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DIRECTOR'S STATEMENT 

Nineteen-eighty-nine began with significant changes in 
Research Center personnel. Dr. Kenneth Diem, the Research 
Center's director since 1976, retired in January after 13 
years of service. During Ken's tenure as director, the center 
supported and administered over 250 studies in the biological, 
physical, and social sciences totalling more than $2 million. 
Ken also oversaw the relocation of the UW-NPS Research Station 
from Moran to its current location at the AMK Ranch. Over 125 
scientific papers, abstracts, and theses based on work 
performed at the station were published while Ken was 
director. In the spring of 1989, Drs. Mark Boyce and George 
Menkens were appointed the Research Center's director and 
assistant director, respectively. In September, Joseph Meyer 
was awarded the first U.W.-N.P.S. postdoctoral fellowship, 
conducting research on Spotted Owls in Oregon. 

In 1989, 43 projects, involving scientists at 31 institutions, 
and totaling more than $580,000, were administered and funded 
by the UW-NPS Research Center. The number of projects and the 
funding levels were increased significantly with the addition 
of 8 projects related to the 1988 fires in Yellowstone and 
Grand Teton National Parks. In addition, Wyoming Senator 
Malcolm Wallop secured an additional $800,000 for fire related 
research funds for the US Forest Service and the National Park 
Service. These funds will be used to support new and 
continuing research projects related to the 1988 fires. The 
UW-NPS Research Center will advertise projects, facilitate and 
guide the competitive and peer review process, and administer 
many of the projects for the National Park Service, and one 
for the US Forest Service. 

During the summer of 1989 the field station was filled to 
capacity from mid-June through the end of August. The 
center's facilities were used by researchers from the time the 
station opened on 15 May until closing on 2 November. In 
addition, the Research Station hosted 8 scientific, 
professional, and educational meetings during the summer and 
early fall. Research Station staff initiated an informal 
seminar series enlisting researchers living at the station. 
Station staff also assisted in initiating a seminar series 
which focused on research being conducted in the Greater 
Yellowstone Ecosystem. This program was a cooperative effort 
between the Research Station, Grand Teton National Park, and 
the Teton Science School. Both seminar series were successful 
and will be continued in the summer of 1990. 
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The station's 1989 season was climaxed by hosting portions of 
the ministerial meetings between us Secretary of State James 

Baker and Soviet Foreign Minister Eduard Schevardnadze on 
September 22 and 23. The research station's Berol Lodge 
served as the site of the private meetings between Secretary 
Baker and Minister Schevardnadze. Even though security was 
tight, the research station continued to function normally 
with little inconvenience for researchers. 

During 1989 the Research Center acquired two microcomputers 
for use at the field station, including modems to facilitate 
communications. Our library is now catalogued in the CARL 
system which can be accessed by participating universities in 
Wyoming and Colorado. Likewise, using computer modems we can 
now access all features of CARL from the AMK Ranch. 

In addition to support from the National Park Service and the 
University of Wyoming, the Research Center also gratefully 
acknowledges research support from the U.S.D.A. Forest 
Service, u.s.o.I. Bureau of Land Management, and the National 
Council for Air and Stream Improvement. 
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RESEARCH PROJECT REPORTS 

The following project reports have been prepared primarily for 
administrative use. The information reported is preliminry 
and may be subject to change as investigations continue. 
Consequently, information presented may not be used without 
written permission from the author(s). 
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AN ANALYSIS OF COMPOSITION, DISTRIBUTION, AND HABITAT 
USE OF REINTRODUCED DESERT BIGHORN SHEEP 

Objectives 

IN ARCHES NATIONAL PARK, UTAH 

c. Shirlene Haas 
Gar w. Workman 

Utah State University 
Logan 

The ecology of a reintroduced population of desert bighorn 
sheep {Ovis canadensis nelsoni) is being investigated in 
Arches National Park. National Park Service objectives are: 
{1) determine general ecological parameters, including 
population and social dynamics, seasonal distribution and 
habitat use patterns, and general health characteristics; and 
(2) develop a comprehensive program of habitat analysis and 
evaluation that can be used to determine habitat suitability 
and identify transplant sites in other National Park Service 
units. 

The masters thesis research objectives are: (1) classify the 
study area in terms of potential desert bighorn sheep habitat, 
based on models in the literature; {2) compare predicted 
habitat use with actual habitat use; and {3) investigate the 
basis for differences in actual and predicted habitat use. 

Methods 

Field data collection began in May 1988 and was completed in 
June 1989. To classify the study area in terms of potential 
desert bighorn sheep habitat and determine areas of habitat 
use, seventeen habitat variables were quantified on 250 sites 
in 30 randomly chosen sampling units. The habitat variables 
are: habitat type, slope, elevation, aspect, topographical 
position, geological formation, bedrock class, ruggedness 
index, distance to escape terrain, distance to cliff face, 
distance to water, total and up slope visibility, coverage of 
perennial vegetation, coverage of potential forage species, 
site classification (used or unused), and type and amount of 
sign present. 

Ecological parameters such as population and social dynamics, 
health characteristics, home ranges, etc. will be determined 
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based on observations of desert bighorn sheep. Mule deer and 
desert bighorn sheep are present in the park, and observations 
of sheep are expected to be low. Pellet samples were 
collected during field work in an attempt to differentiate 
between the pellets of the two species. Differentiation of 
pellet groups, in addition to · field observations, will 
delineate habitat use of the two species. 

Results 

All habitat data collected is in the process of being 
statistically analyzed. No conclusions or inferences will be 
drawn from the data until analysis has been completed. 
Analysis will include comparison of habitat actually used with 
habitat predicted to be used by the models being tested. 
Parameters such as visitor use and the presence of mule deer 
have been quantified and will be incorporated into the models. 
Each sampling unit will be ranked according to levels of 
visitor, deer, and sheep use, and suitability for desert 
bighorn sheep use as predicted by the models. 

Three months of laboratory analysis has not yet yielded a 
successful method of differentiating between mule deer and 
desert bighorn sheep pellets. Habitat use will be delineated 
based solely on observations if an accurate laboratory 
procedure is not derived. 

Observations of desert bighorn sheep made since the 
reintroduction into the park and observations of mule deer 
have been compiled and plotted on 15 minute USGS topographical 
maps. Locations of perennial water sources available in the 
park have also been plotted on 15 minute maps. A minimum of 
26 different desert bighorn sheep have been observed in the 
park. Based on the sex ratio of sheep reintroduced and 
subsequent observations, the population is estimated to be 
approximately 38 animals. 

Observations of desert bighorn sheep response to human 
disturbance have been documented to assist in analyzing the 
influence of a significant human presence in the park. 

Future Direction 

Data analysis will be finalized during the first few months of 
1990. Conclusions and inferences drawn from that analysis 
will be submitted in the final report to the National Park 
Service. 
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CARDIAC TELEMETRY, NATALITY, AND FOOD HABITS OF 
BIGHORN SHEEP AT BIGHORN CANYON NATIONAL RECREATION AREA 

Kevin P. Coates 
and 

Sanford D. Schemnitz 
Department of Fishery and Wildlife Sciences 

New Mexico State University 
Las Cruces 

Introduction 

Data were collected from May 1988 to May 1989 to aid in the 
development of a management program for Rocky Mountain bighorn 
sheep (Ovis canadensis canadensis) at Bighorn Canyon National 
Recreation Area (BICA). A principle goal of the management 
program at BICA is to promote the continued expansion of a 
reintroduced population of bighorn sheep throughout its 
ancestral habitat (BICA 1984). 

In previous research at BICA (Coates and Schemnitz 1988) we 
identified 3 factors as potentially limiting to herd 
expansion: visitor and/or vehicular disturbance of bighorns 
(especially reproductive ewes), competition with horses for a 
limited supply of grasses, and possible genetic constraints on 
recruitment (i.e., inbreeding depression) resulting from small 
founder group size. The purpose of this report is to present 
findings on the following objectives. 

Objectives 

1. Analyze the physiological response of bighorns to 
human disturbance using cardiac telemetry. 

2. Analyze population size, natality and age and sex 
composition of the bighorn population. 

3. Analyze seasonal diets and dietary overlap of bighorn 
sheep and wild horses; analyze fecal nitrogen of 
seasonal bighorn diets; analyze foraging relationships 
of bighorn rams and wild horses. 

4. Analyze spatial distribution of bighorns and document 
range expansion. 
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Methods 

We originally proposed to study the heart-rate response of 
bighorns to human disturbance using a heart-rate transmitter 
(EKG-1000, Stuart 

Enterprises, Grass Valley, CA) described by Follman et al. 
(1982). The transmitter had been used in studies with other 
large mammals, was durable, had long range, and was easily 
implanted in the field. However, there was insufficient 
information available in the literature on cardiology of 
bighorns to conduct the study as we had originally proposed. 
We obtained the necessary information by performing tests and 
experimental surgeries on a domestic ewe (Ovis aries) in a pen 
setting. A 2-lead electrocardiograph (Burdick Co., EK-5A, 
Milton, WI) was used to obtain stripchart recordings of the 
QRS waveform at 3 superficial lead attachments: manubrium to 
xiphoid, manubrium to right foreleg, and xiphoid to right 
foreleg. Lead placement from manubrium to xiphoid yielded the 
waveform of highest amplitude, with a peak value of 0.4 rnV. 

A heart rate transmitter was experimentally implanted in the 
domestic ewe. After scrubbing the area, a 5 ern incision was 
made across the sternum 10 ern caudal to the manubrium. A 
shallow pocket was formed at the incision using blunt 
dissection. The transmitter was pushed through the layer of 
loose connective tissue between the subcutaneous fat and 
muscle, and not anchored to the thorax. The incision was 
closed with chromic cat-gut suture. The transmitter 
functioned properly for 2 days until fluids accumulated in a 
pocket near the cranial electrode. We drained and closed the 
pocket by suturing through the skin into the subcutaneous 
tissue at several locations surrounding the transmitter. The 
transmitter functioned well up to distances > 1 km for 3 weeks 
before being passively expelled, without complication, due to 
tissue necrosis. The ewe was in the third trimester of 
pregnancy and successfully lambed 4 weeks later. 

A free-ranging bighorn ewe was chemically immobilized in April 
1989 using ketarninejxylazine. Standard precautions were 
followed to prevent capture myopathy (Jessup et al. 1984) and 
a cardiac transmitter was implanted along the left side of the 
ewe's sternum in a vector between the manubrium and xiphoid. 
Following surgery, yohornbine, was administered by intravenous 
injection to speed recovery time (Hurley 1985). Undisturbed 
cardiac activity of the ewe associated with foraging and 
resting was monitored during daylight hours at 5 minute 
intervals. Behavior was observed using a spotting scope and 
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binoculars. Observational distance to the animal ranged from 
0.5 to > 1 km. 

We determined the age and classification of bighorns that were 
observed during extensive field surveys, and estimated 
population size and composition based on multiple censuses 
over a 3 year period. We determined food habits of bighorns 
and wild horses by fecal analysis (Holechek and Vavra 1981, 
Holechek 1982) and calculated dietary overlap (Oosting 1956). 
Protein content of ewe diets was determined using fecal 
nitrogen analysis and compared it to the known requirements of 
domestic sheep in similar reproductive condition and season. 

Foraging behavior of bighorns was analyzed to investigate the 
effects of interspecific associations and habitat security on 
foraging efficiency (Risenhoover and Bailey 1985). We 
examined differences in plant composition, distance to escape 
terrain, and vigilance levels at areas used by rams associated 
with horses versus areas used with conspecifics. 

Spatial distribution of the population was analyzed by 
locating radio-collared animals and by tracking unmarked 
bighorn. Use of new lambing areas was observed during 1987 
and 1988. Changes in spatial distribution of the population 
involved lands administered by the National Park Service, as 
well as the Bureau of Land Management, and the Crow Indian 
Tribe. A map was provided with our Contract Completion Report 
to BICA which illustrated changes in population distribution 
from 1986 to 1989, land ownership, and locations of sensitive
use areas such as lambing grounds. 

Results 

Cardiac activity of the telemetered bighorn ewe was monitored 
for over 200 hours before the transmitter was expelled. There 
were marked differences between heart rates associated with 
responses to disturbance, and undisturbed resting and foraging. 
We elicited disturbances and observed cardiac and behavioral 
responses on 2 occasions by approaching to within 150 m and 
causing the ewe to flee. After the initial flight response we 
remained as far away as possible while keeping visual contact 
with the ewe. 

At the onset of both disturbances the ewe was alone and heart 
rate increased from a resting rate of 55 to 135 beats per 
minute (b.p.m.) Heart rate continued to climb for 60 minutes 
following the initial flight response, and reached peaks of 
over 200 b.p.m. Heart rate remained elevated for 2 hours 
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after the initial disturbance without overt indications of 
stress (e.g. animal not fleeing or with alert posture) . Heart 
rates associated with undisturbed foraging and resting 
activity averaged 55 and 78 b.p.m., respectively. Responses 
to disturbance averaged 168 b.p.m. (s.d. 26.2) over a 3 hour 
period. 

Harlow et al. (1987) studied cardiac response of bighorns to 
acute stressors in a pen situation. In their study, average 
heart rates associated with mild, medium and heavy stress 
exposure were 139 (+/- 32), 162 (+/- 19), and 190 (+/- 30) 
b.p.m. , respectively. Harlow et al. (1987) demonstrated a 
strong relationship between heart-rate responses and cortisol 
production. There was no reported difference between peak
plasma cortisol levels for mild and medium heart-rate 
responses. 

However, Harlow et al. (1987) reported that if a bighorn 
experienced a combination of medium or heavy stressors in a 
single day, the animal would be assessed as being in a state 
of chronically elevated blood cortisol. It has been suggested 
that stress-related release of cortisol may inhibit 
reproductive mechanisms, depress immunosuppression, and 
account for widely observed epidemics of pneumonia (Forrester 
1971, Thorne 1971). 

In previous research at BICA (Coates and Schemnitz 1988), we 
determine that pregnant or lactating ewes routinely foraged 
near the road and were frequently disturbed by motorists. In 
the summers of 1986 and 1987, ewes spent> 40% of their time 
while foraging near the road in alert behavior. Considering 
the duration of the heart-rate responses we observed without 
alert behavior during this study, and the amount of time that 
ewes spent in alert behavior in 1986 and 1987, we believe that 
roadside disturbance has the potential to cause chronic 
elevation of blood cortisol. Further, we concluded that the 
combined effects of density dependent stressors, which occur 
naturally as a population approaches carrying capacity, and 
roadside stress will reduce the carrying capacity for bighorn 
sheep at BICA. 

In spite of stress from roadside disturbance, population 
growth was rapid from 1985 to 1989. Herd size increased from 
approximately 40 animals in 1985 to 99 animals in 1989. There 
is additional habitat in the area, and if population growth 
continues at or near the present rate, herd size may exceed 
160 animals in the year 1993. The bighorn population at BICA 
was founded 15 years ago by a small group believed to number 
between 2 and 8 animals which had dispersed from a nearby 
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transplant site in Wyoming. Addi tiona! founders may have 
originated from transplants in Montana. Since 1975 the 
population has grown at the maximum reproductive rate. 
Geneticists believe that such populations require >50 
'effective' breeding adults. The population at BICA has not 
yet reached this number of breeders, but high population 
quality provides an optimistic outlook for the future. 

Rapid growth of the bighorn population is linked to the 
utilization of large quantities of browse in the diet and to 
adopting an appropriate foraging strategy (Coates and 
Schemnitz 1988). Browse was important in summer and winter 
diets (>50% composition). Fecal nitrogen analysis indicated 
adequate protein content in browse diets consisting of >45% 
soapweed, mountian mahogany, juniper, and globemallow. 
Dietary overlap between bighorns and horses occurred primarily 
on grasses and averaged 68% during 1988. In previous work we 
determined that 75% of the horse diet is composed of grasses. 
Grasses comprise only 5% of the vegetative cover. Grasses 
composed approximately 30% of the bighorn diet. Analysis of 
foraging relations between bighorn rams and wild horses 
indicated that rams utilized foraging areas that supported a 
higher composition of grasses while foraging with horses. 
These foraging areas were further from escape terrain than 
areas utilized by rams with conspecifics. Rams may have been 
able to utilize these insecure habitats due to high vigilance 
levels of the horses. 
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FIRE HISTORY IN THE BIGHORN CANYON NATIONAL RECREATION AREA 

Dennis H. Knight 
Yegang Wu 

Department of Botany 
University of Wyoming 

Laramie 

Work during May included finishing the summarization of data 
collected in 1988 and preparing for the second field season. 
Field work for 1989 started on June 4, with graduate student 
Yegang Wu working in the Bighorn Canyon National Recreation 
Area (BCNRA) until August 7. Terry Peters provided additional 
field assistants to work with Yegang on the average of about 
one day each week from mid-June to early August, a 
contribution that greatly facilitated data collection. 
Accomplishments during the summer can be summarized as 
follows: 

1. A total of 460 trees were cored for age determination. 
The ages are required for determining forest stand 
age, fire history, and the rate of fuel development. 

2. A search was conducted for fire scars, with scars 
being sawed as wedges from 28 trees. These fire scars 
provide some of the most accurate information on fire 
history. 

3. A total of 110 fuel samples were collected 
periodically during the summer for moisture 
determinations, thereby obtaining data required for 
the fire behavior model. 

4. Twenty-one grazing exclosures in the grasslands and 
shrublands were sampled to determine the effect of 
grazing on fuel accumulation. 

5. Data collection was completed on the remaining 55 grid 
units of the study area, thereby completing the 
required sampling for vegetation types, fuel loading, 
and topography for the entire area. 

6. Ninety mountain mahogany and juniper shrubs were cut 
and weighed in order to determine the relationship 
between stem basal diameter and the weight of 
different fuel classes on the shrub (1-hour, 10-hour, 

15 



100-hour, and live and dead twigs). 

7. Contact were made with the Custer National Forest, Red 
Lodge, Montana, to inquire about the availability of 
data on fire history, fuel loadings, and the effect of 
spruce budworms. 

Unless unexpected problems develop, we now believe that the 
field work for this study is completed. 

Data Analysis 

Since mid-August, data analysis has proceeded as follows: 

1. All 460 tree cores have been counted for age 
determination. 

2. Estimated stand ages have been mapped using the grid 
system established at the beginning of the study. 

3. Fire scars are being analyzed, with completion 
expected in the next few weeks. 

4. Relevant 1 i terature on the spread of fire through 
landscapes is being reviewed. 

Schedule for Completing Study 

Our approximate schedule for the remainder of the study is as 
follows: 

November 1, 1989 

December 1, 1989 

January 15, 1990 

March 15, 1990 

May 15, 1990 

June 15, 1990 

Finish calculating and mapping 
fuel loadings 

Complete runs of fire behavior 
models 

Complete application of forest 
development models 

Submit draft annual report 

Complete first draft of report 
(dissertation) 

Complete second draft 
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August 15, 1990 Complete report, defend 
dissertation, and meet with 
BCNRA staff for closing 
session 
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PLANT COMMUNITY DISTRIBUTION, DYNAMICS, FUEL LOADS, AND FIRE 
BEHAVIOR IN BRYCE CANYON NATIONAL PARK 

Objectives 

David W. Roberts 
Gregory P. Hallsten 

Doug W. Wight 
Department of Forest Resources 

and Ecology Center 
Utah State University 

Logan 

This research program incorporates four primary objectives: 
( 1) develop a comprehensive vegetation classification for 
Bryce Canyon National Park and to map the current and 
potential vegetation for the park; (2) develop a vital 
attributes succession model which depicts the successional 
development and disturbance response of plant communities in 
Bryce Canyon; (3) determine and characterize the fuel loads 
typical of each successional community type; (4) predict the 
behavior of fires occurring in each of the successional 
community types. 

Methods 

The vegetation classification used in this study employs an 
existing forest habitat type (potential vegetation) 
classification for the forests in southern and central Utah 
(Youngblood and Mauk 1985). Within each habitat type, 
successional community types were specified following the 
guidelines of Steele (1984). This successional community 
classification classifies forest communi ties by specifying the 
least shade tolerant species present and the dominant species 
as a binomial. Non-forest communities have been classified 
according to a site specific classification developed 
following the guidelines of Pfister and Arno (1980). 

Vegetation maps have been prepared following a two-step 
procedure outlined by Roberts and Cooper ( 1989) . During 
collection of plot data for community description, local areas 
surrounding the plot were mapped in the field. These ground 
truth data were then employed in a classification tree 
predictive model developed using CART (Breiman et al. 1984). 
The model takes the form of a dichotomous key which is used to 
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predict vegetation type in unsampled areas. Maps were 
prepared on mylar overlays for USGS topographic maps and then 
digitized for use with SAGIS, the park service GIS package. 

The vital attributes model was developed following the guide
lines of Roberts and Morgan (1989). Tree species were defined 
by a short set of autecological characteristics which were 
then used in a stochastic simulation model to predict 
community development and disturbance response. Fire return 
intervals and fuel load characteristics are specified for each 
habitat type. Fire occurrence is determined stochastically 
following the estimated fire return interval, and fire 
intensity is determined by time since last fire and fuel load 
characteristics. Species respond individually to fire 
intensity, and surviving age class distributions are 
calculated for each species. The model classifies each stand 
to successional community type using the age class 
distributions of species. 

Fuel loads for each successional community type were 
determined by detailed sampling following the guidelines of 
Brown et al. (1982). For each community type, fuel loads 
were compared to similar community types using the Mann
Whitney or Kruskal-Wallis statistic (depending on number of 
community types). Statistically similar community types were 
pooled into fuel types, and fuel types were then mapped 
throughout the park using the community type maps. 

For each fuel type, a fuel model was developed using the 
NEWMDL program (Burgan and Rothermel 1984). The fuel models 
were then entered into the BEHAVE program (Andrews 1986) to 
predict fire behavior under variable conditions at different 
times of year. 

Results 

The plant community classification has been completed for all 
areas in Bryce Canyon National Park. A total of 17 habitat 
types were identified in Bryce Canyon National Park. Lower 
elevation sites (below the rim of the breaks) were often 
dominated by shrub communities (corymb buckwheat/salina 
wildrye or big sagebrush/four-wing saltbush) or pinyon-juniper 
woodland (pinyon pine/Utah juniper). Non-forest sites above 
the breaks are typically black sagejneedle-and-thread 
communities, with local wet areas dominated by 
wiregrassjRoss•s ·sedge. 

Forest communities occur along a complex temperature-moisture 
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gradient, with lower elevation sites dominated by ponderosa 
pine, giving way with increasing moisture to Douglas-fir and 
then white fir. Quaking aspen occurs as a seral species in 
the more moist communities. Specific sites with unusual soil 
characteristics are dominated by blue spruce, limber pine, or 
Great Basin bristlecone pine. 

The forest zones are subdivided into habitat types based on 
characteristic understory species. Low elevation ponderosa 
pine sites are often dominated by black sage or bitterbrush. 
Large areas of Bryce Canyon National Park in the ponderosa 
pine, Douglas-fir and white fir series are dominated by 
greenleaf manzanita. More moist areas are typically 
characterized by Oregon grape, western snowberry, and common 
juniper. 

Within habitat types, a large range of successional community 
type can occur. In Bryce Canyon National Park, seven 
community types account for more than 80% of the area. In 
order, the most common community types are ponderosa 
pine/ponderosa pine, pinyon pine/Utah juniper, Rocky mountain 
juniper/ponderosa pine, ponderosa pine/white fir, black 
sagejneedle-and-thread, ponderosa pine/Douglas-fir, and 
ponderosa pinejGambel oak. 

The vital attributes succession model is completed for the 
forest communities. Due to a lack of successional variation 
in non-forest communities, a non-forest successional was not 
created. 

Analysis of the community type fuel loads resulted in eleven 
fuel types defined for Bryce Canyon National Park. These fuel 
types vary in total fuel load, distribution of fuel within 
time-lag classes, and nature of fuels. Predictions of typical 
fire behavior for each of the fuel types for each of five 
months (May-September) were prepared by summarizing typical 
weather and fuel moistures for the respective months. For 
each type, extreme conditions were also selected to prepare 
worst-case fire behavior predictions as well. 

Fire behavior predictions include: rate of spread, flame 
length, reaction intensity (heatjunit areajunit time), and 
fire line intensity, all varying with slope and windspeed. 
Predictions were summarized in an extensive graphical 
appendix. 
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Objectives 

BLACKBRUSH, Coleogyne ramosissima, 
PROPAGATION AND REVEGETATION 

Harrison G. Hughes 
Eugene Weglinski 

Department of Horticulture 
Colorado State University 

Fort Collins 

The focus of this research is two-fold. First it is to 
develop a methodology for the asexual production of blackbrush 
(Coleogyne ramosissima Torr.) propagules. Furthermore, these 
propagules are to be evaluated for their use in revegetation 
of disturbed areas within Canyonlands National Park. 

Methods 

Cuttings were collected from two sites, one on the island 
itself, the other on the white rim. Collections were carried 
out in April (spring) and July (summer) of 1989 with a third 
sampling in October (fall). Cuttings were returned to 
Colorado State University where they were prepared, given one 
of four treatments and placed in a propagation bed. 
Evaluations were conducted eight weeks after collection. The 
data consisted of the numbers of plants rooted, the numbers of 
roots produced and a class designation to evaluate the 
development of the roots. 

The second investigation initiated in March 1989 involved the 
planting of our cuttings rooted during the 1988 season. 
Thirty-nine plants were planted in an abandoned road bed near 
Grandview Point on the island in the sky. All plants were 
planted with a small amount of peat moss (1:5) incorporated 
into the soil with backfilling and all were watered thoroughly 
following planting. These plants were randomly assigned one 
of three treatments. The first, to serve as a control, 
received only natural precipitation as the sole water source. 
The second treatment involved use of a gravity-fed irrigation 
system to provide approximately one liter of water at two-week 
intervals in addition to precipitation. The third treatment 
involved incorporation of a water-retaining compound 
(Hydrosource) with the backfilled soil in addition to one 
liter of water at two-week intervals. 
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Results 

The propagation aspect of this project has been completed. 
Analysis was carried out on a number of factors involved in 
the rooting of cuttings. The factors found to significantly 
affect rooting were the age of the material used for rooting 
(one-year old growth rooted better than older material), and 
the season of collection of cutting material (the material 
sampled in spring rooted more readily than that collected in 
summer or fall). 

No significant findings can be reported for the 
reestablishment aspect in 1989 due· to an inadequate sample 
size. A non-statistical comparison of the cuttings planted in 
March 1989 versus the survival of blackbrush seedlings planted 
at the same site by a private contractor in fall 1988 was 
made. Ten percent of the cuttings which received supplemental 
irrigation survived through October when final evaluation was 
carried out while none of the seedlings were found alive. 
There are a great number of variables involved in this 
comparison including planting date, plant material and 
planters. However, we would assume that irrigation influences 
the survival rate. The reestablishment aspect of the project 
will be repeated in spring 1990 with a larger sample size. 

Future 

A report to be submitted to the National Park Service Research 
is forthcoming and results of the cutting aspect of the 
project will be submitted to the International Plant 
Propagators Society. 

The cutting aspect of this project is complete. The 
establishment aspect will be repeated in spring 1990 when the 
remainder of the cuttings produced in the 1989 season are 
planted into the field. A complete proposal for 1990 will 
follow this report. 

Conclusions 

Young stem cuttings of blackbrush root readily under mist. 
cuttings collected in spring rooted more readily than when 
collected at other times. Although transplants survived one 
season in the field, further studies with a larger sample size 
must be made before making conclusions. 
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MODEL TESTING FOR FUTURE REINTRODUCTIONS OF 
DESERT BIGHORN SHEEP AT CAPITOL REEF NATIONAL PARK 

Objectives 

Terri L. Steel 
Michael J. Machalek 

Gar w. Workman 
Utah State University 

Logan 

The objective of the 1989 fieldwork was the testing of a model 
developed in 1988. The main project objectives are to: (1) 
evaluate the success of the transplant operations; (2) 
investigate habitat selection behavior of desert bighorn sheep 
(Ovis canadensis); and (3) develop a model which classifies 
areas suitable for sheep use. This model will then be 
incorporated into a Geographic Information System (G.I.S.) to 
examine macrohabi tat use patterns. Software to be used 
includes: SAGIS, MAP, DBIII, and HOMER. 

Methods 

Seventeen habitat variables were analyzed using Classification 
and Regression Trees (CART) (L. Brieman et al. 1984). Analysis 
identified two variables, distance to escape terrain and 
degrees of unobstructed visibility, as having the greatest 
influence on habitat selection. While the original model was 
constructed with three hundred and seventy plots 
distinguishing between seventeen variables, it was proposed 
that the testing of these two variables be accomplished with 
two to three hundred new plots. A total of one hundred and 
eighty plots were sampled this summer and fall to test the 
model. 

Test variables measured included slope, distance to escape 
terrain, distance to nearest cliff face, total visibility, and 
upslope visibility. 

Results 

The original CART analysis stated that a site will be used 
with 65% accuracy only if it was both less than thirty-three 
meters from escape terrain, and had total visibility greater 
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than fifty-five degrees. Failing to meet the visibility 
requirement, a plot had a probability of .73 of being 
classified as unused. Plots further than thirty-three meters 
from escape terrain had a probability of .85 of being unused 
(Figure 1). 

Test data were run through the tree and the results are 
presented in Figure 2. If a test plot was both less than 
thirty-three meters from escape terrain, and had total 
visibility greater than fifty-five degrees, then it had a 
probability of . 95 of being used. Failing to meet the 
visibility requirement, a test plot had only a probability of 
.70 of being unused. In both the original and the test data 
only a small percentage of all plots satisfied the visibility 
and escape terrain conditions, 28% and 11% respectively. 

The largest difference between the two data sets was the 
importance of visibility. This lead to a separate CART 
analysis of the test data alone. Treating this data as if it 
were the first data received, CART analysis lead to a single 
split based on distance to escape terrain. If distance to 
escape terrain was less than or equal to thirty-four meters, 
a test plot had a probability of .87 of being classified as 
used. If a test plot had a distance to escape terrain greater 
than thirty-four meters, then it had a probility of .70 of 
being unused. 

Discussion 

The most notable difference between the original model and the 
test data is the absence, in the test data, of the importance 
of visibility. Three possible reasons for this are: (1) 
seasonal changes in visibility due to vegetative changes; (2) 
researcher variance; and ( 3) a switch from eight to four 
measurements of visibility. 

Site specific visibility is affected by large boulders, 
topography and vegetation. While the first two factors change 
slowly, vegetation can vary greatly and affect visibility. 
Vegetative cover and vigor vary with season, degree of use, 
rainfall, and fluctuations in general weather conditions. 
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NO 

VISIBILITY 

greater than 
0 

55 

(51 plots) [65 plots] 

Is distance to 

ESCAPE TERRAIN 

greater than 

33m 

away? 

ED 

(215 plots) [97 plots] 

( 8 5% prob. ) [ 7 0% prob. ] 

( 7 3% prob.) [ 15% prob. ] 

(104 plots) [19 . plots] 

( 65% prob.) [ 90% prob] 

Figure 1. Comparison of (ori~inal) and [test] data with the 
tree diagram developed by CART showing the habitat 
variables which destinguish used sited from unused 
sites. Under each is the number of plots and the 
probabilities of each var.iable in correctly 
classifying the sites. 
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USED 

(83 plots] 

(87% porbability] 

Is distance to 

ESCAPE TERRAIN 

greater than 

34m 

UNUSED 

(97 plots) 

(70% probability] 

Figure 2. Tree diagram developed by CART using test data 
showing the habitat variables which distinguish 
used ·sites from unused sites. Under each is the 
number of plots and the probabilities of each 
variable in correctly classifying the sites. 
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The second possible reason for the observed difference is that 
each set of field work was performed by two separate 
researchers who had no previous contact with respect to this 
project. Although the definition of visibility was the same, 
personal judgement can vary as well as experience. 

The final, and possibly most influential, reason for this 
discrepancy lies in the number of visibility measurements 
taken at each site. In the beginning, when vegetation was 
thought to be a major influence on habitat selection, it was 
shown that decreasing the number of vegetation transects from 
eight to four did not statistically change the vegetative 
composition calculated for a plot, thus allowing for quicker 
plot sampling (Steel and Workman 1987). Since one visibility 
measurement was taken on each transect line, the number of 
measurements taken per plot was also cut in half. However, 
not suspecting the importance of this variable, no tests were 
run to see if this had any effect on the visibility estimate. 

Conclusions 

Given the large size of the study area and the variability of 
visibility on any single plot due to vegetative and other 
possible, yet rare, events (i.e. geologic) 1 it is not 
surprising that the importance of this variable differs 
between data sets. Other reasons discussed probably play a 
role in this discrepancy. However, it is important to note 
the high correlation of used sites with distance to escape 
terrain, thirty-three meters in the original data and thirty
four meters in the test data. When creating the G.I.S. it 
will be easier to locate areas which qualify as escape terrain 
using this criteria. Visibility on the other hand can only be 
measured on the ground. This, and its variable nature, makes 
incorporation of visibility into a G.I.S. difficult, if not, 
impossible. Based on field work, it is felt that first-order 
selection may play a role in limiting the distribution of 
desert bighorn sheep. 

Literature Cited 

Brieman, L., J. Friedman, R. Olshen and C. 
Classification and Tegression Trees. 
Cleveland, S. and Dudley, R. (eds.). 
Belmont, California. 

35 

Stone. 1984. 
Bickel 1 P., 

Wadsworth Inc., 



Steel, T. L. and G. W. Workman. 1987. The ecology of a 
reintroduced population of desert bighorn sheep at 
Capitol Reef National Park: Phase II. Habitat use 
patterns. UW-NPS Research Center Annual Report. 50 pp. 

36 



CEDAR BREAKS NATIONAL MONUMENT 

ROBERTS 



II 

II 

'~' . 

'I 

I I 
I -

II 

tr ·1 

I- I I 

t t 

I '' 

-

: -

I' 

_I 

I ol_~-

.. I 
..J 

II 

I_ 



PLANT COMMUNITY AND RARE OR EXOTIC SPECIES DISTRIBUTION AND 
DYNAMICS IN CEDAR BREAKS NATIONAL MONUMENT 

Objectives 

David W. Roberts and Catherine Jean 
Department of Forest Resources 

and Ecology Center 
Utah State University 

Logan 

This research program incorporates four primary objectives: 
( 1) develop a comprehensive vegetation classification for 
Cedar Breaks National Monument, and to map the current and 
potential vegetation for the monument; (2) develop a vital 
attributes succession model which depicts the successional 
development and disturbance response of plant communities in 
Cedar Breaks; ( 3) map the distribution of rare or exotic 
species in the monument, specifying the habitats and plant 
communities in which these plants occur; and (4) identify and 
map the distribution of undisturbed plant communi ties to serve 
as baseline reference areas. 

Methods 

The vegetation classification used in this study employs an 
existing forest habitat type (potential vegetation) 
classification for the forests in central and southern Utah 
(Youngblood and Mauk 1985). Within each habitat type, 
successional community types have been specified following the 
guidelines of Steele (1984). This successional community 
classification classifies forest communi ties by specifying the 
least shade tolerant species present and the dominant species 
as a binomial. Non-forest communities are being classified 
according to a site specific classification developed 
following the guidelines of Pfister and Arno (1980). 

Vegetation maps are being prepared following a two-step 
procedure outlined by Roberts and Cooper ( 19 8 9) . Our ing 
collection of plot data for community description, local areas 
surrounding the plot are mapped in the field. These ground 
truth data are then employed in a classification tree 
predictive model developed using CART (Breiman et al. 1984). 
The model takes the form of a dichotomous key which is used to 
predict vegetation type in unsampled areas. 

39 



The vital attributes model is being developed following the 
guidelines of Roberts and Morgan (1989), as previously 
employed in Bryce Canyon National Park. Tree species are 
defined by a short set of autecological characteristics which 
are then used in a stochastic simulation model to predict 
community development and disturbance response. 

Rare and exotic species distributions are being determined 
using a two-step process. Observations of exotic species 
during community sampling are noted and mapped. Subsequently, 
transects in the observed and similar areas are employed to 
attempt to determine the limits of distribution. 

Undisturbed communities have been identified by sampling 
during the course of general vegetation sampling, and by 
tentative identification on aerial photographs followed by 
field examination. 

Results 

We have sampled 160 plant communities within Cedar Breaks for 
development of the vegetation classification and mapping. We 
have identified five forest series for a total of 18 forest 
habitat types. Within these habitat types, 24 successional 
community types are present. Non forest vegetation has been 
sampled and tentatively classified into five habitat types. 
No successional community types have been identified within 
non-forest habitat types. 

Extensive ground-truth data surrounding the 160 sample plots 
have allowed mapping significant areas within the monument. 
Preliminary classification trees have been developed for 
extrapolative mapping; these trees are being updated to 
reflect new data. Multivariate analysis of the habitat type 
distribution indicates an extremely strong effect of 
elevation, followed by incident radiation. 

The vital attributes succession model is completed for the 
forest communities, although parameter estimation for some 
forest habitat types is not yet complete. 

A total of 20 rare or exotic species have been identified 
within Cedar Breaks, including 16 candidate species for 
listing as threatened or endangered. Population status 
reports for most of these species have been prepared. The 
distribution of exotic species was also determined. 
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The location and distribution of undisturbed plant communities 
has been marked on USGS topographic maps, along with notes 
about the characteristics of these communities. 
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INVENTORY OF PLANT SPECIES OF SPECIAL CONCERN 
AND THE GENERAL FLORA OF DINOSAUR NATIONAL MONUMENT 

David Kuntz 
Tamara Naumann 

Colorado Natural Areas Program 
Colorado Department of Natural Resources 

Denver 

Field surveys during the third year (1989) of a botanical 
inventory of Dinosaur National Monument (DINO) concentrated in 
Lodore Canyon and selected areas in the Utah portion of the 
monument. Inventory efforts focused on areas not represented 
in historical collection records and in habitats known or 
suspected of supporting populations of rare andjor endemic 
plant taxa. The museum research component of the study was 
continued for a second year. 

Objectives 

Four objectives of the research project will assist park 
managers in management and protection of rare plants in 
Dinosaur National Monument. 

1. Complete a systematic botanical inventory of the 
Monument to document threatened, endangered, and 
special concern plant species. 

2. Prepare a checklist of the flora of the Monument, 
compiled from field work, published literature, and 
museum sources. 

3 . Provide DINO with a relatively complete 
verified plant specimens for inclusion 
Monument's herbarium. 

set of 
in the 

4. Provide baseline data and management 
recommendations for use in plant resource and 
natural area conservation, management, and research 
in the Monument and within the region. 

Dinosaur National Monument represents a unique conservation 
and management opportunity within the Uinta Basin. It can be 
viewed regionally as an island surrounded by areas with 
similar bio-ecological characteristics, but different uses. 
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Methods 

The 1989 field inventory was conducted at planned intervals to 
maximize representation of plant species with differing 
phenologies and to complement inventory work conducted in 
previous years: 

June 1-6 

June 26-30 

August 21-30 

Lodore Canyon and selected tributaries of the 
Green River below the confluence 

Split Mountain and Quarry areas. 

Split Mountain and Quarry areas; selected 
areas near Round Top and in Yampa Canyon. 

November 16-20 Museum research, Brigham Young University, 
Provo, Utah. 

November 27-
December 1 

Museum research, University of Colorado, 
Boulder, Colorado. 

Field surveys in 1989 were conducted by one botanist working 
independently, or occasionally accompanied by technicians. 
Areas surveyed in 1988 and 1989 presented greater logistical 
challenges than areas surveyed in 1987 due to remoteness, 
topography, andjor transportation constraints. Potential 
habitat was reviewed prior to establishing daily transect 
routes using aerial photographs, geologic maps, topographic 
maps, and a list of expected taxa. Unusual geologic exposures, 
topographic conditions, soils, hydrologic regimes, and 
vegetation having the greatest potential for associated rare 
taxa were examined carefully. Transects were designed to 
maximize coverage of diverse geologic substrates and 
vegetation types. Areas examined were delineated on USGS 7.5 
minute topographic maps. A base map (1:62,500) was prepared 
showing daily transects, rare plant locations, and high
quality vegetation sites. 

Approximately 57 rare plant species are known or expected in 
Dinosaur National Monument. Most of these were identified 
prior to initiation of field work from published literature, 
museum records, and consul tat ion with knowledgeable botanists. 
Habitat profiles were developed based on existing data to 
assist in locating the plants in the field. Search images were 
modified as the plants were encountered during field surveys. 
Twenty-nine plant taxa considered rare by the states of 
Colorado andjor Utah had been documented in Dinosaur National 
Monument prior to the 1987 field season. Nine additional rare 
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taxa were added in 1987, one in 1988, and two in 1989. Sixteen 
taxa known from adjacent areas within the Uinta Basin were not 
found in DINO during the 3-year survey. 

Standard plant collecting techniques were used. Data acquired 
during the first two years of the study were used to 
concentrate collection efforts on taxa unrepresented or under
represented in regional herbaria. A complete set of specimens 
will be deposited at Dinosaur National Monument. Duplicates 
were selectively collected in the second and third field 
seasons for disposition to the University of Colorado, 
Colorado State University, and Rocky Mountain Herbarium. 
Specimens were verified and processed at the Colorado State 
University herbarium. Nomenclature follows Goodrich and Neese 
(1986). 

A dBASE III+ database file was developed to accommodate new 
collection records generated by the present study as well as 
historical museum records. Research trips to herbaria at 
Brigham Young University, Utah State University, and the 
University of Colorado were made to examine historical 
collections from the Monument. Data from museum collections 
were added to the computer file. A copy of the database will 
be made available to the monument for curation and resource 
management purposes. 

Results 

Seventy-five collections representing approximately 71 taxa 
and 192 specimens were made during the 1989 field season. 
Significance of these collections will be determined when 
analyses of 1989 collections and historical herbarium records 
are complete. Water year 1989 (October 1988 - September 1989) 
was apparently a record low precipitation year with 15 em 
recorded in DINO. The 2 5-year average is 2 9. 5 em, with a 
previous record low of 15.5 em recorded in 1977 (Steve 
Petersburg, personal communication). The drought had a visible 
effect on plant growth and reproduction and the 1989 growing 
season. Many plants failed to produce flowers and some 
appeared dormant. Inventory and collection efforts were 
hampered by drought effects in that many species were not in 
suitable condition for collection and preparation as museum 
specimens. 

Approximately 1350 mounted plant specimens were deposited in 
the Dinosaur National Monument herbarium in 1987 and 1988. 
Seventy-five additional specimens collected in 1989 will be 
deposited when processing is complete. These specimens 
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represent a substantial addition to the monument herbarium and 
will serve as a valuable reference tool for park managers and 
interpreters. 

Regional herbarium research trips conducted in 1988-1989 
yielded approximately 875 historical collections from Dinosaur 
National Monument or within 3.2 km of its borders. 
Approximately 600 of these are housed at Brigham Young 
University, 100 at Utah State University, and 175 at the 
University of Colorado. Relative size of the historical DINO 
collection housed at each institution is reflected 
approximately by these numbers. Brigham Young University 
herbarium has the largest historical collection of Dinosaur 
National Monument plant specimens in the world. The Carnegie 
Museum is probably second, with approximately 350 specimens 
collected by Earl Douglass and O.A. Peterson in 1912 and by 
E.H.Graham in the early 1930's (Graham 1937). The specimens 
documented during the present study do not represent an 
exhaustive research effort, but reflect the number of 
specimens that could be found and documented in the available 
time. 

Collection records from the present study and from museum and 
published sources have been compiled in a database which 
contains approximately 2600 entries. This database represents 
the most complete historical record of the flora of Dinosaur 
National Monument and will serve as the basis for a checklist 
of the flora of the monument. 

Six sensitive plant species were collected in 1989. Five of 
these are of special concern to the state of Colorado and 
three are of special concern to the state of Utah. Three of 
the six sensitive plant species are rare throughout their 
range or have an extremely limited distribution. Two are 
peripheral or disjunct in Colorado, and one appears to be 
rare in Colorado, but conclusive data are lacking. Twenty-four 
rare plant localities were mapped during the 1989 field 
season. The discovery of a population of Spiranthes diluvialis 
(lady's tresses orchid) in Hog Canyon (southern flank of Split 
Mountain) was especially significant. Spiranthes diluvialis is 
a federal category 2 species which will likely be listed as 
threatened or endangered within the year. 

The Quarry District of Dinosaur National Monument was 
identified as a significant concentration area for rare and 
endemic plant species. Exposure of numerous geologic 
formations in the Quarry District largely accounts for the 
high concentration of unusual plant species, many of which are 
extremely substrate-specific. Designation of the Quarry 
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District as a special botanical interest area is recommended. 

Several areas in Dinosaur National Monument were identified 
during the 3-year study as potential Research Natural Areas 
(RNAs). The Johnson Canyon-Bull Canyon complex contains high
quality riparian vegetation and significant rare plant 
habitat. Warm Springs Cedars contains an excellent example of 
mature pinyon-juniper woodland with native understory and 
undamaged cryptogam communities. Curl-leaf mountain mahogany 
(Cercocarpus montanus) woodlands on Zenobia Peak will be 
evaluated in 1990 for RNA values. 

Conclusions 

Management recommendations will be made based on the completed 
analysis of data collected in 1989. Most of the rare plants in 
Dinosaur National Monument require little or no active 
management at present. The database and maps produced will 
assist the park in facilities placement planning and ensure 
the survival of Dinosaur National Monument's rare plant 
resources. Identification of significant natural areas in the 
monument will provide managers with baseline areas for use in 
comparative evaluations of conservation, active management, 
and restoration projects within the park. 

~iterature Cited 

Goodrich, s. and E. Neese. 1986. Uinta Basin Flora. USDA 
Forest Service, Intermountain Region. 320 pp. 

Graham, E.H. 1937. Botanical studies in the Uinta Basin of 
Utah and Colorado. Annals of the Carnegie Museum 26:1-
432. 

49 





GLACIER NATIONAL PARK 

BEISWENGER 

MAURER 

TYSER 



\ -

-. 

• I 



ANALYSIS OF POTENTIAL SENSITIVE MAMMAL SPECIES 
FOR LONG-TERM MONITORING IN GLACIER NATIONAL PARK 

Objectives 

Ronald E. Beiswenger 
Department of Geography and Recreation 

University of Wyoming 
Laramie 

The primary objective of this project is to identify species 
of mammals in Glacier National Park that are sensitive to 
environmental change and thus may serve as useful indicators 
of this change in a monitoring program. Such a procedure 
involves: 

1. Development of a database and bibliography for the mammal 
species found in Glacier National Park (GNP) ; 

2. Identification of sensitive species that may serve as 
indicators; 

3. Recommendation of procedures for using indicator species 
in an inventory and monitoring program. 

Collection of information about the mammals found in GNP is 
currently underway through an analysis of published literature 
and through consultation with scientists and resource 
managers. Information being gathered includes data on 
mammalian life histories, distribution, management status, 
biogeographic relationships and habitat associations. A 
summary of the information being collected is presented in 
Table I. This information will eventually be compiled as a 
database with an associated bibliography of information 
sources. Once data collection has been completed, sensitive 
species will be identified and a recommended monitoring 
program developed. 
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Table I. Summary of Species Information for a GNP Biodiversity 
Database 

Source of Information 
Trophic class (7 categories) 
Reproductive mode (3 categories) 
Social behavior (5 categories) 
Litter size (number of young per litter)--mean; range 
Litters per year (number of litters)--mean; range 
Gestation period (length of time in days)--mean; range 
Parental care (4 categories) 
Time to independence of young (length in days)--mean; range 
Age at sexual maturity (age in years)--mean; range 
Active period (3 categories) 
Management status 

Recovery species 
Federal status 
TNC categories--global and state 
Status in GNP 

Species of special management concern 
Biogeographic relationships 

Biogeographic status (4 categories) 
Geographic range 

Narrative description of distribution 
Geographic range in GNP (by drainage basin) 

Mobility 
Summer home range area (mean; range) 
Winter home range area (mean; range) 
Migratory distance (mean; range) 
Migration destination (4 categories) 

Habitat requirements and elevational range 
Habitats used in summer 

Alpine/subalpine communities 
Forest formations (4 categories) 
Shrubjwoodland formations (3 categories) 
Grassland/herbaceous formations (7 categories) 

Lowjmid elevation communities 
Forest formations, lowlands (11 categories) 
Shrub/woodland formations, lowlands (7 categories) 
Grassland/herbaceous formation, lowlands (3 

categories) 
Barren formations (4 categories) 
Cultivated lands 

Surface waters and associated communities 
Bogs, marshes, fens 
Streams (2 categories) 
Lakes (2 categories) 
Riparian, bottomland, floodplain (7 categories) 
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Habitats used in winter (repeat above list) 
Layers of habitat used 

Feeding loci (10 layers) 
Breeding loci (8 layers) 

Special habitat requirements--in a narrative section 
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Results 

The following activities have been completed. 

1. Met twice with Kim Keating, Project Coordinator, at 
Glacier National Park. 

2. Developed criteria and format for a mammal database 
(see Table I). 

3. Conducted library research at the University of 
Wyoming, University of Montana, Montana State 
University and Glacier National Park. 

4. Completed the first phase of a database search at the 
University of Wyoming Library. 

5. Obtained data on GNP mammals from the Montana Natural 
Heritage Program's Vertebrate Characterization 
Abstract. 

6. Obtained additional information through telephone and 
in-person contacts with Carl Key and Beth Dunigan of 
GNP. 

7. Discussed the project in interviews with: 
James Karr (at 1989 meeting of Society for 
Conservation Biology) 
Hollis Marriott (Wyoming Natural Heritage Program) 
David Genter and Margaret Beer (Montana Natural 
Heritage Program) 
D. F. Flath (Montana Department of Fish, Wildlife and 
Parks) 

8. Established a file of published articles and reports 
acquired from the following sources: 

Published articles in professional journals 
Glacier National Park publications 
Medicine Bow National Forest publications 
Great Smoky Mountain National Park publications 
Colorado Division of Wildlife 
National Ecology Laboratory (Fort Collins, CO) 

9. Project staff has collected published information for 
the GNP mammal database. 
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Tasks To Be Completed 

The following tasks remain to be completed: 

1. Development of software for the database and 
bibliography by the Research Staff at GNP. 

2. Completion of library searches, interviews and other 
information gathering activities of the project 
staff. 

3. Entry of the mammal data 
information into the database. 

and bibliographic 

4. Identification of sensitive mammal species. 

5. Development of recommendations for a system that uses 
sensitive mammal species as indicators in an 
inventory and monitoring program for GNP. 

Potential Problem 

Since the project did not begin until July 1, 1989, I was 
unable to recruit a graduate research assistant for the summer 
(the University of Wyoming Summer Session began in early 
June). This delayed the onset of full-scale data collection 
until late August. This could affect the completion of the 
project on schedule, although · staff will make every effort to 
complete the project on time. 
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AN ANALYSIS OF POTENTIAL SENSITIVE PLANT SPECIES FOR 
LONG-TERM MONITORING IN GLACIER NATIONAL PARK 

Brian A. Maurer 
Department of Zoology 

Brigham Young University 
Provo 

Project Accomplishments 

To date, we have accomplished several objectives. First, we 
met with Kim Keating at Glacier National Park last October to 
work out specific guidelines for submission of the data on 
plant species that we were gathering from the literature. 
Although no firm format for the database was decided upon, we 
did decide what kinds of information to begin collecting. 
This information included: name, common name and taxonomic 
status of the species, geographic range and origin, preferred 
habitat, life cycle, reproduction mode, etc. 

After our initial meeting, we began collecting literature on 
plants known to be found in Glacier National Park. We 
identified several key studies describing the flora of the 
park and surrounding areas (Standley 1921, Kujit 1982, Lesica 
1985), and began to collect information on the biology of 
these species. An example of this information for one 
species is included in Table 1. 

In our search for literature on the biology of the relevant 
species, we identified a major database that contains a large 
amount of information (Dittberner and Olson 1983). The Plant 
Information Network (PIN) was established by the US Fish and 
Wildlife Service to provide baseline information on the life 
history and ecology of plants in the western United States 
that might be useful in planning and mitigation of resource 
development. This data base was compiled and operated several 
years by the Western Energy and Land Use Team, Fort Collins, 
Colorado. 

We reported these developments to Kim Keating early in 
January. At that time he advised us that the management group 
was interested in changing the type of information to be 
contained in the park's database. We discussed the PIN with 
Kim, and he was quite interested. He asked us to pursue the 
availability of the data and status of the database. At this 
time we are attempting to locate the database and determine 
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Table 1. Biological information to be collected for plant 
species on Glacier National Park's potential 
sensitive plant species database. 

Name: Epilobium latifolium 

References: 1, 2, 3 
Origin: native 1 
Habit: forb 1 
Life cycle: perennial 1 
Reproduction: vegetative 

sexual 1 
Sex type: perfect 3 
Elevation: 7,000 ft. 

1;2000-2300 m 2; along 
streams at lower 
elevations 2 

Geographic range: Alaska to 
Wash., Colo., s. Dak., 
Que. and Green!., also 
in Eur. and Asia 2 

Habitat: often found 
abundantly along 
streams at middle or 
even low latitudes 2 

Park status: common above 
timberline 2 

Biotic zone: 
co2 fixation: 
Trophic status: aut 1 
Moisture regime: moist-wet 1 
Mycorrhizal relationship: 
Nodule forming: 
Nitrogen fixing: 
Hayfever causing: 
Edible: yes 1 
Weediness: non-weedy 1 
Anthesis: July and August 3 
Vegetation structure: 
Soils: Rocky slopes and 

rock slides 2 
Optimum soil depth: 
Disturbance indicator: 
Potential biomass 

production: 
Growth on gentle slopes: 
Growth on moderate slopes: 
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Common name: Alpine 
fireweed 

Growth on moderate slopes: 
Growth on steep slopes: 
Erosion control potential: 
Establishment requirements: 
Short-term revegetation 
· potential: 
Long-term revegetation 

potential: 
Cattle palatability: 
Sheep palatability: 
Horse palatability: 
Energy value: 
Protein value: 
Poisonous: 
Wildlife cover values: 
Wildlife food values: 



whether it will be possible to port the relevant information 
from the PIN directly to Glacier ' s database facilities. If 
this is possible, we will be able to collect much more 
information than we would if we were collecting the . data 
directly from the literature. There are several factors that 
will be considered in making use of the PIN. First, it is 
unclear from the documentation that we have how well the 
information in the PIN has been documented (e.g., whether 
appropriate references have been included). Second, it is not 
clear what format the PIN data are stored in. It would be 
advantageous if the data from the PIN could be extracted 
without the use of special programs or hardware. Finally, it 
is not clear that the database is accessible. We anticipate 
working through these problems and using the information in 
the PIN as much as possible. 

Future Plans 

We plan to continue collecting information on plant species in 
anticipation of the Glacier Park personnel making final 
decisions on the database format. Once the format is decided 
upon, we will begin compiling the data collected. If it is 
feasible, we will port data from the PIN either directly to 
the park's computers, or at minimum use the hardcopy of PIN 
output to develop our own database. We anticipate completion 
of the database by August 1990. 
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ECOLOGY OF FESCUE GRASSLANDS IN GLACIER NATIONAL PARK 

Robin w. Tyser 
Department of Biology and Microbiology 

University of Wisconsin-La Crosse 
La Crosse 

Fescue grasslands are small, but ecologically significant, 
habitat types in several drainages within Glacier Park. An 
up-to-date, systematic study of the plant and animal 
communities of these grasslands is needed to assess factors 
which may potentially impact these habitats, including 
invasion of exotic vegetation, fire suppression, and human 
development (e.g. sewage line and road construction). 

Objectives 

This project has four primary objectives: 

1) Identify potential factors determining the distribution 
of fescue grasslands; 

2) Describe plant and vertebrate communi ties inhabiting 
fescue grasslands; 

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

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

Information regarding these objectives will help provide a 
foundation for assessing the present status of the park's 
fescue grasslands and for formulating management objectives. 
This is a two year project. Field work for the first season 
(1989) has been completed and data analysis is in progress. 

Methods 

Glacier National Park's Geographical Information System will 
be used to determine the 1) general elevation and slope limits 
of fescue grasslands, 2) coverage of these grasslands within 
specific drainages, and 3) the proportion of xeric, mesic, and 
edge vegetation within these grasslands. Size-specific 
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mortality comparisons of trees in burned versus unburned 
ecotone areas in the North Fork grasslands will be used to 
assess the role of fire in preventing tree encroachment on 
grasslands. 

In each of 11 grassland study sites, the presence of all 
vascular plant species, excluding Carex spp., is determined in 
25-50 quadrats ( 0. 1 m2 ) placed along a 100 m transect. 
Species frequencies and mean quadrat species richness will be 
estimated for each site. Sample sites are adjacent to 
improved roads (4), along unimproved roads (4), and along back 
country trails (3). 

In 6 other sites, each of which is approximately 21 ha in 
size, the size of vertebrate populations will be estimated 
using a 400 m trap line of Sherman live traps (small mammals), 
the "consecutive flush" method (birds), burrow densities in 10 
x 100 belt transects (ground squirrels and badgers), surface 
coverage of elk pellets, and a limited number of pitfall traps 
(amphibians and reptiles). Trapping will be repeated twice 
each summer. 

Three human-related disturbance factors will be considered: 
(1) impact of transportation routes (improved road, unimproved 
road, and back country trails), (2) fire, and (3) underground 
utility 1 ine construction. The impact of each of these 
factors on fescue grasslands will be assessed using plant 
community composition parameters (native species richness, 
exotic species richness). A fourth factor to be examined will 
be the impact of common timothy (Phleum pratense) , a widely 
distributed grassland exotic in the park, on native plant 
species richness, small mammal density, vesper sparrow 
(Pooecetes gramineus) density, Columbian ground squirrel 
(Spermophilus columbianus) density, and elk (Cervus 
canadensis) usage. Plant and animal data will be collected 
using the above techniques. 

Preliminary Results 

Field observations and GIS Landsat data indicate that fescue 
grassland vegetation occurs on sites below 1620 m (5320 feet). 
Extensive fescue grasslands occur on both eastern and western 
slopes of the Continental Divide. Fescue grassland coverage 
ranged from 0.3 % to 3.2% in the drainage systems examined. 

Observations in the Red Bench fire burn indicate that tree 
mortality in the burned grassland ecotone is significantly 
greater than in unburned ecotone areas in all tree size 
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classes. In the burned areas, mortality of the smallest size 
class trees ( < 1. 99 em DBH) was highest and nearly 100%. 
These results suggest that, at least in the North Fork area of 
the park, fire suppression is detrimental to the long term 
persistence of fescue grasslands. 

Idaho fescue (Festuca idahoensis) andjor rough fescue (f. 
scabrella) were among the three most common grasses in all 
study sites. Other common nonfescue grasses occurring in one 
or more sites included Richardson's stipa (Stipa 
richardsonii), oatgrass (Danthonia intermedia), junegrass 
(Koeleria cristata) , wheatgrass (Agropyron caninum) , and 
common timothy (Phleum pratense). 

One or more exotic species occurred within lOOm of 
roads/trails in 9 of the 11 sites. This suggests that no 
large fescue grassland areas exist in the park which are 
completely free of exotic vegetation. 

Quadrat species richness varied significantly between sites, 
and ranged from 5.6-11.4 speciesjquadratjsite. In terms of 
quadrat species richness, the two most floristically diverse 
sites were located in the Two Dog Flats and Belly River areas. 
Sites in the Big Prairie region were among the least diverse. 

Six bird species were observed within grassland vegetation, 
though vesper sparrows (Pooecetes gramineus), chipping 
sparrows (Spizella passerina), and possibly robins (Turdus 
migratorius) were the only resident species. Three species of 
small mammals were trapped ( Peromyscus maniculatus, Zapus 
princeps, Microtus pennsylvanicus), with £. maniculatus being 
by far the most commonly trapped species. Surprisingly, no 
small mammals were trapped in one site during either of the 
two trapping periods. Animal survey results suggest that 
small mammal and vesper sparrow densities may be higher in 
sites with higher plant species richness. 

Burrow densities ranged from 3.1-12.2 and 0.0-0.9 per 0.2 ha 
for Columbian ground squirrels (Spermophilus columbianus) and 
badgers (Taxidea taxus), respectively. Elk pellets were found 
in all six study sites, with the highest surface coverage in 
the st. Mary valley sites. 

Distribution patterns of exotic species varied significantly 
between transportation route types. Not surprisingly, exotic 
species richness was higher in improved roadside areas than 
along unimproved roadside areas. Road construction and main
tenance is more extensive for improved roads, undoubtedly 
assisting exotic seed dispersal into the park and also 
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creating substrate disturbance conditions favoring establish
ment of exotic species. 

However, the study sites adjacent to roads and trails showed 
unexpected patterns. Exotic species richness was lowest in 
sites adjacent to improved roads and highest in the back 
country trail sites. It seems possible that the surprisingly 
high occurrence of exotics in the back country sites may be a 
relic of the park's earlier horse concession. The most common 
back country exotic was common timothy, which park records 
indicate was seeded by the former horse concessioner in the 
1920's in at least one area--possibly the Belly River area, 
where two of the three back country sites were located--to 
"improve the range." 

Comparison of species richness in the site burned during the 
1988 Red Bench fire showed no significant pre-fire/post-fire 
differences in either native species richness or exotic 
species richness. Long term effects of this fire on species 
richness patterns may occur, but no short term effect was 
detected. 

Additional Field Work 

Primary field objectives for the second year of this 
investigation will be to: (1) re-survey vertebrate communities 
in the animal study sites in order to assess yearly population 
variability, (2) compare plant and vertebrate communities in 
grassland areas with high timothy cover to those in areas with 
low timothy cover, and (3) assess the impact of underground 
utility lines on plant community composition. 
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CHARACTERIZATION OF RELICT COMMUNITIES 
FOR MONITORING PARK ECOSYSTEMS 

IN GLEN CANYON NATIONAL RECREATION AREA 

Jack L. Butler 
Jerrold L. Dodd 

Department of Range Management 
University of Wyoming 

Laramie 

Grazing by domestic livestock is authorized on the Glen Canyon 
National Recreation Area and occurs on about 80% of the NRA 
lands. Concern over competing land uses has generated 
considerable interest in the direct and indirect effects of 
grazing on community structure and function (Kleiner and 
Harper 1972, 1977, Loope 1977, Jefferies and Klopatek 1987). 
The primary objectives of this study are to: (1) identify and 
evaluate the abiotic and biotic factors influencing the 
stucture and species composition of relict and grazed pinyon
juniper, blackbrushjricegrass, and ricegrass grassland 
communities, and (2) select, refine and validate a system that 
can be used to field monitor condition and trend of relict and 
grazed communities. 

Methods 

Our general approach is to first characterize relict pinyon
juniper, blackbrushjricegrass, and ricegrass grassland 
communi ties with respect to selected soil and topographic 
features. Areas that represent the end product of 1 ight, 
moderate and heavy grazing by livestock and have similar 
physical characteristics as the corresponding relict community 
will then be identified. We assume that grazed areas having 
physical characteristics similar to relict areas have the 
potential to produce a similar plant community, even though 
current botanical composition and productivity may have been 
modified by grazing (Passey and Hugie 1963, Shiflett 1973). 
Evaluation of sites that represent a gradient of long-term 
utilization by cattle will facilitate development of a 
community condition classification that will separate effects 
of grazing from other environmental factors that influence 
community composition and productivity. Distance from water, 
degree of slope and the extent of physical evidence of 
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livestock (degree of soil disturbance, number and extent of 
trails, presence of feces, etc.) are the criteria that will be 
used to classify a site as either being lightly, moderately or 
heavily grazed by cattle (Holechek et al. 1989). Finally, 
community characteristics, both floral and faunal, that may 
serve as indicators of current ecological status of grazed 
communities relative to relict· communities will be identified, 
evaluated and refined. 

Results 

Time and resources during the 1989 ·field season limited the 
study to an initial aerial and ground reconnaissance of the 
pinyon-juniper community on the South Block and the Orange 
Cliffs, and several blackbrushjricegrass communities near the 
NRA headquarters. A preliminary evaluation of some of the 
proposed methodology was also conducted and will be modified 
somewhat for the 1990 and 1991 field seasons. 

A meeting with Drs. Joel Tuhy and Nick Van Pelt of the Utah 
Natural Heritage Program was held in Salt Lake City, Utah in 
October. Dr. Tuhy was one of the principal investigators on 
a 1988 inventory of relict vegetation areas in the NRA which 
qualitatively described a set of undisturbed or nearly 
undisturbed sites for most of the park's major plant community 
types. The purpose of the meeting was to discuss the 
feasibility of our proposed methodology, and to outline some 
potential logistical problems in traveling to some of the 
relict and grazed communities. The selection of specific 
study sites was also discussed. 

Conclusions 

The goal of this study is to produce a moni taring system 
sensitive to grazing which can be easily interpreted within 
the management objectives of the Glen Canyon National 
Recreation Area. To be useful, the technique should be easy 
to use in the field under a variety of environmental 
conditions and ecological situations. Accessibility to relict 
areas that may serve as reference sites will be the major 
limiting factor. Many sites will require travel by helicopter 
which may, because of budget constraints, limit the number of 
relict sites that can studied. 
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RECLAMATION OF DISTURBED LANDS IN GLEN CANYON 
NATIONAL RECREATION AREA 

Cyrus M. McKell 
School of Natural Sc.iences 

Weber State College 
Ogden, UT 

Introduction and Objectives 

successful establishment of vegetation in regions such as the 
Glen Canyon National Recreation Area (NRA) requires the most 
favorable sequence of weather events possible. In addition to 
favorable weather, soil conditions must be such that 
transplanted roots are placed in contact with moist soil and 
can rapidly grow out into the surrounding area (unrestricted 
by compaction) . Only infrequently do plants establish 
naturally from seeds in the harsh conditions of the Glen 
Canyon NRA. Thus, the objectives for the study were to review 
the literature on artificial revegetation in arid regions and 
to establish test plots in accord with current weather 
conditions, especially with regard to periods of drought or 
precipitation. 

The fall of 1989 was very hot and dry and as a result, 
establishment of field plots would have been difficult and 
probably worthless because of sure failure. Subsequently, 
plans have been made for construction of plots in late March 
on the assumption that a period of precipitation will occur 
that will adequately wet the soil root zone. 

This report covers project activities to the end of December. 
These activities primarily deal with field sites selection and 
propagation of plants for planting in late winter or spring 
1990. 

Methods 

Upon award of this project, contact was made with National 
Park Service staff at Glen Canyon NRA at Paige, Arizona and 
arrangements made for a site visit. Arrangements were made 
with Charles Wood and John Ritenhour to visit Paige and Hall's 
Crossing marinas on August 4, 1989. As a result of this 
visit, plot sites were tentatively located near the view 
outlook approach to the dam area at Paige and on an abandoned 
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road near a former disposal area at Hall's Crossing marina. 
Both sites represent a number of disturbed areas that should 
be revegetated. Field plot results should be applicable to 
many of the disturbed sites in Lake Powell NRA. 

In the review of possible field sites at Paige, soil 
compaction caused by heavy equipment, appeared to have caused 
unfavorable conditions for natural establishment of vegeta
tion. To determine the extent of compaction, a cursory survey 
was made using a hand shovel and observing the compaction 
layers and their depth. In a report to John Ri tenhour 
(Appendix 1), the gravelly nature and depth to compaction were 
described as severe. Thus, some type of ripping would be 
necessary prior to planting. In a subsequent telephone 
conversation with Charles Wood, he agreed to have a study site 
"ripped" in order to break-up the compacted layer. Because of 
continued dry conditions during the late fall, no planting 
could be attempted and ripping would be done as soon as 
sufficient precipitation occurs in the winter to wet the soil. 
No anticipated problem with dense compaction is expected at 
the Hall's Crossing site because of the sandy nature of the 
soil. However, it is essential that the soil be moist prior 
to planting. 

Because of the commercial unavailability of native plants to 
establish in the study sites, propagation of the appropriate 
plant materials is necessary. Accordingly, a native seed 
company (Granite Seed Company of Lehi, Utah) was contacted for 
species available in their inventory. One-pound lots of the 
following species were purchased: 

Grasses 

Indian Ricegrass 
Sand dropseed 
Galletta grass 

Forbs 

Desert mallow 
Low desert mallow 
Desert marigold 
Globe gillia 

Shrubs 

Fourwing saltbush 
Shadscale 
Winterfat 
Nevada ephedra 

Oryzopsis hymenoides 
Sporobolus criptandrus 
Hillaria jamesii 

Sphaeralcea grossulariafolia 
Sphaeralcea ambigua 
Baileya multiradiata 
Gillia capitata 

Atriplex canescens 
Atriplex confertifolia 
Ceratoides lanata 
Ephedra nevadensis 
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Arrangements were made with a native plants nursery to provide 
in late March plants of Utah juniper (Juniperus osteosperma) 
and Big Sagebrush (Artemisia tridentata) that have been 
propagated from seed sources collected in southern Utah. 

From 40 to 60 plants of most seeds have been propagated in the 
WSC Botany Department greenhouse from the above seed lots, 
with the exception of shadscale and Indian ricegrass. Seeds 
of these species are difficult to germinate because of hard 
seedcoats and dormancy. As an alternative, plants of Indian 
ricegrass have been cloned from a collection of bunches 
obtained from a sandy soil near Santa Clara Utah. 

Plans are underway to propagate plantlets from stem cuttings 
of blackbrush (Coleogyne ramosissima) from a site in southern 
Utah similar to the NRA study sites. These plant materials 
will be ready for outplantings in late March. 

Plans and Schecule for Completion of Project 

Because of the very dry autumn of 1989 prudence required that 
establishment of field plots be deferred until late winter or 
early spring of 1990. This was discussed with Charles Wood in 
early December 1989. Recognizing that the field plot 
locations and the relevant areas they represent are in a 
climatic region that averages 6 inches annual rainfall (Lee's 
Ferry) it is essential to schedule planting operations after 
a period of rain or snow that is sufficient to wet the soil 
deep into the root zone. This rule-of-thumb was developed 
from extensive field trials in the Colorado plateau region 
over several years of work on sites disturbed by coal mining, 
pipeline rights-of-way, oil and gas exploration, oil shale 
development and rangeland improvement (McKell 1978, McKell and 
Van Epps 1981, and Van Epps and McKell 1983). 

An associated commitment of the project proposal was to do a 
15-year follow-up plot analysis of revegetation test plots 
established in 1975 on Wildcat Mesa on the west side of the 
Henry Mountains which were part of an Energy Management 
Resource Inventory Assessment (EMRIA) study on BLM lands in 
the Henry Mountains. Again, because of very dry conditions in 
the fall of 1989, it appeared provident to defer assessment of 
plant survival on the six Henry Mountain plots until spring. 

Under the expectation of reasonable precipitation in December, 
January, February, and early March the field work will be 
accomplished. Tentatively, the week of March 19 has been 
reserved for: 
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a. Field plot establishment at Paige view site 

b. Field plot establishment at Hall's Crossing disposal 
area 

c. Survival analysis of field plots at Henry Mountains 

Preparation of the project report will be done in April and a 
draft submitted for review on l'-1ay 30. This report will 
include the following: 

1. Field plot designs, including species and treatments 

2. Plant survival data from Henry Mountains showing the 
long term survival of native plant transplants in the 
general area on various soil/substrates 

3. Literature review of date, plots, writings on 
reclamation for the arid region represented by Glen 
Canyon NRA 
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THE EVALUATION OF DEVELOPING SHORELINE COMMUNITIES AND 
POTENTIAL FOR NATURAL VEGETATION IN GLEN CANYON NATIONAL 

RECREATION AREA, ARIZONA-UTAH 

Objectives 

Gwendolyn L. Waring 
Department of Biology 

Museum of Northern Arizona 
Flagstaff 

The study of the riparian plant community along the shoreline 
of Lake Powell offers a unique opportunity to observe the 
development of a plant community from a very early stage. 
This annual report discusses some of the results of the 
initial phase of this study, which was designed to describe 
the structure of the plant community as it occurs today and to 
describe preliminary results of experiments begun to assess 
interactions between the exotic tamarisk and native riparian 
plant species. 

Methods 

In November, 1988, a study of Lake Powell shoreline plant 
communities was conducted and 173 randomly selected sites were 
censused. Densities of the riparian perennial species, 
Tamarix ramosissima, Populus fremontii, Tessaria sericea, 
Baccharis salicifolia, and Baccharis emoryi, were determined 
per site. Area, slope, substrate, exposure, and location on 
lake (left, right, island and lakefront, cove or canyon) were 
also determined per site. Heights of ten Tamarix ramosissima 
were measured per site. Densities of Tamarix ramosissima and 
Baccharis salicifolia and height classes of Tamarix 
ramosissima were analyzed with the variables substrate, 
exposure, and location on the lake, using multivariate 
analysis of variance. 

Lee's Ferry Nurserv Experiments. In preparation for 
experimental work starting in May 1989, plant cuttings were 
collected between March 20 and 25, 1989. Cuttings of Populus 
fremontii, Baccharis salicifolia and Baccharis emoryi, and 
seedlings of Tamarix ramosissima, were collected in canyons 
along Lake Powell. Plants were introduced into the nursery at 
Lees Ferry, Arizona in June, 1989, in pots containing sand 
from the shoreline along Lake Powell. Two plants were placed 
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into each pot. Plants were arranged so that each species 
occurred alone in pots or in a pot with tamarisk, to measure 
species responses to this exotic species. Plant height was 
measured at the beginning of this experiment and at 3 month 
intervals. With assistance from the National Park Service, 
watered and unwatered field plots were established near 
Wahweap Marina along the shoreline of Lake Powell at the high 
water level (3700') in August, 1989, to determine not only 
species interactions, but also whether or not transplanted 
plants will survive without supplemented water. This site 
encompassed an extensive stand of young tamarisk plants. 
Greenhouse plants (Populus fremontii, Tamarix ramosissima, 
Baccharis emoryi, Baccharis salicifolia) were planted directly 
in the sand. The lake level of Lake Powell remained low 
throughout 1989 and may remain low throughout 1990 as well, 
providing me with the opportunity to determine effects of 
water stress on establishment of native plant species and 
species interactions along the shoreline of the lake. 

Results 

over 43,000 plants were counted at 173 census sites located 
around Lake Powell. In this random census, Tamarix 
ramosissima was encountered most commonly (over 98% of all 
plants encountered were tamarisks, present at 66% of sites) 
while the other riparian perennial species were rarely 
encountered along the lake shoreline (Table 1). Densities of 
Tamarix ramosissima along Lake Powell varied significantly 
according to exposure, substrate type, and to the side of the 
lake they occurred on (Table 2) . Plant densities were 
significantly greater on sites occurring on the western side 
of the lake and at sites that were open and lacking in 
exposure in any direction. Densities of Baccharis 
salicifolia, the next most common species in these 
communities, were significantly greater on cobble bars than on 
any other substrate (Table 2). The significant interaction 
between substrate and location (Table 2) reflects the fact 
that all islands studied were comprised of cobbles. The 
riparian plant community along Lake Powell is comprised mostly 
of younger, smaller plants, as is expected of a newly 
developing community. Of the 764 plants measured, over 70% of 
these were less than 2 meters in height. While most of this 
is due to recent colonization, some is also due to 
colonization of poor substrates that prohibit large growth 
forms. 
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Table 1. Perennial riparian plants encountered in census 
plots along the shoreline of Lake Powell, based on 
a random survey in 1988 (n = 173 sites). 

Species: # Sites 
Present: 

Tamarix 
ramosissima 115 

Baccharis 
salicifolia 10 

Baccharis 
emoryi 4 

PO:QUlus 
fremontii 3 

Tessaria 
sericea 3 

Brickellia 
longifolia 14 

~ 
0 Sites 
Present: 

66.0 

6.0 

2.0 

2.0 

2.0 

8.1 

76 

# Plants 
Encountered: 

43,453 

33 

4 

3 

43 



Table 2. MANOVA analysis of Tamarix ramosissima (TARA) and 
Baccharis salicifolia (BASA) densities by location, 
exposure, substrate and slope. NS indicates lack 
of statistical significance at the 0.05 level. 

FACTOR 

MAIN EFFECTS: 

Lake-cove: 

Side of lake: 

Exposure: 

Substrate: 

Covariate 
(slope): 

SIGNIFICANT 
INTERACTIONS: 

Lake side x 
Lake-Cove: 

Exposure x 
Lake-Cove: 

Exposure x 
Lake side: 

Substrate x 
Lake side: 

Substrate x 
Exposure: 

WILK'S 
APPROX F 

NS 

10.646 

22.87 

49.69 

NS 

16.11 

14.59 

3.89 

7.89 

19.17 

77 

PROBABILITY (P<) 

TOTAL TARA BASA 

NS NS NS 

0.000 0.000 NS 

0.000 0.00 NS 

0.000 0.000 0.000 

NS NS NS 

0.000 0.000 NS 

0.000 0.000 NS 

0.000 0.000 NS 

0.000 0.000 0.001 

0.000 0.000 NS 



Analysis of Lees Ferry experimental data revealed significant 
interactions between tamarisk and some native species, and 
differences in growth rates among the different species (Table 
3) . Tamarisks grew significantly more in the presence of 
Baccharis emoryi than in the presence of another tamarisk and 
there was a similar nonsignificant trend when it occurred with 
~. salicifolia or E· fremontii. The presence of tamarisk in 
pots with E· fremontii led to significant reductions in 
cottonwood growth and to nonsignificant reductions in ~. 
emoryi growth when present with it. When grown alone, T. 
ramosissima and ~. salicifolia grew significantly more than 
did~. emoryi orE· fremontii. Results are not yet available 
on the plant interaction experiments along the shoreline of 
Lake Powell. 

Discussion 

The riparian plant community along Lake Powell is currently 
comprised almost exclusively of Tamarix ramosissima. Native 
riparian species are rare except in wet tributaries of Lake 
Powell, where they occur to the near exclusion of T· 
ramosissima (Waring, pers. obs.). The most common native 
riparian species encountered along the lake was Baccharis 
salicifolia, a composite shrub common in the southwestern 
United States. Additional native riparian woody species, 
Populus fremontii, Tessaria sericea, and Baccharis emoryi, 
were only rarely encountered in the census. 

The preliminary results of the Lees Ferry plant interaction 
experiments indicated that growth potential in tamarisk was 
actually improved in the presence of native species, while 
tamarisk appeared to be reducing growth potential in several 
native species. These results suggest that this species was 
higqly competitive with some other species. It is important 
to bear in mind that these are very preliminary results and 
the impact of water stress on these interactions is yet to be 
determined. 

Research efforts of 1990 will help to clarify the nature of 
tamarisk-native plant interactions both in situ and in 
experiments. By censusing new plots and by remeasuring 
established plots throughout the lake shoreline, I will be 
able to determine the rate at which native species are 
colonizing different shoreline substrates and how successfully 
they are at becoming established. The experiments will 
indicate if patterns observed after six months are long-term 
patterns that can be predicted in natural populations. I will 
also be able to determine the impact of water stress on these 
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Table 3. Growth (em) of Tamarix ramosissima and native 
species in mono-specific and bi-specific plantings 
in the experimental garden at Lee's Ferry, Arizona. 

SPECIES INTERACTION GRO~vTH (s.d.) 

Tamarix 
ramosissima T· ramosissima only 56.60 (25.75) 

with ~. salicifolia 65.40 (23.07) 

with ~. emoryi 78.75 (21.98) 

with £. fremontii 71.85 (27.96) 

Baccharis 
salicifolia ~- salicifolia only 47.84 (18.40) 

with T· ramosissima 50.09 (26.3 9 ) 

Baccharis 
emoryi ~- emoryi only 27.37 (14.17) 

with T· ramosissima 23.68 (16.21) 

Populus 
fremontii £. fremontii only 35.74 (20.79) 

with T· ramosissima 18.45 (11.97) 
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interactions, which is more important than ever, with lake 
levels predicted to remain low for the foreseeable future. 
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LATE-QUATERNARY VEGETATIONAL AND CLIMATIC HISTORY 
OF THE YELLOWSTONE/GRAND TETON REGION 

Objectives 

Cathy Whitlock Barnosky 
Carnegie Museum of Natural History 

4400 Forbes Avenue 
Pittsburgh 

The research underway focuses on the vegetational history of 
the Greater Yellowstone Ecosystem and the response of plant 
communities to environmental changes of varying intensity and 
duration. Four studies are in progress and at different 
stages of completion. In two investigations, processes 
operating on time scales of centuries and millennia are being 
studied to reconstruct the long-term environmental changes of 
the last 14,000 years. In a third study, a time scale of 
decades or less helps to clarify the nature of Yellowstone's 
northern range prior to and since the establishment of the 
Park. Finally, focusing on a time scale of years or less, we 
are investigating the sedimentary inputs in the aftermath of 
the 1988 fires to determine the processes by which lake 
sediments record fire events. An examination of the 
paleoecologic record on these different time scales provides 
information on the relative sensitivity of plant communities 
and lake systems to long-term and short-term disturbances, and 
adds to our knowledge of the postglacial history of the 
northern Rocky Mountains. 

Methods 

A detailed description of the research methodology is included 
in the proposal and will not be repeated here. In order to 
accomplish the objectives, we have undertaken the following 
tasks: 

(1) A reconstruction of the postglacial vegetation of the 
Yellowstone/Grand Teton region from pollen and 
macrofossil records. Fossil pollen in lake-sediment 
cores have been analyzed to clarify the nature and 
composition of ice-age refugia, the rate and direction of 
plant migrations in the initial stages of reforestation, 
and the long-term stability of postglacial communities. 
In a transect extending from northern Jackson Hole to the 
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southern boundary of Yellowstone Park, cores have been 
obtained from six lakes. At each site, stratigraphic 
records of pollen percentages, pollen accumulation rates, 
and plant macrofossils have been analyzed. Radiocarbon 
dates and identification of tephra layers of known age 
have provided the chronology for the fossil record. The 
interpretation of the fossil pollen data rests on the 
relationship between modern pollen rain and present-day 
vegetation (Barnosky 1986). This year a record from 
Cygnet Lake, located on the Central Plateau, was studied 
to provide information on the history of the vast 
lodgepole pine forest that covers much of Yellowstone 
(Fig. 1) . 

(2) An investigation of the relationship of climate to 
sedimentation rates in lakes and ponds in Yellowstone, 
undertaken with colleagues from the University of 
Minnesota (Wright et al. 1989; Barnosky et al. in press; 
Engstrom et al. in review). This facet of the research 
examines the relative importance of climate, fire, 
hillslope erosion induced by grazing, and nutrient 
enrichment in the last 150 years, as recorded in selected 
lakes in the northern range of Yellowstone. Pollen, 
diatoms, charcoal, sediment chemistry, and sediment 
accumulation rates were analyzed in short cores from 
small lakes. 

(3) A study of the paleolimnology of Alder Lake to determine 
its history relative to that of nearby Yellowstone Lake 
(Fig. 1). A sedimentologic, diatom, and pigment analysis 
of a 10.7m core from Alder Lake helps date the prominent 
20m terrace around Yellowstone Lake and subsequent lake
level fluctuations that isolated and reconnected 
Yellowstone and Alder lakes (Sherrod 1989). 

( 4) A study of fire history for Yellowstone that extends 
beyond the range covered by dendrological studies. The 
primary data base is sedimentary charcoal in lake cores, 
and its relative abundance through time. The fires of 
1988 in Yellowstone provide a set of conditions that help 
determine the relationship between vegetation, climatic 
change, and fire frequency on short-term and long-term 
time scales. Field studies since 1988 monitor the 
biological and sedimentary inputs into lakes following 
the recent fires (sites on Fig. 1). The calibration of 
these inputs--sedimentary charcoal, pollen, and magnetic 
minerals--with size and type of burn will be the basis 
for reconstructing past fire conditions from the 
stratigraphic record. 
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Figure 1. Location of sites discussed in this report. 

85 



Results 

This year's research offered several new insights into the 
prehistory of the Greater Yellowstone region. 

First, the pollen record from Cygnet Pond indicates that the 
lodgepole pine (Pinus contorta) forest of the Central Plateau 
was established at about 10,000 yr B.P., following a period of 
tundra vegetation. Unlike other areas of the park, spruce, 
fir, and whitebark pine were not early colonizers of the 
Central Plateau. The rhyolitic substrates of this region 
apparently favored the establishment of lodgepole pine forest 
in the early stages of postglacial forestation. The pollen 
record shows little change during the Altithermal period of 
warmer drier conditions in the early Holocene, and its seems 
likely that once established lodgepole pine forests were more 
tolerant of drought than were spruce-fir-pine forest. Pollen 
data from the lodgepole pine forest thus may not be a 
sensitive recorder of postglacial climatic fluctuations. 

Second, the case for accelerated erosion in the northern range 
from ungulate grazing is not supported by lake-stratigraphic 
studies. The increased elk (Cervus elaphus) populations of 
the last two decades have apparently not resulted in increased 
erosion within lake catchments. The sediment composition and 
variability before and after park establishment are similar. 
The pollen evidence for ungulate browsing of riparian shrubs 
is weak: many sites show a slight decrease in the pollen 
abundance of willow, aspen, alder, or birch, but the dates for 
the decline are variable from site to site. In any case, dry 
climatic conditions provide an alternative explanation for the 
pollen signal. The case is somewhat stronger for subtle 
vegetation changes caused by the absence of fires, based on 
pollen increases in conifers and sagebrush at most sites. The 
variable times at which these changes occur may reflect the 
different response times of the various conifers to a change 
in fire regime. 

Third, the postglacial diatom and pigment record from Alder 
Lake provides critical information on the history of 
Yellowstone Lake. Prior to 10,700 yr B. P. Alder Lake was part 
of a large oligotrophic Yellowstone system that had a water 
depth 20m or more above present lake surface. After 10,700 
yr B. P. , the water level lowered and Alder Lake became 
isolated from Yellowstone Lake, first as a shallow embayment 
separated by a spit, and later as a lake both larger and 
deeper than the present system. The sediments, diatoms, and 
pigments indicate that Alder Lake was meromictic in the early 
Holocene, with anoxic conditions in the deepest part 
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preserving distinct annual laminations. During the 
Al ti thermal, the lake became more eutrophic and nutrient 
enriched. After 4300 yr B.P., the diatom data indicate a more 
mesotrophic status for Alder Lake. The late-Holocene record 
suggests at least one period of higher water level, which 
reestablished the connection between Yellowstone and Alder 
lakes. This event is dated in the core ca. 3000 yr B.P., and 
probably corresponds to a major southward tilting of the 
basin. 

Fourth, charcoal contained in sediment cores from the deepest 
part of lakes have been used to reconstruct past fires in 
several regions. Yet the interpretation of charcoal size and 
abundance in terms of specific burn conditions has never been 
quantified. Preliminary studies of charcoal in the surface 
sediments of Duck Lake indicate that charcoal ranging in size 
from 0.125 to 0.250 mm is most useful for reconstructing local 
fire events. This size fraction is relatively abundant at all 
water depths, unlike larger size fractions, and yet it is 
large enough not to be transported far from source. Much of 
the charcoal introduced directly from atmospheric fall-out 
last summer has not yet reached the deepest part of the basin. 
This means that there is an intrinsic lag in charcoal records 
with respect to the actual fire event. Sediment focusing over 
the next few years should shift the distribution of charcoal 
from shallow to deep water. In addition, analysis of data 
collected in summer 1989 will determine if erosion and slope 
processes following snowmelt introduce significant charcoal to 
the system. Analysis of short cores from Mallard Lake shows 
periods when charcoal concentration exceeds background level. 
Lead-210 dating of these periods will determine how closely 
these charcoal peaks match known fire events. 

Conclusions 

A knowledge of prehistory is essential for understanding the 
spatial complexity of the modern biota and the sensitivity of 
the Yellowstone/Grand Teton region to environmental 
disturbance. On a time scale of thousands of years, the 
research underway shows major changes in vegetation since the 
retreat of glacial ice. These changes reflect the early 
colonization of the region during initial climatic warming and 
the development of modern plant associations in response to 
changes in climate, soil, and disturbance regime. Lakes 
within the Park are also sensitive indicators of environmental 
change and provide a history of limnologic succession, 
climatic change, and lake-level fluctuations related to 
regional tectonism. 
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On a shorter time scale, the prehistoric record shows 
environmental changes that are more localized and regionally 
meta synchronous. Within the last 150 years, human and natural 
disturbances have not caused major perturbations of vegetation 
or limnologic systems in Yellowstone's northern range, 
although specific sites have apparently been affected by one 
or more of these variables at different times. Unlike the 
long-term changes that affect the entire Yellowstone region, 
however, each catchment has responded individualistically to 
the short-term changes in ungulate usage, hydrology, fire 
regime, and microclimate. 

With the fires of 1988 as a modern analogue, we have an 
opportunity to better understand the long-term frequency of 
fires in Yellowstone and how it is affected by climate and 
determines plant-community composition through time. A 
calibration of modern fire inputs into lakes provides an 
exciting paleoecologic tool for reconstructing past fires from 
sedimentary charcoal, pollen, and magnetic minerals in lake 
cores. 
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ASSESSMENT OF THE LITTORAL MACROPHYTE COMMUNITY IN JACKSON 
LAKE, GRAND TETON NATIONAL PARK, WYOMING FOLLOWING 

RECONSTRUCTION OF THE JACKSON LAKE DAM 

Introduction 

Carol A. Brewer 
Department of Botany 

University of Wyoming 
Laramie 

Beginning in 1978, the water level of Jackson Lake, Grand 
Teton National Park, Wyoming, was lowered first from 2064.5m 
{normal pool) to between 2060.3m-2061.8m, and then in 1985 to 
2057. 2m. The purpose of these drawdowns was to facilitate 
repair and modification of the Jackson Lake dam. In 1989, 
repair was completed and the reservoir was allowed to fill 
back to the normal pool elevation of 2064. 5m Because of 
impacts to the littoral habitat in Jackson Lake caused by 
restoration of the dam at the Snake River outlet, the status 
of the aquatic plant community was assessed in August, 1989, 
to follow up to investigations conducted in 1983 {prior to 
reconstruction) and 1985 (immediately following drawdown to 
2055.4m) by Brewer (1986). This report summarizes findings 
from the 1989 study on impacts to the littoral macrophyte 
community caused by the repair-related drawdowns. A detailed 
report assessing current physical and biological conditions in 
Jackson Lake was submitted to the U.s. Fish and Wildlife 
Service in October {Brewer, 1989). To evaluate the current 
status of the plant community in Jackson Lake, the following 
objectives were addressed during August, 1989: 

1) Identify a representative subsample of transects 
originally measured in 1983 (Brewer, 1986) for re
evaluation and sample submerged vegetation; 

2) Identify key areas not sampled previously and establish 
transects to sample submerged vegetation and for future 
monitoring; 

3) Examine sites revegetated during the summer of 1989 by 
the Bureau of Reclamation. 
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COMPARISON OF PAST AND PRESENT CONDITIONS 

Lake Bed Sediments 

Sediment composition is much the same as described in 1986. 
However, a film of fine silts covered all sediments at the 
study sites. This film of silt seems easily mobilized by 
disturbance and plays a role in lowering the transparency of 
the water body. In the borrow area, especially in the 
sedimentation ponds, unconsolidated, flock-like silt covers 
the lake bed. Any slight disturbance suspends this material 
easily into the water column and reduces visibility and 
transparency considerably. 

Light Penetration 

Secchi transparency data collected in 1989 were compared with 
historical data of Brewer (1983 and 1984 unpublished) and of 
Hayden in 1968 (Hayden, 1969). Secchi disk transparency values 
varied considerably for the three summers surveyed (Table 1). 
In general, the bottom limit of the photic zone was 
approximately the same during August 1989 as it was in the 
past for many locations in the lake. Important exceptions 
where the bottom limit was in more shallow water than in the 
past are in the northern part of the lake and in the 
HermitagejDonoho Island areas (areas which previously 
supported dense macrophyte beds; Brewer, 1986). In the borrow 
area, transparency dropped from 6.0 m or more in 1968 and 
1983 to only 3.3 min 1989. This change translates to roughly 
a 10 m decrease in the photic zone. The decrease in the extent 
of the photic zone in this area was attributed to increased 
suspended sediments; wind generated turbidity may be 
responsible for local differences in transparency in the most 
southerly parts of the lake. Based on field observations, it 
appears that the decrease in the extent of the photic zone is 
likely caused by increased turbidity due to inundation of 
unvegetated fine sediments when the reservoir was filled. In 
addition, a possible plankton bloom in the DonohojHermitage 
area may have also lowered transparency. Prior to 1985, the 
presence of a dense macrophyte community trapped small-sized 
particulates (silts and sands) and also slowed water currents, 
particularly in the northern part of the lake. Consequently, 
water clarity was better in past years. 

Macrophyte Community Distribution and Composition 

Evaluation of historical transects and of new sites explored 
in 1989 revealed extremely low plant density in the photic 
zone. In fact, density was below detection limits for the 
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Table 1. Secchi disk transparency data and approximate 
bottom limit of the photic zone during the summer 
of 1968 by Hayden (1968) 1 and during the summers of 
1983 1 1984 1 and 1989 by Brewer ( 1986 and this 
report). Values are in meters. The range for the 
bottom limit of the photic zone around the lake 
each year is estimated in the last row. 

Site 

N of Lizard Point 

NW of Arizona Island 

W of Arizona Island 

Sargent's Bay 

UW-NPS Center 

Pelican Bay 

NE of Elk Island 

E of Waterfalls Canyon 

s of Pilgrim Creek 

Donoho Island 

South Landing Bay 

Deadman's Point 

Bottom Limit of 
Photic Zone 

SECCHI TRANSPARENCY VALUE (meters) 

August 
'1989 

0.8 

1.4 

2.2 

2.6 

2.9 

3.8 

1.5 

3.3 

5.0 

4.1 

2.4-
15.0 

92 

July 
1984 

2.9 

4.5 

4.3 

4.8 

8.7-
14.4 

July 
1983 

1.0 

1.1 

1.2 

3.1 

3.5 

3.5 

3.0 

4.2 

6.0 

5.1 

5.0 

3.0-
18.0 

August 
1968 

3. 3 

6.0 

7.6 

6.0 

10.0-
18.0 



Daubenmire canopy coverage method used in the past. Remnant 
beds exist in sheltered bay habitat, yet they have been left 
at depths too great for photosynthesis when the water level is 
above 2058.8m and will likely die off. On exposed shorelines, 
the littoral habitat is essentially devoid of aquatic 
vegetation. On most of the shallow marshy lake bed only 
remnant terrestrial grasses, forbs, and willows remain. The 
only exception is the development of planted beds of 
Potamogeton pectinatus in the Hermitage area. During his 1968 
survey, Hayden (1969) reported 8 species of aquatic 
macrophytes in Jackson Lake (Table 2) during a collection 
effort limited to shallow water in Colter and Halfmoon Bays 
and near Donoho Island. During more extensive surveys of the 
lake in 1983, 1984 and 1985 (Brewer 1986), the species list 
for Jackson Lake was increased by 14 species bringing the 
total species count for the lake to 22 species. In 1989, I was 
able to find only 9 species of aquatic macrophytes in the 
habitats sampled in Jackson Lake. Elodea was quite rare and 
only one species of Potamogeton (Potamogeton pectinatus) was 
collected. While the sampling effort was not as intensive as 
in previous years, there can be no doubt that species richness 
has been severely impacted by water level fluctuations 
associated with reconstruction of the dam. 

During surveys and dives in 1989, I was unable to find any 
substantial source areas for propagule material (e.g., seeds, 
stolons, rhizomes, vegetative fragments) in Jackson Lake. 
After previous disturbances such as lowering the lake level, 
propagule material was abundant because plants originally in 
deeper water were left in shallower water at the new, lower 
lake elevation. These plants were then subject to higher 
water movement and exposure; thus plant breakage was high and 
vegetative propagules were common. In the early 1980's, the 
presence of floating mats of vegetation that had formed after 
rooted macrophytes had been broken provided ample propagule 
material after the first drawdown. In addition, plants left in 
shallow water could easily extend their distribution downslope 
in the littoral habitat by producing seeds (in the case of 
Potamogeton and Ranunculus species) andjor vegetatively with 
rhizomes, stolons or pieces of broken shoot material. Finally, 
a viable seed bank existed in the littoral habitat for many 
species, especially Potamogeton species. In the same manner, 
natural revegetation had started in 1985 after the lake was 
lowered to 2057.2m. 

In contrast to natural revegetation mechanisms of the early 
1980's after drawdown, in 1989 plants remaining in the 
littoral habitat were left in far deeper water after the 
reservoir elevation was raised by roughly 9.2m. Moreover, 
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Table 2. Names of families and species collected from 
Jackson Lake in 1968 by Hayden, reported by Brewer 
in 1986, and collected by Brewer in 1989. + 
indicates present, - indicates not reported, and ? 
indicates that the species may have been present 
but positive identification was not possible based 
on the plant material collected. 

Family and 
Species 

Years reported in collections 

Alismatacea 
Sagittaria cuneata Shel. 

Callitrichaceae 
Callitriche sp. 

Ceratophyllaceae 
Ceratophyllum demersum L. 

Characeae 
Chara sp. 
Nitella sp. 

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

Haloragaceae 
Myriophyllum exalbescens Fern. 
Myriophyllum spicatum L. 

Hippuridaceae 
Hippuris vulgaris L. 

Hydrocharitaceae 
Elodea canadensis Michx. 
Elodea nuttallii (Planch}St.John 

Polygonaceae 
Polygonum amphibium L. 

Potamogetonaceae 
Potamogeton alpinus Balb. 
Potamogeton filiformis Pers. 
Potamogeton foliosus Raf. 
Potamogeton pectinatus L. 
Potamogeton pusillus L. 
Potamogeton richardsonii 
Potamogeton sp. 

Ranunculaceae 
Ranunculus aguatilis L. 
Ranunculus reptans L. 

Sparganiaceae 
Sparganium sp. 

Zannichelliaceae 
Zannichellia palustris L. 

Total species reported 
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the only natural bed of vegetation I located was rooted in 
over 18.3m of water, well below the bottom limit of the photic 
zone. The Bureau of Reclamation established in 1988 that no 
viable seed bank existed in the lake bed so natural 
revegetation_ from seeds has been essentially eliminated. 
Natural revegetation in Jackson Lake will occur very slowly 
and it may take many years for species richness to reach 
historical levels. 
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Objectives 

Monitoring populations of these species of voles (1982-1988) 
has shown that Microtus longicaudus exhibits relatively stable 
numbers while M· montanus has dramatic fluctuations in some 
habitats. The study sites forM· montanus have been chosen to 
include primary and secondary habitat, and proximate and 
isolated habitat patches. Vegetation has heretofore not been 
quantitatively analyzed. The purpose of the research begun in 
1989 is to ascertain how selectively these species feed, and 
to assess vegetation as a factor in demographic processes in 
the two species. 

Methods 

Virtually all previous work on these species (1971-1977, 1982-
1988) involved live trapping. The work now of interest 
requires specimens obtained in Museum Special traps for 
stomach content analysis. The trapping in 1989 was a 
preliminary effort, the first purpose of which was to get a 
feel for the number of montane voles obtainable with Museum 
Specials. Of the 18 sites at which M· montanus has been 
monitored in recent years, eight were sampled in 1989 with 
Museum Special traps, and two were sampled with both live 
traps and Museum Specials. Lastly, at three sites only live 
traps were deployed to secure voles; it is hoped that, by 
replicating previous efforts at these three sites, all work on 
food habits can be related to possible changes in vole 
numbers. For this end the three sites chosen for continued 
monitoring with live traps were one field exhibiting definite 
population fluctuations, one site peripheral to primary 
habitat, and one site of secondary habitat. 

The second purpose of the field session was to increase the 
number of sites where M· longicaudus can be obtained, 
preferably across a spectrum of vegetation types. Only three 
populations of this species have previously been monitored. 
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Most trapping periods lasted only two days so that impact on 
the respective populations would be minimized. From fresh 
material, eyes were removed for age determination upon lens 
weight (Gourley and Jannett, 1975). 

Lastly, for another researcher's DNA-DNA recombination 
research, an effort was made to secure live specimens of 
heather voles (Phenacomys intermedius) and water voles 
(Microtus richardsoni) in the Bridger-Teton National Forest. 
This material was fixed in ethanol. 

Results 

There were relatively small numbers of montane voles at the 
three sites trapped in previous years with live traps only. 
Numbers trapped dropped from 33, 1, and 19 in 1988, to 23, o, 
and 4, respectively. 

Although it had been expected that Museum Special traps would 
secure relatively more montane voles than would live traps, 
few specimens were obtained. 

Time and weather permitted finding only one additional N. 
longicaudus site. 

Tissues for DNA-DNA recombination were secured from thirteen 
water voles and three heather voles. 

Discussion 

If Museum Special traps are more efficacious than live traps, 
they are not sufficiently so in years of low population 
numbers to secure sufficient numbers for analyses of stomach 
contents. 
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Rivers are dynamic features of the landscape whose 
characteristics vary over time and space with changes in 
environmental controls. The Snake River in Grand Teton and 
Yellowstone National Parks has responded to the impoundment of 
Jackson Lake and subsequent changes in the operation of 
Jackson Dam. The 1988 fires in the Snake River watershed may 
also affect channel morphology. Whether a new system 
equilibrium might be attained and the extent to which the 
effects of past events might persist in the fluvial landscape 
are two critical questions that need to be addressed for the 
Snake River. The stability of the Snake River, in turn, will 
affect the quantity and quality of riparian habitat critical 
to fish and wildlife in the park. Stream channel dynamics of 
the Snake River in Grand Teton National Park are also 
intimately tied to issues of floodplain delineation and 
management, the aesthetic value of the river, and the quality 
of recreational float trips. 

This study is utilizing controlled field experiments, 
interpretation of aerial photography and topographic maps, 
field-based surveys of hillslopes and streams, a geographic 
information system, and time series analyses of gaging station 
data to describe, explain, and predict changes in channel 
morphology of the Snake River and related shifts in floodplain 
v egetation. Specific hypotheses to be tested are: 
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1) Ho: Jackson Lake Dam has had no significant affect on 
morphology of the Snake River and the development of 
related floodplain vegetation downstream from the dam. 

2) Ho: The Snake River above Jackson Lake will not 
experience significant increases in sediment delivery 
(and related changes in channel and lake morphology) 
due to 1988 fires in the upper watershed. 

3) . Ho: The Snake River below Jackson Lake will not 
experience significant increases in sediment delivery 
(and related changes in channel morphology) due to the 
1988 fires that burned major portions of the Pacific 
Creek drainage. 

Methods 

The basic approach of this study is to compile a sediment 
budget for the Snake River and to use these data to explain 
measured shifts in the channel and related floodplain 
vegetation. A sediment budget quantifies movement of sediment 
through the drainage basin. The principal sources of sediment 
to the Snake River and its tributaries are mass wasting 1 

hill slope erosion from rainsplash and overland flow 1 and 
channel erosion from avulsion, channel widening and shifts in 
pattern. A geographic information system is being developed 
to display spatial trends in sediment budget components. 

Runoff and soil loss from rainsplash and overland flow have 
been measured on replicate plots at each of 30 hillslope sites 
affected by the 1988 fires. Twenty-three of the 30 sites were 
located in severely burned watersheds of the Shoshone National 
Forest, as suggested by Dr. Henry Shovic, Soil Scientist with 
Yellowstone National Park/Gallatin National Forest. The 
remaining seven sites were located in the John D. Rockefeller 
Memorial Parkway. Two unburned sites in each study area were 
used as a control. The following characteristics were 
measured at each site: slope gradient, slope aspect, percent 
vegetation cover, percent litter cover, depth of soil 
charring, and depth of the wetting front (i.e., infiltration 
from the one-hour rainfall simulation) . 

The runoff/soil loss samples were taken at five points (12 
minute intervals) during the one-hour simulation experiment. 
A total of 300 samples were transported to the Soils 
Laboratory in the UW Department of Geography where the volume 
of runoff and weight of sediment were be measured using 
standard analytical techniques. Soil samples collected 
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adjacent to each experimental plot were analyzed for texture 
(using sieves and hydrometers), pH, percent organic matter, 
and water repellency. 

A computer-based search for aerial photography and topographic 
maps covering the Snake River between Jackson and Moose 
Junction was pursued through the Soil Conservation Service in 
Salt Lake City. A manual search was also conducted through 
offices of Grand Teton National Park, the UW-NPS Research 
Center, UW Remote Sensing Center in the Department of Geology 
and -Geophysics, and Wyoming Geological Survey. The following 
maps and imagery have been collected: 1899 topographic map 
(1:125,000) from the U.S. Geological Survey; 1921 base map 
(1:125,000) from the U.S. Forest Service; 1945 black-and-white 
aerial photos (1:23,000) from the National Archives; 1955 
black-and-white aerial photos ( 1: 2 0, 000) from the Wyoming 
Geological Survey and UW Department of Geology and Geophysics; 
1967/68 topographic map (1:24,000) from the U.S. Geological 
Survey; 1975 black-and-white orthophotos (1:24,000) from the 
U.S. Geological Survey; 1983 National Wetlands Inventory maps 
(1:24,000) from the U.S. Fish and Wildlife Service; 1987 color 
aerial photos (incomplete set, 1:15,780) from the National 
Park Service; and 1989 floodplain insurance rate maps 
(1:12,000) from the Federal Insurance Management Agency. 

The aerial photography and topographic maps have been used to 
produce morphological maps of the Snake River channel between 
Jackson Dam and Moose Junction. The channel was mapped 
according to the criteria outlined by Cowardin et al. (1979) 
for the U.S. Fish and Wildlife Service National Wetlands 
Inventory. A stereo zoom transferscope was used to reduce all 
maps to a common scale of 1:24,000. 

Field surveys of hillslopes were conducted to quantify the 
magnitude and timing of mass wasting events. The choice of 
hillslopes to be sampled was based on a random sample 
stratified by geology, slope gradient, and land cover 
(including type of burn). In addition, special effort was be 
made to visit mass wasting scars identified from aerial 
photography and previously mapped by the Wyoming Geological 
Survey. Much of the headwaters of the upper Snake and its 
tributaries in Yellowstone and Grand Teton National Parks and 
the Teton Wilderness Area was surveyed in 1989. Data recorded 
for each scar include: location, type of mass wasting, volume 
of each scar, and estimated age (from tree cores andjor 
bracketed from aerial photos) . 

Stream surveys were conducted over a 41 km reach of the Snake 
River from Jackson Lake Dam to Moose Junction. One 
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survey collected data on the following variables for 199 
152.5m long reaches: reach type, water depth, bankfull depth, 
particle size distribution. A second survey collected data 
for 189 152.5m long reaches on channel stability indicators of 
the upper bank (slope, mass wasting, debris jams, bank 
vegetation), lower bank (channel capacity, bank rock content, 
channel obstructions, bank cutting, deposition), and channel 
bottom (particle angularity, brightness, packing, stability, 
scouring/deposition, aquatic vegetation). 

The PC version of Arcinfo has been ·acquired by the UW 
Department of Geography for use in setting-up a geographic 
information system for the various spatial data sets 
utilized/developed in this project. The data sets compiled to 
date include maps of mass wasting (with notation of sediment 
delivery characteristics) and channel morphology maps. Maps 
to be developed later include riparian vegetation and 
estimated gross erosion rates from overland flow. 

A computerized search of water and sediment data in the study 
area has been conducted through the Water Resources Data 
system at the Wyoming 

Water Research Center. Time series analysis is being 
performed on the following data sets: 1) water and suspended 
sediment discharge of the Snake River above Jackson Lake, at 
Flagg Ranch (1983 to date), 2) water discharge of the Snake 
River near Moran (1903 to date), 3) water and suspended 
sediment discharge of Pacific Creek at Moran (1944-1975, 1979 
to date), and 4) water discharge of Buffalo Fork above Lava 
Creek, near Moran (1944-1960, 1965 to date). 

Results 

Preliminary inspection of data from the controlled field 
experiments, Snake River geomorphic maps, mass wasting 
surveys, and analysis of streamflow-sediment data reveals 
several noteworthy trends related to the hypotheses proposed 
in this project. Rates of runoff and soil loss are generally 
higher in the study area than expected for most burned areas 
in the Greater Yellowstone Area (e.g., see Hydrology 
Assessment Team 1988). Regression analysis will reveal how 
much of the variance in runoff and soil loss can be explained 
by the site variables, including depth of charring. A 
dramatic contrast between plots is evident regarding the lag 
time between rainfall and the onset of runoff/soil loss and 
the rate of acceleration of runoff and soil loss. It appears 
that the depth of charring is a useful index of the water 
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repellency of soils while the other variables control sediment 
delivery by affecting the development of microrills. 

The degree of braiding in the Snake River channel has 
increased steadily since the impoundment of Jackson Lake 
(Figure 1) . This shift can be attributed to the decline in 
magnitude and persistence of peak flows while the river 
continues to gain sediment from erosion of steep banks 
(especially above and below Deadman's Bar) and input from 
tributaries (especially from Pacific Creek, Buffalo Fork, 
Spread Creek). Channel bars have increased in number, 
enlarged in size, and become more stabilized by riparian 
vegetation. The 1910 washout of Jackson Dam was probably 
responsible for the oxbow cutoff two miles below the dam. 

Sediment delivery from mass wasting was estimated in the Huck, 
Mink, and Emerald Creek burned areas as well as from unburned 
areas. In general, the larger pre-fire slope failures were 
little affected by fire-induced changes because: 1) they are 
large and deep-seated, 2) their common open terrain has few 
trees to burn, 3) low fuel-producing Populous tremuloides 
dominates rather than flammable conifers, 4) broken 
topography provides natural firebreaks, and 5) linear flow 
topography tends to train fires up along ridge lines and out 
of slope-failure zones. 

Conclusions 

The data compiled to date, but not yet fully analyzed, appear 
to reject hypothesis 1, but support hypotheses 2-3. Jackson 
Dam has had a significant effect on the morphology of the 
Snake River, although the effect on development of related 
floodplain vegetation downstream from the dam remains to be 
documented. The fires in the upper Snake River watershed and 
in the Pacific Creek drainage will supply sediment of a 
caliper that will experience a short residence time in the 
channel and not affect channel morphology. However, it is 
likely that changes in channel morphology and riparian 
vegetation will continue to be induced by Jackson Dam and the 
direction and magnitude of these changes need to be predicted. 
Continuation of the project for the next two years, as 
outlined in the original proposal, will provide the data and 
interpretation needed to document these early conclusions. 
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The 1989 field studies continue the inventory of macrofungi 
known to occur in the Grand Teton-Yellowstone Park area. The 
long-term objectives of this study are: 

1. to determine which species grow in forest, range, and 
pasturelands in and around Grand Teton National Park; 

2. to gain a better understanding of their role in the 
ecosystem; and 

3. to prepare descriptions, keys, and illustrations for the 
common species. 

These are approached simultaneously although smaller, specific 
segments are emphasized in different collecting seasons. The 
work proposed for the 1989 field season concentrates on the 
mushroom genus Cortinarius Fries, Sect. Telamonia and 
Leprocybe, although fungi of the 1988 burn sites and other 
macrofungi are studied as permitted by time and availability 
of specimens. 
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Methods 

Standard methods of collecting, processing, and annotating 
specimens are used throughout the continuing studies with 
specimens collected by each investigator deposited at the 
herbarium of his sponsoring institution. Where material is 
adequate, replicate specimens are deposited at the herbarium 
of Yellowstone National Park (YELL) . 

Results 

Since our 1987 field studies (McKnight, 1987) 10 species not 
previously known from the study area have been reported 
(McKnight, 1988; Miller, 1988; Thiers, 1988) despite extreme 
suboptimal moisture conditions reported by the three 
investigators working independently. The 3 species 
illustrated, Cortinarius fuscoperonatus Kuhner (Figure 1), 
Cortinarius papulosus Fries (Figure 2), and Cortinarius 
adalberti Favre ex Moser (Figure 3) are among those not 
reported previously from North America and quite readily 
recognized on field characters. Although better than in 1988, 
the summer precipitation in 1989 was still inadequate for good 
fungus fruiting, resulting in a short collecting season and 
rendering many normally good collecting sites unproductive. 
As usual, many good collections require intense and laborious 
study in the laboratory which can not be completed for some 
time yet. 

From 1989 collections and from earlier collections for which 
final identifications have now been made we report the 
following 30 species not previously reported from the study 
area. Those newly described species now in manuscript are so 
indicated in the list below: 

Amanita gemmata (Fries) Gillet 
Amanita ~uscaria (Linnaeus ex Fries) Persoon ex S. F. Gray 

var. alba 
Boletus erythropus (Fries) Persoon 
Cortinarius adalberti 
Cortinarius albobrunnoides Moser & McKnight (ined.) 
Cortinarius aureopulverulentus Moser 
Cortinarius aurora Moser & Ammirati (ined.) 
Cortinarius 9alopus Karsten 
Cortinarius cedretorum Maire 
Cortinarius dilutus Fries 
Cortinarius elegantula (Moser) Moser 
Cortinarius elotioides Moser & McKnight (ined.) 
Cortinarius fuscoperonatus Kuhner 
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1 Cortinariusjfusc0P~ronatUB KUhner 
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2 
Cortinarius yapuiosus Fr. 

3 
Cortinarius adaLbrerti Favre ex Mos. 
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Cortinarius papulosus Fries 
Cortinarius pseudobovinus Moser & McKnight (ined.) 
Cortinarius subfoetens Moser & McKnight (ined.) 
Dermocybe polaris (Hojl.) 
Entoloma vernum Lundell 
Gautieria monticola Harkness 
Gerronema marchanteae Singer & Clemoncon 
Inocybe calospora Quelet 
Lactarius deterrimus Greger 
Melanoleuca melaleuca (Persoon ex Fries) Maire 
Pholiota filamentosa (Fries) Herpel 
Pholiotina appendiculata (Lange & Kuhner) Singer forma 

macrospora 
Pyronema domesticum (Sowerby ex Fries) Saccardo 
Rickenella setipes (Fries) Raith. 
Sarcodon fuligineo violaceum (Kalchb. in Fries) 
Russula gueletii Fries in Quelet 

Nomenclatural changes: 

Inocybe fastigiella Atkinson 
(Schaeffer ex Fries) 

Que let 
Pycnoporellus aurantioporellus 
& Pouzar 

Inocybe fastigiata 

(Ellis & Everhart) Kotlaba 

= Phaeolus alboluteus (Ellis & Everhart) Pilat 
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Objectives 

The persistence of mycorrhizal fungi in undisturbed coniferous 
forest ecosystems is assumed by the renewed appearance of 
their sporocarps each year. Sporocarps, however, are not 
produced in areas severely disturbed by fire or clearcutting; 
yet spores and other propagules of some species of hypogeous 
fungi are present in the soil in the absence of suitable 
mycorrhizal hosts, and are capable of forming mycorrhizae 
several years after clear-cutting or fire (Miller et al. 
1989). In fact, hypogeous fungi such as Rhizopogon spp. are 
typically the first to recolonize root systems of new 
seedlings after large scale disturbance such as fire, insect 
attack, or clearcutting (Miller et al. 1989). Are these fungi 
residual in the soil from previously existing spore banks, or 
are they continuously being restocked into the area? 
Information on strategies for persistence, propagation and 
survival of ectomycorrhizal fungi is required before responses 
of forest ecosystems to fire and other disturbance can be 
understood. 

The severe fire season of 1988 in the northwest corner of 
Wyoming left a large patchwork of burned and unburned areas 
that affected a variety of habitats. Although the native 
vegetation has already begun post-fire recovery, the effects 
of the fires will be evident for many years, and provides an 
outstanding opportunity to study closely the biotic and 
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abiotic relationships comprising the recovery process. This 
study is a preliminary examination of the biology of hypogeous 
fungi in Grand Teton National Park and John D. Rockefeller, 
Jr. Memorial Parkway. Our objective is to examine the effect 
of hypogeous fungi on establishment of ectomycorrhiza
dependent tree species and the extent to which animal vectors 
facilitate tree survival and establishment by providing 
ectomycorrhizal spore inoculum. 

Methods 

Two permanent study areas were established in the Huck burn 
during July 1989, on opposite sides of the highway, in the 
John D. Rockefeller Memorial Parkway. Both sites have similar 
slopes, elevation and tree species composition. However, one 
site is east-facing and the other is west-facing. These 
specific sites were selected because each had (1) unburned 
mixed conifer forest composed of lodgepole pine (Pinus 
contorta) and subalpine fir (Abies lasiocarpa) (2) a severe 
burn in which both trees and ground litter were destroyed, and 
(3) a distinct "edge" where the ground cover was left intact 
but the trees were killed either by the intense heat or crown 
fires. These sites are considered replicated. 

For small mammal trapping, four rectangular grids of 6 
stations ( 10 m apart) were established in each treatment 
(forest, edge and burn) on the two study sites. On three 
collecting trips (one each in July, August, and September), 
small mammals were trapped with Sherman live traps baited with 
rolled oats and peanut butter on the trapping grid. Small 
mammals were identified to species, sexed and uniquely ear
tagged before release. The Lincoln-Petersen index was used to 
estimate total population size. Fecal pellets remaining in 
the trap were collected to sample for spores of fungal genera 
present. Randomly encountered scats of larger mammals were 
also collected for similar analysis. 

In July and August, insects and soil arthropods were collected 
by using pitfall traps (partially filled with polyethylene 
glycol) installed near each trapping station. Insects have 
been sorted to families and those which are reported to be 
mycophagic will be sent to Oregon State Entomology Department 
for species identification. Smears of gut contents of 
specimens of confirmed mycophagic species will be made and 
examined for mycorrhizal spores. 

In August soil was collec·ted for analysis of mycorrhiza 
forming potential. Soil was collected from ash and subsoil 
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fractions in the burn and edge areas at both sites, and from 
whole soil in the unburned forest. The soil bioassay 
procedure of Miller et al. 1989 was used; each soil was 
composited, mixed in equal proportions with peat moss and 
vermiculite or perlite and placed into tubes or pots in the 
greenhouse. Lodgepole pine (Pinus contorta) or Yellow Blossom 
Sweet Clover (Melilotus officinalis) seeds were sown into 
respective tubes and the root systems will be examined this 
spring for the number and kinds of ecto- and endomycorrhizae 
formed. In addition, these soils are being directly 
subsampled for ectomycorrhizal fungal propagules present by 
using a sucrose gradient extraction process. 

Nematodes were extracted from subsamples of this composited 
soil with Baermann funnels. Nematodes were counted by trophic 
category. Soil moisture was determined gravimetrically and 
nematode density is reported on a 100 g dry wt of soil basis. 

Soils collected from the study site were also analyzed for 
organic matter, pH, electrical conductivity, phosphorus, 
magnesium, calcium, potassium, sodium, and texture according 
to techniques outlined in the University of Wyoming soil 
testing laboratory manual of standard fertility tests and 
laboratory procedures (Shreve 1989). Soil pits were excavated 
and generally described in the field. Two soil surveys from 
adjacent areas of Teton County, Wyoming, (Young 1982, Nordin 
and Blackwell 1989) were used to establish a probable series 
name and taxonomic name for the soil on the study site. 

At each sampling time conifer seedlings were excavated and 
examined for ecto- and endomycorrhizal infection and hypocotyl 
and epicotyl production. In addition, within each of the 
rodent trapping grids, at least 20 seedlings (when present) 
were permanently marked by small stakes in July. Survival of 
these seedlings was followed through August and September. 

Results 

Many portions of the study are still ongoing and only 
preliminary results can be presented at this time. 

Five species of small mammals were trapped from the study 
sites, Clethrionomys gapperi (red-backed vole), Peromyscus 
maniculatus (deer mouse), Eutamias minimus (least chipmunk), 
Neotoma cinerea (woodrat) , and Sorex cinereus (masked shrew) 
from pitfall traps. 
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Capture success increased from July through September (Fig. 
1). Population size (Lincoln-Petersen index) was slightly 
higher in September (27/600m2 , so = 5.45) than in August 
(30/600m2 , so = 3.63) on the west-facing slope. On the east 
facing slope, the density in September (30, SO = 3.63) was 
significantly higher than the density in August (14, so = 
2.07) (t-test, P ~ 0.5). In August and September more animals 
were trapped in the edge and burn than in the forest. Overall 
trap success was higher in the burn (but not significantly so) 
than in the forest and edge (Fig. 1). 

On both sites, ~. gapperi was captured only in the forest and 
edge (Fig. 2) . Trapping success for ,E. maniculatus was 
highest in the burns, intermediate in the edge and lowest in 
the forest. Eutamias minimus was more abundant on the west
facing slope and trapping success was approximately equal in 
all treatments. On the east-facing slope Eutamias minimus was 
rare and was captured only in the burn. Only one individual 
of N. cinerea was captured on a single trapping night in the 
east-facing forest in September. One ~. cinereus was caught 
in the forests on each site in July. 

Fecal pellets from ~- gapperi contained the greatest number 
and diversity of fungal spores (Table 1) with spores from 
ectomycorrhizal, saprophytic and facultative genera; however, 
most spores were from ectomycorrhizal taxa. Eutamias minimus 
pellets contained Hysterangium and Thaxterogaster spores (both 
ectomycorrhizal genera), but remnants from a variety of 
vascular plants were also found. 

Peromyscus maniculatus fecal pellets contained few spores of 
ectomycorrhizal or saprophytic fungi, but occasionally 
contained Morchella spores, a facultative mycorrhizal fungus 
common to recently burned areas. 

Few spores of mycorrhizal fungi have been found thus far from 
soil extractions. However, sclerotia of Cenococcum geophilum, 
a common ectomycorrhizal colonizer of early successional 
conifer species, were found in soils from all treatments. 
Cenococcum sclerotia appeared to be most abundant in soil from 
the burn treatments, averaging 3,900/1 of soil, while only 
1,240 and 1400 sclerotia/! of soil were found in the forest 
and edge soils respectively. 

Two species of newly germinated conifer seedlings were 
encountered in the Huck fire research sites, Pinus contorta 
(lodgepole pine) and Abies lasiocarpa (subalpine fir). 
Lodgepole pine (Pinus contorta) seedlings germinated 
throughout the growing season on both east-facing and west-
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Figure 1. Number of small mammals trapped each month in 
forest, edge and burn treatments along the John D. 
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captures by species for both east- and west-facing 
sites. 
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Table 1. Fungal genera present in fecal pellets from small 
mammals trapped at field sites in the Huck fire, 
Grand Teton National Park and John d. Rockefeller 
Memorial Parkway. 

SMALL MAMMALS FUNGI 

Clethrionomys gapperi 

Eutamias minimus 

Peromyscusmaniculatus 

Hypogeous Epigeous 

Rhizopogon--ea 
Hysterangium--e 
Gautieria--e 
Thaxterogaster--e 
Geopora--e 

H.Ysterangium--e 
Thaxterogaster--e 

Morchella--fb 
Peziza--uc 
Russula--e 
Pholiota--sd 
Hypholoma--s 

Morchella--f 

1 ectomycorrhizal habitat; 2 facultative habit; 3 habit unknown 
4 saprophytic habit 

117 



facing sites and continued to be abundant even during the 
September collecting visit. Subalpine fir (Abies lasiocarpa) 
on the other hand, only germinated on both sites during May 
and June, and was rarely encountered during September. 

From July through September, survival of lodgepole pine 
seedlings was about 50% for the east-facing burn and edge and 
the west-facing burn treatments. Mortality was highest in the 
west-facing edge at about 80% where most seedlings were fir. 

Lodgepole pine seedlings collected in July and August from 
both sites had allocated more biomass to epicotyl production 
than to hypocotyl production, whereas seedlings collected 
during September had allocated more biomass to hypocotyls than 
epicotyls, regardless of site or treatment. Few or no 
ectomycorrhizae were formed until September, although abundant 
short roots were present. By September, however, 
100% of surviving seedlings were ectomycorrhizal. In 
addition, the number of ectomycorrhizae root tips was 
positively correlated with the number of primary needles. 

Analysis of the mycorrhization potential of soils from the 
study sites is still underway. Preliminary data from the 
endomycorrhizal bioassay, however, shows that vesicular
arbuscular mycorrhizal fungi are most prominent in soil from 
the west-facing control and edge ash fractions. 

Soil from the burn treatment had the lowest average density of 
nematodes at 42/100 g of soil, while the forest soil was 
intermediate with 83 and the edge supported the highest 
populations at 621/100 g of soil. In the edge and the burn, 
bacterial feeders constituted the largest trophic group. 
Omnivores and fungal feeders were also present but at low 
densities. Five trophic groups were collected from the forest 
soil. Dorylamidae (omnivores) were most abundant followed by 
bacterial feeders. Also present in lower densities were plant 
parasites, fungal feeders and predators. The trophic 
diversity (H', Shannon-Wiener diversity index) was 0.50 in the 
forest soil, 0.18 in the burn soil and 0.10 in the edge soil 
reflecting these differences. Soil moisture (from the bulked 
soil) averaged 10.25% in the burn, 17% in the edge and 11.5% 
in the forest. 

Both east-facing and west-facing slope soils are in the 
Hechtman-Rock outcrop association and are members of the 
loamy-skeletal, mixed lithic Cryochrepts. The major factors 
resulting in this classification are the relatively steep 
slopes, rhyolitic parent material and largely coniferous 
macrovegetation. Soil chemistry data are provided in Table 2. 
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Table 2. Soil Characteristics of various soil fractions from 
east facing and west facing sites in the Huck fire, 
Grand Teton National Park and John D. Rockefeller 
Memorial Parkway. 

Control Edge Ash Edge Subsoil Burn Ash 
Subsoil 

OM 
pH 
Elect. con. 
Phosphorus 
Magnesium 
Calcium 
Potassium 
Sodium 

WF 

5.2 
5.0 
0.2 

20 
1.5 
5.6 
1.4 
0.5 

EF 

14.4 
7.1 
0.6 

216 
3.6 

42.1 
6.1 
0.6 

WF 

16.7 
6.7 
0.7 

110 
2.2 

19.3 
4.7 
0.4 

EF 

5.9 
5.8 
0.5 

48 
2.4 

11.8 
1.5 
0.4 

WF 

4.5 
5.3 
0.5 

66 
1.2 
5.5 
1.8 
0.4 

EF 

13.6 
7.3 
0.6 

210 
3.0 

43.5 
5.7 
0.3 

WF 

21.5 
6.9 
1.1 

130 
2.1 

32.7 
5.9 
0.6 

Burn 

EF 

4.1 
6.3 
0.6 

52 
1.5 

10.1 
1.8 
0.3 

WF 

5.9 
5.1 
0.5 

72 
1.1 
4.5 
1.1 
0.3 



Additional chemical analyses such as total N, nitrate and 
ammonium are still in progress. 

Conclusions 

In this study, Q. gapperi was trapped only in the edge and 
forest treatments, which is consistent with its preferred 
habitat in mesic areas under log cover (Maser et al. 1979). 
Fungal fruiting body production is also increased under these 
conditions and fungi are a major food resource for red-backed 
voles (Maser et al. 19 7 8) . Therefore, Q. gapper i did not 
appear to be a major vector of ectomycorrhizal fungal spores 
into burned areas at our study sites. Peromyscus maniculatus, 
a trophic generalist and the most widely distributed rodent in 
North America, is frequently the only species found in 
severely disturbed habitats. The lush regrowth after burns may 
be providing an easily accessible seed source for E· 
maniculatus, and even fungi such as Morchella, which was 
abundant in the burn treatment throughout the summer, are only 
rarely eaten. Furthermore, our pitfall traps yielded large 
numbers of insects in the burn and the lack of ground cover 
may also make foraging for insects relatively easy for E. 
maniculatus. 

Eutamias minimus, the most omnivorous of the species trapped, 
does not have highly specific habitat requirements. However, 
even though fewer fungi were eaten by ~. minimus than Q. 
gapperi, spores of the ectomycorrhizal fungi that were eaten 
appear to be dispersed through the burn treatment. Eutamias 
minimus showed the greatest potential for ectomycorrhizal 
spore dispersal at our sites. 

Although both lodgepole pine and subalpine fir had germinated 
abundantly by July, only lodgepole pine seedlings survived 
throughout the summer. This appeared to be due to differences 
in strategies for growth and water use efficiency by both 
species and by early and late season lodgepole seedlings. 
Subalpine fir produced a large tap root early in the season, 
but few short roots and needles. Early season lodgepole pine 
produced many more needles and allocated less energy to the 
roots. Many individuals of both species had desiccated by 
mid-summer. However, lodgepole seedlings that germinated in 
response to August rain allocated much less energy to the stem 
and needles and more to roots. By September, over half of all 
short roots on all surviving seedlings were ectomycorrhizal. 
This suggests that colonization by ectomycorrhizal fungi 
influences allocation of energy to the roots, increases the 
root-to-shoot ratio and prevents excessive transpirational 
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loss and desiccation. 

The nematode community in soil from the forest was typical for 
undisturbed coniferous forests: trophic diversity was high and 
all major feeding groups were present. In the burn and edge, 
food web complexity was reduced and bacterial feeders assumed 
dominance. The dead roots may have provided an abundant 
substrate for bacteria that were fed upon by microbivores. 
Low densities in the burn probably resulted from lack of 
litter due to intense ground fire and high soil temperatures. 
Soil moisture content may also have been a factor and, in 
fact, highest densities were found in the edge which had a 
significantly higher soil moisture. Furthermore the trees on 
the edge were killed but the litter did not burn. Thus the 
litter layer provided insulation while the dead roots provided 
a major resource input to the decomposer community and the 
bacterial populations responded accordingly. Thus the litter 
layer provided insulation while the dead roots provided a 
major resource input to the decomposer community and the 
bacterial populations responded accordingly. 
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IN MICROTINE RODENTS 
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Objectives 

Objectives of this study have been to analyze cohort responses 
to environmental fluctuations and to compare the energetics in 
two species of microtine rodents Microtus montanus and M· 
longicaudus. 

Results 

Sampling in May, 1989, at sites near the UW-NPS Research 
Station, revealed a dramatic decline in the population density 
of M· montanus. This was doubtless in part due to the 
deleterious effects of the severe 1988 drought on the food 
resources for the overwintering population. The biomass 
productivity by the end of the growing season in 1988 was only 
about 0.25 that of 1987. 

The interesting observation from the May, 1989 sampling was 
that winter survivorship, although very low, was about equal 
among cohorts I, II and III. Usually, members of cohort III 
(July-August) are virtually the only overwintering survivors. 
However, in the summer of 1988, apparently in response to 
drought conditions, members of cohorts I and II did not reach 
sexual maturity and breed as they usually do. Thus, members 
of all three cohorts entered the winter as sexually immature 
subadults. The very high mortality among these animals during 
the winter probably resulted from deficient food resources as 
well as a late spring melt-off. Due to the drastic decline in 
density that was recorded in May, further sampling was not 
undertaken at sites near the Research Station in 1989. 
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Conclusions 

As planned, 1989 was the third and final year of this project. 
The analysis of cohort growth and maturation responses was 
particularly successful. We were able to demonstrate extreme 
phenotypic plasticity of growth and maturation in cohorts of 
M· montanus in response to environmental conditions. In the 
temporal uncertainty of montane meadows, such plasticity 
should result in unstable age distributions and consequent 
effects on population dynamics. Two manuscripts are currently 
in preparation for publication based in p~rt on data collected 
at the Research Station. 

The data on M· longicaudus are weak at present due to the 
rarity of this species in habitats near the Station. However, 
we have located extensive populations of M· longicaudus about 
70 miles south of Jackson Hole and this will become our 
primary study site. The evidence at present supports the 
concept that M· longicaudus does not exhibit phenotypic 
plasticity of growth and maturation, and cues reproduction on 
the basis of photoperiod in contrast to M· montanus. 
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Objectives 

GIARDIA AND OTHER PARASITES OF 
SMALL MAMMALS IN 

GRAND TETON NATIONAL PARK 

William D. O'Dell 
Raychel A. Watkins 

University of Nebraska at Omaha 
omaha 

and 

Aelita J. Pinter 
Department of Biological Sciences 

University of New Orleans 
New Orleans 

The objectives of this study are to document the effects of 
parasitism on vole (Microtus spp.) population dynamics and to 
determine the potential of small mammals in Grand Teton 
National Park to serve as reservoirs of human parasites. 

Immediate goals for 1989 were to (1) continue the 
documentation of the incidence and prevalence of small mammal 
parasites, (2) determine the age at which Giardia infections 
are contracted by the Microtus host, (3) identify ticks 
associated with small mammals, and (4) survey small mammals 
for Babesia infections. 

Methods 

Voles, primarily Microtus montanus, were live-trapped on six 
study sites used by Dr. A. J. Pinter in Grand Teton National 
Park at an approximate elevation of 2057 meters. A variety of 
small mammals were trapped including jumping mice (Napaeozapus 
spp.), shrews (Sorex spp.), and pocket gophers (Geomys spp.), 
although these species were captured in much smaller numbers 
than Microtus. Analyses for the presence of parasites were 
done on all small mammals captured. 

To confirm the presence of viable trophozoites of Giardia, wet 
mount preparations were made from scrapings of the duodenal 
mucosa. Thin blood smears, and liver, spleen and bone marrow 
impression smears were stained with Wright's Giemsa and 
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evaluated for Babesia infections and for erythrophagocytosis. 
Reticulocyte counts, hematocrits, and white blood cell counts 
were also performed on blood samples. Spleens were removed, 
weighed and measured. 

Portions of intestine taken from voles and shrews, and ticks 
removed from voles, were dehydrated, sputter coated, critical 
point dried and observed by scanning electron microscopy. 
Identification of 
parasites was based on accepted morphological criteria from 
light and scanning electron microscopy. 

Results 

From samples in May and July, 1989, 37 of 97 voles were 
infected with Babesia microti. With the exception of the site 
designated Bear Grass Meadow located near Lizard Creek in 
which no animals were collected in May, infected animals were 
found at all sites during both sample periods. A slightly 
greater proportion (61%) of the animals trapped in May was 
infected compared to those trapped in July (47%). The highest 
incidence of those infected (86%) was found in May from the 
site designated Moose Calf Meadow located approximately 1 km 
east of Jackson Lake Junction the lowest incidence of those 
infected (7%) was in July from Depletion Meadow, located at 
Jackson Lake Junction. Babesia microti was also found in five 
of 12 meadow voles (Microtus pennsylvanicus), in one of three 
water voles (Arvicola richardsoni), but was not found in any 
of the 11 white-footed mice (Peromyscus leucopus) that were 
captured. Spleens of infected animals were diagnostic even 
when the parasitemia was low. 

The ticks removed from trapped animals were adult and nymph 
stages of Ixodes eastoni. This is a record for Grand Teton 
National Park for this tick species and extends the known 
range beyond extreme eastern Wyoming. Initial attempts to 
transmit Babesia to hamsters with captured ticks were not 
successful. 

Giardia sp. remains the most common intestinal parasite found 
in the small mammals of Grand Teton National Park. The 
incidence of Giardia from M· montanus was 97%. Other 
parasites of note included a Hepatozoon sp. and a Trypanosoma 
sp. A new species of intestinal parasite from shrews, 
Cochlosoma soricis, was described (Watkins, O'Dell and Pinter, 
1989). 
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Conclusions 

The montane vole and the meadow vole are the primary 
reservoirs of Babesia microti in Grand Teton National Park, 
while the white-footed mouse appears to be only a minor host. 
Because these observations are contrary to those of Spielman, 
et al (1979), more collections of white-footed mouse will be 
necessary to confirm our results. Ixodes eastoni is the most 
likely candidate for the vector of Babesia. Transmission 
studies will be required to document this tick as the vector. 
Because I· eastoni is a nest tick and completes its life cycle 
within the nest, the potential for human exposure is probably 
greatly reduced. 
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CLIMATIC FACTORS, REPRODUCTIVE SUCCESS AND POPULATION 
DYNAMICS IN THE MONTANE VOLE, MICROTUS MONTANUS 

Objectives 
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Department of Biological Sciences 

University of New Orleans 
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Multiannual fluctuations in populations density ("cycles") of 
small rodents have been long recognized (Elton 1942). 
Numerous hypotheses have been proposed to explain this 
phenomenon (for reviews see Krebs and Myers 1974, Finery 1980, 
Taitt and Krebs 1985). However, none, alone or in 
combination, explain the causality of cycles. 

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

Methods 

In 1989 Microtus montanus were livetrapped at two times of the 
year: the second half of May (spring study period) and mid
July to mid-August (summer study period). Animals were killed 
as soon as possible after capture. Animals were aged using 
weight, total length, and pelage characteristics. 
Reproductive organs, the spleen and 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 trapping 
success in a permanent grid (established in 1970). The grid 
consists of 121 stations, placed in a square, 5m apart, 11 
stations ( 50m) on a side. Each station is marked with a 
stake. Trapping in this grid was performed only during the 
summer study period. One unbaited Sherman livetrap was set at 
each station. Additional trapping was carried out in nearby 
meadows to obtain additional females for litter size 
determination. I·n these areas traps were not set in a regular 
pattern; rather, they were placed only in locations showing 
recent vole activity (cuttings, droppings). 
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During the spring study period trapping was carried out in a 
number of sites, all well removed from the permanent grid. 
The objective of spring study trapping was to determine (on 
the basis of embryo size) the onset of reproduction on a 
popul tat ion-wide basis. The reason for this was to leave 
populations at the grid site as undisturbed as possible since 
the grid is the major source of information on population 
density. 

Results 

Meltoff - and the onset of reproduction in Microtus montanus -
was much later in 1989 than it was in 1988. Nevertheless, 

during spring trapping all females were pregnant with their 
first litter. However, there appeared to have been a major 
decline in vole density. Whereas there was abundant evidence 
that vole populations had been high during the winter, large 
numbers of animals had apparently perished before the onset of 
the spring study period. This was not surprising based on the 
precipitation patterns during the previous winter and early 
spring. Winter snowpack had been above average and the snow 
water equivalents also had been high. Consequently, by the 
onset of spring trapping the study areas had received a large 
amount of meltwater. Furthermore, the spring precipitation in 
1989 had been much higher than that recorded in the spring of 
1988. These observations support my hypothesis (Pinter 1988) 
that wet springs are correlated with a decline in the 
population density of Microtus montanus. 

At the onset of summer trapping it was evident that the vole 
population had, indeed, suffered a dramatic decline. This 
decline was observed at all the study sites. In all cases 
animals were localized in small pockets within the habitat. 
The role of the habitat quantities in the multiannual 
fluctuations of this microtine population dynamics was clearly 
apparent: the severity of the decline was directly 
proportional to quality. For example, a population from a 
particularly luxuriant area declined by a factor of 7; in the 
most marginal habitat the population decline was only by a 
factor of 2. 4. It is noteworthy that the decline in 
population density of Microtus montanus in Grand Teton 
National Park was also observed in other parts of Wyoming, 
thus suggesting geographic synchrony in Microtus cycles. 
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Conclusions 

Despite the large numbers of animals entering the winter of 
1988, a dramatic decline in population density had occurred by 
the spring trapping in 1989. This decline was correlated with 
winter and spring precipitation in 1989. The geographic 
synchrony that was observed further supports the contention 
(Pinter 1988) that weather patterns may be a major contributor 
to microtine population dynamics. 
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TIME-LAPSE VIDEO STUDY OF MATING BEHAVIOR IN SAGEBRUSH 
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Introduction 

Sagebrush crickets (Cyphoderris strepitans) are primitive 
acoustic insects which occur only in mountainous areas of 
Wyoming and Colorado (Morris and Gwynne 1978). In Grand Teton 
National Park, adults become sexually active in early May and 
matings subsequently occur over a 3 - 6 week period. 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 (Dodson et al. 1983, Sakaluk et al. 
1987, Morris et al. 1989). 

During the time that the female is mounted on the male, she 
feeds on the male's metathoracic wings and ingests any 
hemolymph oozing from the wounds she inflicts. To deter the 
female from dismounting before the spermatophore has been 
transferred, males are equipped with an abdominal pinching 
organ which functions to secure the female during copulation 
(Morris 1979, Dodson et al. 1983). Once the spermatophore has 
been transferred, the male actively pulls away from the 
female, and he may resume calling immediately after 
disengagement. The bulk of the spermatophore remains attached 
outside the female's body, who invariably consumes it several 
hours after mating (present study). 

A previous field study involving the mark-recapture of a large 
number of males showed that once a male had mated, his 
probability of obtaining additional copulations was 
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significantly reduced (Morris et al. 1986). One explanation 
for this result is that non-virgin males, having lost a 
substantial portion of available energy reserves at mating, 
may be unable to sustain calling at pre-mating levels. In 
support of this hypothesis, electronic assays of male 
signaling behavior (see Kidder and Sakaluk, in press) have 
shown that virgin male ~- strepitans call for significantly 
longer durations than recently mated males (Sakaluk et al. 
1987, Sakaluk and Snedden 1990). 

Although virgin males call more and have significantly higher 
mating success than non-virgins, this does not necessarily 
prove that calling duration and mating success are causally 
related. In the past, we have experienced two difficulties in 
establishing a causal basis to this correlation: 1) matings 
are rarely observed in the field, and we have of necessity 
relied on wing wounding as an indicator of male mating success 
(Morris et al. 1989) and 2) we have been unable to demonstrate 
phonotaxis of females to conspecific song as broadcast either 
through speakers placed in the field (Sakaluk and Snedden, 
unpubl. data) or in the laboratory (Morris et al. 1989). To at 
least partially circumvent these difficulties, we employed 
time-lapse video photography of mating interactions staged at 
the UW-NPS Research Station during the 1989 breeding season. 
The objective of these studies was to determine how mating 
status, calling time and body size contribute to male mating 
success, either through their effect on male competitive 
ability andjor their effect on male attractiveness to females. 

Methods 

Male and female ~. strepitans were captured at night at a 
study site located on top of an escarpment overlooking the 
Snake River at Dead Man's Bar in Grand Teton National Park. 
Perching locations of males were found by orienting to the 
acoustic signals produced by individual males and then 
searching the sagebrush with the aid of a headlamp. Because 
females are mute, they were found largely through chance 
encounters. Crickets were transported back to the research 
station where they were housed in plastic vials provisioned 
every other day with a slice of apple. 

Triadic mating interactions were staged in a plexiglass arena 
and recorded using a time-lapse video recorder (Panasonic 
AG-6050) and a camera equipped with a macro lens (Panasonic 
WV-3250/8AF). Each triad consisted of a virgin male (as 
evidenced by a lack of wing wounding), a non-virgin male (as 
evidenced by wing wounding) and a female of unknown mating 
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status. All crickets were weighed prior to introduction into 
the arena. Each night of the study, a single triad was 
established at approximately 2000 hours at which time 
recording commenced. The video recorder was set to the 12-H 
recording option; on this time mode, a single frame is 
recorded every 0. 1 seconds. In total, we video-taped 2 0 
triadic interactions over 20 nights of which 15 resulted in 
matings. When a mating occurred, the participants involved in 
the interaction were never used again; thus, we obtained 
behavioral data on a total of 45 individuals involved in 
mating interactions. 

Upon review of video-tape recordings of mating interactions, 
we recorded: 1) the number of mating opportunities for each 
male (as indicated by wing feeding behavior of the female 
and/or clamping of the female's abdomen by the male's 
abdominal pinching organ), 2) the frequency and duration of 
copulations, 3) the nature of male-male interactions and 4) 
the frequency and duration of spermatophore feeding by the 
female. 

Results 

Mating Frequency 

In the 15 interactions leading to copulation, the male to 
first mate with the female was designated the 'successful' 
male while the other male was designated 'unsuccessful' . 
Initial copulations occurred, on the average, 355.6 ± 210.8 
minutes (mean ± 1 SD) after the introduction of experimental 
individuals (range = 24-643 min) and were, on the average, 
245.5 ± 84.4 seconds long (range= 120-385 sec). In five of 
the 15 interactions, two matings occurred during the recording 
interval; three of the second matings involved the successful 
male and two involved the unsuccessful male. Second matings by 
successful males occurred 107, 196 and 245 minutes, 
respectively, subsequent to the first. 

Correlates of Male Mating Success 

i) Calling Duration: Pre-copulatory calling durations of 
successful males were significantly longer than those of 
unsuccessful males (Table 1). In 10 interactions, the 
successful male was the last to call before the copulation 
occurred versus two interactions in which the unsuccessful 
male was the last to call (X2~t~ = 4.08, £ < 0.05). 
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Table 1. Pre-copulatory calling durations of mated and 
unmated male ~. strepitans in triadic interactions. 
Means are significantly different at ~ < 0. 025 
(paired t-test, one-tailed, t = 2.19). 

N Mean (min) SD Range 

Mated 15 189.3 166.2 0-433 

Unmated 15 102.3 104.8 3-302 
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Table 2. Pre-copulatory calling durations of virgin and 
non-virgin male g. strepitans in triadic 
interactions. Means are significantly different at 
£ < 0.05 (paired t-test, one-tailed, t = 1.94). 

N Mean (min) so Range 

Virgin . 15 185.4 169.4 6 433 

Non-Virgin 15 106.1 103.0 0 302 
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With one exception in which the spermatophore was dislodged 
against a wall of the chamber, females always consumed the 
spermatophore after mating; spermatophore consumption 
commenced, on the average, 144.9 ± 143.8 minutes after the 
initial copulation (n=14, range= 3-512 min). 

Conclusions 

Calling Duration and Male Mating Success 

This study demonstrates that male calling duration and 
subsequent mating success of males are directly associated. 
There are at least two hypotheses to account for this 
association. The 'incidental effect' hypothesis suggests that 
female responsiveness is unaffected by male calling behavior. 
Instead, successful males are more sexually motivated than 
unsuccessful males, and consequently call more and engage in 
more mating attempts. In this scenario, the correlation 
between calling duration and mating success would be entirely 
spurious, since males that engaged in more frequent mating 
attempts (and incidentally called for longer durations) would 
experience a higher mating success. The 'functional' 
hypothesis suggests that females respond to the acoustic 
signals of males. In this scenario, calling serves to attract 
females andjor to induce them to mount, such that males which 
called for longer durations would obtain more matings, either 
through a greater passive attraction of females andjor an 
active female preference. 

The 'incidental-effect' hypothesis is supported by two 
observations: 1) there is no evidence of female phonotaxis in 
this species and 2) in this study, successful males 
experienced significantly more mating opportunities than 
unsuccessful males prior to copulation. Nonetheless, the 
hypothesis is weakened by the observation that unsuccessful 
males called prior to copulations in all interactions, and 
often permitted females to feed opportunistically; this 
suggests that unsuccessful males were sufficiently motivated 
to mate. 

The 'functional' hypothesis also is supported by two 
observations: 1) successful males were the last to call prior 
to copulation more often than expected on the basis of chance 
and 2) calling immediately preceded copulation in nine of 15 
interactions. The hypothesis is weakened by our inability to 
demonstrate female phonotaxis to the calling songs of males. 

137 



As we have argued previously, however, elicitation of a female 
response may require an extended period of auditory 
stimulation that exceeds the short response times expected of 
females in standard phonotaxis bioassays (Sakaluk and Snedden 
1990). In support of this possibility, males of the present 
study were often obliged to call for several hours before 
copulation occurred. 

Male Competition and Female Choice 

Male ~- strepitans do not engage in overt aggression but 
appear instead to compete primarily through acoustic signaling 
behavior. Homosexual mounting and opportunistic feeding by 
males may also be a subtle form of intrasexual competition. By 
feeding on another male, a male obtains not only a source of 
nutriment but may render a competitor a less effective 
signaler. At present, however, we do not know the frequency at 
which such behavior occurs in nature assuming that it occurs 
at all. Variation in male mating success may also be 
influenced by an active female preference for longer-calling 
males. One way to distinguish this possibility from 
differential passive attraction of females, is to examine 
those interactions in which both males were calling at the 
time the copulation occurred. We would predict that males 
which called the longest prior to the female's decision to 
mate would achieve significantly more matings. Unfortunately, 
we have insufficient data with which to test this prediction. 
Another potential avenue of female choice involves the removal 
of spermatophores subsequent to mating. Assuming that some 
time is required for the spermatophore to be evacuated of 
sperm, then premature spermatophore removal could be used as 
a means of 'cryptic' female choice (Thornhill 1983) while 
females continued to enjoy the benefits derived through 
courtship feeding. In this regard, we note that females 
occasionally began feeding on the spermatophore within as 
little as several minutes of copulation. 
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EARTHQUAKE HAZARDS OF GRAND TETON NATIONAL PARK 
EMPHASIZING THE TETON FAULT 

Objectives 

R.B. Smith 

and 

J.O.D. Byrd 
Department of Geology and Geophysics 

University of Utah 
Salt Lake City 

This is a progress report on the research of the University of 
Utah project: "Earthquake Hazards of The Grand Teton National 
Park Emphasizing The Teton Fault", to date, 31 December, 1989. 
The research objectives during 1989 focussed on: 1) excavation 
of a trench across the Teton fault to determine the age and 
amount of displacement associated with prehistoric ground 
breaking earthquakes; 2) collection of paleomagnetic samples 
of Huckleberry Ridge tuff along an E-W transect across the 
northern end of the Teton range to assess deformation 
associated with the Teton fault; 3) mapping and surveying of 
two study areas along the fault to evaluate the geomorphic 
expression of the fault; 4) surveying a detailed topographic 
and gravity profile across the valley from String Lake to the 
Snake River to evaluate deformation of the valley floor and to 
help constrain modeling of the subsurface fault geometry, 5) 
continuing the study of expected fault motion of the Teton 
fault based on our previous results, 6) mapping of the 
northern extent of the Teton fault zone, and 7) assisting the 
NPS with interpretations and use of our data for management 
and interpretational purposes. 

In an allied research project, the 1st-order level-line, 
established across the Teton fault and adjacent valley as a 
part of this study in 1988, was resurveyed to evaluate the 
stability of the bench marks and to monitor any movement that 
may have occurred in the one year period since the initial 
survey. Note that the original level line was established in 
1988 with UW-National Park Service support while the 1989 
leveling effort was funded by the U.S. Geological Survey. 
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Results 

I. Excavation of the Teton Fault at Granite Canyon: 

Excavation of trenches across active faults can provide 
information on the recent activity, ages of movement, and 
recurrence intervals of earthquakes on the fault that is not 
exposed at the surface. A 3 m high fault scarp at the mouth 
of Granite Canyon was excavated in September and October, 
1989, to acquire the above data on the southern segment on the 
Teton fault. Trenching of the scarp exposed a 4.1 m, 
down to the east, net tectonic displacement associated with a 
single event (Figure 1). Back tilt of the units in the 
hanging wall, downthrown block, is approximately 3 degrees to 
the west, whereas the depositional tilt in the upper units 
exposed in the footwall block is 2 degrees to the east. 
Removing these components of tilt yields a net vertical 
displacement of 4 m. 

Comparison of the displacement event recorded in Granite 
Canyon trench with the surface displacements associated with 
other earthquakes of the western U.s. Cordillera suggests that 
the displacement was produced by a 7.1 < Ms < 7.5 earthquake, 
and is the first quantitative estimate of the expected size 
for large and damaging earthquakes that could occur on the 
Teton fault in the future. 

The faulting juxtaposed fluvial and debris flow deposits 
against a Pinedale age, approximately 15,000 year old, glacial 
till unit (Figure 1). Colluvial materials derived from the 
fault scarp have buried a fluvial unit capped by a paleosol 
horizon exposed in the downthrown block within the trench. 
The paleosol is characterized by a mottled olive gray-green to 
reddish brown, massive clay silt matrix with abundant pieces 
of charcoal up to 0.5 m in length and 4 em diameter that were 
resting on the now buried upper surface of the soil horizon. 
Charcoal fragments were also observed at the base of the 
paleosol horizon. The charcoal fragments and mottled 
character of the paleosol are interpreted to be the product of 
a forest fire which burned through the area of the trench 
shortly before the faulting event. Carbon dating of these 
charcoal fragments is in progress and will provide a minimum 
age for the prehistoric earthquake. 

A team of associated geologists with expertise in fault 
trenching and geology of the Teton region assisted us with the 
trenching project and critically reviewed the final results 
during a one-day visit in October, prior to closing of the 
trench. These included: Dean Ostenna and Jerry Gilbert (U.s. 
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Figure 1: Stratigraphic log of the Granite Canyon trench 
across the Teton fault: Net tectonic displacement 
of 4. 1 m calculated from extrapolation of upper 
contacts of Unit E, in the footwall and hanging 
wall, into the Teton fault plane. Stratigraphic 
units: A: Pinedale glacial till; B and C: 
Fluvial/Debris flow deposits; D: Debris flow 
deposit; E: Fining upward fluvial deposit, exposed 
in footwall and hanging wall blocks; F: Paleosol; 
G: Colluvial wedge derived from fault scarp; H: 
Pebbley alluvial fan deposit; I: Upper colluvial 
wedge, sandy; J: Cobble-rich alluvial fan deposit; 
K: Colluvium. · 
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Bureau of Reclamation), Dave Love (USGS, retired), Bill Lund 
(Utah Geological and Mineralogical Survey) , Jim McCalpin (Utah 
state University), Ron Bruhn (University of Utah), and Ken 
Pierce (USGS, Denver). The trench site was also visited by 
Marshall Gingery (Assistant Superintendent, GTNP), George 
Menkens (UW-NPS Research Center), members of the GTNP 
interpretative staff, and John Goode (NPS, retired) • An 
international visitor; Vladimir Khromovskikh (Institute of the 
Earth's crust, Irkutsk, USSR) also visited the site. 

II. Paleomagnetic Study: 

Paleomagnetic analysis of oriented and dated rock samples in 
the footwall and hanging wall of a fault is used to assess the 
amount of tilt and rotation of crustal blocks that may be 
related to movements associated with paleo-earthquakes. As a 
continuation of our 1988 paleomagnetic study, paleomagnetic 
samples were collected samples at 24 new sites in the 2.0 
million year old Huckleberry Ridge Tuff along an E-W transect 
across the north end of the Teton Range (Figure 2). We 
continued our collaboration with Dr. John Geissman, University 
of New Mexico on this portion of the study, and also received 
logistical assistance from the National Park Service in this 
study. 

Samples from 40 of the 69 paleomagnetic sites collected in 
1988 and 1989 were analyzed in Dr. Geissman's laboratory in 
November and December, 1989. Preliminary results from these 
analyses suggest that at several locations that the westward 
tilt of the Huckleberry Ridge Tuff may be entirely due to 
vertical movement on the Teton fault. In addition, several of 
the sites in the Steamboat Mountain area and at the east end 
of Berry Creek appear to have rotated about a vertical axis 
implying that a significant component of lateral shear has 
occurred along the northern end of the Teton fault zone. 
Statistical analyses of these data, along with analyses of the 
remaining samples, is continuing. 

III. Detailed Topographic Surveys and Gravity Profiling: 

Two areas adjacent to the Teton fault at Jenny Lake and 
Granite Canyon were surveyed using an electronic distance 
measuring device (EDM). This project collected topographic 
data for the purpose of evaluating the amount of lateral 
displacement across the fault, the geomorphic expression of 
the fault trace, determining the optimum location to excavate 
the fault, and to further constrain modeling of the surface 
deformation and subsurface geometry of the Teton fault. In 
addition, a detailed topographic and gravity profile was 
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Figure 2: Distribution of paleomagnetic sampling sites 
throughout the Teton region. 
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surveyed across the valley floor from String Lake to the Snake 
River at approximately 500 m intervals. These data are 
currently being analyzed. 

IV. Fault Mapping of Northern Teton Fault: 

John Byrd also worked with geologists of the u.s. Bureau of 
Reclamation in mapping the northern segment extent of the 
Teton fault, northward from Coulter Canyon to Wilcox Point. 
Mapping in these areas indicates that the main trace of the 
Teton fault is obscured in several areas by large landslides 
in bedrock and surficial materials. However, several traces 
of the fault were recognized suggesting that fault consists of 
a zone of deformation where displacement is may be 
distributed on to a number of different fault splays. In 
addition, investigations in the Steamboat Mountain and 
GTNP/Yellowstone Park boundary areas along the Snake River 
channel suggests the existence of several faults that are 
interpreted as eastern splays of the Teton fault. 

V. Survey of Cascade Canyon to Deadman Bar Level Line: 

The 1989 resurvey of the 42 benchmark, 22.5 km long 1st-order 
level lines, established in 1988 with UW-NPS funding, was made 
in cooperation with Dr. Arthur Sylvester of the University of 
California-Santa Barbara and was funded in 1989 by the u.s. 
Geological Survey. The results of that survey show that the 
footwall block of the central segment of the Teton fault, 
subsided 5 ± 0.7 mm during 1988 and 1989, relative to a point 
about 10 km east of the fault. The precision for each survey · 
was about one part in 5 x 10-7 and the maximum precision for 
each leveled segment is less than 1 x 10-6. The change in 
height occurred across a 1200 m wide zone that coincides with 
the steep escarpment at the base of the range front near Jenny 
Lake and includes the surface trace of the Teton fault with up 
to 25 m of Quaternary displacement at this location. In 
addition to relative subsidence of the mountain block, part of 
the valley (hanging wall block) immediately east of the fault 
rose about 2.0 mm across a 5 km wide zone, resulting in a 
total height difference of 6.5 mm across the fault. 

Modeling of the 1988-1989 height changes suggests that the 
observed height variations may be due to variable reverse 
slip at depth on a planar, east dipping fault. Although the 
footwall height decrease may be local and unique to the Teton 
fault, perhaps due to interaction with structures in the 
seismically active Gras Ventre range 15 km to the east, this 
unexpected observation of aseismic, reverse displacement 
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across a large, active normal fault raises a number of 
questions regarding deformation during interseismic periods. 
We consider a hypothetical model in which the Teton normal 
fault may be weakly locked in regional, east-west horizontal 
compression resulting in minor contraction across the fault in 
the interseismic interval. However, local changes in the 
state of stress leading to extension across the fault may give 
rise to coseismic deformation. Thereby resulting in a 
significant local contribution to the overall regional 
neotectonic pattern of east-west extension over geologic time 
scales. 

Conclusions 

our research in 1989 provided the first definitive data 
necessary to determine the amount of displacement and age of 
the most recent ground-breaking earthquake on the southern 
segment of the Teton fault with implications for the magnitude 
and displacement expected in future large earthquakes. 
Paleomagnetic data on the last 2 million years of deformation 
on the Teton fault, and a detailed topographic/gravity profile 
across the valley floor have also been acquired. Because of 
the late autumn completion of these field projects, data from 
these projects is currently being analyzed and will be 
available by the time of the grant completion. 

Presentation of Results: 

Earthquake hazards of the Teton fault and Jackson Hole area 
was the topic of a presentation to federal, state, and county 
officials given by R.B. Smith at the Teton Science School 
Lecture Series in February, 1989. In addition, R.B. Smith 
also participated in the Teton Science Schools "Future of 
Jackson Hole Symposium", in August, 1989 where he led a field 
trip for local officials along the Teton fault and discussed 
the earthquake hazards of the Teton region. 
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FERAL HORSE DISTRIBUTION, HABITAT USE 
AND 

POPULATION DYNAMICS IN THEODORE ROOSEVELT NATIONAL PARK 

Objectives 

Clayton B. Marlow 
Leonard c. Gagnon 

Elena Hovland 
Animal and Range Sciences Department 

and 

Lynn R. Irby 
Biology Department 

Montana State University 
Bozeman 

Description of the ecological niche feral horses fill in 
Theodore Roosevelt National Park requires information on 
reproductive rates, home range size, individual and band 
affinity to home ranges, food and shelter requirements and 
seasonal diets. Therefore, the identification of individual 
animals and their social groups or bands was the initial 
objective of this study. Subsequent objectives will be to: 

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

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

c. describe habitat and landform types used by horses 
for mating, foaling, foraging, and resting; 

D. describe seasonal horse diets; and, 
E. collect data on sex, age and social hierarchy 

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

This information will be used to accomplish the project 1 s 
goal; to integrate horse ecological requirements with those of 
elk ( Cervus elaphus) , bison (Bison bison) and the park 1 s 
vegetation communities to determine the large ungulate 
carrying capacity of Theodore Roosevelt National Park. 

149 



Methods 

Identification of individual horses and bands was accomplished 
through daily observation. Color, markings, approximate age, 
sex, and apparent social rank was recorded for individual 
horses under surveillance. Identification records were 
augmented with a 30 year field journal kept by Mr. Thomas 
Tescher, which provided information on age and parentage for 
feral horses within the park. 

Observation periods lasted 4-8 hours and data on activity 
(feeding, mating, socializing, foaling, resting), and landform 
and vegetation type occupied was recorded. Each time a band 
or individual was located, the locus was noted on a 1:250,000 
contour map. These locations were used in the determination 
of home ranges and home range size. Fresh fecal samples were 
collected monthly, frozen and shipped to Bozeman for later 
dietary analysis. 

Data collection began 12 June 
uninterrupted until 8 September 1989. 
in mid-March 1990. 

Results 

1989 and continued, 
Field work will resume 

Eight different feral horse bands were identified within 
Theodore Roosevelt National Park (Table 1). Band size ranged 
from 17 head (Brookman - Band A) to 3 head (Iron Grey - Band 
F). At the end of field observations, 31 August 1989, the 
combined count from all bands was 70 head. Two lone stallions 
brought the total feral horse population in the park to 72. 

The 1989 summer population data is summarized in Figure 1. 
During the summer, the mare to stallion ratio among both adult 
and subadul t portions of the population was approximately 1: 1. 
There was a 0.6:1 colt to mare ratio (subadult mares were not 
included in the calculation) . 

In early June most of the horse activity was concentrated in 
the eastern and northeastern portions of the park surrounding 
Boicourt and Sheep Butte Springs (Fig. 2.). About 30 days 
later feral horse distribution had shifted to the extreme 
southeastern area of the park (Fig.2). Several factors may 
explain this shift. 

First, visitor interaction with bands increased from early 
June to early July which may have caused horse displacement to 
a less visited portion of the park. Water availabililty may 
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Table 1. Feral horse bands by age - 1989. 

BAND A - BROOKMAN 
2 - Stallions over 5 years 
5 - Mares over 5 years 
1 - 4 year old Stallion 
1 - 4 year old Mare 
1 - 2 year old Stallion 
2 - Yearling Stallions 
2 - Yearling Fillies 
1 - '89 stud Colt 
2 .- '89 Fillies 

17 - Band Count 

BAND B - PAINTED CANYON 
1 - Stallion over 5 years 
2 - Mares over 5 years 
1 - 2 year old Stallion 
1 - Yearling Filly 
1 - 1 89 Stud Colt 
1 - 1 89 Filly 
2 - 2 year old Bay Fillies 

(lost 1 yearling Stallion) 

10 - Band Count 

BAND C - TARGET 
1 - Stallion over 5 years 
2 - Mares over 5 years 
3 - 4 year old Mares 
1 - 3 year old Mare 
2 - Yearling Fillies 
3 - '89 Stud Colts 

12 - Band Count 

BAND D - BLUE ROAN/ARAB 
2 - stallions over 5 years 
2 - 2 year old Fillies 
1 - Yearling Stallion 
1 - 1 89 Filly 

6 - Band Count 

BAND E - MIDNIGHT 
1 - Stallion over 5 years 
2 - mares over 5 years 
1 4 year old Stallion 
1 2 year old Stallion 
1 2 year old Mare 
1 Yearling Stallion 
1 Yearling Filly 
1 '89 Stud Colt 

9 - Band Count 

BAND F - IRON GRAY 
1 - Stallion over 5 years 
1 - Mare over 5 years 
1 - Yearling Stallion 
( '89 Stud Colt killed by 

Stallion 
3 - Band Count 

BAND G - BAD BLACK 
1 - Stallion over 5 years 
1 - Mare over 5 years 
1 - 3 year old Mare 
1 - Yearling Filly 
1 - '89 Stud Colt 
1 - 1 89 Filly 

6 - Band Count 

BAND H - BOYS CLUB 
2 - 4 year old Stallions 
3 - 3 year old Stallions 
2 - 2 year old Stallions 

7 - Band Count 

2 LONER INDIVIDUALS 
5 year old Bay stallion 

(fence) 
5 year old Stallion 

(Painted Canyon Son) 

72 HORSES TOTAL 
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POPULATION CHARACTERISTICS 
Summer 1989 

mature mature subadul t subadult 
stallions mares stallions mares 

Age/Sex Distribution 

horse 
colts 

filly 
colts 

Figure 1. Summary of summer 1989 population census. Mature 
animals are 3 or more years of age. Subadult 
animals are 1-2 years old and colts are animals 
born during 1989. Census does not include two 
colts (1 horse and 1 filly) which died from 
stallion-caused injuries and one yearling stallion 
remove~ from the park because of similar injuries. 
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Figure 2. Seasonal distribution of feral horses within the 
south unit of Theodore Roosevelt National Park. 

I - band sightings during June 1989; 
* - sightings during July 1989; and, 
• - sightings during August 1989. 
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have also led to the concentration of feral horse activity in 
the extreme southeastern corner of the park. The apparent 
decline in water flows in the Sheep Butte and Boicourt Springs 
during late June may have caused the horses to move to a more 
abundant water source at Southeast Corner Spring. However, 
because feral horse bands returned to the Boicourt/Sheep Butte 
Springs area periodically during August (Fig. 2), water 
availability may not be as an important factor as visitor 
pressure influencing band displacement. 

Initial determination of home range size and location must 
await data to be collected during spring and fall, 1990, and 
winter, 1991. 

Conclusions: 

Through the use of field observations and long-term records, 
we have been able to identify both individual horses and their 
respective social groups. Horse distribution during the 
summer of 1989 appeared to be limited to the extreme eastern 
quarter of the park. Mare to stallion ratios appear to be low 
based on information (one mare for every 0. 8 stallions) 
reported by Waring (1983). 

Data on horse use of various habitat and landform types is 
being condensed from the location records. Fecal samples will 
be sent to the Wildlife Nutrition Laboratory at Washington 
State University, Pullman, Washington, for dietary analysis in 
January 1990. 

Literature Cited: 

Waring, G.H. 1983. Horse Behavior. The Behavioral Traits and 
Adaptations of Domestic and Wild Horses, Including 
Ponies. Noyes Publications. Park Ridge, NJ, USA. 
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THE IMPACTS OF EXTERNAL DEVELOPMENT ON THE ECONOMIC AND 
AESTHETIC VALUES OF THEODORE ROOSEVELT NATIONAL PARK 

George Wallace 
and 

Pat Reed 
Department of Recreation Resources/Landscape Architecture 

Colorado State University 
Fort Collins · 

Problem 

Theodore Roosevelt National Park (THRO) is a unique part of 
the National Park system in that it represents a mixed grass 
prairie eco-region. At pulloffs and integral vistas in THRO, 
views of the landscape in this badland setting are sweeping 
and open offering a long view. Such vistas have become 
increasingly impacted by man-made or man-caused features on 
the landscape outside the park but visible from within its 
boundaries. These features include gas and oil field 
structures, roads, power lines, communication towers, large 
vehicles, dust and smoke. Additional external development and 
activity is planned and park managers are in need of 
information that can help them determine how park values, and 
resources are being affected. To do this also requires that 
information be obtained about visitor characteristics, 
preferences, satisfaction, and expenditures that are in need 
of being updated. 

Objectives 

The research has several objectives. The first is to survey 
THRO visitors regarding the value that they place on the open 
space, prairie, wildlife, solitude, scenic vistas and other 
values and resources protected by the park. Secondly, we wish 
to determine visitor attitudes and perceptions about the 
effects of external development on these park values and on 
their use and enjoyment of THRO. Third, we will provide park 
managers with basic data about THRO visitors including the 
average length of stay, group sizes, user types, preferred 
activities and outcomes, socio-economic, demographic 
characteristics, along with other information that they have 
requested. Finally, we are attempting to determine the 
regional and local economic values derived from park 
visitation and describe any projected changes in visitor 
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behavior that may be attributed to external impacts and which 
might in turn affect economic benefits provided by the park. 

Methods 

A combination of on-site interviews and mailback surveys have 
been used to obtain information from visitors. We have 
conducted the research over a period of two summers, sampling 
more than 900 visitors (250 during the pilot test in 1988 and 
665 during 1989). The on site interviews took place at six 
different integral vistas - three in each of the park's north 
and south units. The sampling plan took into account the 
frequency of visitation at each site. The on-site survey 
included the use of large paired photos that served as queues 
for viewing the landscape and enabled the interviewer to ask 
a series of comparative questions at each site. One photo 
allowed visitors to view the landscape in its pristine 
condition and the other with man-made or man-caused features. 
This technique required simulations that both included new 
features and removed existing features from the "as is" 
photographs. All simulated features were previously 
identified as probable and inserted at the proper scale. 

Each person interviewed on-site about their perceptions of the 
landscape, park values, things that added or detracted from 
their visit, was also given a mailback questionnaire, to be 
completed at the end of their stay at THRO. Among other 
things, the mailback collected data about previous visits to 
the park, group composition, travel patterns, length of stay, 
activities pursued, activities valued most, expenditures and 
included other standard socio-economic and demographic items. 
To date, the response rate for the mailback portion of the 
research is nearing 45 percent. 

Data obtained about visitor expenditures will be used with 
overall park expenditures, salaries etc. and the economic 
input-output model for North Dakota to describe the 
contribution of THRO to the local and regional economy. Items 
administered during the on-site interviews are enabling us to 
report how visitors predict changes in their own behavior as 
man-made or man-caused landscape features increased or 
decreased at a given vista. Behaviors probed include viewing, 
picture taking, use of the area for hiking, picnicking, or 
camping, use of backcountry areas near the interview site and 
future visitation. 
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Data Analysis 

During October of 1989 THRO staff requested preliminary 
results for their use during public and inter-agency 
discussions over a proposed power transmission line near the 
park's east boundary. We ran preliminary descriptive 
statistics on the first summer's data using SYSTAT statistical 
package and summarized the results for park staff. 

Preliminary Results (1988) 

Salient preliminary results indicated that: a) park visitors 
rate their experience and the personnel at THRO highly; b) 
THRO is a very visually oriented park where viewing wildlife 
and viewing from scenic vistas are the most popular activities 
(more than hiking, camping, horseback riding, etc.); c) people 
are aware of man-caused landscape features especially 
structures, roads and power lines as well as oil and gas 
development near the park; d) perceptions of those 
developments - based on responses given at integral vistas and 
in reaction to viewing photo simulators - indicate that many 
features impact the visitor experience negatively and are 
likely to affect future visitation and activities in the park; 
e) visitors do not wish to see the impacts compromised in 
order to permit additional oil or gas development near the 
park; f) that visitors value the mixed grass prairie ecosystem 
and environment found in THRO equally if not more than 
ecosystems protected by other national parks. These are only 
a few preliminary findings in a study that contains much more 
data, and many details of interest to park staff that go 
beyond the main theme of economic and aesthetic impacts. 

Last December we learned that the Western Area Power Authority 
decided to move a proposed power line further to the east and 
out of the view of park visitors. The staff at THRO informed 
us that our preliminary results had played an important role 
in influencing their decision. 

Data Analysis - 1989 

During this past summer we conducted 685 interviews at THRO. 
Recently completed follow up on the mailback portion of the 
survey has raised the response rate to 47 percent. We are in 
the process of completing the data entry for this larger 
sample. Once again SYSTAT will be used for data analysis 
which will begin the second week in December and should be 
completed by the second week in January. Theodore Roosevelt 
staff are scheduled to arrive for a work session in January 
and a draft of results should be ready for National Park 
Service review and comment in February. 
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Objectives 

CHANGES IN VEGETATION ASSOCIATED WITH 
THE REMOVAL OF PRAIRIE DOGS 

Barry Bennett 
and 

Jane Bock 
Department of EPO Biology 

University of Colorado 
Boulder 

From 1938 to 1982 the total acreage of Black-tailed prairie 
dog (Cynomys ludovicianus) towns in Wind Cave National Park 
increased from 290 to 750 ha. In 1982 a management plan was 
introduced that reduced the area covered by prairie dog towns 
to 290 acres. The objective of this study is to monitor 
vegetation changes that occur following the removal of prairie 
dogs. These data will prove useful in developing management 
plans for the removed prairie dog towns and also provide 
useful data on the vegetation and seed bank composition on the 
Wind Cave National Park grasslands. 

Methods 

Twenty-four transects were established on sites throughout 
Wind Cave National Park; eight transects were placed on active 
prairie dog towns, eight were on towns where the prairie dogs 
had been removed, and eight were located on open prairie sites 
with similar topography to prairie dog towns but with no 
record of prairie dog use. Each transect was sampled for 
above-ground vegetation three times during the summer of 1989 
(May, July and August) . Vegetation on each transect was 
measured with 10, 1-m2 quadrats, recording data on percent 
cover, number of individuals and average height of each 
species present in each quadrat. 

In August, 240 soil samples were collected for analysis of the 
viable seed bank. 100 ml soil samples were collected from 
each vegetation quadrat and taken to Boulder. Samples were 
spread above sand and placed under a misting system in a 
greenhouse. Seedlings are identified to species; 
unidentifiable seedlings are transplanted and grown until 
identification is possible. When no more seeds can be induced 
to germinate, these soil samples will be submerged in water to 
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determine the number of seeds still dormant. 

Results 

Preliminary results suggest that former prairie dog towns are 
intermediate to the active prairie dog towns and open prairie 
in many community measurements. However, the response of each 
species on these towns does not appear predictable. Height on 
the towns from which prairie dogs were removed was 
intermediate to the active towns and undisturbed prairie for 
all months (Table 1). 

Table 1. Height of live plants in em (weighted by cover). 

Month Active Towns Removed Towns Open Prairie 

May 5.6 7.9 10.1 

July 4.9 6.8 9.6 

August 5.8 8.4 9.8 

When vegetation data was analyzed by species, we found species 
specific responses to the removal of prairie dogs. Of the 
plants that were much more common on prairie dog towns than 
open prairie, some were greatly reduced following prairie dog 
removal (Draba reptans, Myosurus minimus, Rosa arkansana), 
while others persisted (Lappula redowskii, Sphaeralcea 
coccinea). Of the plants found in much greater densities on 
open prairie than on active dog towns (Carex filifolia, Stipa 
comata), none were found in higher densities on the towns. 

Several plant species had much larger concentrations on the 
removed towns than on either the active towns or the open 
prairie {Bromus tectorum, Salsola iberica). Most of these 
species are exotic plants and the percent cover of exotics is 
much greater on the removed prairie dog towns than on active 
prairie dog towns or open prairie (Table 2). This is 
interesting because exotics have not been successful in 
invading the heavily disturbed active prairie dog towns, and 
native species have been slow to invade the removed prairie 
dog towns even though prairie dogs are known to abandon towns 
in natural systems. 
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Table 2. Percent cover of native and exotic flora. 

Origin 

Native 

Exotic 

Unknown 

Cover for each species is taken from the month 
with the largest cover for that species. 

Active Towns Removed Towns Open Prairie 

49.4 32.2 33.0 

2.6 22.2 4.5 

20.3 17.4 29.4 

The study of the seed bank has not been completed. This work 
should provide additional information on the revegetation 
processes prairie dog towns. The vegetation data will be 
further analyzed using information gained from Rich Klukas 
(pers. comm.) on the history of each of the transects. Some 
of the transects had been previously used for agriculture and 
the length of time that each prairie dog town has been active 
is highly variable. It is hoped that this information can be 
used to explain some of the variation in the vegetation among 
the transects within each of the three treatments. 

Conclusions 

Preliminary results suggest that the removal of prairie dogs 
is followed by an invasion of exotic plants and a reduction in 
the diversity of native plants. Active management may be 
necessary for the removal of exotic species and to enhance 
recovery of native species. 
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Objectives 

THE MAMMALIAN PREDATOR COMMUNITY OF 
WIND CAVE NATIONAL PARK 

Robert J. Taylor 
Department of Fisheries & Wildlife 

Utah State University 
Logan 

This research has been targeted at describing the species 
composition of mammalian carnivores inhabiting Wind cave 
National Park and at discovering the ecological factors 
structuring that subset of the animal community. Descriptive 
studies in 1988 indicated that the community is atypically 
simple for the Black Hills, and is dominated by coyotes. The 
objectives in 1989 were to compare Wind Cave to comparable 
areas outside the park and to discover the causes underlying 
the community's form within the park. 

Methods 

Three research methods were employed in 1989. The first was 
a comparison of the park to adjacent off-park sites. Two 
areas were chosen for comparison to the park. One was located 
in Custer State Park, just north of Wind Cave National Park, 
second was south of Hot Springs, SD in the vicinity of 
Angostura Reservoir. These areas were surveyed using scent
stations. Since scent-station visitation can be an unreliable 
index of coyote abundance (Knowlton and Stoddart pers. comm.), 
a separate series of 1.6 km (one-mile) scat transects were 
established in each of the areas. Each transect was cleared 
of scats and then surveyed daily for five days for signs of 
new scats. 

The second method was oriented to monitoring spatial use by 
the park's coyotes. Four animals were captured in the winter 
and early summer and equipped with radio-collars. 

The third method was an experimental release of a species 
currently absent from the park. Skunks were chosen for 
release both because they are common in the southern Black 
Hills and because they are the least vagile member of the 
local carnivore community. Ten animals were captured, 
equipped with radio-collars and released within the park 
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during late July and August. 

Results 

A thorough scent-station survey of the park was made in 1988. 
In 1989, 73 scent stations were placed in Custer State Park 
and 44 were placed in the vicinity of Angostura Reservoir. 
These data are summarized in Table 1. The results suggest 
that coyotes are about as common in Custer State Park as in 
Wind Cave and a great deal less abundant in the Angostura 
Reservoir area, where they are trapped intensively. Foxes and 
skunks were not observed in Custer State Park but are present 
in the Angostura area. Raccoons, which are absent from Wind 
Cave, appear to be fairly common both in Custer and Angostura. 
The scat transect data confirmed the relative adundances of 
coyotes; Wind Cave showed .033 scats per transect-day, Custer 
showed .062 scats per transect-day, and Angostura showed .018 
scats per transect-day. 

Table 1. Comparison of scent-station visitation by five 
species of mammalian carnivores of Wind Cave 
National Park (1988) to Custer State Park and 
Angostura (1989). The data are the numbers of 
tracks on scent stations and the percentage of 
stations visited. The species of foxes could not 
be determined from tracks. 

Location 

Wind Cave N.P. 

Custer S.P. 

Angostura 

Coyote 

28 (15%) 

15 (21%) 

1 (2%) 

Species 
Fox Raccoon 

1 ( 1%) 0 

0 6 (8%) 

1 (2%) 2 (5%) 

Skunk Bobcat 

0 0 

0 1 ( 1%) 

3 (7%) 0 

Three of the four radio-collared coyotes were not detectable 
shortly after capture. Because commercially produced 
transmitters should not fail at this rate, I conclude that 
these animals left the park shortly after capture. This 
conclusion must remain tentative, however, since the budget 
did not allow for aerial surveys off the park. The remaining 
animal was located with regularity, a total of 13 times. 
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Skunks that were released in the park proved to be extremely 
difficult to radiotrack from the ground. In all cases they 
moved rapidly away from the release site. An aerial survey at 
the end of this effort (August 22) showed that only one of the 
ten animals remained in the park. This animal had been 
released the night before the aerial survey and had traveled 
5 km (3 miles) from the release site. 

Conclusions 

Coyote densities appear to be high both on Wind Cave National 
Park and on Custer State Park. Raccoons are fairly common in 
custer while they are essentially absent from Wind Cave 
National Park. The presence of raccoon's dominant predator on 
both sites suggests that raccoons may be absent from Wind Cave 
for other reasons, most likely a lack of suitable riparian 
habitat. Skunks appear to be found off the park only where 
coyote numbers have been reduced. 

Radiotelemetry work is surprisingly difficult in the park. 
The forest cover and highly dissected terrain make ground 
locations difficult to obtain. Any future telemetry research 
on mammalian carnivores should plan to rely primarily upon 
aerial tracking. This difficulty notwithstanding, I feel safe 
in concluding that there is a good deal of movement off of the 
park by the coyote population. The park's coyote population, 
along with that of Custer State Park, probably serves as a 
reservoir to replenish off-park populations which are annually 
reduced by trapping. 

The lack of success at establishing skunks in the park 
suggests that these animals do not find the park a suitable 
environment. This is not likely derived from lack of suitable 
habitat. Skunks are quite flexible in their habitat 
requirements, and the park contains many areas identical to 
sites outside of the park where skunks are found. The 
combination of the telemetry data with the scent-station data 
suggests that skunks may be unwilling or unable to live with 
high densities of coyotes. 
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FIRE HISTORY OF THE LAMAR RIVER DRAINAGE, 
YELLOWSTONE NATIONAL PARK, WYOMING 

Stephen W. Barrett 
Systems for Environmental Management 

and 

Stephen F. Arno 
Intermountain Research Station 

USDA Forest Service 
Missoula 

Objectives 

This study's goal is to document the fire history of the Lamar 
River drainage, southeast of Soda Butte Creek in the Absaroka 
Mountains of northeastern Yellowstone National Park (YNP). 
Elsewhere in YNP investigators have documented very 
long-interval fire regimes for lodgepole pine forests 
occurring on rhyolitic derived soils (Romme 1982, Romme and 
Despain 1989) and short-interval fire regimes for the 
Douglas-fir/grassland types (Houston 1973). No fire regime 
information was available for lodgepole pine forests on 
andesitic derived soils, such as in the Lamar drainage. This 
study will provide managers with a more complete understanding 
of YNP natural fire history, and the data will supplement the 
park's Geographic Information System (GIS) data base. 
Moreover, most of the study area was severely burned in 1988 
and historical tree ring data soon will be lost to attrition 
of potential sample trees. 

Specific objectives of the study are to: 1) determine natural 
(pre-1900) fire periodicities, severities, burning patterns, 
and post-fire succession within the study area's major forest 
types (Douglas-fir/grassland, lodgepole pinejsubalpine 
fir/spruce, whitebark pine/lodgepole pine/subalpine fir, and 
whitebarkpinejsubalpine fir timberline habitats); 2) document 
and map the pre-1988 forest age class mosaic; and 3) digitize 
the age class mosaic map for inclusion into YNP's GIS data 
base. 

Methods 

We selected a representative 24,000 ha area encompassing the 
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cache Creek drainage, a major first order tributary within the 
Lamar River drainage. A YNP forest cover type map was 
consulted to identify stands of apparently different ages, 
then transects were used to collect evidence of fire history 
and its role in the development of each stand. Specifically, 
fire scars and post-fire regeneration were dated from 
increment boring and occasionally from sawn cross sections 
(Arno and Sneck 1977, Barrett and Arno 1988). To date, Master 
Fire Chronologies have been developed for the entire study 
area and for individual stands by compiling the chronology of 
fires found for each sample unit. Preliminary interpretations 
of fire history and post-fire succession also have been 
developed by analyzing the patterns of fire occurrence 
relative to stand structure for each forest type. 

In subsequent work, aerial photogrammetry will be used to 
delineate the study area's pre-1988 age class mosaic on 
1:24,000 topographic maps, followed by digitizing of the data 
for the park's GIS data base. Analysis also will focus on an 
examination of available information in the YNP fire atlas to 
interpret fire patterns during the post-1900 fire suppression 
period. 

Results 

Nine transects, covering over 85 km, produced 182 increment 
cores from post-fire age classes at 43 sample sites. These 
age class data were supplemented by fire scar samples from 17 
trees (eight from sawn cross sections, nine from increment 
cores.) Preliminary fire history interpretations are based on 
these samples as well as tree inventory plots portraying 
post-fire succession in the 43 stands. 

The Master Fire Chronology for the Cache Creek age class 
mosaic extends to the mid-1700s. There is little fire history 
evidence prior to that time because a large fire in about 
1756, as well as subsequent stand replacing fires, obliterated 
most evidence of earlier lodgepole pine (Pinus contorta) age 
classes. Therefore, the study area Master Fire Chronology 
spans the 233 years between 1756 and 1989. (Additionally, 
fire scarred Douglas-fir in four stands in the Lamar Valley 
grassland/forest ecotone provided a relatively continuous 
record of non-lethal surface fires back to 1534). Sampling 
produced evidence of 11 stand replacing fires during the 233 
year period--10 fires produced the forest age class mosaic 
before widespread stand replacing fires occurred in 1988. 
These data yield a mean fire interval (MFI) of 23 years for 
the entire study area. That is, a stand replacing fire 
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occurred somewhere in the 24,000 ha study area on an average 
of every 23 years. Moderate to large fires, defined here to 
be in excess of 400 ha, occurred at least four times during 
the period, yielding a preliminary MFI of 78 years for such 
fires. Thus an average of at least two of every three stand 
replacing fires grew to large size. Two extensive fires 
occurred during the 233 year period--the 1756 fire apparently 
burned a large portion of the study area, followed by a 232 
year interval before the next drainage-wide fire in 1988. 

Res tilts for the Cache Creek study area suggest that area 
forests experienced a diversity of fire regimes. This is 
reflected at the stand level by the fire frequencies and 
post-fire successional patterns found for each forest type. 
For example, at the study area's western 
periphery-Douglas-fir/grassland types at the edge of the Lamar 
and Soda Butte prairies--uneven-aged stands dominated by 300 
to 500 year old Douglas-fir (Pseudotsuga taxifolia) 
experienced frequent surface fires. These no doubt consumed 
small Douglas-fir regeneration but were non-lethal to most of 
the larger trees. Eight fire scar samples from four stands in 
this ecotone produced evidence of 15 fires between 1534 and 
1989, yielding an area MFI of 32 years. MFis for the 
individual stands ranged from 35 to 50 years, agreeing well 
with Houston's (1973) results for similar stands elsewhere in 
the Lamar Valley. Several of these old stands were killed 
during the 1988 fires. 

Valley grassland fires also produced frequent opportunity for 
ignition in the relatively moist northwest-facing stands 
(spruce habitat types) in the grassland/forest ecotone. 
However, surface fires were less frequent and more severe than 
in nearby dry Douglas-fir habitat types. The data suggest 
that partial stand replacing fires occurred at 60 to 120 year 
intervals, producing a typically 2- and occasionally 3-aged 
sera! component of Douglas-fir and lodgepole pine. Maximum 
ages for moist-site stands adjacent to the valley ranged from 
150 to 250 years before total stand replacement, and some 
stands were killed in 1988. 

Different fire patterns were found within the adjacent steep 
mountain terrain. The 1988 fires killed most lodgepole pine 
and whitebark pine (Pinus albicaulis) stands in the 24,000 ha 
study area, but data suggest that past fires ranged in 
severity from moderate to severe, influenced in part by site 
type and stand fuel structures. For example, fire frequencies 
and severities were found to differ markedly by aspect. Moist 
north slopes (cool-moist spruce (Picea englemannii) and 
subalpine fir (Abies lasiocarpa) habitat types] experienced a 
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predominant pattern of infrequent stand replacing fires at 100 
to 250 year intervals. Stand structure data show that 
moist-site stands usually had a one-aged component of 
post-fire regeneration (shade-intolerant species) and lacked 
fire scarred veterans, suggesting that lethal fires were 
characteristic. Conversely, on south aspects (warm-dry 
subalpine fire and whitebark pine habitat types) trees with 
one or two basal fire scars were common throughout the 
forested portion of the study area (2,000 to 2,900 m). Here 
the fire scars, and associated stand structure data showing a 
predominantly 2-aged seral component, suggested that partial 
stand replacing fires (patchy, lethal surface fire) often 
occurred. Such fires evidently occurred 50 to 100 years after 
stand initiation, generally followed by a stand replacing fire 
at stand age 150 to 250 years. 

Evidence of multiple surface fires also was found in the upper 
subalpine zone, especially in timberline stands ( 2, 900 m) 
dominated by old whi tebark pine. Stands in the upper 
elevations often attain 400+ years, and veteran whitebark 
pines often have two to four fire scars. Fire severities 
varied spatially, producing complex age structures. Upper 
subalpine stands contain a mix of uneven aged whitebark pine 
and subalpine fir, and one or two even-aged groups of pines 
that evidently regenerated after fire. One krummholz stand 
near Republic Pass had 450+ year old pines with three to four 
fire scars each and yielded a stand MFI of 83 years. In the 
upper subalpine zone the combination of sparse fuels, rocky 
terrain, and recurring surface fires, produces long intervals 
(often >400 years) between stand replacing fires. Even during 
the severe 1988 fires many timberline stands experienced only 
non-lethal or partial stand replacing fire, unlike the 
remainder of the severely burned study area. 

In subsequent phases of this study, data analysis will focus 
on an examination of fire occurrence during the post-1900 fire 
suppression period, as well as mapping and digitizing of the 
forest age class mosaic. Then final report will be prepared 
in March 1990. 
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EFFECTS OF 1988 FIRES ON ECOLOGY OF COYOTES IN 
YELLOWSTONE NATIONAL PARK: 

BASELINE PRECEDING POSSIBLE WOLF RECOVERY 

Abstract 

Robert L. Crabtree 
Maurice G. Hornocker 

Wildlife Research Institute 
Moscow 

Fifteen healthy coyotes (Canis latrans)were captured from 25 
September through 25 October 1989 in the Lamar Valley and 
Blacktail Plateau areas of the northern range of Yellowstone 
National Park. Six males and nine females weighed an average 
of 14.1 kg. Only three of the 15 captured were six months-old 
which suggests low population productivity. After six weeks 
of radio-tracking all 15 were in the general vicinity of 
capture. Initially, 7-8 appear to be alpha breeding adults. 
Pack size appears large and initial minimum counts averaged 
four adults per group. Pilot studies of direct visual 
observation and fixed-station radio-telemetry appear very 
promising. Sixty-five miles of scat-survey transects have 
been laid out and plans to capture 15 more coyotes at 
carcasses in specific areas are underway. 

Introduction 

The ecology of natural, unexploi ted 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. 

The objectives of this project are to: 

1. Assess effects of 1988 fires on coyote survival, 
reproduction, activities, pack and territorial 
dynamics; 
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2. Estimate coyote population density of coyote and 
quantify their ecological role preceding potential 
wolf (Canis lupus) restoration; 

3. Quantify the effect of winter elk (Cervus elaphus) 
carrion availability and mule deer (Odocoileus 
hemionus) density on coyote population dynamics; 

4. Describe coyote seasonal responses to movements of 
elk and mule deer (Odocoileus hemionus); 

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

6. Describe 
scavengers; 

interspecific interactions among 

7. Document predation of coyotes 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; and 

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) and other injury-minimizing 
(and avoidance on non-target species) modifications developed 
by Crabtree (1988) who incurred no major injuries and no 
deaths in 121 captures of 112 individual coyotes. We will 
also capture coyotes with modified snares near carcasses 
during winter. 

The sex, weight, estimated age, condition indices (Crabtree 
1988), presence of scars and unique marks, and description of 
genitalia and mammae will be determined for each coyote. The 
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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 1988) 3-year radio collar weighing 3% of 
body weight (collars include activity and mortality switches). 
Blood samples will be taken for serological analysis and DNA 
fingerprinting. 

All baseline ecological data will be collected according to 3 
biological seasons: whelping, April to mid-June; pup-rearing, 
July through September; and winter (breeding), November 
through March. At the end of each biological season pre
defined transects 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. Resident coyotes 
will be located every hour during 15 randomly chosen night 
sessions each biological season. Coyotes will be located only 
during active periods determined by infrequent 24-hour 
sessions conducted seasonally. Non-resident coyotes will be 
monitored approximately every other day at random hours. 
Individual residency times (Crabtree 1988} 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. 1989). Coyotes will be assigned social 
status based on the classification criteria of Crabtree (1988) 
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 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 (1988). 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. 
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Beginning in the second year of the study, pups will be hand 
captured at dens when 10-12 weeks old and either fitted with 
a newly-developed expandable radio-collar (Crabtree et al., 
unpublished manuscript) or intraperitoneal implants. 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]) and 
statistically tested with a non-parametric randomization 
procedure (Mielke et al. 1976). 

Specific methods for field-oriented objectives 1 through 7 

1. We will quantify the following coyote responses: 
survival, reproduction, changes in social 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 burn types (e.g., forest, 
shrubland, and sedge) with four 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 such as cover, burn 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 (Crabtree 1988, Dennis et al. 
1989). 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 sized and more 
precise estimates. 

We propose a unique innovative approach to determine the 
ecological role of the coyote with emphasis on their impact on 
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prey species. First, we will not only 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 (Antilocapra americana), microtines 
(Microtus~.), etc.). Second, based on the bias-corrected 
estimate for fresh weight of prey consumed, the estimated 
defecation rate, and coyote population size, we can directly 
estimate the total biomass of each prey species consumed per 
coyote and the population total. Third, because we can 
collect a sample of scats for the interior core area of a 
territory with certainty that those scats are from the pack we 
can again, determine the effect of fire, available prey, group 
size, etc. on prey type consumed. Crabtree (1988) 
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 transects 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 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 related to, 
and tested for the availability estimates of carrion and mule 
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 followin~ coyote responses 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-
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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 February when group 
cohesiveness is maximized, ratio estimate from marked feces 
(Crabtree et al. 1989), and most importantly vocalization 
monitoring and response playbacks in winter and summer. 

6. Besides the nocturnal and crepuscular radio-tracking 
periods during the winter period we will conduct a 
supplemental study. This study will consist of two daytime 
tasks: an observation of scavenger interactions at carcasses 
and snow-transects. We will employ modified focal sampling 
procedures (Altmann 1977) and record behavioral information 
into a cassette tape recorder. We propose to observe carcass 
interactions at several locations in burned and unburned areas 
with marked territorial coyotes. The location of natural 
carcasses in relation to known territories will be recorded in 
three categories: territorial core area, territory periphery, 
and corridor between territories (outside). Data will be 
analyzed via a 3 x 2 ANOVA. Possible supplementation of 
carcasses to improve a balanced design and hopefully create 
carcass interactions at observational vantage points will be 
considered. 

Concurrent with carcass transects (objective #3) we will 
record all predator tracks (Coyote, red fox (Vulpes vulpes), 
bobcat (Felis rufus), marten (Martes americana), cougar (Felis 
concolor), wolverine (Gulo gulo), etc.). Besides snow-track 
surveys, sightings, scats, and possible captures 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. Some coyote 
predation can certainly be documented but a valid measure of 
predation rate is yet to be developed. 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 compared on a seasonal and yearly 
basis to the response by livestock owners other involved 
personnel (e.g., Montana Dept. of Fish and Game). 

Results and Discussion 

The project began in late June 1989 with the initial contact 
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of research and ranger personnel. Various planning and 
consulting meetings occurred during the months of July and 
august. We also made several trips to the northern range to 
choose study areas and assess field logistics. 

We began field work on 20 September in the Lamar Valley and 
Blacktail Plateau areas of northern Yellowstone. Starting 25 
September we trapped for four consecutive weeks. Fifteen 
coyotes were captured (nine F, six M) in Lamar and Blacktail 
areas. Trap success was very high and averaged approximately 
25 trap nightsjcoyote. In addition two badger (Taxidea taxus) 
and one red fox were captured. Coyotes averaged 14.1 kg and 
four larger males, thought to be alphas, averaged 17.3 kg. 
Three of the 15 captured were six month-old pups which may 
indicate low population productivity. Early indications 
suggest that seven-eight of the 15 captured may be alpha 
breeding adults. Based on tooth wear, the population seems to 
have an older age structure. 

After six weeks of hand-held radio-tracking all 15 coyotes 
have stayed in close proximity to their initial location of 
capture indicating a resident status. However, it is not yet 
known if all 15 are territorial pack members. We also have 
systematically collected visual observations to ascertain 
social status and estimate pack size. Minimum pack size 
counts of seven groups were 3, 3, 4, 4, 4, 5, and 5. Numerous 
behavioral interactions and capture of prey items have been 
documented. Northern range coyotes appear well-suited to 
unbiased behavioral observation. 

In November we set up approximately 65 miles of scat-survey 
transects. These transects were cleared of scats in order for 
spring collections to be represent winter food habits and 
population density. The number of scats found along transects 
averaged approximately three per mile. concurrent with 
transect selection and scat-clearing we took radio-fixed from 
a variety of locations to determine the best vantage points 
for fixed-station radio-telemetry of coyotes. Numerous 
vantage points were located on ridges and buttes along the 
boundaries of both the Lamar and Blacktail areas. We have 
begun construction of fixed-station tracking shelters. 

We are now preparing for another capture session in December. 
Coyotes will be captured with leg snares adjacent to carcass 
bait stations. This method should be quite selective for 
capture of certain packs and pack members. Within two days 
after we placed · a cow elk carcass at Blacktail Plateau at 
least 10 different coyotes either visited or fed on it. 
Intensive radio-tracking, visual observations, and snow-
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tracking surveys concurrent with carcass surveys will begin in 
December. 

Conclusions 

Because the study was recently initiated and a sample size of 
15 is small, no valid conclusions can be drawn at this time. 
However, it does appear that the northern Yellowstone 
population has characteristics similar to the natural, 
unexploited population in south-central Washington studied by 
Crabtree ( 1988) . Individuals in the northern Yellowstone 
population appear to be physically among the largest coyotes 
in the western u.s. and may have pack sized approaching that 
of gray wolves. 
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ANNUAL ABOVEGROUND PRODUCTION AND CONSUMPTION BY LARGE 
MAMMALIAN HERBIVORES IN THE NORTHERN RANGE OF 

YELLOWSTONE NATIONAL PARK 

Objectives 

Douglas A. Frank 
s. J. McNaughton 

Biological Research Laboratories 
Syracuse University 

Syracuse 

The principal objectives of this study are to measure 
aboveground net primary productivity and consumption by large 
mammalian herbivores in Yellowstone's northern range. The 
significance of such information is two-fold. Firstly, it 
will provide a "pulse rate" of ecosystem processes in an 
integral region of the Yellowstone Ecosystem and a comparison 
of rates of energy and nutrient flows with other ecosystems 
worldwide. This is of particular ecological interest, since 
such data for areas supporting large populations of free
ranging native herbivores are rare. Secondly, these data will 
provide a greater understanding of the effects of ungulate use 
on ecosystem function in Yellowstone, and thereby, an 
assessment of current park management of ungulate populations. 

Methods 

Because of the expansiveness of the northern range, 
subsampling was required. The following 11 plant communities 
were sampled in 1988 and 1989: 

Winter Range 

Transitional 
Range 

Summer Range 

a) 
b) 
c) 

a) 
b) 
c) 

a) 
b) 
c) 
d) 
e) 

Xeric graminoid (Crystal Bench) 
Brome-dominated graminoid (Lamar Valley) 
Timothy-dominated graminoid (Lamar Valley) 

Xeric graminoid ridgetop 
Sagebrush-graminoid slope 
Mesic graminoid swale 

Xeric graminoid ridgetop 
Sagebrush-graminoid slope 
Mesic graminoid meadow 
Mesic forb-graminoid meadow 
Lodgepole pine understory 
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Standing crop was estimated using canopy intercept, a 
calibrated method that relates standing biomass to the number 
of contacts a pin makes when passed through vegetation at a 
fixed angle. This technique provides high precision to 
reasonably estimate standing crop, although attention should 
be given to selecting appropriate regression equations for 
species of different growth forms (Frank and McNaughton 1990). 

Standing crop was measured inside and outside small, movable 
exclosures every four weeks, from snowmelt to snowfall in each 
community. In addition, peak standing crop was measured 
inside large, permanent exclosures (three replicates per 
community) in two communities in 1989, and four communities in 
1989. Aboveground plant production (APP) in grazed vegetation 
will be calculated as the sum of the statistically significant 
positive increments of standing crop inside small exclosures 
during sampling intervals. Total consumption will be 
calculated as the sum of significant differences inside versus 
outside small exclosures. Values for peak biomass inside 
permanent exclosures, estimates of APP in ungrazed vegetation, 
will be compared to those values for grazed vegetation to 
explore the impact of ungulates on energy and nutrient fluxes 
to aboveground plant structures. 

Fecal deposition was estimated in each site with 10, 2x10 m 
transects. Fecal biomass was calculated as the number of 
fecal piles multiplied by the average fecal biomass for each 
ungulate species. Using allometric relationships for ungulate 
body size, these data will enable us to estimate the flow of 
nutrients from ungulates to soil organisms and plants. 

Results 

Currently, results for 1988 and 1989 are too preliminary to 
formalize in a report. However, we plan to explore several 
functional attributes of the northern range. The following 
are the most notable: 

1) Aboveground primary production 

2) Consumption 

3) Consumption on APP 

4) Percent consumption on APP 

5) Consumption on nutrient return by ungulates 
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6) Plant species diversity on APP 

7) Plant species diversity on consumption 

Of course, the enormous differences in climate and ungulate 
numbers between 1988 and 1989 will enable us to determine a 
substantial extent of the potential variation of these 
processes for the northern range. Large ANOVAs that include 
grazing, date, and year as treatments are being performed on 
species, species group and total biomass data for each of the 
communities. This should place us in a good position for a 
timely completion of the project. 
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INSECT RESPONSE TO THE 1988 FIRES 
IN YELLOWSTONE NATIONAL PARK 

Robert J. Lavigne 
Jeffrey A. Lockwood 

Department of Plant, Soil and Insect Sciences 
University of Wyoming 

Laramie 

Objectives 

1) Determine the types of alterations in insect communities 
that invade fire-altered habitats; 

2) Through comparison of burned and unburned areas, 
determine those species which are eliminated ·or reduced 
in numbers and those species that are added or increase 
in numbers due to the effects of the forest fires of 
1988; and 

3) From the impressions gained in field work associated with 
this project, recommend study directions for future 
entomologicaljecological studies. 

Methods 

A detailed discussion of methods are not included in this 
report. Descriptions will be found in manuscripts to be 
submitted for publication and presentations at conferences in 
1990. 

Research sites (nine unburned forest and nine forest fire 
sites, three unburned sagebrush and three burned sagebrush 
sites) were selected on a paired comparison basis. Sites 
were distributed throughout the park from just north of the 
south entrance of Yellowstone National Park and extending into 
the central western part up to just south of Mammoth in the 
northern portion of the Park. 

Data satisfing the first two objectives was obtained by 
sampling each study site every 10 days beginning in early 
July. At each site, litter arthropods were sampled by 
collecting 10 0.25-m2 litter samples; soil arthropods were 
obtained by coring 10, 15 em deep soil samples; and plant 
arthropods were sampled by making 100 sweeps/site with a 15 
inch sweep net. Fifteen pitfall traps per site were laid out 
in three transects to sample crawling arthropods. 
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Stand data (i.e, number of logs, tree density, seed! ing 
densities, standing dead tree densities and litter biomass) 
were gathered along belt transects in each study site to 
determine how habitat characteristics influenced anthropod 
responses for correlation with arthropod data. Soil and 
litter are being analyzed for nutrients and other variables by 
the Wyoming Soil Testing Service. 

Data analysis is being accomplished by ecological parameter 
programs, ANVOA and regression analysis. A preliminary 
compartmental model will be constructed when sufficient 
information is available. At a later date, when successional 
data becomes available, a more detailed model is envisioned. 

Results 

At this point in time litter arthropod samples have been 
transformed and analyzed. One year after the Yellowstone 
fires, litter arthropod diversity, density and richness in 
both forest and sagebrush sites was lower than that found in 
adjacent unburned sites. (Tables 1 and 2) Insect species 
diversity, density and species richness was always lower than 
for other arthropods (i.e., spiders, mites, millipedes, 
centipedes and annelids). 

Sagebrush 

Generally, in unburned sagebrush there were fewer litter 
arthropod taxa than found in unburned forest sites. Lower 
diversity and densities were also found in unburned sagebrush 
than in unburned forest sites. Sagebrush sites contained more 
insect taxa then did forest sites. Overall, fires affected 
sagebrush litter arthropod composition to a much higher degree 
than it did forest sites. 

Sagebrush litter arthropod species richness peaked in mid-to
late August in both unburned and burned sites with more 
species occurring in unburned sites. Species composition data 
showed fewer insect species occurring in both unburned and 
burned sites than other arthropods. There were weekly density 
fluctuations in both unburned and burned sites with greater 
fluctuations occurring in unburned sites. Unburned sagebrush 
litter arthropod diversity fluctuated every ten days. 
Diversity in burned areas tracked increases and decreases of 
arthropod populations after 20 days. Diversity generally 
increased as · the season progressed in burned sites but 
decreased in unburned sites. Generally, species evenness was 
similar in both unburned and burned sites. Peak evenness 
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Table 1. Litter Arthropod Taxa Data. 

Forest 

Taxa found in all sites 
Taxa found in nonburned sites 
Taxa found in burned sites 
Taxa found only in burned sites 
Taxa found more abundant in burned sites 
Taxa found in both nonburned and burned si~es 

Total Taxa 

137 
127 

55 
10 

2 
45 

Noninsect arthropod taxa found in nonburned sites 72 
Noninsect arthropod taxa found in all sites 77 

Insect taxa found in nonburned sites 55 
Insect taxa found in all sites 60 

Sagebrush 
Taxa found in all sites 
Taxa found in nonburned sites 
Taxa found in burned sites 
Taxa found only in burned sites 
Taxa found more abundant in burned sites 
Taxa found in both nonburned and burned sites 

81 
60 
21 

5 
0 

12 

Noninsect arthropod taxa found in nonburned sites 48 
Noninsect arthropod taxa found in all sites 52 

Insect taxa found in nonburned sites 80 
Insect taxa found in all sites 81 

n =540 forest litter samples 
n =270 sagebrush litter samples 
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Table 2. Changes in Litter Arthropod Density and Taxa Due to 
Fire. 

Forest 

Average insect density in unburned sites 
Average insect density in burned sites 

Average noninsect arthropod density 
in unburned sites 

Average noninsect arthropod density 
in burned sites 

Average number of insect taxa in 
unburned sites 

Average number of insect taxa in 
burned sites 

Average noninsect arthropod taxa 
in unburned sites 

Average noninsect arthropod taxa 
in burned sites 

Sagebrush 

Average insect density in unburned sites 
Average insect density in burned sites 

Average noninsect arthropod density 
in unburned sites 

Average noninsect arthropod density 
in burned sites 

Average number of insect taxa in 
unburned sites 

Average number of insect taxa in 
burned sites 

Average noninsect arthropod taxa 
in unburned sites 

Average noninsect arthropod taxa 
in burned sites 

n =540 forest litter samples 
n =270 sagebrush litter samples 
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(m-2 ) (%Change) 

154.7 
19.4 

222.7 

74.1 

18.2 

6.1 

27.8 

10.6 

63.3 
4.7 

346.0 

58.0 

17.0 

1.7 

43.3 

8.3 

87 

67 

68 

63 

95 

86 

99 

83 



occurred, depending on the site, from late July to late 
August. 

Forest 

Mean forest arthropod densities varied widely between unburned 
sites; however, the variance of fluctuation is unknown as the 
data has not yet been analyzed statistically. There were 
large variations among sites, with peak densities occurring in 
mid-August on all sites. Peak anthropod densities also 
occurred in mid-August on burned forest sites. Litter 
arthropod diversity was generally greater and with lower 
fluctuations in unburned forest sites located in northern 
Yellowstone National Park. There were great fluctuations in 
diversity every 10 days in both unburned and burned sites in 
other parts of the park. Generally, fluctuations in species 
diversity were greater in burned sites than in unburned 
sites. Species richness generally showed small weekly 
fluctuations for forest litter arthropods, with more stability 
occurring in burned sites. Evenness of forest litter 
arthropod populations was generally greater in burned areas 
than in unburned sites. However, evenness in burned sites 
generally tracked increases and decreases of evenness in 
unburned sites. 

General 

Several biotic factors (analysis of abiotic factors are not 
complete) were significantly (P<0.05) correlated with 
arthropod populations in unburned forest sites: 1) increased 
numbers of tree seedlings were correlated with decreased 
arthropod diversity, 2) increased density of trees ~ 6" 
diameter was associated with increased arthropod diversity, 3) 
higher densities of standing dead trees had lower arthropod 
diversities and 4) higher densities of logs were correlated 
with greater arthropod densities. Biotic factors 
significantly (P<0.05) correlated with arthropod dynamics in 
burned forests included 1) sites with greater densities of 
tree seedlings had lower arthropod densities, 2) sites with 
more standing dead trees had higher arthropod densities but 
lower arthropod diversities, 3) sites with higher densities of 
logs had lower arthropod densities and diversities and 4) 
sites with higher litter biomass had greater arthropod 
population densities but lower arthropod diversities. 

We have processed 540 forest litter and 270 sagebrush litter 
samples and 156 ·(out of 300) pitfall samples. Thus far, we 
have identified 137 forest litter arthropod species and 31 
sagebrush arthropods species. Thus far, there are 58 forest 
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arthropod families and 32 sagebrush arthropod families taken 
from pitfall samples. There were 136,080 forest arthropod 
specimens and 28,800 sagebrush arthropod specimens extracted 
from the litter. Pitfall traps have produced 3120 forest 
arthropod specimens and 1026 sagebrush arthropod specimens. 

Conclusion 

Fires decreased, even after one year, litter arthropod 
density, diversity and richness in both forest and sagebrush 
habitats. Biotic factors such as the number of tree 
seedlings, the density of logs and standing dead trees and 
litter biomass affected arthropod population densities and 
arthropod species diversity in forest habitats in both 
unburned and burned sites. 

Density, diversity, richness and evenness of arthropod 
populations in unburned and burned sites in forest and 
sagebrush ecosystems fluctuated weekly. Because only the 
litter samples have been analyzed, we can not make 
recommendations for future directions, especially in terms of 
park management. 

Presentations, posters and manuscripts in preparation based on 
the data being obtained from the study. 

Paper Presentation 

Christiansen, T.A., R.J. Lavigne, and J.A. Lockwood. 1990. 
Impacts of the 1988 fires on species and trophic 
diversity of arthropods in Yellowstone National Park. 
Invited paper, Symposium of the Ecological Society of 
America, 1990 Annual Meeting, Snowbird, Utah. 

Poster Presentation 

Christiansen, T.A., R.J. Lavigne, and J.A. Lockwood. 1990. 
Arthropod community structure one year after the 
Yellowstone fires. Fire and the Environment: ecological 
and cultural perspectives. An international symposium. 
March 20-24, 1990. Knoxville, Tenn. 

Papers In Preparation 

Papers in preparation: 

Arthropod litter communities one year after the 1988 
Yellowstone fires. Environmental Entomology. 
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Biotic and abiotic influences on arthropod community 
structure in fire disturbed and nondisturbed forest 
habitat in Yellowstone National Park. Ecology. 

Sagebrush and forest litter arthropod communities in 
Yellowstone National Park. Great Basin Naturalist. 

Litter arthropod 
temperate forest. 

seasonal population dynamics 
Environmental Entomology. 
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Objectives 

GRAY WOLF PREY BASE ECOLOGY 
IN THE NORTH FORK FLATHEAD 

RIVER DRAINAGE 

C. Les Marcum 
Daniel H. Pletscher 

John P. Weigand 
and 

Bruce McLellan 
School of Forestry 

University of Montana 
Missoula 

The overall objective of this research is to study gray wolf 
(Canis lupus) ungulate interrelationships in a multi-prey 
system. This study will focus on elk (Cervus elaphus); others 
will focus on white-tailed deer (Odocoileus virginianus) and 
moose (Alces alces). The study is being conducted in the 
North Fork of the Flathead River drainage, in Montana and 
British Columbia, Canada. Work will be concentrated on the 
western side of Glacier National Park, the main area of wolf 
recovery. 

The specific objectives of the study are to determine: 

1. Age and cause-specific mortality rates for elk; 

2. Seasonal distribution and identification of key elk 
seasonal use areas; 

3. Age and sex distribution/composition in the elk 
population; 

4. Establish an index to elk abundance and distribution 
that may be used for long-term monitoring. 

Methods 

We will assess cause-specific mortality for elk by using 
motion-sensitive radio transmitters (i.e. , mortality collars) . 
Collapsible traps that are modifications (Sparrowe and 
Springer 1970, Roper et al. 1971, McCullough 1975) of the 
original Clover (1954) design will be used to capture elk. 
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Traps will be baited with second cutting alfalfa hay. We will 
place the traps within the territory of the Camas wolf pack in 
Glacier National Park, the Flathead National Forest, or 
southeastern British Columbia. Traps will be checked daily by 
mid-morning, and elk will be physically restrained after 
collapsing the traps. 

Mortality collars will be placed on yearling and adult female 
elk. The collars will be an inconspicuous color (probably 
brown) . to satisfy the concerns of Glacier National Park 
rangers. Collars will be monitored daily to determine whether 
the animal is still moving. When the signal indicates that an 
animal has not moved for at least 4 . hours, we will carefully 
approach the animal on the ground (after monitoring for 
collared predators) and determine the cause of mortality when 
possible (O'Gara 1978, Wobeser and Spraker 1980). Seasonal 
mortality rates will be determined for yearlings and adults 
following Heisey and Fuller (1985). A further breakdown by 
age may not possible due to the small sample size. 

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

Movement patterns of elk in this area are unknown. Radio
collared animals will be relocated weekly to identify key 
areas of seasonal use and seasonal movements. Locations will 
be determined from the ground whenever possible, and from an 
aircraft when necessary. The Universal Transverse Mercator 
system of recording locations will be used to ease in data 
retrieval and to insure that these locations can be used later 
on a geographic information system. Areas receiving high 
seasonal use, as indicated both by radio locations and by 
pellet counts (see below), will be identified. 

Age and sex composition will be estimated when elk are 
aerially located during winter (Unsworth and Kuck 1988) . 
Males continue to carry their antlers until the end of the 
winter and can thus be identified. Calves can be identified 
by size and by shape of the head. The sex and age composition 
of elk populations will also be estimated from road-side 
counts. Both elk and deer tend to concentrate along the North 
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Fork River in spring, making this the time when elk are most 
observable from the ground. This may not be a representative 
count of males and females but, if used for a number of years, 
should indicate trend. Cow-calf counts, estimted during 
aeiral surveys, should be representative of the population. 

Pellet group counts (Neff 1968) will be used as an index to 
estimate relative elk abundance. Transects will be 
established in cooperation with the white-tailed deer project 
and with the moose study. L. L. Eberhardt (pers. commun.) 
recommended transects that are distributed systematic to 
monitor trend. Results from P. Tucker's thesis, conducted in 
the same area, will be available this summer and will provide 
an estimate of the sample size needed to achieve different 
levels of precision for white-tailed deer. She also collected 
information on elk pellet groups, and these data will also be 
available. We will use Tucker's data on variability to enable 
us to detect 15% population change with 95% confidence. Once 
these transects are in place, an index of elk abundance (along 
with deer and moose) can continue to be obtained after this 
project is complete. 

Roadside counts, described above to monitor population 
composition, will also be used with location data to estimate 
population size. The number of radio collared elk seen will 
be used in conjunction with the number of radio collared 
animals in the area and the total number of elk seen to 
estimate population size using the Petersen Index (Caughley 
1977). Because it is unlikely that large numbers of radio 
collared animals will be available in the future, the pellet 
transects will be the primary technique set up to monitor the 
elk population. 

Results 

This study was initiated on 1 October 1989; work to date has 
involved mostly planning and obtaining equipment and supplies. 
After a national search, Michael Bureau was selected to work 
on the study for an M.S. degree in Wildlife Biology. He has 
completed a draft of his thesis proposal. We have had four 
meetings with one or more cooperators from Glacier National 
Park, the u.s. Fish and Wildlife Service, the Flathead 
National Forest, the Montana Department of Fish, Wildlife and 
Parks, and the British Columbia Wildlife Branch to discuss and 
plan various aspects of the project, from logistics to 
research considerations. 

Based on wolf-kill location data from 1985-present (Boyd et 
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al. 1989), reports from winter ranger patrols in Glacier 
National Park, and previous research on the winter 
distribution of cervids in the area (Jenkins 1985), three 
trapping areas have been chosen. These trap sites are located 
roughly in the northern, central and southern portions of the 
range inhabited by the wolf pack in the area. Five 
collapsible traps are now located at each site, and a supply 
of second-cut certified weed-free alfalfa hay has been stored 
nearby. Telemetry equipment (receiver, antennas, and 
"mortality collars") are on order. We will initiate trapping 
in early January, 1990. 
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REMOTE SENSING OF VEGETATION RECOVERY IN GRASSLANDS 
AFTER THE 1988 YELLOWSTONE FIRES 
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and 

Research Summary 

Ronald w. Marrs 
Department of Geology 
University of Wyoming 

Laramie 

In 1988, we developed an algorithm to predict green herbaceous 
biomass in sagebrush grassland communities of elk summer range 
using Landsat multi-spectral scanner (MSS) data (Merrill et 
al. 1988). Our objectives during this contract period were 
(1) to improve this predictive model and (2) to use the model 
for predicting vegetation recovery on grasslands burned in 
1988. 

We made three basic changes in our previous approach to 
predicting vegetative biomass (Merrill et al. 1988). First, 
we are now using thematic Mapper (TM) rather than MSS spectral 
data from the Landsat satellite. TM data are recorded at a 
higher resolution, i.e. ground pixels are approximately one 
quarter the size recorded by MSS. Also, TM records seven 
rather than four spectral wavelength bands which can be used 
in an algorithm to predict vegetative characteristics. We 
hope that the inclusion of the additional bands will improve 
the precision of our predictive algorithm. Second, peer 
review of our earlier work suggested that we develop green 
vegetation and soil brightness indices. Finally, we decreased 
our vegetative sampling effort at each ground truth site and 
increased the number of sites we sampled. 

During early August we sampled 40 sites on elk summer range in 
the Lower Norris, Upper Cache Creek, and on the Mirror 
plateau. Twelve of these sites were burned in 1988. We 
estimated plant cover and height by forage class in 30 0.1 m2 

microplots and clipped 10 of the plots. Vegetation was dried 
at 100 c for 48 hrs and weighed. Canopy coverage of shrubs 
was estimated using a 30 m line transect. Vegetation data has 
been computerized and data analysis is in progress. 

Landsat imagery was purchased by Yellowstone National Park for 
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August 12, 1989. However, because funding for the Landsat 
program was cut severely in 1989, the Goldstone Receiving 
Station in California has been shut down. As a result Landsat 
imagery for the western portion of the United States is not 
regularly acquired except by the Canadian receiving stations. 
Time required for obtaining computer compatible tapes (CCT) 
from Earth Observation Satellite Company (EOSAT) has increased 
from 10 days to over 8 weeks. Consequently, CCT were received 
by the National Park Service in mid-December and by the 
University of Wyoming in late-December 1989. We have 
completed the downloading of the CCT onto our image processing 
systems. We expect to complete our data analysis by March 15, 
1990. 

We will evaluate the accuracy of algorithms developed from 
1989 field and satellite data with additional Landsat imagery 
and ground truthing in 1990-1991. Once the algorithms have 
been validated, we will use the model to quantify vegetation 
recovery across large areas burned in 1988 and compare the 
recovery to comparable unburned areas for the first 33 years 
post burn. 
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SYSTEMS OF YELLOWSTONE NATIONAL PARK 
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Collections and measurements were made in September-October 
1988 at 18 burn and four unburned reference sites (Table 1) 
and in March 1989 at 12 of the burn and one of the unburned 
sites under support from the National Science Foundation and 
the us Fish and Wildlife Service. These are being processed 
and analyzed as part of the present project. In addition, the 
original 22 burn and reference streams were examined again 
during August 1989 for comparison with conditions found just 
after the fire. With a few minor exceptions (e.g., the 
recording thermometers at a few sites were broken or missing) 
all of the information specified in our research proposal for 
September-October 1988 and August 1989 was obtained. Adverse 
weather conditions or "bear closures" prevented the assessment 
of all 22 sites in March but the data from the 12 sites that 
were sampled for invertebrates, periphyton, and organic matter 
appear to be sufficient to strongly suggest that changes in 
food quality due to the fire had an adverse effect on the 
benthic invertebrate community as we had hypothesized (see 
below) . 

All of the physical and chemical environment determinations 
(Table 2) have been completed through the tabulation and 
initial statistical or graphical analyses of the data, except 
for assessment of retention device densities from field-drawn 
maps. The processing of all periphyton samples (chlorophyll 
a and AFDM) has been completed and summary tables compiled. A 
total of 279 periphyton samples were collected. Transported 
organic matter (CPOM and FPOM) was collected at each study 
site (22 sites, two samples/site) in October and August 1989. 
All 88 samples have been processed for AFDM and characterized 
for type of organic material (including % charcoal). 

As we had anticipated, the processing of benthic 
macroinvertebrate samples is only half finished at this time. 
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Table 1. STREAM RESEARCH SITES FOR YELLOWSTONE NATIONAL PARK 
WILDFIRE STUDY (M = mosaic; B = complete burn; 
SONYEW = System of Numbering Yellowstone Waters 
(Mahony and Lentsch 1986; UTM = Universal 
Transverse Mercator Map (coordinate system) 

STREAM ORDER SONYEW UTM 

BURNED WATERSHEDS 
BLACKTAIL CREEK-WFK1 1B 1017-22 4973.1N, 532.8E 
BLACKTAIL CREEK-EFK 1B 101705 4973.5N, 534.3E 
CACHE (noname)* 1B 103322100 4966.3N, 575.8E 
FAIRY CREEK 1B 20180803 4930.3N, 511.7E 
TWIN CREEK 1B 103323 4962.3N, 567.5E 
------- - - - - - - - - - - - - - - - - - - - - - - - -
BLACKTAIL CREEK-MAIN 2B 1017-21 4975.9N, 533.5E 
CACHE (noname) UPPER* 2B 10332210 4966.5N, 573.9E 
CACHE (noname) LOWER 2B 10332206 4964.0N, 572.0E 
FAIRY CREEK* 2B 201808 4930.9N, 511.0E 
IRON SPRINGS CREEK 2B 20181604 4921.7N, 511.2E 
- - - - - - - - - - - - - - ------- - - - - - - - -
CACHE CREEK 3B 103322-22 4965.5N, 573.2E 
HELLROARING CREEK* 3B 1026-22 5001.7N, 548.6E 
IRON SPRINGS CREEK 3B 201816 4922.8N, 511.7E 
LAVA CREEK 3B 100705 4976.0N, 529.7E 
SOUTH CACHE CREEK 3B 10332208 4965.2N, 573.3E 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CACHE CREEK1 4B 103322-21 4965.0N, 572.7E 
HELLROARING CREEK* 4B 102N, 548.4E 
LAMAR RIVER 1 4B 1033-22 4962.5N, 567.6E 
- - - - - - - - - - - - - - - - - - - - - - - - -
------- - - - - - - - - - - - - - - - - - - - - - -

UNBURNED WATERSHEDS 
AMPHITHEATER CREEK 2 10331714 4974.3N, 571.9E 
ROSE CREEK 2 103312 4972.0N, 561.2E 
PEBBLE CREEK* 3 10331713 4976.0N, 570.0E 
SODA BUTTE CREEK* 4 103317 4968.5N, 565.7E 

*Not sampled March 1989 due to adverse weather conditions or 
"bear closure". 
1sampled in March but no invertebrate collections obtained due 
to thick ice or high water. 
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Table 2. Summary of measurments made. 

Variable 

Physical 
Temperature, annual range 
Discharge 
Channel Gradient 
Cross-section Profiles 
Velocity 
Substratum Particle Size 
Embeddedness 
Retention Devices 
Riparian/Channel Conditions 

Chemical 
General Properties 
Major Specific Ions 

Biological 
Periphyton 

AFDM 
Chl .9. 

Benthic Invertebrates 
Benthic Organic Matter 

AFDM 
% Charcoal 

Transported Organic Matter 
AFDM 
% Charcoal 
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Samples or Measurements 
Processed/Total Obtained 

22/22 
48/48 

440/440 
220/220 

4400/4400 
4400/4400 
4400/4400 
22 sites mapped 

220/220 

52/52 
68/68 

279/279 
279/279 
215/279 

141/285 
141/285 

88/88 
88/88 



The study protocol involved the collection of 110 samples from 
22 sites (fivejsite) each collected in October 1988 and 
August 1989, and 59 samples from the 12 sites (1 missing from 
WF Blacktail Deer Cr.) collected in March 1989. Of these 279 
samples, 215 have been hand sorted (to separate 
macroinvertebrates from plant matter and inorganic sediments) 
and 145 have been processed completely (invertebrates 
identified, enumerated, and weighed). Macroinvertebrate data 
for two samples from 10 sites each from October 1988 and 
March 1989 are included in this report. Once the 
macroinvertebrates have been removed from the benthic sample, 
the remaining material associated with that sample is 
characterized in terms of the relative composition of plant 
organic matter. This material is then dried, weighed, ashed, 
and reweighed, to determine organic mass. 

SIGNIFICANT FINDINGS 

Biological Relationships. Between October 1988 and March 1989 
there were marked decreases in abundance, richness, and H 1 

diversity in six of eight burned sites examined, whereas these 
values increased or remained constant in the unburned streams. 
We attribute these changes to high amounts of charcoal on the 
stream bottoms and in transport as a result of the fires, 
since no physical disturbances from the runoff occurred during 
this period. We believe that the charcoal decreased the 
palatability and quality (e.g., increased C:N values) of the 
organic matter pool as food. Although benthic organic matter 
increased in amounts between October and March in six burned 
streams, it decreased in five others and similar patterns were 
seen in the two unburned streams, however, the burned streams 
all had substantially greater proportions of charcoal making 
up the BOM than did the reference streams and in all but three 
of the burned streams the amounts of charcoal increased while 
decreasing in the unburned streams (except Iron Springs 3°) 
during this period, with comparable changes observed in the 
unburned streams. 

Transported organic matter (TOM) was collected in October 1988 
and August 1989 from all study streams and categorized as 
coarse particulate (CPOM) or fine particulate organic matter 
(FPOM). These data indicate that 67% of the burn sites showed 
an increase in the amount of CPOM between October and August 
whereas only 25% of the unburned showed an increase for the 
same period. Charcoal contributed greater than 50% of the CPOM 
mass in the burn sites while averaging less than 10% of the 
mass of the unburned sites. The relative amount of charcoal 
in the CPOM was similar between years at most burn sites. 
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The quantity of FPOM was substantially greater in August 1989 
than in October 1988 (from two to about 100x) in 90% of the 
burn sites, although the Upper Cache Creek site showed a 
several-orders-of-magnitude increase. Only 25% of the unburned 
sites showed an increase in FPOM in August 1989 over October 
1988. As with CPOM, the relative amount of charcoal in the 
FPOM was higher in the burn sites (usually greater than 50%) 
than in the unburned sites (generally 0%). In addition, the 
percent charcoal typically was higher in August 1989 than in 
October 1988 in the burn sites. 

Physical and Chemical Relationships. Melting of the spring 
1989 snow pack was much slower than had been anticipated (P. 
Farnes, scs, Bozeman, pers. comm.). Consequently, even though 
several periods of "blackwater" associated with runoff from 
heavy rains occurred between runoff and our August sampling 
period, erosion of the stream bed and alteration to channel 
morphology generally were much less than we had anticipated. 
However, several 1st and 3rd order streams, particularly, in 
the Cache Creek and Hellroaring Creek drainages, did sustain 
substantial channel alteration. Should a normal or above 
snowpack develop this winter and more usual runoff patterns 
occur this spring, severe scouring of the channels may still 
develop. But, if the milder conditions experienced in 1989 
persist over the next year of so, damage from the fire may be 
much less severe and recovery much more rapid than we had 
originally predicted (Minshall et al. 1989). Even with the 
more "controlled" runoff, changes in channel conditions were 
detected. Marked reductions were observed in diversity of 
current velocities in the burned streams, as indicated by 
differences in coefficients of variation between the two 
dates. Similar changes in substratum were recorded in half of 
the burned stream sites. No comparable changes in either 
variable occurred in the unburned streams. Regression 
analysis between substratum axes measured across sites 
indicate that a single rock dimension is adequate to describe 
the substratum particle-size characteristics for a site. In 
addition, estimates of required sample size indicate that an 
n=lOO rocks is adequate for characterizing substratum particle 
size at a site at 90% confidence level. 

PROBLEMS THAT MAY IMPEDE PERFORMANCE AND CORRECTIVE ACTION 

The greatest problem associated with most stream studies 
involving field research is the intensive laboratory time 
needed to work-up samples. Benthic samples alone require an 
average of 5 h to process. Once processed, the raw data needs 
to be computerized for reduction and analysis. The data-
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reduction step also is a time consuming process due to large 
number of taxa (averaging 20-40 per site) found in lotic 
benthic samples. However, once the data are entered and 
reduced to means and standard deviations, the analysis roceeds 
relatively quickly. In order to speed up the initial 
processing steps, we have added personnel to this stage but 
even this requires time for proper training and supervision. 
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Objectives 

INVESTIGATION OF THE IMPACT OF FOREST 
FIRES ON THE CHEMISTRY AND WATER 

QUALITY OF GROUND WATER IN 
YELLOWSTONE NATIONAL PARK 

Donald D. Runnells 
Mary A. Siders 

Department of Geological Sciences 
University of Colorado 

Boulder 

The objective of this research is to provide a detailed 
analysis and assessment of the impact of the 1988 forest fires 
on the chemistry and water quality of shallow ground water in 
Yellowstone National Park. Specific objectives for the first 
five months of this study (August through December, 1989) 
included: (1) review of existing data on the chemistry of 
ground water at selected sites in Yellowstone National Park, 
(2) selection of suitable sampling sites and initial rounds of 
sample collection and analysis, (3) continued literature 
search for comparable or complimentary studies, ( 4) 
establishment of professional contacts within the park, other 
universities, and within the U.S. Geological Survey. 

Sampling sites for this investigation were selected on the 
basis of existing wells and pre-fire chemical data. 
Comparison of the analytical results for the post-burn waters 
with the pre-fire database will be made on a component by 
component basis (see Table 1 for a listing of parameters and 
components) . Assessment of the sources, transport, and fates 
of dissolved components will be performed by means of 
geochemical computer modeling. We will use at least two 
standard geochemical models developed by the u.s. Geological 
Survey. These are PHREEQE (Parkhurst et al. 1980) and BALANCE 
(Parkhurst et al. 1982). Both of these programs were designed 
to model chemical reactions between ground water and minerals 
in the soils and bedrock. 

A continuing search of the literature, including theses, 
journal articles, and other publications, has uncovered 
several studies of soil chemistry and surface water chemistry 
under post-fire conditions in areas far removed from 
Yellowstone. Some of the information contained in these 
publications may be instructive with regard to chemical trends 
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Table 1. List of components/parameters analyzed, type of 
sample container required, recommended holding 
times, and type of analysis employed. P = nalgene 
plastic bottle; G = amber glass; T = teflon cap; 
all containers cleaned to EPA specifications. F = 
filtered through 450 nm membrane filter. IC = ion 
chromatography; GFAA = graphite furnace atomic 
absorption spectroscopy; Flame AA = flame atomic 
absorption spectroscopy (air/acetylene unless 
otherwise specified) ; ICP = inductively-coupled 
plasma emission spectroscopy; DPP = differential 
pulse polarography; Colorimetry using H a c h 
portable spectrophotometer and various methods. 
Redox potential (Eh) measured using platinum and 
calomel electrodes. 

STANDARD SAMPLE COLLECTION AND TREATMENT PROCEDURES' 

PARAMETER/ TYPE OF SAMPLE RECOMMENDED TYPE OF 
ANALYSIS COMPONENT CONTAINER TREATMENT HOLDING TIME 

Alkalinity p F, 4°C 14 days Titration 
Conductivity p wellsite Cond. meter 
pH p wellsite pH meter 
Temperature p wellsite Thermometer 
Redox (Eh) p well site Voltmeter 
DOX p wellsite COlorimetric 
Fe•2 p well site COlorimetric 
DOC G, T F, 4°C 28 days COlorimetric 
Si02 

p F, 4°C 28 days COlorimetric 
Cl p F, 4°C 28 days IC 
F p F, 4°C 28 days IC 
N03 

p F, 4°C 2 days Colorimetric, IC 
N02 p F, 4°C 2 days Colorimetric, IC 
P04 p F, 4°C 2 days Colorimetric, IC 
Metals p F, pH 1.5 6 months (see below) 

As (total) .......................... GFAA, 
As (III) ..•.••••.•........•........•. DPP 
Pb . . . . . . . . . . . . . . . • . . . . . . . . • . . . . • • • • . GFAA 

ICP 

Mn . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . GFAA, ICP 
Fe (total) .......•••.•••.... GFAA, ICP, Colorimetric 
Al ..............•....••. N20jacetylene flame AA, ICP 
Mg . . . . . . . • • • • • . . . . . . . . . . . . . . . . . . • • • . Flame AA, ICP 
Ca . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . • Flame AA, ICP 
Na . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Flame AA, ICP 
K ................................... Flame AA, ICP 

Procedures from the following references: Standard Methods 
for the Examination of Water and Wastewater. 1989. National 
Handbook of Recommended Method for Water-data Acquisition, 
U.S.G.S., 1984. 
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or possible problems that may arise during the course of this 
study. 

By interacting with other researchers, information 
complementary to, but outside the scope of this study, may be 
made available. We have arranged to work with Dr. Dan Norton, 
an analytical chemist with the U.S. Geological Survey, during 
the upcoming months. Dr. Norton has collected numerous ash, 
soil, and snow samples during his visits to Yellowstone for a 
different study. Ms. Siders will be analyzing these samples 
for Dr. Norton, using the facilities at both the University of 
Colorado and the laboratories of the U.S. Geological Survey in 
Denver. 

Methods 

Water samples have been, and will continue to be, collected at 
the selected sites in accordance with procedures outlined in 
the National Handbook of Recommended Methods for Water-Data 
Acquisition (Office of Water Data Coordination, USGS, August, 
1984 update). Separate, one-liter bottles of water are 
collected for analysis of anions, cations, and nutrients. In 
addition, 250 mL samples are collected for analysis of 
dissolved organic carbon (DOC). All water samples are 
filtered through a 450 nm membrane filter at the field site, 
and cation samples are acidified to pH 1.5 or less, using 
concentrated ultrapure nitric acid. Samples for DOC, anions, 
and nutrients are immediately put on ice after collection, and 
kept refrigerated until analysis. Parameters measured in the 
field include pH, Eh (redox potential), water temperature, 
dissolved oxygen (DOX), dissolved ferric iron, total dissolved 
iron, and electrical conductivity. 

Laboratory analyses employ a number of different analytical 
methods. Anions are being analyzed by ion chromatography and 
colorimetric methods. Cations are being analyzed by atomic 
absorption spectroscopy, colorimetric methods, and inductively 
coupled plasma emission spectroscopy (ICP). Table 1 
summarizes the analytical methods used for each component, as 
well as the type of collection bottle, the methods of sample 
treatment and the recommended holding times. 

Results 

During the initial five months of this study, one 
reconnaissance trip and three sampling trips were made to 
Yellowstone. Samples were collected from selected wells at 
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four sites in the park. These include: Grant Village (heavy 
burn), Old Faithful (moderate burn), Madison Junction (light 
to no burn) , and Fishing Bridge (no burn) . Samples were 
collected from 12 different wells and water table measurements 
were made for as many as 32 wells during each visit. 

Analytical results have been obtained for dissolved organic 
carbon (DOC), anionic components (F, Cl, N03 , N02 , P04 , SO~), 
nutrients (N03 , N02 , P04), silica, aluminum, and arsenic. 
Complete analyses for all samples collected to date will be 
completed by the end of February, 1990. In addition, 
analytical work on Dr. Norton's soil and ash samples will be 
carried out throughout the winter months. Field work will 
resume again as soon as the park roads open in the spring of 
1990. Early trips will be scheduled in an attempt to assess 
the effect of snowmelt. 

Examples of alkalinity titration curves are illustrated in 
Figures la and lb. Results for total arsenic analysis are 
presented in Table 2. Data from analyses for sio2 , performed 
using colorimetric methods, are presented in Table 3. The 
range of values for Si02 is generally above the typical range 
for non-thermal ground water of 1 to 30 mgjL, but falls well 
below the concentrations of silica in some of the Park's 
thermal waters (Hem 1985). Dissolved organic carbon (DOC) 
values are shown in Table 4. The average concentration for 
DOC in rivers in Yellowstone is 5.75 mg/L (Hem 1985). The 
concentrations in ground water normally are less due to 
adsorption of organics that may be present in recharge waters 
(Hem 1985). Although large amounts of particulate charcoal 
and ash have been observed in surface waters in Yellowstone, 
the low concentrations of DOC in all of ground waters sampled 
to date indicate that carbon-rich waters have not yet 
infiltrated into the ground waters. 

Conclusions 

At this point it ·s too early in the investigation to state 
any definitive conclusions. Analytical work on soil and ash 
samples is planned for the upcoming months, as well as 
complete analysis of additional suites of samples to be 
collected in the spring of 1990. However, initial results for 
analysis of arsenic indicate that the water meets the EPA's 
Primary drinking water standard (1976) of less than 50 umjL 
(ppb) As. Thermal waters in the park commonly contain high 
levels of As · (Stauffer et al. 1980), which suggests that 
thermal input is minor in the ground waters examined for this 
study. The elevated concentrations of sio2 are probably due 
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Table 2. Total arsenic concentrations as determined by 
graphite furnace atomic absorption spectroscopy 
(GFAA). Calibrated working range 3-50 ppb. All 
spikes 10 ppb; a spiked sample was run immediately 
after analysis for every sample. EPA requires spike 
recoveries between 85-115%; the few analyses 
falling outside this range are noted with an 
asterisk and were reanalyzed. (NOTE: Error analysis 
has not yet been done for these data, so only the 
value of standard deviation {SO) is given here). 
%RSO is a measure of the deviation of multiple 
analyses about the mean and is calculated as 
(SO/MEAN)*100 = %RSD. A variation (%RSD) of~ 10% 
is considered acceptable (Standard Methods, 1989), 
and is the case for all but one analysis. Accuracy 
checked by running standards as unknowns. 

ARSENIC ANALYSES 
SAMPLE CONC. (ug/L) SO {n=2) %RSO SPIKE RECOVERY(%) 

FB-1a {8-29-89) 
FB-1b (8-29-89) 
FB-1 (9-10-89) 
FB-2 (8-30-89) 
Fb-2 (9-10-89) 
FB-2b {10-23-89) 
FB-2a (10-23-89) 
GV-1 (9-8-89) 
GV-1 (9-9-89) 
GV-5 (9-8-89) 
GV-6 (9-11-89) 
GV-6 (10-23-89) 
GV-6b (10-23-89) 
GV-10 (8-27-89) 
GV-10 (8-27-89) 
GV-10 (10-23-89) 
GV-10 (10-23-89) 
Field Blank 
STO 50 as unknown 
STD 25 as unknown 
STD 10 as unknown 
STO 5 as unknown 
STD 3 as unknown 
MJ-1 (8-28-89) 
MJ-1 (9-9-89) 
MJ-1 (10-24-89) 
MJ-7 (9-9-89) 
MJ-9 (9-10-89) 
OF-1 (8-28-89) 
OF-1 (9-10-89) 
OF-1 (10-24-89) 

2.8 0.0 
2.3 0.2 
2.1 0.1 
2.6 0.4 
3.0 0.1 
3.0 0.1 
2.6 0.1 

14.4 0.8 
15.5 1.3 
7.1 0.1 
0.4 0.4 
0.5 0.5 
0.5 0.4 
6.6 0.1 
7.2 0.4 
5.8 0.5 
5.6 0.3 
0.3 0.2 

51.2 0.4 
26.5 0.4 
10.2 0.3 
5.2 0.4 
2.9 0.2 
7.8 0.5 
7.9 
8.7 0.4 
7.9 
0.1 0.1 
8.7 0.4 
5.9 
6.1 
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0.00 
9.56 
6.66 

13.85 
3.33 
4.66 
5.38 
5.14 
8.64 
1.40 

1.51 
5.83 
8.62 
5.00 

0.82 
1.35 
2.74 
8.07 
7.58 
5.13 

4.60 

4.60 

108 
109 
108 
114 
115 
105 
110 
123* 
112 
107 
112 
104 
107 
116* 
114 
113 
113 
104 

88-105 
101 

87-110 
101 
112 

93-99 
110 
109 



Table 3. Silica analyses, with reported uncertainties equal 
to the standard deviation of triple or quadruple 
analyses. Analyzed using both silicomolybdate 
method and heteropoly blue method. Both methods 
adapted from Standard Methods by the Hach Co. %RSD 
is a measure of the deviation of multiple analyses 
about the mean value and is calculated as: 
(SD/MEAN)*100 = %RSD. Accuracy checked using USGS 
standards. The USGS standards have the following 
reported values: USGS M-94: X = 18.1, SD = 1.3; 
USGS M-6: X= 10.8, SD = 0.3, USGS M-98: X= 10.4, 
SD = 0.9; USGS M-108: X = 21.6, SD =1.5 

SILICA ANALYSES 
SAMPLE CONC. (mg/L) SD %RSD 

MJ-1 (8-28-89) 80.3 0.2 0.25 
MJ-7 (9-9-89) 62.3 0.0 0.00 
MJ-9 (9-9-89) 84.4 0.2 0.24 
OF-1 (8-28-89) 82.5 0.3 0.36 
OF-1 (9-10-89) 82.2 0.3 0.36 
OF-1 (10-24-89) 81.7 0.1 0.12 
FB-1b (8-29-89) 43.7 0.1 0.23 
FB-1a (8-29-89) 37.7 0.1 0.27 
FB-1b (8-29-89) 43.2 o.o 0.00 
FB-1b (8-29-89) 43.3 0.0 0.00 
FB-1 (9-10-89) 42.8 0.0 0.00 
FB-2 (8-30-89) 46.9 0.0 0.00 
FB-2 (8-30-89) 45.8 0.1 0.22 
FB-2a (10-23-89) 41.7 0.1 0.24 
FB-2b (10-23-89) 46.4 0.2 0.37 
FB-2b (10-23-89) 47.0 0.1 0.21 
GV-1 (9-8-89) 33.9 0.0 0.00 
GV-5 (9-8-89) 40.6 0.1 0.25 
GV-6 (9-11-89) 35.0 0.2 0.59 
GV-6 (9-11-89) 35.1 0.1 0.28 
GV-6a (10-23-89) 38.2 0.2 0.52 
Gv-6b (10-23-89) 37.2 0.3 0.81 
GV-10 (8-27-89) 37.8 0.0 0.00 
GV-10 (10-23-89) 40.4 0.1 0.25 
USGS STD M-94 17.7 0.0 0.00 
USGS STD M-94 17.5 0.0 0.00 
USGS STD M-94 18.0 0.0 0.00 
USGS STD M-6 10.4 0.1 0.96 
USGS STD M-6 10.3 0.1 0.97 
USGS STD M-98 10.3 0.1 0.97 
USGS STD M-108 20.0 0.1 0.50 
USGS STD M-108 21.0 0.1 0.48 
Field Blank 0.1 0.0 0.00 
Lab Blank 0.5 0.0 0.00 
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Table 4. Dissolved organic carbon (DOC) analyses for 
selected wells. Samples FB-2b, GV-6 and GV-10 were 
analyzed in duplicate. Analyzed using coulometric 
methods at Huffman Laboratories, Golden, co. 

DISSOLVED ORGANIC CARBON ANALYSES 

SAMPLE DOC (mg/L) 

FB-2a (10-23-89) 2. 
FB-2b (10-23-89) 2 • I 2. 
GV-1 (10-25-89) ----- 3. 
FB-1a (10-25-89) 2. 
FB-1b (10-25-89) 2. 
GV-5a (10-25-89) ---- 3. 
GV-5b (10-25-89) ---- 3. 
GV-6 (10-23-89) ----- 1. I 1. 
GV-10 (10-23-89) ---- 2 • I 2. 
MJ-1 (10-24-89) ----- 1. 
MJ-7 (10-24-89) ----- 2. 
OF-1 (10-24-89) ---- <1. 
Field Blank -------- <1. 
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in part to the silica-rich volcanic ash and rhyolitic rocks 
that comprise the substrate. 

Avenues to be pursued in the upcoming year include 
installation of vacuum lysimeters at the study sites for 
collection of water from the unsaturated zone (i.e. above the 
water table). Also, during future sampling trips, more water 
table measurements will be made in order to better assess the 
direction of ground-water flow. Some work may also be 
performed with stable isotope analysis of both ground water 
and adjacent surface waters in order to estimate the 
percentage of surface flow versus infiltration and ground 
water recharge. 
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THE ROLE OF SUBNIVEAN ACCESS IN WINTER 
HABITAT SELECTION OF MARTEN 
IN YELLOWSTONE NATIONAL PARK 

Stuart Sherburne 
John Bissonette 

Utah Cooperative Fish and Wildlife Research Unit 
Utah State University 

Logan 

Objectives 

This research project has two primary goals. The first is to 
determine home range spatial dynamics of marten (Maxes 
americana) in Yellowstone relative to habitat type. Results 
of this analysis will aid in the understanding of marten 
habitat selection. 

The study's second goal is aimed at identifying the habitat 
variables that influence subnivean access. A proximate factor 
analysis of subnivean access behavior will be conducted to 
determine the components that make old growth suitable for 
marten. Results from both objectives will allow assessment of 
the effects of the 1988 fires in Yellowstone on marten 
habitat. 

Methods 

The methodology discussed below relates only to the two 
primary objectives. 

The first objective will be addressed through the use of radio 
telemetry and snow tracking data. Telemetry data will be 
analyzed using a bootstrap program to determine home range 
dynamics. Snow tracking will be used to confirm telemetry 
data and locate subnivean access points. 

The second objective will be examined by using snow tracking 
data. Habitat variables to be measured include overhead 
cover, snow depth, cover type, downed woody debris and 
subnivean prey densities. Access points located through snow 
tracking will be marked and habitat variables measured. 
Random transects will be run through a variety of habitat 
types to determine if these habitats are used by marten. 
Habitat variables will be measured in un-used habitat and 
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values compared to those from used habitat. Multivariate 
analysis will be used to compare values from different habitat 
types and to identify if features of used access points are 
significantly different from potentially available access 
points in unused habitat. 

Field work begins in January of 1990. There will be two 
winter and two summer field seasons. Preliminary data 
analysis will begin in the fall of 1990. Data analysis 
completion and a final report are targeted for June of 1992. 
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SPATIAL HETEROGENEITY OF BURN SEVERITY AND FIRST-YEAR 
VEGETATION RESPONSES FOLLOWING FIRE 

ON SUBALPINE PLATEAUS IN YELLOWSTONE NATIONAL PARK 

Objectives 

Monica G. Turner 
Robert H. Gardner 

Environmental Sciences Division 
Oak Ridge National Laboratory 

Oak Ridge 

and · 

William H. Romme 
Biology Department 
Fort Lewis College 

Durango 

The 1988 fires that burned in Yellowstone National Park 
presented ecologists with a unique opportunity to investigate 
ecological responses to large-scale fires (Christensen et al. 
1989, Knight and Wallace 1989). The Yellowstone fires created 
an extremely heterogeneous landscape in terms of both the 
overall burning patterns and the variable fire severity within 
burned areas. Large fires rarely consume the entire forest 
because of the influence of wind variations, topography, 
vegetation type, natural fire breaks, and the time of day that 
the fire passed through (Rowe and Scatter 1973, Wright and 
Heinselman 1973, Van Wagner 1983). Direct fire effects such 
as tree mortality and organic matter consumption are related 
to locally variable parameters such as moisture content (Brown 
et al. 1985, Peterson and Ryan 1986, Ryan et al. 1988), and 
fire severity and return intervals are often strongly 
influenced by topographic and edaphic variability (Habeck and 
Mutch 1973, Romme and Knight 1981, Hemstrom and Franklin 1982, 
Whitney 1986). Therefore, burned landscapes generally contain 
areas of low as well as high intensity fire, usually in a 
complex mosaic (Van Wagner 1983) . These variable fire 
intensities result in a heterogeneous pattern of burn 
severities (effects of fire on the ecosystem), as well as 
islands of unburned vegetation. The influence of burn 
severity on plant reestablishment following fire is well 
documented (e.g., Lyon and Stickney 1976, Rowe and Scatter 
1973, Viereck 1983, Ryan and Noste 1985), and the importance 
of the effects of limited burns and low-intensity fires on the 
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vegetation mosaic has been recognized (Habeck and Mutch 1973, 
Rowe 1983). However, few studies have dealt explicitly with 
the spatial variation of fire effects in a systematic and 
quantitative way. 

We initiated field studies in 1989 at three sites located on 
subalpine plateaus in Yellowstone Park to quantify the spatial 
heterogeneity of the 1988 fires and the first-year responses 
of the vegetation. Our set of permanent plots is one of only 
three that were initiated on the forested plateaus during the 
first year following fire and is the only study that covers a 
relatively large spatial extent (1 km x 1 km). The most rapid 
changes in vegetation probably will occur during the first 10 
years, with a gradually slowing rate of change thereafter. In 
this report, we discuss the spatial heterogeneity of burn 
severity and the first-year responses of the vegetation in our 
three study areas. 

Methods 

Three sites were selected for study based on geological 
substrate and elevation and burn heterogeneity as observed 
aerially and from the ground. The two most important 
environmental gradients controlling vegetation on the plateaus 
are related to elevation and geological substrate (Despain in 
press), and our study areas were related to these gradients as 
follows: 

1. Mystic Falls Site (1 km west of Biscuit Basin, 
north of the Little Firehole Meadows trail). 
Located on rhyolite substrates below 2500 m 
elevation, this combination represents the dry and 
infertile end of the major gradients (Despain in 
press) ; 

2. Mallard Lake Site (1 km west of Old Faithful, north 
of the Mallard Lake trail). Also located on 
rhyolite substrates but above 2500 m elevation, 
this site is more mesic than lower-elevation sites 
but still relatively infertile; and 

3. Heart Lake Site (1.5 km east of Heart Lake 
trailhead, north of the trail). Located in lake 
bed sediments and unsorted glacial deposits, this 
site appears more mesic and fertile than the other 
two on rhyolite substrates. 

Because we were interested in spatial heterogeneity, study 
sites were purposefully placed in areas in which a mosaic of 
fire severity was observed. All three sites had similar pre-
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fire forest vegetation dominated by lodgepole pine (Pinus 
contorta var. latifolia). 

Sampling was conducted during July 1989. At each site, a lkm 
x lkm grid was established in which sampling locations were 
located at lOOm intervals. Thus, there were 100 sampling 
points in each grid, providing a spatial resolution of 1 ha. 
Each grid was oriented toward true north so that our data 
would be compatible with remotely sensed imagery and other 
data stored in the park's geographic information system (GIS). 

Four burn severity categories were used to classify the 
effects of the fires (Table 1). At each of the 100 points, we 
recorded information on several parameters of fire severity 
(severity class, depth of ash, depth to which soil was 
charred, and percent mineral soil exposed), pre-fire community 
structure (forest successional stage; tree density; tree 
species; and tree size, measured by diameter at breast 
height), first-year plant responses (percent cover of 
graminoids, forbs, and low shrubs; dominant species; and 
number of seedlings of Pinus contorta var. latifolia), and 
general site characteristics (slope and aspect). 

Results 

All burn severity classes were represented on each site 
(Figure 1). The depth to which soil was charred increased 
with fire severity, ranging from an average of 5.8 mm in 
lightly burned sites to 13.6 nun in sites that experienced 
crown fires (Table 2). Among burn severity classes, unburned 
sites had the highest vegetative cover in forbs (11. 7%), 
graminoids (18.2%), and low shrubs (19.5%). Total vegetative 
cover declined somewhat in lightly burned sites but was 
extremely low in moderately burned (<10%) and crown fire sites 
( <4%) . The percent cover of exposed mineral soil was greatest 
in crown fire sites (81.9%) and lowest in unburned sites 
(4.9%). 

Conclusions 

our results demonstrate tremendous heterogeneity in fire 
severity and first-year plant responses in areas burned by the 
1988 fires. We plan to continue sampling the three grids 
annually for at least several years, and at longer intervals 
thereafter. ·The most striking changes are expected in the 
first few years. 
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Table 1. Classes of burn severity used to define within-patch 
heterogeneity. 

Class Burn severity 

0 Unburned 

1 Light burn 

2 Moderate burn 

3 Crown fire 

Description 

No sign of fire effects. 

Light surface burn; canopy trees 
still have green needles, although 
stems may be scorched; soil organic 
layer still largely intact, though 
burned in small patches. 

Heavier surface burn; needles on 
canopy trees were not consumed but 
are dead; pre-fire soil organic 
layer largely consumed, but soil 
covered by dead leaves fallen from 
the canopy after the fire. 

Needles of canopy trees completely 
consumed by fire; soil organic layer 
almost entirely consumed and soil is 
bare with no litter. 
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Figure 1. Heterogeneity of burn severities in three 1km grids 
that we sampled in Yellowstone during July 1989. 
Each grid represents 100 sampling points. The burn 
severity classes are described in Table 1. 
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Objectives 

The main objective of this study is to estimate the 
distribution, habitat use, and reproductive status of Mexican 
spotted owls (Strix occidentalis lucida) in Zion National 
Park. This information will allow managers to coordinate park 
activities that potentially conflict with nest sites, roost 
sites, or brood rearing habitats. Other objectives of this 
study are to estimate spotted owl food habits and fledgling 
success, and to compare these findings with other North 
American spotted owl populations. 

Methods 

We used vocal imitations to locate owls during cruise, point 
and walk-in surveys (Forsman 1983, Franklin et al. 1990). Sex 
of owls was determined by voice (Forsman 1983). Most surveys 
were conducted between 2000 hours and 0600 hours (Mountain 
Standard Time) unless the areas were too dangerous to traverse 
at night. We monitored inaccessible areas using an 45.7 em 
diameter plastic parabolic dish for 3-9 hour periods between 
2000 hrs and 0500 hrs (MST). During these latter monitoring 
periods we called for 10 continuous minutes each hour and 
listened for responses during the remaining 50 minutes. We 
conducted several surveys at historic sites, allowing at least 
four days between these surveys. We also conducted additional 
walk-in surveys in inaccessible areas that contained potential 
spotted owl habitat. 

Owls were captured using a noosepole (Forsman 1983), and 
marked with an aluminum U. s. Fish and Wildlife Service leg 
band on one leg and a color-band on the other. A blood sample 
was drawn from each adult for later electrophoretic 
examination. Age was categorized as adult or subadult 
following Forsman (1983). Each owl sighting or area was 
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visually classified to habitat type and the location plotted 
on a 1:24,000 topographic map. 

Results 

We conducted 109 surveys of which 46% were in areas of 
historic 
sightings (Table 1) . We spent approximately 1, 950 person 
hours over 70 days performing owl surveys. Three hundred 
nineteen km of trail and 157 km offtrail areas were surveyed 
in addition to those areas accessable by vehicle. We surveyed 
approximately 50 percent of the available habitat in the park. 
Fifty-five owl pellets were collected from two pairs of owls. 

We located a pair of spotted owls with two juveniles in Echo 
Canyon and captured both adults and one juvenile. We captured 
an adult male in the upper portion of Pine Creek. A second 
pair and two juveniles were detected in Kolob Creek, 1.5 km 
north of the park boundary. These owls were located using a 
parabolic dish but were inaccessible for capture. Other 
responses included a pair of owls in Oak Creek; a male in 
Willis Creek and a male in Refrigerator Canyon. A single 
spotted owl in Camp Creek in June and a single owl in South 
Fork Taylor Creek in July were detected by L. Hays (pers. 
comm.) . 

Discussion 

The low number of owl responses may indicate a low density of 
owls in Zion National Park. However, it may have been a poor 
year for spotted owl responses in general. No owls were 
detected on the Dixie National Forest (north of Zion) after a 
three month survey (A. L. Shafer, pers. comm.) D. Leslie 
(pers. comm.) reported only six owls sighted in southwestern 
Colorado after a three month survey. Few sightings were 
reported from the north Kaibab area of northern Arizona after 
extensive surveys (J. Goodwin, pers. comm.). Responses by 
owls in southern California, where known nest sites were being 
monitored, were poor following unseasonably hot spring weather 
(W. LaHaye, pers. comm.). J. Ganey reported 70 responses on 
the Coconino National Forest (pers. comm. ) • Ganey's sightings 
occurred south of the Colorado River. In general, owl 
responses were greater in southern Arizona and New Mexico (J. 
Goodwin, pers. comm.). 

The low number of spotted owl responses on the Colorado 
Plateau could also have been related to detectability problems 
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Table 1. Location and number of spotted owl surveys 
conducted between 16 May - 20 August 1989, Zion 
National Park, Utah. 

Location Number of Surveys 

Beartrap Canyon 

Camp Creek 

Canyon overlook Trail2 

Canyon Rim Trail 

Corral Hollow 

Court of Patriarchs 

Echo Canyon2 

Emerald Pools 

Gifford Canyon2 

Great West Canyon (top) 

Heaps Canyon2 (top) 

Hepworth2 

Hidden Canyon2 

Highway 9 call route, 
10 stations 

Kolob Arch Canyon 

La Verkin Creek 

La Verkin Creek tributary 

Lava Point2 

MIA Road 

2 

1 

2 

3 

1 

1 

4 

1 

4 

1 

1 

1 

4 

2 

2 

2 

2 

5 

4 

229 

Results 

No response 

1 owl1 sex unknown 

No response 

No response 

No response 

No response 

Captured pair and one 
of two juveniles 

No response 

No response 

No response 

No response 

No response 

No response 

No response 

No response 

No response 

No response 

No response 

1 pair, 2 juv, Kolob 
Canyon 



Table 1. Continued. 

Location Number of Surveys Results 

Middle Fork Taylor Creek 

North Fork Taylor Creek 

Oak Creek2 

paired 

Pine Creek2 

Phantom Canyon (top} 

Potato Hollow2 , and 
top of Imlay Canyon 

Refrigerator Canyon2 

Right Fork North Ck (top} 

Sleepy Hollow 

South Fork Taylor Creek 

Telephone Canyon 

Wildcat Canyon Trail 

Willis Creek 

Zion Canyon Road call 
route, 5 stations 

Canyon 1 (3273E, 41215N} 3 

canyon 4 (3293E, 41205N} 

Canyon 5 (3299E, 41209N} 

Canyon 6 (3301E, . 41211N} 

1 

1 

10 

7 

1 

5 

6 

1 

4 

2 

4 

1 

3 

1 

1 

1 

2 

1 

230 

No response 

No response 

2 owls - social status 
unknown, suspect 

Captured 1 adult male, 
social status unknown 

No response 

No response 

1 male 

No response 

No response 

1 owl1 sex unknown 

No response 

No response 

1 male, status unknown 

call Refrigerator 
Canyon 

No response 

No response 

No response 

No response 



Table 1. Continued. 

Location Number of Surveys Results 

Canyon 7 (3305E, 41214N) 1 No response 

Canyon 8 (3312E, 41213N) 1 No response 

Canyon 9 (3314E, 41215N) 1 No response 

Canyon 10 (3314E, 41224N) 1 No response 

Canyon 11 (3327E, 41217N) 1 No response 

Canyon 13 (3327E, 41213N) 1 No response 

Canyon 14 (3316E, 41210N) 1 No response 

Canyon 15 (3308E, 41209N) 1 No response 

Canyon 16 (3299E, 41203N) 1 No response 

canyon 17 (3288E, 41202N) 1 No response 

Canyon 21 (3272E, 41222) 1 No response 

Canyon 22 (3318E, 41185N) 1 No response 

Canyon 23 2 (3265E, 41284N) 2 No response 

1 L. Hays, Resource Officer, Zion National Park. 
2 The approximate historic sighting location. 
3 Universal transverse mercator cooordinates represent 

location at the mouth of the given canyon. 
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(i.e., owls were more difficult to hear in the canyon 
country), reproductive activity (non reproductive owls may 
respond at a lower rate), owl behavior (owls on the Colorado 
Plateau may have different response patterns than other 
spotted owl populations, or weather (owl response rates are 
often lower in hot weather) (pers. observation). Our use of 
parabolu dishes will help ameliorate detectability problems. 
Comparison of reproductive and non-reproductive owl response 
rates will require larger sample sizes and continued 
monitoring. However, the effect of hot whether on calling 
response can be tested by beginning our 1990 surveys in the 
early spring (1 April). This will also be a partial test of 
the behavioral response hypothesis. If spotted owls call more 
readily early in the year we can reject the behavior 
hypothesis. Earlier surveys will also allow more adequate 
nest site surveys. 

We thank K. Norgaard for her dedicated work in the field. L. 
Hays provided information and logistical support. The Zion 
Natural History Association paid for some living expenses. 
This study was funded by the National Park Service (Order No. 
PX-1200-9-C820). 
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Objectives 

The overall objectives of this study are to (1) provide a map 
of the current vegetation of Zion National Park (ZNP), (2) 
provide a listing of all vascular plants known for the park, 
( 3) list all rare, endangered, and exotic plant species 
growing within the park and describe the distribution and 
habitat preferences of each as fully as possible, (4) list 
representative locations for examples of undisturbed stands of 
each of the major vegetational types, and (5) present our 
basic field data to the park on computer disks with software 
programs that will permit employees to access data files 
easily and systematically. These objectives will be satisfied 
using field data collected in the growing seasons of 1987, 
1988, and 1989 at 0.01 ha survey plots. Those plots were laid 
out at the intersections of a grid with intersections 1.6 km 
apart. Ideally, the samples should have been taken at all 
section corners using cadastral survey maps, but some remote 
areas in the park have not been surveyed. As a consequence, 
the Universal Tranverse Mercator grid system is used as the 
reference system for describing plot locations. A total of 
slightly over 310 survey plots have been sampled in the park. 

The survey plots have been sampled using a procedure developed 
by the zurich-Montpellier School of Phytosociology. At each 
plot a worker recorded all species rooted in the plot and 
assigned a foliage cover value (projected crown) and a 
sociability value (a quantified estimate of the degree to 
which individuals of a species are aggregated in space) to 
each species. Total living cover of all species combined is 
recorded as is the proportional contribution of the various 
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plant life-form groups (i.e., trees, shrubs, graminoids, 
forbs, and nonvascular plants) to that total. Surface covered 
by plant litter, rock, or bare soil but not overtopped by 
living cover is also estimated at each plot. Each plot was 
marked at its center with a steel marker peg, photographed 
with color print film, and pin-pricked onto a low level, 
aerial photograph to provide a file record of the plot's exact 
location in the landscape. An aluminum tag is secured to each 
plot-center peg: the plot number, sampling date, and project 
name appears on that tag. 

Environmental data recorded at each plot included elevation, 
slope aspect and steepness, geologic parent material, apparent 
history of the site (previously logged over, abusively grazed 
in the past, successional developmental stage, or previously 
burned), and current condition and trend of the vegetative 
cover. These data are all entered into a microcomputer file 
and software prepared by one of us {SCS) is available to 
permit one to print out the entire file on any given plot on 
command. The printed file for each plot is confined to a 
single page of systematically organized data. 

Results 

Vegetational Sampling. Our 1989 sampling season was spent in 
the Kolob section of ZNP where about 100 plots were 
inventoried. Soil samples were collected from several 
representative plots in each vegetational type from throughout 
the park. Finally, intensive work was done on the essential 
mineral content and basic metabolic rates of the major 
vascular plants of crevices in the Navajo Sandstone within 
ZNP. For comparative purposes, mineral content and metabolic 
results for rock crevice plants were contrasted with 
comparable values for species confined to sandy soils derived 
from Navajo Sandstone and deposited adjacent to the rock faces 
sampled for crevice plants. Data for this portion of the 
study were collected near checkerboard Mesa and near the east 
portal of the long tunnel on Highway 15 through ZNP. 

We will briefly recap results for the rock crevice study here 
as an example of the general approach that will be taken in 
synthesis of data for each of the other vegetational types in 
the park. A total of 57 study plots are available for the 
rock crevice plant communities. Following the lead of Curtis 
(1959), we base our description of the community on prevalent 
species only • Curtis determined the average number of 
vascular species per survey plot. After arranging all species 
encountered in decreasing order of abundance in the full 
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sample, he counted down that list to a number equivalent to 
the average number of species per survey plot. Those species 
were designated as "prevalent species" and were indeed the 
most commonly encountered taxa in the community. 

The rock crevice plant prevalents for this study are reported 
in Table 1. Twenty-two species are recognized including one 
tree, seven shrubs, four graminoids and ten forbs. The 
commonest species in the community is Cercocarpus intricatus, 
an evergreen shrub belonging to a genus known to fix nitrogen. 
Twelve of the species are evergreen, a characteristic that 
permits the species to reduce the frequency with which foliage 
and scarce essential mineral elements are replaced. Only one 
annual {Festuca octoflora) is listed among the prevalents. 

Plants adapted for life on rock have significantly less of the 
essential elements N, P, K, Ca, and Mg in their foliage than 
occurs in leaves of plants adapted to soils derived from the 
same rock material {Table 2). In contrast to the five 
macroelements noted above, essential trace elements are 
usually more abundant in the foliage of rock plants than in 
plants of adjacent sandy soils {Table 2). Observed 
differences for trace elements in foliage of rock versus soil 
plants were statistically different only for iron. 

Metabolic rates of plants adapted for life on rock or soil do 
not differ at 15C, but the rates for those two groups do 
differ significantly at 25C and 35C {Table 3). Thus at cooler 
temperature such as prevail when most of the plant growth 
occurs on rock faces, metabolic processes are not 
significantly impeded in plants adapted to rock crevices. 
Slower metabolic rates of rock plants at higher temperatures 
would slow the loss of respirable organic matter from tissue 
and leave a greater fraction of the total photosynthate supply 
available for growth of roots and above-ground parts. Such an 
adaptation would seem to be desirable for rock species which 
must be too stressed for water to experience net gains in 
carbon during most of the latter part of the growing season. 

Conclusions 

The rock crevice community is a highly distinctive assemblage 
of plants adapted for life in a harsh environment in which 
water and essential minerals are deficient and wind and high 
temperatures regularly acerbate evapotranspiration stress. 
Plants prevalent · in this community are small, slow growing 
species that make metabolic ends meet by having low 
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Table 1. Prevalent vascular plant species for the rock crevice plant community on 
Navajo Sarrlstone, Zion National Park, utah. Species are arranged in 
decreasing order of frequency of occurrence in 57 study plots. 
Nomenclature follows Welsh et al. ( 1987) • 

Percentage ~FrEqlscy Prevalent Species COnnnon Name Occurrence1 

cercocarous intricatus (dwarf Mt. Mahogany) 100 22.0 

Poa fendleriana (muttongrass) 82 10.3 

castilleja scabrida (Eastwood paintbrush) 82 1.3 

Arenaria fendleri (Fendler sarrlwort) 77 3.2 

Heterotheca villosa (hairy goldenaster) 71 21.0 

Pinus oonderosa (ponderosa pine) 71 3.5 

Arctostaphylos retula (greenleaf manzanita) 59 0.8 

carex rossii (Ross sedge) 59 1.3 

Solidago sparsiflora (alcove goldenrod) 53 8.7 

Opuntia macrorhiza (plains pricklypear) 53 1.0 

Penstemon laevis (smooth penstemon) 53 2.8 

Stephanameria tenuifolia (slender wirelettuce) 47 3.2 

Holodiscus durnosus (mt. oceanspray) 41 3.3 

Petrophytum caespitosum (rock spiraea) 41 13.8 

Muhlenbergia reuciflora (New Mexican muhly) 41 9.7 

Cryptantha confertiflora (golden cryptanth) 41 0.2 

Ivesia sabulosa (Sevier Ivesia) 41 9.5 

Penstemon humilis ( lrM penstemon) 41 2.8 

Senecio mul tilobatus (Uinta grourrlsel) 41 0.8 

Amelanchier utahensis (Utah serviceberry) 35 4.0 

Arenaria macradenia (shrubby sarrlwort) 35 1.7 

Festuca octoflora ( sixweeks fescue) 35 5.3 

1 % occurrence in 0. 01 ha survey plots 
2 % frequency in 600 random lengths (each 1. o m long) of rock crevice 
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Table 2. 

Element 

Nitrogen (%) 

Foliage tissue content of selected essential elements for rock crevice 
prevalent species arrl species c:x:moon on deep sarxiy soils derived from and 
adjacent to the rock faces sampled for crevice plants. Six species and 13 
separate analyses are considered for crevice plants. Eight species and 20 
analyses are included for soil plants. Analyses are based on foliage 
tissue only collected on 15 June 1989. 

Significance of 
Rcx:::k Faces Adjacent SOils Difference 

1.483±0.188 1.674±0.482 p<.01 

Fhosphorus (%) 0.110±0.027 0.175±0.111 p<.05 

Potassium (%) 0.825±0.429 1.143±0.500 p<.001 

calcium (%) 0.84()±0.528 1.085±0.494 p<.001 

Magnesium (%) 0.15()±0.065 0.277±0.126 p<.01 

Iron (ppm) 265.9±_158.1 163.()±67.8 p<.05 

COpper (ppm) 41.7±60.1 12.4±5.8 NS1 

Mangawese (ppm) 82.2±63.6 51.1±40.1 NS 

Zinc (ppm) 30.8±18.6 47.8±33.5 NS 

1 not significant 
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Table 3. 

Tenperature 

15C 

25C 

35C 

Average respiration rates of current year foliage tissue at three 
different temperatures. Tissue for analysis was collected on 15 June 
1989. Stem tips of species sampled were transported with the stem base 
immersed in distilled ice water in a dark, humid chamber. Analyses were 
run the following day in microcalorimeters in the laboratory of Dr. Lee 
Hansen, Department of Cllemistry, Brigham Young University. Six species 
and 16 separate samples were analyzed from rock faces. Seven species and 
20 separate samples were analyzed fran adjacent soils. Mean values are 
followed by their standard deviation. 

Significance of 
Rock Faces Adjacent Soils Differences 

1.44±1.06 1.65±0.64 NS 

3.18±2.20 3.78±1.59 p<.01 

5.37±3.37 6.54±2.53 p<.01 
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requirements for the essential macroelements ani lower than 
nonnal metabolic rates at elevated t:errperatures. Most of the in:li.viduals 
are further specialized by beirg evergreen, an adaptation that has value 
for both the !ilotosynthetic process ani efficient use of deficient 
essential macronutrients on habitats such as that considered here. 

Literature Cited 
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INFLUENCE OF HABITAT FRAGMENTATION ON SPOTTED OWL SITE 
SELECTION, SITE OCCUPANCY, AND REPRODUCTIVE 

STATUS IN WESTERN OREGON 

Joseph s. Meyer 
McKinleyville, CA 

Larry L. Irwin 
National Council for Air and Stream Improvement 

Corvallis, OR 

and 

Mark s. Boyce 
UW-NPS Research Center 

Laramie 

Currently there is little empirical evidence to guide decision 
makers on how to manage for viable populations of the Northern 
Spotted Owl (Strix occidentalis caurina) and how to decide 
what extent and what types of timber harvesting do not 
adversely affect Spotted Owls. In this ongoing study we are 
addressing some of the urgent research needs related to 
Spotted Owls by testing the null hypotheses that various forms 
of forest fragmentation do not affect (1) site selection, (2) 
site occupancy, or (3) reproductive success of Spotted Owls at 
sites within the Bureau of Land Management (BLM) checkerboard 
pattern of land ownership and management in Western Oregon. 

Our objectives are to (1) estimate several measures of forest 
fragmentation at known Spotted Owl sites, (2) test the null 
hypothesis of no difference between landscape patterns at 
randomly-selected owl sites and at randomly selected landscape 
locations, and (3) test the null hypotheses of zero 
correlation between forest fragmentation and occupancy or 
reproduction at Spotted Owl sites for which adequate occupancy 
surveys were conducted for five consecutive years from 1985 to 
1989. 

Data on occupancy and reproduction at sites in the five BLM 
Westside Districts were submitted to us by BLM biologists. 
Based on those lists, we identified 455 sites within the BLM 
checkerboard pattern of land ownership and management in 
western Oregon that had a pair of owls present at least one 
year from 1985 to 1989. Eighty of those 455 sites had 
adequate occupancy surveys conducted in all five years from 
1985 to 1989 and did not have birds equipped with radio 
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transmitters, whose presence might have affected owl survival 
or reproduction. We selected 50 of those 80 long-term data 
sites to test whether forest fragmentation influences site 
occupancy or reproduction. We also selected 50 sites randomly 
from the total of 455 sites to test for biases in the sample 
of 50 long-term data sites. And finally, we selected 50 
random landscape locations for comparison with the 50 random 
owl sites, to test whether forest fragmentation influences 
site selection by Spotted Owls. 

The habitat mosaics around each of the 150 sites have been 
mapped from air photos by the Photogrammetry Branch at the BLM 
Office in Denver, Colorado. From those habitat mosaics, we 
have calculated several landscape-level characteristics and 
fragmentation indices for each site. We will also update the 
habitat mosaics with timber harvesting histories from 1985 to 
1989, to account for major habitat changes that may have 
occurred during the 5-year period. Results for all 150 sites 
will be combined with the occupancy and reproduction 
information submitted by BLM biologists, in order to test the 
three hypotheses stated above. 

To date all sites have been mapped for habitat types in the 
air photo interpretation process, but timber harvesting 
histories have not yet been gathered to update the habitat 
mosaics in years for which air photo coverage was not 
available. We anticipate completion of this project by 1 
September 1990. 
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