 
Wyoming. Such geographic synchrony continues to 
support the hypothesis that climate plays a significant 
role in the regulation of population "cycles" of small 
rodents (Pinter 1988; Negus et al. 1991). 
Consequently, the principal aim of this long-term 
study is how to uncover the proximal factors (e.g., 
Pinter 1986, Watkins et al. 1991) that underlie these 
"cycles." 
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• INTRODUCTION 

The Snake River plains and foothill areas of 
J~ckson Hole have been grazed by domestic livestock 
since settlement of the area. Wildlife populations, 
including elk, mule deer, and antelope have 
historically used and continue to use the area. Moose 
are currently relatively abundant and a small herd of 
bison have been introduced. 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. Park 
managers need information concerning the effects of 
grazing by large ungulates on vegetation resources to 
assist in effectively managing grazing to achieve 
desired plant community goals. 

+ OBJECTIVES 

_ The objectives of this research are summarized 
as follo.ws: 

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 with potential composition for the same 
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 
their vegetation management goals. 

6) In addition to the efforts implied by the above 
objectives and due to the inclusion of a doctoral 
candidate in the research effort, we will 
intensively examine seasonal utilization levels 
of selected vegetation components in areas 
differentially occupied by the various grazing 
animal species of interest. Forage quality 
attributes; dry matter, N, P, K content, and in 
vitro digestibility; will be determined to provide 
explanation for differences in ·use of plant 
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species and seasonal shifts in use levels. We 
will test hypotheses concerning possible 
differences in amount and seasonal patterns of 
forage utilization by different animal species 
and that selection and use of forages by animals 
is related to forage quality attributes. 

+ STUDY AREA 

The study area is in Grand Teton National 
Park and primarily includes areas along and west of 
the Snake River used by wildlife and areas of similar 
vegetation east of the river where livestock are a 
predominant or important user. Livestock areas 
include the Cunningham Cabin pasture, Triangle X 
guest ranch horse pasture, and the Uhl Draw/Elk 
Ranch Reservoir area. 

+ METHODS 

Establishment of field sites for data collection 
began in June of 1991. Specific areas had been 
examined in August 1990 with respect to potential for 
high use by grazing animals and need for detailed 
vegetation analysis and monitoring. In these areas 
specific selected sites included: 1) In upland plains 
west of the Snake River, grazed only by wildlife, 
sites characterized by sagebrush-grass vegetation 
were located in the Potholes area (sec 23 R115W 
T44N) and Cow Lake (sec 32 R114W T44N) area. 
2) In floodplains (Cottonwood dominated lowlands 
and wetlands characterized by willow/sedge 
communities) west of the Snake River, grazed only 
by wildlife, 2 sites were located across from the 
Triangle X horse pasture (sec? R114W T44N). 3) In 
the Elk Ranch Reservoir area, grazed predominantly 
by cattle in summer and by wildlife, sites were 
located in upland (sec 12 R114WT44N) and lowland 
(sec 1&2 R114W T44N) sagebrush-grass vegetation, 
and in a sub irrigated graminoid community (sec 6 
R113W T44N). 4) In the large pasture east of the 
Snake River and between the Cunningham Cabin and 
the river, grazed by both wildlife and livestock in 
summer, a site was located in a subirrigated 
graminoid vegetation type (sec 17 R114WT44N). 5) 
In floodplains east of the Snake River in the Triangle 
X horse pasture, grazed by horses in summer and 
wildlife, sites were located in cottonwood lowlands 
and subirrigated willow/graminoid habitats (sec 24 
RllSW T44N). 6) In Antelope Flats, the upland 
plain east of the Snake River, grazed by cattle during 

trailing to summer pasture and wildlife, a site was 
located in sagebrush-grass vegetation (sec 2 R115W 
T43N). 7) In Blacktail Butte pasture, south of the 
Butte, grazed by cattle in early summer and wildlife, 
a site was located in sagebrush-grass vegetation (sec 
7 R115W T42N). 

Each of the 12 sites' installation had a 
permanently located trend transect with 20, .25m2

, 

marked quadrats and 5, 1 m2
, movable cages. An 

additional 20 temporary quadrats were located 
parallel to the trend transect when sampling was 
conducted. Sites also had 2 utilization transects in 
herbaceous vegetation with 100 marked plants each. 
Sites in cottonwood and willow communities also had 
a utilization transect with 100 marked twigs of woody 
plants. 

Penilanent quadrat locations on trend transects, 
inside cages, and, temporary quadrat locations were 
sampled in July and August, near peak standing crop, 
with a .25 m2 nested frequency quadrat frame (US 
Forest Service Region 4 Range Analysis Handbook). 
Nested frequency scores were recorded for every 
species of herbaceous and low shrub vegetation. 
Standing crop of major species and functional groups, 
ie. forbs, was estimated. One-half of the permanent 
and temporary and all caged quadrats were harvested 
with major species and functional groups as estimated 
bagged separately, dried, and weighed. Planned 
synthesis of these data include determining the 
relationship between estimated and harvested weights 
and adjustment of estimated weights by application of 
regression coefficients. Percent composition · by 
weight of species and groups will be calculated. 
Relationships of composition to frequency scores will 
be examined. Comparisons of site frequency scores 
and composition to available estimates of potential 
plant community (PNC) scores and composition 
(from USDA Soil Conservation Service technical 
guides and Forest Service records) will be made to 
assess ecological condition. 

The utilization transects were examined at about 
3 week intervals following installation in June. 
Estimates of standing crop of marked herbaceous 
plants and twig lengths of, shrubs were taken. 
Randomly selected samples of each species were 
harvested during the sampling period for dry weight 
determination and nitrogen analysis. Percent 
utilization will be calculated after adjustment of 
estimated weight for water content. 



Density of major trees and shrubs in 3 
floodplain/riparian areas was determined to asses 
relatively large scale use pattern effects on these 
types of habitats. Predominant use west of the Snake 
River is by wildlife including large concentrations of 
elk in late fall; the Triangle X pasture is used by 
horses and wildlife in summer and wildlife in winter; 
and Ubi Draw is heavily used by cattle in summer 
and wildlife in late fall and spring. Hunting may limit 
elk concentrations east of the river during fall. All 
areas have moose grazing in winter. Occurrence of 
different size classes of a species could indicate 
reproduction is occurring while a restricted number 
of one age class might suggest some limitation. 
Sampling consisted of counting the number of plants 
·of each species of tree or shrub in 3 size classes ( 1 
= < 1.5 m, 2 = 1.5-3 m, 3 = > 3 m) in a 20 by 
20 m plot. Sampling was stratified into cottonwood 
communities (n=38 west of river) and willow 
dominated communities (n=39 west of river). In the 
floodplain west of the Snake River sample plots were 
located at about 0.4 .km intervals if communities were 
present from near the old Bar-BC Ranch north to 
near RKO Road. At each point the nearest stand of 
cottonwood and willow community was sampled. 
Randomly located 20 by 20 m plots were placed in 
cottonwood and willow communities (n=25 in each) 
in the Triangle X horse pasture. Thirteen 30 by 30 m 
plots were located at 100 m intervals along Ubi Draw 
above the reservoir in a willow community. Mapping 
of utilization patterns was conducted in late August to 
assist in broadening the area of inference associated 
with individual study sites. Comments in this regard 
will primarily address differences in use of different 
habitats rather than spatial differences as customarily 
associated with mapping due to the biggest 
differences typically occurring between habitats rather 
than between different places in an area with . the 
same habitat. 

+ RESULTS 

Data summary is underway. A limited summary 
of the tree and shrub density without statistical 
analysis is available. Partial summaries of utilization 
have been done. Prograrn.ming of the productivity 
summarization program has been completed and data 
entry has begun. Woody plant densities were 
-sampled to test the hypothesis that fall and winter 
grazing by elk and moose west of the Snake River 
was limiting the recruitment of smaller plants into 
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larger size classes. Hunting may limit fall elk use east 
of the river. Circumstantial evidence of this 
occurrence would be a reduction west of the river in 
density of one or more of the smaller size classes. 
Ultimately taller size Classes would also be reduced. 
For example, .if the greater numbers of size class 2 
and 3 cottonwoods in the cottonwood community east 
of the river (Table 1) are significantly greater then 
our hypothesis would be supported. Willows (Salix 
spp.) may also be more abundant (Table 1) east of 
the river. Probable trends in abundance of other 
palatable shrubs such as (water birch (Batula 
occidentalis), silverberry (Elaeagnus commutata), 
buffaloberry (Shepherdia canadensis);_ Table 1) are 
less obvious. Engelman spruce (Picea engelmannia) 
appears to be increasing as indicated by the presence 
of all age classes, suggesting the probable 
replacement of deciduous tree and shrub communities 
by spruce. The narrow band of willow community 
along Ubi Draw does not appear as dense as other 
willow communities. However, this drainage is quite 
different in substrate and hydrology from the Snake 
River. This vegetation type is a small island in a 
larger area of predominantly sagebrush dominated 
vegetation and possibly more susceptible to browsing 
by all classes of grazers. Utilization transect 
summaries through late August for the Triangle X 
horse pasture wetland willow community sites 
indicate the following amounts for 4 common species: 
Kentucky bluegrass (Poa pratensis), 53%, sedges 
(Cara sp.) 41%, clover (Trifolium sp.) 40%, and 
thickspike wheatgrass (Elymus lanceolatus), 65%. 
These use levels are within generally acceptable 
ranges for riparian sites. The reconnaissance to map 
utilization patterns generally indicated that utilization 
levels at the sampling sites was representative of the 
area where the site was located through late August. 
Summer utilization of vegetation in the sagebrush
grass-community of the Potholes and Cow Lake areas 
was low. Elk using the area appeared to have made 
more use of edges of timbered areas particularly 
where aspen occurred. Floodplain herbaceous 
vegetation west of the Snake River was used at light 
to moderate levels. Highest use occurred in 
subirrigated perimeters of wet areas dominated by 
Kentucky blue- grass and clover. In the Cunningham 
pasture, subirrigated areas . dominated by Kentucky 
bluegrass and clover were heavily used while adjacent 
wet areas characterized by tall sedges receiyed little 
use. The Triangle X pasture had received light to 
moderate use overall. Few areas of intensive use 
were evident. Grazing in the Ubi Hill pasture by 
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Table 1. Tree and shrub d~ (plants/400m2 plot) by size classes (*1 = · < 1.5 m, 2 = 1.5-3 m, 3 = > 3 m) 
in cottonwood and · low communities in selected areas (floodtlain west and east in Triangle X horse 
~ture, of Snake River, Uhl Draw above reservoir) with dif ering grazing regimes in Grand Teton 

tional Park. 

CottonwOOd 
communitl: 

West East 
Species Size class 

Cottonwood 1* 11.3 11.8 
(Populus 2 0.4 1.3 
angustifolia) 3 4.3 6.6 

Willow 1 2.8 4.6 
(Salix spp.) 2 0.1 0 

3 0.1 0 

Water birch 1 1.3 0 
(Betula 2 0.3 0 
occidentalis) 3 0.3 0 

Silverberry 1 8.2 25.5 
(Elaeagnus 2 0.4 0 
commutata) 3 0 0 

Buffalo berry 1 16.9 12.8 
(Shepherdia 2 0 0 
canadensis) 3 0 0 

Spruce 1 1.8 1.1 
(Picea 2 1.9 1.0 
engelmannia) 3 4.4 2.4 

Lodgepole 1 0.7 1.1 
(Pinus 2 1.0 0.3 
contort a) 3 1.4 0.5 

cattle was concentrated in the irrigated areas and 
adjacent lowland sagebrush-grass area downstream 
from the reservoir. Herbage in the subirrigated zone 
along Uhl Draw had been used heavily while the 
wetter soil zone near the channel received only 
moderate use. Construction work on the reservoir had 
disrupted water availability. Little grazing was 
evident on the hills surrounding the reservoir despite 
abundant forages. Antelope Flats and the Blacktail 
Butte pasture bad received very light use. 

The need for imp!:oved grazing management in 
~e Uhl Hill pasture is suggested by the concentration 
of cattle grazing along Uhl Draw riparian zones. 
Several activities should be considered, but it ·may be 

Uhl 

Wdlow 
communitt 

West East Uhl 

2.7 1.2 0 
t 0.1 0 
0.5 0 0 

23.6 51.5 9.8 
6.5 7.0 5.3 
0.1 t 0 

4.0 2.6 0 
5.4 2.4 0 
0.5 0.1 0 

11.3 14.5 0 
t 0 0 
0 0 0 

2.6 0.8 0 
0.1 0 0 
0 0 0 

2.2 3.0 0 
0.6 0.3 0 
0.4 0.1 0 

0 0.2 0 
0 0 0 
0 0 0 

premature for more detailed or site specific 
recommendations. Sagebrush burning could be used 
to increase the availability and quality of forages 
·away from riparian areas. Spring developments or 
other water source augmentation in areas away from 
the riparian zone and the reservoir would reduce the 
continual need for cattle to return to the stream or 
reservoir for water. Increased herding of animals 
would Dlln.imize time spent near streams and . the 
reservoir. Intensified management of the irrigated 
pastures such as crossfencing and water management 
could reduce the grazing time required from 
rangeland forages. · Greater use . and intensified 
management of pastures south and east of Blacktail 
Butte could also reduce the reliance on forages from 
the rangelands along Ubi Draw. 
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• INTRODUCTION 

One primary objective of this study was to 
survey small mammal communities in a bum 
chronosequence. During the summer of 1990, small 
mammals were live-trapped in five burned sites and 
in adjacent unburned coniferous forests in and around 
Grand Teton National Park. In 1991, two bums 
(Huckleberry Mountain, 1988 fires) and adjacent 
unburned forests were trapped for the third 
consecutive year in June, July and August to continue 
to monitor post-bum small mammal population trends 
and species composition. . 

In addition, in 1991 rodents were live-trapped 
from seven vegetation types along an elevational 

. gradient, and microhabitat measurements were made 
at successful and unsuccessful trap stations within 
each vegetation type. The purpose was to survey 
small mammal communities in common habitat types 
within the Park and to determine whether 
microhabitat features can be used to predict trap 
success for common rodent spooies. 

+ METHODS 

In the summer of 1991, small mammals were 
trapped for four consecutive nights in June, July and 
August on four 1-ha grids at Huckleberry Mountain 

(4430N-11041W UTM): a bum with an unburned 
control on both the east and the west sides of John D. 
Rockefeller Jr .. Memorial Parkway. 

, In addition, in 1991 seven vegetation types were 
selected for additional small mammal sampling: 

1) Pacific Creek Aspen (PCA)[4351N-
11031W UTM]; at an elevation of 2085 m. 

2) Snake River Riparian (SRR)[4347N-
11035W UTM]; elevation, 2036 m. 

3) Snake River Sagebrush (SRS)[4348N-
11035W UTM]; elevation, 2076 m. 

4) A wet meadow at Cathedral Group Pond 
(CGP) [4348N-11042WUTM]; elevation 2110 m. 

5) A riparian area along a medium gradient 
perennial stream Laurel Creek (LCR) [4347N-
11044W UTM]; elevation 2110 m. 

6) Whitebark pine at the headwaters of the 
South Fork of Cascade Canyon (CWP) [4344N-
11050W UTM]; elevation, 2950 m. 

7) Alpine meadows at Cascade (CAM) 
[4344N-11051 UTM]; elevation, 3048 m. 

Where possible, two parallel transects 10 m 



apart and consisting of 25 trap stations at 10 m 
intervals were established; but on the whitebark pine 
(Pinus albicaulus) stand, a rectangular grid was used 
instead. Due to logistics and the short growing 
season, the two high altitude sites (CWP and CAM) 
were only trapped in late July. The remaining sites 
were trapped for four consecutive days once a month 
for three months. 

SMALL MAMMALS 

A Sherman live trap baited with rolled oats and 
peanut butter was set at each station, opened between 
1500 and 1700, and checked the following morning 
during trapping periods. Traps were closed during 
the day. Captured animals were ear-tagged with 
unique metal fingerling tags; classified by species, 
sex, age class (juvenile or adult) and reproductive 
condition; weighed to the · nearest g and released. 
Fecal samples were collected from traps for fungal 
spore and parasite analyses. 

Pitfall traps (335 ml plastic cups) were set at 
every fifth station, partially filled with propylene 
glycol and left open for three days to capture shrews 
and ground-dwelling arthropods. Small mammal 
population densities were calculated using Program 
Capture (Otis et al. 1978) and taxonomic nomen
clature follows that of Jones et al. (1986). 

MICROHABITAT MEASUREMENTS 

Microhabitat measurements were taken at 
randomly selected stations within each grid along the 
elevational gradient: half were made ·at successful 
stations and half at unsuccessful stations. Micro
habitat variables selected for measurement were those 
that emerged as most important in the discriminant 
function from the 1990 microhabitat data analyses. 
·These variables included ground cover (Daubenmire 
Canopy Coverage Method), mesic status (distance to 
standing or running water or wetland), distance to 
and size.of nearest tree and log, trap azimuth, canopy 
cover, height and number of species of herbaceous 
plants, and number of woody stems/m2 (Deuser and 
Shugart 1978). 

+ RESULTS 

In 4800 trap nights at the Huck sites, seven 
small mammal species were trapped in 1014 total 
captures (Table 1). The deer mouse (Peromyscus 

maniculatus), the southern red-backed vole 
( Clethrionomys gapperz) and the least chipmunk 
(Tamias minmus) were the most abundant species and 
the only species for which density estimates were 
possible . . 

Of the plots arranged elevationally, Laurel 
Creek had the highest number of species: the deer 
mouse, the southern red-backed vole, the western 
jumping mouse (Zapus princeps), . the water vole 
(Microtus richardsom), and the long-tailed vole (M. 
longicaudus) (Table 2). The southern red-backed 
vole was the most abundant with densities increasing 
over the season from 33/grid in June to 42/grid in 
August. 

Four species were trapped at Pacific Creek: the 
deer mouse, the least chipmunk, the montane vole, 
and the western jumping mouse. The density of the 
deer mouse ranged from 20/grid in June to 40/grid in 
August. The density of the montane vole reached a 
peak in August (54/grid) and the least chipmunk in 
July (18/grid). 

Four species were trapped in the Snake River 
Riparian habitat and, in order of abundance, include 
the deer mouse, the western jumping mouse, the 
montane vole and the least chipmunk. 

The Snake River sagebrush . had low species 
richness: only the deer mouse was trapped during all 
three months, and one least chipmunk was trapped in 
August. 

· At Cathedral Group Pond and Cascade Alpine 
Meadow, only the deer mouse was abundant but one 
montane vole and one water vole were also trapped. 

Finally, at Cascade Whitebark Pine only the 
deer mouse and the southern red-backed vole were 
trapped. Densities were relatively low at the two high 
elevation sites. Thus both species richness and 
density appear to have declined with increasing 
elevation. 

+ DISCUSSION 

Only the deer mouse was trapped at all sites. 
Peromyscus species are generally considered to be 
opportunistic both in habitat use and foraging 
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Table 1. Density estimates, number/ha (Program CAPTURE, Otis 1978) [standard error] and total number of 
individuals trapped (N) for the deer mouse (Peromyscus maniculatus), the southern red-backed vole 
(Clethrionomys gappen) and the least chipmunk (Tamias minimus) in Huck west-facing bum (HWB) and 
control (HWC) and Huck east-facing bum (HEB) and control (HWC); (*not calculated, no captures or 
recaptures). 

June July August 

- - -
X S~E. N X S.E. N X S.E. N 

P. maniculatus 

HWB 18 [0.02] (18) 14 [0.01] (14) 39 [1.25] (38) 

HWC 3 [0.14] (3) 9 [3.05] (6) 11 [0.01] (11) 

HEB 20 [0.01] (20) 47 [3.09] (42) 90 [3.95] (81) 

HEC 6 [0.67] (6) * * . (6) 40 [3.76] (33) 

TOTAL (47) (68) (163) 

C. gapperi 

HWB * * (5) 13 [0.58] (13) 17 [0.02] (17) 

HWC 11 . [1.00] (10) 49 [5.26] (38) 59 [5.18] (48) 

HEB 2 [0.00] (2) 9 [5.02] (5) 18 [2.94] (14) 

HEC 22 [14.59] (8) 50 [13.06] (26) 62 [10.58] (39) 

TOTAL (25) (82) (118) 

T. minimus 

HWB 9 [1.95] (7) 23 [16.43] (8) * * (2) 

HWC * * (1) * * (1) 1 [0.00] (1) 

HEB 5 [0.00] (4) 4 [0.01] (4) * * (0) 

HEC * * (2) * * (0) * * (0) 

TOTAL (14) (13) 
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Table 2. Density estimates, number/.25ha, (Pr~ram CAPTURE} [standard error] and total number trapped (N) 
for seven elevational study sites m rand Teton Nattonal Park; (* not calculated, no captures or 
recaptures). · . · 

Laurel Creek Riparian 

June July Au&Y§t 
- - -
X S.E. N X S.E. N X S.E. N 

P. maniculatus 10 [0.01] (10) 10 [1.04] (9) 27 [1.84] (25) 
C. gapperi 33 [9.94] (18) 36 [1.55] (34) 42 [10.58](24) 
Z. princeps 5 [0.01] (5) 37 [12.54] (18) * * (2) 
M. richardsoni * * (1) * * (6) * * (2) 
M. longicaudus * * (0) * * (0) * * (4) 

TOTAL (34) . (67) (57) 

. Pacific Creek Aspen 

June July Augyst 
-
X S.E. N X S.E. N X S.E. N 

P. maniculatus 20 [1.22] (19) 38 [3.23] (33) 46 [2.77] (41) 
T. minimus 10 [1.78] (8) 18 [1.60] (16) 6 . [2.53] (4) 
M. montanus * * (0) 8 [0.01] (8) 54 [42.45] (12) 
Z. princeps * * (0) * * (1) 3 [0.01] (3) 

TOTAL (27) (57) (60) 

Snake River Riparian 

June July Augyst 
-

X S.E. N X S.E. N X S.E. N 

P. maniculatus 9 [2.30] (7) 17 [0.84] (16) 26 [1.94] (24) 
C. gapperi * * (0) * . * (0) * *(1) 
T. minimus * * (0) * * (0) * * (1) 
M. montanus * * (0) * * (1) * * (4) 
z .. princeps * * (1) 4 [0.01] (4) 11 [2.12] (9) 

TOTAL (8) (21) (39) 

Snake River Sagebrush 

June July Augyst 

X S.E. N X S.E. N X S.E. N 

P. maniculatus 9 [0.01] (9) 22 [2.00] (20) 9 . [0.01] (9) 
T. minimus *- * (0) * * (0) * * (1) 

TOTAL (9) (20) (10) 
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Table 2. (eon't) 

Cathedral Group Pond 

P. maniculatus 

TOTAL 

June 

X S.E. N 

5 [0.00] (4) 

(4) 

Cascade Alpine Meadow 

July 

X S.E. N 

July 

X S.E. 

22 [1.45] 

August 

N X S.E. 

(21) 22 [2.55] 

(21) 

Cascade Whitebark Pine 

July 

X S.E. N 

N 

(19) 

(19) 

P. maniculatus 
M. montanus 
M. richardsoni 

7 [0.01] (/) P. maniculatus 10 [0.01] (10) 
* * (1) C. gapperi . 6 [0.01] (6) 
* * (1) 

TOTAL (9) TOTAL 

strategies (Holbrook 1978). For example, Williams 
(1959) examined the stomach contents of deer mice 
collected from J acksori Hole and found seeds 
(particularly conifer seeds), green vegetation, fungi 
and arthropods. Within bums, grass and herbaceous 
species probably provide an abundant seed resource 
and, with the absence of litter, foraging for seeds and 
insects may be more efficient. 

At Huck, deer mice were more abundant in 
post-fire stands, and southern red-backed voles were 
more common in unburned stands. In 1990 we used 
discriminant analysis to test the hypothesis that 
microhabitat characteristics are predictive of trap 
success or failure. In unburned forests for southern 
red-backed voles, habitat variables were marginally 
capable of distinguishing between successful and 
unsuccessful trap sites. The habitat variables of 
greatest predictive value were diameter of nearest log 
(positively related), density of woody steins 
(negative) and distance to nearest tree (positive). 
These findings are consistent with the life history of 
Clethrionomys. Large-diameter logs result from tree 
fall, which leaves gaps in the canopy, and in the 
populatioiD! of live boles~ Hence, the distance to 
trees increases in areas with large logs. Red-backed 
voles have been repo'rted to associate closely with 
large diameter logs because of predator avoidance 
opportunities (Hayes and Cross 1987), and because of 

(16) 

fungi that grow in and near coarse woody debris 
{Ma$er et al. 1978). Belk et al. (1988), in a 
principal components analysis of microhabitat use in 
aspen-Douglas fir forests in Utah, reported that the 
southern red-backed_ vole was found in areas with 
dense canopy cover, high log density and in dense 
woody vegetation. 

The occurrence of deer mice in unburned forest 
could be predicted with high statistical significance 
using the 1990 microhabitat data. The discriminant 
function enabled classification that was 51% more 
accurate than would be the case with random 
assignment. Cover, height, and species richness of 
. herbaceous vegetation were the most important 
habitat variables, all positively related to trap success. 
This is consistent with the herbivorous and seed diets 
of deer mice. The highly significant discriminant 
function can be interpreted to mean that trap success 
of deer mice in unburned forest was predictable by 
our habitat variables. Conversely, Belk et al. (1988) 
reported ·that the deer mouse in Douglas fir-aspen 
forests . was associated with fallen logs and brush 
cover and negatively associated with cover and height 
of herbaceous vegetation. 

The microhabitat data collected in 1991 from the 
seven sites along the elevational transect will be used 
for discriminant analysis to test the repeatability of 
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the analyses of the 1990 microhabitat data, and to 
determine if the other species trapped separate out by 
microhabitat features. 

Based upon last summer's trapping results, small 
mammal species (except for the ubiquitous deer 
mouse) can be separated by habitats: the red-backed 
vole was associated with ·mature coniferous forests; . 
the montane vole was only abundant in aspen but 
occurred in the Snake River Riparian and Cascade 
Alpine Meadow; the water vole was only trapped at 
Laurel Creek and at the Alpine Meadow adjacent to 
running water; the long-tailed vole, only at Laurel 
Creek; and the least chipmunk was only abundant in 
the aspen and in the Huck bums. 
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• INTRODUCTION 

Riparian ecosystems · are among the most 
productive biological systems providing food, water, 
shade, and cover for wildlife (Thomas et al. 1979). 
Furthermore, they may display a greater diversity of 
plant and animal species and vegetative structure than 
adjacent ecosystems (USDI 1986). Previous 
investigators have sought to document rodent 
associations within riparian vegetation (Moor and 
Bradley 1975, Anderson et al. 1977, Boeer and 
Schmidly 1977, Gier and Best 1980, Paul 1981, 
Cross 1985, Doyle 1986, 1990, MacCraken et al. 
1985, Anthony et al. 1987). Generally, these studies 
demonstrate that riparian habitats contain higher 
abundance and lower diversity of small mammal 
species when compared to adjacent upland sites or 
nearby sites which contained variable non-riparian 
habitats. 

Odum (1978) states that for wildlife populations, 
the riparian zone provides a classic example of the 
ecological priticiple of "edge effect". This effect is 
exerted by adjoining communities on the population 
structure within the ecotone _which often contains 
greater ~umbers of species and higher densities of 
some species then either adjoining communities. He 
further states that density and diversity of species 
tend to be higher at the land-water ecotone than in 
adjacent communities. . This relationship between 
edge effect and wildlife has not been well 
documented (Forman and Godron 1986) in part, 

because research has focused more on induced edges 
created by corridors than by patches (Yahner 1988). 

The principle objective of our study is to 
understand the environmental and landscape factors in 
which the riparian edge habitat or ecotone, which is 
the area . of transition or boundary between the stream 
_and upland communities in which an organism has 
access or resides, influences small mammals. To 
accomplish this main objective, four sub-objectives 
require elaboration. They are: 

1. to develop baseline data on plant and small 
mammal species present in riparian, edge, and 
upland habitat of three streams in Grand Teton 
National Park, Wyoming. 

2. to describe, analyze, and compare the 
importance of "edge effect" between riparian 
and upland patches in forest and sagebrush
grassland habitats. 

3. to predict small mammal population 
characteristics with plant and soil microhabitat 
variables and associate small mammal 
populations with patch characteristic variables 
measured within the riparian, edge, and upland 
habitats of three streams. 

4. to initiate research on the movement patterns and 
relative habitat use of small mammals in the 
stream corridor, edge, and upland habitats. 
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+ METHODS 

TRAPPING ANIMALS 

Three study sites were live trapped for small 
mammals from 6/91 through 10/91 in Grand Teton 
National Park, Wyoming: Beaver Creek, Cottonwood 
Creek, and Glacier Gulch. At each site, six live
trapping lines were established - two each in riparian, 
edge, and upland habitats. The lines were developed 
parallel to the stream, and each line per habitat was 
separated by 100 m within 180 degrees. Edge and 
upland lines were also separated by at least 100 m 
within 90 degrees. Each line consisted of 10 trap 
stations at 10m intervals. Two Longworth live traps 
containing nonabsorbent nesting material were placed 
within 1 m of each station. Traps were baited with 
whole wheat, and unset traps were positioned at the 
trap stations for at least two days prior to trapping to 
attract small mammals to the traps (Mullican and 
Keller 1986). Trap lines were set for 3 consecutive 
nights and checked each morning. Each animal was 
ear tagged with an individually numbered, fingerling 
fish tag. Species, sex, reproductive condition, 
weight, and trap location were recorded. All animals 
were released at the point of capture, and all traps 
were removed from the sites after each sampling 
period to prevent habituation. At each site, 
streamside, edge, and upland habitats were sampled 
three times during the summer. 

HABITAT. ASSESSMENT 

To provide a vegetative description of areas that 
were sampled with live-traps, 5 trap stations were 
randomly selected from each line and sampled with 

· the line interception method (Floyd and AnderSQn 
1987). A vegetative profile analysis technique 
(Nudds 1977) was used to determine the vertical 
vegetative cover at each trap station. Soil samples 
were collected at a depth ranging from 5 to 10 em at 
each trap station and will be analyzed for bulk and 
particle density, pore space, and soil texture. 

HABITAT USE 

The edge effect will he ascertained by movement 
patterns, small mammal habitat use, and comparing 
trapping data of species' relative density and 
Shannon-Weaver's index of diversity at the edge with 
the riparian and upland habitats. Because the amount 

of edge ·habitat in an area is a function of edge width, 
edge length, and its configuration (Thomas et al. 
1979), the riparian edge habitat will . be quantified 
with measures of patch characteristics such as shape 
(Forman and Godron 1986). 

To determine movement patterns and habitat use 
by small mammals, important species within each 
habitat were powdertracked with fluorescent pigments 
and a UV light source (Lemen and Freeman 1985, 
Jike et al. 1988). Detailed mapping of habitat use can 
be accomplished with polar coordinates. X and Y 
coordinates will be computed to analyze home range 
sizes, and relative habitat use and movement patterns 
will be described and compared. 

+ RESULTS AND DISCUSSION 

During 3,207 live-trap nights undertaken at 3 
sites, 473 individuals were captured during the 1991 
field season. Eight species of rodents and one 
species of shrew were caught. · The results of a 
second and third tier of captures obtained in these 
areas are presented in Tables 1 and 2, respectively. 
A difference in species diversity of the rodent species 
is apparent among areas, being highest at the Glacier 
Gulch site. On the basis of these preliminary data, 
riparian areas appear to contain more microtine 
rodents and shrews. than other areas. Riparian areas 
also ·appear to have the ·highest species diversity, 
whereas, the edge usually contains the greatest 
abundance of small mammals. At the edge, it is 
apparent that animals have access to both riparian and 
upland areas and may utilize benefits available in 

. both habitats. 

Species composition and the relative density 
decreased as the trapping season progressed at Beaver 
Creek (Table 3). At Cottonwood Creek, species 
composition increased through the season while 
relative density peaked during mid-season. Species 
composition decreased through the season at Glacier 
Gulch, however, relative density increased. Two 
species of small mammal account for these seasonal 
changes in species composition and relative density: 
the deer mouse (Peromyscus maniculatus), and the 
southern red-backed vole ( Clethrionomys gappen). 
These two species may be more numerous in some 
areas, and their reproductive patterns may account for 
these seasonal fluctuations in such areas. 



Table 1. 

SPECIES 

177 

Total captures and kinds of small mammals live trapped during the second sampling undertaken in 
riparian (R), edge {E), and upland (U) habitats at Beaver Creek, Cottonwood Creek, and Glacier 
Gulch during July and August, 1991. 

Beaver Creek 
R E U 

Cottonwood Creek 
R E U 

Glacier Gulch 
R E U 

P. maniculatus 6 7 20 43 40 2 13 14 

S. cinereus 5 1 2 4 3 2 

Z. princeps 1 

M. pennsylvanicus 1 1 

T. amoemis 2 4 2 4 

M. montanus 1 1 1 1 

C. gapperi 10 10 4 

Table 2. Total captures and kinds of small mammals live trapped during the third sampling undertaken in 
riparian (R), edge {E), and upland (U) habitats at Beaver Creek, Cottonwood Creek, and Glacier 
Gulch during September and October, 1991. 

SPECIES 

P. maniculatus 

T. amoenus 

C. gapperi 

S. cinereus 

M. montanus 

M. pennsylvanicus 

M. longicaudus 

Beaver Creek 
R E U 

1 5 

3 1 

1 4 3 

1 

Cottonwood Creek 
R E U 

6 16 38 

1 

1 

2 1 

1 

1 

Glacier Gulch 
R E U 

4 . 10 18 

1 1 

15 4 3 

2 1 

1 
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Table 3. Total. ~ies captured, number of live-trap nights, and relative density per 500 trap nights during 
trappmg mtervals .at Beaver Creek, Cottonwood Creek, and Glacier Gulch, 1991. 

Area and Season Total catch Trap nights Relative density 

Beaver Creek 
mid June 
mid July 
late September 

Cottonwood Creek 
late June 
early August 
mid October 

Glacier Gulch 
early July 
mid August 
mid September 

32 
25 
19 

48 
113 
67 

34 
65 
70 
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• SUMMARY OF RESEARCH 
ACCOMPLISHMENTS 

We visited Grand Teton National Park in May, 
June and July 1991 to begin research on species 
interactions in shallow montane ponds. Our primary 
interests were in how body size variation influences 
species interactions, and how temperature influences 
body size and thus species interactions. Our goal in 
the first year was to explore the extant variation in 
temperature· regimes and body sizes of potentially 
interacting species, and examine . some of these 
species interactions. 

Pseudacris triseriata (the Northern Chorus 
Frog) was our focal species. Chorus frogs turned out 
to be relatively abundant at Grand Teton National 
Park, and occurred in most montane ponds. 
Breeding started on 21 May and continued for at least 
two weeks. Psuedacris were present in natural ponds . 
as tadpoles up through- mid July. Our research 
focused on the larval or tadpole stage. Several 
species of macro-invertebrates or small vertebrates 

· also occurred in these ponds. A small handful of 
these species attracted our attention. These species 
either were quite abundant and appeared to interact 
strongly with chorus frog tadpoles or other species 
that interact strongly with chorus frog tadpoles, or 

exhibited strong across pond patterns suggesting 
avoidance of chorus frog tadpoles. 

Two species of snails, one caddisfly larvae, and 
the Pseudacris tadpoles were the major herbivores in 
the system and could be quite abundant in any given 
pond. All three species are raspers and feed on the 
periphyton. Fairy shrimp also were common in some 
ponds. These are filter feeders that feed on plants, 
animals and protists. These four groups (especially 
the raspers) are likely competitors if resources are 
limiting. We quantified species densities in several 
ponds. The four grazers were all commonly present 
in the same pond but one group was typically much 
more abundant than the others in any . given pond. 
This pattern is interesting and something we hope to 
pursue . further. Whether this pattern is an 
epiphenomenon of our small sample size, due to 
undetected differences in habitat requirements, or a 
result of species interactions is not yet clear. 

There were two major predators in the system. 
Ambystoma tigrinum (Tiger Salamanders) were 
present in the ponds both as developing larvae, and 
less commonly as adults. The adults fed heavily on 
the snails and probably also fed on the tadpoles. The 
htrvae fed heavily on the tadpoles, but were too small 
(given their relative sizes this year) · to feed on the 



snails. Neither the adults or the larvae appeared to 
feed on the caddisfly larvae. The other predator was 
a larval insect (tentatively a Corydalid or Dyticid 
larvae) that was 25 - 40 mm long. This predator fed 
on tadpoles, but not caddisflys or snails. 

We collected a sample of predators and potential 
prey and placed them together to see who would eat 
whom. In addition we performed a small series of 
prey choice tests. In some tests the predator was 
offered a choice between different species, in others 
between prey of different sizes of the same species. 
Many aquatic predators including tiger salamanders 

and predacious insect larvae commonly feed on prey 
10 to 50 % of their body sizes. At these relative size 
ratios, slight differen~ in prey size can have major 
effects on the ability of the predator to capture and 
subdue the prey. This favors the evolution of strong 
prey preferences based on prey body size. Tiger 
salamander larvae disproportionately preyed on 
chorus frog tadpoles over damselfly larvae (roughly 
similar· sized and both abundant potential prey}, and 
disproportionately preyed on small relative to medium 
sized chorus frog tadpoles. 

We attempted to test for competitive interactions 
among caddisfly larvae and chorus frog tadpoles by 
performing an experiment in field cages. 
Unfortunately the pond dried faster than anticipated 
and the cages were left high and dry between two of 
our visits to the pond. We also performed an 
experiment to test for competitive interactions 
between one snail species and the chorus frog 
tadpoles. We superimposed the presence or absence 
of tiger salamander larvae (a tadpole predator) onto 
this competitive experiment. We have not analyzed 
the results of this experiment yet. · 
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Temperature variation was examined in several 
ponds and was pronounced. Temperatures varied up 
to 5 C from the surface to the pond bottom (even 
though ponds were less than 1m deep). Temperature 
also varied up to 5 C at the surface over the course 
of the day. Temperature varied up to 4 C between 
shady and sunny areas of a pond. Finally, 
measurements made at the same time documented up 
to 10.2 C differences in temperature between ponds. 

+ SIGNIFICANCE OF OBSERVATIONS . 

Our preliminary research reveals that there is 
sizeable temporal and spatial temperature variation in 
small montane ponds. Superimposed on this variation 
is variation across ponds in the body sizes of 
Pseudacris tadpoles and their potential competitors or 
predators. This appears to be a dynamic system in 
which to explore the interactions between temperature 
variation, body ·size variation, and the outcome of 
species interactions. We plan to continue this line of 
research. 

+ PROBLEMS 

We anticipate no. problems in continuing this 
research. 

+ WORK REMAINING 

The only work remaining on this project (for 
this funding year) is too analyze the 
competition/predation experiment and write a fmal 
report. 
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This projeet is designed to cha~cterize and map 
the vegetation of the Great Sand Dunes National 
Monument, Colorado (GSDNM) and to determine if 
the vegetated areas in the dune field are permanent, 
temporary, or migratory. It is not known if the 
vegetation around the dunes is encroaching on the 
dunes, being replaced by the dunes or is stable~ 

There are also concerns about the possible effect a 
proposed water export project adjacent to GSDNM 
would have on the dunes and their vegetation. 

+ METHODS 

Vegetation patterns were characterized by 
establishing a grid system of plots throughout 
GSDNM based on section comers and ongoing sand 
trap dune movement assays (Fig. lA). The grid was 
supplemented by additional plots in smaller and more 
unique vegetative communities .. Fewer plots were put 
in the large vegetatively depauperate sand dune areas. 
Circular plots (0.01 ha) were marked with the 
placement of 30 em steel bars. Plot sampling was by 
the releve methodology developed by the Zurich
Montpellier School of Plant Ecology (Shimwell1971, 
Harper et al. 1988). Each plot was photographed, its 
parental geological material recorded (Johnson 1969, 
Tweto 1979), vascular plant species identified (Welsh 
et al. 1987, Weber 1990) and classified by cover 
class ( < 1 %, = + , 1 - 5 % = 1, 6 - 25 % = 2, 
26 -50 % = 3, 51 - 75 % = 4, 76 - 95 % = 5, > 
95 % · = 6; modified from Daubeninire 1959) and 

sociability class (single, widely spaced individuals= 
1, small groups = 2, small patches = 3, extensive 
patches = 4, nearly pure stands = 5; Harper et al. 
1988), and a summary of the plot's cover made by 
percent tree layer, shrub layer, herb layer, 
cryptogamic layer, litter, rock (> 1 em), and bare 
soil. 

Plant communities were objectively identified by 
using multivariate statistical techniques we developed. 
We used two complementary clustering methods. 
Both methods are based on the co-occurrence of 
species. However, in the prevalence method, 
Prevalence Affinity, P A = N5iN5., where N81 = 
number of plots with species 1 in the species plots 
under consideration and N52 = number of plots with 
species 2 co-occurring with species 1. In the 
uniqueness method, corrected for random 
expectation, Uniqueness Affinity, U A = (N52 * 
NTs)I(Nsl * NTI), where NTs = total number of plots 
in the study, NT1 = total number of plots of species 
1 in the complete study, and the other symbols are as 
in the P A model. 

Concurrent with our travel to and from study 
plots we supplemented the existing list of vascular 
plants (Great Sand Dunes National Monument Staff 
1986) by collecting herbarium specimens of plants 
heretofore unknown from GSDNM which have been 
deposited in t~e herbaria of GSDNM, the Shrub 
Sciences Laboratory (SSLP), and Snow College. 
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+ RESULTS AND DISCUSSION 

Data from the 118 plots (Fig. 1A) subjected toP A 
and U A clustering sorted the plots into three 
prevalance clusters (Stabilized and Active Dunes, 
Wetlands, and Mountainside) and six complementary 
uniqueness clusters, two each for the prevalance 
clusters (Active Dunes, Stabilized Dunes, Marsh, 
Streambank, and two Mountainside clusters) (Table 
1). The two clustering proceedures objectively 
classify natural vegetation communities (Fig. lB, 1C, 
1D). The dry sand communities are either on the 
large active dune mass or on adjacent smaller 
stabilized dunes. All the active dune species are 
found on the stabilized dunes as well but the converse 
is not true. The wetland communities are along the 
steam courses or at other locations of surface water 
or high water tables. The tightest clustering in the 
whole study is the Marsh Uniqueness cluster. 
Mountainside communities are poorly differentiated 
because the relative small area included few plots for 
our study. Mountainside communities are on the 
slopes of the Sangre de Cristo Mountains which flank 
GSDNM on the north and east and are included only 
at the edge of GSDNM. The usefulness of our 
clustering ·method is illustrated by comparing means 
within cluster vs. means between clusters: P A is 
217.8 vs. 78.2; UA is 291.2 vs. 93.1. We discovered 
59 species from 26 familes new to the flora of the 
monument. 

+ ADDITIONAL RESEARCH 

The plot data are "ground truth" data. We will 
ma~h these ground truth data points with vegetative 
patterns characteristic on aerial photographs taken in 
1936 and 1990. We can then make an assessment of 
stability of the dunes and vegetative patterns and 
produce vegetation maps. 

The 59 species we added to the known flora of 
GSDNM represent an increase of 20 % over the 
number of species previously known to occur at 
GSDNM . (Great Sand Dunes National Monument 
Staff 1986). This increased number was obtained in 
ari incidental way as we recorded plot data and 
traveled to and from plots. We believe a systematic 
search for new species would be productive. 
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Table 1. Vegetative communities as determined by prevalence and uniqueness clustering. 

Prevalence Clustering Uniqueness Clustering 
Stabilized and Active Dune Species (78 plots, plus 8 mixed) Active Dunes ('29 plots, plus 47 shared with Stabilzed Dunes, plus 

9 mixed) 
Clustered !J!ecies Plots Relative affinit:I Clusterd species Plots Relative affinit:I 

Redjieldia jle:xuosa 61 207.5 Redjieldia fle:xuosa 61 253.2 
Psomlea lanceolata 60 181.5 Helianthus petiolaris 56 248.5 
Oryzopsis hymenoides 56 199.5 Lygodesmia juncea 37 259.8 
Helianlhus petiolarls 56 217.0 Corlspermum nilidum 28 ·362.5 
Oarysothamnus nauseosu8 49 176.6 Oenolhera coronopifolia 28 282.0 
Senecio spaneoides 47 160.6 Ambrosia acanlhicarpa 15 379.1 
Lygodesmia juncea 37 211.1 Sa/sola kali 13 278.6 
Sporobolu.s cryptandrus 31 197.8 <6 plots (4 species) 375.3 
Stipa comata 30 158.6 Weakly Clustered (5 sp.) 195.8 
Corlspermum nilidum 28 240.7 Sbared:Stabilizcd Dunes (11 sp.)- 258.1 
Oenolhera coronopifolia 28 222.2 
Cryptanlha fedleri 18 174.6 Stabilized Dunes (47 plots, all shared with Active Dunes. 
Yucca glauca 16 165.1 12lus 7 mixed) 
Ambrosia acaialhicarpa 15 226.1 Clustered species Plots Relative affinit~ 
Muhlenbergia pungens 14 208.1 
Cryplhanlha jamesii 13 201.8 Sporobolus cryptandrus 31 249.7 
Sa/sola kali 13 196.8 Muhknbergia pungens 14 257.2 
Penstemon angustifolius 11 198.9 Cryptanlha jamesii 13 266.5 
Erlogonum cemuum 10 201.2 Eriogonum cemuum 10 244.7 
Iilhospermun incisum 9 200.1 Iilhospermum incisum 9 289.2 
<6 plots ('23 species 225.0 < 6 plots (8 species) 265.9 
Weakly Clusterd (9 sp.) 129.0 Weakly Clustered (9 sp.) 200.7 
Shared: -none- Shared:Active Dunes (11 sp.) 265.6 

Wetlands (13 plots, plus 11 mixed) Marsh ('2 plots, plus 4 shared with Streambands, plus 8 mixed) 

Clustered ~ecies Plots Relative affinit~ Clustered species Plots Relative affinit~ 

Agropyron smilhii 14 176.8 Agropyron smithii 14 272.8 
Juncus balticus 11 294.7 Muhknbergia asperifolia 6 569.8 
Populus angustifolia 10 217.2 Lactuca tatarica 6 396.4 
Bromu.s anomalus 10 197.0 < 6 plots ('22 species) 608.2 
Poa praetensis 10 265.1 Weakly Clustered •2 sp.) 194.4 
Taraxacum oificinak 10 259.6 Shared:Streambank (48 sp.) 310.8 
Ribes kptanthum 9 217.0 
Rosa woodsii 9 284.9 Streambank: (6 plots, plus 4 shared with Marshes, plus 10 mixed) 
Salix exigua 8 294.0 
Rhus trilobata 7 177.3 Clustered SJ>ecies Plots Relative affinit~ 
Carex sp. 7 278.7 
AchiUea lanulosa 7 285.0 Populus angustifolius 10 251.9 
Populus tremuloides 6 260.8 Poa praetensis 10 289.9 
Alnus tenuifolia 6 317.0 Ribes kptanlhum 9 239.2 
Agropyron trachycaulum 6 264.4 Rosa woodsii 9 326.5 
Agrositis stolonifera 6 315.6 Salix e:xigua 8 303.8 
Muhlenbergia asperifolia 6 284.7 Carex sp. 7 271.6 
Aster chilensis 6 259.5 Populus tremuloides 6 322.0 
Epilobium glandulosum 6 317.0 Alnus tenuifolia 6 367.5 
Equisetum arvense 6 317.0 Agropyron trachycaulum 6 289.4 

Lactuca tatarica 6 249.3 Equisetum arvense 6 367.5 
Smilacina stellata 6 227.1 Smilacina stellata 6 261.7 
<6 plots (94 species) 295.1 < 6 plots ('26 species) 339.3 

Weakly Clustered 126.3 Weakly Clustered (6 sp.) 195.1 
Shared:Mountainside (3 sp.) 157.3 Shared:Marsh (48 sp .) 292.7 
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Table 1. (cont) 

Mountainside (15 plots, plus 11 mixed) 

Clustered apecied Plots 

Erysimum asperum 28 
Opunlia polycantha 2S 
Symphorlcarpos oreophilus 22 
Artemisiajrlgida 22 
Heterotheca villosa 20 
Juniperus scopulorum 19 
Bouteloua gracilis 19 
Senecio tridenticulatus 19 
Sitanion hysrrix 15 
Pinus edulis 13 
Carex rossii 13 
F estuca ovina 13 
Machaeranthera canescens 13 
Poa Jendlerlana 12 
Erlogonum jamesii 12 
Muhlenbergia montana 11 
Androsace septentrlonalis 11 
Cercocarpus montanus 10 
Hododiscus dumosus 10 
Ribes cereum 10 
Oryzopsis micrantha 10 
Chenopodium jremontii 10 
Senecio Jendlerl 10 
Pseudotsuga menziesii 9 
Descurania pinnata 9 
Gilia aggregata 9 
Abies concolor 8 
Arabis lignifera 8 
Arabis hoelboellii 7 
O.rysothamnus viscidijlorus 6 
Ribes aureum 6 
Koelerla nitida 6 

Gilia pinnatiftda 6 
IAppula redowsldi 6 
Penstemon barbatus 6 
<6 plots (51 species) 
Weakly Clustered (9 sp .) 
Shared:Wetlands (3 ap.) 

Relative affinity 

181.7 
171.9 
182.3 
180.5 
180.3 
170.1 
164.1 
159.8 
190.0 
203.4 
212.9 
201.1 
183.5 
201.5 
217.6 
221.5 
202.2 
223.6 
216.2 
213.1 
184.1 
176.1 
168.5 
202.5 
202.3 
170.8 
193.7 
217.9 
214.5 
181.3 
209.7 
226.7 
203.1 
185.7 
206.1 
211.7 
131.4 
160.7 

Mountainside A (0 plota, 15 ·shared with B, plus 11 mixed) 

Clustered species 

P~fondlerimw 12 
Androsace septentrlonalis 12 
Ribes cereum 10 
Abies concolor 8 
Penstemon barbatus 6 
< 6 plots (5 species) 
Weakly Clustered (25 ap.) 
Shared:Mountainside B (22 ap.) -

Relative affinity 

245.2 
226.0 
242.4 
230.2 
262.4 
252.3 
190.3 
261.2 

Mountainside B (0 plots, 15 shared with A, plus 11 mixed) 

Clustered species 

Carex rossii 13 
Festuca ovina 13 
Erlogonum jamesii 12 
Holodiscus dumosu.S 10 
Pseudotsuga m~nziesii 9 
Descurainia pinnata 9 
Arabis hoelboeUii 7 
Ribes aureum 6 
Gilia pinnatiftda 6 
< 6 plots (3 species) 
Weakly Clustered (23 ap.) 
Shared:Mountainside A (22 sp.)-

Relative affinity 

238.7 
220.3 
246.3 
245.5 
228.4 
229.0 
250.1 
256.1 
233.2 
247.9 
190.3 
249.5 

Unclustered species using the Uniqueness method (the 
Prevalence method produced no unclustered taxa): 

present in 6 or more plots . . . 28 species 
present in < 6 plots . . • . . . 23 species 
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Figure 1. Locations of study plots and vegetation clusters, Great Sand Dunes National Monument. lA. Location 
of vegetation survey plots. The hatched area outlines the main dune mass. The monument boundry follows the 
outside line. lB. Location of dunes vegetation cluster. lC. Location of wetlands vegetation cluster. lD. 
Location of mountainside vegetation cluster. 
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+ INTRODUCTION 

This research seeks to determine the relation 
between surging surface flow and projected 
groundwater declines at the Great Sand Dunes 
National Monument. Surging flow in Medano Creek 

· is a unique visitor attraction at the Monument, and is 
exhibited from April through July at easily accessible 
sites. Projected water table declines of up to 46 m 
due to an adjacent groundwater development scheme 
may increase infiltration rates in Monument creeks, 
thus leading to diminished or eliminated surge flow. 

+ OBJECTIVES 

1. Locate traces of the Sangre de Cristo fault 

2~ Measure stream discharge within area streams 

3. Establish the role of groUndwater levels in 
maintaining the intermittent flow of Medano Creek 

SURFACE FLOW VO~UMES 

Surface flow discharges in area creeks were 
·. either measured by standard velocity-area techniques, 

or by calculations from calibrated Parshall flumes. 

Velocity-Area Measurements 

. Velocity-area measurements were performed in 

natural stream channel cross-sections. Channel width 
was measured by steel tape, channel depth was 
measured by the current meter wading rod. Current 
velocities were measured at 0.6 channel depth with a 
Price-type pygmy meter and electromechanical 
counter, fot periods of 100 seconds. Velocity 
measurements were made at 0.6 m horizontal 
intervals across the channel. Discharge was then 
calculated by multiplying the mean velocity times the 
cross-sectional area for each measured "cell" in the 
channel cross-section. In places where water depths 
were too shallow for the current meter, the maximum 
velocity was measurd by the floating chip method. 
Mean velocity · was assumed to be 70-80% of 
maximum velocity (lower value used for extremely 
shallow braided channels). 

Flume Measurements 

We constructed two Parshall flumes of 1.9 em 
plywood with sheet metal cladding; pieces for a third 
flume were prepared as a contingency. Each flume 
had a 0.9 m throat section, with other dimensions 
dictated by those of calibrated flumes tested by the 
U.S. Bureau of Reclamation. These flumes were 
fabricated in three pieces (converging, throat, and 
diverging sections) and were transported via truck 
and by hand to gauging sites. The pieces were 
connected on site, and the flumes were placed into 
the streambed during moderately high flow conditions 
(Q= 7-10 cfs) . 



Discharge in the flumes is calculated as: 

Q(ml,IOC) = 2.184 Ha<m/.566 

where: Q = discharge of stream 
Ha= depth of water in flume converging 

section, 2/3 of way between throat and 
mouth 

Ha . was measured in two ways. Before 
September 15, 1991, Ha was measured via a pressure 
·transducer located in the access tube to the stilling 
well. After September 15, Ha was measured by a 
float gauge in the stilling well itself. Pressure 
transducer data were recorded on an Omnidata Data 
Pod II data logger, whereas float gauge data were 
recorded on an Omnidata DP-115 data logger. 

The upstream flume is located on Medano Creek 
approximately 100 m downstream of the Monument 
boundary (Boundary flume) and provides a baseline 
measurement of stream flow entering the Monument. 
The downstream flume is located on Medano Creek 
about 100m upstream of the confluence with Castle 
Creek, at the last channel section narrow enough to 
accomodate a flume. 

·sURGING FLOW 

The presence of surging flow was confirmed by 
visual observations. Periods between flow surges 
were timed with a stopwatch, whereas wave crest 
heights were measured with either a tape measure or 
the current meter wading rod. 

GROUNDWATER LEVELS 

Manual Measurements 

Depth to groundwater in deep water wells and 
coring' holes was measured manually. by a calibrated 
cloth tape with an electrosensitive probe at the end. 

Pressure Transducers 

Depth to groundwater in the shallower monitor 
wells was measured by Druck- pressure transducers 
connected to Omnidata Data Pod II data loggers. 
Transducers were calibrated based on known water 
depths as measured by the cloth tape and probe. 
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GEOLOGY AND GEOPHYSICS 

Colorado School of Mines Field Camp 

The CSM Field Camp collected geophysical data 
in the Monument to help locate buried faults and the 
groundwater table. The following methods were used: 
1) DC electrical resistivity soundings, 2) 
electromagnetics (EM 34), 3) seismic refraction, 12 
channel, Betsy source, 4) seismic reflection, 24-
channel, thumper truck source, S) magnetics, and 6) 
gravity. Details of methodology are found in the 
Final Report of CSM to the National Monument. 

+ PRELIMINARY RESULTS 

SURFACE FLOW VOLUMES 

Medano Creek 

Stream discharge in Medano Creek varies due to 
seasonal, diurnal, and man-induced factors at-a
station, and decreases downstream at all times due to 
infiltration (losing stream conditions). Discharge at_ 
the Picnic Area ranged from 10.97 cfs on June 20; to 
5.65 cfs on June 24, a decline of 1.075 cfs/day. 
Farther upstream at the Castle Creek flume, 
discharge decreased from 5.4 cfs on June 28, to 1.46 
cfs on July 9, a decline of 0.33 cfs/day. Still farther 
upstream at the Mowiument boundary, in the same . 
time period of June 29 to July 9, discharge only 
decreased from 10.2 cfs to 9.1 cfs, a decline of 0.09 
cfs/day. Thus, the large seasonal declines in 
discharge seen in the downstream, more accessible 
parts of Medano Creek, are successively "buffered" 
with increasing distance upstream. Longer-term 
seasonal flow declines at the Boundary flume, from 
29.3 cfs on Aug. 8 (following an artificial diversion 
.into the stream) to 4. 7 cfs on Sept. 14, average out 
to a decline of 0.60 cfs/day. 

Diurnal flow fluctuations are recorded at both 
the Castle Creek and Boundary flumes. Within each 
24-hour period, peak flow occurs between 6 am and 
9 am, with low flow occurring between 6 pm and 9 
pm. The diurnal fluctuation can be considerable. At 
the Boundary flume, between June 29 and July 4, 
flow varied daily from a morning peak of 10.2 cfs to 
an evening low of 7.2 cfs. During that same time 
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period, flow varied in phase at the Castle Creek 
flume, ranging from a morning peak of 6. 7 cfs "to an 
evening low of 4.4 cfs. The diurnal cycle is much 
more irregular . at the Castle Creek flume, due to 
passage of surge waves through the flume. The in
phase nature of peaks and troughs at two sites 4.4 km 
apart implies that we are not seeing a "slug" of water 
passing down the channel from snowmelt high in the 
basin, but that daily fluctuations in evapotranspiration 
from streambank plants which are intercepting water. 

In the fall, when flows are low, diurnal 
fluctuations are much less distinct. For example, 
from Sept. 16-18 flow at the Boundary flume only 
ranged from a daily high of 4.3 cfs to a low of 3.8 
cfs, while at the Castle Creek flume the daily highs 
and lows were 3.2 cfs and 2.5 cfs, respectively. 
These small fluctuations probably reflect the 
negligible evapotranspiration of plants in the fall. 

The largest flow fluctuation seen in the 5 
months of gauging records was the increase of flow 
due to "turning in" up to 15 cfs from an irrigation 
diversion near Medano Pass. This diversion was 
added to the ambient flow of Medano Creek on July 
23, resulting in an increase in discharge at the 
Boundary flume from 8.8 cfs to 22.9 cfs between 6 
pm, July 23 and 4 am, July 24 (increase of 14.1 cfs 
in 10 hours). These elevated discharges slowly 
decliried back to pre-diversion levels by August 16 
(24 days later), and continued declining to the present 
date.-

Sand Creek 

Discharge measurements were made in Sand 
Creek after peak flow conditions (June 22, 1991) and 
during fall low flow conditions (Sept. 26, 1991). A 
pair of measurements were made at the same location 
in a gravel-bed section 0.2 km upstream from where 
Sand Creek exits the Monument for the first time 
(f25S, R73W, Sec. 31). Discharge on June 22 was 
40.95 to 42.9 cfs, whereas discharge on Sept. 26 was 
only 3.5 cfs, representing a decline of 39.4 cfs in 96 
days, or 0.41 cfs/day. This decline is comparable to 
the long-term declines in Medano Creek (0.60 
cfs/day) in the gravel bed section at the Boundary 
flume. 

Mosca Creek 

Discharge measurements were made in Mosca 

Creek at the old USGS gauging station on June 26, 
1991, and again on Sept. 28, 1991. Flow had 
decreased in this period from 1.9 cfs to 0.13-0.19 
cfs. Low flow is maintained in Mosca Creek by the 
discharge of Mosca Spring, in contrast to similar-size 
creeks elsewhere along the Sangre de Cristo Range 
that dry . up completely after peak flows in May and 
June. 

STREAM LOSS RATES 

Stream loss rates refer to downstream losses in 
discharge, at a given time, due to infiltration into the 
streambed. 

Medano Creek 

Stream loss rates in Medano Creek can be 
calculated for the sand bed portion (downstream from 
the Castle Creek confluence) and for the gravel -bed 
section (upstream of Castle Creek). In the sand bed 
sections, a major logistical difficulty is measuring 
discharge simultaneously at two different locations in 
the streambed. Because discharge changes diurnally 
and daily, measurements taken at different channel 
locations, but at different times, cannot be used to 
calculate stream losses. We solved this problem by 
making an upstream measurement, then a downstream 
measurement, then another upstream measurement. 
We then calculate by linear interpolation what the 
upstream discharge would have been at the exact time 
the downstream measurement was made. Using this 
technique for stream loss between the Picnic Area 
and the monitor well cluster, we calculate a loss of 
3.7 cfs in 1.6 km, or 2.3 cfslkm, during the 
relatively high flow period between June 20 and June 
24, 1991. 

Stream losses are easter to calculate for the 
gravel bed section, because flow measurements at the 
two flume sites are always being made 
simultaneously. In the early summer, the loss rate 
between the Boundary and Castle Creek flumes 
ranges from about 2.86 to 4.08 cfs in 4.4 km, or an 
average loss rate of 0.65 to 0.93 cfs/k:m. At the much 
lower flows in early fall, the loss is only 1.08-1.10 
cfs/4.4 km, or 0.25 cfs/k:m. Higher loss rates at 
higher discharges are expectable, because the wetted 
perimeter of the stream bed (through which 
infiltration occurs) is greater at high discharges, and 
hydraulic head in the stream channel is also greater. 
Loss rates in the sand bed section (2.3 cfslkm) are 



2.5 to 3.5 times greater than loss rates in the gravel 
bed section (0.65-0.93 cfslkm) at the same time. · 
These larger loss rates in the sand bed section are 
mainly the result of much wider channels and wetted 
perimeters in the braided sand bed section, although 
some increase may be due to -greater hydraulic 
conductivity of loose eolian sand as opposed to 
alluvial gravel. 

Sand Creek 

-Loss rates in the sand bed section of Sand Creek 
were calculated during June and September, 1991. 
On June 22, between a gravel bed site and a sand bed 
site -4.8 km downstream, the discharge increased 
from 40.95-42.9 cfs, to 46.4 cfs, an increase of 3.5 
to 5.45 cfs. This counter-intuitive observation 
suggests that part, if not all, of this reach of Sand 
Creek is a "gaining stream" during the early summer. 
In September, at much lower flows, we estimated a 
loss in the sand bed section of 2.0-2. 72 cfs in 1. 7 km 
(1.18-1.60 cfslkm). 

In the gravel bed section, velocity-area 
measurements at two sites 1.6 km apart showed flows 
in September decreased from 3.5 to 3.0 cfs. This loss 
rate of 0.5 cfs/1.6 km (0.31 cfslkm) at low flow is 
comparable to the loss rate of 0.25 cfslkm calculated 
for the same time period for Medano Creek. 

The ratio of sand bed loss rate to gravel bed 
loss rate in Sand Creek ranges from 3. 8 to 5 .1. On 
Medano Creek, the same loss rates have ratios of2.5 
to 3.5. These numbers are roughly comparable, and 
show how much more water is lost once the stream 
adopts a braided channel pattern in sand. 

SURGING FLOW 

Medano Creek 

Surging flow was observed in Medano Creek 
wherever the bed was composed of sand, regardless 
of discharge or stream gradient. Small channels at the 
monitor well cluster (gradient 0.0128) with as little as 
1.65 cfs discharge, and mean channel velocities as 
low as 2.4 ft/sec, exhibited surging flow. The period 
of surge waves appears to be controlled mainly by 
gradient, instead of discharge. Surge waves at the 
Picnic Area (gradient 0.0182) typically have perods 
of 15-20 seconds, whereas "incipient" surge waves at 
the Castle Creek flume on the same day (gradient 
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0.0116) have periods of 80-90 seconds. 

Sand Creek 

Surging conditions were observed on June 22, 
1991, on Sand Creek 1.45 km upstream from where 
the creek enters the Monument for the second time 
(i.e., where the west boundary jeep road first 
intersects the creek). Sand Creek here has a gradient 
of 0.0045, roughly 35-40% as steep as the surging 
reaches of Medano Creek. In channels as small as 13 
feet wide, with average velocities of 2.4 ft/sec and 
discharges of 7. 3 cfs, we observed "incipient" surges 
in some channels. These surges are characterized by 
very small trains of standing waves (5-8 em high) 
that develop and then disappear in the same locations 
over relatively long time spans. Periods of surges in 
one channel ranged from 50 to 90 seconds, while in 
another channel periods ranged from 145 to more 
than 240 seconds. Because the standing waves 
dissipate rather slowly, it is hard to detect large surge 
waves travelling downstream. This type of flow 
behavior seems to be transitional between the rapidly
collapsing waves seen in Medano Creek (true surge 
flow), and stable standing waves. 

GROUNDWATER LEVELS 

Groundwater levels were measured in the 
· monitor well cluster from Dec. 1990 to present by 
NPS personnel. Data have been analyzed for the 
period Dec. 7, 1990 to August 7. 1991, and are 
presented here. 

Period of Constant Water Decline (Dec.7, 1990-
April 3, 1991) 

Water levels in all 6 monitor wells dropped 
slowly but steadily over this 4 month-long period._ 
Declines averaged 0.61 min all wells, for an overall 
decline rate of 0~2 m/month. 

Period of Rapid Water Rise (April 3, 1991- June 6, 
1991) 

Water levels abruptly rose up to 1.5 m between 
April 3 and April 13, 1991. Although we had no 
gauging stations installed at this time (the project 
started in May, 1991) we surmise that this rapid rise 
coincided with the arrival of spring surface runoff 
near the monitor well site. The rapid rise in wells 
near the Medano Creek channel (wells H,I,J,K) 
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occurred between April 3 and 13, · while the wells 
farthest from the channel {G,L) did not exhibit rises 
until between April 17 and May 16, when they rose 
up to 1. 8 m. This lag time represents the lateral 
movement of water in the recharge mound and its 
changing shape. From May 16 to June 16, water in 
all wells rose very slowly (0.06 m). 

Period of Slow Water Decline, Punctuated by a Sharp 
Rise (June 6- Aug. 7, 1991) 

All water levels fell significantly from June 6 to 
July 3, 1991, averaging 0.45-0.60 m decline. 
Between July 3 and July 17 water continued to 
decline, but then rose abruptly between July 17 and 
Aug. 7. This late, rapid rise was due to the July 23 
diversion of 14-15 cfs back into the Medano Creek 
channel from the irrigation ditch near Medano Pass. 
This addition effectively tripled the amount of water 
in Medano Creek, and led to a readvance of its 
terminal flow position from upstream of the Picnic 
Area to downstream of the monitor well cluster. 

Elevated Groundwater Levels in the Dunes 

A seventh well (well M) was added to the 
monitor well cluster on Aug. 25, 1991, 76 m farther 
toward the main dune mass from well L. Water 
levels in this well during Aug. and Sept. were higher 
than.those in wells Land G, indicating that the water 
table is sloping upwards toward the main dune mass 
between wells L and M. This is the first indication 
that there may be a groundwater mound under the 
dune mass, but confirmation will have to await 
geophysical measurements scheduled for winter, 
1992. 

GEOLOGY AND GEOPHYSICS 

Positions of Faults and Their Relation to Water 
Tables 

Fault scarps of the range-front Sangre de Cristo 
fault i.one diverge northwestward away from the 
range front near the mouth of Morris Gulch. This 
divergence, and the scarcity of range-front fault 
scarps north of Morris -Gulch, suggests that the 
Sangre De Cristo fault is splintering into a number of 
step-faults. These step-faults would bridge the angular 
reentrant in the Sangre de Cristo range centered on 
Little Medano and Medano Creeks; and would 
probably re-unite with the main range-front fault near 

Liberty. Such oblique step-faults are necessary to 
accomodate volume excesses in the subsurface near 
the change in fault strike. 

The CSM Geophysics Field camp was unable to 
locate a fault with major displacement between the 
Visitor Center and mouth of Medano Creek or 
between Medano Creek and the range front. 
Precambrian bedrock was usually inferred to lie at
depths .. ~o greater than 122 m, and was usually 
encountered at depths between 6-31 m. Because 
Precambrian bedrock is inferred to be at least 4880 m 
beneath the surface only 1.6 km west of the 
Monument, we infer that the major downward 
displacements mlist occur on step faults that underlie 
the main dune field. 

Several abrupt" decreases in depth to bedrock, 
inferred to represent faults, are not accompanied by 
changes in the overlying water table (as interpreted 
from seismic refraction). This observation suggests 
that the relatively small-displacement faults between 
Medano Creek and the range front do not act as 
significant groundwater conduits or barriers. 

+ INTERPRETATION 

Infiltration Rates in Medano and Sand Creeks 

Infiltration rates into the beds of Medano and 
Sand Creeks are much greater for sand-bed sections 
than for gravel-bed sections. The values for sand 
sections and gravel sections are similar for the two 
measured creeks, suggesting that channel width and 
bed permeability are the main factors in determining 
stream losses. Conversely, data suggest that the depth 
to the regional groundwater table, which is much 
greater at Medano Creek than at Sand Creek, does 
not significantly affect stream loss rates (as explained· 
in the next section). 

Nowhere did we see an abrupt, point-source 
stream loss that could be explained as water leaking 
downward into a narrow fault zone. However, 
locating such a leakage zone would require stream 
discharge measurements made at much more frequent 
spacings than the 1.6 to 4.4 km intervals we have 
used. Geophysical data suggest that faults, if they 
exist near Medano Creek, do not have sufficiently 
different hydraulic conductivity from surrounding 
rocks to perturb water table elevations. 



RELATION OF SURFACE FLOW TO THE 
REGIONAL GROUNDWATER TABLE 

Medano Creek 

The rapid response of monitor wells in Medano 
Creek to increases in surface flow shows there is a 
direct connection between surface water and shallow 
groundwater. The connection between shallow 
groundwater (up to 3.6 m) in the monitor wells, and 
deeper groundwater (up to 40 m) in Coring Hole C 
and water wells, has yet to be established. We plan 
to make multiple electrical resistivity soundings to 
solve this dilemma. 

Our preferred interpretation at this point is that 
the shallow groundwater in the Medano Creek bed 
constitutes the upper part of a large, bell-shaped 
groundwater recharge mound, which descends 
symmetrically downward from the channel of the 
creek to depths of ca. 40 min 0.4-0.8 km horizontal 
distance. The water at 40 m is the regional water 
table in the unconfined aquifer, which east of the 
pinch-out of the confining . "blue clays" is 
hydraulically connected to the underlying confined 
aquifer. The elevation of the water table in Coring 
Hole Cis essentially identical to that in Coring Hole 
A and in Indian Spring on the western side of the 
dune mass. This similarity argues that the regional 
water table maintains a very flat gradient away from 
the groundwater recharge mound of Medano Creek. 

Sand Creek 

Sand Creek has, by virtue of its abnormally 
large discharge, incised from 31-93 m deeper into fill 
of the San Luis valley than has Medano Creek. From 
a groundwater perspective, this means that Sand 
Creek has incised nearly to the level of the regional 
water table along much of its length, even near the 
range front. Electrical resistivity soundings by HRS 
Consultants (Denver) near Sand Creek confirm that 
the groundwater table is shallow (within 3.1-9.3 m of 
the surface) along much of Sand Creek. This 
geometry contrasts with that at Medano Creek, where 
the creekbed has been "perched" on a mass of eolian 
sand roughly 40 m above the regional water table. 
The apparent gaining conditions observed in Sand 
Creek in early summer may result from a temporary 
rise in the regional groundwater table to slightly 
higher than the bed of Sand Creek. This rise would 
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result in temporary "gaining" stream conditions for a 
reach of Sand Creek. One available source of raised 
groundwater could be Cold Creek, which loses a 
large surface flow before its confluence with Sand 
Creek. 

Electrical Resistivity Soundings in Medano Creek 

To confirm the existence of and shape of the 
Medano Creek recharge mound, and its connection 
with the regional water table, we plan to perform 
multiple electrical resistivity soundings in Medano 
Creek. We will use the Bison 2350 resistivity 
instrument owned by USU. The main traverse will be 
from the center of Medano Creek to Coring Hole C 
(a distance of 0.4 km}, where water levels are 
confirmed at ca. 42 m deep~ If resistivity works for 
this application, we will plan a more ambitious 
exploration program for our student's MS thesis 
project during Year 2. That program would involve 
a large-scale resistivity survey of the eastern half of 
the dune mass, including dozens of resistivity 
soundings. Locations of soundings in the dune field 
would be surveyed in by the latest generation of GPS 
equipment, to be loaned by a Denver manufacturer's 
representative. 

LABORATORY PERMEABILITY 
MEASUREMENTS 

Three samples of Medano Creek bed material 
have been collected and are being analyzed for 
saturated hydraulic conductivity at Utah State 
University. Results should be available by Jan., 1992. 
We wil then calculate the theoretical stream loss rates 
by multiplying channel width, times head loss, times 
hydraulic conductivity, and compare these theoretical 
values to observed values (cited previously). 

INSTALLATION OF 2-3 ADDITIONAL MONITOR 
WELLS 

We would like to add 2-3 monitor wells between 
Coring Hole · C and the bed of Medano Creek, to 
monitor the largest possible portion of the recharge 
mound. USU owns a trailer-mounted drill rig that 
should be capable of digging holes 12.2-15.3 m deep 
in loose sand. At ·present we have only enough drill 
stem to auger down 4 m.. Additional drill stem 
sections, costing up to $675 total, will be necessary 
to extend our capabilities to 15.3 m. 
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INTENSIVE MONITORING OF SPRING, 1992, 
PEAK FLOW 

The onset of peak spring flow produces the 
greatest observed response in the Medano Creek 
recharge mound. In order to refine a computer model 
of surface water-groundwater interaction, we need 
continuoUs measurements of stream discharge and 
groundwater levels at 1-hour (or less) intervals during 
the arrival of peak flow. The exact arrival of flow at 
the monitor well sites depends on spring weather, so 
we plan to have everything in place by March, 1992. 
Stream flow will be monitored by the two existing 
flumes. Groundwater levels will be monitored by the 
existing two pressure transducers, plus up to 2-3 
more transducers borrowed temporarily from USU. 
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+ INTRODUCTION 

Mesa Verde consists of a series of mesas in a 
north to south trend. The mesa tops are narrow 
strips, cut by numerous canyons of varying depth. 
Mesa Verde sandstones, particularly the Cliff House 
Formation, form the canyon slopes. Long Mesa, an 
area of focus in this study, has an elevation 2180 m 
at the south to 2517 m at the north end. Long 
Canyon cuts down to an elevation of 2133 m. The 
vegetation on Long Mesa is a mosaic of mature 
pinon-juniper woodlands and mountain shrub 
associations. Shrub associations range from Gambels 
oak, (Quercus gambeli1), and serviceberry, (Amelan
cheir utahensis), to Black Sagebrush, (Artemesia 
nova), and Bitterbrush, (Purshia tridentata). 

Although there is a body of information concerned 
with the effect .of fire on pinon-juniper woodlands, 
there are no adequate studies of the shrub-rich pinon
juniper ecosystem of Colorado. Succession following 
fire was documented by Erdman (1970) in Mesa 
Verde National Park. He reported that annuals 
dominate initially, then perennial grasses and forbs, 
followed by shrub invasion. The open shrub stage 
becomes a "thicket" approximately 100 years after 
the fire. The shrubs, he suggests, are outcompeted 
by pinon (Pinus edulis) and juniper trees (Juniperus 
osteospenna), which dominate by about 300 years. 

Fire and its relationship to resource management 
in Mesa Verde National Park has been outlined by 
Omi and Emrick (1980). Focus was given to 
succession (cover and frequency of grass and shrub 
elements) following the 1873, 1934, and 1972 fires, 
and models predict the possibilities of control over 
moderate and severe fires in various vegetation 
classes within the Park. The study was concerned 
primarily with the nature of fire behavior and various 
fire-related management tools for use by resource 
management personnel. 

Our observations suggest that there may be 
considerable heterogeneity in early post-fire 
successional patterns across a range of habitat types 
and fire severity within Mesa Verde National Park. 
Of particular interest is the distinct lack of pinon and 
juniper seedlings and saplings in all shrub 
associations on the northwest end of the Mesa. Thus, 
we cannot predict a successional pattern leading to a 
pinon-juniper woodland, such as found on the 
southern end of the Mesa, for other areas of the 
Park. We have developed two tentative working 
models which will provide the framework for the 
1992 ·field season. The model of fire behavior and 
vegetation patterning of north-central Mesa Verde 
differs from that of south-central Mesa Verde in 
several critical respects. Differences in substrate, 
derived from Cliffhouse sandstones in the south and 
Menifee shales in the north, and goographic position 
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relative to the wind patterns (upwind or downwind 
from potential ignitions)~ play critical roles in fire 
behavior and recovery. Our model aiso predicts a 
north-south variation in fire behavior that results from 
severity and frequency of previous fires, and the 
subsequent successional seres which result from the 
past fire experience. The effects of fire on srD.all 
mammal and avian populations must also be 
considered, as pinon-juniper invasion is tied closely 
to desperser and predator activity (e.g. Ligon 1978). 
The roasting reproductive cycle of pinon (Floyd and 
Richardson 1984) also affects potential regeneration 
within the fire cycle. Juniper reproduction also 
fluctuates from one year to the next. These and other 
factors are being considered by our research team as 
we search for predictions about fire responses in the 
Mesa Verde .vegetation. 

SPECIFIC OBJEctiVES AND METHODS OF 1991 
FIELD SEASON 

Objective 1. 

Objective 2. 

To measure parameters of fire 
severity along gradients of habitat 
and fire intensity within the 1989 
Long Mesa Bum. 

To document patterns of early post
fire succession in relation to 
gradients of habitat and fire 
intensity. 

We use the term "intensity" to refer to the energy 
release of a fire, whereas "severity" refers to the 
ecological effects of the fire. The following 
parameters of fire severity were measured either a 
quantitative or semi-quantitative inanner: 

a. tree injury, i.e. % of trees killed, injured 
but not killed, and uninjured 

b. ground cover, i.e. % cover of plants, 
unburned litter, burned litter, and bare 
mineral soil or rock 

c. · depth of soil char (an index to total heat 
release and of depth of which plant organs 
may have been injured and archeological 
materials da~ged) 

d. relative degree of rock spalling (another 
index of total energy release and potential 
damage to archeological materials) 

Establishment of sampling grids: Three sampling 
grids were established to include the range of severity 
and affected vegetation on Long Mesa, within Long 

Canyon, and on the North Escarpment of Mesa 
Verde National · Park. Grids were located by 
incorporating the extensive field expertise of NPS 
Resource Managers Steve Budd-Jack and Marilyn 
Colyer, and with the technical assistance of GIS 
specialist Allan Loy. 

1. Long Mesa Southern Grid (Grid #1): This grid 
consists of a square kilometer, sampled every 100 
meters, or a total of 121 sampling points. It was 
chosen to represent the heterogeneity of vegetation 
within the Pinon-juniper woodland region of the Park 
which has resulted from . the 1934 fires (Wickiup 
Canyon and Wildhorse Fires}, the 1972 Rock Springs 
fire, the 1989 Long Mesa Fire, and possibly an ill
documented fire in the region in 1873 (original maps 
by Erdman, no further documentation available). 
This sampling grid also spans Long Mesa and Long 
Mesa Canyon. "Control points" consist of vegetation 
missed by the 1989 fire. 

Data were collected from May 15 through June 
26, 1991. At each point we tallied all trees within a 
radius of 4 m and recorded the species, dbh, and 
condition of each· (i.e. dead, injured, uninjured). The 
% cover of living plants, unburned litter, burned 
litter, bare mineral Soil~ and rock substrates were 
sampled within four 0.25 m2 quadrats. Sampling 
within these plots was by means of a point-intercept 
(Mueller-Dombois and Ellenburg 1974). The 
sampling frame was placed 4 times (at 1 or 3 m 
either side of sampling point) and the vegetation or 
substrate intersected by junctions on the grid were 
recorded. Alternating with the placement of the 
sample quadrat, we excavated a shallow hole with a 
hatchet and measured the depth of soil char. The 
dominant grasses and forbs were recorded, and the 
number or burned and unburned stems of shrubs and 
trees were counted. Rock spalling was noted as an 
indicator of fire intensity. 

Data are now being stored on a Macintosh LC 
computer on JMP Version 2 Statistical Package. 
This program allows data to be directly transferred to 
SAS format. SAS is available at San Juan College if 
further analysis is required. This particular statistical 
package was chosen to allow data comparability and 
ease of comparison of Mesa Verde fire recovery data 
with that being collected in a similar methodology at 
Yellowstone National Park (Turner et al. submitted 
manuscript}. Data analysis will be carried out during 
the winter, 1991. 



2. Long Mesa Northern Grid (Grid #2): The second 
grid was placed within the treeless, shrub-dominated 
community which extends over much of the northern 
sector of Mesa Verde Park.· As the vegetation was 
fairly homogenous and the known fire history less 
complex than that of the. Southern Grid, the size was 
reduced to 1 km by 0.6 km, and the number of 
sampling points to 66. . Data were collected as 
outlined above. Data collection was completed 
October 13, 1991. 

3. North Escarpment Grid (Grid #3): The Long 
Mesa fire jumped over the North Escarpment and ran 
in strips down toward the base of this steep slope. 
The terrain was veiy difficult to sample, so the grid 
placement and sampling structure was modified for 
safety of the personnel. Grid #3 covers the Douglas
Fir (Pseudotsuga menzesil) shrub association which is 
found infrequently and typically on north-facing 
slopes, in the Park. The grid ran 0.5 km in length 
and 0.4 km in width, and sampl~s points were placed 
every SO m. Data collection was identical to that 
described above. 

Objective 3. To test a new method of dating 
prehistoric fires based on ages and growth patterns in 
the stems of perennial shrubs that resprout virorously 
following fire. 

We located healthy stands of Gambels Oak, 
Fendlerbush (Fendlera rubicola), Mountain 
Mahogany ( Cercocarpus mont anus), Serviceberry and 
Bitterbrush in areas of known fire history. Locations 
were made with experitse of Allan Loy, who outlined 
on a GIS layer the known fires, and· assisted our pin
pointing smaller fires with the Global Positioning 
System (GPS) unit owned by Mesa Verde. Shrubs 
were cut with a bow-saw as low to the ground as 
possible. Cross sections were taken back to the lab, 
sanded, and annual ring counts were made with a 
dissecting microscope. Each sample was aged by at 
least 2 investigators to check the accuracy of the 
method. In addition, several samples were taken 
from the same individual of a given species to 
determine how shoot production varies over time as 
the shrub resprouts after a fire. Jh.e preliminary data 
reported here are intended only as a test of the shrub
dating method to determine stand origin date, and are 
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based on a small sample size (n=48 cores). 
Additional shrubs samples will be made before the 
sampling method for the 1992 field season if 
finalized. 

Samples were collected from the 1934 Wickuop 
and Wildborse Mesa Fires, the 1959 Morfield 
Canyon fire, and the 1972 Moccasin Mesa and Rock 
Springs Canyon fires. These fires were selected 
because they are the most extensive fires in recorded 
history in Mesa Verde National Park. The shrub 
annual ring counts (pooled for all species) were 
compared across known fire dates. There is a 
significant (p < 0.05) added variance component 
among fires for shrub annual ring numbers. Thus, 
we conclude that shrubs are more closely related in 
their dates of origin within each known fire than 
between fires, and that the proposed method for 
determining stand origin dates from shrub annual ring 
counts is valid. Further sampling is needed to 
expand the reliability of this conclusion. 

We test the null hypothesis that the true age of 
shrubs from the 1934 fire is 56 years. The sample 
size is very low, so that although the Shapiro-Wilk W 
test indicates a normal distribution, we will focus on 
the non-parametric Signed-Rank test. This test shows 
that the sample mean does not approximate the 
hypothesized age of 56 years. Further sampling will 
be done in the 1934 fires to increase sample size. 
However, shrubs sampled in the 1959 Morfield bum 
averaged 30.8 years, allowing us to accept the null 
hypothesis that they are truly 31 years of age 
(distribution not normal, therefore Signed-Rank test 
p > 0.5). Also, shrubs sampled from the two 1972 
fires have an average age of 17 .6, and we accept the 
null hypothesis that they are sampled from a shrub 
population of age 18 years (T=-0.5, p>0.05). 
Thus, we feel confident that, with perfection of the 
shrub-dating method, we will be able to age stands by 
shrub-dating and prepare a stand origin map in 1992. 

Gambels oak shows the greatest promise as a 
species of focus for the stand origin map (Table 1). 
It is the most abundant shrub species in the Park, and 
the variation in ages from one population is small 
relative tot he other shrub species. False rings are 
less common than in other species. 
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Table 1. Determination of shrub stand origin from 
Gambels Oak annual ring counts. 

F-datc N ManASE Teat mlll)w. that aampk X- Pftdic:lcd •laid ace 

1934 2 38.5 + 3.3 
19S9 17 33.3 + 1.1 t - 3.35, p< .05 reject mill~-
1972 1 11.$ + 1.1 t ~0.86P>.05 aalCpt mill~-

Thus our estimates of age in oak stands do not 
consi~tently support the predicted age, as m the 1959 
bum. Overestimates as seen in the 1959 fire samples 
may be caused by false rings. Further analysis will 
be made to determine if more accurate ring counts 
can be made. Thus, we must be tentative in 
concluding the the proposed method will accurately 
age shrub stands in Mesa Verde. 

+ SUMMARY 

During the 1991 field season at Mesa Verde 
National Park, the frre research team accomplished 
two goals. First, grid systems were established 
across the diversity of vegetation types burned in 
1989 on Long Mesa. These grids will be used to 
follow the effects of fire on early successional 
patterns. We will assist in establishing a long-term 
monitoring of these grids by NPS resource 
management staff. Our second objective was to test 
a method for dating past fires using the annual rings 
of shrubs which resprout after fires. This method is 
needed because fire scarring tree species are not 

.available in the Mesa Verde National Park system. 
Preliminary sampling of shrubs indicate that, if 
perfected and restricted to certain species, a shrub
daing method will adequately predict stand origin 
dates. A stand ongin map will be created in 1992 
which will be used to date past fires in the Mesa 
Verde region. 
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observation of specific trees over time. The soil and 
plant tissue samples were collected and analyzed for 
elements. In order to try to isolate possible 
pathogens · of juniper die-off, isolations were made 
from trees showing juniper die-off symptoms. 

Transects were made at Natural Bridges 
National Monument in die-off stands located in 
different environmental conditions such as ridges, 
washes, flood plains, etc. At each site, 40 Utah 
juniper trees were selected by the quarter method 
(Phillips 1959). Each tree was measured for height, 
trunk diameter, signs and symptoms of diseases, 
insect damage, nonparasitic injury, die-off symptoms, 
vigor and percent of decadence. 

Nitrogen was determined by the Kjeldahl 
procedure using sulfuric acid digestion and the 
concentrations of the follwoing minerals: K, Ca Mg, 
Na, and Fe will be determined by using nitric
perchloric acid digestion and atomic absorption 
spectroscopy. Total chlorophyll of leaf tissue were 
extracted and quantified by the dimethyl sulfoxide 
method of Hiscox and Israelstam (1979). 

Soil samples were taken from each of the sites. 
The soils were dried, ground and analyzed for 
mineral composition using the Technicon Auto 
Analyzer and the Atomic Absorption Analyzer. Soil 
pH, composition and type were determined on the 
soils from the different sites. Soil moisture was 
determined by taking soil samples in moisture sealed 
containers at the three locations at each site. 

The data obtained from the site analyses were 
analyzed by statistical methods using Statview II. 

2. Hypothesis one: Nonpathogenic factors are the 
cause of Utah juniper die-off. 

The correlation between mineral content of the 
foliage and soil composition in relation to the 
symptom levels and the environmental locations, 
should give some indication of the possible deficiency 
of some elements such as iron or the possible toxicity 
of other elements sue!!. as sodium. Of particular 
~terest were the iron content of the soils and the 
foliage, since the die-off symptoms appear to be 
similar to iron deficiency. 

Particular attention was paid to the sodium 
content of the soil and to the foliar tissue of Utah 
juniper, since in an earlier study (Bunderson et al. 

1986) there was a positive correlation between needle 
blight and high soil salinity. 

3. Hypothesis two: Pathogenic agents (viruses. 
mycoplasma. bacteria, fungi. mistletoe. and insects) 
are the cause of Utah juniper die-off. 

Few studies have been made on the diseases of 
Utah juniper. The juniper rusts (Peterson 1967) have 
been surveyed. The presence of diseases of Utah 
juniper on 17 sites were surveyed by Bunderson et al. 
(1986). The level of mistletoe infection on juniper on 
the s<>uth rim of the Grand Canyon was determined 
by Hreha and Weber (1979). The presence of 
bacteria, fungi, mistletoe and insects were evaluated 
as part of the disease survey on the transects at the 
different reference sites. 

Isolation of organisms (bacteria, mycoplasma 
and fungi) were made using standard isolation 
procedures. Samples of twig and root tissue were 
fixed iii 3.5% glutaraldehyde (in 0.1 M phosphate 
buffer, pH 7.3) for 2 hrs, washed overnight in fresh 
buffer and postfixed for 2 hrs in 4% aqueous osmium 
tetroxide. They were dehydrated for 15 min each in 
a acetone series of 30, 50, and 70% and then 
transferred to saturated uranyl acetate in 70% acetone 
and stained for 1 hr. After staining, the specimens 
were washed in 70% acetone for 3 hrs dehyrated in 
90 and 100% acetone, inflitrated overnight in a 
eponacetone ( 1: 1) mixture and embedded in epon. 
The thin sections were cut on a Porter-Blum 
ultramicrotome using a diamond knife and examined 
in a Phillips 400 electron microscope. 

Plant tissue were prepared by a similar method 
to look for viruses using the electron microscope. 

The presence of insects were recorded during 
the reading of the transects. A few insects were 
collected. The tree trunks along the transects were 
observed for possible borers that could be causing 
damage to the junipers~ 

4. Hypothesis three: A combination of droul!ht. 
higher salinity and temperature stress are the cause of 
Utah juniper die-off. 

The southwestern part of Utah has been 
experiencing a severe drought over the past several 
years. As drought occurs, salinity tends to m~ve up 
to the upper layers of the soil. Since Utah juniper is 



salt sensitive, it is possible that these combinations 
could be contributing to the die-off problem. At the 
same time, endomycorrhiza and ectomycorrhiza have 
been reported to be present on Utah juniper 
(Reinsvold and Reeves 1986, Klopatek and Klopatek 
1987). The mycorrhiza increases the water 
absorption and mineral uptake capacity of Utah 
juniper. If the mycorrhiza on the juniper roots are 
decreasing, it could result in decreased water and 
mineral uptake and this could be an important aspect 
in the die-off problem. VA mycorrhiza on roots 
from Utah juniper have previously been observed . 
(Weber et al. unpublished data). Soil and fine roots 
from the Utah junipers growing at the different sites 
were collected and the amount of VA mycorrhiza is· 
being determined using the methods of Schenck 
(1982). 

+ RESULTS AND DISCUSSION 

1. The extent of the Utah juniper die-off in Natural 
Bridges National Monument. Table- 1 shows a 
summary of transect ratings. A completely healthy 
tree was not observed in any of the transects. 

2. Hypothesis one: Simple correlations were made 
with tip dieback, leaf blight and senescence and the 
soil factors. High correlations between these factors 
were not observed. Similar correlations were made 
with the elements in the plant tissue, and no high r 
values were obtained. 

3. Hypothesis two: No pathogens were isolated 
from the leaves. High correlation of juniper ·die-off 
and elements in the leaves were not observed. 
Electron microscopy analysis indicated considerable 
modification in the diseased cells and the presence of 
crystals. It is not known at this time if the crystals 
are made up of calcium oxalate or viruses. 

4. Hypothesis three: No strong correlation 
between soil moisture, soil salinity and juniper die-off 
was observed. 

• CONCLUSIONS 

After 6 months of study, information on the 
extent of the juniper die-off and the elements in the 
soil and in plant tissue has been obtained. No high 
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correlations have been found between juniper die-off 
and soil and plant factors. The causal agent of 
juniper die-off is not clear at this time. 
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+ PROJECT SUMMARY 

The primary objective of the first year of the 
project was to determine the number and distribution 
of exotic plant species within the park. A 
preliminary list of exotics was provided by park . 
personal. A more complete list of exotics found in 
the park was then generated using Heidel's (1990) list 
of "Preliminary Vascular Flora of Theodore 
Roosevelt National Park". The origin of all of the 
plant species listed in that report were determined 
Jrom Stevens (1963) and Flora of the Great Plains 
(Great Plains Association 1986). 

A total of 57 species, representing 18 families, 
of exotic plants have been identified as occurring 
within Theodore Roosevelt National Park (Table 1). 
Park personnel initially provided a list of 31 species 
of exotic plants. This initial list increased to 52 
species when the origin of the preliminary vascular 
flora of Heidel (1990) was examined. Five species 
were recorded during the 1991 field season as new 
additions to both the initial list provided by park 
personnel and the preliminary flora list reported by 
Heidel (1990). 

A systematic search of both the North and South 
Units was conducted using the functional management 
units as described by Marlowe et al. (1984) and 
Heidel (1990). An effort was made to traverse as 
much of the Park as possible. A rather intensive 
survey was first made of most of the watershed that 

comprises Jules Creek. The dominant exotic species 
found during this survey was leafy spurge (Euphorbia 
esula), with smaller populatjons of Canada thistle 
(Cirsium arvense). Other exotics were noted during . 
the survey and included yellow sweet clover 
(Melilotus officinalis), smooth brome (Bromus 
inennis) and, Kentucky bluegrass (Poa pratensis). 
An attempt was initially made to map each infested 
leafy spurge site onto . U.S.G.S. 7.5-m.inute 
topographic maps. However, the high density of the 
infestations and the low resolution of the maps 
prevented accUrate identification of specific infested 
sites on the topographic maps, hence an alternative 
approach was used. The surveyed area was sub
divided into segments and the infestations grouped by 
segments. The density of Canada thistle infestations 
was lower compared to leafy spurge; therefore, 
individual infested sites could be mapped. 

The overall area of each infested leafy spurge 
and Canada thistle site was estimated by measuring 
the long- and short-axis of the infested area. Small 
areas (<10m wide) were measured with a fiberglass 
tape measure. Larger areas were estimated using a 
rangefinder which was periodically checked with a 
tape measure. The following information was 
recorded at each site: 1) a list of exotic species and 
their relative abundances, which was leafy spurge in 
most cases, 2) a list of native species and their 
relative abundances, 3) the position of the infested 
site on the landscape, and 4) the proportion of the 
landscape component infested by exotics. The area 
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Table 1. Exotic plants of Theodore Roosevelt National Park prepared from the preliminary park flora, Stevens 
(1963) and Flora -of the Great Plains (1986). Plant nomenclature follows that of Flora of Great Plains 
(1986). NU=North Unit, SU=South Unit. 

Family/Scientific Name 

A11Ulranthaceae 
Amaranthus graecizans1* 
Amaranthus retroflexus1* 

Asteracea 
Artemisia absinthinum1* 
Carduus nutans1* 
Centaurea maculosa 
Centaurea repens 
Cirsuim arvense 
Lactuca serriola 
Sonchus arvensis* 
Taraxacum officinale 
Tragopogon dubius 

Boraginacea 
Asperugo procumbens* 
Lappula echinata 

Brassiceae 
Alyssum dessortum2* 
Camelina microcarpa* 
Capsella bursa-pastoris 
Conringia orientalis* 
Descurainia sophia* 
Lepidium peifoliatum 
Sisymbrium altissumum* 
1hlaspi arvense* 

Caryophylllaceae 
Silene cserei* 
Silene pratensis* 

Chenopodiaceae 
Chenopodium album* 
Chenopodium glaucum* 
Kochia scoparia 
Salsola iberical 

Convoluvaceae 
Convoluvus arvensis 

Common Name 

Prostrate pigweed 
Redroot pigweed 

Absinthse wormwood 
Musk thistle 
Spotted knapweed 
Russian knapweed 
Canada thistle 
Prickly lettuce 
Sow thistle 
Common dandelion 
Goatbeard/Salsify 

Catch weed 
Blue stickseed 

Alyssum 
False flax 
Shepherd's purse 
Ilare's-ear mustard 
Flixweed 
Heart-leaved peppergrass 
Tumbling mustard 
Penny cress 

Smooth catchfly 
White campion 

Lamb's quarters 
Oak -leaved goose foot 
Burning bushlkochia 
Russian thistle 

Field bindweed 

Recorded in 1991 
NU SU 

X 
X 

X 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 
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Table 1. (continued). 

Recorded in 1991 
Family/Scientific Name Common Name NU su 

Ehagnaceae 
Eleagnus angustifolia Russian olive 

Euphorbiaceae 
Euphorbia esula Leafy spurge X 
Euphorbia x psuedovirgata* Hybrid leafy spurge 

Fabaceae 
· Medicago sativa Alafala 
Melilotus alba White sweet clover X 
Melilotus officinalis Yell ow sweet clover X X 
Trifolium repens* White clover 
Vicia sativa Common vetch 

Lamiaceae 
Nepetea cataria Catnip 

Uliaceae 
Asparagus officianalis Asparagus 

Malvaceae 
Malva parivifolia* Mallow 
Malva rotunifolia1* Dwarf mallow 

Poaceae 
Agropyron cristatum Crested wheatgrass X X 
Agropyron repens* Quack grass 
Bromus inermis Smooth brome X X 
Bromus japonicus Japanese brome X X 
Bromus tectorum Downy brome X X 
Echinochloa crusgalli* Barnyard grass 
Poa bulbosa* Bulbous bluegrass 
Poa compressa Canada bluegrass X 
Poa palustris* Fowl bluegrass 
Poa pratensis Kentucky bluegrass X X 

. Setaria viridis* Green foxtail 

Polygonaceae 
Polygonum achoreum* Knotweed 
Rumex crispus Curled dock 
Rumex stenophyllus. Dock 

Ranunculaceae 
Ranunculus sclerarus 

var scleratus Cursed crowfoot 
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Table 1. (continued). 

Recorded in 1991 
Family/Scientific Name Common Name NU SU 

Scrophulillillceae 
Linaria vulgaris* Butter and eggs 

Solanaceae 
Hyoscyamus niger Henbane 

* Added to the preliminary exotic list that was initially provided by park personal 
1 New to both the preliminary list and Heidel (1990) from collected specimen found in the North. Unit 
2 Listed in Caryophyllllceae by Heidel (1990) 
3 Listed as Salsola knli in Heidel (1990) 

infested by these two species along Jules Creek will 
be estimated during the next few months and 
incorporated into the 1992 annual report. 

Other physiographic areas surveyed during the 
1991 field season include the Achenbach Hills, 
Bottomland Grassland, Rolling Grasslands, Sagebrush 
Bottoms, Toeslopes and Upland Grasslands of the 
North Unit, and the Grassland Flats, Old River 
Terraces, Ridges and Ravines and Upland Grasslands 
of the South Unit. Several, randomly located sample 
sites were subjectively chosen within each 
physiographic unit selected for detailed study. An 
attempt was made to select specific study sites that 
represented the entire physiographic unit as a whole 
from heavily infested to non-infested. Two, parallel 
25 m line transects were placed at each selected site. 
A 20 X SO em quadrat was placed at 1 m intervals 
along each transect for a total of SO quadrats per 
sample site. Each exotic plant species occurring in 
the quadrat was· paced in a cover class as described 
by Daubenmire (1959). A two-meter belt transect 
recorded the occurrence of any exotic plant species 
not observed in the quadrats. This information is 
currently being Summarized and will be incorporated 
into the 1992 annual report. 

. A total of 10 sites were sampled in the North 
Unit while 54 sites were sampled in the South Unit. 
Twenty-two species were recorded in both the North 
and South Units of the Park (Table 1). Japanese 
brome (Bromus japoniCus) was the most frequently 
occurring species in the North Unit. The dominant 
exotic species found in the South Unit include 

Japanese brome, smooth brome, downy brome (B. 
tectorum), and salsify (Tragopogon dubius). 

Aieas adjacent to developed roads were also 
examined in both . the North and South Units. 
Variable length transects were sampled on both sides 
of the road at 1.6 km intervals beginning at the Park 
entrance for each Unit. Smooth brome was, by far, 
the most dominant exotic species found along the 
roadsides for both the North and South Unit. 

Two sites were selected for preliminary 
evaluation of the ecological impact of four selected 
exotic species on the native constituents. The 
selected exotics include leafy spurge, smooth brome, 
japanese brome and downy brome. All three of the 
bromes were found in various degrees of infestation 
(light, moderate and heavy) on the area known as 
Johnson Plateau in the South Unit. An area near the 
Petrified Forest on the west side of the Little 
Missouri River was selected to evaluate the impact of 
leafy spurge on the native species. 

Aboveground biomass, by species, was harvested 
from 30 subjectively placed 20 X SO em quadrats for 
each of the four exotic species. The 30 quadrats 
were subjectively placed so that a range of 
infestations .(light=O% cover of exotic, 
moderate=SO% cover of exotic, and heavy= 100% 
cover of exotic) could be evaluated. Thus, 10 
quadrats were clipped for each cover class of exotic 
species. Standard analysis of variance procedures 
were used to compare the effect of the exotics on 
biomass means. 



Total aboveground biomass was significantly 
higher (P < 0.05) on heavily infested sites (mean= 261 
g/m'l) for all four sites compared to both moderately 
infested (mean=160 g/m~ and non-infested sites 
(mean=145 g/m~. The dominant native species on 
non-infested sites found on Johnson Plateau were 
western wheatgrass (Agropyron smithii), blue grama 
(Bouteloua gracilis), threadleaf sedge ( Carex filifolia) 
and needle-and-thread (Stipa comala). Considering 
all three species of brome collectively, the 
aboveground biomass of the major native species was 
substantially reduced by both moderate and heavy 
infestations (Figure 1). Smooth brome, the only 
perennial of the three species of brome examined, 
appeafed to be the most detrimental to aboveground 
production. The biomass of most of the native 
species was significantly reduced (P<O.OS) by only 
moderate amounts (50% cover) of smooth brome. 
For the other two species of brome, significant 
reductioll$ (P<O.OS) were observed only when cover 
valueS for the exotics approached 100 percent. 

The dominant native species found associated 
with light, moderate and heavy infestations of leafy 
spurge on the west side of the River included needle
and-thread, blue grama and threadleaf sedge. The 
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aboveground biomass for needle-and-thread and blue 
grama were significantly reduced (P < 0.05) by both 
moderate and heavy infestations of leafy spurge 
(Figure 1). However, threadleaf sedge was not 
impacted by even heavy infestations. 
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EFFECTS OF 1988 FIRES ON ECOLOGY OF COYOTES IN 
YELLOWSTONE NATIONAL PARK: BASELINE 

PRECEDING POSSIBLE WOLF RECOVERY 

• 
ROBERT L. CRABTREE + BIOLOGY DEPARTMENT 

MONTANA STATE UNIVERSITY + BOZEMEN 

+ ABSTRACT 

Fifty-four healthy coyotes (Canis latrans) and 
32, 8-12 week old pups captured at dens were radio
tagged in the Lamar Valley and Blacktail Plateau 
areas of the northern range of Yellowstone National 
Park. Seven of the 40 captured in the fall were 6 
month-old pups which suggest slow population 
productivity. Adults range in age from 1 to 12 years 
and averaged nearly 4 years old. Territorial packs in 
both study areas are adjacent, non-overlapping, 
contiguous, and averaged 15 km2

/ We estimate that 
85 to 90% of coyotes on the northern range belong to 
packs. A territorial group or pack during the winter 
consists of 2 alpha individuals, 2 or 3 beta adults, 
and 2 or 3 adult-sized pups (average pack size = 7). 
Nine adults were killed (2 mountain lion [Felis 
concolar], 2 road-kill, 2 shot, and 3 unknown) which 
equates to a 15% annual mortality rate. Eleven of 36 
pups have died between the ages of 3 and 9 months 
old. Population productivity ranges from 2. 0 to 2. 7 
pups recruited per territory. The reproductive failure 
rate among breeding groups averaged 15% during 
1990 and 1991. Initial coyote density estimates are 
0.09 per km2

• Intensive foraging observations were 
conducted from January through June 1991. In 353 
houis of focal observations 427 capture attempts were 
made on small mammal prey with 162 (38%) 
successfuL Habitat type played a key role in the · 
success rate. Mesic meadows had the highest capture 
rates followed by willow/meadow habitats and sage 
habitat. Small mammals, especially vol~ (Microtus 

spp.), dominate the diet with ungulate remains 
becoming important in May through July, presumably 
elk (Cervus elaphus) calves and late winter, mostly 
scavenging. We have observed numerous successful 
and unsuccessful predation attempts on ungulates in 
our study areas. Coyotes appear to impact ungulate 
numbers in 3 ~ays: predation on calves and fawns 
shortly after birth (up to 8 weeks), predation on 
short-yearlings and adults during winter, and indirect 
impact from harassment of other predators at 
ungulate-kills. Coyotes may be the major ungulate 
predator on the northern range due to cooperative 
social and foraging behavior, their ability to take 
advantage of vulnerable ungulates, and their high 
population levels. Wolf(Canis lupus) extirpation has 
probably resulted in high coyote population densities. 

+ 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 an 
comprehensive, objective study of coyote ecology 
been undertaken in the Yellowstone ecosystem~ 
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The objectives of this project are to: 

1. Assess effects of 1988 fires on coyote 
survival, reproduction, activities, pack and 
terrritorial dynamics. 

2. Estimate · coyote population density and 
quantify their ecological role preceding 
potential wolf 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. 

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

8. Develop and test a social-class structured 
population model in comparison to sex- and 
age-structured approaches. 

9. Estimate parameters for, and develop an 
empirically-based energetic model that 
explains the variation in spatial location, 
movement, and reproductive success of 
coyotes based on various underlying themes 
(prey base, habitat, slope, aspect, etc.). 

METHODS 

GENERAL POPULATION DEMOGRAPHY 
AND SOCIAL ECOLOGY 

Adult coyotes will be captured with padded, 
offset leghold traps (Soft-catch, Woodstream, Inc.) 
with attached tranquilizer tabs (Balser 1965). Other 
injury-minimizing (and avoidance ·· of non-target 
species) modifications were developed by Crabtree 
(1989) who incurred no major injuries and no deaths 

in 121 captures of 112 individual coyotes. We will 
also capture coyotes with a remote-triggered, fence
net near carcasses during winter. 

The sex, weight, estimated age, condition 
indices (Crabtree 1989), presence of scars and unique 
marks, and description of genitalia and mammae will 
be determined for each coyote. The vestigial first 
premolar will be extracted from an anaesthetized 
lower jaw for age analysis via cementum annuli 
examination. Each coyote will be ear-marked and 
fitted with a modified (Crabtree 1989) 3-year radio 
collar we~ghing 3% of body weight. Blood samples 
will be taken for serological analysis and SN A 
fingerprinting. 

All baseline ecological . data will be collected 
according to 3 biological seasons: whelping, 15 April 
to 15 July; pup-rearing, 15 July through 15 October; 
and winter (breeding), 15 October through 15 April. 
At . the end of each biological season, pre-defined 
transects will be canvassed to collect coyote feces. 
This will allow correlation of biological-season 
specific movements, habitat use, and behavior with 
foraging ecology and food habits. 

Coyotes will be radio-tracked with a variety of 
techniques including a fixed-station null-peak system. 
Resideqt coyotes will be located every hour during .12 
night sessions each biological season. Coyotes will 
be located only during active periods determined by 
remote activity-monitors and infrequent 24-hour 
sessions. Non-resident coyotes will be monitored 
approximately two times per week. Individual 
residency times (Crabtree 1989) on the pre-selected · 
core study area will be estimated to aid in the 
determination of social class, population social 
composition, and population density (Dennis et al. 
1991). Coyotes will be assigned social status based 
on the classification criteria of Crabtree (1989) who 
studied a natural, unexploited population. 

The above methods will allow for the estimation 
of emigration (dispersal), immigration, survival, 
mortality factors, territorial turnover, social class 
transition probabilities, and population productivity. 
Maximum-likelihood estimates of survival and 
mortality factors will be generated with the program 
SURVIV (White 1984) and modified with the Kaplan
Meier staggered-entry models (Pollock 1989). This 
analysis will allow survival and mortality factors to 
be estimated and statistically tested by year, age 



class, social class, season, and sex. . Litter size will 
be determined from den counts and occasional (if 

. any) female carcasses. The proportion of females in 
the population that breed will be estimated from 
activity and movement data during whelping as 
verified by Crabtree (1989). A modified Markov 
transition/Leslie matrix model based on social-class 
specific mortality and fecundity will be constructed 
(Crabtree, unpublished manuscript) to estimate 
population growth rate and social-class transition 
probabilities. 

Pups will be hand captured at dens when 9-12 
weeks old and surgically implanted with 
intraperitoneal radio-transmitters. This will allow 
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) will be estimated with 
an adaptive kernel method (Worton 1989) using a 
recently developed . computer program (Garton and 
Crabtree 1989, unpublished). For comparative 
purposes the minimum convex polygon (Mohr 1947) 
and harmonic mean (Dixon . and Chapman 1980) 
methods will be calculated. Seasonal spatial overlap 
indices will be calculated based on volume overlap of 
animals' utilization distributions (program OVERLAP 
[Lehan and Crabtree 1988]). 

SPECIFIC METHODS FOR FIELD-ORIENTED 
OBJECTIVES 1 THROUGH 7 

1. We will quantify the following coyote 
responses: survival, reproduction, changes in 
s<>cial status, territoriality, group size, food 
habits, . prey consumption, seasonal home 
range shifts, and foraging activity and 
location. We will treat the territory or 
coyote social group as the sampling unit and 
conduct a "gradient analysis" (Ter Braak and 
Prentice 1988) in the form of a linear 
model. Extensive effort will be placed in 
capturing at least one (or both) alpha adult(s) 
in at least 12 territories located across a 
gradient of fire intensities and bum types 
(e.g., forest, shrubland, and sedge) with 4 
of 12 territories located in . unburned, 
"control" areas. We simply seek to explain 

· the variation among territorial group 
response variables (dependent variables 
above) by measurement of habitat variables 
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such as cover, bum characteristics, and prey 
abundances of each territory (independent 
variables). 

2. We will utilize a modified mark -recapture 
method known as radioisotope feces-tagging 
that has much promise and has recently been 
implemented to directly estimate coyote 
population size and density (Dennis et al. 
1991). Captured coyotes are administered a 
tag that marks the feces. This averts 
recapture biases, eliminates the need for 
recapture of coyotes, and provides large 
sample sizes and more precise estimates. 

We propose 2 uniq1,1e and innovative approaches 
to determine the ecological role of the coyote with 
emphasis on their impact on prey species. First, we 
will utilize a differential digestability model recently 
developed and apply it to our population of coyotes. 
Secondly, we will estimate predation rates on prey 
species based on the highly observable and habituated 
coyote population of Yellowstone's northern range. 

We will not oniy examine food habits from scat 
analysis but apply a method that estimates the actual 
fresh weight of prey ingested for each prey species 
(elk, mule deer, antelope [Antilocarpan americana], 
microtines, etc.). This differential digestability 
model was recently completed (Kelly 1991). This 
model corrects the bias due to differential digestion of 
prey items. This research was · the result of an 
extensive, highly controlled and replicated series of 
feeding trials involving 50 coyotes, 37 prey species 

·combinations, and multiple examination of over 1,600 
coyote scats. Differential digestability of different 
prey types caused a severe bias which means current 
methods are highly inaccurate. · Even the gross 
ranking of preferred food items based on percent 
frequency of occurrence of prey items in scats can be 
highly misleading. Differential digestibility was 
found to be a complex function of physiological 
parameters such as feeding time strategies, retention 
tinie and passage rates in the stomach, and surface 
area to volume ratios of prey types. 

Besides the application of the differential
digestability model, the key to estimating the actual 
biomass of prey consumed by a population of coyotes 
(e. g., Lamar Valley) is estimating the population size 
of coyotes (this we have) and estimating coyote 
defecation rates. There are 3 ways we propose to 
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obtain estimates of defecation rates. First, the above 
pen study will provide an estimate, but a degree of 
uncertainty exists as to whether this is representative 
of the real field situation. A second estimate can be 
obtained from dividing the total number of observed 
defecations by the total number of observed coyotes
hours. A third estimate can be obtained from snow
tracking coyotes and recording the distance in 
between defecations. Because the routes of snow
tracked coyotes can be determined from radio
tracking, the distances between defecations can be 
converted into time-specific rates. Other events 
revealed from snow-tracking, like urination scent
marking and predation attempts, can similarly be 
converted to time-specific rates. 

Because we can collect a sample of scats from 
the.interior core area of a territory with certainty that 
those scats are from that pack we can again, 
determine the effect of fire, available prey, group 
size, etc. on prey type consumed. Crabtree et al. 
(1989) individually marked and· identified the scats 
from 44 coyotes and verified that over 95% of the 
scats collected from inside the home-range core area 
are from the resident pack themselves. 

3. We will estimate both the availability of elk 
carrion (and other ungulate carrion) and 
mule deer density and relate this to coyote 
population dynamics at 2 levels: the 
individual territory and the total coyote 
population (over time). Concurrent with the 
winter traasects addressed in objective #6, 
we will conduct winter ground transects on 
the northern winter range in order to 
estimate the availability of carrion. 
Estimates of mule deer density will be 
gathered from other ongoing research efforts 
in the park. 

Thus, as in objective #1, an individual 
territory's survival, reproduction, change in social 
status, territoriality, group size, food habits, prey 
consumption, seasonal home range shifts, and 
foraging activity and location will be relaated to, and 
tested for the availabil~y estimates of carrion and 
m~e deer (gradient analysis). Additional estimates 
of other ungulate prey (e.g., antelope fawns) may 
also be addressed in the same manner as mule deer 
availability. 

4. We will examine the following coyote 

response to ungulate movements both to and 
from the winter range at both the territory 
and population level: diet shifts, changes in 
activity patterns, territorial behavior and 
carcass interactions (objective . #6}, home 
range shifts, and pack size. The radio
telemetry and winter observational data will 
be analyzed temporally with divisions 
centered on spring and fall ungulate 
migrations, coyote breeding and pair 
bonding, and alpha female parturition and 
weaning periods. Finally, paired 
comparison of responses will made between 
territorial and non-territorial individuals. 

5. Group or pack size will be determined by a 
combination of methods: visual sightings 
from ground and aerial observation during 
December through March when group 
cohesiveness is maximized, ratio estimate 
from marked feces (Crabtree et al. 1989}, 
and most importantly, vocalization 
monitoring and carcass observations. 

6. Besides the nocturnal and crepuscular radio
tracking periods during the winter period, 
we will conduct a supplemental study. We 
will observe coyote interactions at carcasses 
utilizing modified focal sampling procedures 
(Altmann 1974) and record behavioral 
information into a cassette tape and video 
recorder. Behavioral interactions such as 
dominance display, fighting, and usurping 
within and between coyote packs will be 
recorded in relation to these various factors: 
territorial area (core area, periphery, and 
boundary), . group size, carrion availability, 
season, sex, food deprivation/satiation, and 
age of territorial establishment. 
Supplementation of carcasses to improve a 
balanced design and create carcass 
interactions at observational vantage points 
will be conducted. 

Concurrent with carcass transects (objective #3) 
we will record all predator tracks (coyote, red fox 
(Vulpes vulpes}, bobcat (Felis rufus}, marten (Martes 
americana), cougar, wolverine (Gulo gulo), etc.). 
Besides snow-track surveys, sightings and scats will 
be monitored to provide a baseline index to 
abundance before possible wolf presence. 



7. There exists no valid method to ascertain 
actual coyote depredations unless the carcass 
is fresh. However, we propose to make 
contact by letter, telephone, and personal 
visitation to local private ranches with 
livestock on private and National Forest 
land. Estimated dispersal rate and dispersal 
direction from Yellowstone coyotes will be 
compared on a seasonal and yearly basis to 
the response by livestock owners and other 
involved personnel (e.g., Montana Dept. of 
Fish and Game). 

+ RESULTS AND DISCUSSION 

Field work began in fall 1989 in the Lamar 
Valley and Blacktail Plateau areas of northern 
Yellowstone. Since then we have maintained our 
goal of 1 to 3 marked adults in all social groups in 
both study areas. Lamar Valley has 7 social groups 
or "packs", whereas Blacktail Plateau has 5. 
Including only the areas adjacent to, and either side 
of the paved highway there are 20 social groups from 
the west end of Blacktail Plateau to the east end of 
Lamar Valley. 

Fifty-four adult coyotes have been captured (24 
F, 20 M) in Lamar and Blacktail areas during 
fall/winter and spring trapping periods. Seventeen 
coyotes were trapped and radio-collared this fall (13 
adults and 4 pups). Six of these were instrumented 
with activity collars. Trap success was high and still 
averaged approximately 40 trap nights/coyote. In 
addition, 9 badgers (Taxidea taxus}, 2 red fox, 1 
striped skunk (Mephitis mephitis}, and 1 raccoon 
(Procyon lotor) were captured during these capture 
periods. 

Seven of 40 coyotes (18 %) 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 3.6 years. To our knowledge this is the 
oldest average age yet reported in any coyote study. 

Nineteen pups were hand-captured at dens in 
June 1991. Pups were isolated from den entrances 
and "grabbed" or were forced out of their dens with 
a wire-ferret device. Eighteen of these were 
surgically implanted with a intraperitoneal transmitter 
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( 45 g) and released. One pup was not implanted 
because of its low weight and poor condition. 

SOCIAL AND SPATIAL ORGANIZATION 

Territorial packs in both study areas are 
adjacent, non-overlapping, contiguous, and averaged 
15 km2

• We estimate that 85 to 90% of coyotes on 
the northern range belong to packs. As in other 
studies of coyote social ecology, a northern range 
pack or territorial group consists of a dominant, 
mated alpha-pair and subordinate "beta" individuals. 
These betas are pups from previous litters that remain 
in the natal area. 

We calculate that during the winter, an average 
northern range pack consists of 2 alpha individuals, 
2 or 3 beta adults, and 2 or 3 adult-sized pups 
(average pack size = 7). Approximately one beta 
adult in each pack has a loose affiliation with its natal 
area and has a movement area much larger than the 
territory size. We have noted an anomaly whereby 
a beta female from the Amythest pack had joined the 
neighboring Bison Peak pack during the pup-rearing 
season. 

We are currently analyzing data from a pilot 
study of coyote behavior at carcasses conducted from 
January to April 1991. Preliminary results suggest 
that pack access to a carcass is a function of initial 
discovery, its location with respect to territorial 
boundaries, and level of hunger. Within a pack, the 
alpha male has first feeding access and is occasionally 
tolerant of the alpha female but not subordinate betas 
and pups. Carcass observations will continue this 
winter with increased effort and sample sizes. 

POPULATION DEMOGRAPHICS 

Based on visual capture-recapture and territory 
enumeration, the population density of coyotes on the 
northern range appears to be very high. Preliminary 
estimates averaged 0.09 adult coyotes per km2

• We 
are currently finishing the counting of scats for 
presence of the isotope-label. Twenty-two per~nt of 
the first 500 scats counted were labeled. This ratio 
of marked to unmarked scats will allow an 
independent estimate of population density. 

Annual adult mortality rate is 15%. Nine
deaths have occurred of which 2 were due to 
vehicles, 2 were shot off the study area after · 
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dispersing, and 5 natural mortalities. Of 5 natural 
mortalities, 2 were killed by mountain lions, and 3 
were unknown causes (suspect mountain lion killed 
M990). 

Four of 13 pups radio-tagged in 1990 died of 
natural causes; one 2 months after capture and 3 in 
early winter (one killed by a mountain lion). This 
resulted in an overall pup mortality of 55% in 1990. 
So far, 7 of 22 pups radio-tagged in 1991 have died 
of natural causes. · In four of the mortalities, pups 
were approximately half their normal weights at that 
age. This mortality combined with the disappearance 
of 33% of the pups from May through June results in 
a 55% mortality rate as of November 1991. 
Reproductive failure rate among territorial packs was 
17% in 1990 and 13% in 1991. These data result in 
an overall estimate of population productivity between 
2. 0 and 2. 7 pups recruited per pack. 

Surprisingly, no pup dispersal occurred in 1990 
and only 3 of 22 pups captured in 1991 have 
dispersed as of 1 November. The remaining pups 
become betas in their natal packs. However, at least 
4 of 17 betas adults . have dispersed in the late 
summer/early fall period. 

FORAGING ECOLOGY 

Seventeen coyotes (10 m, 7 f) were observed 
from 15 January to 15 April 1991. A total of 223 
hours of observation were collected on foraging and 
social behavior (including mating and scent-marking 
behavior). We observed 264 capture attempts with 
92 (35%) successful. Habitat type played a key role 
in the success rate. Mesic meadows and 
willow/meadow habitats had the highest capture rate 
at 36% and 44%, respectively. Sage habitat had the 
lowest success rate at 28%. These different success 
likely reflected different prey densities and prey 
vulnerabilities. 

Thirteen coyotes (10 m, 3 f) were observed 
from 16 April to 15 July 1991. A total of 130 hours 
of observation were collected on foraging and social 
behavior including adult-pup interactions and 
territorial defense. We observed 163 capture 
attempts with 70 ( 43%) successful. Mesic meadows 
and willow/meadow habitat, again, had the highest 
success rate at 47% and 40%, respectively, whereas 
sage habitat was low at 33%. 

Observations of foraging and social behavior 
began again in November 1991 and Will continue 
through July 1992. Further analysis of foraging rates 
will include the influenece of snow depth and type, 
habitat, sex, social class, and age. 

The 273 km scat-survey transects conducted at 
the end of each biological season resulted in the 
collection of 300 to 400 samples. We have 
subsampled 160 scats from each collection period and 
have begun analysis of food habits and estimates of 
prey biomass consumed. Preliminary results indicate 
that small mammals, especially voles, dominate the 
diet with ungulate remains becoming important in 
May through July (presumably elk calves) and late 
winter (mostley scavenging). 

We have observed numerous successful and 
unsuccessful predation attempts on ungulates in our 
study areas . . Coyotes appear to impact ungulate 
numbers in 3 ways: predation on calves and fawns 
shortly after birth (up to 8 weeks), predation on 
short-yearlings and adults during winter, and indirect 
impact from . harassment of other predators at 
ungulate-kills. Although coyote predation on 
ungulates has not been directly looked at, the 
following informtion strongly suggests that coyote 
predation on ungulates is a significant factor and that 
the coyote is currently the major ungulate predator on 
the northern range. Of course this could dramatically 
change with the recolonization of wolves. 

A recent elk calf mortality study (B. Harting, 
unpubl. data," 1991) indicated a 7, 7, 10, and 35% 
annual coyote predation rate in Lamar Valley during 
1987, 1988, 1989, and 1990, respectively. This 
corresponds to the remains of 1 to 3 elk calves per 
coyote den found during June at both study areas in 
1990 and 1991. Based on searches of denning sites 
(coyotes generally move 4 or 5 times the first 10 
weeks after birth) we calcuiate a minimum of 8 
calves killed (and brought back to the den) per 
territorial pack. We also have found intact elk calves 
killed by coyotes and not utilized. 

Based on preliminary analysis of a small sample 
of marked antelope fawns, it appears that coyote 
predation was 80% on northern range pronghorn 
fawns in 1991 (D. Scott, pers. commun., 1991). We 
also suspect high coyote predation rates on mule deer 
fawns. 



Coyote predation on elk during the winter 
months appears to be a function of increased 
vulnerability, snow conditions and slope (G. Green, 
pers. commun., 1988) and the size and condition of 
short-yearlings. Besides noting several successful 
and unsuccessful predation attempts on short-yearling 
elk (and one successful attempt on an adult mule 
deer), we noted a healthy 2 or 3 year old cow that 
was attacked and killed by a pack of coyotes in 
Lamar Valley in February 1990. During carcass 
surveys conducted on the northern range in 1987 
(Knight et al. 1988) researchers were able to verify 
that coyotes killed 3 of 5 short-yearling elk for 
carcasses discovered 0 to 4 days after death; and 2 of 
7 short-yearlings discovered 4 to 16 days after death. 
An additional28 short-yearlings were found 16 to 90 
days after death but cause of mortality could not be 
attributed to a predator. 

Another means by which coyotes numerically 
impact ungulate populations is through harassment of 
other ungulate predators thereby forcing them to 
abandon their kill and kill unguates at a higher rate. 
During intensive observations in recent years, coyotes 
have been observed usurping both mountain lions and 
grizzly bears (Ursus arctos) from their kills. Without 
coyote harassment, lions apparently spend 2 to 3 
times longer feeding at a kill (G. Felzien, unpubl. 
data, 1991). In one instance, a coyote pack was 
observed usurping, attacking, and biting a grizzly 
bear (S. French, pers. commun., 1991). 

Although it is difficult to quantify the direct 
impact of coyotes on ungulate populations, it is 
feasible that coyotes could be removing 1000 or more 
elk annually. The average elk calf mortality reported 
was above 15%. Crudely extrapolated to the 
northern range, fifteen percent of, say, 6000 elk 
calves is 900 elk removed by elk calf predation 
alone. Compared to an estimated 350 to 400 elk 
removed by mountain lions annually (K. Murphy, 
pers. commun. 1991), coyotes may present an 
important influence on ungulate populations 
(especially on low populations of antelope and mule 
deer). This impact is function of coyote population 
size which may be at unnaturally high levels due to 
the extirpation of wolves. Based on extrapolations 
from our. study areas to other similar areas on the 
northern range with known coyote presence, we 
estimate at least 450 coyotes (60 packs) on the 
northern range. 
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+ CONCLUSIONS 

The northern Yellowstone population has 
characteristics similar to the natural, unexploited 
population in south-central Washington studied by 
Crabtree (1989): low productivity, a highly-structured 
social system, a contiguous distribution of non
overlapping, year-round territories, and an old-age 
structure. Adult mortality is low and primarily due 
to mountian lions. Like wolves (Canis lupus), 85 to 
90% of the northern Yellowstone coyote population 
exists in packs and average pack size is high. 
Northern range coyotes prey primarily on small 
mammal prey, but ungulate prey is an important food 
source seasonally. Coyotes may be the major 
ungulate predator on the northern range due · to 
cooperative foraging behavior, their ability to take 
advantage of vulnerable ungulates, and their high 
population levels. Wolf extirpation bas probably 
resulted in high coyote population densities and 
coyotes have, at least, partially slid into this vacant 
niche. 
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+ INTRODUCTION 

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 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). Additi~nally, 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 and Boyce 
1991). 

The extensive fires that occurred in the Park in 
the summer of 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 
(Jakubauska 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 
and 1991. 

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. 
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+ 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. Elevations range from 1,500 to 
3,300 m. Descriptions of vegetation communities in 
the park are given by Despain (1990). 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 (Cara spp.}. 
At intermediate elevations, Idaho fescue/wheatgrass 
(Agropyron spicatum and A.. caninum) communities 
are encountered with the latter dominating in the 
more mesic sites. 

+ METHODS AND RESULTS 

VEGETATION DATA COLLECTION AND 
ANALYSIS 

Vegetation data were collected at 40 ground
truth sites from 25 July-10 August, 1989, 30 July-11 
August, 1990, and 29 July-10 August, 1991 across 
two elk summer ranges (Norris/Cache/Calfee Ridge 
complex and Mirror Plateau). Twenty-two sites have 
been resampled each year while 18 new sites have 
been sampled each year (Table 1). Each site 
encompassed at least 0.81 hectares (approximately 9 
landsat 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 1990). 

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 7~ 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. · 

LANDSAT DATA ACQUISffiON AND 
ANALYSIS 

Landsat Thematic Mapper (TM) imagery of the 
study area was acquired for 2 August 1989, 13 
August 1990, 30 July, 1991 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 6 August 
1990 overpass. The closest date for which there 
were available data was 13 August 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 among years. 

Digital Landsat data were transferred from 9-
track computer tapes 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 perpendicular vegetation index 
(PVI), and the green vegetation index (GVI) will be 
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 are being 
determined using linear and nonlinear least squares 
multiple regression analysis. However, to conduct 
these analyses, Landsat data from the different years 
must first be calibrated for differences related to 
changes in instrument sensitivity, electronic gain and 
bias (Markham and Barker 1986). 
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Table 1. Summary of plots sampled 27 July-10 August, 1989. 

Plot Characteristics 
Plot Location Burn1 Elev Asp Slope cr-nn• Azm 

101 Lower Norris T3 7520 180 15 TFG 135 
102 Lower Norris No 7720 196 25 TFG 322 
103 Middle Norris T1 7800 254 20 TFG 190 
104 Middle Norris T2 7520 328 10 TFG 34 
105 Lower Cache T2 7460 250 10 TFG 280 
106 Lower Cache No 7680 235 5 FN 298 
107 Upper Cache No 8100 230 20 FN 290 
108 Upper Cache No 7940 230 1 TFG 234 
109 Upper Cache T3 8025 283 5 TFG 190 
110 Upper Cache No 7960 195 20 TFG 80 
111 Upper Cache No 7850 184 3 TFG 200 
112 Upper Cache No 7760 295 4 TFG 218 
113 Upper Cache T3 7750 230 10 TFG 322 
114 Lamar Flat (52) T1 6630 0 0 TF 165 
115 Lamar Flat (51) No 7160 206 25 TFG 36 
116 Upper Lamar Flat T4 6710 0 1 TF 65 
117 Floating Island (28) No 6480 0 0 TFG 137 
118 Floating Island (29) T2 6680 0 0 TFG 135 
119 Y -L Confluence (30) Tl 6120 80 2 TF 255 
120 Y-L Confluence (31) No 6080 310 4 TF 210 
121 Opal Creek T2 8800 145 5 FNG 50 
122 Opal Creek T2 8740 95 15 FNG 8 
123 Opal Creek T4 8800 95 7 FNG 11 
124 Above Opal Camp No 8960 90 7 FNG 130 
125 Abqve Opal Camp No 8880 190 15 FNG 120 
126 Above Opal Camp T3 8760 356 3 FNG 170 
127 Opal Creek T4 8800 15 1 FNG 15 
128 Opal Creek No 8660 305 6 FNG 32 
129 Specimen ridge Trail T2 8770 90 5 TFG 8 
130 Mirror Plateau No 9120 192 20 FNG 272 
131 Mirror Plateau No 9170 0 2 FNG 23 
132 Top Specimen Ridge Tr No 8840 150 20 FNG 76 
133 Above Norris Hot Sp T2 6980 233 5 TFG 138 
134 Lower Norris T1 7250 230 12 TFG 148 
135 Lower Noris Rdge Top No 7800 218 1 FA 136 
136 West Of Norris Cliff T2 7440 180 15 FA 238 
137 Upper Norris No 8130 121 5 TFG 196 
138 Pk Midway To Norris No 8250 171 . 10 FNG 247 
139 Top/Draw Mid-Norris No 7880 338 10 TFG 326 
140 Norris/Next To Cliff No 7760 302 5 TFG 220 

1Bum descriptions: · 
T1 = hot fire, all shrubs & litter burned, ground fire complete. 
T2= all shrubs killed but solll6 aboveground woody material not consumed, ground fire mostly complete. 
T3 = SOQte shrubs survived or at least some leaves present, ground fire >50% complete. 
T4= light bum, >50% ground vegetation survived. 
Vegetation types follow D. Despain cover map. 
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+ FUTURE WORK 

Currently we are analyzing our 1991 vegetation 
data and are waiting for the 1991 TM data to arrive. 
Once we have the 1989-1991 data, we will select 1-4 
spectral models based on the 1989 data which meet 
the following criteria: show significant F values (P 
< 0.05); account for > 50% of the variance in the 
field data collected; are the most precise relationships 
having the lowest standard error of the estimate. 
Models which meet these criteria will be evaluated by 
comparing their predictions using 1990 and 1991 
Landsat data to our 1990 and 1991 field data. 

We would"like to thank John Baldwin, Jon Hak, 
Greg McDaniel, Bob Brennen, Verda Shingleton for 
help in collection of field data. We also thank Rich 
K.luckus, 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. 
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+ INTRODUCTION 

The effects of ungulate grazing on the Northern 
winter range of. Yellowstone National Park has 
recently received considerable attention. Early 
interest in this topic centered around the question to 
cull or not to cull elk in the Park. However, as the 
concepts of "maintaining ecological processes" 
(Houston 1982) and "ecosystem management" (Keiter 
1991) have gained acceptance in Park management, 
understanding the dynamics and interactions of a 
broader array of herbivores inhabiting the Park will 
become increasingly important. In 1990, we studied 
the responses of Idaho fescue (Festuca idahoensis) 
and bluebunch wheatgrass (Agropyron spicatum) and 
their associated nematode communities to ungulate 
herbivory. · 

+ OBJECTIVES 

1. Compare root and shoot biomass and 
nitrogen concentration of grazed and 
ungrazed Idaho fescue and bluebunch 
wheatgrass plants during the growing 
season. 

2. Compare the density of phytophagous and 
microbial feeding nematodes between grazed 
and ungrazed plants of the same species. 

+ METHODS 

Our study site was located in the upper portion 
of the northern winter range near Crystal Creek at an 
elevation of approximately 1900 m. We collected 6-
10 randomly selected plants ofbluebunch wheatgrass 
and Idaho fescue from outside and inside a large 
exclosure established in August of 1987 (Frank 
1990: 17). Plants were collected with a soil corer 
(diameter 4.8 em, depth 10 em) and kept cool while 

·transported to the laboratory where they were 
refrigerated until processing. Aboveground biomass 
was clipped at 2 em and standing dead and green 
biomass were. separated. The soil cores were 
suspended in cold water and the suspension was 
sieved first to remove plant tissue (sieve #18) and 
then to remove nematodes (sieve · #325). Roots were 
hand-sorted while suspended in water and crowns, 
including the aboveground biomass to 2 em, were cut 
from the roots. Plant biomass was dried at 40 o C 
for at least 48 hrs and weighed. Nitrogen content of 
roots, crowns and aboveground green biomass, was 
analyzed using standard macro-kjeldahl techniques. 
Four additional cores were collected, 2 within the 
large exclosure and 2 in grazed areas, to determine 
soil moisture. 

Nematodes were extracted on Baermann funnels 
for 48 hrs (Christie and Perry 1951). Nematodes 
were counted and identified to trophic level in 2 1-ml 
subsamples of a 30-ml suspension as described by 
Smolik (1974). Numbers of nematodes were 
corrected for extraction efficiencies. 
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Differences in biomass of plant parts from 
different grazing treatments were tested using a 
Mann-Whitney U test. Logarithmic transformations 
of nematode counts provided normally distributed 
data. Differences in nitrogen concentration and 
nematode densities of grazed and ungrazed plants 
within a sampling period were tested using a t-test. 

+ RESULTS AND DISCUSSION 

Standing dead litter of ungrazed plants was 
greater than grazed plants at the beginning of the 
growing season (Table 1), but this difference 
narrowed during the growing season as dead plant 
material from previous year's growth fragmented, 
decomposed, or was eaten by small herbivores. 
Aboveground green biomass of ungrazed plants was 
approximately 3-4 times greater than grazed plants in 
May (Table 1). By the end of the growing season 
current growth of grazed plants of both plant species 
equalled that of plants in the ungrazed areas. In fact, 
in September we detected an increase (a = 0.10) in 

· the total current growth (green plus dead biomass) of 
grazed bluebunch · wheatgrass plants. Frank (1990) 
found that grazing stimulated aboveground primary 
production by 36% at the site in 1989, a year of 
average or abov~ average precipitation. 

Root biomass of both grass species was lowest 
in July during the boot and flowering stage (Table 1). 
In May, root biomass averaged 35% and 26% lower 
in grazed plants of bluebunch wheatgrass and Idaho 
fescue, respectively. These differences disappeared 
by early June in bhiebunch wheatgrass but lingered 
into mid-July in Idaho fescue. By September root 
reserves were generally replenished. 

Nitrogen concentration of green aboveground 
biomass was significantly greater in plants outside the 
exclosure than inside the exclosure in both months 
sampled (Table 1). However, N concentration of 
root biomass was similar in plants from inside and 
outside the exclosure. 

Abundance of nematodes followed a bimodal 
distribution which was Consistent with soil moisture 
ci>ntent .(Table 2). In May, . bacterial feeding 
nematodes were significantly higher under plants of 
both species that were open to grazing than those not 
open to grazing. This difference persisted into June 

under Idaho fescue plants but not under bluebunch 
wheatgrass plants. Similarly, densities of 
phytophagous nematodes were higher under grazed 
plants than ungrazed plants and these differences 
persisted into June only under Idaho fescue plants. 

Our results indicate that aboveground grazing by 
ungulates facilitates feeding by some belowground 
taxa. Seastedt et al. (1988) hypothesized that 
belowground herbivores may increase after moderate 
levels of aboveground grazing because root quality 
counteracts the absolute decline in root resources. 
We found no difference in root N between grazed 
and ungrazed plants but did not examine changes in 
other parameters such as soluble carbohydrates or 
secondary plant compounds. Damage to root tips 
also may stimulate lateral root growth which may 
support high densities of nematodes (Hogger 1972, 
Rebois and Johnson 1973, Torrey 1976). 

The high d~nsities of microbial feeding 
nematodes found wider grazed plants in May (both 
species) and June (Idaho fescue only) appear to be 
related to root mortali.ty or exudation rates, which 
provide a short-term source of C for microbes, a . 
prey base for microbivorous nematodes. We suggest 
that increased. microbial biomass and activity 
increased nitrogen mineralization. Subsequently, 
grazing by nematodes and protozoa release N from 
microbial · biomass that would otherwise become 
inaccessible to plants and aboveground herbivores. 
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Table 1. Biomass (g/dry matter/plant) of Agropyron spicatum and Festuca idahoensis plants inside and outside an 
exclosure on Crystal bench in Yellowstone National Park. Different letters indicate a significant 
difference between grazed and ungrazed plants at P<0.05. 

Agro~yron ~icatum Festuca idahoensis 

May June July Se~t May June July Se~t 

Standing dead 

Grazed o.ooa 0.02• o.o5· 0.06• o.ooa o.o1• o.o3• 0.10 
Ungrazed 0.94b 0.26b 0.19b 0.45b 0.17b 0.04b ·0.06b 0.24 

Green biomass 

Grazed 0.23• 0.25· 1.51 1.79 o.2oa 0.15 0.30 1.26 

Ungrazed 0.94b 0.68b 1.53 0.68 0.85b 0.25 0.44 0.45 

Crown Biomass 

Grazed 2.29 1.66 1.54 1.36 2.61 1.00 0.70 1.37 

Ungrazed 3.14 1.37 1.26 1.28 3.02 1.11 0.94 1.03 

Root Biomass 

Grazed 0.98• .1.05 0.92 1.90 1.02• 0.89• 0.68 1.62 

Ungrazed . 1.51b 0.97 0.83 1.81 1.38b 1.48b 0.91 1.00 

Green Shoot N 

Grazed 2.46+ 2.38 2.58• 1.74• 

Ungrazed 2.81 1.65 1.72b 1.33b 

RootN 

Grazed 0.93 1.39 1.06 1.16 

Ungrazed 1.22 1.14 1.01 1.16 

+ indicates samples sizes were too small for analysis 

Table 2. Densities of nematodes (No./g dry roots x 1000) below Agropyron spicatum and Festuca idahoensis plants 
from inside and outside a permanent exclosure on Crystal bench winter range in Yellowstone National 
Park. Different letters indicate a significant difference between grazed and ungrazed plants at P<0.05. 

Agro~yron s~icatum Festuca idahoensis 

May June July Se~t May June July Se~t 

Plant ~arasites 

Ungrazed 96• 105 58 52 76• 59- 34 77 

Grazed 202b 100 42 56 346b 167b 37 59 

Bacterial feeders 

Ungrazed 814• 488 285 354 856• 236• 205 420 

Grazed 991b 285 249 281 1319b 539b 286 782 
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+ EXECUTIVE SUMMARY 

We postulate (Minshall et . al. 1989, Minshall 
and Brock 1991) that the effects of the 1988 fires on 
stream ecosystems m Yellowstone National Park can 
be partitioned into (1) immediate . effects arising 
directly from the fire (e.g., increased temperatures, 
altered water chemistry, abrupt change in food 
quality) and (2) delayed impacts resulting from the 
removal and eventual successional replacement of the 
vegetative cover. Some of these delayed effects are 
pri~rily physical disturbances associated with 
increased runoff. These are likely to exert their 
maximum impact within the first few years after fire. 
In addition, longer-term alterations associated with 
the removal and recovery of riparian and upland 
terrestrial vegetative cover and consequent alteration 
of food resources and retention capacity in the stream 
may be expected (Likens and Bilby 1982, Molles 
1982, Minshall et al. 1989). 

In order to determine the immediate effects and 
to provide a basis for evaluating subsequent long-term 
changes, samples of the stream biota and 
measurements of environmental conditions were 
obtained ~fore and after the Initial, major runoff 
period. The measurements made during these two . 
periods are repeated at annual intervals (each August) 
over the following four years (1989-1992) in order to 
document conditions during the anticipated early 
recovery phases in the streams (Bormann and Likens 
1979; Arno 1980; Schimpf et al. 1980; Boerner 

1982; Arno and Gruell 1983; Amo et al. 1985; 
Stickney 1985, 1986; Waring and Schlesinger 1985; 
Crane and Fischer 1986). This will provide a 
quantitative record of the first five years following 
the yellowstone fires and permit an initial test of our 
hypotheses concerning the temporal responses of 
major stream ecosystem parameters to wildfire in 
Yellowstone (Minshall et al. 1989). 

Based on the existing conceptual framework in 
stream ecology (Vannote et al. 1980, Cummins et al. 
1984, Minshall et al. 1985, Minshall 1988, Resh et 
al. 1988) that major differences among streams in 
terms of intensity of the effect and rates of recovery 
from fire will occur as a result of stream size and 
watershed slope and aspect. Besides affecting the 
timing and rate of runoff, slope and aspect 
significantly influence the type and density of riparian 
and upland vegetation. We have concentrated our 
efforts on streams of 1st through 4th order because 
few, if any, streams above 4th order in yellowstone 
National Park were directly affected by the fires. 
The sites selected for this study were chosen in 
September 1988, through aerial and ground 
reconnaissance of all of the major 1988 fires in 
Yellowstone, in collaboration with senior staff 
members of the U. S. Fish and Wildlife Service 
(Yellowstone Office). Each burned stream type 
chosen is replicated at least three times to provide 
generality to our findings and to avoid problems 
arising from pseudoreplication. However, .the total 
number of burned-stream sites studied is arbitrarily 
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limited to 18 to meet time and budget constraints. 

The thrust of this study is to examine hypotheses 
relating to stream ecosystem behavior in the early 
stages of recovery from fire. We have centered on 
changes in the structure of the biotic community and 
food resources, . in chemical composition of the water 
(including potentially limiting nutrients), and in 
physical habitat conditions. Focus is on the 
measurement of producer (algae) and consumer 
(mainly invertebrate) standing crops and · general 
chemical properties (alkalinity, hardness, specific 
conductance, pH) and major nutrient (PO 4, NH4, 

N03) consti~ents of the water. These serve as 
indices of the responses of stream ecosystems to fire. 
However, general environmental features 
(temperature, discharge, current velocity, substratum 
composition) also are being characterized. In 
addition, five permanent channel cross-section 

. transects and photopoints are resurveyed each year. 

Most of our methods are routine in stream 
ecology and are described in detail in standard 
reference source8 (Weber 1973, Greeson et al. 1977, 
Lind 1979, Merritt and Cummins 1984, APHA 
1985). Methods for sampling invertebrates are 
described in detail by Platts et al. (1983). In addition 
to total standing crops, the algal and invertebrate 
communities were examined in terms of species 
richness, dominance, and diversity and the 
invertebrates evaluated in terms of principal 
functional feeding groups (Merritt and Cummins 
1984, Cummins and Wilzbach 1985). 

Although the effects of fire have been evident in 
the preceding years of this study, the streams could 
be characterized as being largely on a "fast recovery 
track" (sensu Minshall and Brock 1991). However, 
1991 was marked by at least two major runoff events 
which caused major physical upheavel to all of the 
streams in burned watersheds located on moderate to 
steep gradients. These disturbances are expected to 
be reflected by declines in the biotic components and 
serve as important "resets" in the recovery process 
(Minshall et al. 1989, Minshall and Brock 1991). 

Most high gradient burned . streams displayed 
major changes (cutting or filling) in channel cross
section morphology in 1991 while low gradient 
burned streams and reference streams remained 
relatively constant. Data on the degree to which 
stones on the channel bed are buried by fine 
sediments ( = embeddedness) suggest a pulse of fme 

sediments moving ftom the burned watersheds intO 
the headwater streams and then gradually into the 
larger bum streams over time. Mean substrate size 
decreased in 1st through 3rd order streams following 
1988 and remained low through 1991, also indicati.tig 
the input of fine sediments within the study reaches. 
The coefficients of variation for current velocity 
dramatically decreased in most bum streams over 
time, while remaining unchanged in reference 
streams, suggesting the establishment of more 
homogeneous habitat conditions as a result of the 
fires. Maximum stream temperatures have either 
increased the first year following the wildfires then 
subsequently decreased in 1991 or have remained 
elevated above prefire values. Changes in major 
water chemistry are more variable among and largely 
restricted to smaller (1st-2nd order) than foUnd in 
larger burned streams; a trend that continued in 1991. 
Ortho-phosphorus levels increased in the high 
gradient burned sites in 1989 and subsequently 
decreased through 1991. In contrast, nitrate values 
tended to increase in most bum sites by 1989 and 
remained high through 1991. 

Periphyton chlorophyll ! levels decreased in 
1989 from rather high levels in 1988 in all bum and 
reference streams except for 4th order ,Soda Butte. 
The relatively high chlorophyll ! values in 1988 
simply may be due to the time of sampling .(October 
vs. August). Chlorophyll .! levels increased in 1st~ 
2nd, and 3rd order bum sites in 1990 from 1989 then 
decreased again in 1991, probably as a result of 
scouring by storm flows. Chlorophyll values 
remained low in 4th order bum sites from 1989-
1991. 

Periphyton AFDM values also were higher in 
1988 than other years for most sites, reflecting the 
high chlorophyll! values. AFDM values essentially 
remained unchanged in 1991 in 2nd and 3rd order 
bum sites, and 2nd and 4th order reference sites. 

The AFDM (biomass:B) to chlorophyll ! (C) 
ratio .indicates the degree of autotrophy at a site. The 
sites that experienced increased AFDM in 1991 also 
displayed high B/C ratio's suggesting a lower degree 
of autotrophy at these sites. The B/C ratio remained 
relative low in 2nd and 3rd order bum sites and 2nd 
and 4th order reference sites. 

Transported organic matter was · sampled and 
quantified in two size categories: Coarse (CPOM) 



and fine (FPOM) particulate organic matter. This 
material also was characterized qualitatively. CPOM 
levels increased in all bum sites in 1991 from 
previous years, and being most pronounced in 2nd 
order bum sites. CPOM levels also were higher in 
1991 in reference sites, but not to the degree 
displayed in bum sites. As with CPOM values, 
FPOM values dramatically increased in bum streams 
in 1991. FPOM values increased only slightly for 
reference streams in 1991. These higher values in 
1991 over previous years for both CPOM and FPOM 
may be attributed to higher overall flows and 
respective flow events. The higher CPOM and 
FPOM values for bum streams relative to reference 
streams reflect increased overland input in bum 
catchments from these flow events in 1991. 

The . percent charcoal of CPOM increased 
substantially in 1991 in the bum streams, also 
suggesting overland input of organics during high 
flow events. The percent charcoal of CPOM 
remained low in respective reference streams. The 
percent charcoal of FPOM also increased in 1991 in 
bum and reference streams. Results for macro
invertebrates are not completed for 1991, but will be 
presented in the 1992 Annual Report. 
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+ INTRODUCTION 

Plans and proposals for the restoration of gray 
wolves (Canis lupus) in Yellowstone National Park 
are being considered. An important aspect that is 
contemplated within these plans is the monitoring of 
the genetic structure of the pack( s) which might be 
reintroduced. This means that the restored animals, 
which have known and defined genotypes, could be 
distinguished from other unrelated and genetically 
different gray wolves that could be found in the Park. 
It also means that for every offspring observed within 
the pack(s) its genetic relationship with the 
translocated animals could be monitored; that is, 
establishment of parentage could be routinely carried 
out. Because distinguishing unrelated wolves 
phenotypically is practically impossible, it is 
necessary to rely on a technique capable of revealing 
sufficient genetic variation to allow individual 
identification of the relocated wolves, and assignment 
of parents to the offspring produced within the 
pack(s). 

We used the molecular biological technique 
called DNA fingerprinting (Jeffreys et al. 1985a) to 
address this aspect of the gray wolf relocation plans. 
This technique is based on finding particular DNA 
regions ~lied hypervariable minisatellites (Jeffreys et 
al. 1985b), that consist of very short nucleotide 
sequences repeated many times in tandem and show 
multiallelic variation in the number of repeating units 
in each allele. DNA fingerprinting involves the 
extraction of DNA from almost any fresh tissue 
(blood, skin, semen, etc.), followed by its digestion 

with an enzyme (restriction endonuclease), that cuts 
the DNA molecule at specific base sequences. The 
DNA fragments produced by this enzymatic digestion 
are then separated by size along an electrical gradient 
in an agarose gel. A record ·of the fragment 
distribution pattern within the gel is made by blotting 
the DNA onto a nylon membrane (Southern blotting), 
to which it is permanently bonded. Those fragments 
among the total that carry a particular nucleotide 
sequence. are identified via hybridization with a 
radioactively labeled "probe" molecule carrying the 
complementary nucleotide sequence (in this case, the 
core sequence of the tandem repetitive units). The 
positions at which the probe attaches are recorded by 
exposing X -ray film to the hybridized membrane. 
The resulting autoradiograph shows dozens of bands 
that correspond to the many different fragment sizes 
bearing the core sequence. This is the "fingerprint". 

Genetic variation among individuals leads to 
enormous differences in banding patterns observed. 
The banding patterns become more and more 
dissimilar as individuals diverge genetically until few 

. bands are shared, that is, few DNA fragments . of a 
particular size that hybridize with the probe in one 
individual also hybridize in another individual, 
properties that make these fingerprints suitable for 
individual identification (Jeffreys et al. 1985a). Since 
fingerprints are inherited according to the rules of 
Mendelian genetics, they can also be used in paternity 
testing (Jeffreys et al. 1985b). Helminen et al. 
(1988) found that in most human paternity cases the 
sequential use of Jeffreys' probes 33.6 and 33.15 
(Jeffreys et al. 1985a) with one restriction enzyme 
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digestion was sufficient to identify cases of incorrect 
paternity. 

DNA fingerprinting has found widespread 
application in parental testing and individual 
identification in animals. Jeffreys and Morton (1987) 
successfully tested paternity in dogs and cats, and 
Morton et al. (1987) established definite proof of 
paternity m a dogpack. Furthermore, Georges et al. 
(1988), carrying out DNA fingerprinting in domestic 
animals using four minisatellite probes, found enough 
polymorphism to allow individual identification. 
Several papers have also been published discussing 
the adequacy of this technique in analyzing parentage 
in bird species (Burke and Bruford 1987; Rabenold et 
al. 1990; Rabenold et al. 1991; Wetton et al. 1987). 

Because fingerprinting loci assort in Mendelian 
fashion, the relatedness of individuals drawn at 
rimdom from a population, including inbred animals, 
may be estimable by the similarity of their banding 
patterns, after calibration against proportions of bands 
shared by individuals of known relatedness (Kuhnlein 
et al. 1990). Early exploration in using fingerprint 
pattern similarity as an index of relatedness of 
individuals within populations (Kuhnlein et al. 1990; 
Lynch 1990), and as an index of available genetic 
variation and relationships among populations (Wayne 
et al. 1991; Gilbert et al. 1990) are encouraging. 

We investigated the usefulness of DNA 
fingerprinting to determine parentage and relatedness 
among gray wolves, and to distinguish wolves from 
coyotes. Also, we calculated the probability with 
which an uncle could mistakenly be assigned as the 
father of the offspring within packs with two enzyme
probe combinations. 

+ MATERIALS AND METHODS 

SAMPLES 

GRAY WOLVES 

We worked with a total of 22 gray wolf 
samples. Almost all of them (21) were blood 
preServed in a lysis buffer solution containing 100 
mM Tris, 100 mM EDTA, and 2% SDS . . The other 
sample was a piece of ear skin taken from a dead 
animal preserved in a freezer. Sources from which 
we received the samples, arid their relationships 
were: 

Wolf Park, Battleground, Indiana. We obtained 
samples from 7 animals. All of them were related to 
one another. Some of them were the product of an 
inbred mating (brother x sister), and 1 of them was 
the product of 2 consecutive inbred matings (parent 
x daughter first, and brother x sister second). 

Jardin Zoologique du Quebec, Quebec, Canada. 
They sent us samples from 7 animals of 2 different 
genetic lines. Four of them were arctic wolf (Canis 
lupus hudsonicus) littermates. The other 3 were a 
father and 2 of its offspring from a different gray 
wolf subspecies (Canis lupus lycaon). 

Milwaukee County Zoo, Milwaukee, Wisconsin. 
We received samples from 3 of their wolfpack, all of 
which were arctic wolf littermates. 

Toronto Metropolitan Zoo, Toronto, Canada. 
We received samples from 5 of their arctic wolves. 
Three of them originated from Wildlife Unlimited in 
Alberta, Canada, 2 of which are littermates from the 
same group as the third, which had a different mother 
and possibly a different father. The other 2, 1 of 
which is believed to be the offspring of the other by 
a brother x sister mating, had their origin in the 
Northwest Territories, Canada. 

The genetic lines represented at the different 
zoos were completely unrelated. 

COYOTES 

We worked with 6 coyote samples of unknown 
origin and · relatedness. The samples were frozen 
tongues from another experiment. 

DNA EXTRACTIONS, ELECTROPHORESIS, 
AND SOUTHERN BLOTTING 

Approximately 10 ml of the preserved solution 
(containing 5 ml of blood and 5 ml of lysis buffer) 
from the wolves were prepared by incubating at 55°C 
with 2.5 ml of 5 M NaC1 and 100 p.1 of proteinase 
K (10 p.g/p.1). Small pieces (1 mm~ of the wolf skin 
and the coyote tongues were macerated in liquid 
nitrogen and incubated at the same temperature in a 
solution with 300 p.1 of phosphate-buffered saline 
(PBS) (2.7 mM KC1, 8mM N~HP04, 1.5 mM 
KH2P04, 14 mM NaC1, 6 mM EDTA), 48 p.1 of 
10% SDS, and 30 p.1 of proteiD.ase K (10 p.g/p.1). 
Blood samples were then extracted once with an 



equal volume of phenol, once with one-half volume 
each of phenol and CIA (Chloroform: isoamyl alcohol 
at 24:1), and a final extraction with an equal volume 
of CIA. DNA was precipitated once using 0.05 
volumes of 5 M NaC1 and 2 volumes of cold 
ethanol. After air-drying overnight, DNA pellets 
were rinsed with 70% ethanol. Finally, DNA pellets, 
after air-drying overnight again, were diluted in 1 ml 
of TE (10 mM Tris at pH 8.0, HC1, 1 mM EDTA). 
Mean total DNA yield for these samples was 143.4 
+1- 62.3 p.g. Samples from coyotes and the wolf 
skin were extracted twice with an equal volume of 
phenol, twice with one-half volume each of phenol 
and CIA, and a final extraction with an equal volume 
of CIA. They were then extensively dialyzed in 
~ solution (10 mM Tris, 10 mM NaC1, 2 mM 
EDTA, pH 8.0). Mean total DNA yield for them 
was 77.14 +/- 43.7 p.g. 

We conducted a preliminary study, in which 
DNA from 4 Wolf Park and the 3 Wisconsin wolves 
were run together twice on the same gel, to 
determine which enzyme produced more resolvable 
banding patterns. DNA from the first 7 samples was 
digested with 5X excess Haeiii, and DNA from the 
second set with 5X excess Hinjl. From this study we 
determined that Hinjl enzyme produced a greater 
number of resolvable bands (14.86 +/- 1.95) then 
Haelli (8.71 +/- 2.06) for gray wolves. Once we 
determined which enzyme was better, DNA from the 
7 Wolf Park and the 3 Wisconsin wolves was run on 
the same gel, and DNA from the Quebec and 
Toronto animals was run together on a separate gel 
for. digestion with Hinjl endonuclease. Also, DNA 
from the same gray wolf individuals in the first gel 
and DNA from 6 coyotes was run on another gel. 
For each individual, 3 p.g of DNA were digested at 
37°C for 3-4 hours with excess enzyme (more than 
5X for Hinjl) and electrophoresed .through 21 em 
long 0.8% agarose gels at 20 V for 65 hours; under 
these conditions, all fragments smaller than 1600 bp 
generally migrated off the gel. Gels were 
subsequently stained with ethidium bromide, and 
photographed under UV illumination; DNA was then 
Southern transferred to nylon membranes (Nytran or 
Microseparations Inc.) in lOX SSC (0.15 M NaCl, 
15 mM trisodium citrate, pH 7.0, autoclaved) 
permanently bonded by baking at 800C under vacuum 
for 2 hours. 
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HYBRIDIZATIONS 

The preliminary filter was probed with M13 
phage DNA (M13m.p8) (Vassart et al. 1987). The 
final filters containing only DNA from gray wolves 
were probed with the human minisatellite probes 
33.15 and 33.6 (Jeffreys et al. 1985a). The final 
filter containing DNA from gray wolves and coyotes 
was only probed with Jeffreys' probe. 33.15. Both 
Jeffreys' probes were labeled by primer extension 
with FJ>] dCTP to an average specific activity of 10-
60 x 1()6 cpm. Filters were prehybridized in sealed 
solution (1.5X SSC, 0.1% SDS, 5X Denhardt's), and 
6% WN polyethylene glycol (PEG) at 6~C. 

Hybridizations proceeded overnight in the same 
solution and at the same temperature; following 
hybridization, 4 30-minute washes in 1.5X SSC and 
0.1% SDS at 62°C were performed. Filters were 
autoradiographed using Kodak X -Omat film for 3-8 
days with a single intensifying screen. 

M13 probe was prepared with a Pharmacia 
oligolabelingkit using P2P] dCTP and 100 ~J.g. DNA 
per labeling reaction to a specific activity of 30-60 x 
106 cpm. Filters were prehybridized in 6X SSC, 
0.5% SDS, 5X Denhardt's solution, and 6% PEG for 
4-6 hours at 600C in the same solution. Filters w~re 
then washed twice for 15 minutes at room 
temperature in 2X SSC, 0.1% SDS, and once in this 

. solution for 15 minutes at 600C. Autoradiography 
was as for 33.15 and 33.6. 

ANALYSIS OF AUTORADIOGRAPHS 

For all analyses, comparisons of banding 
patterns were confined to bands occurring on the 
same gel. Pairs of lanes were compared to examine 
the degree of band sharing between individuals. Only 
bands representing fragments larger than 3 Kb were 
used for analysis as below this size limit bands were 
consistently too numerous to allow adequate 
discrimination. Because 2-4 family groups were run 
on each gel, the combinations included first order 
relatives (parent-offspring, and full siblings), second 
order relatives (uncle-nephews from Wolf Park), 
cousins (only for Wolf Park wolves), and unrelated 
wolves, in which pairwise comparisons were made 
between animals from the previously mentioned 
different genetic lines and origins. 
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For the dyadic combinations of lanes within gels 
the number of bands in common and the number 
exclusive to each lane was determined. The degree 
of band sharing between individuals was then 
calculated as a proportion of the total number of 
bands in lanes 1 and 2 combined that were found in 
both (Wetton et al. 1987). In some cases, variation 
between lanes in band intensity made it necessary to 
exclude from consideration certain bands in each 
lane. Therefore, if it was not possible to discern a 
match for a given band in the other lane, this band 
was not used in the comparison. 

All dyadic combinations were scored 
independently by two observers. The correlation 
coefficient between observers WaS 0.84. The average 
of the 2 scores was then taken for all pairwise 
comparisons, and the mean with its 95% confidence 
intervals (Table 1}, and 95% confidence intervals for 
the distribution of these values (Table 2) were 
obtained for each of the four categories of 
relationship with the 2 enzyme-probe combinations 
used. The expected mean bandsharing value for gray 
wolf first order relatives was calculated from the 

observed mean bandsharing for unrelated gray wolves 
with both enzyme-probe · combinations using the 
formulas provided by Georges et al. (1988; method 
1 in Tables 3 and 4). Likewise, using the same 
formulas with the 2 enzyme-probe combinations, the 
expected mean bandsharing value for unrelated gray 
wolves was calculated from the observed mean 
bandsharing value for gray wolf first order relatives 
(Method 2 in Tables 3 and 4). A comparison, which 
is discussed later in the section for results, was made 
between these observed and expected values. 

Because one of the most viable gray wolf 
reintroduction plans might contemplate the 
translocation of preestablished pack(s), in which most 
of the animals are first order relatives, we also used 
the mean bandsharing value for unrelated gray wolves 
to calculate the overall probability of misassigning an 
uncle as the · father with two enzyme-probe 
combinations, using the procedure described by 
Georges et al. (1988) and Rabenold et al. (1990). 
Also, due to the possibility of another relocation 
strategy, in which the release of unrelated individuals 
having different origin might take place, we used the 

Table 1. Mean and 95% confidence intervals for the proportion of bands shared among all possible gray wolf 
relationships produced with restriction enzyme.Hinjl and Jeffreys' probes 33.15 and 33.6. 

Hinfl./33 .15 Hinfl./33.6 

Category Mean 95% C.I. Mean 95% C.l. 

Gray wolf 
first order 
relatives• 0.721 (0.665,0. 777) 0.716 (0.689,0. 743) 

Gray wolf 
second order 
relatives• 0.626 (0.608,0.645) 0.527 (0.505, 0.549) 

Gray wolf 
cousinsb 0.646 (0.528,0. 763) 0.667 (0.621,0. 713) 

Unrelateds 0.395 (0.364,0.427) 0.432 (0.416,0.447) 

a,b: The values for these categories were calculated from pairwise comparisons between Wolf Park individuals. 
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Table 2. Mean and 95% confidence intervals for the distribution of the proportion of bands shared among all 
possible gray wolf relationships produced with restriction enzyme Hinjl and Jeffreys's probes 33.15 
and 33.6. 

Category 

Gray wolf 
first order 
relatives 

Gray wolf 
second order 
relatives• 

Gray .wolf 
cousinsb 

Unrelateds 

Hinfl./33 .15 

Mean 

0:721 

0.626 

0.646 

0.395 

95% C.l. 

(0.516,0.927) 

. (0.495,0. 758) 

(0.450,0. 842) 

(0.253 ,0.537) 

Hinfl./33.6 

Mean 

0.716 

0.527 

0.667 

0.432 

95% C.I. 

(0.509,0.924) 

(0.431 ,0.623) 

(0.470,0. 864) 

(0.287 ,0.576) 

a,b: The values for these categories were calculated from pairwise comparisons between Wolf Park individuals. 

Table 3. Results from analysis of DNA fingerprints produced with restriction enzyme Hinjl and Jeffreys' probe 
33.15 for a panel of 22 gray wolves. Calculations were made by two methods. Method 1 consisted 
of obtaining the estimates and probabilities from the mean proportion of band sharing between 
unrelated individuals. Method 2 consisted of obtaining estimates and probabilities from the mean 
proportion of band sharing between first order relatives. 

f (#of bands) 

x (mean prop. bands shared by unrelateds) 

q (mean allele frequency)• 

h (heterozygosity)b 

s (mean prop. bands shared by first order relativest 

m (expected # of maternal bands )d 

p (expected# of paternal bands)c 

P" (probab. of misassigning uncle as the father)r 

Method 1 

14.29+/-2.64 

0.395 

·o.22 

0.875 

0.678 

9.425 

4.865 

0.151 

Method 2 

14.29+/-2.64 

0.485 

0.282 

0.836 

0.721 

10.002 

4.301 

0.245 

Pv (with both probes) 0.04 0.07 

a: From x= 2q-q2(first methOd) (Jeffreys et al. 1985b), or from s= (4+Sq-6q2+q3)74(2-q) (second methOd) 
(Georges et al. 1988). 

b: h= 2(1-q)/(2-<I) (Georges et al. 1988). 
c: s= (4+5q-6q_2 +q3)/4(2-q) (Georges et al. 1988). 
d: m= f(1 +q-qj/(2-q) (Georges et al. 1988). · 
e: p= f(q2-q)/(2-q) (Rabenold et al. 1990). 
f: Pu=sP (Rabenold et al. 1990). 
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Table 4. Results from analysis of DNA fingerprints produced with restriction enzyme Hinjl and Jeffreys' probe 
33.6 for a panel of 22 gray wolves. Calculations were made by two methods. Method 1 consisted 
of obtaining th~ estimates and probabilities from the mean proportion of band sharing between 
unrelated individuals. Method 2 consisted of obtaining estimates and probabilities from the mean 
proportion of band sharing between first order relatives. 

Method 1 Method 2 

f (# of bands) ti.03 + /-3.48 12.03 + /-3.48 

x (mean prop. bands shared by unrelateds) 0.432 0.474 

q (mean allele frequency)• · 0.246 0.275 

h (heterozygosity)b 0.86 0.841 

s (mean prop. bands shared by first order relatives)c 0.696 0.716 

m (expected# of maternal bands)d 8.13 8.36 

p (expected # of paternal bands 'f 3.9 3.67 

Pu (probab. of misassigning uncle as the father)r 0.243 0.294 

Pu (with both probes) 0.04 0.07 

a: Fr:om x= 2q-q2 (first method) (Jeffreys et al. 1985b), or from s= (4+5q-6q2 +q3)/4(2-q) (second method) 
Georges et al. 1988). 

b: h= 2(1-q)/2j) (Georges et al. 1988). 
c: s= (4+5q-6'f+q3)/4(2-q) (Georges et al. 1988). 
d: m= f(1 +q-<()/(2-q) (Georges et al. 1988). 
e: p= f(q2-1)/(2-q) (Rabenold et al. 1990). · 
f: Pu=sP (Rabenold et al. 1990). 

bandsharing value for gray wolf first order relatives 
to calculate the probability of misassigning an uncle 
as the father with the same enzyme-probe combina
tions using the same procedure provided by the same 
authors. Table 3 displays this . and the other genetic 
estimates produced with restriction enzyme Hinjl and 
Jeffreys' probe 33.15. Table 4 shows the values for 
the same genetic estimates produced with restriction 
enzyme Hinji and Jeffreys' probe 33.6. 

BAND SHARING 

. _ The expected mean bandsharing values for 
unrelated gray wolves and for gray wolf first order 
relatives varied from those observed for the same 
gray wolf relationships with both enzyme-probe 
combinations used, after their calculation using the 

formulas provided by Georges et al. (1988) (Table 3 
and 4). We can observe that this variation was larger 
with Hinjl/33.15 enzyme-probe combination than 
with Hinft/33.6. This variation might have been due 
to the fact that the animals we used in our analysis 
were genetically more related within than between 
each genetic line. We should recall that the 
individuals we used in our study came from distant 
origins and even from 2 different gray wolf 
subspecies. The observed mean bandsharing value 
calculated for unrelated gray wolves (0.395) might 
have been artificially deflated because its calculation 
included individuals from distant origins and 2 
different gray wolf subspecies. On the. other hand, 
the observed mean bandsharing calculated for gray 
wolf first order relatives (0.721) might have been 
artificially inflated because its calculation included 



individuals within origins and genetic lines and some 
known instances of inbreeding. This inflated value 
for gray wolf first order relatives further suggests the 
presence of inbreeding within each or some of the 
gray wolf genetic lines we examined, due probably to 
closed breeding programs practiced in each institution 
from which we obtained samples. 

Distributions of the proportion of bands shared 
among the 4 categories of gray wolf relatedness and 
between gray wolves and coyotes obtained with 
restriction enzyme 1 Hinfl and 33.15 Jeffreys' probe 
suggest that distributions for gray wolf close relatives 
and coyotes do not overlap. Nonetheless, there is 
some overlap between unrelated gray wolves and the 
coyotes. Distributions of the proportion of bands 
shared among the four categories of gray wolf 
relatedness obtained with Hinjl and 33.6 Jeffreys' 
probe suggest that distributions for gray wolf first 
order relatives and unrelateds overlap very little. 

ASSIGNMENT OF PARENTAGE 

Following is a description of the procedure we 
used to calculate the values for the different genetic 
estimates presented in tables 3 and 4. · The results 
produced with Hinjl/33.15 combination (Table 3) are 
those used in this description. The results obtained 
with Hinjl/33.6 combination (fable 4) ·were 
calculated utilizing the same methodology. We used 
the formulas provided by Georges et al. (1988) and 
Rabenold et al. (1990). 

From the mean proportion of bands shared 
between unrelated gray wolves, we estimated both the 
mean population allele frequency and the probability 
of a fragment being in the heterozygous state, 
assuming Hardy-Weinberg equilibrium. Jeffreys et 
al. (1985b) illustrate that the 'mean population 
frequency (q) can be found from the equation x=2q
q2, where x is the probability that a band present in 
1 individual would also be present in a second, 
unrelated individual, or 0.395 for Hinjl enzyme. 
Here q is found to be 0.22. The probability of a 
fragment being in the .heterozygous state can then be 
calculated as h=2(1-q)/2-q) (Georges et al. 1988) and 
equals 0.875 with the same enzyme, reflecting the 
high degree ·of variability observed between 
fingerprints. 

With an estimate for the allele frequency ( q), it 
is also possible to derive an expected level of band 
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sharing among various classes of kin. Georges et al. 
(1988) provide a method for calculating the expected 
level of band sharing between first order relatives 
(parent-offspring, and full siblings): s= (4+5q-
6q2+ q3)/4(2-q). Expected band sharing between gray 
wolf first order relatives is 0.678. From the estimate 
of allele frequency and the mean number of bands 
present in one individual (f), we used the formula 
also provided by Georges et al. (1988) to calculate 
the expected number of maternal (m) bands present 
in the offspring, which is 9.4. The expected number 
of paternal (p) bands present in the offspring was 
calcul~ted using the formula provided by Rabenold et 
al. (1990); this number was 4.9. Finally, we 
calculated the probability of mistakenly assigning an 
uncle as the father (pJ (Rabenold el al. 1990), which 
equaled 0.151. Assuming the banding patterns 
observed using the 2 enzyme-probe combinations 
were independent, we multiplied P u values produced 
with both enzyme-probe combinations to obtain an 
overall probability of misassigning an uncle as the 
father equal to 0.04. 

The same estimates and probabilities were 
derived using a similar process, but now calculating 
first q from the formula depicted above for the · 
probability of band sharing between first order 
relatives (s=.721), which in this case is .282 for 
Hinjl. From this value, we then calculated the rest 
of the estimates: h= 0.836, x= 0.485, m= 10.002, 
p= 4.301, Pu= 0.245, and overall Pu= 0.07. 

GENETIC MARKERS 

Two fragments were common to all gray wolves 
examined with Hinjl-33.15 enzyme-probe 
combination, regardless of geographic origin. To 
confirm the latter finding, we produced DNA 
fingerprints from the same preliminary film, which 
we have worked previously with M13 probe, tlsing 
now Hinjl-33.15 combination. In this case, the 
fragments shared among wolves on the other film 
were not so distinct. So, further research using more 
samples and from different origin is suggested in the 
search for genetic markers. No species-specific 
bands were observed in gray wolves from the 
fingerprints produced with Hinjl-33.6 combination. 
Wayne et al. (1991) did not find any marker either 
with the same enzyme-probe combination that we 
used. Likewise, preliminary results in coyotes 
showed no species-specific markers with Hinjl/33.15 
enzyme-probe combination. 
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+ DISCUSSION 

Typically, a gray wolf pack is originated by a 
breeding pair (alpha male and alpha female), and it 
builds in number with the addition of successive 
generations of pups, which develop a strong social 
bond to their parents (Allen 1979). The fact that 
some of the offspring may remain in the pack and 
breed (Fritts and Mech 1981), and dispersal strategies 
displayed by gray wolves (Mech 1987), suggest that 
inbreeding may occur regularly in this species. 

· Some authors (Shields 1983; Mech 1987) 
support the theory that because gray wolves are 
hiStorically inbred, little inbreeding depression, at 
least in the short term, should occur within the packs. 
However, Laikre and Ryman (1991) recently 
presented evidence of inbreeding depression in a 
captive gray wolf population. Furthermore, Wayne 
et al. (1991) suggested that kin recognition, which 
preven~ incestuous matings, might be the reason of 
the Isle Royal wolves' current decline. 

In wild gray wolf populations some members of 
the pack, at a certain physiological state, disperse to 
seek a mate and enough resources to propagate 
(Mech 1987). It is then when · the possibility of 
forming new gray wolf breeding pairs, usually 
between two individuals from different packs, arises. 
Occasionally, during the breeding season, a disperser 
might displace an alpha individual from a different 
pack, contributing genetic variation which might 
ameliorate the deleterious effects of inbreeding within . 
the pack. 

Because of the gray wolf parental-filial social 
organization, viable gray wolf relocation plans should 
contemplate the reintroduction of already established 
wild wolf pack(s). Should more than one wolf pack 
be relocated, they should represent different genetic 
lines. Mixing among different wolf packs' animals, 
and even among· other wild wolf populations that · 
might be living near Yellowstone should be allowed 
to ameliorate the inbreeding depression effects that 
might cause a decline in otherwise closed inbred gray 
wolf populations. 

In the sitUation in which a single pre-established 
wild pack is released, this analysis suggests an 
overall error rate of 0.07 in mistakenly assigning an 
uncle as the father using 2 enzyme-probe 
combinations. We calculated this probability because 

it constitutes the most difficult case in which 
parentage can be established for a given gray wolf 
offspring within a pack. 

Because the distributions of the proportion of 
bands shared between gray wolf first order relatives 
and unrelateds detected in our DNA fingerprinting 
analysis with 2 enzyme-probe combinations overlap 
very little, it should be possible to distinguish 
between individuals from the relocated pack and an 
unrelated gray wolf which might be found in 
Yellowstone National Park. This could be done by 
carrying out pairwise comparisons between the 
suspect individual's DNA fingerprints and those from 
all animals present in the monitored Yellowstone 
wolfpack. The distribution, and the mean proportion 
of bandsharing could be obtained. If those values 
calculated with either enzyme-probe combination we 
used lay within the 95% confidence intervals for the 
distribution and the mean proportion of bands shared 
by wirelated gray wolves, and below the lower· 95% 
confidence limit for the distribution and the mean 
proportion of bands shared by gray wolf close order 
relatives calculated for the relocated . wolves, the 
suspect could then be considered as unrelated to 
Yellowstone's gray wolves. 

In the case in which 2 or more packs 
representing different lineages are ·relocated, a 
"foreign" gray wolf CQuld be distinguished from 
individuals. within Yellowstone packs by looking at 
individual-specific DNA fingerprints; that is, if the 
suspect's DNA fingerprints do not exactly match one 
banding pattern from the relocated wolves, then one 
could determine that this animal is not a member of 
the monitored packs. If an individual is an offspring 
derived from the Park's gray wolves, but for 
whatever reason it is considered a suspect, the 
analysis of bandsharing between this animal and the 
rest of the individuals from the monitored pack(s) 
should be undertaken. If this analysis revealed a 
proportion of bands shared between the suspect and 
some of the controlled gray wolves tO lie within the 
95% confidence intervals of this estimate for gray 
wolf first order relatives, DNA from the suspect and 
from those animals who shared a high proportion of 
bands with it should be run separately in another gel 
for parentage testing. If each resolvable band present 
in the suspect is also present ·in one Yellowstone gray 
wolf male-female banding pattern combination, then 
the animal could be regarded as an offspring derived 
from that male-female pair. If, on the other hand, 



the suspect's banding pattern could not be matched 
with any Yellowstone gray wolf male-female DNA 
fingerprint combination, and the proportion of bands 
shared between it and the Yellowstone wolves lay 
within the 95% confidence intervals for this estimate 
between unrelated gray wolves, the animal could then 
be regarded as unrelated to the controlled pack(s}, 
because it was not a product from any of those 
possible male-female mates. 

Another possible gray wolf relocation strategy 
would be the releasing of individuals from well 
separated and unrelated wolf packs into the Park. In 
the case in which individuals from well separated and 
unrelated wolf packs were released into Yellowstone, 
our parentage analysis revealed an overall error rate 
of 0.04 in mistakenly assigning an uncle as the father 
with 2 enzyme-probe combinations. This rate is 
slightly lower than that calculated from gray wolf 
close relatives. Because all individuals would be 
unrelated one with each other in this case, one could 
not distinguish, based on the distributions of the 
proportion of bands shared, between the controlled 
Yellowstone animals and other gray wolves which 
might be wandering in the Park. Nevertheless, 
"foreign" gray wolf could be differentiated from 
individuals within Yellowstone pack(s) by individual
specific DNA fingerprint matching as previously 
explained. In the situation in which an individual is 
an offspring derived from the Park's unrelated gray 
wolves, but for whatever reason it is considered a 
suspect, the procedure described above for more than 
one unrelated packs should be undertaken. 

Our analysis revealed that DNA fingerprinting 
is also useful to distinguish gray wolf close relatives 
from coyotes. Even though we did not produce very 
clear fingerprints from our coyote samples, the 
coyotes' distribution of bands shared between them 
and gray wolf close relatives do no overlap. If 
already established gray wolf pack(s) were introduced 
to . Yellowstone, then any coyote could be 
differentiated from a gray wolf based on the 
distributions of the proportion of bands shared among 
them, and by individual-specific DNA fingerprint 
matching. This latter procedure could also be used 
to distinguish between a coyote and the wolves if the 
relocation- strategy involves unrelated gray wolf 
individuals. 
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+ CONCLUSIONS 

If gray wolf restoration in Yellowstone includes 
the translocation of already established wild gray wolf 
pack(s}, our analysis revealed that DNA 
fingerprinting, using restriction enzyme Hinjl and 
either Jeffreys' probe 33.15 or 33.6, was useful, 
based on proportions of fragments shared, to 
distinguish between the relocated wolves and 
"foreign" wolves which might be found in the Park. 
A suspect individual could be identified by individual 
DNA fingerprint matching, too. Also, any animal 
originated from the originally reintroduced wolves but 
regarded as a suspect, could be identified by 
examining the proportion of bands shared between it 
and the controlled gray wolves, together with 
parentage testing analysis. 

If on the other hand, gray wolf relocation 
contemplates the translocation of individuals · from 
well separated wild gray wolf packs, our analysis 
revealed that they could be differentiated from a 
"foreign" wolf by individual-specific DNA finger
print matching. Paternity testing analysis could also 
be carried out to identify any animal originated from 
the originally relocated wolves. In this case, 

. parentage analysis using two different enzyme-probe 
combinations was found to be slightly more accurate 
than in the case of the first possible ·gray wolf 
reintroduction strategy~ 

We also found DNA fingerprinting useful in 
establishing parentage when more than one enzyme
probe combination was used. In our parentage 
analysis we considerably reduced the probability of 
misassigning an uncle as the father using 2 enzyme
probe combinations for both of the most probable 
gray wolf reintroduction strategies. This, combined 
with the usefulness of the technique m distinguishing 
suspect individuals from known gray wolves 
regardless which relocation strategy is chosen, makes 
DNA fingerprinting an important technique which 
could be utilized to monitor and control the genetic 
structure of the gray wolves which might be released 
in Yellowstone National Park. 
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+ INTRODUCTION 

PURPOSE OF THE INVESTIGATION 

In order to investigate the impact of the 1988 
fires on the chemistry and water . quality of shallow 
ground water in Yellowstone National Park, a two
year program of sampling and analysis was begun in 
August, 1989. Samples from ground-water wells for 
which pre-fire 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 fire, in terms of increased sedimentation 
and the addition of ash-laden runoff, the effects of the 
fires 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 define the 
chemistry, transport, and fate of dissolved 
components entering the ground water as a result of 
the fires 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 field and in the laboratory; (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 and comparison of leachate chemistry to that 
of ground water and soil water; (4) Comparison of 
the analytical results for the post-bum ground waters 
with the pre-fire data for samples collected from the 
same wells; (5) To assess the transport and fate of 
ash-derived solubles and to understand water-rock 
interaction as related to the chemistry of ground 
water. Computer modeling of the analytical data 
includes several different geochemical modeling 
programs (W ATEQB, Arikan 1988; PHREEQE, 
Parkhurst et al. 1980; MINTEQA2, Environmental 
Protection Agency 1989; and NETPATH, Plummer 
et al. 1991). 

+ 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 an irregular "front" of down
ward-migrating leachate, containing components dis
solved from the ash. The soil and regolith in this 
case may act much like the ion-exchange resin of a 
chromatography column. That is, different compo
nents 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. 
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There are several possible scenarios for the 
infiltration of the ash leachate, including: (1) the 
leachate reached the water table during the first 
period of ground-water recharge following the fires 
(i.e. during the summer of 1989) and was missed by 
this study, (2) the leachate was attenuated by dilution 
upon impact with the ground water, or the solutes 
were removed by sorption and/or precipitation as the 
leachate passed downward through the regolith, (3) 
the leachate has not yet reached the water table due 
to retardation of the solute ions as they interact with 
the substrate, and may still impact the ground-water 
chemistry, ( 4) the ash leachate never developed in the 
natural setting or never infiltrated (i.e. was removed 
as surface runoff). 

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. 

To test for the minimum time necessary for 
downward migration through the unsaturated zone to 
the water table, a tracer solution (KBr) was released 
on the surface of the ground at two of the four sites. 
By measuring the concentrations of bromide in 
samples collected at weekly intervals, it may be 
possible to determine the minimum amount of time 
needed for the ash leachate to reach the ground 
water. · Lateral flow rates within the saturated zone at 
the sampling sites have already been determined by 
tracer tests (Cox 1986). 

+ RESULTS AND DISCUSSION 

Samples were analyzed for trace metals (As, 
Ba, Cu, Mn, and Ph) but showed concentrations close 
to or below detection limits (. 003; . 005, . 005, . 0003, 

· and .003 mg/L, respectively). All samples collected 
in 1989 were analyzed for As by GFAA. Because 
every sample contained concentrations of As below 
the Drinking Water Standard (DWS) of 50 1-'g/L 

recommended by the EPA (1976); analyses for As 
were not performed on the samples from 1990 and 
1991. Thermal waters in the Park commonly contain 
high levels of As (Stauffer et al. 1980), so these 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, the low concentrations of DOC seen in 
all of the wells sampled to date indicate that carbon
rich waters were quickly flushed through the system 
(prior to the inception of our study), or have not yet, 
or will not, reach the water table. The average 
concentration for DOC in rivers is 5.15 mg/L (Hem 
1985), and 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 
grotind 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 relatively low concentrations 
of DOC measured in the ground water samples 
(averaging about 2 mg/L), it was decided to sample 
for DOC only on an irregular basis. Additional 
samples for DOC were collected in the autumn of 
1990. Results from analysis of the 1990 samples 
showed no significant changes in DOC concentrations 
when compared with analyses from the samples 
collected in 1989. · 

Concentrations of Si02 were high in all ground
water samples, ranging from about 30 to 90 mg/L. 
As determined by the mineral speciation and 
equilibrium model, W ATEQB (Arikan 1988), all . 
ground waters are at equilibrium with respect to silica 
glass and oversaturated with respect to quartz. As a 
result of the abundant fluoride (as much as 10 mg/L) 
measured in samples from some of the wells, the 
water is at equilibrium or over-saturated with respect 
to fluorapatite and fluorite. The fluoride is mainly 
derived from the weathering of volcanic ash and 
obsidian, as well as from the thermal waterS in the 
park. The high levels of fluoride and Si02 measured 
in samples of ground water from the sites at Madison 
Junction and Old Faithful may be due in part to their 
proximity to thermal areas. The sites at Grant 
Village and Fishing Bridge, which are further 
removed from major thermal areas, have much lower 
levels of Si 0 2 and fluoride. This suggests that a 
portion of the fluoride and Si02 at the Madison 



Junction and Old · Faithful sites is derived from 
thermal waters, despite the apparent lack of influence 
of the thermal waters on the content of As and other 
trace metals in the ground waters at these two sites. 
Solubility controls limiting the concentration of 
dissolved fluoride in water include equilibrium with 
respect to fluorite · for those waters containing 
sufficient Ca, or the presence of strong fluoride 
complexes (AI, Fe+3, OH) (Hem 1985). Adsorption 
of . fluoride by gibbsite, kaolinite, halloysite, and 
especially for fresh Al(OH)3 precipitates may also 
affect fluoride concentrations (Hem 1985). 

VARIABILITY OVER TIME 

In general, concentrations of ground-water 
solutes are inversely related to the depth to the water 
table, showing an annual cycle which is a function of 
the amount of recharge that results largely from 
spring snowmelt. The conservative ions Cl and S04 

most closely parallel the changes in depth of the 
water table. The inverse relationships between water
table level and solute concentrations, in which a 
deeper water table corresponds to higher concen
trations of solute ions and vice versa, are most 
clearly expressed in the ground water at the Grant 
Village site. A comparison of pre-bum chemistry 
relationships with water-table levels shows the latter 
to have a closer correlation. This may be the result 
of removal of biotic factors that influence ion uptake 
and redistribution. Without vegetation to alter and 
redistribute concentrations of nutrients, the solute 
concentrations are influenced mostly by mineralogical 
controls and physical processes such as dilution. 

BROMIDE TRACER STUDY 

Results from the Br tracer study indicate that 
none of the tracer solution has yet reached the water 
table, even in those areas with water table elevation 
at one to two meters below the ground sudace 
(Madison Junction site). All samples analyzed had 
only background levels of Br, as determined by pre
tracer analyses. 

ASH-EXTRACTION STUDIES 

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. The ash contains large amounts 
of soluble material. Substantial amounts of some 
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essential elements required by plants (Ca, Mg, K, 
and S as S04) are .quickly released from the ash upon 
wetting. Some other nutrients (notably POJ are not 
released until the ash has experienced more than one 
wetting event; possibly as the result of oxidation and 
degradation of the ash by microbes that remain 
inactive until the ash has been wet long enough to 
stimulate microbial growth. Trends seen in the 
results of the .ash extractions include: (1) a trend for 
the concentrations of some ions to drop off sharply 
with successive extractions (eg. S04, K, Mg), (2) a 
fairly constant concentration for other ions (eg. SiOJ, 
and (3) a trend of increasing levels of some other 
ions (eg. POJ in some samples. These trends corre
spond to (respectively): (1) dissolution of soluble 
salts, (2) equilibrium with a solid phase present, and 
(3) possible oxidation and mineralization of organic 
components in the ash. 

Fresh ash, collected in 1988 prior. to any 
precipitation, contains high concentrations of water
soluble Ca, K, Mg, Si02, S04, and in some cases, 
N03• 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 leachate chemistry of ash samples collected 
from the same localities one year after the fires, with 
samples collected in 1988 show decreased concentra-

. tions of all the above constituents, probably due to 
leaching by precipitation. Samples collected one year 
after the fires (i.e. ash collected after one year of 
weathering in the natural environment) also released 
solutes upon leaching. This indicated that ash
derived components continue to be leached from the . 
ash for a number of wetting episodes after the fires. 
With successive extractions, the extracts from fresh 
ash (ash collected in 1988 immediately after the fires) 
show a shift in bulk composition, in terms of the 
relative proportions of cations and anions. The trend 
is not just dilution, but an actual shift in composition. 
In general, the concentrations of S04, Cl, and F 
decrease with each extraction, whereas concentrations 
of N03, N02, and P04 increase. Concentrations of 
all cations decrease, and alkalinity usually decreases 
as well. 

CHARACTERIZATION OF SOILS 

Soil described at each of the four sites of 
ground-water sampling are weakly developed, with A 
over ·C horizons (Entisols) at three sites (Old 
Faithful, Madison Junction, Fishing Bridge), and an 
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A/Bw/C profile _(lnceptisol) at the Grant Village site. 
Soils are dominantly coarse-textured, consisting 
largely of obsidian and rhyolite sand and gravel, and 
sand and silt-sized sanidine and quartz. These 
components of the soil parent material provide the 
abundant silica measured in the ground water as Si02• 

High-silica rhyolite and obsidian ( > 75% Si~ may 
also contain high levels of components such as 
fluorine (Burt et al. 1982), and are most likely 
responsible for the high levels of dissolved fluoride 
seen in water samples from some wells. The propor
tion of clay-size particles in all soil horizons is low 
and does not exceed seven percent in any sample. 
Percentage of organic matter was not determined, but 
can be estimated by the · percentage loss of the 25-
gram samples used for particle-size analysis. Using 
the values of percentage loss, organic matter consti
tuteS a maximum of three to four percent for A and 
Bw horizons, and one to two percent for C horizons. 
X-ray diffraction analyses of the clay-sized fraction 
from each horizon of the profiles at the four sites 
gave inconclusive results. Although a sharp quartz 
peak was seen in the results for all samples, no other · 
well-defined peaks were observed in any of the dif
fractograms. The youthfulness of the soils is 
probably responsible for the lack of well-crystallized 
phases, and, without sufficient long-range ordering, 
all phases would be classified as "amorphous," there
by defying identification by x-ray diffraction analysis. 

LYSIMETER SAMPLES 

Results from 1990 samples show the movement 
of the wetting front (from snowmelt) downward 
through the unsaturated zone. At sites that ex
perienced 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. Snowmelt from the spring of 
1991 was collected in about half of the lysimeters. 

Following stabilization within the reconstructed 
soil profile around the lysimeters, the soil solutions 
contain N03 as the dominant anion and Ca as the 
dominant cation. Concentrations of Si02 are sub
stantially lower than those seen in the ground waters, 
and pH values average about 5. 6, the latter being 
consistent with values reported for soil solutions in 
lodgepole pine (Pinus contorta) ecosystems . (Fahey 
and Knight 1986). 

Solute composition of the soil solution has been 
suggested to be directly related to soil texture, with 
a strong biotic control for nitrogen and potassium 
(Fahey and Knight 1986). Fahey and Knight (1986) 
speculated that the low prOductivity of lodgepole pine 
forests may be due to a limited availability of 
nitrogen. Yavitt and Fahey (1986) measured total N 
concentrations in forest-floor solutions and found a 
high of about 5 · mg/L during initial stages of 
snowmelt, which soon decreased to slightly less than 
1 mg/L. Soil solutions collected in our burned sites 
have N03 concentrations ranging from 7 to 67 mg/L, 
perhaps due to: (1) lack of nitrogen uptake by plants 
(all vegetation removed by burning), (2) infiltration 
of nitrogen-rich ash leachates, (3) addition of fire 
.retardant, diammonium phosphate (NHJ2 HPO~, from· 
the slurry bomber plane during the fires, ( 4) · an 
increase in the activity of nitrifying bacteria, or (5) 
sandy soil. As noted earlier, soil textures observed 
in all four of our study sites are similar and 
dominated by sand plus gravel fractions. 

Fahey and Knight (1986) concluded that 
" ... biological activity plays a critical role in 
regulating the fluxes of water and major ions" 
thereby suggesting that an ecosystem which has had 
all vegetation removed by intense burning may 
experience marked changes in the flux of water and 
major ions. Knight et al. (1985) stated that, because 
" ... nutrient retention in the snow-dominated 
lodgepole pine· ecosystem appears to be primarily 
dependent on evergreen leaf area .... '" the " .. .losses of 
limiting nutrients probably occur primarily in pulses 
after abiotic perturbations such as fir.," which affect 
the leaf area index (LAI). A comparison of our re
sults with those of Knight et al. (1985) shows similar 
concentrations of P, K, Na, Mg, and Ca, but 
dissimilar levels of nitrogen, with our nitrogen values 
two orders of magnitude greater than theirs. High 
concentrations of N03 in some ash leachates sugge8t 
that ash-derived nitrogen, or possible a post-fire 
increase in the activity of nitrifying bacteria, may be 
responsible for the elevated nitrogen concentrations · 
measured in the soil solutions. 

COMPUTER MODELING 

The geochemical computer models employed 
for this study are based on the assumption that 
equilibrium conditions are achieved between the solid 

. and aqueous phases. Although this assumption may 
not be completely accurate (Lindberg and Runnells 



1984), it still offers the best approximation for an 
aqueous system in which the interpretations are based 
largely on the chemistry of dilute natural waters. 

The simplest case of rock-water interaction 
determining water composition is equilibrium dis
solution/precipitation. Other possibilities include: 
mixing of waters of two different compositions to 
produce the final, observed water chemistry; 
chemical reactions of cation exchange as well as 
adsorption and desorption of dissolved ions; and, . 
biological . factors that may influence or alter the 
water chemistry. Some or all of these processes may 
be involved in affecting the chemical composition of 
the water sampled for study. The computer programs 
.used in this study can model all but the latter factor
the biological factor. The influence of the biologic 
factor c8n only be evaluated during interpretation of 
the analytical and modeling results. 

Three types of calculations are used to describe 
the geochemistry of the ground-water system 
(Plummer 1984). Speciation calculations, based on 
thermodynamic and analytical data, provide a 
measure of the tendency of a particular mineral to 
dissolve or precipitate in a given aqueous system. 
The distribution of dissolved species (ions and ion
pairs) is also computed, as well as the speciated and 
unspeciated charge balance. 

Mass-balance calculations constrain the changes 
in the chemical composition of water along the flow 
path, based on the conservation of mass. This type 
of calculation requires knowledge of the composition 
of the initial and final waters along the flow path, and 
at least a general idea of which mineral phases are 
present and interacting with the water as it migrates 
along the path. The possible reactions computed by 
the model are not constrained by thermodynamic 
data, so they must be checked for feasibility prior to 
acceptance of the reaction model produced by the 
mass-balance calculations. 

Following the development of several models 
based on mass-balance calculations, the feasibility and 
validity of the models · can also be checked using a 
mass-transfer program. Mass-transfer calculations 
employ a thermodynamic model of the mineral-water 
system, and predict solution composition and 
transfers among the aqueous, gaseous, and solid 
phases of the system. Some mass-transfer programs 
(e.g. MINTEQA2) include algorithms for a variety of 
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calculations. Mass-balance modeling, using NET
PATH (Plummer 1991) is currently in progress. 

SPECIATION AND EQUILIBRIA 
CALCULATIONS 

Truesdell and Jones (1974) developed the 
original WATEQ· program for the calculation of 
chemical equilibria in dilute natural waters at surface 
temperatures. Since the formulation of the original 
WATEQ computer program in 1974, the WATEQ 
family of geochemical modeling programs has grown 
to include an interactive BASICA revision for ffiM
type personal computers, WATEQB (Arikan 1988). 
WATEQB, along with other geochemical modeling 
programs such as MINTEQA2, employs approxi
mately the same thermodynamic database as 
WATEQF (Plummer et al 1976) and permits rapid 
calculation of the equilibrium distribution for 
inorganic aqueous species. Approximately 270 
complete analyses of aqueous samples were 
performed throughout the course of this study. All of 
these analyses have been run for speciation and 
equilibria calculations using the computer program 
WATEQB (Arikan 1988). Taking a range of 
saturation index (SI) values between +/-0.500 to 
indicate equilibrium with respect to a given solid 
phase and values of SI>O.SOO to indicate 
oversatUration with respect to a given solid phase, 
virtually all samples of ground water are 
oversaturated with respect to forms of Si02 (silica 

· gel, silica glass, chalcedony, quartz). High concen
trations of fluoride in many of the ground-water 
samples cause the waters to be oversaturat~ with 
respect to minerals such as fluorite and fluorapatite. 
Results from the runs of W ATEQB assist in the 
selection of suitable phases to be used as input in the 
mass-balance and mass-transport modeling. 

MASS-BALANCE CALCULATIONS 

NEPATH is an interactive computer program 
for determining " ... net geochemical mass-balance 
reactions between an initial and final water along a 
hydrologic flow path." (Plummer et al. 1991). This . 
model is the successor to the program BALANCE 
(Parkhurst et al. 1982) and extends the capabilities of 
the model to include mixing of waters and ion
exchange, in addition to dissolution and precipitation 
of specified mineral phases. NETPATH also allows 
the user to specify that certain phases must be 
included in every possible model ("forced") and that 
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specific phases .be available for dissolution-only, 
precipitation-only, or both. Additional components 
and phases may be specified by the user and added to 
the program database. Using mineral saturation and 
ionic speciation results obtained from runs of 
WATEQB, as well as mineralogical data from 
samples· of soil and regolith collected at the sites of 
ground-water sampling, a large number of possible 
models were tested by NETP ATH. Because the 
solutions are not unique, a number of reasonable 
models may be accepted for further testing. 

IMPLICATIONS FOR MANAGEMENT 

Although the forest fires of 1988 were 
widespread and dramatic, the impact on ground-water 
chemistry appears to be minimal. Hydrologic 
changes, such as earlier and more rapid snowmelt 
due to decreased shading by vegetation, can · be 
expected in areas affected by crown fires and heavy 
~urning. Increased soil temperatures, due to in
creased solar radiation reaching the forest floor, will 
probably be found in areas subjected to crown fires. 
Such temperature increases will favor an increase in 
microbial activity, such as that of nitrifying bacteria 
(Ahlgren 1974). These bacteria are probably 
responsible for the high concentrations of N03 

measured in the soil solutions at the severely-burned 
site (Grant Village). 

Despite the dilute nature of non-thermal ground 
water · in the Park, no major alterations in the 
chemistry of ground water have yet been confirmed. 
The lack of pronounced changes in the post-fire 
ground-water chemistry, as determined by analysis of 
ground-water samples collected over the past two 
years and comparison with pre-fire data, suggests 
several possibilities. It is possible that the assim
ilative capacities of the soil and rock substrate serve 
to attenuate the impact that large quantities of ash
derived solubles could have on the chemistry of 
ground water. Assimilation of ash-derived solubles 
could occur by sorption of solute ions onto the solid 
substrate or by precipitation of mineral phases. 
Other possibilities, including minimal infiltration of 
an ash~leachate due to x:apid removal of ash-derived 
solubles during surface runoff, should also be 
consid~red. Evaluation of the results of lysimeter 
data (soil-water analyses) may assist in confirming or 
dispelling this latter possibility. 

Continuing graphical and computer analysis of 

the chemical data will better define and. quantify the 
character and extent of changes in the chemical and 
physical properties of non-thermal ground waters in 
the Park. 
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+ INTRODUCTION 

American marten (Martes americana) use 
primarily old growth coniferous habitat (Bateman 
1986, Raine 1983, Soutiere 1979, Steventon and 
Major 1982). However, their use of habitat may 
vary by season (Steventon and Major 1982, Koehler 
and Hornocker 1977, Wynne and Sherburne 1984). 
In summer, marten u8e 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 coarse woody debris (CWD). 
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, Zeilinski et al. 1983, Lensink et al. 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 of their 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 was to identify the 
variables that influence subnivean access. Our 
primary objective was to examine the relationship 
between subnivean access and subnivean prey 
abundance (see methods). Specifically, we attempted 
to determine if a correlation existed between used 
access points and the abundance of subnivean prey. 
If there was a positive relation.Ship between prey 
densities, CWO, and access points, then marten 
access point use should have been related to increased 
levels of CWO and high prey densities. This implies 
that either prey and or CWD are causal factors or 
covariates to causal factors for access point use by 
marten. We determined if these relationships existed 
by addressing the following hypotheses. 

• 

Hl: Utilization of access points is positively 
correlated with subnivean prey 
abundance. If there is no prey at an 
access point, then we expect marten will 
not use that access point. 

H2: Mean prey abundance at used access 
points will be higher than the mean prey 
abundance at non-used access points. If 
this is the case, it implies a positive 
relationship between prey and CWO and 
suggests a causal mechanism. 
Hypothesis 3 attempts to further elucidate 
the relationship. 

H3: There will be a positive relationship 
between prey abundance and the % cover 
of CWO. We expect to find higher prey 
abundance at points with high levels of 
CWO. 

STUDY AREA 

The Canyon-Norris region of Yellowstone 
National Park was chosen as the primary study area 
because it contained a variety of habitats suitable for 
marten and also provided a suitable road network for 
telemetry and accessibility to marten habitat by foot. 
The major cover type of the area is lodgepole pine 
(Pinus contorta) with small to moderately sized 
spruce-fir inclusions. Varying degrees of fire 
intensity created a mosaic pattern of burned, partially 
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burned and unburned cover types. Elevation ranges 
from approximately 2500 m to 3SOO m. 
Temperatures range from approximately so C to -600 
C in winter and 25° C to -S° C in summer. Normal 
snow accumulation during winter was about 2 m, 
making this study area ideal for investigating 
subnivean access point use. 

+ METHODS 

HYPOTHESIS TESTS 

Hl: To determine if a correlation existed between 
access point use and prey abundance, we first 
documented use of access points versus non-use. We 
then compared prey abundance at access points with 
prey abundance at non-used plots. Statistical analysis 
included a G-test, Student's t-test, and logistical 
regression. 

H2: Random non-used access points were selected 
within the home ranges of marten as described in the 
sampling scheme. Small mammals were trapped on 
these plots and mean prey abundance for non-used 
points (see sampling scheme) compared to mean prey 
abundance at used access points. Data were based 
upon relative abundances of small mammals and seed 
bolus utilization. Results were compared as stated 
above. Analysis consisted of a G-test, Student's t-test 
and logistic regression. 

H3: Prey abundance at access points and random 
plots were compared to CWD at the same points. 
CWD was measured as % cover within a 10 m radius 
of the access or non-used point. Only CWD with a 
diameter of 7.6 em or more was measured. Analysis 
included a G-test, Student's t-test, and logistic 
regression. 

ANALYSIS 

Multivariate analysis techniques were used to 
identify relations between the measured variables and 
access point utilization. Categorical interdependence 
methods, such as G square analysis and logistic 
regression techniques were used to determine if 
dependency relationships existed between access point 
use, prey density and CWD. The contingency table 
given below provides the basic data structure used for 
analysis (Table 1). 
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Table 1. Data structure used for analysis to 
identify relations between measured 
varaibles and access point utilization. 

MARTEN USE OF ACCESS POINTS 

YES NO 

HIGH * 
CWD LEVEL MED * 

LOW * 

HIGH * 
PREY DENSITY MED * 

LOW * 

+ RESULTS 

Prey biomass was transformed using a square
root function prior to analysis. Of the variables 
measured, CWD and prey biomass showed significant 
differences in mean values between used and unused 
access points. Mean prey biomass was 13.2 g and 
9.0 gat used and unused points respectively @ = · 
142, ! = 4.55, .Q < 0.0001). Mean percent ground 
cover of CWD was 24.7% and 18.5% respectively at 
used and unused access points@= 102, ! = 2.39, 
.Q = 0.0166). A multivariate logistic regre8sion was 
performed using both CWD and prey biomass as 
explanatory variables. The Hosmer-Lemeshow test 
statistic of goodness of fit was 0.216 with df = 102. 
For biomass the coefficient (C) = 0.0006, the coef/se 
= 3. 74 and .Q = 0.0003. For CWD (C) = 0.02, 
coef/se = 1.81, .Q = 0.0718. 

-+ . ACCOMPLISHMENTS TO DATE 

All field work has been completed at this time 
and data analysis is nearing completion. We have 
prepared four manuscripts dealing with our research 

in Yellowstone and are in the process of submitting 
these for publication . . A Master's thesis is also in 
preparation and should be completed early in 1992. 

+ WORK REMAINING 

We are presently completing our data analysis by 
. performing odds ratio tests on our prey and CWD 
dataset. We are also conducting additional 
experimentS on marten habitat use and predator 
avoidance in Yellowstone and at Utah State 
University. 
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+ INTRODUCTION 

There is substantial observational evidence 
suggesting positive interactions among fire, vegetation 
and large mammalian herbivores within Yellowstone 
National Park. The purpose of this research project 
is to quantify these potential interactions and explain 
their interactive effects on ecosystem processes (e.g. 
nutrient cycling). The basic study design utilizes 
burned areas from the 1988 fires with adjacent 
unburned areas to comparatively quantify ecosystem 
process information. Two paired study sites were 
chosen in three locations (Hellroaring Slope, Swan 
Lake Flat and Hayden Valley) representing winter, 
transitional and summer range for portions. of the 
Northern elk herd. All study sites can be 
characterized as mesic sagebrush steppe dominated by 
the grasses Festuca idahoensis and Agropryron spp. 

+ SUMMARY 

The primary objective of the 1991 field season 
w~ to collect 1) aboveground consumption and 
productivity data and 2) nitrogen and elemental soil 
data throughout the growing season. Additionally, 
since forests dominate such a large proportion of the 
Yellowstone landscape, one study site was added to 
access fire, large herbivore interactions within a 
forest/meadow mosaic. This site is located near 

Grant Village and is currently being utilized by Jim 
Reardon and Jack Norland (NPS) for a fire related 
herbivory study. Only soil samples were collected at 
Grant Village this season. Other activities 
accomplished this field season included: a urea 
fertilization pilot study, initiation of a potential 
experimental bum at Hellroaring slope site~ forage 
collection for nutrient analysis, collection of grasses 
for fungal endophyte analysis and collection of 
herbaceous root biomass. At present, pr~liminary 
analysis of 1991 aboveground consumption and 
productivity data has been accomplished, but the soil 
and forage samples are still being processed. 

+ METHODS 

Aboveground productivity and consumption was 
measured with moveable exclosures (1.5 x 1.5 m) at 
the Hellroaring and Hayden Valley sites from mid 
May until late August. Only peak standing crop data 
was collected at the Swan Lake Flat location because 
the study sites were relocated and grazing was very 
light. Four exclosures were randomly placed on each 
study site and moved at four week intervals 
throughout the growing season. · Aboveground 
biomass was clipped inside and outside the exclosures 
within 25 x 25 em quadrats and sorted into live and 
standing dead components. Quadrat placement was 
randomly stratified because grazing generally was too 
uneven across the study sites to measure consumption 



efficiently. Actual (aPn) and grazed (gPn) net 
aboveground production was treated as the sum of 
positive growth increments inside and outside 
exclosures, respectively. Consumption (H) was the 
difference between aPn and gPn. Significant 
consumption (p < .10) was measured using Student's 
t-test and ANOV A to compare biomass inside and 
outside exclosures. Nitrogen mineralization and soil 
elemental data was collected using an in situ method 
(see Raison et al. 1979). Soils were separated at 0-5 
and 5-15 em depths, except for Hellroaring Slope 
soils, which were separated at 5-10 em depth due to 
high rock content. Soil sampling was randomly 
stratified within sagebrush interspaces when 
necessary. Soil samples were separately extracted 
each month for nitrogen and 19 different soil 
elements using 1N KCl and Mehlich solution 
(Mehlich 1984), respectively. Roots from each soil 
sample were saved. Extracts were then shipped back 
to Syracuse University for analysis at the end of the 
field season. For the urea pilot study, urea (5.8 g/3 
liter, four replicates/treatment) was applied to the 
Hayden Valley site in early June to measure N 
mineralization responses for the remainder of the 
growing season. 

+ RESULTS 

Preliminary results from the 1991 field season 
indicate generally higher net aboveground production 
on burned areas compared to unburned areas (Table 
1). This difference was significantly different at 
Hellroaring but not at the Hayden Valley site 
(ANOVA, p< .05). Consumption was approximately 
60% greater on the Hayden Valley burned sites 
compared to unburned sites throughout the growing 
season. This trend appeared to carry over into the 
late season as well, and it is notable that substantial 
consumption occurred in late August and September 
(not measured) as more elk and bison moved into the 
study area. Although consumption was higher on the 
Hayden Valley burned sites, observation of adjacent 

. unburned areas indicate substantial consumption 
particularly occurring on south facing slopes. This 
suggests a possible topographic effect on grazing 
patterns that was not accounted for in the study 
design . . As mentioned earlier, grazing intensity was 
very uneven, especially at Hayden Valley, indicating 
that previously grazed patches may be regrazed 
during the growing season. Dung density was 50% 
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higher (calculated from transect data) on the burned 
site compared to the unburned site at Hayden Valley, 
(t-test, p < .05). 

No significant consumption was detected at the 
Hellroaring Slope unburned site while consumption 
on the burned site averaged 62g m·2• This fact 
suggests that preferential grazing on the burned site 
in early May could have stimulated production 
beyond the that of the unburned site. Although 
consumption and production was not measured in 
1990, standing dead biomass (May) was significantly 
higher (t-test, p< .05) on the hurried site (30g m·~ 
compared to the unburned site (14g m·~. This 
suggests that production in 1990 may have been 
higher on the burned site as well. Dung density 
showed the exact opposite pattern at Hellroaring 
Slope, being 50% greater on the unburned site 
compared to the burned site (t-test, p<05). 

Soil N data from August 1990 indicate strong 
site and depth effects but little fire effects (ANOV A, 
p< .05). Soil nitrogen data for 1991 has yet to be 
processed but initial data from 1990 could be related 
to the high production/consumption values at 
Hellroaring burned site (Table 1). The rather high 
mineralization value for the Hellroaring unburned site 
is inflated likely from animal urination over the soil 
sampling region and probably not reflective of the 
actual mineralization rate. The lower · N 
mineralization values at the Hayden Valley site are 
likely a result of the soils high clay content (e.g 
Schimel et al. 1985). Preliminary soil elemental data 
also indicate strong site differences but moderate fire 
effects. However, both nitrogen and elemental soil 
data from 1990 is too preliminary for making 
meaningful inferences about aboveground production 
and consumption at this time but general patterns 
seem to be emerging. 

+ FuTuRE WORK 

Work to be completed for the remainder of the 
reporting period includes: 

1) Soil nitrogen mineralization analysis 

2) Forage nutrient analysis 

3) Belowground biomass analysis 
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Table 1. Preliminary production, consumption and nitrogen mineralization values at Hayden Valley and Hellroaring 
Slope. aPn = net aboveground productivity, H = consumption. Late season consumption at Hayden Valley 
was measured from late July to August. Values are g m·2• Soil net N mineralization (0-10 em) was 
measured for August 1990, mean values are ppm. · 

Hayden Valley Hellroaring Sip. 
Burned Unburned Burned Unburned 

aPn 135 
H 64 
H(late season) 56 
N mineralization 0.60 

4) Belowground fertilization experiment accessing 
root responses to simulated urine/nutrient 
patches. 

5) Controlled N mineralization experiment . using 
bulic soils collected in Yellowstone 
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+ INTRODUCTION 

The scale of the 1988 fires in Yellowstone 
National Park (YNP) raised numerous questions for 
the . management of natural areas subject to large, 
infrequent disturbances. An important management 
issue in YNP involves the interaction of large-scale 
fire with the large assemblage of native ungulates and 
vegetation dynamics in: the landscape. In this 2-year 
research project, we are using landscape modeling 
and field studies to address basic questions about the 
effects of fire scale and heterogeneity on (1) resource 
utilization and survival of free-ranging elk ( Cervus 
elaphus) and bison (Bison bison) and (2) the 
production and regeneration of preferred forage 
grasses and aspen in northern YNP. We are testing 
a series of eight hypotheses within the framework of 
two basic questions. First, we ask whether there are 
thresholds in fire size that interact with winter 
severity and ungulate density to determine ungulate 
resaurce use and survival on the winter range in 
northern YNP. This question focuses on the effects 
of fire size, regardless of the spatial pattern of 
burning. Second we ask, if large fires occur, does 
the spatial distribution of burned areas (and hence of 
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higher quality forage) influence ungulate resource use 
during winters subsequent to the first post-fire year. 
In this question, we are addressing the effects of 
spatial pattern on herbivory. 

We focus on elk and bison becau~ these are 
by far the most numerous ungulates in the area 
(Houston 1982), and we have chosen to examine 
winter grazing and browsing for several reasons. 
Winter range conditions are the primary determinant 
of ungulate survival and reproduction in Yellowstone, 
and winter utilization of the vegetation by ungulates 
appears to be intense in some areas. Ungulates make 
distinct foraging choices in the winter as in the rest of 
the year, and · bum patterns may influence those 
choices in ways that we represent as hypotheses 
described later. In addition, the activities of animals 
can be readily monitored in the winter, and the exact 
locations of feeding and bedding sites can be 
determined. Travel routes are easily monitored, and 
the ability to sight animals is high; therefore, group 
locations and sizes can be readily determined. 

This research complements ongoing studies in 
YNP by expanding the spatial scale at which 
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plant-herbivore dynamics are considered and by 
explicitly addressing the effects of spatial 
heterogeneity. Our research will produce a spatially 
explicit simulation model of the 78,000 ha winter 
range that predicts plant and ungulate dynamics under 
varying fire sizes, fire patterns, winter weather 
scenarios, and ungulate densitieS~ The model and 
field studies will allow quantitative Comparisons of 
the effects of large and small fires on ungulate 
survival and will thereby permit the simulation of the 
effects of alternative fire management scenarios. · 

+ STUDY AREA 

The northern winter range. comprises some 
78,000 ha in YNP, although its effective areal extent 
varies from year to year and during the course of a 
single winter in relation to snow conditions (Houston 
1982). The vegetation is predominantly 
sagebrush-grassland, interspersed with coniferous 
forests, aspen groves, and ripari;,m willow 
communities (Despain 1991). Tree-ring evidence 
suggests that eight to ten extensive fires occurred in 
the area during the last 300-400 years, but no large 
fires have occurred previously in · this century 
(Houston 1973). During the 1988 fires, 
approximately 34% of the winter range burned, 
including 10% of the grasslands (Preliminary Bum 
Survey 1988). 

+ FIELD STUDIES 

ASPEN SAMPLING 

It has been hypothesized that the extensive 
fires ·in the past periodically stimulated abundant 
browse and forage production across a large portion 
of the landscape, thereby permitting some aspen 
sprouts to escape browsing long enough to regenerate 
tree-sized stands. We tested this hypothesis following 
the 1988 fires by sampling sprout density and 
browsing intensity in six burned aspen stands, in six 
unburned stands located close to the fires, and in six 
"remote" unburned stands located 2 to 4 km from the 
fires. -

• METHODS 

Aspen sampling was initiated in May 1990. 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 
were digitized, and distances to burned areas 
determined by using the GIS (Table 1). A permanent 
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 transects 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 10 em increments. 

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 
Guvenile 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 
individuais to escape herbivory and reach tree size, 
this additional category is useful. Sampling was 
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 were revisited to obtain samples for 
biomass abundance and forage quality analysis. Five 
sprouts > 50 em in height and five sprouts < 50 em 
in height were collected from the stands but outside 
the permanent belt transeCts. These samples were 
dried to constant niass, weighed, then ground for 
chemical analysis. 

• REsULTS AND DISCUSSION 

Most of the extant tree-sized aspen on the 
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Table 1. Distances of aspen study areas from areas burned during the 1988 fires in Yellowstone National Park. 
Three aspen stands were sampled in each study area. 

Category 

Unburned, 'remote' 

Unburned, 'near' 

Burned 

Study Area Name 

McMinn Bench 
Crevice Creek 

Blacktail 
Lamar 

Blacktail 
Upper Lamar 

winter range became established in the late 1800's. 
Aspen clones are persisting through root sprouting, 
but few tree-sized stems have regenerated during the 
20th century, in part because of heavy winter 
browsing of sprouts by elk. 

Sprout densities in the spring and fall of 1990 
and 1991 were significantly greater in the burned 
stands than in the unburned stands (Table 2). Protein 
analysis of aspen sprouts sampled in the autumn of 
1990 indicate that sprouts from burned stands contain 
slightly more protein ( -7%) ·than sprouts from 
unburned stands (-6% ). However, there were no 
significant differences in browsing intensity; all 
stands were heavily browsed in both winters and 
lightly browsed in the summers. We conclude that 
the fires of 1988 probably will not lead to substantial 
regneration of tree-sized aspen stands on the northern 
range. The episode of tree regeneration in the late 
1800's apparently resulted not just from extensive 
fires, but also possibly from altered elk foraging 
behavior in the presence of wolves, and cooler, 
wetter climatic conditions. 

GRASSLAND SAMPLING 

The grassland sampling serves several purposes. 
First, a set of pre-winter biomass samples obtained in 
autumn 1990 provides estimates of the available 
winter forage in different vegetation classes. These 
values are being used to initialize the simulation 
model. Second, biomass samples obtained from six 

Distance to Burned Areas (m) 

3171 
1792 to nearest small bum patch 
5150 to main burned area 

426 
340 

0 
0 

30 m by 30 m gridded plots were used to estimate the 
finer scale spatial heterogeneity of forage availability 
and provide greater insight into the foraging decisions 
made by ungulates within resource patches. Third, 
biweekly observations of fixed viewing areas will 
provide time-series data on habitat utilization by 
ungulates on the northern range throughout the 
winter. These data will be used to determine ·actual 
habitat use and test the ability of the simulation model 
to make reasonable projections of patterns of ungulate 
habitat use. Fourth, 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. These data also will be 
used in testing the model. 

+ METHODS 

Extensive analyses initially were conducted on 
the YNP GIS to locate sampling sites for all the 
grassland studies. The northern range study area was 
demarcated following Houston (1982) then stratified 
into the following vegetation classes based upon 
burning status and gross primary productivity: (1) 
burned mesic grassland; (2) burned moist grassland; 
(3) burned wet grassland; ( 4) unburned dry grassland; 
(5) unburned mesic grassland; (6) unburned moist 
grassland; (7) unburned wet grassland; (8) burned 
canopy burned forest; and (9) unburned canopy 
forest. For the pre-winter forage biomass estimates, 
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Table 2. Mean density of aspen sprouts m September of 1990 and 1991. Standard deviation is shown in 
parentheses. 

Category Density of aspen sprouts (ha-1) 

Adult Juvenile Total 

Fall1990 

Burned 67,619 
(113,582) 

Unburned, 'n~r' 28,870 
(31,785) 

Unburned, 'remote' 48,399 
(59,228) 

89,740 
(123,708) 

34,312 
(36,218) 

24,053 
{31,963) 

157,359 
(216,667) 

63,182 
(64,378) 

72,453 
(72,879) 

Falll991 

Burned 82,420 
(120,266) 

Unburned, 'near' 28,790 
(26,162) 

Unburned, 'remote' 26,999 
(37,453) 

a minimum of three sampling sites were located 
within each of these classes, spanning the geographic · 
extent of the northern range. However, it was 
possible to sample additional sit~ within these 
categories for a final total of 43 (Table 3). The 
location of each site is stored in the GIS. At each 
site, two 100 m transects were established such that 
the transects are perpendicular and intersect at their 
mid points. Ten biomass samples were obtained 
from 20 em x 20 em plots along each transect, for a 
total of 20 samples per site~ Samples were dried to 
constant mass and the mass recorded. Subsamples of 
the biomass collected -from each site were then 
ground and prepared for forage quality analysis. The 
pre-winter biomaSs sampling was begun during the 
first week of October and completed by 
mid-November .of 1990. 

Sampling was completed in November of 1990 

41,140 
(49,664) 

21,389 
(26,214) 

10,948 
(15,049) 

123,561 
(159,616) 

50,180 
(49,416) 

37,948 
(44,505) 

on six 30 m x 30 m plots for analysis of the spatial 
variability in available forage at a relatively fine 
scale. A burned and unburned site were sampled for 
mesic, moist, and wet grasslands (Lamar Valley, 
Hellroaring, and Blacktail areas, respectively). At 
each site, · a uniform grid was established such that 
grid points were placed at 2 m intervals. At each 
grid point, aboveground biomass in a 10 em x 10 em 
plot was clipped to ground level, dried to constant 
mass, and the mass recorded. . Thus, these data 
provide 225 spatially explicit ·estimates of 
aboveground forage biomass at each of six sites. 
These data allow us to explore fine-scale spatial 
variability in forage distribution and the implications 
of alternative ungulate foraging strategies given this 
spatial variability. 

Ungulate viewing areas were located by using 
the vegetation classification generated with YNP GIS 



Table 3. Sampling sites from which pre-winter forage availability was estimated during autumn 1990. 

Bum Category Moisture Class 

Burned Mesic grassland 

Burned Moist grassland 

Burned Wet grassland 

Burned Canopy forest 

Unburned Dry grassland 

Unburned Mesic grassland 

Unburned Moist grassland 

Site Name 

Lamar 
Pleasant Valley 
Rescue Creek 
Blacktail 

Crystal Bench 
Lamar 
Pleasant Valley 
Rescue Creek 
Lamar Canyon 
Hellroaring 
Swan Lake 

Lamar 
Pleasant Valley 
Rescue Creek/Blacktail 
Lamar Canyon 
Swan Lake 

Lamar 
Petrified Tree 
Undine Falls 

Slough Creek 
Phantom Lake 
MacMinn Bench 
Rainbow Lake 

Lamar 
Little America 
Gardiner Mud Flat 
Blacktail 
Rainbow Lake 

Lamar 
Peanut Pond 
Lower Slough 
Mammoth 
Lamar Canyon 
Geode Creek 
Hellroaring 
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Table 3 (continued) 

Bum Category Moisture Class 

Unburned Wet grassland 

Unburned Canopy forest 

and by ~nsidering accessibility in winter. Twelve 
viewing areas, each of which provides a view of 
several square kilometers of the northern range, were 
established. The boundaries of each viewing area 

. were digitized and stored in the GIS. Each viewing 
area was visited at a two-week interval beginning in 
January 1991. The location and sizes of ungulate 
feeding areas, the percent area affected by feeding 
craters (in 20% intervals), and the number and 
locations of elk and bison present at the time of 
viewing were recorded on 7 112' topographic maps. 
If light, suit angle or weather conditions reduced 
visibility, the area for which data could not be 
obtained for that time period was also mapped. 
These time-series data were digitized in the GIS. 
Snow conditions through the winter were estimated 
by recording snow depth and water content at 20 
locations along two perpendicular 0.5 km transects at 
the viewing sites. In addition, snow conditions along 
a range of slopes and aspects were sampled 
periodically through the winter along transects. 

The field sampling to estimate grazing intensity 
throughout the winter was modified from our original 
proposal because of logistic constraints. Both the 
number of vegetation types sampled and the sampling 
frequencies were reduced. · Burned and unburned 
moist and wet grasslands were sampled in early 
winter and late winter to estimate grazing intensity. 
Biomass was clipped in fifteen grazed and ungrazed 
paired plots at two or three sites within each habitat 
type. These data will be used to check model 
projections periodically during the winter simulations 

·Site Name 

Lamar 
Round Prairie 
Lower Slough · 
Turkey Pen Creek 
l.amar Canyon 

Lamar 
Elk Creek 
Undine Falls 

and to relate grazing intensity to local snow 
conditions. Sampling was completed at the end of 
the winter season (but before "green up"), when the 
procedures used to estimate pre-win~r forage 
availability were repeated to determine the amount of 
biomass remaining on the winter range. 

+ RESULTS AND DISCUSSION 

Analysis of the pre-winter forage availability in 
autumn of 1990 indicates an increase in biomass with 
increasing moisture and, in general, greater biomass 
in burned than unburned areas within a given 
moisture class (Table 4). Burned inesic and moist 
grasslands had approximately 50 to 100% more 
forage than equivalent unburned sites. However, 
burned and unburned wet grasslands have similar 
biomass values. Forage quality did not differ among 
sites (Table 4). 

Grazing intensity (i.e., the proportion of 
available forage lost to grazing) in late January did 
not vary between burned and unburned areas or 
between wet and moist grasslands (Table 5). 
However, because the amount of biomass available 
differed among sites, ungulates obtained differential 
amounts of forage. Burned sites yielded more forage 
than unburned sites, and wet sites yielded more 
forage than moist sites~ 

Biomass distributions within the 30 m x 30 m 
grids were analyzed by using goostatistics. · No 
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Table 4. Pre-winter forage quantity and quality by vegetation class. Samples were collected in October and 
November 1990. Means followed by the same letter within columns are not significantly different 
(Duncan's Multiple Range test). 

Burn Class Moi~ture Class Quantity (gfm·2) Protein(%) ADF (%) NDF (%) 

Burned Mesic grassland 170.5b 5.46• 60.99- 38.85• 
Moist grassland 150.3b 5.06• 61.45• 38.85• 
Wet grassland 232.<>- 5 . .42• 59.43• 37.43• 
Canopy forest 76.5c.d 5.54• 50.67• 38~87• 

Unburned Dry grassland 34.Qd 5.45• 63.55• 37.9<>-
Mesic grassland 63.3c 6.04• · 51. Goa 33.6<>-
Moist grassland 122.3b 6.99• 60.57• 39.03• 
Wet grassland 225.8• 5.02• 63.23• 37.5<>-
Canopy forest 32.3d 6.43• 58.ooa 40.2<>-

Table 5. Mean ungrazed biomass, grazed biomass, and grazing intensity as measured during early winter. 
Samples were collected during late January and early February 1991. 

Bum Category n Ungrazed Grazed Grazing Intensity Forage Obtained 
(g/m2) (g/m~ (%) (g/m2) 

Moist Grasslands 

Burned 23 73.2 24.0 64.6 49.2" 

Unburned 16 59.6 16.8 68.3 42.8 

Wet Grasslands 

Burned 16 168.4 

Unburned 16 47.2 

significant autocorrelation was found in the biomass 
distribution in any of the sampling grids. The spatial 
distribution of the 30 highest biomass points was not 
significantly different from the Poisson distribution, 
suggesting that even high biomass is distributed 
randolnly at this spatial scale. However, there were 
some interesting comparisons in biomass availability 

39.6 49.3 128.9 

21.6 47.4 25.6 

among sites (Table 6). At both the moist and mesic 
sites, more biomass was available in the burned than 
in the unburned grid, whereas at the wet site, more 
biomass was found within the unburned grid. 
Average biomass differed among sites, with the 
greatest amount in the wet site followed by moist 
then mesic. 
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In addition, the amount of biomass that an 
ungulate might obtain from each grid by using 
alternative foraging strategies was simulated. ·In each 
grid, the amount of biomass that could be obtained 
from 30 points was simulated in three ways: (1) by 
selecting random points within the grid; (2) by using 
actual distributions of feeding craters mapped in 
similar 30-m x 30-m areas during the winter of 
1988-89; and (3) by selecting the grid points with the 
highest bio~ values. The third sampling pattern 
represents a "s~" feeding pattern of an ungulate 
with perfect kno"ledge of biomass distribution within 
a feeding patch. ·. The "smart" sampling protocol 
yielded significantly more biomass than the others, 
but there was no difference in the forage obtained by 
using the random or actual patterns. This suggests 
that ungulates may ,be grazing at random within a 
feeding patch and that the selection of. feeding areas 
occurs at a broader spatial scale. Because forage 
quality did not vary among habitats, site selection is 
likely to be based on the quantity of available forage. 

Data analyses for the remaining field studies are 
in progress. Conciusions will be reported when the 
study has been completed. 

+ MODEL DEVELOPMENT 

THE INITIAL MODEL 

The model we developed initially simulated the 
winter foraging dynamics of large ungulates when the 
distribution of preferred forage across the landscape 
is spatially heterogeneous. This initial model 
permitted us (1) to develop the necessary algorithms 
·for the simulations on the actual Yellowstone 
landscape, and (2) to explore the interaction of initial 
conditions and alternative algorithms using known 
conditions and with lesser computational intensity 
than required for the northern range. Resource 
categories were binary (i.e., grid cells ate classified 
as either resource or nonresource) and a 100 x 100 
gridded landscape was used in the simulations. 
Resource sites were distributed across the landscape 
such that they occupied- some proportion, p, of the 
landscape . and had a particular spatial arrangement 
(e.g., random, patchy, or aggregated). Each 
resource site was then assigned an initial quantity of 
forage available at the beginning of the winter season. 
Two alternative methods of initializing forage 
abundance were explored. First, we used a 

. ---

Table 6. Mean biomass within the 30 m x 30 m 
grids (n = 225 per grid). Means 
followed by the same letter are not 
different from one another (p ~ 0. OS, 
Duncan's Multiple Range test). 

Site Bum Category Quantity (gfm·~ 

Blacktail Burned 90.8c 
(mesic) Unburned 53.Qd 

Hellroaring Burned 129.5b 
(moist) · Unburned 103.0C 

Lamar Burned 118.8b 
(wet) Unburned 203.()& 

homogeneous distribution in which the mean forage 
abundance was assigned to each resource site. 
Second, we used a heterogeneous distribution of 
forage abundances in which the forage assigned to a 
particular cell was obtained from a normal 
distribution based on the mean and variance of the 
field data. In both cases, the total forage available in 
the landscape is the same for a given value of p, the . 
proportion of the landscape occupied by resource 
sites. We assumed each grid cell to represent 1 ha 
and initially used preliminary data collected across . 
the northern range in January 1990 to provide 
reasonable estimates of forage availability. 

The number of ungulates initially present on the 
landscape was specified at the beginning of the 
simulation, and groups of individuals were distributed 
randomly within resource patches. The use of 
ungulate groups is reasonable biologically and would 
be appropriate for the 1 ha spatial resolution of the 
model. We also specified in the initial model that 
only one individual or group can occupy a single grid 
cell at one time. 

Forage intake, I, was assumed to be a function 
of the maximum rate of ingestion, t; the amount of 
resource available on a particular site, B; and a 
negative feedback, f(B), based on resource · 
limitation: 



I = t X B X f(B) . (1) 

The ungulate was assumed to have some maximum 
foraging rate which can be maintained above a certain 
threshold, a, of forage availability.· As resources fall 
below this threshold, forage intake will decline until 
it reaches _ zero, which Can. occur when available 
resources are either completely consumed or fall 
below some refuge level, r, below which they are 
unavailable to the grazer (Wiegert 1979, Turner 
1988). The mathematical form of the negative 
feedback is: 

f(B) = {1 - [(a - B)/(a- r)l}. (2) 

The function ranges from 0 to 1 such that when B < 
r then f(B) = 0 and forage intake (eq. 1) will also go 

· to zero. When B La, then f(B) = 1 and forage 
intake will be at a maximum. Between a and r, f(B) 
is linear and generates an asymptotic decline in the 
rate of forage intake. When resources on a particular 
grid cell fall to the refuge level, that cell is no longer 
considered to be a resource site. Thus, resource 
depletion generates changes in the number and size of 
resource patches on the landscape throughout the 
simulation. 

As resources on the site decline, the animal was 
also assumed to have an increased likelihood of 
moving to a new feeding site. This was implemented 
probabilistically as a function of the amount of 
resource on a site. As a resource declines in 
quantity, the probability of moving increases until it 
reaches 1.0 at the refuge level of forage. 

Three alternative simple movement rules were 
developed: (1) the one-pixel rule; (2) the closest 
resource pixel rule; and (3) the .best direction rule. 
Common to all three rules is a search distance 
defining the radius (from its present location) within 
which an ungulate can perceive resources in the 
landscape. With the one-pixel rule, an animal that 
is located within a patch of high resources will forage 
on a grid cell then, as forage declines on that cell, 
the animal can move to an adjacent pixel at random 
among resource sites in the patch. The animal can 
move only one pixel per time step. An animal that is 
located on a nonresource site away from a resource 
patch searches the landscape then moves directionally 
toward the most promising resource area. The search 
entails comparing the number of resource pixels 
present in each of four different wedge-shaped areas 
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(north, south, east, or west) within a set radius, 
which can be varied to represent the resource 
utilization scales of different animal species. The 
actual movement is then limited to one adjacent cell 
in the ·direction that contains the greatest number of 
resource pixels. One additional constraint was 
placed on movement such that the animal cannot 
return immediately to the grid cell it just left. This 
simple self-avoidance rule precludes an artifical 
back-and-forth movement. 

The next two rules permit movements up to 
some maximum distance during each time step. In 
both rules, an ungulate can move sequentially among 
grid cells until it either obtains the maximum daily 
forage intake or reaches the maximum movement 
distance. In the closest resource pixel rule, an animal 
that is ready to move will examine the landscape 
within the search radius and identify the resource 
pixel that is closest to its present location. The 
animal then moves to the closest unoccupied resource 
pixel and grazes. If there are more than one closest 
resource pixel, a choice between the closest sites is 
made at random. The closest pixel rule ignores the 
overall abundance of resource sites in different 
directions. In the best direction rule, an ungulate 
compares the number of resource pixels present in 
each of four different wedge-shaped areas (north, 
south, ~t, or west) within a set radius, as in the one 
pixel rule. The animal then moves to the nearest 
unoccupied resource site in the direction that has the 
greatest number of resource sites within the wedge. 
Thus, by using the best direction rule, an individual 
should be moving toward the region that contains the 
greatest concentration of resource sites, even if a 
single resource cell in another direction is closer. 

For initial model development, simple energetic 
rules for a generic winter foraging ungulate were 
estimated from the literature. The initial body weight 
for each ungulate was set at 200 kg (e.g., in 
Yellowstone National Park, female adult elk average 
-245 kg going into the winter and calves average 
-109 kg [Cassirer and Able 1990]). Assuming a 
general relationship of 2 ,000 Kcallkg of animal body 
mass, this is equivalent to an ~tial energy content of 
400,000 Kcal per ungulate . . Next, basal energetic 
costs in the absence of movement had to be 
estimated. We assume that the basal cost in winter 
for a 200 kg ungulate is 12,000 Kcal/day, assuming 
that it spends 12 hr standing and 12 hr lying down. 
Energy expenditure at rest is approximately 0.005 
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kcal/kg-min for ungulates in the winter (Parker et al. 
1984:477), and energy expenditure while standing 
and feeding is approximately 0.08 Kcal/kg-min 
(Cassirer and Able 1990:89). Therefore, basal 
metabolic costs (BMC) are estimated as follows: 

Resting BMC = 0.005 Kcal/kg-min * 200 kg * 
12 hr * 60 minlhr = 720 Kcal/day. . (3) 

Standing and Grazing BMC = 0.08 
Kcal/kg-min * 200 * 12 * 60 = 11,520 
Kcal/day. (4) 

DailyBMC = 720Kcallday + 11,520Kcal/day 
= 12240 kcallday - 12000 kcal/day. (5) 

If the same 200 kg ungulate spends 12 hr lying 
down and 12 hours walking, it's winter energetic cost 
will increase. Assume that maximum sustainable 
metabolic rate is 1.5 times the basal rate. Then, the 
additional expenditure for maximum travel distance is 

12,000 Kcallday * 1.5 = 18,000 Kcal/day. (6) 

which represents an additional 6,000 Kcallday over 
the daily BMC. The energetic cost per unit of 
distance moved can then be calculated. In the initial 
model, the maximum daily movement distance is set 
at 10 grid cells. Therefore, the cost of moving per 
grid cell is determined by 

6000 Kcallday = 600 Kcallgrid cell 
max 10 grid 
cells daily 
movement 
distance (7) 

Assuming that it is a 200 kg ungulate that is moving, 
the cost can also be represented as 600 Kcal/ grid cell 
I 200 kg = 3 Kcal/grid cell-ungulate kg. Because 
the total cost of moving decreases as body weight 
goes down (it takes less energy for a light animal to 
move than a heavy one}, the actual cost of movement 
for ·each animal is calculated based upon its body 
tn.ass. Thus, energy cost in the model is calculated 
by: 

EC = BMC + (BM * TMC * s) (8) 

where 

EC = total energy cost per day, 

BMC =basal metabolic cost, 

BM = body mass of th~ ungulate, 

TMC = travel movement cost per grid cell per 
kg of ungulate body mass, 

s = distance travelled, in grid cell units. 

We assumed that the ungulates die at 70% of 
their lean bodyweight (body weight at death for mule 
deer is 30% loss: Wallmo et al. 1977). Going into 
the winter, a moose has 23 % of its body mass in fat, 
and a mule deer 10%. We assumed that our generic 
ungulate has 20% of its bodyweight in fat. going into 
the winter. Therefore, given an initial body mass of 
200 kg, the ungulate has 40 kg in fat, giving a lean 
body weight of 160 kg. The simulated ungulates will 
die when their body weight reaches 70% of 160 kg, 
or 112 kg. 

Energy balance is calculated each day for each 
ungulate as the difference between energy gained and 
total energy costs. The maximum feeding rate is set 
in the model at 10 kg dry forage per ungulate per 
day. The daily energy intake is set such that under 
basal metabolism only and maximum forage intake, 
the animals will end the simulation (120days) at their 
lean body weight (160 kg). Thus, the ungulates will 
alway lose energy during the winter, but will lose 
more when moving. Assuming a maximum forage 
intake rate of 10 kg/elk/day, the energy available in 
the forage must be 1133 Kcal/kg dry weight, a 
reasonable estimate for herbaceous forage. This will 
generate 160 kg animals at the end of a 120-day 
simulation assuming basal metabolism only and 
maximum forage intake. 

To provide an initial estimate of the effects of 
increasing snow depth and density throughout the 
winter, we incrementally reduced the availability of 
forage on the simulated landscape on a daily basis. 
Each day, the available forage was reduced by 6 
kg/ha, resulting in forage being at the refuge value 
when the simulation was concluded at day 120. 



RESULTS OF THE INITIAL MODEL 

We completed an extensive series of simulations 
with this initial model. Along with the three 
alternative movement rules, two methods of 
distributing initial forage biomass values, and 
simulated snow and no-snow conditions, we 
systematically varied a variety of model parameters. 
Ungulate foraging was simulated with random 
resource distribution patterns and with two 10 Ian x 
10 km sections of grassland habitats within the 
Northern Range. In random maps, resources were 
simulated as occupying 10, 30, 50 70, and 90% of 
the landscape. A variety of ungulate densities were 
also simulated. 

Simulation results suggest that ungulate foraging 
may be most efficient when resources are aggregated 
and least efficient when resources are randomly 
distributed. When resources become limiting (e.g., 
snow conditions make forage unaccessible}, the 
differences in spatial patterns appeared to be less 
important. Differences in spatial patterns also appear 
less important as animals becomes increasingly more 
m<?bile (i.e., have relatively large maximum daily 
movement distances). The one-pixel rule always 
results in the least forage obtained by ungulates 
during the simulation, and generally results in a more 
variable daily energy balance and the lowest ungulate 
survival. Few differences were observed between the 
closest pixel and best direction rules, although the 
closest pixel rule generated slightly better ungulate 
survival under conditions of low resources. 

THE NORTHERN YELLOWSTONE PARK 
MODEL 

The Northern Yellowstone Park Model is a 
spatially explicit simulator of elk and bison dynamics 
in the 78,000 ha northern range. Because of the 
irregular shape of the northern range, the landscape 
is represented as a 592 x 290 grid in which 78,000 
pixels are included in the study area. The spatial 
resolution is one hectare. The model incorporates 
twelve vegetation classes, including burned and 
unburned of six categories: dry grasslands, mesic 
grasslands, moist grasslands, wet grasslands, aspen 
stands, &Qd forest. The forage in each grid cell at the 
beginning of a simulation is assigned statistically 
from our pre-winter estimates of biomass in each 
vegetation class. Thus, each vegetation type is 
characterized by its mean biomass, but individual grid 
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cells contain values within a 95% confidence interval 
from the mean. The spatially explicit information on 
topography (elevation, slope and aspect), vegetation 
types, burning patterns, and precipitation zones used 
in the model were obtained from the YNP GIS. We 
created a series of maps and digital data files for the 

· model 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. 

Six ungulate classes are included in the model: 
cow, calf and bull groups of both elk and bison. 
Each ungulate class is assigned a characteristic 
maximum ingestion rate and initial body weight. 
Ungulates are simulated in groups of four. At the 
beginning of the simulation, elk are distributed 
randomly on resource sites across the northern range. 
Bison are distributed randomly within sections of the 
range such that 90% of the bison occurring in the 
upper range and 10% in the lower range. The total 
number of elk and bison is specified by the user at 
the beginning of the simulation. 

To simulate search and movement, we use the 
closest-resource-pixel rule developed in the initial 
model. This rule contains the fewest implicit 
assumptions about ungulate· knowledge of resources 
and seems reasonable biologically. Ungulates move 
to the neareSt grid cell that contains available 
resources within a radius that represents the 
maximum daily moving distance. If there are more 
than one resource grid cells at the same distance, the 
cell with the greater resource is selected. The 
resource status of grid cells is described by a biomass 
preference index that incorporates the amount of 
biomass present, its energy content, and its 
availability as influenced by snow. 

Snow conditions are changed every 15 days in 
the model. We are in the process of developing 
empirically-based relationships for snow accumulation 
from YNP data and snow measurements we made 
during the 1990-91 winter. Snow is distributed 
across the landscape based on the elevation, slope, 
and aspect of each grid cell. Snow has two major 
effects in the model. First, the depth and density of 
snow influences forage by reducing the amount of 
biomass available to the ungulates. Second, snow 
can reduce the distance that ungulates can travel in a 
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day and increase the energetic cost of movement. 

Foraging is represented by a differential 
equation with a nonlinear feedback term, as described 
in the initial model, but available biomass (a function 
of snow) is substituted for total biomass in eqs. 1 and 
2. As in the initial model, animals can move and. 
forage from cell to cell each day until they have 
ingested their maximum possible forage or moved the 
maximum daily moving distance. The probability of 
an ungulate leaving a grid cell is a function of its 
available biomass. As available biomass declines,.tJte 
probability of moving increases. Energy balances are 
calculated daily for each ungulate. As described 
earlier, ungulates are assumed to die when the reach 
70% of their lean body weight. 

The model is generally run for 180 days, 
approximating a winter season, but the duration can 
be specified by the user. Because the model is 
stochastic, replicate simulations of the same set of 
initial conditions can be run and the results 
summarized statistically. Analyses of landscape 
pattern and some summary statistics are computed 
within the model itself. Other statistical analyses can 
be done on output files by using SAS. 

The simulation model is written in standard 
FORTRAN, contains 14 subroutines and the main 
program, and runs in a workstation environment 
(e.g., Sun Spare II and DEC 5000 workstations). In 
addition, a procedure written in the C language 
provides a bridge for passing the output matrix to 
PV-WAVE (Precision Visuals' Workstation 
Visualization Environment), which provides real-time 
display of landscape changes, · tmgulate movement, 
and snow and resource distributions. Model . 
visualization serves two primary purposes: (1) our 
interpretations of the simulation results are enhanced; 
and (2) communication of our results to YNP 
managers and other scientists will be greatly 
improved. Eventually, model runs will be recorded 
on videotape. The visualization includes both maps 
and graphs, and the user can specify which output to 
display for any given simulation. For example, the 
following data can be displayed for each of the six 
ungulate categori~: (1) mean forage consumed per 
ungulate; (2) mean daily energy gain, cost and 
ba1a,nce; (3) number of animals surviving; (4) number 
of ungulates moving daily; and (5) mean daily 
moving distance. In addition, one can view graphs of 
landscape characteristics such as the number of 

resource patches, average patch size~ largest patch 
size, and total available forage for elk and bison. 

We are presently completing the 
parameterization of the model and testing its 
predictions against empirical data. A sensitivity 
analysis will then be conducted to evaluate the 
relative influence of different parameters in the model 
on simulation results. During the last phase of the 
research, we will · conduct a factorial set of 
simulations in which we vary the fire pattern on the 
landscape, the number of ungulates, and the severity 
of the winter. 

+ CONCLUSION 

The combination of landscape modeling and field 
studies that we are conducting will permit the 
quantitative testing of hypotheses about the effects of 
fire scale and heterogeneity on native ungulates and 
plants on the northern range in YNP. Data 
collection, data analysis, and model development are 
continuing during the second year of our study. In 
the coming six months, we will complete our data 
analyses, test the model and perform a sensitivity 
analysis, then project plant and ungulate dynamics 
with different" scenarios of fire size and pattern, 
winter weather conditions, and ungulate densities. 
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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 region is revealed in a 
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 an 
absence of major fires in the last 150 years (Whitlock 
et al. 1991; Engstrom et al. 1991). In longer records 
spanning the last 14,000 years, periods of frequent 
fires are suggested by sediments containing high 
percentages of fire-adapted .trees and high amounts of 
charcoal (Bamosky et al. 1987). 

In Yellowstone National Park, determination of 
the prehistoric fire frequency over long time ranges 
has taken two approaches. The first 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 
fire indicators in dated lake-sediment cores. Intervals 
with abundant charcoal and other indicators are 
interpreted as. times of past fires. The fire recon-

struction 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 fires in Yellowstone 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 
fire. 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 research has been divided into three parts: 

1. A study of the dep(>sitional processes that 
incorporate charcoal into lake sediments. At 
regular time intervals, we are· collecting sudace 
sediments from different water depths in lakes 

. that lie both within the 1988 burned region and 
at varying distances from the bum. From 
these sediment samples, we are relating 
charcoal abundance to basin size, water depth, 
and fire size and proximity. 

2. An analysis of the last ca. 300 years from lakes 



3. 

4. 

on the Central Plateau. We are examining 
charcoal abundance, pollen · composition, and 
paleomagnetic characteristics at closely spaced 
intervals in meter-long sediment cores to 
determine if the stratigraphic evidence of fire 
correlates well with the fire chronology based 
on dendrological studies (Romme1982, unpub
lished data). 

An analysis of a lake with annually laminated 
(varved) sediments. To reconstruct fire history 
on an annual time scale and to extend the fire 
chronology beyond the limits of Lead-210 
dating (i.e., ca. 300 years), we are studying a 
600-year varved record from the Northern 
Range. 

An analysis of long cores to determine 
vegetational history and fire frequency of the 
last 14,000 years. 

+ METHODS 

Detailed methodology for this research has 
been described in Millspaugh (1991) and the Final 
Report to the UW -NPS Research Center "Late
Quaternary vegetational and climatic history of the 
Yellowstone/Grand Teton region" (Whitlock 1990). 

+ RESULTS 

Characterization of the 1988 fires. Charcoal 
particles between 125 and 250 microns are a reliable 
indicator of local catchment fire. Most charcoal was 
introduced aerially during the fire, as evidenced by 
the large amounts of charcoal in lakes in burned as 
well as unburned catchments. Charcoal quantities in 
sediments in > 1 m water depth increased between 
1989 and 1991 in all burned lakes and in two 
unburned lakes. It is probable that quantities will 
continue to increase as more charcoal is added from 
slopes in burned areas and as charcoal from the shore 
zone is redeposited in deeper water. 

The average amount of . charcoal in water 
depths > 1 m does not correlate well with the 
percentage of bum in a catchment. Sites that lie 
within 7 km of a bum on the Central Plateau have 
greater amounts of charcoal in their sediments than 
those that lie beyond 7 km of a bum. Within a 7 km 
radius, however, burned and unburned sites show 
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comparable charcoal amounts (Millspaugh 1991). 
Because charcoal abundance will continue to increase 
in burned lakes through secondary inputs, the ability 
to identify a local fire from sedimentary charcoal data 
should improve with time. 

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 lakes record major fires between ca. 
1690-1750 (Fig. 1), a period that was also identified 
in the fire chronology developed by Romme and 
Despain (1989) from dendrologic records. Regional 
fires occurred on a 40-60 year frequency from ca. 
1500 to ca. 1700, but they have been relatively rare 
since that time. 

Pollen 'pereentages associated with historic ·fire 
events at Duck Lake show noticeable variations in the 
abundance of conifer pollen and total herb pollen. 
The increase in total herb pollen associated with fire 
events may reflect an increase in herb taxa ·that 
rapidly colonize a burned area. The fluctuations in 
conifer pollen probably reflect the burning of late
successional spruce, fir, and pine forests. 

Reconstruction of the postglacial vegetational 
and climate history. The late-glacial pollen sequence 
from ca. 14,000 to 10,000 yr B.P. suggests a 
progression from tundra vegetation with birch and 
juniper to spruce parkland to spruce, fir, whitebark 
pine (Pinus albicaulis) forest. Between 10,000 and 
9500 yr B.P. continued warming allowed lodgepole 
pine (Pinus contorta) to spread through the region, 
and it has been the dominant tree ever since. After 
9500 yr B.P., sites in the southern and central part of 
the park record a different vegetational and climatic 
history that those in the northern range. In the 
southern region, Douglas-fir (Pseudotsuga menziesit) 
and (in some cases) aspen (Populus tremuloides) were 
present in the lodgepole pine forest between 9500 and 
4000 yr B.P. 

These taxa imply that warm arid conditions 
permitted Douglas-fir and aspen to extend their 
present-day ranges to higher elevations. After 4000 
yr B.P., spruce and fir became more abundant, 
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Figure 1. Comparison of the charcoal records of three lakes in the Central Plateau, showing the 
correlation of fire events between sites. 

suggesting the onset of wetter cooler conditions in the 
late Holocene. In the northern range, the period 
from 9500 to 7000 yr B.P. is characterized by pine 
and juniper forest and warm, wet conditions. · 
Douglas-fir, grass, and aspen do not appear until 
after 7000 yr B.P., when the climate became 
progressively more arid. The contrast in . the 
vegetational sequences of the two regions suggests 
that northern range was under the influence of 
summer monsoonal precipitation in the early 
Holocene, while concurrently the rest of the Park 
experienced greater summer drought as a result of an 
expanded eastern Pacifi~ subtropical high pressure 
system~ (Fig. 2; Whitlock and Bartlein, 1991, in 
review). 
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Figure 2. Summary of pollen, vegetational and climatic changes in Yellowstone National Park. 
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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 tree 
species · that commonly grow to large size on the 
canyon floor. Ash yellows (AshY), a disease caused 
by unnamed mycoplasmalike organisms (MLOs), is 
common in velvet ash in Zion Canyon and is 
suspected to contribute to the decline of this species. 
This project deals with the ecology and epidemiology 
of ash yellows and possibilities for managing it in 
Zion National Park (ZNP). 

+ RESEARCH OBJECTIVES 

1. Determine the extent of_._damage to the ash 
species in ZNP, and map the distribution of ash 
yellows in the park. A survey along highways 
in and near ZNP revealed that ·velvet ash is 
concentrated in Zion and North Creek Canyons 
in the upper Virgin River watershed. Many 
trees of this species in the Zion Canyon 
displayed dieback. Severe, repeated defoliation 

by insects (mainly loopers), which affected not 
only ash but boxelder and Fremont cottonwood 
as well, was judged to be the principal cause of 
dieback. Foliar damage to velvet ash by plant 
bugs (Tropidosteptes paci.ficus) and a lacebug 
(Leptyphyri sp.) was also prominent. Mature 
trees of all three species on deep sandy soils 
were apparently also stressed by . water 
shortage. Of 17 4 velvet ash in all vigor 
classes, sampled on 15 sites in the canyon and 
diagnosed by means of the DAPI fluorescence 
test, 38% were found to be infected with 
MLOs. The frequency of MLO detection was 
greater in symptomatic ash than in apparently 
healthy ash. On average, MLO-infected ash 
also grew less rapidly during the decade 1980-
1989 than did ash without MLOs. These 
fmdings were co;!Sis~th the hypothesis that 
MLOs play a role in the decline of velvet ash in 
Zion Canyon. MLOs were not detected in 
singleleaf ash (F. anomala). 

2. Learn whether or not the MLOs in ash in ZNP 
are closely related to those associated with ash 
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yellows in Nevada and New York. Preliminary 
evidence was obtained that the MLOs in velvet 
ash in Zion Canyon are related to MLOs 
associated with ash yellows m the East. DNA 
from one diseased velvet ash, but not from 
healthy white ash (F. americana) used as a 
control, hybridized with AshY -specific eDNA 
probes derived from genomic DNA of an 
eastern strain of ash yellows . MLO. Dot 
hybridizations, whether with AshY -specific 
probes or a nonspecific probe that detects 
diverse MLOs, failed to detect MLOs in 14 of 
15 other diseased ash in which MLOs had been · 
detected by means of the DAPI fluorescence 
technique. Low MLO titer in velvet ash and a 
consequent insufficiency of MLO DNA in the 
extracts tested were believed responsible for the 
negative results. This aspect of the project is 
being continued using the polymerase chain 
reaction for DNA amplification. 

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. 
Insects, probably leafhoppers, are presumed to 
transmit AshY MLOs. Collection ofhomoteran . 
insects associated with velvet ash began in 1990 
with the aim of eventually detecting MLOs on 
one or more species by means of DNA 
hybridization tests. Possible alternative plant 
hosts of AshY MLOs were also sought. Ten 

. sites in Zion Canyon were searched for plants, 
other than ash, with symptoms p<)ssibly caused 
by MLOs. Plants that were dwarfed or 
chlorotic or with bunched shoots or witches'
brooms were given particular attention. Only 
approximately 30 suspect plants were found, 
and MLOs were detected, by means of the 
DAPI test, in only two plants, both of which 
awaited identification. The lack of common 
detection of MLOs in plants other than velvet 
ash let to the tentative interpretation that the 
MLOs causing AshY in Zion Canyon do not 
have alternative host plants. A study of disease 
spread in the ash population began by sampling 
ash trees for dia~osis and marking them so 
that .those found to be not infected with MLOs 
could be retested in 1991 and 1992. 

4. Assess the possibilities for managing the 
disease. Experiments began for evaluation of 
kinetin solutions for chemotherapy of MLO
infected ash and other plants. Five-year-old 

white ash seedlings were inoculated with MLOs 
by grafting with diseased bark patches, and 
control seedlings were left ungrafted. 
Additionally, MLO-infected and · healthy 
periwinkle ( Catharanthus roseus) plants were 
pr9pagated by cuttings. Treatments of both 
plant species were seheduled for summer, 1991. 

SURVEY FOR ASH DECLINE IN ZNP 

The survey was extended to North Creek 
Canyon, a location that had been missed in 1990. 
The velvet ash population there, brought to our 
attention by NPS personnel, is the only significant 
one other than that in the main canyon within ZNP. 
North Creek Canyon is 12-15 km west of Zion 
Canyon and separated from it by high country devoid 

. of ash. It was of interest to learn whether or not 
MLOs occur in velvet ash in North Creek Canyon, 
and if so, whether the frequency of infection is 
similar to that detected in Zion Canyon. Occurrence 
of AshY in both canyons could _indicate overland 
spread of the MLOs by wind-borne vectors, since the 
part of North Creek within the park is undeveloped 
and plant materials have not been ·brought into it by 
people. Presence of AshY in both North Creek and 
Zion Canyons could also indicate that the AshY 
MLOs ~re indigenous to the Zion area. Lack of 
occurrence of AshY in North Creek Canyon would 
indicate that MLOs may have been introduced to 
Zion Canyon, where they have been spread by 
indigenous vectors. 

Two sites along the creek bed, separated by 
approximately 7.5 km, were visited. Thirty-nine 
velvet ash at one site and 31 at the other were rated 
for vigor and sampled for diagnosis using procedures 
described in previous reports. Most of the ash 
observed were saplings, of which about equal 
numbers were scored as vigorous or growing slowly. 
Symptoms of decline (dieback of branches) were 
infrequent in the saplings but were observed in nearly 
all ash larger · than saplings. MLOs were detected in 
ash at both sites but in only a total of three plants, 
one growing slowly and two with dieback. Thus, the 
proportion of ash infected (4%) was markedly lower 
than that previously detected in Zion Canyon (38 %). 

The finding of MLO-infected ash at two 
locations in North Creek Canyon is consistent with 
the hypothesis that overland spread of AshY MLOs 
by windborne vectors has occurred in ZNP. This 



finding neither supports nor refutes the hypothesis 
that AshY MLOs were introduced to ZNP from 
elsewhere, but it does raise the possibility that MLO
infected velvet ash may be found in additional 
locations in southwestern Utah and adjacent areas. 

ASSOCIATION OF MYCOPLASMAL INFECTION 
WITH DECLINE OF VEL VET ASH IN ZION 

CANYON 

Previous observations and samples were 
augmented by adding three plots and 119 trees to 
those under study and by reexamining most trees that 
were first observed in 1990. In all, 240 trees and 
142 samplings on 19 sites have been examined and 
sampled for possible MLO detection. The new plots 
and the augmented samples on previously established 
plots were all in the northern half of the canyon, 
where human disturbance to the landscape has been 
less dramatic than in the southern half. As before, 
trees representing the range of health and debilitation 
on_ each plot were examined, . assigned to vigor 
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categories, and sampled (small roots) for possible 
microscopic detection of MLOs by means of the 
DAPI fluorescenCe test (Sinclair et al. · 1989). 
MLOs were detected in 27% of the newly sampled 
trees and saplings, versus 38% of those sampled in 
1990, for an overall 32% infection rate. The 
proportion of trees larger than saplings infected with 
MLOs did not · differ significantly among vigor 
categories (Table 1). Thus, the previous preliminary 
finding of a higher proportion of MLO-infected 
individuals among trees with dieback than among 
trees without this symptom was not sustained. 

In the sapling group (1-{) em dbh) (Table 2), 
MLOs were detected in 44% of the 32 individuals 
with dieback (health categories 3 + 4) versus 26% of 
the 92 individuals without dieback (health categories 
1 and 2). With 0.26 as the expected proportion 
infected, the calculated Chi-square value for observed 
incidence of MLO infection in saplings with dieback 
was 3.91; the as~iated probability level with one 
degree of freedom was <0.05. Because only 17 
vigorous saplings and only 32 with dieback were 

Table 1. DAPI test scores in relation to health categories of velvet ash trees larger than 6 em dbh•. 

Health category 

1 (Normal and vigorous) 

2 (Thin canopy or slow growth) 

3 (Thin canopy and some dieback) 

Trees testedb 
(No.) 

8 

49 

99 

. 4 (Dieback general or involving large limbs) 

plus 48 

5 (Dead to near ground level) 

Total= 204 

•combined data of 1990 and 1991 

DAPI-positive 
Number Percent 

2 25 

17 35 

35 35 

14 29 

Total= 68 Mean= 33 

bHealth scores were available for only 204 of the 240 trees that were tested with DAPI. 
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Table 2. DAPI test scores in relation to health categories of velvet ash saplings ~6 em dbh. 

Health category · Trees tested 
(no.) 

DAPI -positive 
(%) 

Normal (vigorous) 17 

Thin crown or slow growth 75 

Thin crown and some dieback 

or 32 

Dieback general 

Total= 124 

available for testing, interpretation of these data must 
·remain uncertain. One available interpretation, 
however, is that MLO infection may have contributed 
to the debilitation of some saplings. 

RADIAL GROWTH OF VELVET ASH IN 
RELATION TO MLO INFECTION 

This part of the project was completed with the 
finding that MLO infection has probably retarded the 
growth of many velvet ash in ZNP. 

Increment cores representing two radii .at 1. 3 m 
above ground were extracted in 1990-1991 from each 
of 106 trees for which DAPI scores were also 
available. These trees were located on 10 sites 

. throughout Zion Canyon. The cores were air dried, 
glued to wooden suppOrts; and sanded for clear 
. display of annual growth rings. The aggregate width 
of the growth rings from 1980 through 1989 was 
measured to the nearest 0.1 mm, recorded for each 
radius, and averaged for each tree. For the 45 trees 
sampled in 1990, the width of the widest growth ring, 
the aggregate width of the 1988-90 rings, and the 
years in which sudden, sustained reductions of 
growth occurred were also recorded. These 

·reductions were recorded· for years in which radial 
growth diminished to less than approximately one-half 
the average of the two previous years and remained 
slow thereafter. Increment cores were also extracted 

41 

23 

44 

Mean= 31 

from two box elders and two cottonwoods on each of 
three sites where cores were taken from velvet ash. 
The objective of these collections was to compare 
groWth trends of the three species over time, so that 
growth reductions occurring only in ash could be 
identified. 

Sudden growth reductions occurred in 30 of the 
45 trees that were examined for this characteristic. 
These reductions were not related to MLO infection 
as revealed by the DAPI test. Eighteen of 26 
infected trees and 12 of 19 noninfected trees had 
sustained sudden reductions in growth. Because these 
reductions could not be related to MLO infection, it 
was not possible to estimate when a given diseased 
tree became infected. The cause(s) of these 
reductions are unknown. Defoliation by insects can 
cause dramatic growth reductions in various trees . 
Because we observed severe defoliation of velvet ash 
by loopers in 1990 and 1991, we suggest that these 
insects may have been a common cause of growth 
reductions in earlier years. The intended interspecific 
comparisons to detect growth fluctuations common to 
different species were not made, because ring .widths 
in boxelder and cottonwood could not be measured · 
reliably. 

Most of the ash trees from which cores were 
extracted were growing slowly ( < 1 mm/yr) in 1988-
1990 .. For the 45 trees sampled in 1990, the average 



growth rate during 1988-1990 was not clearly related 
to MLO infection. Therefore, · we examined ·the 
possible relationship of MLO-infection detected in 
1990-1991 to radial growth during the previous 10-yr 
period. Radial growth in the decade 1980-1989 
averaged 1.18 mm/yr in the 41 infected trees and 
1.32 mm/yr in the 65 noninfected trees. This 
difference was not statistically significant (P < .05). 

MLOs are known to cause slow growth and 
decline of various trees species, including white ash 
(Ferris et al. 1989, Hiruki 1988, Matteoni and · 
Sinclair 1985, Sinclair et al. 1990). If MLOs 
suppress the radial growth of velvet ash only 
moderately, this suppression may be undetectable in 
trees already growing slowly because of other 
stresses. The average annual radial growth of 55 
trees on three sites in the north end of the canyon 
was only 0.85 mm. Because these trees had grown 
more rapidly earlier in their lives, and because severe 

. defoliation by insects was observed in the northern 
half of the canyon in both 1990 and 1991, we suspect 
that velvet ash there may have been severely stressed 
by defoliation throughout the decade. (Note: 
defoliation in every year would not be needed to 
create this chronic stress.) 

To test further for possible growth suppression 
of velvet ash by MLOs, we segregated all sampled 
trees into two arbitrary groups according to their 
average annual growth rate in 1989-1989: those that 
grew less than 1. 0 mm per year and those that grew 
1.0 mm or more per year. The growth rates of 
infected versus noninfected trees within groups were 
then compared. Among the 49 trees that grew less 
than 1.0 mm in 1980-1989, the growth difference 
between MLO-infected and noninfected trees was 
negligible (0.67 versus 0.63 mm per year, 
respectively). Among trees that grew at least 1.0 
mm per year on average, however, the growth rates 
of the 24 infected trees tended to be slower (av. 1.54 
mm/yr) than those of the 33 noninfected trees (av. 
2.00 mm/yr). At-test for unpaired samples yielded 
a /-statistic of 1. 93 with an associated probability of 
0.059. 

We draw two interpretations from the above 
data. 1) MLO infection probably suppresses growth 
of velvet ash (growth of infected trees was 23% less 
than that of noninfected trees in the group mentioned 
above). 2) An influence of MLO infection on radial 
growth of velvet ash can not be detected in trees that 
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are already growing very slowly (i.e., less than 1.0 
mm/yr). 

The research to date on dieback and slow 
growth of velvet ash in relation to MLO infection 
indicates that MLOs probably do not alone cause 
major debilitation of this species. In ZNP, chronic 
foliar damage by loopers, ash plant bugs, and 
lacebugs, and water stress in many mature trees on 
sandbars may be primarily responsible for the 
symptoms of distress in this species. 

Although the examination of growth rings did 
not reveal how long velvet ash in Zion Canyon have 
been infected with MLOs, these organisms may have 
been present for many years, because the growth 
trends of currently infected trees have been diverging 
from the trends in noninfected trees for at least a 
decade. These findings are in line with those for 
MLO-infected white ash in the East (Han et al. 1991, 
Sinclair et al. unpublished). Our preliminary 
conclusion regarding disease ~agement is that even 
if a means to control ash yellows were available, 
measures directed specifically at this disease in ZNP 
would probably not be justified as long as severe 
insect problems and annual water stress in trees on 
sandbars persist. 

Ten singleleaf ash . were added to the · 36 
previously sampled for diagnostic examination by 
means of the DAPI test. As before, MLOs were not 
detected. To assess the susceptibility of this species 
to AshY MLOs, bark patches · from roots of two 
diseased velvet ash saplings were grafted into the 
stems of the 10 newly sampled singleleaf ash. 
Results will be assessed in 1992. 

Seeds of singleleaf ash, collected in ZNP in 
1990, were to be used to produce seedlings for 
inoculation by grafting with diseased bark patches 
from velvet ash and white ash. The seeds failed to 
germinate, however, so this test is deferred. 

IDENTIFICATION OF ASHY MLOS IN ZNP BY 
HYBRIDIZATIONS WITH CLONED 

BIOTINYLATED DNA PROBES 

Preliminary evidence was obtained (Table 3) 
that the AshY MLOs in ZNP are closely related to a 
New York strain of AshY MLO. 
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Table 3. Representative dot hybridization results with biotinylated probes specific for ash yellows MLOs (AA 
probes) or nonspecific (pBB115). 

Intensity of hybridization signala with probe 

Sample source AA13I AA82I AA157I AA176I pBB115 

Diseased ash 

Ithaca, NY; white ash 2 3 2 · 3 3 

Ithaca, NY; white ash 1 2 1 1 2 

Tully, NY; white ash 0 2 1 2 2 

Zion N .P.; velvet ash TN1 1 1 1 1 1 

Zion N.P.; velvet ash M6 0 1 0 0 0 

Controls 

Periwinkle with MLO strain AshY1 2 4 2 3 3 

Periwinkle with MLO strain CX 0 0 0 0 4 

Healthy white ash 0 0 0 0 0 

Healthy periwinkle 0 0 0 0 0 

aHybridization signals were scored 0 (no signal) to 5 (intense) . 

. This line of work was suspended during 1991 
because dot hybridizations were not sufficiently 
sensitive to detect MLOs reliably. MLO DNA could 
not be detected, using either AshY -specific (Davis et 
al., in press) or nonspecific eDNA probes, in most of 
the infected velvet ash (DAPI test positive) that were 
sampled. The DAPI test was more sensitive than dot 
hybridizations utilizing either biotin-labeled or · 32p
labeled probes (Griffiths et al. 1991, Sinclair et al. 
1992). The relative insensitivity of dot hybridizations 
was apparently due to low titer of MLOs in velvet 
ash; thus, ·the amount of MLO DNA extracted 
frorilsamples of velvet ash was low. To overcome 
the problem, arrangements have been made for 
detection ofMLO DNA by polymerase chain reaction 
(PCR). Portions of four AshY -specific eDNA probes 
have been sequenced and certain sequences selected 

for synthesis as oligonucleotide primer sets. These 
primer sets will be available in early winter, 1991. 
We will then resume work on the question of 
relatedness of AshY MLOs in ZNP to those 
associated with AshY in the East. 

Segments of roots of diseased velvet ash 
saplings were used as sources ·of bark patches that 
were grafted into stems of 5-yr-old white ash 
seedlings in a greenhouse at Ithaca. Roots rather 
than stems were chosen because the titer of MLOs in 
roots is likely to be higher than that l.n s~ms of 
velvet ash (Sinclair et al. in press). Unions formed 

. between the bark patches and recipient stems, 
symptoms appeared during the remainder ·of the 
growth period in which grafting was done. Because 
the incubation period of AshY is often equivalent to 



nearly one growth cycle, symptoms may appear after 
the dormant period. The inoculated plants will be 
evaluated for symptoms and for MLO infection 
(DAPI test) in 1992. 

MYCOPLASMAL INFECTION IN PLANTS 
OTHER THAN ASH IN ZNP 

The two MLO-infected plants found in 1990 
were identified as hairy golden aster (Chrysops is 
villosa) and rabbitbrush (Chrysothamnus villosa). No 
additional plants, other than ash, infected with MLOs 
were found in 1991. Dot hybridization tests with 
DNA extracted from the dried diseased hairy golden 
aster were inconclusive (insufficient DNA obtained). 
These tests will be redone in 1992 using polymerase 
chain reaction to amplify .target DNA. · Based on the 
low incidence of detection of MLOs in plants other 
than ash, we do not expect to fmd a relationship 
between the MLOs in ash and those in hairy golden 
aster or rabbitbrush~ Studies m parallel with this 
aspect of the work in ZNP have been proceeding in 
the east. To date, the only plants other than 
Fraxinum spp. found naturally infected with AshY 
MLOs have been members of the closely related 
genus Syringa (Hibben et al. 1991). ·We therefore 
anticipate that further work will sustain the working 
hypothesis that AshY MLOs in ZNP do not have 
alternative plant hosts. 

. VECTOR DETECTION AND IDENTIFICATION 

Homopteran insects associated with velvet ash 
were collected on yellow sticky traps for 1-week 
periods every third week from early May through late 
September in 1991. The traps were sent to Ithaca 
and the insects removed and stored dry for later 
sorting by species and for attempts at MLO detection. 
These attempts . will utilize a polyclonal antibody 
(currently being developed) for nonspecific detection 
of MLOs and AshY-specific PCR for detection of 
DNA of AshY MLOs. Insect groups in which some 
individuals are found to contain AshY MLOs will 
then be identified to genus and species. 

INCREASE OF ASHY IN ZION CANYON 

Information about the rate at which new MLO 
infections are occurring in Zion Canyon will be 
obtained in 1992 and 1993 by annually testing 
saplings and larger trees that were first sampled and 
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.scored negative in DAPI tests of 1990-1991. 
Retesting on a small scale began in 1991, with the 
fmding of seven infected individuals among 22 that 
had been scored negative in 1990. 

SEASONAL AND ANNUAL CONSISTENCY OF 
MLO DETECTION BY THE DAPI TEST 

Because detection of MLOs in velvet ash is 
often difficult, and because the proportion of sampled 
trees in which MLOs were detected in May 1991 
(28%) was lower than that in 1990 (38%), we 
wonder if seasonal or annual fluctuations in MLO 
populations within trees may affect the results of 
DAPI tests. We therefor intend ,to repeatedly retest 
a sample of trees that were scared as infected in 
1990. The plan is to select 50 infected trees for 
sampling in May and August of 1992 and possibly 
again in 1993. The need for this study is 
underscored by the results of tests in May 1991 of 
five trees ·that were found to be infected in 1990: 
three were rated noninfected in 1991. 

CHEMOTHERAPY EXPERIMENT 

The purpose was to learn whether kinetin causes 
remission or cure of AshY, as was reported by 
Plavsic et al. (1988) for the mycoplasmal disease 
called stolbur in tomato and potato. 

In June 1990, approximately 55 healthy, potted 
5-yr-old white ash seedlings that had completed their 
annual height growth were inoculated with AshY 
MLOs by grafting with bark patches from a diseased 
white ash growing at Ithaca. The grafts were 
wrapped in parafilm. Fifteen nongrafted seedlings 
served as controls. The height of every plant was 
measured. In 1991 the plants were tested for MLO 
infection (DAPI test), the vigor of each plant was 
scored (normal, slow growth, or new growth . 
stunted), and the longest new shoot on each plant was 
measured. Plants taller than 70-75 em were then 
pruned back to this height in . order to maintain 
manageable size. Twenty-seven diseased and 14 
healthy trees were suitable for the experiment. In 
July, diseased trees in the various vigor classes were 
distributed more or less equally into treatments, as 
follows: 3 modes of application (spray, soil drench, 
injection) x 3 concentrations of kinetin (0, 1.0, and 
5.0 ILM) x 3 replicate plants per treatment. Healthy 
trees were assigned to treatments as follows: two to 
each of the six kinetin treatments above zero 
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concentration, and two plants that each received all 
the zero kinetin treatments (spray, drench, and 
injection). Sprays (each solution containing 5 drops 
of Tween 20 per liter to·wet foliage) were applied to 
runoff daily for 7 days. Drenches were administered 
at the rate of 100 ml per plant twice 7 days apart. 
Injections to deliver 5 ml of solution into each stem 
were performed once. The method of injection was 
to fasten a reservoir to each stem such that the liquid 
in the reservoir was in contact with the bark. An 
incision through the bark into xylem was then made, 
and .the plant was allowed to take up the liquid by 
transpirational pull. Treated ash were observed for 
2 months for any change in appearance and were then 
placed in a cold room to undergo a period of 
dormancy before further observations. 

A similar experiment was performed with 
periwinkle plants infected with a strain of AshY mlo. 
Diseased and healthy periwinkles were propagated by 
cuttings in April 1991. In July 60 diseased plants 
and 27 healthy controls were assigned to treatments. 
For the diseased plants there were 4 concentrations of 
kinetin {0, 0.2, 1.0, and 5.0 micromolar) x 3 modes 
of application (drench, gpray, injection) x 5 replicate 
plants per treatment. For the healthy plants there 
were 3 concentrations of kinetin (0.2, 1.0, and 5.0 
micromolar) x 3 modes of application as above x 3 
replicate plants per treatment. Spray and drench 
treatments were performed as for ash trees, except 
that drench volumes were SO mi. The injection 
treatments were intended to deliver 1.0 ml into each 
stem, but a satisfactory leakproof method was not 
found, and most of the injected plants received only 
fractions of the intended doses of kinetin~ Plants 
were then observed for 2 months. 

No change in symptoms occurred in any treated 
or untreated ash or periWinkle during a 2-month. 
observation period. All diseased plants remained 
stunted and bushy; all healthy plants remained 
vigorous. Healthy periwinkles had to be pruned once 
during the experiment to control their size. Random 
microscopic diagnoses of periwinkles by means of the 
DAPI test revealed no effect of treatments on the 
appearance or abundance of fluorescent particles in 
diseased phloem. We concluded that kinetin 
treatments had ·no effect on the MLOs or the disease 
in periwinkle. Final observations and DAPI tests on 
treated ash will occur in 1992. At present, however, 
we have no indication that an effect of treatment, 

either beneficial or adverse, will be detected. 

+ . CONTINUING STUDIES 

MICOPLASMAL INFECTION IN PLANTS OTHER 
THAN ASH IN ZNP 

Field searches to detect additional MLO
infected plants will continue. To learn whether or 
not the MLOs that we may detect, or those 
previously detected ·in hairy golden aster and 
rabbitbrush, . are related to AshY MLOs, DNA 
hybridization tests using polymerase chain reaction 
for amplification of target DNA will be performed 
with nonspecific and AshY-specific eDNA probes. 

IDENTIFICATION OF ASH YELLOWS MLOS IN 
ZNP BY HYBRIDIZATIONS WITH CLONED 

BIOTINYLATED DNA .PROBES 

This line of work will resume in winter, 1991-
92, when we expect to obtain capability for DNA 
amplification by PCR. 

VECTOR DETECTION AND IDENTIFICATION 

Insect collection will continue in 1992. Those 
collected will be sorted into homogeneous groups for 
possible MLO detection and identification using 
serological and recombinant DNA techniques as noted 
above. 

SPREAD OF ASHY 

All trees and samplings in Zion Canyon that 
were previously scored negative in DAPI tests will be 
retested to learn whether the proportion of trees 
diseased is increasing. 

YEAR-TO-YEAR CONSISTENCY OF POSITIVE 
RESULTS OF DAPI TESTS 

Fifty trees previously scored positive in DAPI 
tests will be retested in May and August of 1992 and 
possibly also in 1993 to ascertain the level of spring-: 
to-summer and year-to-year consistency of positive 
results in velvet ash. 



. SUSCEPTIBILITY OF WHITE ASH TO MLOS 
FROM VELVET ASH 

Plants inoculated in 1991 will be evaluated for 
MLO infection (DAPI test) and for symptoms in 
1992. If no infections are detected, the experiment 
will be repeated. 

SUSCEPTIBILITY OF SINGLELEAF ASH TO 
ASHYMLOS 

Plants grafted in the field in 1991 will be 
examined and tested (DAPI test) for evidence of 
MLO infection. If no infections are detected, the 
experiment will be repeated. Also, another attempt 
will be made to produce singleleaf ash seedlings for 
greenhouse tests of their susceptibility to AshY 
MLOs. 

CHEMOTHERAPY FOR CONTROL OF ASHY 

Final evaluation of kinetin-treated white ash 
seedlings will be made in 1992. We expect that no 
effect of treatment will be detected. 
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