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INTRODUCTION 

1998 ANNUAL REPORT 

DIRECTOR'S COLUMN 

During the period of this report the 
University of Wyoming-National Park Service (UW
NPS) Research Center supported and administered 
research in the biological, physical and social 
sciences performed in national parks, monuments, 
and recreation areas in Wyoming and neighboring 
states. The UW -NPS Research Center solicited 
research proposals from university faculty or full-time 
governmental research scientists throughout North 
America via a request for proposals. Research 
proposals addressed topics of interest to National 
Park Service scientists, resource managers, and 
administrators as well as the academic community. 
Studies conducted through the Center dealt with 
questions of direct management importance as well as 
those of a basic scientific nature . 

The Research Center continues to consider 
unsolicited proposals addressing applied and basic 
scientific questions related to park management. 
Research proposals are distributed to nationally
recognized scientists for peer review and are also 
reviewed and evaluated by the Research Center's 
steering committee. This committee is 

+ 
composed of University faculty and National Park 
Service representatives and is chaired by the Director 
of the UW -NPS Research Center. Research 
Contracts are usually awarded by the middle to end of 
March to early April. 

The UW-NPS Research Center also operates 
a NPS-owned field research station in Grand Teton 
National Park. The research station provides 
researchers in the biological, physical and social 
sciences an enhanced opportunity to work in the 
diverse aquatic and terrestrial environments of Grand 
Teton National Park and the surrounding Greater 
Yellowstone Ecosystem. Station facilities include 
housing for up to 50 researchers, wet and dry 
laboratories, a library, herbarium, boats, and shop 
accommodations. The research station is available to 
researchers working in the Greater Yellowstone 
Ecosystem regardless of funding source, although 
priority is given to individuals whose projects are 
funded by the Research Center. 

Special acknowledgement is extended to Ms. 
Karen Noland, Office Associate, for her skills and 
dedication to the Research Center which were a vital 
contribution to this publication. 

RESEARCH PROJECT REPORTS 

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

XI 
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GEOGRAPHICAL ANALYSIS OF THE DISTRIBUTION 

AND SPREAD OF EXOTIC PLANT SPECIES IN 

GRAND TETON NATIONAL PARK, WYOMING 

+ 
DEBORAH KURTZ + RICHARD ASPINALL + KATHERINE HANSEN 

D EPARTMENT OF EARTH SCIENCES + MONTANA STATE UNIVERSITY 

B OZEMAN 

+ INTRODUCTION 

The effects of introduced exotic species in 
natural environments are becoming important issues 
in conservation biology and natural resource 
management and recent scientific literature reveals 
increasing concern regarding the spread of invasive 
exotic plant species (Allen, 1996; Vitousek et al, 
1996; Walker and Smith, 1997). Ecological 
consequences of these species include increased 
competition for space, water, and nutrients with 
native plants (which could result in a decrease in 
biodiversity), decreased forage quality for native 
ungulates, and changes in the rnicroenvironments 
where the establishments took place (Woods, 1997). 
Sheley et al ( 1998) list several ecologically and 
economically detrimental impacts of exotic species. 

The National Park Service recognizes the 
need to protect ecosystems from exotic species 
(National Park Service, 1997) through management 
based on the ability to predict species distributions 
and spread, and monitoring in areas that are most 
susceptible to invasion. Recommended strategies for 
preventing the spread of exotic species include 
developing an early warning system to identify and 
eradicate new infestations of exotic plants in National 
Parks, and continued inventory and monitoring of 
exotic plants (National Park Service, 1997). These 
strategies will be based on assessment of the 
distribution and spread of exotic plants (National 

Park Service, 1997) using remote sensing and 
Geographic Information Systems (GIS) technologies 
for mapping and monitoring exotic plants, and 
models to predict the invasiveness ana spread of 
exotic plants. 

In Grand Teton National Park (GTNP), 
exotic species are a great concern for park managers 
(National Park Service, 1997). Of the 1000 species 
of flowering plants within GTNP, there are also four 
(possibly five) rare plants that may be threatened as a 
result of competition with exotics (Wyoming Rare 
Plant Technical Committee, 1994): Draba borealis 
(Boreal draba), Epipactis gigantea (Giant 
helleborine), Lesquerella carinata var. carinata 
(Keeled bladderpod), Lesquerella paysonni (Payson's 
bladderpod), and possibly Draba densifolia var. 
apiculata (Rockcress draba). The continued survival 
of these sensitive plants in GTNP increases the need 
for management of exotic plants. 

GTNP has implemented a classification 
system for exotic plant species that consists of three 
priority levels (GTNP, 1997a). Priority 1 species are 
designated as "noxious" since they are capable of 
invading natural ecosystems and disrupting or 
displacing native vegetation. Currently, there are 
thirteen exotic plant species with a Priority 1 status 
within GTNP (Table 1 ). 
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Table I. Priority 1 exotic plant species in Grand Teton National 
Park (Source: Grand Teton National Park 1997a) 

Carduus nutans 
Centaurea diffusa 
Cirsium arvense 
Centaurea maculosa 
Chrysanthemum leucanthemum 
Tanacetum vulgare 
Verbascum thapsus 
Linaria vulgaris 
Cynoglossum officina/e 
Hyoscyamus niger 
Linaria da/matica 
Jsatis tinctoria 
Euphorbia esu/a 

Musk thistle 
Diffuse Knapweed 
Canada Thistle 
Spotted Knapweed 
Oxeye Daisy 
Common Tansy 
Common Mullein 
Butter and Eggs 
Houndstongue 
Black Henbane 
Dalmation Toadflax 
Dyer's Woad 
LeafY Spurge 

Of the species in Table 1, Canada thistle 
(Cirsium arvense), Spotted knapweed (Centaurea 
maculosa) and Musk thistle (Carduus nutans) are of 
particular importance in GTNP. 

+ OBJECTIVE 

The objective of this project is to 
characterize the distribution and biogeographic 
controls on exotic plant species within Grand Teton 
National Park (GTNP). Since the pattern of 
distribution of a species is related to a variety of 
environmental characteristics, it is hypothesized that 
the current distribution of exotic weeds can be 
characterized based on environmental factors. 
Furthermore, areas with similar environmental 
characteristics are expected to be conducive to future 
occupation by these weeds (Cousens and Mortimer, 
1995). 

A Geographic Information System (GIS) 
was used for data management and analysis. It is 
apparent that a GIS-based model could support and 
promote the strategies outlined in weed management 
plans and provide a means for helping to manage 
exotic plant species in GTNP. The value of GIS for 
large-scale studies in ecology is increasingly being 
recognized as researchers are expanding the use of 
GIS from a simple data storage and mapping tool, to 
a way of applying statistical and other analytical 
methods for more rigorous analysis of 
interdependence and spatial relationships (Burrough 
and McDonnell, 1998). In this sense, GIS is 
becoming a significant component of modeling, 
particularly as ecologists attempt to explain the 
relationship between vegetation patterns and 
processes occurring at the landscape scale. 

Furthermore, ecologists and vegetation managers are 
beginning to experiment with these models as a 
predictive tool. 

Study Area 

The study area is located in the southern 
part of GTNP at the lower elevations of Jackson Hole 
(Figure 1). This area encompasses 127,028 acres of 
the front country where the lowest elevations in the 
park are located and the greatest number of visitors 
travel. A straight line through the southern portion 
of Jackson Lake, the middle of Signal Mountain, and 
just north of the town of Moran determines the 
northern border. 

0 5 10 15 20 Kilometers 

Figure l .Study Area in Grand Teton National 
Park 

A variety of physiographic features are 
contained within the study area including the 
southern end of Jackson Lake, several moraine lakes 
and other glacial features, the Snake River, the 
sagebrush flats of the valley, and the lower slopes of 
the Teton Range. The Tetons are the youngest 
mountains in the Rocky Mountain chain, forming 
from an active fault-block where the mountains are 
being uplifted and the valley of Jackson Hole is 
being down-dropped (Love and Reed, 1995). The 
valley floor is dominated by Sagebrush while the 
Snake River and its tributaries are lined with 
Willows, Cottonwoods, and Colorado blue spruce 
(Grand Teton National Park, 1987). 



Data 

Geographic and Environmental Data 
Geographical data describing the variability in 
environmental conditions across the study area were 
derived from maps and other digital databases 
available at three sites: 

i) the GTNP GIS database 
ii) the Greater Yellowstone Area Data 

Clearinghouse (GY ADC), and 
iii) the United States Geological 

Survey's Data Clearinghouse 

All digital data used from these sources are 
at a base mapping scale of 1:24000. Eight 
environmental datasets were integrated into ESRis 
Arc View GIS: 

1 geology, 
2 soils, 
3 land cover types, 
4 grazing allotments, 
5 hydrographic features, 
6 roads, 
7 trails, and 
8 elevation. 

Data for slope and aspect were derived from 
the elevation layer. Data for temperature and 
precipitation throughout GTNP are available from 
previous studies, however, the area of study is 
sufficiently small and at low elevation that there is 
not sufficient variability in the precipitation and 
temperature data to make these data useful for 
analysis. Elevation, slope, and aspect were created 
in raster format with 30m pixels. All other data 
were maintained in the database in vector format. 
All analysis used raster format data with 30m pixel 
size. 

Exotic species 

Data on exotic species within the study area 
were from two sources. Data were collected through 
field work during the summer of 1998, and from 
records from studies by previous researchers 
including the annual weed surveys and management 
teams for the past seven field seasons. This historic 
dataset was used as a validation dataset. 

Sampling Strategy 

Sampling for field work in 1998 was based 
on a random sample within a framework from the 
combinations of environmental variables in the GIS 
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database. The sample sites were randomly located 
based on the pattern of environmental factors. Slope 
(in 5 degree increments), aspect (in 10 degree 
intervals), elevation (with 25 meter intervals), 
distance from roads and trails (in 480 meter 
increments), soils, and geology were combined in the 
GIS. Water bodies were excluded. A random 
sample of the unique combinations was then 
generated (Figure 2). The locations of these 249 
sample sites were calculated with the GIS and a table 

.. , ...... -- -- ·-- ·--I + 

. +5· -.+ +-~ I 
I -+ ~ ..;.· +:·-. + .··-r II . ~-· ... ~ ·: II ::~·.~ -: · .. 
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i { , .. ·;. : · I 
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l=in1 1rP ~ 

Figure2. Sample Sites 

of UTM coordinates and attributes for each site 
output as hard copy. 
Field Sampling 

Field sampling was completed between 
early-July and early-September 1998. Sampling did 
not begin in June due to cool, wet weather conditions 
that inhibited plant growth and made identification 
difficult. Sampling began at the southern end of the 
study area and progresses northward. 

Sample sites were located in the field by their 
UTM coordinate with the use of 1 :24,000 
topographic maps, a compass, and a Garmin GPS 12 
global positioning system. At each site a 30m x 30m 
plot was laid out. Starting at the southwest corner, 
one tape measure was run to 30 meters north and 
one tape measure was laid out 30 meters east to 
delineate two sides and three corners of the plot. 
After walking through the plot in a systematic zig
zag, data were recorded. Recorded data consisted of: 

I a general description ofthe location 
2 vegetation type and/or dominant plants in 
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the plot 
3 the presence or absence of each of the 

thirteen Priority 1 exotics with the percent 
cover and growth stage of each species 
present. 

Data collection methods were based on 
Mapping Noxious Weeds in Montana published by 
the Department of Plant, Soil, and Environmental 
Sciences at Montana State University. The 
methodology consisted of cover estimates based on 
the percent of the ground covered by a particular 
weed species presented as 1 of 4 cover classes broken 
down into Trace (<1% cover), Low (1-5% cover), 
Moderate (5-25% cover), and High (25-100% cover). 
Growth stage classifications were also based on 
Cooksey and Sheley (1998) and consist of Seedling, 
Bolt, Bud, Flower, Seed Set, and Mature. 

+ ANALYSIS METHODS 

A wide variety of methods have been used 
for modeling the distribution of plants and animals 
(Aspinall, 1999). Franklin (1995) reviews many of 
these methods, particularly as. they use remote 
sensing and are applied to vegetation. Methods 
include statistical methods (Noest, 1994; Homer, 
1993; Lindenmayer et al, 1991; Austin et al, 1990) 
and methods based in standard GIS overlay (Hershey 
et al, 1997; Sperduto and Congalton, 1996; 
Breininger et al, 1991; Chicoine et al , 1985). 

Distribution modeling with Bayes' theorem 
is used in various studies (Aspinall, 1992, 1994; 
Aspinall and Veitch, 1993; Pereira and ltami ( 1991) 
and offers a number of advantages for this project: 
1 continuous ( eg elevation, slope) and 

categorically ( eg soil, geology) measured data 
can be synthesized in one analysis 

2 numerous datasets can be incorporated into the 
model 

3 the inductive nature of the method incorporates 
objectivity 

4 the method can be implemented in GIS with 
relative ease 

5 associations between dependent and independent 
variables can be quantified statistically within a 
single analytical and data management 
environment 

6 it is based conditional probabilities that provide 
data on the relationships in the data and are 
relatively easy to interpret. 

Bayesian statistical inference is a 

mathematical method for decision making under 
conditions of uncertainty and provides a framework 
for combining relative values of being right or wrong 
(subjective probabilities) with the probabilities of 
being right or wrong (conditional probabilities). The 
modelling approach is based on calculating 
conditional probabilities from the relative frequency 
of association between attributes of a dataset to be 
modelled (for example, the presence and absence of 
a species at given locations in a landscape) and 
attributes of a variety of predictor datasets (for 
example environmental data). Predictor datasets are 
then combined using Bayes theorem. 

The modeling procedure is carried out in a 
series of stages: 
1 Select a series of spatial datasets that contain 

information that is likely to be related to the 
distribution in the target (dependent) dataset. 
The choice of predictors will usually be guided 
by a conceptual model of environmental or other 
factors that are thought to influence the 
distribution to be modelled. 

2 Two classes (presence and absence at a site) are 
identified in the distribution to be modelled. 

3 The frequency of association between each 
attribute, value or category in a predictor dataset 
is calculated for each class in the target 
distribution. These frequencies are the 
conditional probabilities for discriminating 
presence and absence. Specifically, the 
conditional probabilities are calculated from the 
area of overlap between the categories in the 
target distribution and each of the classes in the 
predictor dataset. 

4 Conditional probabilities for presence are 
calculated as the proportion of the total area of 
presence in each class of the predictor dataset. 
The conditional probabilities for absence are the 
proportion of the total area of absence in each 
class of the predictor dataset. 

s The significance of each predictor dataset for 
discriminating between classes is tested through 
analysis of frequencies using the Chi square test. 
A significance level of 95% was used to set 
limits on the datasets that were to be included in 
the Bayesian model of distribution. 

6 A priori probabilities for each of the categories 
are selected. If an initial assumption of equal 
probability of presence/absence is made the a 
priori probabilities are set equal at 0.5. 

7 Predictor datasets are combined using the 
conditional probabilities within Bayes' theorem. 
The equation for the Bayesian calculation is 



n 

pp.ITcp; 
i = 1 

Pp = n n 

pp. IT cp; + pa. IT ca; 
i=1 i=1 

where 

p P is the Bayesian probability for presence 

pp is the prior probability for presence 
pa is the prior probability for 

absence/random 
n 

IT cp; is the product of conditional 
i=1 

n 

probabilities for presence for the 
attributes in the n predictor datasets 
overlaid at a given location in the 
GIS 

IT ca; is the product of conditional 
i=1 

probabilities for absence/random for 
the attributes in the n predictor 
datasets overlaid at a given location 
in the GIS. 

+ RESULTS 

Two hundred and two sample sites were 
visited in 1998. Of the thirteen exotic species 
recorded, only five species were found in any of the 
study sites, and these were found in a very low 
number of sites. Musk thistle was found most 
frequently ( 16% of study sites) followed by Canada 
thistle (7% of the study sites). The three other 
exotics that were present in any of the study sites 
were Houndstongue (3 sites), Spotted knapweed ( 1 
site) and Common mullein (1 site). This is a very 
low incidence of weeds. Musk thistle and Canada 
thistle were considered to have sufficient data to 
model their distributions. 

Chi square tests of association between the 
patterns of distribution for Musk thistle and Canada 
thistle with environmental factors in the GIS show 
that five environmental factors have a significant 
association with Musk thistle (Table 2) and four 
factors have a significant association with Canada 
thistle (Table 3). Elevation, geology, soil, grazing 
allotments, and distance from hydrography were 
associated with Musk thistle distributions. Geology, 
soil, grazing allotments, and distance from roads 
were associated with Canada thistle distributions. 
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Table 2 : Results of the Chi square tests of association for Musk 
thistle 

Ea.vironmeatal Cbi Degrees Critical Statistical 
Factor Square of Value Significance 

Value Freedom (95%) 

Elevation 30.084 IS 24.990 Significant 

Slope 4 .707 7 14.060 Not significant 

Aspect 40.176 35 48.800 Not significant 

Geology 39.965 24 36.410 Sigaificant 

Habitat Cover 7.847 7 14.067 Not significant 

Soil 51.974 31 44.985 Significant 

Gruing 20.906 1 3.842 SignifiCallt 
AUotmea.ts 
Distance fiom 6.268 6 12.592 Not significant 
Roads 
Distance fiom 10.919 6 12.592 Not significant 
Trails 
Distauce from 14.520 4 9.488 Significant 
Hvdrot!:ranbv 

Table 3: Results of the Chi square tests of association fur Canada 
thistle 
Environmental Cbi Degrees Critical Statistical 
Factor Square of Value Significance (9s•;.) 

Value Freedom 

Elevation 18.012 15 24.996 Not significant 

Slope 4.017 7 14.067 Not significant 

Aspect 30.468 35 49.802 Not significant 

Geology 40.479 24 36.415 Significant 

Habitat Cover 8.320 7 14.067 Not significant 

Soil 93.651 31 44.985 Significant 

Gruing Allotments 7.093 1 3.842 Significant 

Distance from 23.773 6 12.592 Significant 
Roads 
Distance from Trails 7.128 6 12.592 Not significant 

Distance from 7.108 4 9 .488 Not significant 
Hydrogrnphy 

Conditional Probabilities 

The conditional probabilities reveal patterns 
of presence or absence on particular classes for each 
of the environmental factors. Musk thistle was 
found to have the greatest number of samples in 
which it was present in the 1976-2000m elevation 
interval. The greatest percent of no record (absence) 
of Musk thistle occurred in elevation intervals 
ranging from 2026-21 OOm. The two geologic types 
with the greatest frequency of Musk thistle were 
Alluvial Fan Deposits and Alluvial, Gravel, and 
Sand and Floodplain Deposits. The highest 
frequency of Musk thistle was on Tineman Gravelly 
Loam soils. The Taglake-Sebud Association and the 
Leavitt-Youga Complex soils on 0-3% slopes had the 
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second and third highest frequencies of Musk thistle 
respectively. Although the majority of sites sampled 
were relatively near water, the number of sites where 
Musk thistle was present were near water, especially 
in the 0-480m range. 

Canada thistle was only found on six of the 
twenty-four geologic types sampled. The two 
geologic types with the frequency of Canada thistle 
were Alluvium, Gravel, and Sand and Floodplain 
Deposits and Alluvial Fan Deposits. Canada thistle 
was also present on Debris of the Jackson Lake 
Moraine and Swamp Deposits. Among soil types 
Canada thistle had the highest frequency of presence 
on the Taglake-Sebud Association and the Slocum
Silas Loams. Conditional probabilities for distance 
from roads revealed that Canada thistle was found 
most frequently near roads. 

Bayesian Models 

Bayesian probability models were created 
from the datasets with significant associations for 
Musk thistle and Canada thistle. These are shown as 
maps of the probability of suitable habitat for Musk 
thistle (Figure 3) and Canada thistle (Figure 4). 
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Figure 3. Bayesian model ofthe 
probability ofMusk thistle presence 

The Musk thistle map identifies areas with 
the greatest probabilities south and east of Blacktail 
Butte, west of the town of Kelly and both north and 
south of Antelope Flats Road. Hjgh probabilities 
(indicating suitable habitat) are also found along the 
Snake ruver as a corridor, but not within the 
meanders, braids, and islands of the river. The 
shores of Phelps, Taggart, Bradley, and Leigh lakes 

are all high probability areas, while the portion of 
Jackson Lake's shore that is in the study area is 
moderately high. The area aroundthe southern part 
of Signal Mountain and west-southwest of Uhl Hill 
are also high probability areas indicating suitable 
habitat for Musk thistle. 

Figure 4. Bayesian model of the 
probability of Canada thistle presence 

The Canada thistle map has larger areas 
with high probability values indicating suitable 
habitat. lligh probability areas for Canada thistle are 
within the braids and meanders of the Snake and 
Gros Ventre river floodplains. The Valley Trail, 
shores of the moraine lakes, and the southern shores 
of Jackson Lake are areas that have a high 
probability. Other suitable areas are east and 
northeast ofBlacktail Butte, Moran Junction, and the 
west side of Signal Mountain. 

Model Validation Results 

Cross-tabulation of GTNP' s data for 
Canada thistle and Musk thistle with the results from 
Bayes' model reveal a 59.8% overall accuracy for the 
Canada thistle model and a 58.5% overall accuracy 
for the Musk thistle model. This validation focusses 
along the roads and trails since these are the areas in 
which the validation datasets were collected. A 
probability of 0.70 or higher was arbitrarily chosen 
to differentiate between suitable and unsuitable 
habitat for this test. 



+ DISCUSSION 

The objectives of this study were to 
characterize the distribution of exotic plants in 
Grand Teton National Park based on environmental 
factors and to determine other areas in the park 
suitable for weed infestations. Models have been 
constructed for Canada and Musk thistle. Other 
researchers interested in exotic plants have looked at 
them in terms of roads (Weaver and Woods, 1986; 
Meier, 1997) and campgrounds (Allen, 1996; 
Milner, 1995), but have not studied exotics across a 
given area away from these disturbance sites. A 
methodological goal of this study was to survey the 
study area for exotics using a statistically valid 
sampling strategy. The low frequency of sites at 
which any exotics were found suggests that exotics 
are more rare in GTNP than a survey along roads 
and trails indicates. 

Biogeographic environments of Canada thistle and 
Musk thistle 

Results of this study indicate that particular 
environmental factors are associated with the 
distributions of Canada thistle and Musk thistle, and 
that those factors can be used to create preliminary 
models of the suitability of a site to support a 
population of Canada thistle or Musk thistle. These 
results only identifY suitable habitats and do not take 
into consideration life history characteristics, 
dispersal mechanisms, or impacts of weed control 
efforts in determination of possible sites for future 
invasion by exotics. It has also been hypothesized 
that natural disturbances are an important factor in 
determining suitable habitat for weeds; incorporating 
this information would enhance the utility of the 
models. Attention should also be given to the scale 
at which weeds respond to environmental (and 
management) factors. This study has a mmmnnn 
resolution of 30m for environmental data and 
analysis. 

Distance from hydrography had a 
significant association with Musk thistle. It was 
surprising that there was not a similar correlation 
with Canada thistle, although the map produced 
from Bayesian model shows the banks of the rivers 
as areas of high probability for presence of Canada 
thistle. Previous studies have shown Canada thistle 
to be associated with and/or transported by 
waterways (Bruns and Rasmussen, 1953). 
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Musk thistle distribution was also 
associated with elevation. The geographic pattern of 
variation in many edaphic and climatic fuctors is 
frequently described by the geographic variation in 
physiographic factors, particularly elevation, aspect, 
and slope. For example, solar radiation, 
precipitation, and temperature (Hugg~ 1995), 
which are known to create microclimates that could 
impact vegetation have strong elevation gradients 
(Glick et al, 1991). Elevation has been shown to be 
an important abiotic factor for plant distribution 
(Bian and Walsh, 1993) and has been proven 
elsewhere to be a significant environmental factor 
for Canada thistle (Allen, 1996) and Spotted 
knapweed (Marcus et al, 1998). 

Recommendations for Grand Teton National Park 

Based on the results of this study, it is 
suggested that GTNP continue their efforts in 
mapping, preventing, controlling, and eradicating 
exotic species. Attention should be given to all areas 
throughout the Park, not just to roadsides and 
trailsides as exotic species have dispersed beyond 
these features. Caution should be taken that the 
focus is not only on more easily controlled species as 
this may eventually result in the Park becoming 
overgrown with exotics that are more resistant to 
control (Westman, 1990). As exotic plant species 
are removed, erosion control methods should be 
applied and efforts should be taken to encourage 
restoration of native plant species. The probability 
maps produced in this study may aid managers by 
directing them to monitor areas with high 
probabilities of suitable habitat for Canada thistle 
and Musk thistle. 

+ CONCLUSIONS 

Exotic species were surveyed at 202 sites in 
the summer of 1998. The incidence of exotics at 
these sites was very low. Canada thistle and musk 
thistle distributions in GTNP were characterized 
based on associations with environmental variables 
and maps were created showing the probability of 
occurrence for these two species throughout the 
study area. Chi square test results determined 
elevation, geology, soil, grazing allotments, and 
distance from hydrography as having significant 
associations with the distribution of Musk thistle. 
Chi square tests indicate geology, soil, grazing 
allotments, and distance from roads as having 
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significant associations with the distribution of 
Canada thistle. 
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+ ABSTRACT 

A comparative study of coyote (Canis 
latrans) home range, activity, habitat use, and diet in 
Grand Teton National Park (GTNP) and 
residential/agricultural areas surrounding Jackson, 
Wyoming was begun in May 1998 and will continue 
until August 1999. Twenty-seven coyotes were 
captured and fitted with radio collars equipped with 
activity and mortality sensors. Eleven of the coyotes 
reside in and around the residential/agricultural areas 
while 15 of the coyotes range from Moran Junction 
south to the National Elk Refuge. One coyote has 
remained in Bridger-Teton National Forest near Upper 
Slide Lake. Marked coyotes were monitored three 
times a week in the summer and two times a week 
during the winter via radio telemetry. Preliminary 
data suggests that the home range size of coyotes in 
GTNP is larger than that of coyotes in developed 
areas . Activity levels appear to be lower in 
residential/agricultural areas during daylight hours. 
Coyote diet is currently being assessed via scat 
dissection, and prey availability was determined using 
Sherman live traps during the summer and early fall. 
Habitat use will be determined by overlaying coyote 
home ranges onto habitat maps. Vegetation plots were 
conducted in five habitat types (aspen, conifer, grass, 
riparian, sage) to determine vegetation structure. All 
of the above methods will be repeated in summer 
1999. During winter 1999, telemetry surveys and scat 
collection will continue. Additionally, snow tracking 

surveys and coyote observations will be conducted to 
determine coyote group size and behavior. If time 
allows, relative density estimates and social 
organization will be determined. The intention of this 
study is also to collect baseline data on coyotes before 
and during wolf (Canis lupus) recolonization of 
Jackson Hole. 

+ INTRODUCTION 

Historically, the expansion of coyotes (Ca nis 
latrans) from prairie regions of the western United 
States to throughout North America has coincided 
with increased human land development and the 
elimination of the wolf (Canis lupus) (Nowak 1979, 
Bounds 1994). Jackson Hole offers a unique 
opportunity to record the effects of wolf recolonization 
and residential/agricultural development on coyote 
populations. Grey wolves were reintroduced into 
Yellowstone National Park in 1995, and recently 
individuals and groups have made forays into the 
northern part of Jackson Hole. Additionally, 
significant development is occurring in the southern 
end of the valley. Although a number of coyote 
studies have been conducted in Jackson Hole in the 
past, there are still questions about coyote population 
parameters, habitat use, and prey use (Weaver 1977, 
Camenzind 1978, Bekoff and Wells 1980, Tzilkowski 
1980). 
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Few studies have specifically examined the 
differences between coyote populations in residential 
areas versus coyote populations in protected (relatively 
undeveloped) national park areas (Bounds and Shaw 
1997). Maintaining open space and wildlife habitat at 
a time of rapid human development is a concern of 
many valley residents. An understanding of the 
effects of suburban development on coyotes is 
important for future management practices of not only 
coyotes, but other wildlife species as well. Specific 
changes in coyote populations could also provide 
information into methods of integrating suburban 
development and wildlife habitat. 

Data collected during this study will reinforce 
information already being collected in other areas of 
wolf reintroduction in Montana and Yellowstone 
National Park (Crabtree unpub., Arjo 1997) and 
examine the additive effect of residential development. 
The immigration and establishment of wolves into 
Jackson Hole will be a natural experiment where the 
presence of wolves will be a treatment placed on 
coyote habitat use, population ecology, and behavior. 
The data from the study would be used as baseline 
information to compare with future data to be 
collected after wolves begin to interact with coyotes in 
the same area. 

+ OBJECTIVES 

Primary Objectives 
1. Determine the difference in coyote home 

range size for coyotes in developed and 
undeveloped areas of Jackson Hole, WY. 

2. Determine the difference in coyote activity 
level for coyotes in developed and 
undeveloped areas of Jackson Hole, WY. 

3. Determine the difference in prey use for 
coyotes in developed and undeveloped areas 
of Jackson Hole, WY. 

4. Determine the difference in coyote habitat 
use in developed and undeveloped areas of 
Jackson Hole, WY. 

Secondary Objectives 
1. Gather baseline data, and determine the 

changes seen in coyote prey use, habitat use, 
and social organization if wolves move south 
into Jackson Hole, WY. 

2. Investigate differences in social organization 
between coyotes in developed and 
undeveloped areas of Jackson Hole, WY. 

3. Determine relative densities of coyotes in 
developed and undeveloped areas of Jackson 
Hole, WY. 

+ METHODS AND RESULTS 

Study area 
Jackson Hole has been divided into two study 

areas: the South Park/Wilson (SPW) area (south and 
west of the town of Jackson) and Grand Teton 
National Park (GTNP) east of the Snake River 
between Moran Junction and the southern entrance to 
the Park on Highway 89. A few inholdings remain in 
the Park and the town of Kelly is in the southeast 
comer. Grazing allotments are maintained for a few 
weeks in the spring and fall as cattle are moved to and 
from Bridger-Teton National Forest. The SPW study 
area is primarily an agricultural area combined with 
high and low density residential areas. Private 
landowners have been contacted and have given 
permission to use their land in conjunction with this 
study. 

General Methods 
A total of 27 coyotes were captured using #3 

Softcatch padded offset leghold traps (W oodstream 
Corp, Lititz, Penn) during May/June 1998 and 
September 1998. Sixteen coyotes were captured in the 
southern end of GTNP, and 11 coyotes were captured 
in areas surrounding Jackson and Wilson. A ketamine 
hydrochloride (KHCl) and xilazine hydrochloride 
(XHCl) mixture was used to sedate and anesthetize the 
coyotes during the marking procedure. Each coyote 
was fitted with a 3-year battery life radiocollar from 
Advanced Telemetry Systems (<3% of coyote body 
weight). The sex, weight, estimated age, condition, 
presence of scars and markings, dentition, and 
description of mammae were recorded for each coyote . 
Sex ratios and age rations were approximately equal 
for both areas . No significant differences were noted 
in the weight of coyotes between the two study areas . 
Results from blood sampling are pending analysis at 
the Wyoming State Wildlife Veterinary Lab in 
Laramie, WY. Trapping was done in accordance to 
Wyoming Game and Fish and Grand Teton National 
Park guidelines. 

Development will be measured from aerial 
photographs as houses per km2 and estimated people 
per km2 (Quinn 1997). Data collection will be divided 
up into four seasons based on known coyote biology: 
pair formation (1 Jan- 15 Mar), gestation (16 Mar-
30 Apr), pup-rearing (1 May - 31 July), and dispersal 
(1 Aug- 31 Dec). 

Home range and movement 
Intensive monitoring of radiocollared coyotes 

began in July 1998 and will continue through August 
1999. During summer 1998, six telemetry sessions, 



three per study area, were completed each week. 
During fall 1998 and winter 1999 four telemetry 
sessions, two per study area per week are being 
conducted. Telemetry locations are determined with 
hand held telemetry antennae systems. Predetermined 
routes and stations are used to attain point locations in 
a minimum duration interval. Both hourly and diurnal 
survey times have been determined randomly to cover 
all parts of the 24-hour period. Telemetry locations 
will give data for the determination of home range 
size, movement, activity, mortality, and habitat use. 
Bearings are plotted with the triangulation program 
LOCATE II (Pacer, Truro, Nova Scotia, Canada) on a 
palmtop computer (Hewlett-Packard 200LX) in the 
field. This program allows for the determination of a 
sufficient minimum error on each location. Analysis 
of home range data is done using an adaptive kernel 
method on the · software program RANGES V 
(Kenward and Hodder, 1992). 

Average error ellipse for all positions 
acquired was 0.153 krn2 and the mean time to take 
sufficient bearings to achieve a location was 12.5 
minutes . Initial results indicate that home ranges in 
the residential/agricultural areas are significantly 
smaller than those home ranges in the national park for 
the coyotes that have been marked in this study (p < 
0.05 , two sample t-tests) . Mean home range size in 
the residential/agricultural area was 16.72 km2 (75% 
adaptive kernel). Mean home range size in GTNP was 
62.25 krn2 (75% adaptive kernel) . Due to some 
coyotes being captured in fall 1999, some home ranges 
may have been calculated without sufficient points to 
be valid. 

Habitat use 
The two study areas will be compared in 

terms of coyote selection of home range. Habitat types 
have been classified by major vegetation type: aspen, 
conifer, sage, grassland, and riparian. Habitat 
classifications will also include open, forested, edge, 
and proximity to nearest road or human dwelling. 
Home range selection will be described by quantifying 
the percent of total habitat types found within the 
study area. Home ranges will be determined for each 
of the radiocollared coyotes in each study area using 
radio telemetry. If sufficient locations with a error 
polygon :S .05km2 are obtained, coyote selection of 
habitat use within their home range will be determined 
by plotting individual coyote locations on the 
vegetation map and recording habitat type (Gese et al. 
1988). Specific vegetation characteristics of each 
habitat type were measured to investigate what 
coyotes are selecting for within each habitat. One 
hundred circular vegetation plots with 11.3 m in radius 
were measured in both study areas during summer 
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1998. Measurements included aspect, slope, 
sightability, ground cover, canopy cover, tree DBH, 
and small mammal abundance (Koehler and 
Hornocker 1991 , Litvaitis et al. 1986). Habitat use 
will be analyzed with the geographic information 
system (GIS) software Arcview, Arcinfo, and aerial 
photographs. Landscape habitat variables will include 
distances to specific habitat features and coverage of 
vegetation types. 

Prey Utilization 
Over 400 pieces of scat have been collected 

along fixed transects and opportunistically in the two 
study areas. Scat transects range from 1.5-3 km in 
length and are found along dirt roads, unused two
tracks, and trails. The transects are walked once every 
one to two months. Scat is stored in labeled paper 
bags and is awaiting analysis . Kelly' s ( 1991 ) method 
will be used for scat analysis because existing 
techniques, such as visual estimate of percentage of 
prey remains in scat may not accurately characterize 
coyote diets (Kelly 1991 , 1997). Skeletal remains 
will be used to identify species present in each scat, 
and hair samples will be used to apportion the prey 
items present in a scat. Skeletal remains will be 
identified by comparing skeletal prey remains with 
known collections from the Murie collection at the 
Teton Science School along with identification guides. 
Hair will be identified through methods of Tom Moore 
(pers. comm.) and Moore et al. (1974). Prey items 
will be identified to species where possible. Plant 
species will also be identified. PROGRAM SCAT 
(Kelly 1997) will be used in conjunction with 
correction factors to estimate the "amount of prey 
represented by a scat" (Kelly I 997). 

Prey availability is being assessed in both 
study areas. Small mammal trapping (Sherman live 
traps) was used to determine relative abundance of 
small mammals. A total of 1000 trap nights were 
conducted in each study area during summer 1998 and 
again in early fall 1998. Results from these surveys 
are awaiting analysis. Coyote use of elk ( Cervus 
elaphus) and deer (Odocoileus spp.) will be 
determined by scat analysis, by direct observation 
from observation points, and by opportunistic viewing. 
Predation attempts on ungulates and scavenging on 
ungulate carcasses will be observed. Group sizes of 
predating and scavenging coyotes will be measured 
(Gese and Grothe 1995). Data on availability of deer 
and elk carcasses and carrion will be obtained from 
GTNP, the National Elk Refuge, and Wyoming Game 
and Fish (Weaver 1977, 1979). Hunter harvest data 
will be used as well as mortality data from ongoing 
Park and Refuge studies 
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Activity 
Activity sensors on the radiocollars allow for 

the determination of activity in a monitored coyote. 
During random telemetry surveys for home range 
determination, an activity level is assessed for each 
bearing. Activity levels will be verified against visual 
observations during winter 1999. Initial results 
indicate that coyotes in the southern study area are less 
active during daylight hours and more active during 
early evening hours than those coyotes in Grand Teton 
National Park. Analysis was done by comparing mean 
activity level at each hour of the 24 hour period (p < 
0.05, paired t-tests) . 

Group Size 
Radio telemetry will facilitate systematic 

visual observation in winter 1998-99 by allowing 
positive pack and individual identification. Direct 
open-field observations of coyotes combined with 
radio-telemetry during daylight hours will pennit 
assessment of group size, litter size, possible 
dominance hierarchy, predation, and wolf-coyote 
interactions. Opportunistic sightings of coyotes, in 
addition to systematic behavioral observations, will 
provide information on pack locations, effective group 
size, and social interactions. Coyote social groups are 
highly visible in open field situations, at carcasses 
during the winter, and at dens in the spring. 
Recognition of individual pack members may provide 
an additional tool for pack census and density 
estimates. 

Scent-stations will be established and 
monitored for a three day period during spring 1999 
following the methodology of Knowlton (1984). 
Twenty transects will be established in each study 
area. Each transect will consist of 10 scent stations 
over 2.7 km (one station every 0.3 km). A station 
consists of a one-meter diameter sand circle with a 
scent in the middle (fatty acid scent or sardines on a 
cottonball) . On the three following days after scent 
station establishment, all transects will be checked and 
the number of visited stations and operable stations 
will be recorded. On those stations that have been 
visited, tracks will be erased and sand replaced if 
needed. The index will be obtained by dividing the 
number of stations visited by the number of operable 
stations multiplied by 1000 (Knowlton 1984 ). 
Analysis will be done by comparing the difference 
between the means of all index values for all transects 
in each study area using at-test. 

Tracking surveys will be the only index used 
during the winter months. At least 20 km of transects 
will be used in each study area during the winter 

months. Transects will be checked 1-2 days following 
each snowfall. Each set of tracks that crosses the 
transect will be recorded along with group size, 
location, and habitat type. Specifications will be 
established to determine coyote tracks from fox and 
dog tracks. The index will be calculated as the 
number of tracks divided by the total kilometers of 
transects. The date, time, days since last snowfall, 
temperature, and cloud cover will also be recorded 
each time a transect is completed. Analysis will be 
done using a least squares mean between the two study 
areas (O'Donaghue, 1997). The means of the 
co variates (date, days since last snowfall, time, 
temperature, and cloud cover) will be used. 

Demography 
Mortality will be estimated by the mortality 

rates of collared coyotes and visual confirmation. 
Estimation of pup production will involve visual 
observations and possibly time lapse video 
photography of den sites . As of December 1999, no 
mortalities of marked coyotes have been recorded. 

+ COOPERATION 

This study is being carried out as a joint 
venture of the Wyoming Cooperative Fish and 
Wildlife Research Unit (COOP) and the Teton Science 
School (TSS). Funding has been attained from the 
Wyoming Cooperative Fish and Wildlife Research 
Unit, the Teton Science School, the University of 
Wyoming, and the University of Wyoming-National 
Park Service Research Station (AMK Ranch). In-kind 
donations in the form of radios and outdoor equipment 
have been obtained from various Wyoming 
businesses. 
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+ PROJECT SUMMARY 

The crystalline rocks that form the core of the Teton 
Range are part of the Wyoming Province, which is 
one of the oldest portions of North America. Study 
of the basement of the Tetons, coupled with the 
results of ongoing research in similar aged rocks 
exposed elsewhere in Wyoming, will provide 
information on how the crust evolved in the early 
Earth in general and in the Wyoming province in 
particular. In 1998 the project involved one week of 
fieldwork in Teton National Park to collect samples 
of key units for geochemical studies. This field work 
involved four faculty members from UW and a 
graduate student, who is doing the study as part of 
her MS thesis. The field work has been followed by 
several months of laboratory analysis at UW. We 
have characterized the rocks through thin section, 
stained slabs, and whole rock geochemical and Nd, 
Sr, and Ph isotopic methods. Geochronology is in 
progress: datable minerals have been isolated from 
samples of four different units and precise ages with 
uncertainties on the order of ± 5 million years are 
forthcoming 

+ SUMMARY OF FIELD WORK 

During the field work we used available 
geologic maps from the US Geologic Survey to 
locate key areas for study (Love et al., 1992). We 

collected samples from the prominent dike that cuts 
the east face of Mount Moran. Dikes such as this 
record major crustal extension events and we hope to 
detennine the age of this dike to constrain the timing 
of this Proterozoic extension. We collected samples 
from 2.54 billion year old (Ga.) Mt. Owen 
granodiorite, which is the youngest Archean rock in 
the range. This pluton has been well dated by the 
USGS (Zartman and Reed, 1998), but the isotope 
geochemistry of this pluton has not been 
characterized until now. We also sampled the 
Rendezvous Peak metagabbro, which occupies the 
southern portion of this range. This rock is largely 
undeformed and contacts with other units are not 
exposed. We hope to use geochronology to constrain 
its place in the history of the range. 

We also collected samples from the older 
units in the range, including the Webb Canyon 
gneiss, the augen gneiss and the layered gneiss. We 
hope to use the Nd and Sr isotope compositions of 
these rocks to constrain their origins and to get 
precise U-Pb zircon ages from the Webb Canyon and 
augen gneisses to give us a better picture of the 
geologic history or the range. 

+ RESULTS 

Geochemistry - Rocks are relatively 
potassic and lack the tonalites conunon to most 



Archean terranes. This is typical of other areas in 
the Wyoming Province, particularly of the Bighorns 
and the Wind Rivers. Rare Earth Elements (REEs ). 
Four samples from the Mount Owen batholith have 
ems REE-enriched and have a strong negative Eu 
anomaly (Fig. 1 ). This is typical of granitic rocks 
that have formed by partial melting that has left 
plagioclase in the residua. The Webb canyon has a 
similar pattern, but has higher total REE abundance. 
The augen gneiss is more strongly depleted in the 
heavy REEs than either the Mt. Owen or the Webb 
canyon granites. Such a pattern suggests the 
presence of garnet in the residua. In contrast to the 
granitic rocks, the Rendezvous metagabbro has low 
REEs with a flat pattern and small positive Eu 
anomaly. Such a pattern is typical of mafic rocks 
that crystallized with plagioclase accumulation. 

1000~--------------------~ 

i ebb Canyon gneiss 

Rendezvous Metagabbro 

1 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Figure 1. Chondrite-normalized Rare Earth pattern 
from Archean rocks in the Tetons. 

Nd-Sr isotopes The rocks from the Tetons 
show a range ofNd isotope values, with ~d ranging 
from +3 (which is nearly a mantle value at this time) 
to more than -7, which would be more typical of 
crustal rocks (Fig. 2). This variation is best seen in 
the range in Nd model ages, a measure of the time at 
which the REEs in the rock were extracted from a 
mantle reservoir. The youngest rock, the Mt. Owen 
granite, has a low ONd and Nd model age of 3.6 Ga, 
indicating that its source area contained significant 
amounts of old crust. The granite is peraluminous 
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and both the old Nd model age and the rock 
composition are consistent with a source that 
included metasediments derived from the Archean 
crust of the Wyoming Province. 

4 ~------------------------------------------------~ 

0 

Webb Canyon gneiss --------, 

layered gneiss -

Rendezvous -----Iii 
Metagabbro 
Mount Owen ---------I~N 

augen gneiss ----m 

Buffalo Bill -~----· 
-8 +----------------+--------------+--------4 

0 1.0 2.0 3.0 
Age (Ga) 

Figure 2: Variation of DNd for rocks from the Tetons 
at 2.54 Ga, the age of the Mt. Owen 
granodiorite. 

Many of the samples of the layered gneiss 
have high ONd and relatively young Nd model ages, 
around 2.7 Ga. These rocks cannot be much 
younger than 2.68 Ga, because they are intruded by 
the ca. 2.68 Ga Webb Canyon gneiss. This suggests 
that some of the rocks in the Tetons are of juvenile 
origin, in distinct contrast to gneisses in the Wind 
Rivers. Such 'juvenile" rocks could represent island 
arcs or accretionary sediments. 

The discovery of young Nd model ages is so 
important that we have obtained samples collected 
by Hildebrandt (1989) for additional analyses. These 
samples have been powdered and dissolved and 
isotopic analyses are presently underway. 

Geochronology We have made significant 
progress toward dating samples of the Webb Canyon 
gneiss, the augen gneiss, the Rendezvous 
metagabbro, and the Mount Moran dike. Rocks have 
been crushed and the U-bearing minerals, zircon 
principally, have been separated through the use of 
magnetic and density techniques. The zircons are 
presently in the process of being dissolved and the 
analysis of the U and Pb isotopic compositions will 
be undertaken in the coming months. 
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+ SIGNIFICANCE 

Our initial work on the Tetons has shown 
the that the age of the last penetrative deformation in 
the Archean rocks of the Tetons is synchronous with 
the intrusion of the Webb Canyon gneiss, which has 
been interpreted to be younger than 2. 7 Ga (Zartman 
and Reed, 1998). This age is considerably younger 
than the last penetrative deformation in the Bighorn 
Mountains but is similar to the age of the last 
penetrative deformation in the Wind River Range 
(Frost et al., 1998), the Seminoe and Ferris 
Mountains (Bowers and Chamberlain, 1993), and 
the northern Laramie Range. This suggests that in 
the time period of ca. 2.6-2. 7 Ga a mobile belt 
extended across the southern margin of the 
Wyoming province. Although the basement in the 
Tetons appears to share a similar deformation age to 
those in the Wind Rivers, the isotopic compositions 
of the gneisses from the Tetons are distinctly 
different from those in the Wind River Range. The 
Tetons contain rocks that have had a much shorter 
crustal history than similar-looking gneisses in the 
Wind Rivers. It is possible that layered gneisses 
with the young Nd model ages in the Tetons are part 
of an accreted terrane. If so, this is the first evidence 
that exotic terranes were accreted to the margin of 
the Wyoming Craton in the Archean. 

+ FUTURE PLANS 

The results from our Teton studies have 
already had a major impact on our understanding of 
the evolution of the Wyoming province. It has 
allowed us to put together a model suggesting that 
the southern portion of the Wyoming province was a 
mobile belt during the period of 2.6 to 2.8 billion 
years ago. Much of this mobile belt was developed 
on the old margin of the Wyoming province, but it is 
possible that some of the Tetons represent an 
accreted terrane. We plan to submit a proposal to 
NSF this coming June to continue our study of the 
Wyoming Province to test this model. This proposal 
seeks to study the Precambrian outcrops in the 
Tetons, Wind River Range, Seminoe-Ferris 
Mountains, and northern Laramie Range to see if we 
can constrain the age of this mobile belt. If this 
proposal is funded we plan significant further work 
in the Tetons to see if we can map the limits of the 
possible accreted terrane. 
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+ ABSTRACT 

Black bears have delayed implantation with 
fetal development and lactation energy demands 
during a period of maternal hibernation and 
starvation. Pregnant females in a state of diapause 
had about 23% greater fat depots than non
reproductive females going into hibernation. Fat 
provided 92% of the total energy for lactation and 
gestation. Rates of fat loss were 27% and protein 
loss 58% higher for reproductive females compared 
to non-reproductive females. The cost of winter 
reproduction to include gestation and lactation was 
1432 kj /day to produce two cubs. While 
reproduction required elevated protein breakdown, 
the overall loss was relatively small, perhaps due to a 
short gestation period and urea recycling. 

+ INTRODUCTION 

Black bears are unique among hibernators in 
that they mate in June and July, implant in 
November/December (Kordek and Lindzey 1980) 

with parturition in January (Alt, 1983). Cubs then 
nurse in the den 10-12 weeks until late March or 
early April (Alt, 1982). As such, black bears express 
their highest reproductive energy demands while in a 
state of hibernation and starvation. Little is known 
about how much fat is accumulated in the fall for 
hibernation by free-ranging black bears, the amount 
of energy required to sustain gestation and lactation 
over the winter and the proportion of maternal 
protein to fat required to successfully produce cubs . 
The knowledge of nutrient requirements for 
hibernating reproductive and non-reproductive bears 
is important to understanding winter survival of these 
animals and to formulate management decisions 
based upon food availability and spring emergence 
conditions. 

The purpose of the present study was to 
determine fall body fat of reproductive and non
reproductive bears and calculate the additional fat , 
protein and energy demands for cub production by 
hibernating females. 
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+ METHODS 

Three areas containing bears were included 
in this study: 1) the Uncompahgre Plateau, Colorado, 
2) Middle Park, Colorado and 3) Snowy Range 
Mountains, Wyoming. 

Bioelectrical Impedance Analysis (BIA) 
measures the resistance of a weak alternating 
electrical current (800uA at 50 KHz) made to pass 
through the body of an animal. The flow of current is 
directly related to body water content. Because lipids 
have lower water content than fat-free tissue, there is 
a direct correlation between resistance and the 
amount of body fat. Body water was calculated from 
resistance values (RJL Systems model 10 1-Q 
Impedance meter), body mass (kg) and snout to vent 
length (em) using formulas in Table 1 from Farley 
and Robbins (1994). Body water was then used to 
calculate fat from the formulas expressed in Figure 1 
also from Farley and Robbins (1994). 

Body mass and fat were measured on 4 
groups of bears from the 3 study areas during early 
and late winter. Five reproductive female bears and 
one non-reproductive female were monitored starting 
in November 1994 from the Uncompahgre Plateau. 
Four non-reproductive female bears were monitored 
in the Snowy Range Mountains from southeastern 
Wyoming starting in February, 1996. Six non
reproductive and 2 reproductive female bears were 
monitored in Middle Park, Colorado starting in 
November 1997 and 5 reproductive females and one 
non reproductive female were measured from the 
same area in 1998. 

Bears were anesthetized using Telazol 
(7mg/kg) or ketarnine hydrochloride/xylaxine 
hydrochloride (200mg/kg ketarnine and 50 mg/rnl 
xylaxine) administered with a jab stick or Palmer dart 
gun in the den. The bears were removed from the 
den, weighed using a model (Dyna Link 1200) digital 
load scale (200 gm accuracy), and placed upon an 
inflatable pad and plastic tarp for appropriate 
positioning for BIA (Farley and Robbins, 1994). The 
BIA instrument consists of a hand-held impedance 
meter with two pairs of leads. One pair was attached 
to 20-gauge vacutainer needles inserted into the fat 
deposits 2 em on either side of the base of the tail. 
The other pair was attached, via small clips, to the 
bear's upper lip just above the canines. Great care 
was taken to maintain consistency of bears 
positiOning and lead placement, and all 
measurements of resistance and body mass were 
taken at least twice to insure precision. 

Assuming that the hydration of lean tissue 
remained constant over the sampling period, 
(hematocrits remained constant) protein was taken to 
comprise 22.3% of lean body mass (Farley and 
Robbins, 1994). Using constants of 39.3 and 23 .6 
kJ/g for the energy content of fat and muscle protein 
(Blaxter, 1989), we converted body composition 
changes into units of energy. Fall body mass and fat 
as well as rates of fat and protein use by reproductive 
and non-reproductive bears was compared using an 
ANOVA test for significance. 

+ RESULTS 

While reproductive females were heavier 
and had significantly greater (23%) fat stores than 
non-reproductive females, lean body mass was not 
significantly different (Table 1 ). The mean rate of 
body mass loss of reproductive females was 42% 
greater ( 196.5 g/day Vs. 115 .6 g/day) and the rate of 
fat loss was 27% greater (115.9 g/day vs. 84.7 g/day) 
than for non-reproductive females (Figure 1 ). Daily 
total energy expenditure of reproductive females was 
significantly higher (4946 kJ/day Vs 3514 kJ/day) 
than for non-reproductive females (Table 2). Fat 
provided about 88% of the total energy expenditure 
for reproductive bears during the winter (Table 2). 
Even though protein was a minor energy substrate 
compared to fat, over twice the amount of protein 
(15.5 g/day Vs. 6.5 g/day) was used by reproductive 
bears compared to non-reproductive bears. 
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Figure 1. Body mass and body fat loss (gm/day) by 12 
reproductive and 12 non-reproductive female black bears from the 
three study areas. Symbols depict a significant difference (0.05) 
between reproductive and non-reproductive groups . Vertical bars 
represent 2 SEM . 

There was no difference in weight and fat 
loss between subadult and adult non-reproductive 
females. Non-reproductive females were the same 
body mass and had the same body fat content in the 
Snowy Range and the Middle park study areas. Even 
though reproductive females in the Uncompahgre 
Plateau population were significantly larger than 
those from the Middle park population, they did not 
have greater levels of fat (Table 1 ). 
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+ DISCUSSION 

Bears become hyperphagic in the fall and 
accumulate body fat. They then stop eating and enter 
a physiological state conducive for fat metabolism 
and protein sparing (Nelson, 1980). During this 
period they can enter a den and allow their body 
temperature to fall several degrees for the remaining 
winter (Nelson et al. , 1973). Females that were bred 
during the summer harbor the fertilized blastocyst in 
a state of diopause until mid winter implantation 
followed by a relatively short (about 32 days) in 
utero gestation and then by a protracted lactation 
through the winter denning period (Alt, 1982; Kordek 
and Lindzey, 1980). Most mammals do not 
simultaneously undergo starvation and reproduction. 
In order to be adapted to such conditions, bears must 
have ample stores of both fat as well as protein. 

Fall Body Mass and Fat Stores By Non
Reproductive and Reproductive Bears. 
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Sampson and Huot ( 1995) measured body 
mass of free ranging female black bears · in a 
reproductive and non-reproductive state in the Great 
Lakes-St. Lawrence River Region during the early 
winter just after denning. Bears in a reproductive 
state (which later produced 2 to 3 cubs) weighed 
significantly more (85-95kg) than the non
reproductive females (53kg). The additional weight 
was thought to represent energy stores which were 
related to successful cub production (Sampson and 
Huot, 1995). These weights are remarkably similar to 
the values obtained in the present study for 
reproductive (89.9kg) and non-reproductive (53 kg) 
females under natural field conditions in the 
Colorado, and Wyoming Rocky Mountains. Unlike 
the study by Sampson and Huot ( 1995), we were able 
to show that this mass difference was primarily due 
to a 23% higher storage of fat. Interestingly, the fall 
hyperphagic period for bears is characterized by a 
reproductive state of blastocyst arrest with very little 
additional energy demands on the pregnant female . 
Therefore, during this time, there must be alterations 
in the hypothalamic control of appetite and body fat 
set point by pregnant females that are not energy 
driven to make them eat more and place on additional 
reserves to accommodate later demands. It is not 
known what neural or hormonal signals cause these 
changes in bears, however, we have previously 
demonstrated that fall levels of progesterone are 
elevated in female bears believed to be in a state of 
diapause (Harlow et al. 1990). This and/or other 
hormonal messengers such as leptin, neural peptide Y 
or cholystokinin may orchestrate an altered food 
intake and energy storage in the fall by pregnant 
females in the absence of direct energy demands. 

Rates of Winter Body Mass and Fat Loss by Non
Reproductive Bears 

Studies on captive non-reproductive bears 
show overwinter body mass losses of between 70-310 
g/day (Craighead et al. , 1976; Maxwell et al. , 1988). 
This great variability among studies may be a result 
of differing energy demands associated with 
captivity, amount of handling and type of artificial 
dens used. On the other hand, our values 
(115.6g/day) were closer to the 70-100 g/day mass 
loss previously reported by Craighead et al ( 1976) 
and by Tietje and Ruff ( 1980) both studies reporting 
on a very small sample size (n=2) of non
reproductive females in the wild. In a more 
exhaustive study on free ranging bears, Sampson and 
Huot ( 1995) monitored 6 non-reproductive female 
bears twice during the winter. Their value for body 
mass loss by non-reproductive females of 100 
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grnlday was very close to that reported here (115.6 
gm/day). 

The only studies on daily winter fat loss of 
black bears have been conducted on captive bears. 
Maxwell et al. (1998) demonstrated that a non
reproductive bear in an artificial den lost 55 to 65 g 
fat /day which was in the range, but somewhat lower 
than the 85 g fat/day reported in this paper on 12 non
reproductive female bears while in their natural dens. 

Body Mass, Fat and Protein Loss By Reproductive 
Females: Cost of Gestation and Lactation. 

Few data have been published describing the 
loss of mass in wild black bears in relation to 
gestation and lactation during the winter. Sampson 
and Huot ( 1995) reported body mass loss estimated 
to be about 230 g/day for reproductive female black 
bears in a state of gestation and lactation while 
Oftedal et al. (1993) showed a loss of about 270 
g/day for the first month of lactation for two cubs. 
Our values of 196 g/day loss to maintain two cubs 
were closer to that of Sampson and Huot ( 1995) for 
combined gestation and lactation over the winter. 
This represents an approximate 41% increase in mass 
loss due to reproduction which is similar to the 45% 
reported by Farley and Robbins (1995) on captive 
bears. 

In our study on hibernating bears under 
natural field conditions, the difference in combined 
fat and protein loss between reproductive and non
reproductive female bears was 40 g/day or an 
equivalence of 1432 kj/day per litter of 2 cubs (Table 
2). Indeed, we found that reproductive females had a 
1216kJ/day higher expenditure of fat while only 214 
kJ/day higher expenditure of protein compared to 
non-reproductive females over the winter test period 
(Table 2). The present study suggests a low use of 
protein by reproductive hibernating bears. Lactating 
females appeared to greatly conserve protein with a 
fat to protein ratio of about six to one with only 7.6% 
protein loss over the winter. Interestingly, even 
though this additional protein may be providing water 
and nitrogen required for cub growth, it represents a 
relatively small amount of protein loss by the mother. 
For example, humans during inactivity, loose protein 
at a rate of 0.4%/day (Berget al., 1997) which would 
extrapolate to about 48% protein loss over a similar 
120 day period. Interestingly, it has been proposed by 
Oftedal et al ( 1993) that lactating females ingest the 
urine and feces of the cubs thereby recovering about 
as much water and about half the nitrogen she looses 
in milk which could augment other protein 
conserving processes such as recycling urea (Nelson 

et al 1973). Therefore, mass loss is primarily due to 
fat loss and not protein during winter reproduction 
(Maxwell et al., 1988; Tinker, Harlow and Beck, 
1998) 

Knowledge of energy requirements for 
winter reproductive costs is important to 
understanding winter survival of black bears and to 
formulate management decisions based upon spring 
emergence condition. Cub production, sex ratio and 
survival are influenced by maternal condition and 
local food availability to black bears (Eiler et al. , 
1989; Kolenosky, 1990; Stringham, 1990). Regional 
differences in energy requirements for reproduction 
could be caused by local variation in denning 
duration and food availability (Sampson and Huot, 
1995). 
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+ OBJECTIVES 

Multiannual fluctuations in population 
density ("cycles") of small rodents have been known 
since antiquity (Elton 1942). Numerous hypotheses 
have been proposed to explain this phenomenon (for 
reviews see Finerty 1980, Taitt and Krebs 1985). 
However, none of these hypotheses, alone or in 
combination, has been able to explain the causality of 
cycles, although recently removal of parasites was 
shown to prevent population cycles in the red grouse, 
Lagopus lagopus scoticus (Hudson et al. 1998). 

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 

Microtus montanus were live trapped at two 
times of the year: the second half of May (spring 
study period) and mid-July to mid-August (summer 
study period). Animals were killed with an overdose 
of Metofane as soon as possible after capture. 
Animals were aged using weight, total length and 
pelage characteristics. The digestive tract and the 
liver were examined for the presence of parasites. 
Reproductive organs, the spleen and the adrenal 
glands were collected from all animals and preserved 
in Lillie's buffered neutral formalin for further 
histological study. Flat skins were prepared from all 
animals. 

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

During the spring study period trapping was 
carried out in a number of sites, all well removed 
from the permanent grid. The objective of trapping 
during the spring study period was to determine (on 
the basis of embryo size) the onset of reproduction on 
a population-wide basis. The reason for not trapping 
the grid during the spring study period was to leave 
the site as undisturbed as possible since the grid is the 
major source of information on population density. 
In order to ascertain the effects of habitat/density on 
population dynamics of M. montanus in Grand Teton 
National Park, populations of these rodents were 
monitored in both, optimal and marginal habitats . 

+ RESULTS 

As predicted at the end of the 1997 field 
season, a very large population of Microtus montanus 
had, indeed, overwintered in 1997-1998. This was 
evidenced by the presence of unusually large numbers 



of well-worn runways at the beginning of the spring 
study period. Reproduction had begun in late April. 
Every female trapped was pregnant with her first 
litter. An exception to this was a population from a 
warmer microenvironment where all females already 
were pregnant with their second litter. All second 
litters were approximately 30% larger than the first 
litter. This is a well-known phenomenon. In 
Microtus montanus the first litter is the smallest. 
Litter size then increases with each successive litter, 
up to the fifth litter (Negus and Pinter 1965). 
Although such laboratory fmdings hint at the 
reproductive potential of Microtus montanus, under 
natural conditions a given female rarely, if ever, 
produces five litters in her lifetime. However, the 
production of large litters early in the breeding season 
has significant repercussions on population dynamics 
since females from early litters breed in the year of 
their birth (Pinter 1986, 1988; Negus, Berger and 
Pinter 1992). Furthermore, during the spring study 
period of 1998, after meltwater had receded, there 
was no reflooding of the study areas, suggesting the 
potential for a high survival rate of all early litters. 
Consequently, the combination of early widespread 
breeding and the persistently well-drained habitats 
presaged a significant increase in population density 
for the remainder of the 1998 breeding season. 

As expected, during the summer study 
period population densities of Microtus montanus had 
risen dramatically above those observed in 1997. In 
the summer of 1998 the population density in the 
permanent grid was almost twice that of 1997. Litter 
sizes were smaller than those in 1997; however, the 
breeding population was much larger than in the 
previous year. A similar increase in density was 
found in the other study areas - with one notable 
exception. Whereas, the 1998 population density had 
essentially doubled over that found in 1997 at all 
sites, one of the populations exhibited a dramatic 
decline in density. Indeed, the numbers were the 
lowest ever recorded at this site, although the 
population remained reproductively active, with litter 
sizes larger than those at any of the other locations. 

At the present there is no explanation for the 
apparent collapse of this population. Recently, 
parasites have been implicated as causative agents of 
population cycles (Hudson et al. 1998). There was, 
however, absolutely no difference in the extent of 
endoparasitism in M. montanus among the different 
study sites in 1998. There was also no apparent 
difference among the sites with respect to the 
abundance of predators. The asynchrony observed 
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here is an excellent example of the variability in 
population dynamics at specific locations. 
Fluctuations in population density of M. montanus are 
generally synchronous over a wide geographic region. 
However, within a region of synchrony there exist 

populations that exhibit varying degrees of 
asynchrony with neighboring populations. The 
frequency and extent of such asynchronies becomes 
apparent only as a result of long-term observations . 
Furthermore, such asynchronous populations can be 
extremely valuable because any features that are not 
shared with their synchronous neighbors may hold 
clues to the causes underlying population 
fluctuations. 

The disappearance of M. montanus from this 
study area was accompanied by an invasion of 
Microtus pennsylvanicus. Ordinarily M. 
pennsylvanicus are uncommon at this site. However, 
in 1998 the numbers of M. montanus and of M. 
pennsylvanicus were virtually identical. It is 
impossible to say whether the invasion of M. 
pennsylvanicus is related to the decline in population 
density of M. montanus . The M. pennsylvanius had 
not taken over the entire area occupied by M. 
montanus; rather, they had expanded from their 
preferred habitat fairly uniformly into one third of the 
study area along one edge only. In this region the two 
species retained symmetry, although the M. 
pennsylvanicus outnumbered the M. montanus by a 
ratio of 2: 1. 

Another noteworthy aspect during the 1998 
study period was the absence of parasitism by 
cuterebrid flies. Infestations of M. microtus by 
Cuterebra usually occur during the second half of the 
summer study period. The incidence is usually most 
severe in the driest study areas . During 1998, 
however, there was no evidence of either current or 
past cuterebrid parasitism at any of the locations, 
although by the end of the summer study period the 
vegetation was fruiting and drying at some of the 
sites. 

+ CONCLUSIONS 

For the first time since this study began, a 
population of M. montanus at one of the study sites 
exhibited complete asynchrony with populations at all 
other sites. The crash of this population (in what is 
probably optimal M. montanus habitat) occurred at a 
time when all other populations in the region 
increased in density. Such asynchrony within a very 
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small region is an extremely valuable finding because 
a comparison with synchronous populations should 
hold clues to the causes underlying population cycles 
of small rodents. 
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+ ABSTRACT 

Paleontological resources occur throughout 
the formations exposed in Grand Teton National 
Park. A comprehensive paleontological survey has 
not been attempted previously at Grand Teton 
National Park. Preliminary paleontologic resource 
data is given in this report in order to establish 
baseline data. 

+ INTRODUCTION 

The original Grand Teton National Park was 
established by Congress on February 29, 1929. (45 
Stat. , 1314). It was then expanded in 1950. The park 
now encompasses approximately 310,000 acres in 
northwestern Wyoming. Shallow seas transgressed 
and regressed over this area from 600 million years 
ago until 65 million years ago. These seas provided 
the sediments for the nearly 26,000 feet of 
sedimentary rock exposed in the park today. Many of 
these layers are fossiliferous . The Teton Range is the 
youngest mountain range in North America, formed 
by crustal extension only 5 to 9 million years ago. 
The Teton Fault is a normal fault that is still active 
today, with over 30,000 feet of vertical separation. 
Several periods of glaciation carved the dramatic 

landscape, and though the last great ice masses 
melted 15,000 years ago, some re-established small 
glaciers still exist. 

This report provides a preliminary 
assessment of paleontological resources identified at 
Grand Teton National Park. 

+ STRATIGRAPHY 

The stratigraphic record at Grand Teton 
National Park extends from the Cambrian through the 
Tertiary. The only time period during this interval 
that is not represented is the Silurian. Brief 
descriptions of the stratigraphic units exposed at 
Grand Teton are provided below. 

Flathead Sandstone (Cambrian) 

This formation is exposed along the north 
and west flanks of the Teton Range, as well as the 
north and west flanks of the Gros Ventre Mountains . 
The Flathead Sandstone is partially marine. These 
marine sections are characterized by a red-brown, 
medium grained quartz arenite, some of which 
contain horizontal feeding traces and vertical 
burrows. 
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Gras Ventre Formation (Cambrian) 

The Gros Ventre Formation is exposed 
along the north and west flanks of the Teton Range 
and Gros Ventre Mountains. The formation is made 
up of about 700 feet greenish gray marine shale and 
limestone. The Death Canyon Member, a cliff 
building limestone, makes up 300 feet of this 
sequence. The plant fossil Tetonophycus 
blackwelderi was collected in the park near the head 
of Death Canyon in the Death Canyon Member of the 
formation. 

Gallatin Limestone (Cambrian) 

The Gallatin Limestone is exposed along the 
north and west flanks of the Teton Range and Gros 
Ventre mountains. This formation is a blue-gray thin
bedded marine limestone that ranges from 200 to 300 
feet in thickness. Three genera of conodonts, 
Preconodontus, Eoconodontus, and Cambrooistodus 
are reported from this formation. 

Bighorn Dolomite (Ordovician) 

The Bighorn Dolomite is exposed along the 
north and west flanks of the Teton Range, the north 
and west flanks of the Gros Ventre Mountains, and in 
southern Jackson Hole. This formation is a gray
white [me-grained marine dolostone that is between 
300 and 500 feet thick. Several marine invertebrates 
including brachiopods, bryozoans, and corals are 
preserved in this formation. 

Darby Formation (Devonian) 

This. formation is exposed along Darby 
Creek, the western slopes of the Teton Range, the 
north slopes of the Gros Ventre Mountains and 
southern Jackson Hole. It consists of sandy and silty 
gray-brown limestone, often interbedded with brown 
and green shales and siltstones. The Darby formation 
correlates with the Jefferson and Three Forks 
formations of Montana. The section on the western 
slope of Glory Mountain is 327 feet thick. The lower 
151 feet of this section, which corresponds to the 
Jefferson Formation, contains rod-like organic 
structures, crinoid fragments, brachiopods, and 
ostracodes. The upper 176 feet, corresponding to the 
three Forks Formation, contain a crinoidal limestone 
in the lower part. 

Madison Limestone (Mississippian) 

The Madison Limestone is exposed on the 
north and west flanks of the Teton Range, the north 

slopes of the Gros Ventre Mountains and southern 
Jackson Hole. It is a blue-gray marine limestone that 
ranges from 1,000 to 1,200 feet thick in the Teton 
area. Though referred to as a fossiliferous unit, the 
outcrops within the park have not been surveyed for 
fossils, and there are no reports of fossils collected 
from this unit inside the park. Brachiopods and corals 
have been collected from this formation outside the 
park. 

Amsden Formation (Pennsylvanian) 

This formation is exposed on the north and 
west flanks of the Teton Range, the north slopes of 
the Gros Ventre Mountains and southern Jackson 
Hole. It consists of reddish marine dolostone and 
shale, and contains a basal red sandstone. The 
Amsden Formation is about 300 feet thick in this 
area. Poorly preserved fossil traces and much crinoid 
stem debris is reported from the formation. 

Tensleep Sandstone (Pennsylvanian) 

The Tensleep Sandstone, a light gray hard 
sandstone, is exposed on the north and west flanks of 
the Teton Range, the north flank of the Gros Ventre 
Mountains and southern Jackson Hole. The following 
fossils were collected in the park by J.D. Love, 1953 : 
Climacammina sp., Brady ina sp., Textrataxis sp., 
Pseudotaffella or possibly Milleralla sp., Fusulina 
sp., and Prismopora sp. 

Phosphoria Formation (Permian) 

The Phosphoria Formation is exposed on the 
north and west flanks of the Teton Range, the north 
slopes of the Gros Ventre Mountains, and southern 
Jackson Hole. It is made up of marine beds of gray 
dolostone, black shale, and phosphate. The formation 
ranges from 150 to 250 feet in thickness. Sponge 
spicules are reported from this layer. 

Dinwoody Formation (Triassic) 

The Din woody Formation is exposed on the 
north end of the Teton Range, the north flank of the 
Gros Ventre Mountains, and southernmost Jackson 
Hole. It is a brown, thin-bedded, marine siltstone that 
ranges between 200 and 400 feet in thickness. 
Conodonts are reported from this layer. 

Chugwater Formation (Triassic) 

This formation is exposed on the north end 
of the Teton Range, the north flank of the 
Gros Ventre Mountains, and southernmost 



Jackson Hole. The Chugwater formation is 
made up of red, thin-bedded sandstone and 
shale with a thin bed of limestone near the 
top. It is between 1000 and 1500 feet thick. 

The lowest member is known as the Red 
Peak. The two upper members are known as the Popo 
Agie and the Alcova. The Red Peak Member is 
predominantly siltstone and is not fossiliferous. The 
Alcova Limestone Member consists of a thin, hard, 
fine-bedded, pinkish to light-gray limestone. Fossils 
from the Alcova place it in Middle or Upper Triassic. 
The lower part of the Popo Agie member resembles 
the Red Peak member, and the top consists of an 
earthy, powdery, brown claystone overlying purple to 
red silty shales and limestone pellet conglomerates. 
This member does contain fossils . 

Nugget Sandstone (Triassic/Jurassic) 

This formation is exposed on the north flank 
of the Gros Ventre Mountains, Blacktail Butte and 
southern Jackson Hole. The Nugget Sandstone is a 
hard, red sandstone that ranges from nonexistent to 
350 feet in the park area. 

Gypsum Spring Formation (Jurassic) 

This formation is exposed on the north end 
of the Teton Range, Blacktail Butte, and in the Gros 
Ventre River valley. The Gypsum Spring Formation 
is a partly marine white gypsum interbedded with 
shale and dolomite. It ranges from 75 to 100 feet 
thick in this area. The ammonites Stemmatoceras and 
Chondroceras are reported from this layer. Six 
pelecypod species were also collected from in and 
around the park. 

Sundance Formation (Jurassic) 

The Sundance Formation is exposed on the 
north end of the Teton Range, Blacktail Butte, and in 
the Gros Ventre River valley. The formation is 
between 500 and 700 feet thick. The lower unit is 
composed of marine gray shale and limestone. The 
limestone in this unit is highly fossiliferous , the most 
common fossils being clams, crinoids and 
belemnoids. The upper unit is a greenish sandstone. 
Dinosaur tracks and bones have been produced from 
this formation outside the park. 

Morrison Formation (Jurassic) 

This formation is exposed on the north end 
of the Teton Range and in the Gros Ventre River 
valley. The Morrison and Cloverly formations 
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together are 650 feet thick in this area. It is a silty 
sandstone and claystone. No fossils have been found 
in this layer inside the park. 

Cloverly Formation (Early Cretaceous) 

The formation is exposed on the north end 
of the Teton Range and in the Gros Ventre River 
valley. In this area the Cloverly formation is a light 
gray sandstone with a rusty unit near the top. The 
Cloverly Formation has produced many dinosaur 
fossils in the Bighorn Basin, and Carbon County 
Montana, but fossils have not yet been reported from 
this formation in the Teton Range. 

Thermopolis Shale (Early Cretaceous) 

The Thermopolis Shale is exposed in the 
Gros Ventre River valley, along the northern 
boundary of the park, and in southern Jackson Hole. 
Ranging from 150 to 200 feet thick, it is a fissile , 
black, marine shale with sandstone at the top. Though 
plesiosaur bones have been excavated from this 
formation nearby, no fossils are reported in the park. 
An abundant fauna of foraminifers is reported from 
areas to the east of the park. 

Mowry Shale (Early Cretaceous) 

This formation is exposed in the Gros 
Ventre River valley, along the northern boundary of 
the park, and in southern Jackson Hole . The Mowry 
Shale is a gray-black marine shale that is 700 feet 
thick in this area. Three variants of the ammonite 
Neogastroplites cornutus (Whiteaves) were collected 
by Eliot Blackwelder. It also contains many fish 
scales, and fish teeth have been reported. 

Frontier Formation (Late Cretaceous) 

This formation is exposed in the eastern and 
northern parts of Jackson Hole, and at the 
southwestern margin of Jackson Hole. The Frontier 
Formation is made up of gray, marine sandstone and 
shale with some thin porcellanite beds, and is almost 
1000 feet thick in the park. Foraminifera have been 
reported from this layer, and some of the shale layers 
are oyster-bearing. The following plant fossils have 
been identified in the porcellanite beds : Plantanus 
sp., Anemia fremonti, Gleichenia comptoniaefolia. 
Gleichenia nordenskioldi, Gleichenia cf. G. 
nauckhoffi, and Ficus fremonti. A sandstone bed near 
the middle of the formation contains a marine 
molluscan fauna. The ammonites Collgnoniceras 
wool/gari (Mantell) var. intermedia, Placenticeras 
planum, and Peroniceras have been collected from 
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that bed. The upper sandstone beds in the Frontier 
Formation contain Inoceramus deform is Meek and 
Ostrea sannionis White. 

Cody Shale (Late Cretaceous) 

The Cody Shale is exposed in the northern 
and eastern parts of Jackson Hole. It is composed of 
soft gray marine shale and thin-bedded green 
sandstone and ranges in thickness from 1300 to 2200 
feet. This formation contains marine fossil mollusks 
and microfossils throughout. Inoceramus 
exogyroides, I. undabundus and Scaphites 
ventricosus (Meek and Hayden) were reported by 
W.A. Cobban. The following fossils were collected 
and identified on Blackrock Meadows by J .A. 
Cushman: Robulus pseudosecans (Cushman), R. 
munteri (Roemer), Nodosaria a.ffinis (Reuss), N. 
dis tans (Reuss), Frondicularia in versa (Reuss), 
Vaginulina taylorana (Cushman), and Bullopora 
laevis (Sollas). The following ostracodes were 
collected at the same locality: Cytherella cf. C. 
kansasensis Morrow, Cytherella sp., Cytheridea cf 
C. fabaformis Berry, Cythereis aff. C.paraustinensis 
Swain, Brachycythere cf. B. sphenoides (Reuss) and 
Orthonotacythere sp. 

Bacon Ridge Sandstone (Late Cretaceous) 

This formation is exposed in eastern Jackson 
Hole and along the eastern boundary of the park. The 
Bacon Ridge Sandstone is made up of light gray 
massive sandstone, gray shale, and numerous coal 
beds. It ranges from 900 to 1200 feet thick in this 
area. The sandstone contains large Inoceramus shells, 
shell fragments, and shell prisms. A volcanic tuff 
layer contains black leaf impressions of Trapa 
microphylla Lesquereux, and seeds. 

Lenticular sandstone and shale sequence (Late 
Cretaceous) 

This sequence is exposed in the southeastern 
part of Jackson Hole, south of Mount Leidy, and near 
the Bacon Creek and Fish Creek junction. The 
sequence is about 2,300 to 2,400 feet of nonmarine 
channel deposits of sandstone and shale. It contains 
an abundant and well preserved flora and some non
marine mollusks. 

Mesa Verde Formation (Late Cretaceous) 

The Mesa Verde Formation is exposed along 
Spread Creek, on both flanks of the Spread Creek 
anticline, and on the northeast flank of the Bacon 
Ridge anticline. It varies greatly in thickness from 

200 to nearly 1,000 feet. This formation is primarily 
massive, white, coarse-grained sandstone. Sparse 
nonmarine mollusks, chara oogonia, and a well
preserved flora were found in the Dry Cottonwood 
Creek section. 

Meeteetse Formation (Late Cretaceous) 

This formation is made up of chalky 
tuffaceous sandstone, blue-gray siltstone, white tuff, 
carbonaceous claystone and shale, impure coal beds, 
and yellow-green bentonite beds. The Meeteetse 
Formation is 170 feet thick in Spread Creek Canyon 
where the formation is exposed. Many plant fossils 
(mostly individual leaves) are found in this 
formation. A tuffaceous sandstone yielded the 
following plant fossils: Asplenium sp., Equisetum sp., 
and Platanus sp. 

Harebell Formation (Late Cretaceous) 

The Harebell Formation crops out over 130 
miles in the northeast comer of Teton County. It is 
made up of gray sandstone, conglomerate, claystone 
and shale, and is approximately 5,000 feet thick. The 
basal beds of sandstone, siltstone, claystone and shale 
contain leaves, invertebrates, and poorly preserved 
bone fragments. 

Pinyon Conglomerate (Paleocene) 

The Pinyon conglomerate is made up of two 
members, a lower coal member and an overlying 
conglomerate member. 

The coal member is exposed in southern 
Jackson Hole and north of Mount Leidy and is 50 to 
140 feet thick. It consists of black coaly shale, coal 
beds, gray claystone and thin lenticular sandstone 
beds. The only fossils in the coal member consist of 
small, very fragile mollusks. These were identified 
by T.C. Yen as Pisidium sp., Valvata sp., Velatella 
cf. V. baptista White, and Physa sp. 

The conglomerate member is exposed along 
the southeast margin of Jackson Hole, along Fish 
Creek and Cottonwood Creek, in the Mount Leidy 
Highlands, and on the top of Gravel Mountain. It 
ranges from 1,000 to 1,500 feet in thickness and is 
composed entirely of smoothly rounded red, gray, 
black, and yellow pebbles, cobbles and boulders from 
pre-Cambrian quartzites and igneous rocks. Fossils 
are sparse in the conglomerate facies. The terrestrial 
gastropods Oreohelix megarche Cockerell and 
Henderson, and Grangerella sinclairi (Cockerell), 



identified by J.B. Reeside Jr. were collected from this 
layer. 

Greenish-gray and brown sandstone and claystone 
sequence (Paleocene) 

This sequence is exposed along both forks 
of Fish Creek, along Cottonwood Creek, and in 
southeastern Jackson Hole. There are between 1,000 
and 2,000 feet of gray-brown sandstone, green-gray 
shale and claystone, and thin coal beds. The shale and 
claystone portion of the sequence contains numerous 
gastropods and a few pelecypods. The following 
freshwater mollusks were collected from the lower 
and middle part of the sequence on both forks of Fish 
Creek and on Cottonwood Creek (Love, 194 7) and 
identified by T.C. Yen: Helicina cf. H. evanstonensis 
(White), Viviparus cf. V. trochiformis (Meek and 
Hayden), Viviparus sp., Lioplacodes cf. L. 
limnaeiformis (M. & H.), L. cf. L. mariana Yen, L. 
cf. L. tenuicarinata (M. & H.), Lioplacodes sp., 
Aplexa cf. A. atava (White), Aplexa sp., Micropyrgus 
cf. M. minutulus (M. & H.), Micropyrgus sp., 
Pleurolimnaea tenuicosta (M. & H.), Valvata cf. V. 
subumbilicata (M. & H.), Lymnaea sp., Gyraulus sp., 
Sphaerium sp., Pisidium sp., Eupera sp., 
Pseudocolumna sp., Unio cf. U. priscus M. & H. In 
the same localities, the following plants were 
collected and identified by R. W. Brown: Taxodium 
occidentale Newberry, Cercidiphyllum arcticum 
(Heer) Brown, Vitis sp., Viburnum cf. V. antiquum 
(Newberry) Hollick, Aralia notata Lesquereux, 
Sapindus affinis Newberry, Cambomba gracilis 
Newberry. 

Wind River Formation (Eocene) 

The Wind River Formation is exposed along 
both forks of Fish Creek and south of Togwotee Pass. 
It is composed of claystone, coal, and sandstone beds. 
This formation is about 1,800 feet thick in this area. 
Both the coal and the overlying black shale and gray 
sandstone are fossiliferous with gastropods and 
pelecypods. 

Indian Meadows Formation (Eocene) 

This formation is exposed along the eastern 
margin of Jackson Hole, both forks of the Fish Creek, 
and south of Togwotee Pass . The Indian Meadows 
Formation consists of interbedded red clay, shale, 
sandstone, and conglomerate approximately 1000 ft 
thick. The age of Eocene is based on vertebrate 
fossils found in the formation. The conglomerate is 
made up of nodules of Paleozoic granite, limestone, 
dolomite, and chert. There are also algal-ball 
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limestone beds. These beds are made up primarily of 
rounded masses of limestone. The limestone is 
arranged in concentric layers around nuclei, which 
are commonly Goniobasis sp. 

Unnamed Rocks (Eocene) 

These rocks are exposed along T ogwotee 
Pass, and are about 1,000 feet thick. These layers are 
made up of a quartzite pebble conglomerate, tuff, 
coarse-grained gray sandstone, green claystone, and 
thin bentonite beds. The sequence contains the 
following mollusks (identified by T.C. Yen) : 
Oreohelix cf. 0. magarche Cockerell and Henderson, 
Holospira cf H. leidyi (Meek), Goniobasis cf G. 
arcta (Meek), ?Goniobasis sp., Physa cf P. 
pleromatis White, Lymnaea sp. , Drepanotrema sp. , 
Sphaerium sp., "Planorbis" sp. , ? Viviparus sp., 
Pisidium sp. Thin beds of carbonaceous shale and 
claystone interbedded with the tuffs contain the 
following leaves: Lygodium kaulfussi Heer, Ficus 
wyomingana Lesquereux, Mimosites coloradensis 
Knowlton, Phyllites furcivena Brown, Platanus sp., 
Arala sp., Sassafras sp., Equisetum sp. , Sparganium 
antiquum (Newberry) Berry. The white rhyolite tuffs 
contain these plants: Lygodium kaulfussi Heer, 
Dryopteris weedi Knowlton, Osmunda sp., 
Equisetum sp., ?Juglans or Sapindus sp., Lomatia 
coloradensis (Knowlton) Brown, ? Koelreuteria 
nigricans (Lesquereux) Brown, Plantus sp ., 
Cinnamomum sp. , and Mimosites sp. 

Wiggins Formation (Oligocene) 

The Wiggins Formation is exposed on the 
north flank of the Wind River Mountains and along 
Mink Creek. This formation is up to 2,000 feet thick 
in the area, and is composed of massive volcanic 
conglomerate and breccia with volcanic rock 
fragments as much as three feet in diameter 
interbedded with fme-grained tuffs. The unit is 
assigned an Oligocene age on the basis of vertebrate 
fossils. Also described another Oligocene vertebrate 
fauna from this formation near Mink Creek. Those 
fossils (identified by M. J. Hough) are: Cylindrodon 
cf. C. fontis, Jschyromys cf I. parvidens, Megalagus 
brachyodon, Paleolagus temnodon, Eutypomys sp., 
Teleodus cf. T umtensis, and Poebohterium sp. 

Colter Formation (Miocene) 

This formation is exposed near Pilgrim 
Peak, Two Ocean Lake, and in northeastern Jackson 
Hole . The Colter Formation is several thousand feet 
thick. It is made up of mixed tuffs containing shards, 
rock fragments, and minerals of mafic character. The 
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following fossils were described from localities near 
Two Ocean Lake: Domninoides storeri, Oreolagus 
colteri, Hypo fagus, species intermediate, 
Spermophilus pnmztzvu, Tamias ateles, 
Petauristodon, species intermediate, Allomys 
cristabrevis, Monosaulax, cf M curtus, Perognathus 
furlongi, Cupidinimus sp., Diprionomys agrarius, 
Mojave magnumarcus, Schaubeumys, species 
intermediate, Parahippus tyleri, Merycochoerus 
proprius magnus, and ?Oxydactylus, species 
intermediate (Barnosky, 1986). 

Camp _Davis Formation (Pliocene) 

The Camp Davis Formation is exposed in 
southeast Jackson Hole and is several thousand feet 
thick. The lower part consists of light gray 
conglomerate mostly limestone and dolomite. The 
middle section is pinkish limestone, claystone, tuff, 
purnicite, conglomerate, and diatomite. The upper 
part is red conglomerate made up of sandstone and 
siltstone from Triassic rocks. Tuffaceous sedimentary 
layers in this formation have produced a horse tooth, 
Pliohippus sp. Mollusks, ostracodes, and diatomite 
were collected by J.D. Love in 1956. 

Teewinot Formation (Pliocene) 

This formation is a thick succession of white 
limestone, tuff, purmc1te, claystone and 
conglomerate. It is exposed on fault blocks in 
Jackson Hole and on the western flank of the Gros 
Ventre Mountains. The Teewinot Formation is at 
least 5,000 feet thick. Some of the claystone beds are 
almost coquinas of small mollusks and ostracodes. A 
bed 200 feet below the top of the section produced 
vertebrate fossils, mostly jaw fragments and teeth, 
they are Dipoides stirtoni and Goniodontomys 
disjunctus. One complete jaw of Blarina sp. was 
found. In the same layer the following mollusks 
were found (identified by Taylor in personal 
communication to Love, 1956): Psidium sp., Valvata 
humeralis (Say), Scalez sp., Lymnaea sp., L. aff. 
caperata Say, Vorticifex sp., Pupilla muscorum, 
Succinea cf. avara Say, S. cf. grosvenori Lea, Discus 
cronkhitei (Newcomb), Oreohelix cf. subrudis 
(Pfeiffer), Hawiia minuscula (Binney). Zannichellia 
sp., Potamogeton sp., Abies sp., coniferous wood, 
and a possible fragment of a pinecone were also 
identified by R.W. Brown. The ostracodes collected 
were Limnocythere sp., ? Ilyocypris sp., Lineocypris 
sp. , ?Candona sp., and Cyprinotus sp. (Sohn, 1956). 
J.D. Love collected the following fossils from the 
Teewinot Formation near the Gros Ventre River in 
1964 for Grand Teton National Park's museum 

collection: incisor of Dipoides stirtoni, pelvis of 
Dipoides stirtoni, and radius of Dipoides stirtoni. 

Bivouac Formation (Pliocene) 

The Bivouac formation is exposed on Signal 
Mountain. It is composed of conglomerate, welded 
tuff, and thin pumicite. It is brown-gray and poorly 
stratified. No fossils have been found in this 
formation. 

Quaternary deposits 

There are deposits of white ash, outwash, 
and fme-grained sand and silt. These deposits are 
scattered over numerous areas in and around the park. 
A laminated silt near Pilgrim Creek produced 
carbonized wood with a carbon 14 date of 27,100 
years ± 800 years. A white marl south of Signal 
Mountain contains abundant gastropods whose shell 
material was dated as 9,580 ± 250 years and from a 
nearby locality as 8,800 ± 250 years (U.S.G.S. Lab. 
No. W -392 and 393 ). 
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+ RESEARCH SUMMARY 

This project examined the bird species 
breeding in the morainal forests on the valley floor in 
Grand Teton National Park. These forests are very 
patchily distributed and range in size from less than 1 
hectare to over 700 hectares, allowing for a unique 
opportunity to study the responses of the local bird 
species to a forest system that has been fragmented 
for centuries through natural processes. This 
information can be useful for predicting the potential 
long-term impacts of human-caused forest 
fragmentation on bird populations in western North 
America. Until quite recently very little was known 
of the tolerances of western forest bird species to 
habitat fragmentation and this project could represent 
an important step towards understanding their needs 
in this regard. 

Full-time data collection on this project 
began in the summer of 1997 and continued in the 
summers of 1998 and 1999. Point count bird 
censuses were conducted at 60 permanent survey 
plots in forest patches of various size, as well as in 
unfragmented pine forests around the valley floor. 
These bird counts were used to construct incidence 
curves which demonstrate the preferences of each 
species in the community for various sizes of forest 
patch. Four basic patterns of incidence were 
detected: ( 1) birds which are common across all sizes 
of forest patch (e.g.: Dark-eyed Junco), (2) birds 
which are most common in medium-sized ( 10-25 
hectares) forest patches (e.g.: Warbling Vireo), (3) 

bird species which are found in modest numbers in 
medium-sized forest patches, but are most common in 
unfragmented forest (e.g.: Ruby-crowned Kinglet) , 
and ( 4) birds which are found almost exclusively in 
unfragmented forest (e.g.: Hermit Thrush) . By 
examining the data from all 3 years, it is possible to 
examine populations of birds which fluctuated a great 
deal during the study and therefore show which 
patches a species preferred to settle in when 
population pressures were higher and lower, therefore 
indicating which patches are indeed most desirable 
for a given species rather than merely tolerable. 

In addition to bird censuses, during the 
summer of 1998, vegetation surveys of all 60 census 
sites were done in order to better determine the final
scale habitat selection criteria for the various species 
beyond simple patch size. While the analyses of 
these data is still ongoing, it is evident that patch size 
does effect the character of the forest patches in that 
trees in small patches tend to grow much more 
densely and do not tend to be as large as those in 
larger patches. There also tends to be a much higher 
proportion of lodgepole pine than fir or spruce in 
these small patches. It is evident that some of the 
patterns in forest patch size selection in birds are 
related to the qualitative nature of the different sizes 
of forest patch. 

The field data collection for this project is 
essentially completed. While some sites may be 
revisited again in the future if the opportunity arises, 
there will probably be no work done in these patches 
during the 2000 field season. 
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+ SUMMARY 

Wildfire is a major large-scale disturbance that 
profoundly influences stream ecosystems over broad 
spatial and temporal scales. Research has focused 
primarily on short-term effects, with most data collected 
within the first few months or years following wildfire . 
We determined the ecological conditions of 13 streams 
(1 0 burned, 3 unburned) 10 years after major fires in 
Yellowstone National Park (YNP), in order to 
determine the mid-term responses of stream ecosystems 
to wildfire. Information from this study is critical to the 
basic understanding of the role of wildfires in the 
flowing water systems of wilderness areas and national 
parks. In addition, this information will be helpful in 
the formulation of future fire policies and resource 
management approaches in public forests , wilderness 
areas, and parks and will provide educational and 
interpretive information to aid the public and its 
representatives in better understanding the importance 
of fire in natural ecosystems. Differences among 
burned streams in chemical properties were related to 
local geology and not to the effects of frre . Stream 
habitat measurements indicated that there was more fme 
sediment in the burned headwater streams compared to 
the reference streams and that burned mid-size streams 
were wider and shallower than the comparable sized 
reference stream. Benthic rnacroinvertebrate density 
was higher and percent Ephemeroptera-Plecoptera
Trichoptera was lower in the burned streams than in the 
reference. These changes were accompanied by an 
increase in the proportion of smaller, more vagile taxa, 
suggesting a shift in community structure from K- tor
strategists. However, these differences did not exist for 

taxa richness or biomass, indicating that metabolic 
compensation accompanied the change in community 
structure. Mid-term recovery appears to be delayed in 
YNP streams as a result of increased precipitation and 
runoff in recent years. These results indicate that 
significant changes are still occurring in these streams 
ten years after the fires ; these impacts and trends are 
expected to be even more apparent when the patterns 
over the whole ten years are examined. 

+ INTRODUCTION 

In 1988 the Greater Yellowstone Ecosystem 
experienced numerous and extensive wildfires. Thirty
two percent of the stream systems in Yellowstone 
National Park, incorporating 20 separate river basins or 
major sub-basins was burned (Minshall et al. 1989, 
Minshall and Brock 1991 ). Minshall and Brock ( 1991) 
predicted the short- (immediate), mid- (10-25 years), 
and long-term (50-300 years) effects of frre on these 
streams. They reasoned that the mid- and long-term 
recovery would correspond with revegetation in the 
burned catchments. Blacktail Deer Creek, in the north
central part of the Park, was among the most severely 
burned areas with about 90% of the catchment burned 
by intense crown and ground fire (Minshall et al. 1997). 

The Cache Creek catchment and Twin Creek, both 
located in the northeast section of the Park, were two 
other intensively burned areas, with 60 to 70% of their 
catchments being affected. From past studies, we know 
that the Cache and Twin Creek sites have experienced 
some of the most drastic changes in channel 
morphology and physical habitat of the burned streams 
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(Minshall et al. 1997). Because of the inter
connectedness of streams and their catchments, fires 
may affect the hydrology, water chemistry, and 
geomorphology of stream ecosystems (Tiedemann et al. 
1979, Minshall et al. 1989). The large-scale 
disturbance resulting from wildfrre affects the biotic 
portion of the stream by altering the physical structure 
of the channel and water quality. 

The primary goal of this study was to ascertain 
the status of the streams and biota after 10 years in 
order to determine the mid-term response and refine 
hypotheses about the long-term responses of stream 
ecosystems to disturbance by wildfire. Our study 
focuses on changes in the chemical constituents of the 
water, physical habitat conditions, and the structure of 
the biotic community- both primary producer and 
consumer portions. Ten burned stream and 3 unburned 
sites, located in the northern portion of YNP, were 
examined. Six sites ranging from 151 to 4th order 
(Strahler 1952) size stream reaches were located in the 
Cache Creek catchment. Other burned sites included 
Twin Creek (opposite the mouth of Cache Creek) and 
Blacktail Deer Creek (west face, east face, and 
mainstem). Nearby unburned streams, Amphitheater, 
Pebble, and Rose Creeks, served to estimate reference 
conditions (Table 1 ). Infonnation obtained from this 
study is important in understanding the role ofwildfrres 
in the spatial structure and function of streams in 
Yellowstone National Park. In addition, this data will 
be combined with previous data collected to determine 
the extended temporal perspective of wildfire impacts. 

Table 1. Stream research sites for the 1998 Yellowstone National Park Wildfire Study. 
Bs Bumed in the 1988 ftre. U=unbumed (reference condition) 

Stream Status Order Discharge Slope Longitude Latitude 
(m1/s) ("/•) 

Cache Creek (Upper) B 0.002 10.4 110"03' E 44° SI'N 

E.F. Blacktail Deer B 0.025 s.s 110"35' E 44° SJ'N 

Twin Creek B 0.047 8.3 110"10' E 44°48'N 

W.F. Blac:ktail Deer B 0.081 3.5 110" 35' E 44° 53' N 

Cache Creek (Upper) B 0.017 11.1 110"05' E 44° 49'N 

Cache Creek (Lower) B 0.021 5.9 110"05'E 44° SO'N 

Main Black tail Deer B 0.222 2.6 110"35'E 44° 53' N 

Rose Creek u 0.081 7.1 110" 13' E 44° 54' N 

Amphitheater Creek u 0.210 3.0 110"04'E 44° 56' N 

S.F. Cache Creek B 0.308 2.3 110"04'E 44° so· N 

Cache Creek B 0.790 1.3 110"04'E 44°5l'N 

Pcl>hlc Crt'Ck u 0.727 2.3 110"07'E 44° 56' N 

Cache Creek B 0.900 0.1 110"05' E ••• so· N 

+ METHODS 

The methods were consistent with those used 
in our previous studies of wildfire and wilderness 
streams, are relatively routine in stream ecology, and 
are described in detail in standard reference sources 
(Weber 1973, Lind 1979, Merritt and Cummins 1996, 
American Public Health Association 1992). All 
streams were sampled August 4 to 9, 1998. 

Chemical measurements were pH, specific 
conductance, alkalinity, and hardness . Specific 
conductance (~S/cm@ 25 °C) and pH were measured 
in the field with Orion meters. Water samples were 
collected and later analyzed in the laboratory for 
alkalinity (mg CaC03/l) and hardness (mg CaC03/l) by 
methyl-purple and EDT A standard titration methods, 
respectively (APHA 1992). 

Five permanent transects, established at 
approximately 50-meter intervals in 1988, were 
sampled to measure changes in channel morphology 
and riparian conditions over time. Hydraulic gradient 
was determined with an inclinometer and also a hand 
level by measuring water surface elevations over 
several substantial reach lengths to give a good estimate 
of the mean. Gradient equals rise in stream height 
divided by the length of the stream reach examined. 
Stream discharge (m3/s) was calculated at one cross
sectional transect by separating the transect into 
increments and multiplying the velocity by the cross
sectional area of the flow of each increment and then 
summing the increments (Bovee and Milhous 1978). 
An Ott C-1 current meter was used to determine mean 
water velocity (rnls) at 0.6 water depth. Mean 
substratum size, % embeddedness, and water depth 
were measured at 100 locations throughout the channel 
and along approximately 200 m of stream reach (Platts 
1983). The locations were determined using a 
previously generated random numbers table . 

Benthic algal samples were collected from five 
riffle/run rocks, one near each transect, using an aerial 
sampler. A plastic tube was placed over the area ofthe 
substratum to be sampled. A neoprene gasket sealed 
the tube to the substrate and prevented leakage of 
dislodged material. A known area (3 .14 cm2

) was 
brushed using a modified hard-bristled toothbrush and a 
suction pipette was used to remove the slurry and 
deposit it on a 0.45 urn pre-ashed glass fiber filter. 
Samples were immediately filtered and frozen with 
liquid nitrogen (and kept in the dark) to prevent 
degradation. In the laboratory, algal abundance was 
calculated by quantifying ash-free dry mass and 



chlorophyll a using standard methods (APHA 1992). 
Methods used for sampling benthic macroinvertebrates 
are described in Platts et al. (1983) and Merritt and 
Cummins ( 1996). Briefly, five quantitative Surber 
samples (929 cm2 with a 250~m mesh capture net) were 
collected from riffle/run habitats and preserved in 10% 
formalin. In the laboratory each macroinvertebrate 
sample was hand-sorted and identified to the lowest 
feasible taxonomic level using standard identification 
keys (Merritt and Cummins 1996, and others). After 
identification, the macroinvertebrates were dried at 50° 
C and weighed with an electrobalance to determine 
biomass. Benthic macroinvertebrate communities were 
examined in terms of density, biomass, taxa richness, 
and Simpson 's Index. In addition, percent 
Ephemeroptera (E), Plecoptera (P), and Trichoptera (T) 
and percent Diptera were calculated for each stream. 
Percent EPT is frequently reported because of the 
sensitivity to anthropogenic disturbance exhibited by 
members of these groups as a whole . The sorting 
process separated the macroinvertebrates from the 
organic matter that occurred in the sample. The 
leftover organic matter then was dried and ashed to 
determine standing stock of benthic organic matter 
(BOM) in the stream. 

+ RESULTS 

Discharge increased as stream order increased 
(Table 1). Discharge was lowest in Upper Cache 1, 
0.002 m3/s. Discharge at Amphitheater and Rose 
Creeks, 0.21 and 0. 08 m3 Is, was higher than the 
comparable size burned sites in the Cache Creek basin, 
0.017 and 0.021 m3/s at Upper and Lower Cache 2, 
respectively (Table 1 ). SF Cache 3 had a lower 
discharge (0.308 m3/s) than the other 3rd order sites, 
burned Cache 3 (0.79 m3/s) and Cache 4 (0.9 m3/s) and 
unburned Pebble (0.73 m3/s) had the highest discharge 
(Table 1). 
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Alkalinity ranged from 38-52 mg CaC03/l in the first 
order streams and 27-91 mg CaC03/l in the second and 
third order streams (Table 2). Hardness ranged from 
49-67mg CaC03/l in the first order, 38-91 mg CaC03/l 
in the second, and 42-127 mg CaC03/l in the third order 
streams (Table 2). Specific conductance ranged from 
92-142 ~S/cm in the first order, 51-172 ~S/cm in the 
second order, and 62-188 ~S/cm in the third order 
streams (Table 2) . The measured ranges are consistent 
with those noted by Robinson and Minshall (1996). 
The observed differences are most likely due to 
conditions in the catchments (local geology) and not to 
the effects of fire , since no consistent pattern existed 
between burned and unburned streams. 

Table 2. Water chemistry measures for the 1998 Yellowstone streams. 

Stream Alkalinity Hardness Conductance 
(mg CaC031L) (mg CaC031L) (uS/em @ 20°C) 

Upper Cache 1 52 49 142 
EF Blacktail Deer 45 52 113 
Twin 51 67 96 
WF Blacktail Deer 38 54 92 

Upper Cache 2 50 42 
Lower Cache 2 72 85 172 
Main Blacktail Deer 42 79 108 
Rose 57 91 133 
Amphitheater 29 38 51 

SF Cache 3 33 42 85 
Cache 3 27 49 62 
Pebble 77 127 188 

Cache 4 27 30 42 

Within the Cache Creek basin, mean bankfull 
width was similar between the burned Upper Cache 2 
and unburned Amphitheater Creek; both of these 
streams were double the value of Lower Cache 2 (Table 
3). Cache 3 was significantly larger in width than its 
closest reference stream, Pebble Creek, even though 
their discharge values were similar, 0.79 and 0.73 m3/s, 

Table 3. Channel substratum, morphology and habitat heterogeneity measures for the 1998 Yellowstone streams. SD=+1 SD from the mean, CV=coeffident of variation. 

Subtrate size Embedded ness Mean bankfull width Mean baseflow depth 
Mean (em) so cv Mean(%) so cv (m) so cv (em) so cv 

n=100 n:o100 n=S n=100 
Upper Cache 1 7.10 6.33 0.89 35.52 31 .83 0.90 4.82 1.83 0.38 6.52 3.57 0.55 
EF Blacktall Deer 19.43 27.92 1.44 32.56 35.12 1.08 4.52 1.54 0.34 14.41 8.62 0.60 Twin 12.99 14.82 1.14 34.50 36.70 1.06 13.76 10.03 0.73 11 .86 8.55 0.72 WF Blacktall Deer 21 .34 22.84 1.07 40.50 35.49 0.88 5.18 2.36 0.46 21 .88 13.32 0.61 

Upper Cache 2 8.67 6.93 0.80 31.50 33.09 1.05 13.74 6.80 0.50 10.74 6.89 0.64 Lower Cache 2 15.19 12.77 0.84 30.50 28.63 0.94 5.32 1.83 0.34 10.40 7.03 0.68 
Main Blacktall Deer 18.38 18.45 1.00 28.75 33.61 1.17 7.46 1.46 0.20 19.91 10.86 0.55 
Rose 17.22 15.61 0.91 24.75 25.86 1.04 4.85 1.01 0.21 13.70 8.05 0.59 
Amphitheater 15.10 15.67 1.04 20.00 27.16 1.36 13.37 6.03 0.45 18.07 9.11 0.50 

SF Cache 3 19.44 10.60 0.55 18.75 25.09 1.34 20.82 2.98 0.14 16.18 9.18 0.57 
Cache 3 18.43 13.38 0.73 26.25 29.87 1.14 66.96 8.85 0.13 18.31 14.18 0.77 
Pebble 26.59 22.87 0.86 26.75 27.22 1.02 12.10 1.75 0.14 25.85 10.40 0.40 

Cache4 22.79 14.38 0.63 26.25 32.28 1.23 27.97 8.79 0.31 17.53 11.44 0.65 
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respectively. The streams in the Blacktail Deer 
drainage were comparable in mean bankfull width to 
the Rose and Amphitheater reference sites. Mean 
base flow depths ranged from 6.5 - 3.6 em to 21.9- 13.3 
em in the first order streams, 10.4 - 7.0 em to 19.9 -
10.9 em in the second order streams and 16.2-9.2 em 
to 25 .9- 10.4 em in the third order streams (Table 3). 

Mean substrate size (size measured along the 
longest axis of the substrate) increased in a downstream 
direction from Upper Cache 1° to Cache 4 ° from 7.1 em 
to 22.8 em (Table 3). Mean substrate size in 
Amphitheater ( 15.1 em) was similar to Lower Cache 2 
( 15.2 em) and double that of Upper Cache 2, but the 
values were highly variable (Table 3). Median 
substrate sizes, however showed the three streams to be 
similar in sediment size. Twin Creek and the Blacktail 
Deer sites mean substrate sizes were not significantly 
different from any of the reference sites or the Cache 
sites, due to the large variance. 

Percent embeddedness is an indication of the 
degree of fine sediments (less than 53 ~m) present in a 
stream. Mean substrate embeddedness decreased in a 
downstream direction from 35.5% at Upper Cache 1 to 
26.3% at Cache 4 (Table 3). This indicates that there is 
still a lot of fine inorganic sediment present in the 
tributaries. Mean substrate embeddedness in 
Amphitheater, 20.0%, was less than mean 
embeddedness in the comparable-sized burned streams 
(Table 3). The CVs of the headwater sites were similar 
to those in Amphitheater Creek. This trend also applied 
to the other burned sites, the smaller 1st and 2"d order 
streams had a high percent embeddedness (29-41 %) 
and were higher than the reference streams but not 
significantly so, due to the large variance around the 
mean. 

Mean periphyton chlorophyll a was highest in 
Upper Cache 1 with a value of 16.3 -22.6 mg/m2

, a 
value more than 8x that of any other stream sampled 
(Figure 1). Upper Cache 1 had two transects that 
prejudice the high calculated mean. If the values from 
transects 3 and 5 are excluded, the mean is 0. 79 +/-
0.53 mg/m2

. Mean values ofperiphyton chlorophyll a 
were comparable at the remaining sites. Other than 
Upper Cache 1, chlorophyll a values were similar to 
those recorded in Amphitheater Creek. Although Cache 
4 had the lowest chlorophyll a value, it had the highest 
periphyton Ash-Free Dry Matter value (0.03-0.05 g/m2

) 

(Figure 1). Periphyton AFDM and Benthic Organic 
Matter values at all burned sites were not significantly 
different than those recorded in the reference streams 
(Figure 1 ). However, mean AFDM was much higher in 
SF Cache 3 and BOM was higher in WF Blacktail Deer 

than in any of the other sites (with subsequent high 
variances that kept the differences from being 
statistically significant). The only apparent trend in 
BOM values observed was that the Blacktail Deer sites 
had higher values than the reference sites and 
comparable burned sites, probably due to differences in 
riparian vegetation. 
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Figure 1. Periphyton chlorophyll a, ash-free dry mass (AFOM), and benthic organic 
matter from the 1998 sites. EITOI' bars equal +I· 1SO from the mean, n=5. 

Mean benthic macroinvertebrate density 
(number of individuals per m2

) was highest in WF 
Blacktail Deer (which also had the highest BOM 
values) with over 23 ,000 individuals/m2 and lowest in 
Upper Cache 2 with 3,000 individuals/m2 (Figure 2) . 
Forty two percent of the benthic macroinvertebrate 
community in WF Blacktail Deer was Chironomidae 
which constituted nearly 9,000 individuals/m2

, almost 
three times the average in the comparable sized Twin 
and Upper Cache 1. All burned streams except for 
Upper Cache 2 had higher densities than the reference 
streams, with 4,000-9,000 individuals/m2 (Figure 2). 
Lower Cache 2 and SF Cache were less severely burned 
(47 & 39%, respectively) than any of the other sites. 
Lower Cache 2 had a higher density than Upper Cache 
2 but two the Cache 3rd order sites had similar benthic 
macroinvertebrate densities. Twin Creek, EF Blacktail 



and Main Blacktail Deer densities were comparable to 
Upper Cache 1 and Lower Cache 2. Mean 
macroinvertebrate biomass (mg/m2

) values of the 
burned streams were similar to the respective order 
reference streams, with the exception ofUpper Cache 1, 
with a mean, 24 mg/m2

, that was higher than 
Amphitheater or Rose Creeks with 10 and 14 mg/m2

, 

respectively (Figure 2). 
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Mean taxa richness (number of taxa collected 
in the Surber sampler) was highest in Blacktail Deer 
with 50 taxa and lowest in Upper Cache 2 with 23 taxa 
(Figure 3). All of the Cache sites were similar to 
Amphitheater Creek which had 30 taxa. The Blacktail 
Deer sites as a group had higher taxa richness than the 
Cache Creek sites, (42-50 compared to 24-32 taxa) but 
were not significantly different from the reference 
streams. Simpson's Index was lowest in Pebble (0.09) 
and highest in Cache 3 (0.34). The reference streams 
ranged from 0.09-0.17 indicating less diversity in the 
reference streams than in most of the burned streams, 
especially when comparing the 3rd and 4th order Cache 
streams with Pebble Creek. 

Although WF Blacktail Deer had the highest 
mean invertebrate density, it had the lowest percent 
EPT of all the streams, 29 +/- 11% and the highest 
%Chironomidae (42 +/- 8%) (Table 4). Pebble had the 
highest %EPT, 78 +/- 35%. %EPT in the Cache streams 
were all lower than Amphitheater values. Although the 
Blacktail Deer sites had higher mean taxa richness than 
the Cache sites, the Cache sites had higher %EPT (29-
58% vs. 37-74%). Rose, even though it had the lowest 
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mean Simpson's Index and a high mean taxa richness , 
had only 55% EPT. The differences in densities and 
%EPT in the burned compared to the reference streams 
were accompanied by an increase in the proportion of 
smaller, more vagile taxa, particularly Chironomidae 
and Baetis (Table 4 ). 
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Table 4. Mean relative abundances of EPT. Baelos. and Chironomidae for the 1998 streams. SO= 1 standard 
deviation from the mean. 

Stream Rei abund EPT Rei ebund S.etis Rei abund Chir 
Mean j'lo! so Mean j'lo! so Mean l.,•J so 

Upper Cache 1 37.0 22.0 0.9 0.8 <4 .0 4<4 
EF Blacktall Deer 58.8 16.7 27 .6 3.1 10.0 2 .0 
Twin 69.6 15.2 <48.3 <4 .7 21 .2 4 .6 
WF Blacktall Deer 29.1 10.6 10.8 1.7 41 .6 8.3 

Upper Cache 2 58.0 24.0 2.0 1.6 2 .8 3.6 
Lower Cache 2 6<4 .0 23.0 48.0 2 .0 9.0 1.0 
Main Blactall Deer 35.4 23.2 26.0 4.3 16.0 8.5 
Rose 55.2 54 .1 15.7 15.2 34 .5 36.3 
Amphitheater 86.0 38.0 5.3 2 .7 11 .<4 2 2 

SF Cache 3 84 .0 21 .0 50.0 5.0 23.0 5.0 
Cache 3 75.0 34 .0 4 .5 3.5 7.6 0.6 
Pebble n .5 34.9 15.5 <4 .7 9.8 1.8 

Cache 4 74 .0 26.0 3.8 2.6 0.6 0.2 

+ DISCUSSION 

To summarize, chemical differences between 
streams were due to local geology and most likely not 
to the effects of fire. Burned third and fourth order 
streams were wider and shallower than third order 
unburned Pebble Creek while first and second order 
streams were similar in width and depth to 
Amphitheater and Rose Creeks. Although differences 
were not significant, mean percent substrate 
embeddedness was higher in the first and second order 
burned streams than the references streams; there was 
no difference in embeddedness between the third and 
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fourth order burned streams and Pebble Creek. There 
was no apparent trend in periphyton chlorophyll a, 
periphyton AFDM or BOM values when comparing 
burned and reference streams. Benthic 
macroinvertebrate data, however, did indicate 
differences attributable to fire. In general, benthic 
macroinvertebrate densities were higher and %EPT 
lower in the burned streams than in the reference 
streams. Also, Simpson' s Index was lower in the 
reference streams than in all of the burned sites except 
Blacktail Deer (EF and main). These differences were 
accompanied by an increase in the proportion of 
smaller, more vagile taxa, suggesting a shift in 
community structure from K- tor-strategists. However, 
these differences did not exist for taxa richness or 
biomass, indicating that metabolic compensation 
accompanied the change in community structure. These 
results indicate that there still are discernable impacts 
on the macroinvertebrate community in these streams 
ten years after disturbance by wildfire. These results 
summarize only the fmdings of our 1998 studies and 
fire impacts are expected become even more apparent 
when trends over the whole ten years are examined 
(Minshall et al. in preparation). 

Wildfire is a major large-scale disturbance that 
profoundly influences stream ecosystems over broad 
spatial and temporal scales. Past research has focused 
primarily on short-term effects, with most data collected 
within the first few months or years following wildfire, 
especially as related to changes in water chemistry. The 
present study took advantage of the unique opportunity 
to examine the midterm ( 10 year) recovery patterns in a 
set of streams affected by wildfire. Our research shows 
that substantial changes still are occurring in YNP 
streams ten years after disturbance by wildfire and 
documents the kind and extent of these changes. Very 
little is known about the longer-term effects of fire on 
streams, particularly from the broader perspective of 
major components of the entire ecosystem. Most of 
what is known about the ecological effects of wildfire 
after the first year is based on our 10-year study of the 
Mortar Creek Fire (MCF) (Minshall et al. 1999a,b) and 
our current 1 0-year study of the 1988 YNP Fires (see 
Minshall et al. 1997 for results from the first 5 years) . 
Both of these studies have shown that dramatic changes 
take place during this 1 0-year period but that a general 
recovery or improvement over immediate post-fire 
conditions may begin to occur within that time. 
However, it appears that substantial differences exist in 
the pattern and extent of recovery in these two systems. 
Initial impacts were less severe and short-term 

recovery faster in the YNP streams than those of the 
MCF; but, subsequent (mid-term) recovery seems to 
have been delayed or set back in the YNP streams as a 

result of increased precipitation, possibly associated 
with ENSO (El Nino Southern Oscillation, which 
includes La Nina) or global climate change. Therefore, 
it is important to document these events at relatively 
frequent intervals so that the patterns and rates of 
change can be determined. This makes our assessment, 
5 years after the last full set of measurements and 1 0 
years after wildfire, particularly important in terms of 
both basic science (role of fire in structuring stream 
ecosystems and their recovery from physical 
disturbance) and applied ecology (formulation of 
natural resource management policies) . 
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THE IMPACT OF WOLF REINTRODUCTION ON 

THE FORAGING EFFICIENCY OF ELK AND BISON 

+ 
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+ INTRODUCTION 

More and more, evidence indicates that non
lethal interactions between large mammalian 
ungulates and the predators that feed on them may 
play significant roles in ungulate population 
dynamics. Although predators such as wolves and 
mountain lions directly impact large ungulates like 
elk ( Cervus elaphus) when they kill individuals, the 
fact that they scare their prey may actually have a 
greater long term impact on the population (Kotler 
and Hoyt 1989, Brown 1992, Brown and Alkon 1990 
Brown et al. 1999). In response to predation risk, 
foraging animals are found balancing conflicting 
demands for food and safety. Research indicates they 
do this by two principal means: 1) when faced with 
higher predation risk, prey individuals will reduce 
feeding effort and/or increase vigilance compared to 
areas of lower risk (Sib 1980, Lima and Dill 1990), 
2) they alter their use of habitat types to help reduce 
this predation risk. The major result is that reduced 
feeding efforts or selection of safer but possibly less 
productive habitat lead to a third prediction of a 
poorer quality diet as animals seek out safer areas but 
with likely lower quality forage. 

The reintroduction of wolves in Yellowstone 
National Parks offered a unique opportunity to test 
the impact of wolves on the feeding efficiency of elk 
and bison. After the wolves were reintroduced into 
Yellowstone Park in the spring of 1995, they quickly 
established themselves in specific locations, 
specifically in the Lamar Valley in the north end of 
the Park. This allowed us to collect data on areas 
with and without wolves for the first few years after 
their release. Additionally, as wolves have expanded 

their range in the Park, this has also provided an 
excellent opportunity to compare data on animals 
from the same areas before and after wolves have 
arrived. These comparisons then, would provide a 
critical test of the predictions that large predators can 
have a major non-lethal impact on their prey. 

To test these predictions, in 1996 we began 
a study of the foraging patterns of elk and bison in 
Yellowstone National Park. Here we report the 
results of the first four years of this study. 

+ METHODS 

Yellowstone National Park is an extensive 
area of varied forested and open grassland habitat. 
Elk and bison can be readily observed in most areas 
of the Park along the several roads that connect the 
various tourist attractions. The wolves adjusted to 
the presence of people and were also quite visible 
from the road. This has afforded us ample 
opportunities to observe elk and bison in the various 
areas of the Yellowstone. During 1996 and 1997 
most places outside of the Lamar valley could be 
considered wolf free areas. However, this situation 
changed and by 1998 Swan Lake Flat had wolf 
activity. Data collection in this area the last two 
years provided a unique opportunity to compare with 
the preliminary data from 1996-97. 

For sampling the amount of time spent 
feeding vs surveying, we make observations from 
existing roads and with the aid of spotting scopes. A 
given observation bout consists of frrst selecting an 
elk or bison that is actively feeding. The chosen 



animal is then observed until it stops feeding and lies 
down for a maximum of a half an hour. If an animal 
lies down less than twenty minutes after initiation of 
observations, those data are discarded. During that 
time, it is watched continuously and the start and 
ending times of feeding bouts are recorded. A 
feeding bout is classified as an animal having its head 
bent down in a position preventing it from looking 
around. When an animal has its head held up 
between bouts it is classified based on whether the 
animal is standing and looking around or whether it is 
moving to another feeding spot. 

Data collection was limited to adult animals 
and target minimal sample sizes per year were as 
follows: 20 males, 20 females with young and, 20 
females without young in each of the sample areas. 
Division into social class allows an additional 
comparison of feeding efficiency among these social 
groups. Animals selected for observation are within 
similar group sizes. This reduces variability in 
surveillance times that might result from different 
levels of security felt in different size groups . 

The data analyzed were percent time spent 
feeding or surveying during the observation block. 
Percents were used to enable comparisons of unequal 
time blocks. Observation blocks were limited to 
those greater than 20 minutes to reduce the high 
variability of percentages for small time intervals. 
This allowed statistical comparisons of the arcsine 
transformed data of percent time animals spend 
feeding vs surveillance among the appropriate areas. 
The null hypothesis was that there is no difference in 
percent time feeding or surveying between areas and 
among the social categories, e.g. males vs females 
with calves vs females without calves. The statistical 
test used was a three factor analysis of variance. The 
three factors were percent feeding time (or 
surveillance time), social category, and sample year. 
There was a minimum of 20 replicates per cell. With 
this sample size, there should be adequate power to 
test the hypothesis. 

To test if elk and bison are shifting in habitat 
use (#2), we sampled the number of fecal pellet 
groups (elk) and fecal droppings (bison) in a 10 m2 

sample area. We randomly select 10 transect lines 
within a given area that start 50 m into the forest and 
extend 500 m into the open. We sampled every 50 m 
along the transects. These data provided an estimate 
of relative use of the different distances from the 
forest to the open meadow. We hypothesized that 
predation risk is higher further out into the open 
meadow (wolves run their prey down and thus they 
would be more vulnerable in open areas). Thus, it is 
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predicted that where wolves are, we would see a 
significant decrease in pellet groups or droppings as 
we go further into the open meadow. The statistical 
hypothesis tested is that the slope of the regression 
line of fecal density to distance from forest edge is 
0.0. Rejection of this hypothesis will support the 
biological hypothesis of habitat shifts. 

To test the prediction (#3) that resulting 
shifts in foraging effort (prediction # 1) and location 
(prediction #2) result in poorer diet quality, we 
analyzed fecal nitrogen, phosphorous, and protein 
levels between the two areas. These parameters have 
been used by others as estimates of diet quality in 
ungulates (Osborne and Jenks 1998) and should 
enable assessment of diet quality of elk and bison in 
wolf and non-wolf areas . The statistical hypothesis 
tested was that animals from both areas will have 
equal diet quality (fecal nitrogen, phosphorous, 
protein). Rejection of this hypothesis will support the 
biological hypothesis of differences in diet quality. 

Scats for testing diet quality are collected 
when we count the number of fecal samples within 
the 10 m2 sample plots set up to assess habitat use . 
Previous tests have shown that 20 samples for each 
species in each area are adequate to estimate the 
levels of fecal nitrogen, phosphorus, and protein. 
Collected scats are sent to a commercial analysis lab 
for the determination of fecal nitrogen, phosphorous, 
and protein. 

+ RESULTS 

Field effort 
During 1996 to 1999, we collected data on 

approximately 600 feeding bouts of elk from areas 
exposed to wolf predation and unexposed areas . In 
1998 and 1999, we also collected data on 
approximately 250 feeding bouts of bison. We have 
also collected over 250 fecal samples of elk and bison 
from areas with and without wolves. 

+ PRELIMINARY RESULTS 

For elk, we just fmished our fifth year of 
data collection on vigilance and have completed the 
analysis of the data from the first four years . Figure 
1 presents our analysis of the percent time animals in 
the various social classes spent surveying for the four 
years. These results indicate that females with and 
without calves in areas where there are wolves do 
spend significantly more time surveying and less time 
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foraging than their counterparts in unexposed areas. 
Additionally, the percent of time spent surveying for 
females with calves seems to be greater in both areas 
than for females without calves. There was no 
difference seen for males. Data for 1997 for females 
with and without calves showed that animals in 
exposed areas spent more time surveying than last 
year. Females with calves were spending close to 
50% of their time surveying as opposed to 25% in 
unexposed areas. Analysis of the 1998 data indicate 
a similar pattern, however, with a substantial increase 
in vigilance for females with calves in non-wolf 
areas. This increase could be related to the 
expanding presence of wolves. Our analysis of the 
1999 data support this idea. 

Figure I . Annual changes in vigilance of Elk since reintroduction of wolves . 
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We finished our first year of data collection 
on bison in 1998. Analysis of these data indicate a 
similar trend for bison (Fig. 2). Female bison with 
calves exhibited the highest level of vigilance, even 
in the absence of wolves. Also, both female groups 
exhibited an increase in vigilance when exposed to 
wolves. Our data from 1999, however, indicate major 
declines in vigilance for both female social groups 
(Fig. 2). 

Figure 2 . Annual changes in vigilance ofbison since reintroduction of wol ves. 
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Regarding the habitat use, as seen in Figure 
3a, the number of pellet groups per 10 m2 in Lamar 
Valley significantly decreased as we moved further 
out into the open. This pattern was not seen in the 
other non-wolf areas. The same pattern was seen in 
1999, however, there were fewer pellet groups found 
in Lamar Valley overall (Fig. 3 b). No significant 
relation between distance from forest and number of 
bison droppings was seen in either year (Fig. 4 ). 

We sent approximately 100 scat samples of 
elk and bison from wolf and non-wolf areas to be 
analyzed. For elk, in areas with wolves, percent fecal 
nitrogen (1.6% SE = 0.40), protein (9.8%, SE = 

0.57), and phosphorus (2,097 mglkg, SE = 258.6) 
were significantly less than non-wolf areas (N = 

2.1%, SE = 0.68; Protein= 13.1%, SE = 0.67, P = 
4,110 mglkg, SE = 532.2). No difference was seen 
for bison. The data from 1999 have yet to be 
analyzed but should provide further insights into the 
impact of the wolf reintroduction on diet quality m 
elk and bison. 
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Figure 3. Number ofpellel groups (elk) per 10m2 ~le plots located at 50 m intervals. 
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Figure 3a is of dala from 1998 and 3b is of data from 1999. 

All these results so far support the 
hypotheses that wolves are having an impact on the 
foraging efficiency of elk and somewhat of an effect 
(behavioral) on bison. However, that impact seems 
to be changing with time. When we add the data 
from this year (2000), we will have a clearer picture 
of what the non lethal effects of the wolf 
reintroduction has had on elk and bison in 
Y eiJowstone National Park. 
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Figure 4. Number of bison flops per 10m2 sample plots for 1998 (a) and 1999 (b) located at 50 m intervals. 
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+ INTRODUCTION 

An unexpected consequence of the 1988 
Yellowstone fires was the widespread establishment 
of seedlings of quaking aspen (Populus tremuloides) 
in the burned forests , including areas outside the 
previous range of aspen (Kay 1993, Romme et al. 
1997). Although aspen is the most widely distributed 
tree species in North America (Fowells 1965), it is 
relatively uncommon and localized in distribution 
within Yellowstone National Park (Despain 1991 ). 
Most aspen stands in Yellowstone are found in the 
lower elevation landscapes in the northern portion of 
the park, and the species was absent -- prior to 1988 -
- across most of the high plateaus that dominate the 
southern and central park area. Aspen in the Rocky 
Mountain region reproduces primarily by means of 
vegetative root sprouting. Although viable seeds are 
regularly produced, establishment of seedlings in the 
wild is apparently a rare event due to the limited 
tolerance of aspen seedlings for desiccation or 
competition (e .g., Pearson 1914, McDonough 1985). 
In the immediate aftermath of the 1988 Yellowstone 
fires , there was a brief "window of opportunity" for 
aspen seedling establishrnent, as a result of abundant 
aspen seed production, moist weather conditions in 
spring and summer, and bare mineral soil and reduced 

plant competition within extensive burned areas 
(Jelinski and Cheliak 1992, Romme et al. 1997). 

We initiated this 3-year study in 1996 to 
address four questions about the aspen seedlings now 
growing in burned areas across the Yellowstone 
Plateau: ( 1) What are the broad-scale patterns of 
distribution and abundance of aspen seedlings across 
the subalpine plateaus of Yellowstone National Park? 
(2) What is the morphology and population structure 
-- e.g., proportions of genets (genetic individuals that 
developed from a single seed) and ramets (vegetative 
root sprouts produced by a genet) of various ages -- in 
aspen seedling populations? (3) What are the 
mechanisms leading to eventual persistence or 
extirpation of seedling populations along an 
elevational gradient, particularly with respect to 
ungulate browsing and plant competition? ( 4) What 
is the genetic diversity and relatedness of the seedling 
populations along gradients of elevation and 
substrate? We completed our sampling for questions 
2 and 4 in 1996 (see our 1996 annual report for 
details). In 1997 and again in 1998 we continued our 
annual sampling related to questions 1 and 3. 
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+ METHODS 

We addressed the first question (broad-scale 
patterns of distribution and abundance) by counting 
aspen seedlings within belt transects along 18 trails 
distributed throughout the burned portions of the 
subalpine plateaus within Yellowstone National Park. 
We also established small permanent plots ca 20 
meters off the trail every few kilometers, and 
measured aspen seedling density, height, and basal 
diameter within these plots (see our 1996 annual 
report for details). In 1997 and again in 1998 we re
sampled all of the trails and re-measured the 
seedlings in all of the permanent plots located along 
the trails . 

We used an experimental approach to 
investigate mechanisms of persistence or extirpation 
of aspen seedlings (question #3). At each of three 
different locations within burned forests, we fenced 
13 small plots (approximately 100 - 500 m2

) to 
exclude ungulates, and mapped 12 - 24 aspen 
seedlings for which we measured plant height, basal 
diameter, age, and number of leaves in late August, 
1996. Experimental treatments at each of the three 
locations included: clipping of aspen plants to 
simulate elk browsing, removal of lodgepole pine and 
herbaceous plants within 1 meter of the measured 
aspen plants, clipping plus removal of competitors, 
and no clipping or competitor removal (see our 1996 
annual report for details). In 1997 and again in 1998 
we re-sampled all of the aspen seedlings within the 
exclosures, and made repairs on the exclosures as 
needed. We also constructed three new ex closures at 
our Fern Cascades site in 1997, and applied nitrogen 
fertilizer to the aspen seedlings growing inside as a 
new experimental treatment. Fertilizer was applied in 
late summer, 1997, and in early and late summer, 
1998. 

+ RESULTS 

Our annual report for 1996 presents results 
of our analysis of landscape-scale distribution and 
abundance in 1996. The primary purpose of re
sampling in 1997 and 1998 was to detect patterns of 
mortality (significant decreases in abundance) or 
persistence within different portions of the 
Yellowstone landscape. Comparison of 1996 through 
1998 data is not yet complete. We noted qualitatively 
that in 1998 aspen seedlings were still present in all 
of the general areas where we found them in 1996. 
However, density of aspen plants within the 

permanent plots located along the trails decreased 
significantly between 1996 and 1998. We also 
observed that ungulate browsing continues to be 
heavy in all areas, and that nearly all of the aspen 
plants that germinated after 1988 are still < 1 m in 
height. These fmdings suggest that ungulate 
browsing may eventually eliminate most of the new 
aspen genets that established after 1988. 

Analysis of the data collected from our 
exclosure plots is not yet complete. Initial analyses 
indicate that simulated browsing (removal of all 
leaves and branches produced in the current year) led 
to significant reductions in plant height, diameter, and 
leaf number. However, even the plants that were 
protected from natural or simulated browsing 
generally grew only a few centimeters from 1996 -
1998. Thus, in addition to browsing effects, a mix of 
climatic, edaphic, and/or genetic factors appears to be 
limiting the height growth of the new aspen genets 
that established after the 1988 fires. A few 
individuals within the control exclosures at the lowest 
elevation site have grown > 1 m tall, and may 
eventually grow to tree size, but these individuals are 
exceptional. 

+ DISCUSSION 

We have taken advantage of a rare "natural 
experiment" -- the 1988 Yellowstone fires -- to 
investigate the responses of plant populations to 
large, infrequent disturbances . The results of this 
study may provide insights into likely effects on 
wildland ecosystems of other kinds of stresses and 
disturbances in the future , e.g. , global climate change 
or altered fire regimes (Graham et al. 1990, Romme 
and Turner 1991). For long-lived, clonal plant 
species like aspen, either vegetative reproduction via 
root sprouting or sexual reproduction via seedling 
establishment may be effective for local re
establishment after disturbance. However, only 
seedling establishment is effective for long-distance 
dispersal and for broad-scale shifts in distribution of 
the species (Eriksson 1992) -- as may be necessary in 
the face of future climate change or habitat alteration 
in the northern Rocky Mountain region. 

Two key questions remain unanswered: ( 1) 
Will the new aspen genets that established on the 
subalpine plateaus after the 1988 fires persist and 
effectively expand the range of aspen beyond what it 
was before 1988? Or will they succumb to ungulate 
browsing, competition from developing new stands of 



lodgepole pine, climatic constraints, or a combination 
of these factors, and gradually disappear from the 
Yellowstone landscape with no long-lasting 
ecological effects? (2) Where did the seeds come 
from that germinated to produce the aspen seedlings 
now growing outside the pre-1988 range of the 
species? Do the parents have a tree-like morphology 
or are they shrubs? Do the seedlings and their parents 
represent a broad spectrum of genetic diversity, or a 
limited sample of genotypes? Will genetic makeup 
be an important predictor of the ultimate survival or 
extinction of individual aspen seedlings across the 
Yellowstone landscape? 

It may be many years before we have final 
answers to these questions. We plan to re-sample all 
of the trails, permanent trailside plots, and exclosure 
plots in about 3 years, and probably for several years 
thereafter. The long-term experimental plot studies 
and the genetic studies that we initiated in 1996 will 
help us understand the structure and dynamics of the 
aspen seedling populations, as well as the ecological 
mechanisms (e.g., ungulate browsing and plant 
competition) that will determine their eventual roles 
in the Yellowstone landscape. 
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+ OBJECTIVE OF RESEARCH 

Our project is an examination of ecological 
dynamics in the Greater Yellowstone Ecosystem 
(GYE), concentrating specifically upon the spatial and 
temporal dynamics of montane meadow comrmmities. 
We are examining both the abiotic aspects of these 
communities as well as the biodiversity of plant, bird 
and butterfly communities. Our long-term goal is to 
develop predictive species assemblage models based 
upon landscape level habitat analysis. This involves 
using intensive, local field sampling to test for 
relationships between species distribution patterns and 
remotely sensed data. This research involves several 
steps: 1) quantifying the spatial and temporal variability 
in montane meadow communities; 2) developing a 
spectrally-based spatially-explicit model for predicting 
plant and animal species diversity patterns in montane 
meadows; and 3) testing the spectrally-based spatially
explicit model for predicting plant and animal species 
diversity patterns in montane meadows. 

+ PROGRESS SUMMARY 

We are using a time series of satellite 
multispectral imagery for monitoring the extent, 
condition, and spatial pattern of montane meadows on 
a seasonal and interannual time scale. Field sampling 
is being used to collect data on the distribution of plant, 

bird, and butterfly species. Spectrally-based, spatially
explicit models are being developed for six meadow 
types using a GIS to stratify the study area by 
topography and geology. We have sampled for two 
years in two regions of the ecosystem: the northern part 
of the ecosystem, hereafter termed the Gallatin study 
area, included the Gallatin National Forest and 
northwestern portion of Yellowstone National Park; the 
southern part of the ecosystem, hereafter termed Teton 
study area, included Grand Teton National Park. 
Twenty-five sample sites were located in the Tetons 
and thirty sample sites were located in the Gallatins. 
Birds, butterflies, and plants were surveyed at each of 
the sites. Details of the sampling methodology and 
data analysis are noted below. 

+ ACCOMPLISHMENTS AND 

RESEARCH RESULTS 

Meadow Map Production 

Computer classification of multitemporal 
SPOT multispectral satellite imagery was used to 
produce maps of spectrally distinct meadow classes 
within the Gallatin and Teton study areas. The SPOT 
satellite remote sensing system records reflected light 
in three spectral bands (green, red, and near-infrared), 
with a spatial resolution of 20 m. A summer and a fall 
date of SPOT multispectral imagery were selected for 
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each study area. A multitemporal approach, using two 
seasons of data, has been proven in other research to be 
superior for land use/land cover mapping. Data for 
May 25 and September 6, 1994 were used for the 
Gallatin National Forest; data from June 17 and 
September 3, 1996 were used for the Teton study area. 
Selection of dates was a ftmction of orbital revisit 
dates, cloud cover, and availability. 

Data were converted from brightness values 
to units of radiance (mW/cm2/sr/um) and then 
reflectance. Data were further normalized for 
differential illumination effects by performing a 
topographic normalization procedure, using the DEM 
data re-sampled to 20 m. All satellite imagery were 
georeferenced to a Universal Transverse Mercator 
(UTM) coordinate system with a pixel size of 20 m. 
The three-band multispectral data for the summer and 
fall dates for each area (Teton and Gallatin) were then 
combined into a six-band data file for each study area. 

An Iterative Self-Organizing Data Analysis 
(ISODATA) clustering algorithm was applied to each 
six-band image file to identify spectrally similar pixels. 
Thirty to fifty initial clusters were specified for the 
I SODA T A clustering, producing a map of spectral 
classes. Each spectral class was then identified and 
assigned to an information class representing a 
vegetation type. Based on spectral similarity, and 
visual interpretation of the classes with the assistance of 
aerial photography and knowledge of the study area, 
the spectral classes were combined to create a five
class map of coniferous forest, water, developed lands, 
deciduous forest, and non-forested (meadow) 
vegetation. This five-class map was then recoded to a 
binary map of meadow/non-meadow, and used to mask 
the six-band image file, producing a new image file 
containing data only for meadow areas. ISODATA 
clustering was again applied to the masked data to 
identify spectral differences in the meadow class only, 
producing a fmal map of distinct meadow classes. Six 
non-forested meadow classes, representing a distinct 
xeric-to-hydric gradient from sedge meadow (M1) to 
dry grassland with sagebrush (M6) were identified and 
mapped. FRAGST ATS computer program is being 
used to analyze landscape differences in meadow size, 
distance to next meadow of the same type, and type of 
adjacent habitat between sampling areas. These 
landscape-level parameters may have significant effects 
on species distribution at a particular point in the 
ecosystem. 

Selection of Sampling Sites 

Because class polygons smaller than 1 ha 
would be difficult to locate with confidence in the field, 
the fmal vegetation map was generalized to a minimum 
mapping unit of 25 pixels, or 1 ha. Final maps were 
plotted on translucent paper at a scale of 1:24,000 for 
overlay onto topographic maps of the study area. 
Mapwork and field surveys were used to identify five 
spatially distinct examples of each meadow type. 
Sample sites were located in the field with the aid of 
global positioning devices, aerial photography, 
topographic maps, and compass readings from 
identifiable landmarks. Particular care was taken to 
ensure that sites were located in the center of a class. 

We had originally intended to stratify 
meadows by size classes, but this was not possible 
because several of the M-types did not exist within a 
broad range of sizes. However, we did stratify by 
northern and southern portion of the ecosystem. There 
were some problems associated with the M4 
classification in the Teton study area. Field 
investigations in late May indicated that areas mapped 
as M4 meadow types were in fact groves of aspen 
(Populus tremuloides) with dense herbaceous 
understories. These groves were not identifiable as 
such on the satellite imagery. Since the focus of this 
research was on non-forested montane meadows, and 
there is no close corollary to these groves in the 
Gallatin study area (aspen is nearly nonexistent in that 
area), the M4 type was eliminated from the Teton study 
area, and sampling proceeded in the remaining five 
meadow types. Thus we established 55 sampling sites 
(two study areas, six habitat types, five replicates per 
habitat type (except for M4's in Tetons) . See maps 
from year 1 progress report for details of site locations. 

Establishment of Sampling Sites 

A single point was established at each of the 
fifty-five sample sites. This point was located in an 
area reasonably typical (not anomalous) for each 
particular meadow, and in smaller meadow polygons 
was located near the center of the meadow so as to 
avoid edge effects. This point is the northwest comer 
of the 20 x 20 m plot used for botanical and biomass 
sampling. All 20 x 20 m plots were laid along cardinal 
directions for consistency. The 20 x 20 m plot was 
then established using four steps: a) The southwest 
comer was established by measuring 20m due south 



from the northwest comer. b) The approximate location 
of the southeast comer was then located by measuring 
20 m due east from the southwest comer. c) 
Triangulation was used to insure that the plot was 
square, and the southeast comer was located correctly. 
A hypotenuse of 28.3 m was measured from the 
northwest comer to the southeast. The southeast comer 
was established where the hypotenuse met the 20 m 
measurement from step two. d) The approximate 
location of the northeast comer was located by 
measuring 20 m due north from the southeast comer. 
Once again, triangulation was used to insure that the 
plot was square. The northeast comer was established 
at the point 20 m from the southeast comer and 20 m 
from the northwest comer. A 100 x 100 m plot was 
overlaid upon the 20 x 20 m plot, using the NW comer 
of the smaller plot as the center point. One of the four 
50 x 50 m quadrats within the 100 x 100 m area was 
randomly selected to be used as the butterfly survey 
plot. Bird surveys were conducted in a 50 m radius 
circular plots using the midpoint of the 100 x 100 m 
plot and flags were used to mark edges of the circular 
plot in at least 3 of the cardinal directions. Observers 
surveying birds stood just off the center of the 1 00 x 
1 00 m point, to avoid packing down the plants in the 
vegetation plots. 

Each of the fifty-five 20 m by 20 m plots 
sampled was marked to facilitate relocation of plots in 
subsequent years. The northwest comer of each plot is 
marked with a 1.25 m steel or wooden post. All four 
comers of each plot were marked with a 0.3 m piece of 
buried steel rebar, which can be relocated with a metal 
detector. Because each plot is permanent and can be 
relocated, data can be used to track individual plants 
and species over time. A permanent and repeatable 
technique helps to insure that year to year species 
changes are indeed due to shifts in plant community 
composition rather than sampling error. 

Biophysical and spectral field sampling 

Biomass measurements were made in July for 
both Teton and Gallatin study weas. Measurements 
were scheduled to be coincident with satellite overpass 
days when possible. For each plot, three 0.20x0.50 m 
(0.1 rn2) quadrats were spaced at 10.0 m intervals 
along the northern edge of each 20x20 m plot. All 
aboveground green photosynthetically active 
vegetation within each quadrat was clipped, sorted by 
life form/category (grasses, forbs, and shrubs), placed 
in paper bags, and immediately weighed in the field 
using spring scales to the nearest 1.0 gram to determine 
"wet" weight. In the lab, bags were dried in a 
laboratory oven at 100 for 48 hours, and weighed again 
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to determine "dry" weight and percent moisture by life 
form. 

Spectral reflectance readings were taken using 
an Analytical Spectral Devices (ASD) 
spectroradiometer, recording electromagnetic energy 
reflected by the surface over the range 0.3265 -1.05533 
m (visible and near-infrared light) in 512 discrete 
spectral bands. Measurements were taken for each of 
the twenty lxl m quadrats used for botanical 
assessment. Ten spectroradiometer scans per quadrat 
were acquired and internally averaged by the system to 
determine spectral reflectance. All sites were sampled 
between 0900 and 1550 hours local solar time. A 
white reference calibration reading was made at the 
start of each plot to normalize all reflectance values to 
a common standard. Sites in Teton study area were 
sampled during the period July 2-7 (coincident with 
SPOT satellite image acquisition) and on July 20-23 
for the Gallatin study area. SPOT multispectral 
satellite imagery were acquired by the SPOT satellite 
on July 12 for both Teton and Gallatin study sites, 
August 23 for Teton, and August 28 for Gallatin. 
Excessive cloud cover over both study sites during 
May, June, and September for both study areas in 1998 
precluded satellite image acquisition for spring and late 
fall seasons. Satellite data acquisitions in 1998 were 
near -anniversary dates with data acquired for 1997, 
facilitating interannual comparison of vegetation 
condition and development. 

Vegetation Sampling Techniques 

Twenty 1m2 quadrats were located 
systematically within each 20 x 20 m plot. The 
quadrats were arranged in four belt transects of five 
quadrats each. All belt transects ran west to east, and 
quadrats were 4 m apart. Field measuring tapes were 
laid in a grid-like fashion to insure correct locations of 
transects and quadrats. The first transect was located 
along the line between the northwest and northeast 
comers of the 20 x 20 m plot. The second, third and 
fourth transects were respectively located 5 rn, 10 rn, 
and 15 m south of the first transect. Along each 
transect, the northwest comer of the 1 rn2 quadrats 
were located at 3 rn, 7rn, 11 rn, and 15 m from the east 
edge of the 20 x 20 m plot. The nested sampling 
design allows for detailed data collection within the 20 
x 20 m plot, and the systematic layout insures that the 
quadrats are relocatable and sampling can be accurately 
repeated in subsequent years. 

For each 1 m2 quadrat, the aerial percent 
cover of all plant species was estimated during our July 
sampling period to derive a measure of plant species 
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composttlon. Aerial cover estimations were conducted 
using a modified Daubenrnire ( 1959) method in which 
estimations were made to the nearest percent. The 
combined cover of litter and bare ground was also 
estimated using estimated percent cover. This 
sampling technique is advantageous because it provides 
a measure of both species richness and species 
abundance. Percent cover provides valuable data since 
it can indicate both plant size and number of 
individuals. 

All plants were identified to species in the 
field or given appropriate field names. Voucher 
specimen were collected for all species so that accurate 
identifications could be made. Species that were 
difficult to identify are being reviewed by botanists at 
the University of Kansas Herbarium where the 
vouchers will be housed. After the 1 m2 plots were 
sampled, the entire 20 x 20 m plot and the 1 00 x 1 00 m 
plot were sampled for cover. This sampling provides 
us with data at 3 scales and with the middle scale (20 x 
20 m), being of the actual pixel size of the remote 
sensmg. 

Species and Habitat Characterization in Sample Sites: 
birds and butterflies 

Abundance data were collected for butterflies 
and birds in each of the sampling sites. Birds were 
surveyed between 0530-1030 hrs using point counts in 
1 00 m diameter circular plots. Two observers were 
present for each 15 min survey. One point count was 
conducted at each site. Butterflies were surveyed 
between 0930-1630 hrs by two people netting for 20 
minutes in each 50 x 50 m plot. Each butterfly was 
placed in a glassine envelope and at the end of the 
survey all individuals of each species were tallied and 
most were released. A subset of butterflies were taken 
as voucher specimens. Bird data were collected at each 
site on three dates (during June 1-July 16) in the 
Gallatins and four dates in the Tetons. Butterfly data 
were collected on four dates (during June 22-Aug. 8) in 
each region. Data collections in each of the two areas 
(Gallatin vs. Teton study area) alternated every two 
weeks to ensure that species with phenologically 
different emergence times or activity periods would be 
included in both data sets. All specimens were 
identified to species in the field or given appropriate 
field names. Voucher specimens of butterflies were 
collected so that accurate identifications could be 
made. Species that are difficult to identify are being 
reviewed by Steve Kohler, an authority on Montana 
lepidopterans. Voucher specimens are housed at Iowa 
State University. 

Quality control 

All sampling sites have been permanently 
marked (see Establishment of Sampling Sites). At the 
start of sampling of each site, the entire crew of 
botanists, birders, lepidopterists, etc . discussed the 
species they expected to fmd and how they could be 
identified (see grant proposal for details of training) . 
Sampling of each taxonomic group was always 
conducted with a partner to allow for discussion of 
each species identification and/or cover value. 
Voucher specimens were taken for all species of plants 
and most species of Iepidoptera. Multiple vouchers 
were taken for problematic groups. Data collected 
were reviewed each day to make sure data sheets were 
legible and filled out properly. All data forms were 
copied and are being housed in multiple locations. 
Data are currently being entered and will be checked by 
a different person. 

+ RESULTS 

Plant Community 

Data from the 1997 field season were entered 
into a database and all measures of quality control were 
performed during the winter of 1997-1998. During the 
summer of 1998, data were collected again from all 
sites, but the results are not yet available. For the 1997 
vegetation data, species richness was highest in the M 1, 
M5 and M6 meadow types and lowest in the M2 
meadow type for the Gallatins. For the Tetons, the 
pattern was slightly different with richness being 
highest in the M6 and Ml meadow types and lowest in 
the M5 meadow types. The dominant cover of species 
helps defme the M-type. Although there were 
differences between the Gallatins and the Teton sites, 
meadow types were generally fairly consistent in the 
composition by dominant species with M 1 and M2s 
being dominated by Salix spp and Carex rostrata. M3 
and M4 types were dominated by Poa pratensis and 
Artemisia tridentata , and M5 and M6 types being 
dominated by Festuca idahoensis and Artemisia 
tridentata. 

Bird Community 

We surveyed bird communities for two years 
using point counts in 5 replicates of each of the 5 
meadow types. Of the species surveyed, there was 
59% similarity between the Gallatins and the Tetons in 
1997 and only 4 7% similarity in 1998. Discriminant 
analyses of bird species were used to build and test 



spectes habitat models. Classifications from the 
Gallatins were used to test the Teton data and vice 
versa. These analyses resulted in misclassification 
rates ranging from 48%-84%. Results from Fisher's 
Exact tests comparing species composition between the 
Gallatins and Tetons indicated that all 5 meadow types 
were significantly different between regions in both 
years (p<0.05). Species composition was also 
compared between regions using a Kappa statistic. 
Three of 5 meadow types were statistically different 
between study areas in both years, but two of the 
meadow types had changed significance from the 
previous year. Our results indicate that similarity is not 
high between bird communities in the Gallatins and the 
Tetons, and it is difficult to use data from one of the 
study areas to predict the communities found in the 5 
meadow types at the other area. Species composition 
in the most hydric meadow type was the only data set 
that could be accurately predicted in both study areas. 

Butteifly Community 

Eighty-two species were found in across both 
sampling areas during 1997 and 1998, and the species 
similarity between the two areas was 65%. Using 
species abundance data for each meadow type, 
canonical discriminant analysis and regression tree 
analysis were used to identify species that were 
important in distinguishing among meadow types. 
Fourteen species were important in distinguishing 
among meadow types in the Tetons and seven were 
important in distinguishing meadow types in the 
Galla tins ( 6 of the 7 species were common to both 
lists). These 14 species could be used to clearly 
separate each of the five meadow communities for both 
sampling areas. Our models of species-habitat 
relationships were then tested with canonical 
discriminant analysis and discriminant analysis (i.e., 
species data from the Gallatins were used to build a 
model that was tested on Teton data and vice versa). 
Predictability was not high using five habitat classes. 
However, if we collapsed the meadows into three 
classes rather than five, meadow type was up to 67% 
predictable overall. Meadow types at the two extremes 
of the gradient were 90-100% predictable while the 
mesic (middle gradient) meadow type was less easily 
predicted. 

FRAGSTATS analysis 

FRAGST ATS spatial analysis program was 
applied to the Arc Info GIS coverage of meadow habitat 
classifications to calculate parameters such as meadow 
size, distance to next meadow of the same type, and 
average distance to all meadows of a specific type. 
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Preliminary results show that meadows in the T etons 
are 10 times larger on average than meadows in the 
Gallatins (132.8 ha versus 12.9 ha) and that landscape 
context may have significant effects on bird and 
butterfly species distribution patterns (possibly 
explaining some of the differences between the 
sampling regions). 

Wetlands 

Our technique for finding wetland 
communities (M1 and M2 meadows) has been greatly 
improved by the research methods we have developed 
during our study. Using our remotely sensed data and 
previously collected vegetation data, we developed a 
new procedure for identifying wetlands using average 
wetland values. Using these techniques, we identified 
1 ,250 hectares of M 1 wetland meadows and 1, 711 
hectares of slightly drier M2 wetland meadows in 
Grand Teton National Park. We submitted a 
manuscript on these methods and results which has 
recently been published (Kindscher et al., 1998). 

+ FUTURE ACTIVITIES 

Our work 1s approximately two-thirds 
completed at this point. We are under budget on 
spending, but we are still processing bills from the 
summer. 

Analysis of spectral data is continuing along 
several thrusts. Close-range hyperspectral radiometer 
data are being analyzed to determine relationships 
between biomass and spectral reflectance in montane 
meadows. Toward this end, we are exploring the use 
of derivative analysis to separate the relative 
contributions of forbs, grasses, and shrubs to the 
composite spectral reflectance for a plot. Interannual 
comparisons between the 1997 and 1998 
spectroradiometer and biomass data will be conducted 
to refme measures of vegetation condition and 
development. Analysis of the satellite data will address 
several research directions: biophysical remote sensing 
(modeling relationships between biophysical data and 
spectral reflectance), landscape heterogeneity (as 
quantified by first-order texture analysis of single- and 
multi-date satellite imagery), and predictive modeling 
of vegetation communities through integrated analysis 
of satellite and GIS data. Toward these ends, 
processing is ongoing to georeference the satellite data, 
convert it to reflectance values, and perform 
topographic normalization to account for differing solar 
incidence angles. Texture analysis will be initiated, 
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starting with the 1994 Gallatin data set, evaluating 
relationships between plant and animal abundance and 
diversity and seasonal and interannual variability in 
local landscape heterogeneity. Geographic information 
systems-based models of environmental factors (annual 
insolation, exposure, potential evapotranspiration, 
phenological variability) potentially relating to plant 
and animal diversity/abundance will be developed 
during winter 1998-99. Correlation-and-regression
tree (CART) analysis of GIS and remote sensing data 
will begin during spring 1999 as part of our efforts to 
develop predictive maps for directing fieldwork in 
summer 1999. 

Data for birds and butterflies for both 1997 
and 1998 have been entered and verified. Plant data 
from 1998 are currently being entered and should be 
completed by the end of October. Quality control of 
the data will follow. Data summaries and statistics 
comparing meadow types will be conducted this winter. 
In addition, a data matrix of species and functional and 

ecological traits is being compiled. 

The final year of the grant will be spent 
primarily on data analysis and writing of manuscripts. 
However, during the summer of 1999, we intend to 
mount a field campaign that will allow us to begin to 
test the predictablity of our models within each region. 
We hope to visit five new sites of each meadow type in 
each sampling area for collection of bird, butterfly, and 
plant data. This field season will focus on data 
collection that is extensive rather than intensive (i.e., 
we will visit many new sites, but only collect data once 
at each site). In order to avoid issues of phenological 
differences between collecting times, we intend to 
collect data with a large group of field assistants 
simultaneously working in the field rather than having 
one team move back and forth between areas in the 
ecosystem. These new data will be used in conjunction 
with data collected in 1997 and 1998 to allow us to test 
the predictability of communities within each sampling 
area. 

+ LITERATURE CITED 

Daubenmire, R.F. 1959. Canopy coverage method of 
vegetation analysis. Northwest Science, 33, 
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+ INTRODUCTION 

The Greater Yellowstone Ecosystem (GYE) 
may support the densest populations of elk in North 
America, and a diverse community of large 
carnivores that prey on elk. The Jackson elk herd has 
doubled in size since 1984 and currently exceeds its 
winter population objective of. 11 ,000 elk by about 
5,000 animals (Smith and Anderson 1998). In and 
adjacent to Grand Teton National Park (GTNP), 
mortality of neonatal Jackson elk averaged 15% 
annually during 1990-1992 (Smith and Anderson 
1996). Predation by black bears and coyotes, when 
calves were less than 4 weeks of age, caused 68% of 
neonatal mortality. Calves killed by mountain lions 
were more than 4 months old. Except for hunting, 
predation was the largest source of mortality of radio
collared elk from birth through adulthood. 

Since 1992, grizzly bear activity on federal cattle 
grazing allotments in eastern GTNP and the adjacent 
Spread Creek drainage of the Bridger-Teton National 
Forest (the East Study Area or East SA) has markedly 
increased and cattle losses to bears have become 
common. Personnel of the Wyoming Game and Fish 
Department attributed 26 cattle losses (25 calves, 1 
cow) in the East SA in 1993 to grizzly bear predation. 
The Wyoming Game and Fish Commission, which 

compensates cattle producers for losses due to grizzly 
predation, initiated a study in 1994 to quantify the 
proportion of cattle losses in the East SA due to 
grizzly predation. One grizzly bear that was 
documented killing cattle each year, was captured and 
euthanized in GTNP in 1996. 

Grizzly bears are opportunistic omnivores 
that consume both plant and animal foods (Blanchard 
et al. 1992). Grizzly bear predation on elk calves less 
than 4 weeks of age was the primary cause of 
mortality of calves and a major factor regulating the 
size of Yellowstone National Park's northern elk herd 
(Singer et al. 1997). Smith and Anderson ( 1996) 
found no evidence of grizzly predation on Jackson elk 
during 1990-1992. However, mid-summer calf:cow 
ratios of elk in the Spread Creek area of eastern 
GTNP have declined since 1993. We initiated this 
study in 1997 to compare causes of elk calf mortality 
in the grizzly-occupied East SA and the relatively 
grizzly-free area of GTNP west of the Snake River 
(West SA). The objectives were to: 

1) Quantify cause-specific neonatal mortality of elk 
calves, and learn if predation by colonizing grizzly 
bears has reduced neonatal survival of elk calves 
in Jackson Hole since 1992. 

2) Compare neonatal mortality of elk between the 
East and West study areas to assess effects of 
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grizzly bear occurrence on elk calf survival. 
3) Assess if grizzly predation is compensatory or 

additive to other causes of mortality. 
4) Determine if grizzly bears may be preying on elk 

calves in eastern GTNP and adjacent areas of 
Bridger-Teton National Forest and then switching 
to bovine calves after elk calves become too agile 
to be killed. 

Through this research we seek to promote 
informed decision making by wildlife and land 
managers regarding the conservation and 
management of expanding populations of large 
carnivores and their prey. We intend to repeat this 
study after gray wolves have colonized Jackson Hole 
to evaluate their interaction with other large predators 
on a common prey, the Jackson elk, and to determine 
if colonizing predators may limit growth of the 
Jackson elk herd. 

+ STUDY AREA 

The study was conducted in elk calving 
areas of the Jackson elk herd unit of northwest 
W yarning described by Smith and Robbins ( 1994). 
The study occurred in portions of GTNP and the 
Bridger-Teton National Forest. Elevations range 
from 1,950 to 2,450m. Vegetation included 
sagebrush (Artemesia spp.) grasslands, and aspen 
(Populus tremuloides) woodlands, interspersed with 
willow (Salix spp.) riparian zones, and coniferous 
forests of lodgepole pine (Pinus contorta ), Douglas 
fir (Pseudotsuga menziesii), and Engelman spruce 
(Picea engelmannii) . The climate is characterized by 
long cold winters and warm short summers. The 
mean annual temperature is 1. 7 C and ranges from 
monthly means of -11.0 C in January to 14.7 C in 
July (National Oceanic and Atmospheric 
Administration 1992). 

+ METHODS 

CALF CAPTURE AND MARKING 

Calves were captured from a Hiller 12-E 
helicopter contracted by Hawkins and Powers 
Aviation of Greybull, Wyoming. Although capture of 
calves by investigators on foot and horseback has 
been used in some studies, newborn elk calves are 
most efficiently located and captured from helicopter 
(M. Schlegel, Idaho Department of Fish and Game, 
pers. comm., Singer et al. 1997, Smith and Anderson 

1996). We searched known calving locations within 
the two study areas and located parturient female elk 
and their newborn calves. When we spotted a bedded 
calf, we landed the helicopter as close as was safely 
possible, then stalked, captured, blindfolded, and 
hobbled the calf. We weighed, sexed, aged (Johnson 
1951 ), and examined each calf for general physical 
condition. Blood was drawn from a sample of calves 
to compare physiological indices of calves that 
survived and died. Total handling time averaged 9.1 
minutes per calf in 1997 and 8. 5 minutes in 199 8. 

Calves were fitted with ear tag transmitters 
(Advanced Telemetry Systems, Inc ., Insanti, MN). 
The transmitters remained silent while the calves 
were alive and active. When a transmitter remained 
immobile for > 3 hours, a mortality switch initiated 
transmission of a continuous pulse signal. The 
transmitters donated to the study by Wyoming Game 
and Fish Department in 1997 were on just 4 
frequencies. Consequently, 10-12 transmitters were 
deployed on each frequency in 1997. Thirty-six 
additional transmitters on 6 frequencies were 
purchased for the 1998 field season. Thus , 
transmitters were deployed on 1 0 frequencies in 
1998. 

RADIO TRANSMITTER MONITORING AND 
MORTALITY INVESTIGATION 

The transmitters fitted to elk calves were 
monitored from 4 ground-based fixed towers mounted 
with twin 12 element yagi antennas. The calves were 
monitored at approximately 12-hour intervals from 
birth to 15 July. Two calves migrated and died 
beyond the reception range of the ground-based 
towers were located during fixed-wing flights to radio 
track grizzly bears. 

When a mortality signal was detected, 
investigators located and assessed the disposition of 
the calf as soon as possible (on average it took 2.3 
days to locate each carcass in 1997 and 0.5 days in 
1998). At mortality sites, standard forensic 
procedures were followed to determine presence of 
predators or scavengers (Singer et al. 1996, Smith 
and Anderson 1996). A thorough search of the 
transmitter's location was conducted to find evidence 
of predator hair, feathers, tracks and scat, evidence of 
struggle and location of attack, and all remains of the 
carcass. Field necropsies were performed on partially 
consumed carcasses. Hair samples were identified to 
species based on color, texture, and scale patterns of 
the medulla and cuticle (Moore et al. 1974). Tissue 
samples were collected and sent to the W yarning 



State Veterinary Lab for diagnostic tests to evaluate 
animal condition and disease status. Intact carcasses 
were frozen and sent to Wyoming State Veterinary 
Lab for necropsy and diagnostic tests. 

GRIZZLY BEAR DISTRIBUTION 

To document presence of bears in both the 
West SA and the East SA, we constructed 12 hair 
collection corrals (HCCs) in which cattle blood was 
used as a nonreward bait (Table 1). The HCCs 
consisted of a single strand of barbed wire encircling 
4-6 trees with a center tree in the middle. The barbed 
wire was stapled 20-22 inches above the ground on 
the outside perimeter of the trees. Poles were wired 
horizontally above the barbed wire to prevent 
ungulates from entering the HCCs and insure that 
bears would enter beneath the barbed wire. A 1-
gallon milk jug, nearly filled with blood, was 
suspended by rope between 2 trees over the center of 
a HCC, beyond the reach of a tall bear. The 
Wyoming Game and Fish Department (1996) 
determined that cattle blood was the best attractant to 
lure bears into the HCCs. Jugs of cattle blood were 
replaced with fresh blood every 3 weeks. 
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Ten HCCs were constructed in late May 
1997 and monitored once a week for 7 weeks from 
the last week of May through the second week of July 
in 1997. Two additional corals were constructed the 
second week of July and also monitored for 7 weeks . 
In 1998, all 12 HCCs were monitored from the first 
week of June through the third week of July. 
Additionally, 7 of the HCCS (Murie's Ridge, 
Timbered Island, Death Canyon, Granite Creek, Wolf 
Ridge, Wallace Draw, and Mary's Lake) were 
monitored through the end of September 1998 or first 
week of October to gather additional information on 
bear occurrence during late summer. 

The HCCs were visited weekly. Hair 
samples were removed from the barbed wire, 
individually bagged, and submitted to the Wyoming 
Game and Fish Department Lab for species 
identification as described above. 

Currently there are several studies in 
progress to sample grizzly bear populations in British 
Columbia and in the U.S. (Woods et al. 1994, 
Wyoming Game and Fish Department 1996). Those 

·-----------------------------------------------
I Table I . Locations and number of hair samples collected form hair collection corrals in the East andWest study areas during 1998. , 
i All corrals were monitored for at least 12 weeks, each designated bythe numeric month and week of the month . Weekly frequency of 1 

j visitation is shown throughoutthe sampling period and also for the 6-week period from I June to mid-July · 
I 

Corral Name Study Species Dates Hair Samples per Frequency of Frequency of visitation 
Area Collected Date visitation June- mid-July (6 

throughout weeks) 
sampling period 1 

Murie Ridge West Black bear 6-1, 6-2,6-3,7-1, 7- 5, 5, II, 15, 0.76 0.83 
2, 7-4, 8-1, 8-4, 9-1, 9, 3, 8, 11, 4, 
9-2, 9-3, 9-4, 1 0-l 17, 5, 8, l 

Timbered West Black bear 7-4, 9-2, 9-3, 9-4 5, 6, 1, l 0.24 0.17 
Island 
Burned Ridge West Black bear 6-3, 6-4, 7-2, 7-3 2, 3, 3, 16 0.25 0 .67 
RKO Road West Black bear 6-1, 8-l l, l 0.12 0 .17 

River Road West Black bear 7-4 6 0.06 0 
River Road West Grizzly bear 7-4 1 0 .06 0 
Death Canyon West Black bear 8-4, 9-1, 9-2, 9-3, 9- l, 3, 4, 2, 3.1 0.35 0 

4, 10-l 
Granite Creek West Black bear 6-1,7-1, 8-1, 8-2, 8- 13, 3, 5, 1, l, 0 .47 0.33 

4, 9-3, 9-4, 10-1 2, l 
Three Rivers East Black bear 6-1, 7-4 2,4 0 .12 0 .17 
Wolf Ridge East Black bear 0 0 
Lava Creek East Black bear 6-1, 6-2, 6-3, 6-4, 7- 4, 15, 4, 1, I 0 .31 0 .67 

4 
Wallace Draw East Black bear 0 0 
Mary's Lake East Black bear 8-4 2 0.08 0.17 
Mary's Lake East Grizzly bear 6-1 2 0.08 0.17 

I June through the first week of October. Mune s R1dge, Timbered Island, Death Canyon, Gramte Creek, June through September. 
Burned Ridge, RKO Road, River Road, Three Rivers, Lava Creek; June through August: Wolf Ridge, Wallace Draw, Mary's Lake 
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studies include collection of bear hair to extract DNA 
samples. Ongoing research in the GYE seeks to 
obtain statistically valid mark-recapture population 
estimates of grizzly bears from microsatellite DNA 
markers in hair samples (Wyoming Game and Fish 
Department 1996). Hair samples we collect will be 
archived for this research effort. 

+ RESULTS AND DISCUSSION 

Calf Mortality 

During this second of 3 field seasons, we 
captured and radio eartagged 50 elk calves during 26 
May--6 June 1998. We captured 23 calves (13 males, 
1 0 females) in the East SA and 2 7 (11 males, 16 
females) in the West SA. Nine of these died during 
June, 2 died in July, and 1 died in August. During a 
29 May capture flight, one additional female calf was 
found freshly dead in the West SA. It was included in 
our capture sample, bringing the number of calves 
that died to 13 of 50 (26%; 1 of 51 calves lost its 
eartag transmitter during the study) captured 
compared to 15 of 46 (33%) that died in 1997. 

Predation accounted for 10 of 13 (77%) 
mortalities compared to 10 of 15 (67%) in 1997 
(Table 2). Two calves were killed by grizzly bears, 
both in eastern GTNP. Diagnostically useful tissues 
were collected from 4 of the 10 calves that were 
killed by predators. Brucella abortus was cultured 
from one of those calves that was killed by a black 
bear. 

Two intact calves were recovered in the West SA. 
One died of congestive heart failure and had been 
born without a right ventricle. The other calf suffered 
from hemoperitoneum caused by tom or leaky 
umbilical blood vessels. During August, one calf was 
killed in an automobile collision. 

Hair Collection Corrals 

A total of 273 hair samples were collected 
from the 12 HCCs (Table 1 ). Twenty-four samples 
were from Cervidae or Bovidae, 3 were from grizzly 
bears, and the remaining 246 samples were from 
black bears. Murie Ridge, Death Canyon, Granite 
Creek, and Lava Creek were visited most frequently 

Table 2. Mortality of radio ear tagged elk calves that were captured in the East and West study areas during 1998. 
Calves died west of the Snake River in Grand Teton National Park (W. GTNP), or east of the SnakeRiver in 
eastern GTNP (E. GTNP) or east ofGTNP on the Bridger-Teton National Forest. 

Calf Sex Captur Mortality Date Date Probable Cause Predisposing Conditions 
No. e Area Location Detect Retrieve of Death 

ed d 
347 M East E. GTNP 6-11 6-11 Black bear Brucellosis 
359 M West W. GTNP 8-25 8-26 Road kill 
367 F West W. GTNP 6-2 6-3 Congestive heart Developmental heart defect 

failure 
368 F West W. GTNP 5-29 5-29 Hemoperitoneum Tom umbilicus 
369 F East E. GTNP 6-2 6-2 Probable bear 

(sp. unknown) 
374 F East E. GTNP 6-3 6-4 Grizzly bear 
377 F West W. GTNP 6-12 6-13 Black bear 
379 M West W. GTNP 6-10 6-10 Mountain lion 
383 M West W. GTNP 7-22 7-22 Unknown 

predator 
387 M East E. GTNP 6-11 6-11 Black bear 
388 F East East of 7-19 7-20 Grizzly bear Lesions from' difficult birth 

GTNP 
394 F East E. GTNP 6-8 6-8 Probable black 

bear 
397 M East E. GTNP 6-10 6-12 Black bear 



by black bears. As in 1997, black bears may have 
entered and left the Murie Ridge, Lava Creek, and 
Granite Creek HCCs several times per week, based 
upon the large number of hair samples we collected 
on several occasions. Wallace Draw and Wolf Ridge 
HCCs received no visitations from bears, as in 1997. 
Three hair samples from grizzly bears were collected. 
One single hair was collected at the River Road 
corral. Two samples of hair were collected at the 
Mary's Lake HCC. No grizzly bear hair samples 
were collected from either the East or West SA in 
1997. 

1999 FIELD SEASON 

Because cause-specific mortality of neonatal 
elk can vary annually (Singer et al. 1997, Smith and 
Anderson 1996), we are seeking funding to continue 
the study a third and fmal year. In 1999 we intend to 
capture and radio tag approximately 25 elk calves in 
each of the West and East study areas. Eartag 
transmitters recovered from mortalities will be 
redeployed in 1999. Additional transmitters will be 
recovered by immobilizing all surviving radioed 
calves that winter on the National Elk Refuge during 
winter 199 8-1999. 

If sufficient funding is acquired for 1999, 20 
additional eartag transmitters will be purchased. Like 
the 36 purchased in 1998, the mortality switch will be 
programmed to continue transmitting once the 
transmitter is activated, rather than resetting to silent 
mode whenever it is moved, as was the case with all 
transmitters deployed in 1997 and 14 of 50 deployed 
in 1998. Calf mortalities were located more rapidly 
in 1998 than in 1997 because of this design 
improvement. To insure that transmitters do not 
falsely activate on live elk, the delay period will be 
lengthened from 3 hours to 5 hours. More rapid 
investigation of mortalities improves success of 
determining cause of death of calves (Ballard et al. 
1981 , Larsen and Gauthier 1989). 

HCCs should again be constructed and 
monitored in 1999. The corrals provide a means of 
measuring presence of black and grizzly bears in the 
2 study areas. Radiocollared grizzlies were known to 
have frequented the East SA during our monitoring 
period, and 2 calves were killed by grizzlies -- one 
each in June and July (Table 2) . Yet only 3 hair 
samples were collected during a 12-17 week 
monitoring period. Some grizzly bears likely avoid 
entering HCCs. Others may simply not scent the bait 
as they pass through an area. It is also uncertain if we 
have achieved an optimum density of HCCs to attract 
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grizzly bears in the two study areas . However, some 
patterns are emerging regarding relative activity of 
black bears, such as higher levels of black bear use of 
hair corrals in the West Study Area. 
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Natural fires are common in coniferous 
forests in the Rocky Mountains, and one of the 
largest fires in recent history occurred in the Greater 
Yellowstone Area (GYA) in 1988 when over a 
million acres of lodgepole pine (Pinus contorta), 
subalpine fir (Abies lasiocarpa) and Engelmann 
spruce (Picea engelmannii) burned. In the summers 
of 1989, 1990 and 1991 and again in 1997 and 1998, 
we trapped small mammals in two burned and two 
adjacent unburned forests in the Huckleberry 
Mountain fire in the Rockefeller Memorial Parkway, 
0.5 km north of Grand Teton National Park (GTNP). 
Here we report on the captures and recaptures of the 
two most common species of small mammals, the 
deer mouse (Peromyscus maniculatus) and the 
southern red-backed vole ( Clethrionomys gap peri); 
and analyze retrapping frequency for each species in 
the burned and unburned forest. Our intent was to 
test the hypothesis that the probability of recapture is 
the same for both species in burned and unburned 
habitats. These capture/recapture data will be used 
by other co-investigators in additional publications to 
report on estimated population sizes and microhabitat 
associations. 

+ MATERIALS AND METHODS 

In 1989, we established study areas in two bums 
and adjacent unburned forests on east- and west
facing slopes along the John D. Rockefeller 
Memorial Parkway. In a preliminary study in 1989, 
we trapped on three consecutive nights in July, 
August and September in the unburned forest, burned 
forest and edge (trees killed but not burned) . 
Twenty-four Sherman live traps ( 4 grids of 6 traps 
each, 10 m apart) were set in each habitat for a total 
of 72 stations/slope. Other specifics of this trapping 
effort are the same as described below. 

For the other four years (1990, 1991, 1997 
and 1998), the following trapping procedure was 
used. For four consecutive nights in June, July and 
August, we sampled from 1 ha permanently marked 
grids located in the burned and adjacent unburned 
forest on east (EF) and west-facing (WF) slopes. 
During each sampling period, Sherman live traps 
(1 00 stations/ha, 10 m apart) were baited with rolled 
oats and peanut butter, provided with polyester 
bedding, opened between 1530 and 1730 hr, and 
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checked between 0500 and 0830 hr the following 
morning. Captured animals were ear-tagged with 
unique metal fingerling tags, classified by species, 
sex, age class Quvenile or adult) and reproductive 
condition and released at the site of trapping. 

+ RESULTS 

During five years of trapping (1 0896 trap 
nights), 10 species of small mammal species were 
trapped: the deer mouse, the southern red-backed 
vole, the montane vole (Microtus mont anus), the 
western jumping mouse (Zapus princeps), the 
masked shrew (Sorex cinereus), the dusky shrew (S. 
montico/us), the dwarf shrew (S. nanus), the least 
chipmunk (Tamias minimus), the northern flying 
squirrel ( Glaucomys sabrinus) and the bushy-tailed 
wood rat (Neotoma cinerea) but only the southern 
red-backed vole and the deer mouse were abundant 
and retrapped in significant numbers. 

The 1989 trapping season consisted of 12 
small grids aligned from unburned through the edge 
into burned forest (1296 trap nights for the season). 
A total of 24 southern red-backed voles and 65 deer 
mice were trapped (Table 1 ). Recaptures were lower 
for the red-backed vole (5) than for the deer mouse 
(25). The deer mouse was captured primarily in the 
burns, but five were trapped in unburned forest. Red
backed voles were trapped only in unburned forest. 
Both species were trapped in the edge, which 
consisted of standing trees with dead needles and 
intact ground cover. The total number of individual 
small mammals trapped was highest in burns ( 44) 
and lower in the edge (25) and unburned forest (20) 
(Table 1). For the deer mouse, the total number of 
animals trapped increased from July to September (7, 
26, 32) but not for the red-backed vole (9, 10, 5). 

Larger grids (100 traps/ha) were established 
only on burns and controls in 1990 and retrapped in 
1991, 1997 and 1998. Again the deer mouse was 
most abundant in burns and the red-backed vole in 
unburned forest {Table 2, 3, 4, 5). For the burned 
forest, we calculated the percentage of captures of the 
deer mouse relative to all captures in the burns (deer 
mice plus red-back voles). This percentage ranged 
from a high of 1 00% in 1989 and 94% in 1990 to 
lower percentages in subsequent years (77%, 1991; 
56% 1997; 79%, 1998). For the red-backed voles in 
the burns, this ratio of captures to all captures ranged 
from lows of 0% in 1989 and 6% in 1990 to higher 
percentages in subsequent years (1991, 23 %; 1997, 
44%; 1998, 21%). ln the unburned forest, the deer 
mouse accounted for about 20% and the red-backed 
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vole about 80% ofthe captures for 1989, 1990, 1991 
and 1998. The exception was in 1997 when only 4% 
of the captures were deer mice and 96% were red
backed voles. 

Over the 4 years of trapping on the 1 ha 
grids, the highest number of both species was caught 
in 1991 (520 total animals trapped), the second 
highest was in 1990 (262) while fewer were caught in 
1997 (181) and in 1998 (162). These counts were not 
related to precipitation for June, July and August 
(Moran Station, NOAA). The total precipitation 
from May through June was lowest in 1990 (8.2 em), 
intermediate for 1991 (10.4 em) and 1998 (13.2 em) 
and highest in 1997(19.3 em) (Table 6). Although it 
is interesting to note that in the wettest summer 
(1997), very few deer mice were trapped in the 
controls (4% of the total animals trapped) but in the 
burns deer mice (54%) and voles (46%) were trapped 
with similar frequency. 

To examine the "retrappability" of each 
species in burns and controls, we plotted the ratio of 
recaptures/animal captured for each monthly trapping 
session in ascending numerical order from the data in 
Tables 2, 3, 4 and 5 for each trapping season in 1990, 
1991, 1997 and 1998. The patterns are quite different 
(Fig. 1). 

Fig. 1. The number ofrecaptures/capture of a deer mice and red
backed voles in burns and controls: each point represents this ratio 
for a trapping session plotted in ascending order. 
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For the deer mouse, the mean of this ratio was higher 
in the burns ( 1.08) than controls (0.45). For red
backed voles, the mean of recaptures to captures was 
similar (0.38 in burns and 0.34 in controls) . 
However, for deer mice, the Coefficient of Variation 
for recaptures/captures was higher in the controls 
(149) than in the burns (23.5). The opposite was true 
for the red-backed voles: the Coefficient of Variation 
in recaptures/captures was higher in burns (89.9) than 
controls ( 13 .8) although the means did not differ. 

+ DISCUSSION 

In 1989, the summer following the fires, 
only deer mice were trapped in the burns; both 
species were trapped in the edge but deer mice were 
far more abundant. A few deer mice were captured 
in the unburned forest and here the red-backed vole 
was more abundant. During this year the 
regenerating vegetation was sparse in the burns and 
the only cover was downed and severely burned logs. 
The habitat was probably unsuitable for the red
backed voles. The edge provided more cover with 
dead needle canopy, downed logs and unburned 
ground cover. Two years post-bum this habitat 
separation was still marked. However, in the three 
subsequent years of trapping, the red-backed vole 
constituted a much higher percentage of small 
mammals trapped in the burn reaching a peak of 44% 
in 1997. But the general pattern of higher abundance 
of deer mice in the burns and a higher abundance of 
red-backed voles in the unburned forest held for all 
years. Other investigators have reported similar 
associations for these two species (Sims and Buckner 
1973, Campbell and Clark 1980, Martell 1984, 
Kirkland 1990, Walters 1991). 

Both species peaked in abundance in 1991-
two summers post-bum--with a total of 268 deer 
mice and 252 red-backed voles trapped. Six and 
seven years later, the abundance of both species had 
declined for reasons that can only be speculated. 
Neither of these years were particularly dry. Since 
these abundance patterns were similar for both 
species in both bums and controls we cannot attribute 
the large increase in 1991 and subsequent decline to 
successional changes in the vegetation. In all years 
except one ( 1997) in the unburned forest, the 
percentage of captures of red-backed vole and deer 
mice was constant (80% and 20%). In 1997, the 
summer of highest precipitation, very few deer mice 
were caught in the control (4%) and far more red
backed voles were caught in the burns (44%). We 
interpret this peculiarity as fewer deer mice 
inhabiting the unburned forest and more red-backed 
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voles moving into the burn. The implication is that 
more resources were available in the burned forest. 

However, precipitation may affect trap 
success in different ways. First, indirectly--higher 
rains bring more forage (herbaceous vegetation and 
mushrooms), which could result in population 
increases via reproduction and migration; but 
conversely animals may be less attracted to baited 
traps when natural forage is plentiful. Second, 
rainfall may discourage foraging and result in lower 
trap success. These data remain open to a variety of 
explanations. 

This most disconcerting finding of our 
analysis concerns the assumption that trap success 
reflects actual abundance or density. Our results 
show that the ratio of recaptures/captures varies both 
with habitat and species. The mean of this ratio was 
higher for deer mice in the bums ( 1.08) compared to 
the controls (0.45) and higher in both habitats than it 
was for red-backed voles, but the mean of this ratio 
did not differ between habitats for the red-backed 
vole (0.34 and 0.38). For each species, the 
Coefficient of Variation was lower in each species 
"preferred" habitat: burned forests for the deer mouse 
and unburned forests for the red-backed voles . One 
explanation may be that animals establish home 
ranges in their preferred habitat so the probability of 
retrapping an animal did not vary that much across 
trapping sessions. In the habitats with lower 
abundance (burns for the red-backed vole and 
unburned forest for the deer mouse), six trapping 
sessions for each species yielded no recaptures. 
However, for the red-backed vole, 14 trapping 
sessions had higher recaptures than in the unburned 
forests . For the deer mouse, only three trapping 
sessions in the unburned forest yielded higher 
recaptures than the control. In other words, the less 
preferred habitat for each species produced more 
trap-happy and more trap-shy individuals relative to 
preferred habitats. If capture/recapture population 
estimates are to be applied to these data, these 
patterns may be useful in interpreting the variance in 
population estimates among trapping sessions for 
each species. 
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Table 1. For A) July, B) August, and C) September of 1989, the 
number of individuals trapped and their recaptures for the deer 
mouse (Peromyscus maniculatus) , the southern red-backed vole 
(Ciethrionomys gapperi) on the east and west-facing bums (EF
Bum, WF-Bum), the east and west-facing edge (EF-Edge, WF
Edge) and the east and west-facing unburned sites (EF-Control, 
WF-Contro1); 24 traps/habitat for 3 trap nights . 

A. July 1989 

DATE/SITE Individuals 1-Recapture 2-Recaptures 3-Recaptures Total-
Captured 

July 1989 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Edge 

WF-Edge 

EF-Control 

WF-Control 

EF-Burn 

WF-Burn 

H-Edge 

WF-Edge 

EF-Control 

WF-Control 

Red-backed 
Voles 

B. August 1989 

Recaptures 

DATE/SITE Individuals 1-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

August Deer Mouse 
1989 
EF-Burn 

WF Burn 11 

H-Edge 

WF-Edge 

EF-Control 

WF-Control 

EF -Burn 
WF-Burn 

H-Edge 

WF-Edge 

EF-Control 

WF-Control 

Red-backed 
Voles 

C. September 1989 

DATE/SITE Individuals 
Captured 

Sept. 1989 Deer Mouse 

EF-Burn 

WF Burn 13 

EF-Edge 

WF-Edge 

EF-Control 

WF-Control 

Red-backed 
Voles 

EF-Burn 0 

WF-Burn 

EF-Edge 

WF-Edge 

EF-Cantrol 

WF-Control 

1-Recapture 2-Recaptures 3-Recaptures Total 
Recaptures 

Table 2. For A) June, B) July and C) August of 1990, the number of 
different individuals trapped and the number of recaptures for the deer 
mouse (Peromyscus maniculatus) and the southern red-backed vole 
(Clethrionomys gapperi) on the east-facing and west-facing bums (EF
Bum, WF-Bum) and the east-facing and west-facing unburned sites (EF
Control, WE-Control) on 1 ha grids with 100 traps. 

A June 1990 

DATE/SITE Individuals 
Captured 

June 1990 Deer Mouse 

EF-Burn 16 

WF-Burn 

EF-Control 

WF-Control 

Red Backed 
Voles 

EF-Burn 0 

WF-Burn 

EF-Control 

WF-Control 

C. July 1990 

1-Recapture 2-Recaptures 3-Recaptures Total
Recaptures 

15 

DATE/SITE Individuals 1-Recapture 2-Recaptures 3-Recaptures Total -
Captured Recaptures 

July 1990 Deer Mouse 

EF-Burn 21 21 

WF-Burn 11 

EF-Control 

WF-Control 



DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

July 1990 Red Backed 
Voles 

EF-Burn 2 

WF-Burn 

EF-Control 11 

WF-Control 12 

C August 1 990 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

August1990 Deer Mouse 

EF-Burn 43 13 13 

WF-Burn 39 12 37 

EF-Control 13 3 · 

WF-Control 

Red Backed 
Voles 

EF-Burn 3 

WF-Burn 

EF-Control 31 

WF-Control 31 

Table 3. For A) June, B) July and C) August of 1991 (See heading 
Table 2). 

A June 1991 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

June 1991 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Control 

WF-Control 

EF-Burn 

WF-Burn 

EF -Control 

WF-Control 

19 

17 

Red-Backed 
Voles 

2 

10 

B. July 1991. 

DATE/SITE Individuals 
Captured 

July 1991 Deer Mouse 

EF -Burn 42 

WF-Burn 13 

EF-Control 

WF-Control 

!-Recapture 2-Recaptures 3-Recaptures Total-

27 

25 

Recaptures 

36 

21 
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DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total -
Captured Recaptures 

July 1991 Red-Backed 
Voles 

EF-Burn 5 

WF-Burn 14 10 

EF-Control 27 

WF-Control 41 23 

C. August 1 991 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total -
Captured Recaptures 

August1991 Deer Mouse 

EF-Burn 79 19 18 10 85 

WF-Burn 36 42 

EF-Control 32 11 21 

Wf-(ontrol 10 14 

Red-Backed 
Voles 

EF-Burn 14 10 

WF-Burn 20 23 

Ef-(ontrol 46 16 

WF-Control 59 14 32 

Table 4 . For A) June, B) July and C) August of 1997 (See heading 
Table 2). 

A. June 1997 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

June 1997 Deer Mouse 

EF-Burn 

WF-Burn 

Ef-(anlrol 

WF-Control 

Red-Backed 
Voles 

EF-Burn 1 

WF-Burn 

EF-Conlrol 

WF-Control 13 

B. July 1997 

DATE/SITE Individuals !-Recapture 
Captured 

July 1997 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Control 

WF-Cantral 

17 

2-Recaptures 3-Recaptures Total -
Recaptures 

20 
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DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Caetured Recaetures 

July 1997 Red-Backed 
Voles 

EF-Burn 12 

WF-Burn 

EF-Control 15 

WF-Control 18 ll 

C. August 1 997 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

August 1997 Deer Mouse 

EF-Burn 19 27 

WF-Burn 

EF-Control 

WF-Control 

Red-Backed 
Voles 

EF-Burn 

WF-Burn 

EF-Control 21 10 14 

WF-Control 15 3 

Table 5. For A) June, B) July and C) August of I 998 (See heading 
Table 2). 

A. June I 998 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Captured Recaptures 

June 1998 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Control 

WF-Control 

Red-Backed 
Voles 

EF-Burn 3 

WF -Burn 

EF-Control 10 

WF -Control 

B. Jul y 1998 

DATE/SITE Individuals 1-Recapture 2-Recaptures 3-Recaptures Totai -

13 

Caetured Recaetures 
July 1998 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Control 

WF-Control 

32 13 29 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total -
Captured 
Red-Backed 

Voles 
EF-Burn 5 

WF-Burn 

EF-Contral 

WF-Control 

C. August 1998 

Recaptures 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total-
Caetured Recaetures 

August 
1998 
EF-Burn 

WF-Burn 

EF-Control 

WF-Cantrol 

Deer Mouse 

27 

Red-Backed 
Voles 

EF-Burn 1 

WF-Burn 

EF-Control 

WF-Control 10 

21 

DATE/SITE Individuals !-Recapture 2-Recaptures 3-Recaptures Total -
Captured Recaptures 

August 1998 Deer Mouse 

EF-Burn 

WF-Burn 

EF-Control 

Wf-(ontrol 

EF-Burn 

WF-Burn 

EF-Control 

Wf-(ontrol 

27 

Red-Backed 
Voles 

10 

21 

Table 6 . Mean monthly precipitation (Moran , WY Station , NOAA 
data) for June, July and August for 1990, 199 1, 1997 and 1998, the 
three-month total precipitation and the total number of red-backed 
voles and deer mice trapped . 

Year June July August Total Precip Total Trapped 

1990 2.7 2.4 3.1 8.2 262 

1991 3.0 3.2 4.2 10.4 520 

1997 3.8 8.4 7.0 19.3 181 

1998 8.4 1.4 3.8 13.7 162 
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