




LUWYOMING 

NATIONAL PARK SERVICE RESEARCH CENTER 

18TH ANNUAL REPORT 1994 

EDITED BY 

HENRY J. HARLOW 
ASSOCIATE PROFESSOR 

DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY 

UNIVERSITY OF WYOMING 

DIRECTOR UW-NPS RESEARCH CENTER 

MARYANNE HARLOW 
REFERENCE LIBRARIAN 

UNIVERSITY OF WYOMING LIBRARIES 

UNIVERSITY OF WYOMING 



. (.)" 

U.W.- N.P.S. 
Research Center 

' .:· ~\ 
·~~ • ./ a • a 

::: Colter Bay 
Vi II age 

Box 3166 University Station 
Laramie, Wyoming B2071 
Telephone: (307) 7664207 or 4227 

Jackson Lake , 
Lodge 

Box 170 

Moran, Wyoming 83013 
Telephone: (307) 543-2463 



UJWYOMING 
NATIONAL PARK SERVICE RESEARCH CENTER 

• 
18TH ANNUAL REPORT 1994 

. 
8 

. 
16 

• 17 

.. 32 

24 . 
·25 •26 

• 
NORTH 

SOUTH 

30 28 

:~ 
29 

COLORADO 
•34 

•33 
• 37 

+UTAH 
1. Arches National Park 
2. Canyonlands National Park 
3. Natural Bridges National Monument 
4. Zion National Park 
5. Capitol Reef National Park 
6. Pipe Spring National Park 
7. Dinosaur National Monument 
8. Timpanogos Cave National Monument 
9. Bryce Canyon National Park 
10. Cedar Breaks National Monument 
11. Golden Spike National Historic Site 
12. Glen Canyon National Recreation Area 

+ WYOMING 
13. Grand Teton National Park 
14. Yellowstone National Park 
15. John D. Rockefeller, Jr. Memorial Parkway 
16. Devils Tower National Monument 
17. Fort Laramie National Historic Site 
18. Fossil Butte National Monument 

+ MONTANA 
19. Glacier National Park 
20. Bighorn Canyon National Recreation Area 
21. Little Bighorn Battlefield National Monument 
22. Big Hole National Battlefield 
23. Grant-Kohrs Ranch National Historic Site 

+ NORTH DAKOTA 
24. Fort Union Trading Post National Historic Site 
25. Theodore Roosevelt National Park 
26. Knife River Indian Villages National Historic Site 
27. International Peace Garden 

+ SOUTH DAKOTA 
28. Badlands National Park 
29. Wind Cave National Park 
30. Mount Rushmore National Memorial 
31. Jewel Cave National Monument 

+COLORADO 
32. Rocky Mountain National Park 
33. Bent's Old Fort National Historic Site 
34. Florissant Fossil Beds National Monument 
35. Black Canyon of the Gunnison Nat. Monument 
36. Curecanti National Recreation Area 
37. Great Sand Dunes National Monument 
38. Mesa Verde National Park 
39. Yucca House National Monument 
40. Hovenweep National Monument 
41. Colorado National Monument 





CONTENTS 

PAGE 

STEERING CoMMITTE 8---------------------------------------------------------------------------------------------------------------------------vii 

IN TR 0 D U C TI 0 N --------------------------------------------------------------------------------------------------------------------------------------- ix 

FEATURE ARTIcLE---------------------------------------------------------------------------------------------------------------------------------- 1 

A Remote Sensing and GIS-Based Model 
of Habitat as a Predictor of Biodiversity 

D. M. Debinski & K. Kindscher ------------------------------------------------------------------------------------------------------ 3 

REsEARCH PROJECT REPORTS ---------------------------------------------------------------------------------------------------------------1 7 

Multi-Park Studies 
Stan ton et al. ------------------------------------------------------------------------------------------------------------------19 

Badlands National Park 
Plumb -------------------------------------·------·---------------------------------------------------------------------------------2 9 

P l urn b ----------------------------------------------------------------------------------------------------------------------------31 

Grand Teton National Park 

Blodgett & Jakubauskas oooo .. oo···········-···············································································37 

Cody ·······································o··········································o·········································-42 
Greene & Roach ·····························o····o······················································o·····o·············-46 
Jannett ................................. o·. 0 •••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••••••••••••• 52 
Doyle & Knight ............................................................................................................... 56 

McKnight ................ o. ···············ooo .................. o .. ooo·····o·o·oo············o·o····o·o····················-61 
Moshier et al .............. ·o····· .................... 0 ••••••••••••••••••••••••••••••••••••••••••••••••••• 0 ••••••••••••••••••••• 65 

Montopoli et al. o ....... oo········o··············o-·o-·o····o·········o···oo•o·····o························o···············o·-76 
Pinter et al. .. 0 ••••••••• 0 ••• 0 •• Oo 0 ..... o o• ••••• ., ............... 0 •••• '" •••••••••••••••••••••••••••• 0. 0 ........................... 92 
Pinter ..... o.oo••o········· o .......................................................... 0 •••••••••••••••••••••••••••••••••••••••••••• 94 

Jewel and Wind Cave National Parks 
Mattson et al , .... , . , ........ , ....................................... , .......... , ...... 0 ••••••••••••••• , •••••••••••••••••••••••• 99 

v 



Yellowstone National Park 
Crabtree .................................................................................................................... ., .. 105 
Merrill & Marrs ............................................................................................................ 114 
M erri 11 et al. ........... ., ............................. ., ...................................................................... 126 
Moen, Oksanen & Huntley ............................................................................................. 131 
Pat Ia & Peterson ............................................................................................................ 135 
Sylvester & Smith ............................................................... ,. ......................................... 145 
Turner & Peterson ......................................................................................................... 152 

Vyse .......................................................................................... ., ................................. 156 

Whitlock ...... ., .................................................................... ., ......................................... 160 

vi 



UW-NPS RESEARCH CENTER PERSONNEL 

HENRY J. HARLOW+ DIRECTOR 

KAREN K. NOLAND +OFFICE ASSOCIATE 

RICHARD P. VIOLA+ CARETAKER 

1994 STEERING COMMITTEE 

HENRY HARLOW 

DIRECTOR+ UW-NPS RESEARCH CENTER 

STEVEN BUSKIRK 

DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY+ UNIVERSITY OF WYOMING 

JASON LILLEGRA YEN 

GEOLOGY AND GEOPHYSICS + UNIVERSITY OF WYOMING 

FREDERICK LINDZEY 

WYOMING COOPERATIVE RESEARCH UNIT+ UNIVERSITY OF WYOMING 

RONALD MARRS 

GEOLOGY AND GEOPHYSICS + UNIVERSITY OF WYOMING 

ROBERT SCHILLER 

SCIENCE RESOURCE MANAGEMENT+ GRAND TETON NATIONAL PARK 

JOHN VARLEY 

NATURAL RESOURCE COORDINATOR+ YELLOWSTONE NATIONAL PARK 

vii 





INTRODUCTION 

1994 ANNuAL REPORT 

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 com:nittee 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 of March. 

The UW -NPS Research Center also 
operates a NPS-owned field research station in 
Grand Teton National Park. The research station 
provides researchers in the biological, physical, and 
social sciences enhanced opportunity to work in the 
diverse aquatic and terrestrial environments of 
Grand Teton National Park and the surrounding 
Greater Yellowstone Ecosystem. Station facilities 
include housing for up to 40 researchers, wet and 
dry laboratories, a library, herbarium, boats, diving 
equipment, traps, environmental monitoring 
instrumentation and shop accommodations. The 
research station is available to researchers working 
in the Greater Yell ow stone 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). 

ix 
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A REMOTE SENSING AND GIS-BASED MODEL OF 

HABITAT AS A PREDICTOR OF BIODNERSITY 

DIANE M. DEBINSKI +DEPARTMENT OF ANIMAL ECOLOGY 

IOWA STATE UNIVERSITY+ AMES 

KELLY KINDSCHER +KANSAS BIOLOGICAL SURVEY 

UNIVERSITY OF KANSAS + LAWRENCE 

+ ABSTRACT 

Conservation biologists need better methods 
for predicting species diversity. This research 
investigated some new methods to analyze 
biodiversity patterns through the use of Geographic 
Information Systems and remote sensing 
technologies. We tested the correlation between 
remotely sensed habitat types and species 
distributions. The goal was not to do away with 
ground-based fieldwork, but rather to optimize and 
focus fieldwork by using GIS and remotely sensed 
data as tools for making the work more accurate and 
specific. Our research was conducted at a fine (30 x 
30 m) landscape scale using on-the ground locations 
of birds, butterflies, and plants in the northwest 
portion of the Greater Yellowstone Ecosystem. Three 
remotely sensed forest types (distinguished by 
species density and coverage) and six remotely 
sensed meadow types (ranging from xeric to hydric) 
were surveyed and coverage data were collected for 
grasses, shrubs, forbs and trees. Presence/absence 
data were collected for birds and butterflies. The 
objectives of this research were: 1) to determine the 
extent of the correlation between spectral reflectance 
patterns and plant or animal species distribution 
patterns, and 2) to test the spatial correspondence of 
species diversity "hotspots" among taxonomic 
groups. Field surveys in 1993 and 1994 validated 
the vegetation density, cover, and moisture gradients 
expected from satellite data interpretation. Both tree 

species composition and diameter at breast height 
were significant in discriminating among forest 
types. Twenty-two species of grasses and forbs were 
significant in distinguishing among meadow types. 
However, a smaller percentage of the animal species 
was significantly correlated with one habitat type. In 
order to find a strong correlation between species 
distribution patterns and remotely sensed data, a 
species must be moderately common and show some 
habitat specificity. Hotspots of species diversity 
coincided for shrubs, grasses, forbs, birds, and 
butterflies and were found in mesic meadows. 

+ INTRODUCTION 

The loss of biodiversity has become a global 
concern during the last decade (Wilson 1988, Reid 
and Miller 1989). What conservation biologists need 
now are better methods to predict species diversity so 
that areas of high species richness can be protected 
and rare or declining species identified. The need to 
predict these areas of high species richness and 
species of concern is even more pressing as we enter 
an era of potential global climate change. 

Prerequisites to good management of 
biological diversity are adequate floral and faunal 
inventories for the lands in question and a firm 
foundation in community ecology. Biologists are 
just beginning to grapple with issues of how to assess 



biodiversity and create databases that will be 
valuable to a wide spectrum of users (Scott et al. 
1990, Scott et al. 1993, Davis et al. 1990, Noss 1983, 
Margules and Austin 1991). However, species lists 
are only a first step in addressing larger questions 
regarding relationships between species and their 
environments, in particular, species responses to 
environmental change. Understanding the 
environmental parameters that define species 
distributions is an even more important component 
of biodiversity assessment 

One of the many possible objectives for 
terrestrial biodiversity assessments, and a potentially 
fruitful one, is development of testable hypotheses 
concerning the relationships between geographic 
variation in species distribution patterns, and 
variation in environmental gradients. Vertebrate 
biologists have been using knowledge of an animal's 
habitat to predict its presence or absence for decades 
(e.g., Baker 1956, Armstrong 1972). Many studies 
have produced testable hypotheses relating variations 
in terrestrial species associations to inferred or 
measured variations of physical environmental 
factors (e.g., Simpson 1964, Owen 1990, Pyle 1982, 
James 1971, Terborgh 1970, Debinski 1991,1994a, 
Kindscher 1994, Kindscher 1995). However, 
scientists are just beginning to use remote sensing 
data as a predictor of animal species distribution 
patterns (Scott et aL 1993, De Wulf et al. 1988, 
Saxon 1983, Tueller 1989, Stoms and Estes 1993). 

The emergence of landscape ecology as a 
discipline has been instrumental in helping scientists 
understand spatial patterns of species distribution 
(Turner 1989, Urban et al. 1987, Noss 1983). As 
these relationships are better understood, it may be 
possible to predict species diversity based upon 
landscape level habitat analysis using Geographic 
Information Systems (GIS) and remotely sensed data 
(Urban et aL 1987, Turner 1989, McLaughlin et al. 
1992, Rich et al. 1992 a,b) at fine-scale resolutions. 
Conversely, such analyses can help optimize 
sampling strategies or allow us to test hypotheses 
regarding the spatial correspondence of species 
diversity patterns among taxonomic groups (e.g., 
Prendergast et al. 1993). Although patterns of 
community structure are produced by a variety of 
interactions, analysis of the patterns themselves can 
also prove helpful in broadening our interpretations. 
For example, Kolasa (1989) used pattern analysis to 
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develop a hierarchical model describing observed 
patterns of species abundance. 

Gap Analysis was developed by the U.S. 
Fish and Wildlife Service as a technique to compare 
locations of plant and animal habitats to those of 
existing preserves, thereby identifying gaps in 
habitat and/or species protection. Gap Analysis uses 
LANDSAT Thematic Mapper (TM) imagery to 
determine boundaries of vegetation types and then 
incorporates other data to label the vegetation types 
to series level (Scott et al. 1993). Given the 
knowledge of the geographical limits of a species' 
distribution, its ecological limiting factors, and its 
habitat preferences, species distributions are 
predicted within a map polygon using county of 
occurrence data and habitat-association matrices 
(Scott et al. 1993). Overlays of several species can 
be used to create a composite map of species richness 
throughout an area. Many factors besides vegetation 
type affect species presence and can cloud the 
observed relationship between species and vegetation 
(Fiather et al. 1995). Even if a habitat appears 
suitable, the species of interest may not be present 
due to historical factors, interspecific interactions, or 
factors extrinsic to the specific site. Another 
problem with Gap Analysis is the scale at which it is 
conducted. Scott et al. (1993) used a minimum 
mapping unit of 100 ha and mapped at a scale of 
1:100,000. We would argue that for many species of 
conservation concern (and especially smaller-bodied 
organisms like songbirds and butterflies), this scale 
is too coarse because microhabitats play an 
important role in determining suitable habitat. Gap 
analysis assumes that the microhabitats selected by 
these finer-scaled species are incorporated into the 
larger polygons, yet the Gap approach has not been 
tested at multiple scales (Flather et al. 1995). 
Furthermore, little prediction error or sensitivity 
analysis testing has been done for the Gap models. 
Thus, it would be advantageous to test these 
relationships with fine-scale mapping units (on the 
order of a few hectares) first. 

After conducting a park-wide inventory of 
Glacier National Park for birds and butterflies 
(Debinski 1991 ), we began to investigate alternative 
methods to predict species diversity based upon 
landscape level habitat analysis (e.g., Maurer 1994, 
McLaughlin et al. 1992, Stoms and Estes 1993, Rich 
et al. 1992 a,b). The goal was to use intensive, local 
field sampling to extrapolate ·species distribution 



patterns within a region. The hypothesis was that 
plant and animal distributions (biodiversity) could be 
correlated to patterns of spectral reflectance as 
recorded by satellite remote-sensing instruments at a 
scale of 30 x 30 m pixels. In essence, our approach 
was similar to Gap analysis, but the scale was finer, 
and we took the opposite approach to creating a 
species-habitat model~ we were testing the ability to 
find relationships between remotely sensed data and 
species assemblage data rather than assuming such a 
relationship and then predicting species 
distributions. We initiated this research project 
using remote sensing and GIS analysis of landscape 
to predict species distributions of grasses, forbs, 
shrubs, trees, birds and butterflies. 

+ OBJECTIVES 

From field observations, it appeared that 
there were significant relationships between remotely 
sensed data and vegetation. For example, sagebrush 
Artemesia tridentata tended to be found on dry M5 
and M6 sites, while sedges Carex spp. tended to be 
found on wet M1 and M2 plots. However, these 
relationships had yet to be quantified through 
statistical analysis. The major objective of our 
research was to determine the extent of the 
relationship between spectral reflectance patterns, as 
measured through remote sensing instruments, and 
the distribution of plant or animal species. The goal 
was not to do away with ground-based fieldwork, but 
rather to optimize and focus fieldwork by using GIS 
and remotely sensed data as tools for making the 
work more accurate and specific. 

+ STUDY AREA 

The study area for this research project was 
a 500 sq. mile area in the northwest comer of the 
Greater Yellowstone Ecosystem (Fig. 1). The 
Landsat scene extended from Porcupine Creek to 
Bacon Rind Creek (north/south) and from the crest 
of the Madison Range to the crest of the Gallatin 
Range (east/west). This area was chosen for three 
reasons. First, it is one of the largest intact 
ecosystems in the continental U.S. and includes a 
wide range of elevation and moisture gradients. 
Second, lists of birds and butterfly species were 
available for the ecosystem (Bowser 1988, Brossard 

5 

1989). Finally, we had several years experience 
conducting research in the region. 

N 

~ w-~-E 

s 

Figure 1. The Greater Yellowstone Ecosystem with study area 
darkened. Study area encompasses SOO sq. miles including northwest 
comer of Yellowstone National Park and southeast portion of the 
Gallatin National Forest 

CRITERIA FOR CHOICE OFT AX.A 

Plant species can be viewed both as a 
component of the species diversity as well as a 
component of habitat diversity as a plant community. 
The presence of a particular plant species at a 
specific site can be highly indicative of the particular 
microhabitat of that site. Because the plant species 
with dominant cover play a major role in 
determining what reflectance patterns are measured 
by satellite, we believed that it was imperative to test 
the relationship between the remotely sensed habitat 
types and the plant community. If plant species 
distribution patterns could not be predicted using 
remotely sensed data, relationships between remotely 
sensed data and animal taxa would be highly 
unlikely. Thus, a plant survey is the critical link 



between remotely sensed data, habitat, and other 
species distribution patterns. 

Butterflies were a preferred taxa for testing 
the hypothesis that remotely sensed data can be used 
to predict species distributions. Some butterfly 
species are moderately host-specific, while others are 
highly host-specific herbivorous insects and their 
diversity may be correlated with underlying plant 
diversity. Butterflies are also well-known 
taxonomically and reliably identified in the field 
(Kremen 1992). Over one hundred different species 
reside in the Greater Yellowstone Ecosystem 
(Bowser 1988, Brossard 1989). 

Birds were chosen to test the hypothesis 
because they are ecologically diverse and use a wide 
variety of food and other resources. Therefore, they 
reflect the condition of many aspects of the 
ecosystem. They also represent several trophic 
groups or guilds, and by having a short generation 
time, they exhibit quick responses to environmental 
change (Steele et al. 1984). Finally, they are good 
indicators because they are conspicuous, ubiquitous, 
intensively studied, and often appear to be more 
sensitive to environmental changes than other 
vertebrates (Morrison 1986). Over one hundred 
different species reside in the Greater Yellowstone 
Ecosystem. 

• METHODS 

GIS AND REMOTE SENSING ANALYSIS 

The remotely sensed data included three 
visible, one near infrared, and two middle infrared 
bands. Landsat 5 Thematic Mapper (TM) data from 
a 31 July, 1991 scene were registered to a Universal 
Transverse Mercator (UTM) coordinate system using 
ground control points selected from maps covering 
the study area, and resampled to 30 x 30m. Digital 
elevation model (DEM) data were obtained from the 
U.S. Geological Survey (USGS) projected to UTM 
coordinates, and the maps of slope, aspect, and 
elevation created using ERDAS GIS software. TM 
pixel brightness values was converted to radiance 
values (watts/m2/steradian/ nanometer) to account 
for effects of changing instruments and calibration 
drift. Six bands were available to describe each 30 x 
30 m pixeL TM data transformations were used to 
extract vegetation infonnation (i.e., Tasseled Cap, 
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Principal Components Analysis, and Normalized 
Difference Vegetation Index (NDVI)). To avoid 
sampling on cliffs or extremely steep slopes, areas of 
greater than 30 degrees slope were masked out on 
the Landsat data. 

These remotely sensed data were then 
clustered into 50 spectrally distinct classes, and 
classified using a minimum distance classifier. 
Cluster classes were evaluated using U.S. Forest 
Service (USFS) stand survey maps, aerial 
photography, and personal knowledge of the study 
area. The 50 classes were then combined to form 
eleven spectrally distinct vegetation cover types. To 
facilitate location of study sites during fieldwork, the 
map was converted to vector format and plotted on 
translucent Mylar, allowing overlay onto a 1:24,000 
scale USGS topographic maps of the study region 
(Fig. 2). 

Five forest habitat types and six meadow 
habitat types were identified in the preliminary 
analysis. Forest types included Douglas Fir 
Pseudotsuga menzesii (DF), Whitebark Pine Pinus 
a/bicau/is (WB), and mixed conifer Lodgepole Pine 
Pinus contorta, Engleman's Spruce, Picea 
englemanii, and Douglas Fir of three different 
densities (F1-F3). Meadows ranged from M1 (sedge 
meadow) to M6 (dry grassland with sagebrush). We 
inventoried five spatially distinct examples of each of 
the F1-F3 and M1-M6 habitat types (nine habitat 
types, total sites = 45) . 

SPECIES AND HABIT AT CHARACTERIZATION 
IN SAMPLE SITES 

Trees were sampled for species composition 
and cover by establishing a 100 m transect and 
surveying every tree within 3 m on either side of the 
transect line (Brower et al. 1990). Five spatially 
distinct areas were surveyed for each of three forest 
types (F1, F2, F3) during 1993. Grasses, forbs, and 
shrubs were also surveyed in five spatially distinct 
areas for each of the six meadow types during 1994. 
Twenty-five 1 m2 plots were established at 4 m 
intervals along a 100 m transect, and each plot was 
surveyed for total coverage on a per species basis for 
all grasses, forbs, and shrubs. The species cover was 
determined by two observers visually estimating and 
agreeing on the sum of the greatest spread of foliage 
for each species in each plot (Daubenmire 1959). In 



7 

Figure 2. An example ofa map ofspectratly distinct vegetation covertypes overlayed on a 1:24,000 scale USGS topographic map. Habitat types are 
based upon remote sensing cluster analyss followed by ground-truthing with USFS stand survey maps and aerial photos. Codes are as follows: Mixed 
conifer forest Pinus contorta, picea englemanii, and Pseudotsuga menzezii of high density (F3), lower density (F2), and fairly sparse forest (Fl), 
Pseudotsuga menzezii forest (DF), Pinus albicau/is forest (WB), hydricllush meadow (Ml), decreasing moisture gradient of meadows (M2-M4), 
moist sagebrush/cinquefoil meadow (M.5), and xeric, mostly dry sagebrush shrubland (M6) tall us (fRM), and background/steep slopes (Bg). 

some groups, where species identification was 
problematic, species were clumped within the genus 
to calculate a total cover for the genus rather than 
the species. These genera were: Agoseris, 
Agropyron, Agrostis, Arabis, Arenaria, Aster, 
Astragalus, Bromus, Carex, Corydalis, 
Crepis,Cryptantha, Draba, Erigeron, Festuca, 
Juncus, Oxytropus, Poa, Potentilla, Ranunculus, 
Senecio, Solidago, and Senecio. 

Presence/absence data were collected for 
butterflies and birds during 1993, employing 
previously developed methods (Debinski 1991, 
Debinski and Brossard 1992). Birds were surveyed 
from 0530-1000 hrs. in thirty-five sites comprising 

three forest types (Fl-F3) and six meadow types (M1 
- M6). Auditory and visual surveys were conducted 
using four observers (two groups of two) moving 
systematically through the 100 x 100m plots for 45 
minutes. Bird surveys were repeated three times at 
each site during the course of a summer. Butterflies 
were surveyed from 1000-1630 hrs. in 23 meadows 
of type M1-M6. Butterflies were censused by netting 
and releasing for 20 minutes in three randomly 
selected 50 x 50 m subplots within each larger 100 x 
100 m plot. Sites of this scale were chosen to 
minimize habitat heterogeneity. Sampling for 
butterflies was repeated at least two, and preferrably 
three times during the course of the 1993 field 
season. 



DEVELOPING AND TESTING THE MODELS 

Stepwise discrminant analysis, ANOV A 
and logistic regression were used to test for 
relationships between species frequencies patterns 
and remotely sensed habitat types. These analyses 
were used to 1) determine which species had 
significant relationships with the remotely sensed 
habitat types, 2) determine whether the size classes 
(DBH) of trees differed among remotely sensed 
forest types, and 3) determine whether hotspots of 
species diversity corresponded among taxonomic 
groups. Each taxonomic group was tested separately 
for relationships with remotely sensed data, and 
subgroups (e.g. shrubs, forbs, grasses) were also 
analyzed. Total coverage for all vegetation plots 
within a transect was standardized to 100%. 
Stepwise discriminant analysis was conducted using 
a subset of the data, excluding species which occured 
in less than 2 percent coverage in every transect 
(total species = 80)" 

Multivariate analysis of the bird and 
butterfly data was conducted by using a modified 
presence/absence matrix which weighted the number 
of species occurrences relative to the number of 
times a site was surveyed. This data set provided 
more information than a simple presence/absence 
matrix. The number of occurrences of each species 
per site was summed over all the samples, rather 
than merely indicating whether or not the species 
has ever been seen at that site. In order to adjust for 
inconsistencies in sampling effort, each species/site 
combination was scored as Pii = mi)nj. where mij is 
the number of occurrences for species i, and nj is the 
total number of samples taken at site j. 

+ RESULTS 

The analysis of the 1993 and 1994 field 
data showed several important relationships between 
remotely sensed habitat types and species 
distribution patterns of vegetation, birds, and 
butterflies. Field surveys in 1993 validated the 
vegetation density, composition, and moisture 
gradients expected from satellite data interpretation. 
Field data supported the expected gradient of 
increasing forest density from F1 to F3 forests. In 
addition, we observed that F3 forests tended to be 
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located on steep, north-facing slopes. Discriminant 
analysis was used to determine whether F1, F2, and 
F3 forests differed significantly with respect to tree 
species composition and DBH (diameter at breast 
height). The same species were found over all forest 
types, but the relative abundance of each species and 
DBH were significant in discriminating between 
forest types. F 1 forests tended to have fewer trees 
(0.034 trees/m2

) with larger DBH (mean= 10.61cm), 
while F2 and F3 forests had more trees (0.07 and 
0.067 trees/m2

) and larger DBH values [(F2 mean 
DBH = 8.59cm, F3 mean DBH = 7.35cm (F = 7.971 
for DBH; df = 2,502, a = 0.05, table value F = 
3. 07)]. F 1 forests were composed of a combination f 
Pinus contorta, Picea englemanii, and Pseudotsuga 
menzezii while F2 forests were primarily Picea 
englemanii and Pseudotsuga menzezii with less 
Pinus contorta. F3 forests were primarily composed 
of Picea englemanii with less Pinus contorta and 
Pseudotsuga menzezii (F = 21.73, df = 2,502, a = 
0.05, table value F = 3.07). 

Analysis of the grass, forb, and shrub cover 
data revealed several strong relationships between 
species distribution patterns and remotely sensed 
meadow types. Ground-truth data confirmed the 
moisture gradient for meadows predicted from the 
satellite data. M1 and M2 meadows were sedge 
marshes with some standing water. M3 meadows 
were characterized by willow thickets and were 
located ncar streams. M4 meadows were of medium 
moisture with cinquefoil and mixed herbaceous 
vegetation, while M5 meadows had a mixture of 
sagebrush and herbaceous vegetation. M6 meadows 
were characteristically south-facing, rocky, and 
covered with sagebrush. One hundred and forty
three species (or species groups) of plants were 
observed in 1994 on 30 meadow sites. Twenty-two 
of these species were statistically significant in 
distinguishing among remotely sensed habitat types. 
Several of these species showed clear trends in total 
coverage which either increased or decreased around 
a specific habitat type (Table 1). 

A total of 74 bird species and 38 butterfly 
species were observed during the surveys (Tables 2 
and 3). Several species of birds exhibited a habitat 
preference (Tables 2 and 4). For example, a 
stepwise discriminant analysis of species distribution 
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Table I. Grass, shrub, and forb coverage in each of six remotely sensed meadow types. Species 
noted below are those that were significant in discriminating meadow types based upon 
discriminant analysis results (p<O.OS). 

Species Ml 

Festuca sp. 3.9 
Aster integrifolius 56.0 
Thalictntm dasycarpum 2.1 
Geum trijlon1m 0.5 
Polemonium pulcherrimum 4.3 
Agrostis scabra 1.5 
Aster campestris 0.0 
Arctostaphylos uva-ursi LO 
Trifolium longipes 6.0 
Salix Wolfii 29.0 
Bromussp. 14.4 
Eriogonum umbel/alum 0.0 
Muhlenbergia richardsonis 0.0 
Equisetum hyemale 7.9 
Salix bebbiana 6.8 
Lomatium triternatum 1.2 
Phleum pratense 13.8 
Seneciosp. 17.8 
Symphoricarpos a/bus 0.0 
Fragaria virginiana 30.5 
Danthonia intermedia 0.0 
Arenaria hookeri 0.0 

patterns by habitat showed seven bird species had 
significantly different frequencies in forest versus 
meadow habitats: Mountain chickadee Parus 
atricapillus, Brown creeper Certhis fami/iaris, 
American crow Corvus brachyrhynchos, Orange
crowned warbler Vermivora celata, Hermit thrush 
Hylocichla guttata, American robin Turdus 
migratorius, and Song sparrow Melospiza melodia. 
All of these species except tht Song sparrow showed 
a preferrence for forest. When habitats were 
clumped into broad categories, (Ml-M2, M3-M4, 
M5-M6, and Fl-F3) preferences were as follows, 
Mountain chickadee (Fl-F3), Song sparrow (Ml
M2), Rufous sided towhee Pipilo erythrophthalmus 
(Ml-M2), Dark-eyed junco Junco hyema/is (Fl-F3), 
Violet-green swallow Tachycineta thalassina (M5-
M6), and Haity woodpecker Dendrocopos vi/losus 
(M3-M4). Significant differences among forest 
preference were as follows: American robin (F3 ), 
Red-breasted nuthatch Sitta canadensis (F3), Ruby
crowned kinglet Regulus calendula (Fl) and Song 
sparrow (Ml-M2) 

Several butterfly species were found only in 
hydric or xeric habitat groups (Table 3), but only two 

M2 

10.5 
24.7 
0.4 
4.6 
1.2 
0.7 
8.5 
.23 
24.8 
34.8 
10:5 
0.1 
10.1 
2.1 
0.0 
4.1 
22.1 
4.2 
0.0 
26.1 
0.2 
0.0 

M3 M4 M5 M6 

29.8 62.4 105.6 125.2 
8.7 2.0 0.1 0.2 
2.4 0.0 0.0 0.0 
10.2 28.2 21.7 0.0 
0.6 0.0 0.0 0.0 
0.1 0.2 7.2 0.0 
7.0 1.2 3.1 12.8 
4.1 0.0 0.0 0.0 
0.4 1.4 1.9 0.0 
0.0 0.0 0.0 0.0 
11.5 18.6 15.8 3.3 
0.3 2.7 6.8 1.6 
0.2 0.0 0.0 0.0 
0.2 0.0 0.0 0.0 
29.7 0.0 0.0 0.0 
2.6 0.0 0.0 0.0 
8.4 18.2 15.8 0.6 
0.1 0.3 6.1 0.1 
6.1 0.0 0.0 0.0 
34.0 25.4 16.5 0.0 
0.5 0.5 12.2 0.0 
1.4 0.3 3.0 3.8 

species showed significant relationships with one 
specific habitat type in stepwise discriminant 
analysis ( cx=0.5). Coli as pelidne was significantly 
correlated with M6 meadows and was found only in 
M6 meadows, while Plebejus icariodes was found in 
all meadows, but showed a preference for drier 
meadows. Six butterfly species showed a habitat 
preference for dty meadows (e.g. F2, M5-M6), or 
mesic to xeric meadows (M3-M6). Five species were 
found solely in M3 meadows, and one species 
Boloria frigga was found only in hydric meadows 
(Ml-M3). Four species were found in all meadow 
types. 

Species richness was highest for plants 
(forbs, grasses, and shrubs), birds and butterflies in 
M3 meadows (Table 5). M3 meadows supported a 
strikingly higher diversity of birds (41 species) 
relative to all other meadow and forest habitat types. 
M3, M5, and M6 meadows all supported high 
species diversity of butterflies (24, 23, and 23 species 
respectively). Forbs, grasses, and shrubs showed a 
less striking difference in diversity among meadow 
types, but M3 meadows had the highest species 
richness. 



Table 2. Bird species distribution relative to six meadow habitats (Ml-M6) and three forest habitats (Fl-F3). 10 
Meadow types incorporate a moisture gradient (Ml, extremely hydric to M6, extremely xeric) and forest types 
incorporate a density gradient (Fl. low density to F3, hiRh density. 

Ml M2 MJ M4 M5 M6 Fl F2 F3 
Vermivora celata X X 
Dendroica petechia X X 
Dendroica corona/a X X X X X X 
Dendroica townsendi X X X 
Oporornis tolmiei X X 
Geothlypis trichas X X X 
Wi/sonia pusilla X 
Euphagus cyanocephalus X X X X X 
}vfolothrus ater X X 
Piranga ludoviciana X X X X 
Passerina amoena X 
Pheucticus melanocephalus X 
Carpodacus cassini/ X X X X 
Pinicola enucleator X 
Carduelis pinus X X X X 
Loxia curvirostra X X 
Chlorura chlorura X X X X 
Passerculus sandwichensis X X 
Melospiza melodia X X X X X X X X 
Pooecetes gramineus X X X X X 
Junco hyemlalis X X X X X X X 
Tachycineta bicolor X X 
Spizella passerina X X X X X X X 
Zonotrichia leucophrys X X X X X X X X 
Corvus brachyrhynchos X X X X 
Perisoreus canadensis X X X 
Cyanocitta stelleri X X 
Pica pica X 
Nucifraga columbiana X X X X X 
Parus atricapi/lus X X X X 
Parus gambell X X X X X 
Sitta canadensis X X X X 
Certhia americana X X 
Troglodytes aedon X 
Turdus migratorius X X X X X X X X 
Catharus gutta/us X X X 
Catharus ustalatus X X X 
Catharus fucenscens X 
Sialia currucoides X X X X 
Myadesles townsendi X X X X 
Regulus satrapa X X X X 
Regulus calendula X X X X X 
Stirnus vulgaris X X X X 
Vireo gilvus X X X X X X 
Stellula calliope X X X X X 
Coloptes auratus X X X X X X 
Sphyrapicus ruber X 
Sphyrapicus varius X 
Sphyrapicus thyroideus X 
Picoitjes villosus X 
Picoides pubescens X X 
Tyrannus verticalis X 
Sayornis saya X 
Empidonax /raillii X 
Empidonax hammondii X 
Empidonax oherholseri X 
Empidonax minim us X X 
_Contopus sordidulus X 

Con to pus borealis X X X 

Tachycineta thalassina X X 

lridoprocne hicolor X X X X X 

Riparia riparia X 
Stelgidopteryx ruficollis X X X 

Petrochelidon pyrrhonota X X X 
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Table 3. Butterfly habitat specificity based upon results of 1993 field season. X denotes species presence in 
meadows Ml - M6, where Ml represents the hydric extreme of the moisture gradient and M6 represents the xeric 
extreme of the moisture gradient in the Greater Yellowstone Ecosvstem. 

Ml M2 MJ ~U ~~ M6 
Parnassius pheobus X X 
Parnassius proto X X X X X 
Pieris napi X X X X X X 
Colias interior 
Colias phi Iodice 

X X 
X 

Coli as eurytheme X 
Colias pelidne X 

X Anthocharis sara X X X 
Euchloe ausonide 
Lyceana cupreus 
Gaeides xanthoides 
Lyceana heteronea 
Lycaena helloides 
Lycaena mariposa 
Plebe) us saepiolus 
Plebejus icariodes 
Plebe) us acmon 
Plebejus glandon 
Euphilotes enoptes 
Vanessa cardui 
Nympha/is milberti 
Polygonia faun us 
Ch/osyne pal/a 
Phyciodes tharos 
Physiodes campestris 
Boloriafrigga 
Boloria selene 
Bo/oria epilhore 
Speyeria atlantis 
Speyeria mormonia 
Cenonympha hadenii 
Cenonympha inornata 
Cercyonis oetus 
Oeneis uhlerii 
Oeneis chryxus 
Erebia epipsodea 

+ DISCUSSION 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

The goal of this research was to explore 
new uses of remotely sensed data as predictors of 
plant and animal species locations and to determine 
the correlation in species richness patterns among 
taxa. We expected spectral reflectance patterns to be 
relatively good predictors of vegetation. This 
expectation was met by our data analysis. Tree 
species and mean DBH were both significantly 
related to remotely sensed forest habitat types. 
Twenty-two species of grasses and forbs were 
significant in discriminating among meadow types. 
Festuca sp., Aster campestris, and Arenaria hookeri 
were associated with the driest meadows, Agrostis 
scabra, Erigonum umbellatum, and Danthonia 
intermedia with M5 's, Geum triflorum, and Bromus 
sp. with M4 's, Thalictrum dasycarpum, 
Arctostaphylos uva-ursi, Symphoricarpos a/bus, 
Salix bebbiana and Fragaria virginiana with M3's, 
Triflolium /ongipes, Salix wolfii, Muhlenbergia 

X 

X 

X 
X 
X 
X 
X· 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
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X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

richardsonis, Lomatium tritenatum, and Phleum 
pratense with wetter M2 's, and Aster integrifolius, 
Polemonium pulcherrimum, Equisetum hyemale, and 
Senecio sp. with the wettest Ml meadows. All of 
these relationships make sense given known habitat 
preferrence of these species. 

The next step was to determine whether spectral 
reflectance patterns could be correlated to 
distributions of selected animal taxa. Several species 
of birds and butterflies were associated with one or 
more remotely sensed habitat types. Statistical 
analysis revealed several significant species/habitat 
relationships. Seven bird species were significant in 
distinguishing between meadow and forest habitats. 
Six bird species were significant in distinguishing 
among finer gradations of habitat subsets (e.g., 
forests, hydric, mesic, and xeric meadows), Four 
bird species were significant in distinguishing 
among forest habitats. All of these species/habitat 
relationships make sense given known habitat 
preferences, except the Hairy woodpecker in M3-M4. 
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Table 4. Total occurrence ofbird species significantly related to one habitat type based upon results of stepwise discriminant analysis. Species are 
listed in order of inclusion in stepwise discriminant analysis. 

Mcadow versus Forest Categorization (al~ha =0.05} 

Species Meadow 

Mountain chickadee .030 

Brown creeper .000 

American crow .015 

Orange-crowned warbler .015 

Hermit thrush .000 

American robin .394 

Song sparrow .561 

Clumped Habitat Categorization (al~ha =0~ 

Species 

Mountain chickadee 

Song sparrow 

Rufous-sided towhee 

Dark-eyedjunco 

Violet green swallow 

Hairy woodpecker 

Differences Among Forest Categorizations (al~ha = 0. I} 

Species Fl 

American robin .548 

Red-breasted nuthatch .500 

Ruby-crowned kinglet .714 

Song sparrow .048 

Forest 

.482 

.130 

.148 

.019 

.130 

.648 

.037 

M1-M2 

.000 

.067 

.. 133 

.000 

.000 

.800 

500 

.667 

M3-M4 

.067 

.600 

.000 

.483 

.000 

.033 

F2 

.528 

.055 

.800 

.600 

Table 5. Species Richness in Remotely Sensed Meadows ofthe Greater Yellowstone Ecosystem 

M1 M2 M3 M4 M5 M6 

Grass, forbs, shrubs 83 79 95 82 72 61 

Butterflies 6 18 24 17 23 

Birds 2 17 41 17 10 

M5-M6 

.000 

.333 

.000 

.238 

.095 

.000 

F3 

.933 

.000 

Fl 

23 

18 

Fl-F3 

.482 

.037 

.000 

.926 

.000 

.000 

F2 F3 

30 32 23 



However, this can be explained by the fact that many 
of the moist meadows had aspen Populus 
tremuloides stands on their edges. The woodpeckers 
were using the aspen for nesting, and the meadows 
for foraging. Two of the 38 butterfly species showed 
statisticalJy significant differences in frequency 
among meadow types. However, several other 
species showed trends in this direction. Species 
richness patterns did show similar trends across 
taxonomic groups. M3 meadows supported the 
highest species richness for birds, butterflies, and 
vegetation (shrubs, grasses, and forbs). It was not 
possible to compare species richness among forest 
sites due to limitations in taxa sampled. 

Plants were more highly correlated with 
remotely sensed habitat types than were animals. 
This can be explained by several factors: (I) the 
remote sensing image is actualJy reflecting the 
presence of these plants on the ground, (2) plant data 
was measured in terms of coverage and animal data 
was measured as presence or absence, (3) plants are 
stationary and fixed on the landscape, whereas 
animals are moving through the landscape matrix 
and may or may not be present when the data are 
being colJected. 

The lack of significant relationships 
between butterflies and remote sensing habitat types 
may also be due to a limited data set 1993 was an 
extremely wet and cold summer~ some butterfly 
sampling sites were only surveyed twice due to poor 
weather which limited sampling of butterflies. 
Finally, one would not expect all species to be 
significantly correlated with one remotely sensed 
habitat type. Species that were found in only a few 
sites do not provide enough data for rigorous 
statistical relationships. Similarly, species found in 
a range of habitat types (e.g. Ml-M3) will not 
demonstrate a statistical correlation with one specific 
habitat type using discriminant analysis. Thus, in 
order to build predictive models of species habitat 
relationships using remote sensing and GIS methods, 
a species must be common enough and habitat 
specific enough to exhibit a significant relationship 
with one or more remotely sensed habitat types. 

Large-scale application of this technique could 
be particularly valuable for finding new locations of 
rare species with known habitat associations (e.g., a 
species restricted to dense forest or wet meadows). 
Our methodology may make it possible to survey a 
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smalJ fraction of the ecosystem (e.g., 5%) to find the 
specific habitat of rare species, such as the butterfly 
Euphydryas gillettii. E. gi/lettii is a specialist on 
black twinberry Lonicera involucrata, is found in 
mesic meadows, and its populations are declining 
(Debinski 1994b). Our model could also be valuable 
in monitoring the effects of global climate change on 
certain species distributions (e.g., Hobbs 1990), 
however, the limitations of these technologies must 
be recognized. Extremely rare species and species 
that are not habitat specific must be monitored using 
more field intensive methods. 
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+ INTRODUCTION 

The lush plant growth of hanging gardens 
attracted the attention of early explorers, botanists, 
and pioneers of the Colorado Plateau, a region 
dominated by bare rock and xeric vegetation. 
Hanging gardens are small, hydrophytic, herbaceous 
plant communities (Malanson 1980, Welsh and Toft 
1975, Tuhy and MacMahon 1988, Welsh 1989a, 
Heil et al. 1991) on canyon walls in the entrenched 
drainage system of the Colorado Plateau. The 
microclimate of larger hanging gardens contrasts 
sharply with the surrounding high desert: water is 
abundant, soils are moist, and canyon walls offer 
periodic shade. 

This study was conducted to expand our 
current knowledge of hanging gardens with baseline 
data from a comparative ecological approach. 
Hanging gardens, in seven National Park Service 
units on the Colorado Plateau, were sampled for 
vascular plant diversity, distribution, abundance, 
levels of endemism, and biogeographic origin of 
endemic taxa. At the consumer level, insects, other 
arthropods, and small mammals were collected on 
selected hanging gardens to determine species 
diversity, distribution, and relative abundance. 

Since the publication of MacArthur and 
Wilson's (1967) Theory of Island Biogeography, 

many attempts have been made to use the positive 
correlation between island size and species richness 
to conserve species diversity in fragmented and 
natural terrestrial habitat islands (see Shafer 1990 
for a review). An initial impetus for this study was 
the island-like appearance of hanging garden 
habitats. Theoretical work on the species richness
area relationship have prompted many empirical 
studies testing support for one of three alternate 
hypotheses: (1) MacArthur and Wilson's (1963, 
1967) equilibrium hypothesis, (2) Williams' (1943) 
(and later Connor and McCoy 1979) habitat 
diversity hypothesis, and (3) Arrhenius' (1921) 
passive sampling hypothesis. This study describes 
the hanging-garden vascular plant species-area 
relationship and tests support for these alternate 
hypotheses. 

The immigration and extinction curves that 
MacArthur and Wilson ( 1967) incorporated into 
their equilibrium hypothesis were recently put into a 
spatially structured, multispecies metapopulation 
model (Gotelli 1991) as an alternative to an original 
metapopulation model and Hanski's (1982) core
satellite species metapopulation model. Gotelli 
( 1991) then introduced a fourth metapopulation 
model which incorporated both propagule rain and 
the rescue effect. The last model, as well as the 
original metapopulation model, and the equilibrium 
hypothesis (MacArthur and Wilson 1967) based 
model, predict a unimodal distribution on species-



occurrence histograms (Gotelli 1991). The core
satellite model predicts a bimodal distribution on 
species-occurrence histograms. This study was 
primarily designed to collect distribution and 
abundance data for hanging-garden plant and bee 
species as a test of the core-satellite prediction. 

+ STUDY AREA AND METHODS 

Field work was conducted on hanging 
gardens in the following National Park Service units 
during the summers of 1991-1993: Arches National 
Park, Canyonlands National Park, Capitol Reef 
National Park, Dinosaur National Monument, Glen 
Canyon National Recreation Area, Natural Bridges 
National Monument, and Zion National Park. 
Hanging gardens sampled were chosen in 
consultation with NPS personnel. Work centered on 
the larger hanging gardens which Welsh (1984, 
1989a,b), Tuhy and MacMahon (1988), and 
Naumann (1990) had previously surveyed for plant 
species. 

Hanging gardens are defined by the 
predominance of mesophytic and hydrophytic 
herbaceous vegetation (Tuhy and MacMahon, 1988) 
growing on wet rock walls and/or wet, subirrigated 
colluvial soils. The abundance of water separates 
hanging gardens from the surrounding slickrock and 
xeric vegetation. Each hanging garden was visually 
separated into the following microhabitats: wet 
walls, ledges, ledge-soil complexes, and seeplines. 

Vegetation was systematically sampled 
(Krebs 1989, Manly 1989, unpublished manuscript, 
L. MacDonald, personal communication) by 
Daubenmire ( 1959) frames to estimate herbaceous 
canopy cover by species. The total number of 
vascular plants species present, species richness 
(Mcintosh 1967), was determined by visual 
searching (approximately one hour per garden) and 
systematic community sampling to collect voucher 
specimens from each hanging garden. 

For the largest hanging gardens insects 
were sampled with pitfall traps, malaise traps, and 
general sweep netting of the vegetation. Floral 
visitors were also netted on each hanging garden for 
1-3 hours at midday when bees were most active. 

Small mammals were sampled using eight 
No. 11 Havahart and two larger wire mesh live traps 
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baited with "lab chow" pellets dotted with anise oil. 
Trapping periods were one site per night with four 
Havaharts and one larger wire mesh live trap on and 
off each hanging garden site. Larger sample sizes 
were impractical due to the small size of the habitat. 

+ RESULTS 

Several sandstone aquifers provide water 
flow to the hanging gardens sampled in this study 
and in concurrent geomorphological research (May 
et al. 1995). Hanging gardens in Arches NP are 
located along geologic faults in the Entrada 
sandstone on Winter Camp ridge near Freshwater 
Canyon. Canyonlands NP hanging gardens are 
located up slope of the Neck Springs Trail (Island
in-the-Sky District) at the contact of the Navajo 
sandstone and Kayenta formation. The small, 
almost riparian hanging gardens in Capitol Reef NP 
are located along the Halls Creek Narrows in Navajo 
sandstone. In Dinosaur National Monument (NM), 
the Weber sandstone along the Yampa River Canyon 
has numerous small hanging gardens, while a much 
larger hanging garden was located in Humbug 
sandstone along a side canyon of Lodore Canyon. 
Glen Canyon NRA hanging gardens were chosen 
from three main areas of Lake Powell: near the 
mouth of the Escalante River arm, near the mouth of 
the San Juan River arm, and the Great Bend area of 
the San Juan River arm. Most of the sampled 
hanging gardens in Natural Bridges NM were along 
White Canyon in Cedar Mesa sandstone. The 
hanging gardens sampled in Zion NP were mainly 
located in the Navajo sandstone or at its contact with 
the Kayenta formation within Zion Canyon. 

Two hundred and one vascular plant species 
from 56 families were identified from 84 hanging 
gardens. Further taxonomic work is needed on 2 
additional taxa: one specimen of Erigeron (daisy) 
from Capitol Reef NP, and four specimens of Carex 
(sedge) from Dinosaur NM. 

Hanging-garden vascular-plant diversity 
was measured in two components: species richness 
and community dominance. Richness ranged from a 
low of two at Guano Hanging Garden (HG) in 
Capitol Reef NP to a high of 33 at Upper Emerald 
HG in Zion NP with most hanging gardens ranging 
between 7-19 species. Species richness was 
significantly different among the seven parks 
(ANOVA F = 7.144, P = 0.000, df = 6,77). 



Capitol Reef NP, with an average of 6 
species/hanging garden, had significantly fewer 
species per hanging garden than Arches NP, 
Canyonlands NP, Dinosaur NM, Glen Canyon 
NRA, and Zion NP with averages of 15, 14, 16, 16, 
and 20 species/hanging garden respectively. Species 
richness in Natural Bridges NM was intermediate 
with an average of 10 species/hanging garden. 
Dominance values ranged from 0. 99 to 0.20 with a 
mode at 0.44- 0.47. Hanging garden dominance by 
a single species was negatively correlated with 
species richness (r = -0.499, 95% Cl = -0.305 to-
0.653, p = 0.000). 

Bees (Superfamily Apoidea) were collected 
from pitfall or malaise traps or as floral visitors on 
49 hanging gardens. Twenty-five species in four 
families (Anthophoridae, Apidae, Halictidae, and 
Megachilidae) have been identified. Zion NP and 
Glen Canyon NRA were more species rich (12 and 
13 respectively) than Dinosaur NM, Canyonlands 
NP, Natural Bridges, and Arches NP (4, 3, 2, and 1 
respectively). Within Family Apidae (7 species 
collected), Zion NP was the most species rich with 
five; but, by excluding the exotic Apis mellifera 
(honey bee), Dinosaur NM and Zion have equal 
Bombus (bumblebee) species richness. Apoid bees 
were more abundant on hanging gardens than off 
(25: 1 ratio for malaise trapped specimens). The 
most polylectic bee species collected, B. morrisoni 
and B. occidentalis, were collected from five 
vascular plant species. Bombus morrisoni was the 
predominant bee floral visitor for the hanging
garden endemic plant Cirsium rydbergii (Rydberg's 
thistle) in Arches NP, Canyonlands NP, and Glen 
Canyon NRA and for Swertia radiata (elkweed) in 
Natural Bridges NM. A total of eight species of bee 
floral visitors was collected on both C. rydbergii 
and Aralia racemosa (American spikenard). 

Four species of small mammals were 
trapped on hanging gardens: Peromyscus crinitus 
(canyon mouse), P. maniculatus (deer mouse), 
Dipodomys ordi (Ord's kangaroo rat), and Neotoma 
lepida (desert packrat). Small mammal trapping 
success did not differ between on and off garden 
sites (paired sample t-test, T = 1.430, df = 15. 
p = 0.173). 

Most hanging gardens were less than 
100m2 in size with a few of the larger ones over 
1000 m2

• Hanging garden size differed significantly 
among the seven parks (ANOVA F = 6.078, P = 
0.000). Similar to the pattern in species richness, 
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Capitol Reef NP hanging gardens were significantly 
smaller in size than those in Arches NP, 
Canyonlands NP, Dinosaur NM, Glen Canyon 
NRA, and Zion NP but not significantly smaller in 
size than those in Natural Bridges NM. 

The data for hanging-garden plant species 
richness and size were fitted by linear regression 
(SYST AT 1992) to the log form of the power 
function S = cAz (Preston 1960, MacArthur and 
Wilson 1967), with S = species richness, and A = 
hanging garden size. Plant species-area relationships 
were not significantly different among the parks. 
The total linear regression for the species-area 
relationship for all 84 h~ing. gardens in ~e:en 
parks was S = 3.955(A) · w1th area explammg 
44% of the variance in richness (r2 = 0.436). The 
slope (z = 0.256) of the total regression line was 
significantly different from zero (F = 63.472, P = 

0.000, df = 1, 82) and indicative of isolated 
communities (Preston 1960, 1962a, b, MacArthur 
and Wilson 1967). 

To test the core-satellite bimodal frequency 
of occupation prediction (Hanski 1982), a species
occupancy histogram was constructed to show the 
number of sites occupied by plant species in hanging 
gardens of the Colorado Plateau. Most species 
were found on only a few sites: e. g., 71 species 
were found only on one hanging garden and 32 
species were found on only two hanging gardens. 
At the other extreme, A. capillus-veneris 
(maidenhair fern) and C. scopulorum (Jones' 
reedgrass) were found in 56 and 55 hanging gardens 
respectively. The species-occupancy histogram fits 
a logarithmic series distribution (X 2 = 2 4. 2 7 7 , 

df = 200, P = 1.000) and did not appear to fit the 
bimodal prediction. The comparable apoid bee 
species-occupancy histogram also fits a log series 
distribution (X 2 = 6. 991, df = 24, P = 1.000) 
and did not appear to be bimodal. 

Of the 201 vascular plant species found on 
84 hanging gardens, 12 were taxa endemic to the 
Colorado Plateau and seven of these were taxa 
endemic to hanging gardens. The level of endemism 
differed significantly among the seven parks. 
Arches NP hanging gardens were richer in hanging
garden endemics per hanging garden than the other 
six parks (ANOVA F = 11.285, df = 6,77, 
P = 0.000). Significantly lower numbers of 
hanging-garden endemics per hanging garden were 
found in hanging gardens of four parks: Capitol 



Reef NP, Dinosaur NM, Natural Bridges NM, and 
Zion NP. Canyonlands NP and Glen Canyon NRA 
hanging gardens were intermediate in hanging
garden endemic richness. Arches NP and Glen 
Canyon NRA had a higher total number of hanging 
garden endemics than the other parks: Arches NP 
and Glen Canyon NRA had five hanging-garden 
endemic species compared to four for Canyonlands 
NP, two for Dinosaur NM, Natural Bridges NM 
and Zion NP, and one for Capitol Reef NP. 

The distribution of the endemic plant taxa 
indicated two distinct groups: Zion NP and the other 
six parks. Four of the Colorado Plateau endemics 
were found only in Zion NP, while the remaining 
eight were found only outside Zion NP. The two 
most widespread hanging-garden endemic taxa, A. 
micrantha (alcove columbine) and Zigadenus 
vaginatus (alcove death camas), were not found in 
Zion NP or Capitol Reef NP. The abundance of 
hanging-garden endemic taxa, estimated as the sum 
of hanging-garden endemic taxa canopy coverage 
within each hanging garden, was not significantly 
different among six parks (ANOVA F = 2.201, 
df = 5, 66, p = 0.065). 

The abundance of plant species was 
estimated by canopy coverage techniques on 75 of 
the 84 hanging garden communities sampled. The 
hanging-garden endemic A. micrantha was abundant 
in the smaller hanging gardens from the northern 
and central parts of our study area. Adiallfum 
capillus-veneris was abundant in smaller hanging 
gardens from the southern part of the study area. 
Simplified Morisita community-similarity indices, 
calculated from the species-level canopy coverage 
estimates, ranged from zero to 0.998: i.e., from no 
species in common to communities with almost 
identical species-level abundances. 

A cluster analysis (SYSTAT 1992) of the 
similarity indices indicated five major types of 
hanging garden vegetation and a sixth group of low 
similarity banging gardens which were not similar to 
each other or to the five major types. The Fern type 
was dominated by A. capillus-veneris at 52 - 99% of 
the canopy but occasionally associated with A. 
micrantha. Fern-columbine, the second type, had 
smaller amounts of A. capillus-veneris in the canopy 
at 16 - 28% and was always associated with A. 
micrantha. Hanging gardens of the Reedgrass type 
were dominated by C. scopulorum at 26 - 71 % of 
the canopy. The fourth type, Columbine, was 
dominated by A. micrantha at 22 - 99% of the 
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canopy coverage. The last and most complex 
vegetation type was dominated by C. rydbergii 
and/or A. capillus-veneris with their sum at 21 -
82% of the canopy coverage. This Fern-thistle type 

also had C. scopulorum present 82% of the time. 
The remaining hanging-gardens plant communities 
were clustered into a dissimilar group since they did 
not fit into any of the five vegetation types. 

+ DISCUSSION 

There was a negative correlation (r = -
0.499) between plant species dominance and species 
richness. Upper Emerald HG at Zion NP had a 
dominance of 0.26, and three (out of a total of 33) 
species contributed approximately 25% each to the 
canopy coverage: Dodecatheon pulchellum var. 
zionense (Zion shootingstar), Smilacina stellata 
(stellate smilacina), and Calamagrostis scopulorum 
(Jones' reedgrass). Hanging gardens such as Upper 
Emerald, which had a relatively high number of 
plant species (S 33) and low dominance 
proportions (d = 0.26), were judged to be more 
diverse than hanging gardens such as AM in Natural 
Bridges NM with a low number of species (S = 5) 
and high dominance proportions (d = 0.99). If 
species richness and species dominance are adequate 
measures of species diversity, then management 
efforts to conserve plant biodiversity should first be 
directed toward the largest hanging gardens. 

Eastwood (1896) and Welsh and Toft 
(1975) listed boreal biogeographic affinities for four 
of seven plant taxa endemic to hanging gardens: 
Carex haysii 1 (Hays sedge), Dodecatheon 
pulchellum var. zionense2 (Zion shootingstar), 
Mimulus eastwoodiae (Eastwood's monkeyflower), 
and Primula specuicola (cave primrose). Other 
hanging garden vegetation with boreal affinities 
were A. capillus-veneris, E. gigantea, M. 
cardinalis, and the Colorado Plateau endemics: 
Carex curatorum (Canyonlands sedge) and 
Habenaria zothecina3 (Alcove bog-orchid) 
(Eastwood 1896, Welsh and Toft 1975). With one 
exception, I agree with this assessment. Cronquist 

1Included in taxon Carex curatorum at that time 

2Listed as Dodecatheon pauciflorum at that time 

3Included in taxon Habenaria sparsiflora at that time 



et al. (1986) and Paris (1993) indicated that A. 
capillus-veneris occurs in a band from southern 
California generally east to Georgia and the 
Carolinas; south to the West Indies, Venezuela and 
Peru; and in tropical to warm temperate regions of 
Eurasia and Africa. In addition, there are disjunct 
populations in British Columbia and South Dakota. 
Based on this evidence, we disagree with Welsh and 
Toft (1975) and conclude that the biogeographic 
affinity of this abundant, widespread hanging-garden 
species must lie in the subtropics or tropics not in 
the boreal region. 

Paleo-endemic spectes are ancient, 
systematically isolated taxa· whose present 
distribution is relict (Stebbins and Major 1965). By 
these criteria, taxa endemic to hanging gardens and 
to the Colorado Plateau cannot be part of a "relictual 
refugia" flora as suggested by Welsh and Toft 
(1975). A "refugia" hypothesis may be correctly 
applied to non-endemics such as the warm temperate 
to tropical A. capillus-veneris, to the prairie grasses 
Panicum virgatum (switchgrass) and Schizachyrium 
scoparium (little bluestem) and to Toxicodendron 
rydbergii (poison ivy), a woody eastern-deciduous 
species. Alternatively, these species may have 
dispersed into the hanging garden communities from 
their respective biomes. However, the relictual 
refugia hypothesis does not fit three taxa that are 
widespread and abundant on hanging gardens but 
also found in other regional habitats: ( 1) C. 
scopulorum in montane habitats, (2) Carex aurea 
(Golden sedge) in moist places at all elevations, and 
(3) Epipactis gigantea (helleborine orchid) in wet 
riparian zones at eli ff bases. 

Three other taxa that are widespread and 
abundant in hanging garden plant communities are 
endemic to that habitat: A. micrantha, C. rydbergii, 
and Zigadenus vaginatus (alcove deathcamas). We 
suggest that hanging-garden endemic taxa may be 
recently evolved: i.e., neoendemics (Stebbins and 
Major 1965). Shifting species distributions due to 
alternate cooling and warming periods during the 
Pleistocene may have provided the mechanism for 
allopatric speciation to occur on hanging gardens. 
This hanging-garden neoendemic hypothesis should 
be tested in future biogeographic research. In 
summary, hanging garden plant communities are a 
mix of species that are found in similar moist 
regional habitats, species that may be either relictual 
from southern or eastern biomes or have dispersed 
in from those biomes, and species that may have 
evolved in place (neoendemics). 
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A biogeographic analysis of the distribution 
of bumblebees {Apidae: Bombus) indicated that five 
of the six species collected are found in boreal and 
montane forest biomes. Michener et al. (1994) 
indicated that bumble bees (Apidae: Bombus) are 
more common in mesic temperate, and especially 
cool temperate, habitats but uncommon in deserts. 
This study supports this pattern since Apoid bees 
were more abundant Qn hanging gardens than off. 
Hanging-garden bumble bee populations may be 
relictual from the cooler climates of the late 
Pleistocene, or alternatively, may have dispersed 
into hanging gardens from regional montane areas 
such as the La Sal Mountains. Bombus distributions 
may provide a means to test the importance of 
vicariance versus dispersal on Colorado Plateau 
insect biogeography. 

Bumblebees tend to be generalized floral 
feeders, but our records match only two previously 
documented bumblebee species-plant genus 
associations: B. morrisoni on Cirsium and B. huntii 
on Dodecatheon. Both species are widespread in the 
Great Basin. The floral visitation records for B. 
centra/is on Aralia, B. melanopygus on 
Dodecatheon, and B. occidentalis on Aquilegia, 
Aralia, Dodecatheon, and Mimulus appear to be 
previously undocumented. 

In contrast to bees, small mammal species 
abundance and composition on hanging gardens 
seem to be no different than in the surrounding xeric 
habitat, which agrees with a similar study in 
Canyonlands NP (J. Belnap, personal 
communication). 

Hanging gardens, fynbos shrublands (Bond 
et al. 1988), and the vegetated soil-filled granite 
depressions studied by Houle (1990) and Uno and 
Collins ( 1987) are all habitats that have sharp 
boundaries between very different communities, 
have high z values, and are interpreted as virtual 
islands. These boundaries are as sharp as the land
water boundary for real (true oceanic) islands which 
tend to have insular z values of 0.20-0.35 
(MacArthur and Wilson 1967). Brown (1984) noted 
that sharp community boundaries appear to be the 
result of rapid spatial changes in soil and water 
availability to plant roots. Reduced successful 
immigration from nearby habitats along these niche 
gradients leads to reduced species richness in real 
and virtual islands. 



Several studies indicate that area tends to be 
the leading parameter in predicting species richness 
by multiple linear regression models. Multiple 
linear regression (MLGH model in SYSTAT 1992) 
for hanging garden physical data produced similar 
results. Area accounted for the largest variance in 
species richness data ( 44%) followed by number of 
microhabitats present ( 4%), and geographic position 
(X and Y UTM coordinates- 3% each). The lack 
of predictive power for the number of hanging
garden microhabitats present in this study tends to 

support MacArthur and Wilson's (1963, 1967) 
equilibrium hypothesis more than the habitat
diversity hypothesis (Williams 1943). 

This research was in part designed as an 
empirical test of the core-satellite bimodal 
prediction, but vascular plant species-occupancy 
histograms are clearly not bimodal. A critical 
assumption of Hanski's (1982) model is 
homogeneity of habitat and species characteristics. 
Hanging garden habitats were chosen as a close 
approximation of habitat homogeneity, with the 
realization that at a sufficiently small scale all 
habitats are heterogenous (Brown 1984). On the 
basis of Hutchinson's (1957) multidimensional niche 
theory, Brown (1984) criticized Hanski's (1982) 
homogeneity assumptions in that it is highly 
unlikely that similar sites are equally favorable for 
similar species. We agree since all 201 vascular 
plant species were probably not equally able to 
occupy the 84 hanging-garden study sites. Rigorous 
testing of the core-satellite hypothesis depends on 
the degree to which this assumption is met (Hanski 
1982, Gaston and Lawton 1989). However, if 
Brown (1984) is correct in regard to multispecies 
distributions, strict adherence makes the hypothesis 
untestable. Since Hanski 's ( 1982) core-satellite 
model prediction does not fit hanging garden plant 
metapopulation distribution patterns and since it is 
judged to be untestable, we should examine the three 
alternate models GoteJii ( 1991) presented. These 
models predict the unimodal metapopulation 
distribution pattern that we found in hanging 
gardens. 
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BLACK-FOOTED FERRET (MUSTELA NIGRIPES) 

RESTORATION IN BADLANDS NATIONAL PARK 
1994-1995 
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SITE SELECTION AND PREPARATION 

During spring 1994, three black-tailed 
prairie dog colonies totaling 403 ha within Badlands 
National Park were selected as locales to release 
ferrets during fall. This area was selected based on 
quality of habitat, remoteness from visitors and 
accessibility for field crews and is located within the 
Badlands Wilderness Area where mechanical 
transport is prohibited and approximately 550 bison 
range freely. Forty proposed release cages were 
stratified across the 3 colonies based on topography 
and degree of prairie dog activity. A helicopter was 
used to airlift over 8,000 lbs of supplies used for 
construction of 28 release cages/bison exclosures in 
the Badlands Wilderness Area several months prior 
to black-footed ferret arrival. 

BLACK-FOOTED FERRET ALLOCATION 

From September 1994 to October 1995, 69 
juvenile and 32 adult black-footed ferrets have been 
allocated and released in Badlands National Park. 
Project biologists have worked with the National 
Biological Survey (NBS) and facility veterinarians at 
Toronto Metro Zoo, Henry Doorly Zoo and 
Wyoming Game and Fish Department's Sybille 
Wildlife Research and Conservation Center to fit 
radio telemetry collars on 63 ferrets (45 juveniles 
and 18 adults) Upon arrival at Badlands NP, ferrets 
were transported to the Badlands Wilderness Area 
boundary and backpacked directly to their 
preselected release sites. Local media often 
provided coverage of ferret arrivals. 

BLACK-FOOTED FERRET HUSBANDRY 

Naive animals (no previous exposure to 
prairie dogs or burrow systems while in captivity) 
were held in release cages for a minimum of 10 days 
with a minimum 5 day post-release cage attending 
period (soft release). Pre-conditioned animals 
(having the opportunity to live in captive outdoor 
prairie dog enclosures and hunt prairie dogs) were 
held in a release cage for a maximum of 48 hours 
with no post-release cage attending (hard release). 
Release cage environments included a fitch box, 
food tube, water bowl, and a connected nest box 
located in an underground vault. 

Project staff were trained by Wyoming 
Game and Fish staff at Sybille in handling, cage 
attending and examining ferrets. Only trained staff 
were used for release cage attending. Cage 
attendants were also trained in detection of 
coccidiosis by the project veterinarian and periodic 
testing of stools occurred. During releases, cage 
attendants fixed a variable length of 4" plastic 
tubing between the release cage exit door and 
nearest active prairie dog burrow. Cages were 
opened at sunset and attendants immediately left the 
site. 

BLACK-FOOTED FERRET MONITORING 

Post-release monitoring by radio telemetry, 
spotlighting and snowtracking has been conducted 
following reintroductions in fall 1994, spring 1995, 
and fall 1995. Badlands National Park received 



precedent setting penruss10n to operate nighttime 
aerial telemetry missions from the Federal Office of 
Aircraft Services. Telemetry equipment was loaned 
to Badlands National Park from National Biological 
Service in Colorado and California. During fall 
1994, six nighttime aerial telemetry flights were 
conducted in parallel with ground telemetry 
conducted for 21 days post-release. A total of sixty
two individual locations were detected with 97% 
occurring within the 3 release colonies. A majority 
of telemetry locations (70%) were collected during 
the first week post-release. Animals moved freely 
among the 3 release colonies but dispersal within 3 
weeks post-release is believed to be limited 
primarily to less than five miles. Spotlight surveys 
conducted from November 28 to December 10, 1994 
detected eight individual animals. Post-release 
surveys following a spring 1995 release of 26 
preconditioned four and five year old adult black
footed ferrets indicated no survivorship within two 
weeks after release to the wild. Telemetry, 
spotlight, and snowtrack surveys following the fall 
1995 reintroduction detected sixteen black-footed 
ferrets including 9 juveniles released in October 
1995, two adults (released as juveniles in 1994), 
three wildbom kits, and two as yet unidentified 
animals. These measures of minimum juvenile 
survivorship (28-30%) exceed the 30 day post
release goal articulated in the 1994 and 1995 
Reintroduction Protocols. 

FUTURE OPERATIONS 

It is expected that reintroductions of black
footed ferrets will continue in and adjacent to 
Badlands National Park during 1996 - 1998 in order 
to establish the first self-sustaining, viable wild 
population since the Meteetsee, Wyoming 
population was captured from the wild in 1985. 
Continuing development of new sampling 
procedures to evaluate post-release survivorship and 
black-footed ferret and associated predator guild 
population status will be a high priority for 
continuing research efforts at Badlands National 
Park during this time. 
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+ BACKGROUND 

The recent black-footed ferret 
reintroduction into the Conata Basin area of west
central South Dakota has prompted managers of 
USDA Forest Service, Buffalo Gap National 
Grasslands and National Park Service, Badlands 
National Park, to reassess methods of determining 
population size of black-tailed prairie dogs Cynomys 
ludovicianus. Most agencies are currently relying 
on a protocol developed by Biggins et al. (1993) to 
assess black-footed ferret habitat, a section of which 
deals with prey abundance. The protocol is based 
on population estimates derived from counting the 
number of active burrows. The justification for this 
was a set of unpublished data that reported fair and 
good relationships between counts of active burrows 
and black- and white-tailed prairie dogs C. leucurus, 
respectively (Biggins et al. 1993). While there is 
no other correlative information relative to active 
burrows, Powell et al. (1994) suggested that counts 
of active burrows alone may not be a reliable 
indicator of black -tailed prairie dog populations. 
Menkens et al. (1988) examined relationships 
between populations determined by mark-recapture 
and total burrow counts. They reported that white
tailed prairie dog density was not significantly 
related to burrow density and was not a useful 
predictor of population density. However, 
Fagerstone and Biggins (1986) and Menkens et al. 
( 1990) reported high correlation coefficients when 
comparing visual counts of white-tailed prairie dogs 

with mark-recapture densities. The purpose of this 
study was to examine relationships among 
population estimates from mark-recapture techniques 
with visual counts, active burrow counts, and total 
burrow counts derived by ground and aerial surveys 
all within the same experimental design. 

+ STUDY AREA 

The study was conducted in the Conata 
Basin area of west-central South Dakota on lands 
administered by both USDA Forest Service, Buffalo 
Gap National Grasslands, and the National Park 
Service, Badlands National Park. Climate is semi
arid with an average ( 40 yr) annual precipitation of 
39.9 em, most of which falls during the growing 
season in locally severe thunderstorms. Mean 
annual temperature is 10.3°C and monthly means 
range from -4.6°C in January to 25.5°C in July 
(NOAA 1993). Vegetation is mixed prairie 
dominated by western wheatgrass Agropyron 
smithii, buffalograss Buchloe dactyloides, and blue 
grama Bouteloua gracilis. 

+ METHODS 

Twelve prairie dog colonies were selected 
in 1993; eight were located in Buffalo Gap National 
Grasslands and four were located in Badlands 
National Park. A 200 m x 200 m macroplot (4 



hectares) was established on each of the 12 colonies. 
A mark-recapture grid was placed within each of the 
twelve macroplots and numbered wooden stakes 
were placed at 16.7 m in a 10 x 10 grid in the 
middle of the macroplot which left a buffer strip of 
25 m around the trap grid. Staked locations were 
prebaited with a commercial horse feed composed of 
corn, oats, barley and molasses. The following day, 
live traps, 61 em x 23 em x 20 em, were placed at 
each stake, left open, and prebaited again. Traps 
were set on the third day and animals were trapped 
for 4-5 consecutive mornings (until an estimated 
equilibrium population density was reached). Traps 
were set from 0700 to 0800 hrs and left open for 
about 4 hrs. Animals were marked with green 
acrylic paint and released. All prairie dog shooting 
on colonies within National Grasslands was 
prohibited during trapping and visual counting 
activities to insure population closure. Trapping 
activities were conducted from late June through 
August. The program CAPTURE (Rexstad and 
Burnham 1991) was used to estimate density. Mark
recapture provides an unbiased estimate of 
population density (Seber 1986). Visual counting, 
using 7 x 35 mm binoculars, was done immediately 
before or within one week after trapping, for three 
consecutive days. Counts were made from a 3-m 
high observation platform placed on the southeast 
corner of the macroplot. Plot boundaries were 
delineated using fluorescent orange painted stakes. 
All prairie dogs on each macroplot were counted 4 
consecutive times. Observers entered the blind 
about 0700 hrs, waited 30 min before beginning the 
first count and 15 min between counts. Burrow 
counts were conducted on all twelve macroplots by 
strip transect ground counts (sensu Biggins et al. 
1993). Regression and correlation analyses were 
conducted using population estimates from mark
recapture as the dependent variable against the 
following independent variables: Maximum visual 
counts, mean visual counts, active mounded burrows 
from ground counts, total active burrows (mounded 
and unmounded) from ground counts, and total 
burrows from ground counts (Statistical Graphics 
Corporation 1989). Paired T -tests were used for all 
between year comparisons with data from only those 
10 colonies with paired data (Norusis 1990). All 
data were transformed to prairie dogs or burrows 
per ha which were used in the analyses. Differences 
in slopes (b) between years were examined using 
multivariate analysis of variance (MANOV A)(SAS 
Institute, 1988). All statistical inferences were 
made at a=0.05. 
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+ RESULTS 

VISUAL COUNTS 

Correlations between visual counts and 
populations estimated via mark-recapture were 
clearly better than any of the methods involving 
burrow counts. Within visual counts, maximum 
counts rather than mean counts resulted in better 
correlations based on lower standard errors and 
higher coefficients of determination (R2

). In 1993, 
mean count relationships were not significant for 
either linear or exponential models. Slopes (b), 
indicative of the probability distribution of 
population density as a function of visual counts, 
were similar between years for mean counts 
(MANOVA, F=2.74, 1,20 df, P=0.113) and for 
maximum counts (MANOVA, F=3.39, 1,20 df, 
P= .081), hence years were pooled. Although b 
values appear to be nearly twice as great in 1994 as 
compared to 1993, variability among counts 
between years precluded detection of significance. 
There were fewer prairie dogs counted in 1994, 
relative to the estimated population, than in 1993. 
There were also two colonies where the number 
counted exceeded the estimated population in 1993, 
but all counts were less than the estimated in 1994. 
Linear and exponential models for maximum counts 
exhibited few differences. Standard errors, 
expressed as a percentage of the mean of the Y 
variables, were slightly lower for exponential forms 
(0.3, 0.6, and 3.1%, for 1993, 1994, and pooled 
data, respectively) and the R2 's slightly higher for 
linear forms except for 1993. Linear models, in 
general, appear best for predictive analyses because 
the intercept is closer to 0, at least for 1994 and 
pooled forms. Further, exponential models would 
yield unrealistic projections if visual maximum 
counts were high (e.g., >25/ha). The 1994 linear 
model is the most precise model; the R2 indicates 
that over 77% of the variation in the population can 
be accounted for by maximum visual counts, which 
is higher than either the 1993 or pooled forms. The 
standard error of the regression, again expressed as 
a percentage of the mean of the Y variables, is lower 
for the 1994 linear model as compared to the pooled 
linear model (28. 9 and 33.9 %, respectively) but 
only slightly larger than for the 1993 linear model 
(26.9%). From a biological standpoint, however, 
the pooled linear model would be best for predictive 
purposes. This accounts for year-to-year variations, 
although in a limited sense because it includes only 
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2 years data. There were differences in population 
structure between years. Although the mean number 
of animals trapped per colony was similar (49 in 
1993 and 51 in 1994; t=-0.20, 9 df, P=0.847), 
adults made up 70% of the total in 1993 and only 
35% in 1994. There may be differences in 
sightability between adults and juveniles or there 
may be differences in behavior that result from such 
differences in population structure that affect counts 
and therefore the population/count relationships. 

BURROW COUNTS 

There was no correlation between 
population estimates and burrow counts, active or 
total, from ground transects. Slopes (b) were not 
different from 0 (P ranging from 0.34 to 0.96) 
(Table 1) using the linear model. Although data are 
not presented, no improvement was noted with 
exponential forms. Examination of scatter plots did 
not reveal any patterns that could be attributed to 
'old' or 'new'colonies or whether or not the colony 
was subjected to hunting. Our findings confirm 
those of Powell et al. (1994) but are in contrast to 
those of Biggins et al. (1993) who reported R2 of 
88.4% using active burrow counts on white-tailed 
prairie dog colonies and 42.5% on black-tail 
colonies. 

MANAGEMENT IMPLICATIONS 

Burrow counts, active mounded, total 
active, or total burrows, should not be used to 
estimate black-tailed prairie dog numbers. Neither 
should they be used as an index to populations. The 
absence of any significant relationships between 
burrow counts and numbers determined by mark
recapture methods over a two-year period is 
sufficient evidence that the reliability of the method 
is not consistent. Visual counts, a direct form of 
assessing populations, have consistently yielded 
significant relationships with populations estimated 
via mark- recapture techniques in this and other 
studies (Fagerstone and Biggins 1986, Menkens et 
al. 1990) and with populations determined by 
trapping all individuals within the colony (Knowles 
1986). The best visual count estimator to use is the 
maximum count rather than the mean number 
counted, as noted in this study and by Fagerstone 
and Biggins (1986). Are these resultant models 
good enough to be used in a predictive sense; that 
is,can they be used to compare populations among 
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colonies, areas, and years? Menkens et at. (1990) 
stated that if detailed data on prairie dog populations 
were required, (i.e., population dynamics) a better 
technique, such as mark- recapture, must be used. 
A disadvantage of mark-recapture is that the 
technique is labor and time intensive and, as a 
result, too expensive for extensive surveys. They 
further recommended, however, that visual counts 
were acceptable for evaluations of ferret 
reintroduction sites and for comparing prairie dog 
population numbers between years. We concur with 
this assessment while recognizing that visual count 
models are also subject to error as indicated by the 
R2

, standard error, and confidence limits. The 
reliability of the model could likely be improved if 
additional years data were obtained. 
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+ INTRODUCTION 

The potential impact of environmental change 
on hwnan welfare has renewed interest in 
understanding the patterns and processes associated 
with global climate change. Goals of the Committee on 
Earth Sciences (1989) regarding the U.S. Global 
Climate Change Program concentrated on the 
development of sound scientific strategies for 
monitoring and predicting environmental change. l11e 
scaling of ecological characteristics from local to 
regional and global scales were identified by the 
Committee as key priorities. 

The scaling of ecological infonnation is not 
simply done by integrating or aggregating infonnation 
from local scale investigations to regional and global 
scales (Caldwell et al., 1993). l11e complexity of the 
effects of scale variations rules out the use of simple 
generalizations (Foody and Curran, 1994). Infonnation 
that is significant at local scales may be trivial when 
evaluated at regional or global scales. Biological 
interactions with the environment occur over many 
scales, suggesting a role for multiscale analysis in the 
description of these interactions (Sclmeider, 1994 ). 
Methods must be developed to better understand and 
evaluate ecological processes operating at multiple 
scales. 

Forest structure attributes have been measured 
using remotely sensed data. Leaf area index (LAI), for 

exan1ple, has been related to the infrared/red ratio 
(Running et al., 1986~ Peterson et al., 1987), the 
nonnalized difference vegetation index (NDVI) (Leblon 
et al., 1993), and gap fractions (Nel and Wessman, 
1993). l11ese meU1ods generate values for each pixel in 
a satellite scene based on the relationship between one 
or more spectral and/or ancillary data channels and the 
attribute of interest. The spatial autocorrelation or 
spatial dependence present in surface phenomena and 
satellite data are usually not ex-ploited during attribute 
assignment because of difficulty in quantifying the 
spatial patterns present (Woodcock et al., 1988). 
Gcostatistics provides a statistically based teclmique to 
quantify spatial pattern. 

Gcostatistical techniques, in particular 
cokriging, can serve as an efficient means of modeling 
forest canopy structure at a variety of spatial scales to 
serve as inputs to global change models. The key issue 
will be to detcnnine the factors that influence remotely 
sensed spectral reflectance and relating them to the 
ecological model across scales (Ustin et al., 1993). 

The geostatistical teclmiques considered in this 
research include the following: U1e semivariograrn, 
which allows the user to compare values of a random 
variable at two points separated by a given lag distance 
(Milne, 1991 )~ kriging which uses the infonnation on 
spatial dependence present in the semivariogram to 
estimate values at unsampled locations based on 
scattered sample data (lsaaks and Srivastava, 1989)~ and 



cokriging, the multivariate extension of kriging, which 
is appropriate when two or more variables arc spatially 
interdependent and the variable of interest is 
undersampled (McBratney and Webster, 1983; Lecnaers 
et al., 1989). 

Geostatistical techniques have been 
successfully applied to remotely sensed data. 
Variograms have been used to determine components of 
coniferous canopy structure (Cohen et al., 1990), and to 
detennine the spatial autocorrelation structure of 
Landsat Thematic Mapper (IM) imagery and 
intercepted photosynthetically active radiation (IP AR) 
(Lathrop and Pierce, 1991). Atkinson et al. (1992) used 
cokriging of ground-based radiometer data to estimate 
LAI, dry biomass and percent cover. Satellite imagery 
is an excellent candidate for inclusion as an explanatory 
variable in the cokriging process because it is an 
exhaustive sample of a given area. 

+ OBJECTIVES 

Titis research project has the following 
objectives: 

1. To develop models of forest structure {LAI, 
canopy biomass, surface roughness (average tree 
height), and basal area) using cokriging of field survey 
data with Landsat TM, MSS and NOAA A VHRR 
satellite data. 

2. To detennine if forest structure can be 
adequately represented at a variety of spatial scales 
using the forest structure models. 

3. To determine the biotic and abiotic 
variables that define spectral variance and forest 
structure attributes across multiple spatial scales. 

STUDY AREA 

The research is being conducted in the Greater 
Yellowstone Ecosystem (GYE). Tllis area is home to 
Yellowstone and Grand Teton National Parks, seven 
National Forests (Bridger-Teton, Shoshone, Custer, 
Gallatin, Beaverhead, Targhee and Caribou), an elk 
refuge and two wildlife refuges. Marston and Anderson 
(1991) define the GYE as the Yellowstone Plateau and 
surrounding mountain ranges above the 2130m contour. 
Major vegetation commuruues include footllill 
grassland/shrub steppe, riparian, mountain shrub, low
elevation forest, middle-elevation forest, subalpine forest 
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and alpine tundra. The low-elevation forest is 
dominated by Douglas fir Pseudotsuga menziesii, the 
middle-elevation forests by lodgepole pine Pinus 
contorta var. latifolia and the subalpine forest by 
Engleman spruce Picea engelmannii, subalpine fir 
Abies lasiocarpa and whitcbark pine Pinus albicaulis 
(Marston and Anderson, 1991). In tl1e middle-elevation 
forest, lodgepole pine is a persistent dominant and 
e>..tends from the Absaroka Range in eastern 
Yellowstone National Park, across the Bridger-Teton 
National Forest to the south flank of the Teton Range 
(Clark, 1981). 

+ METHODOLOGY 

Preliminary field surveys were conducted 
during the summer of 1994 to gather initial data on 
stand structure and dynamics in the Grand Teton 
forests. Field surveys consisted of systematic sampling 
of stand parameters within a 20 x 25 m plot. All trees 
witllin tl1e plot were tallied in 5 centimeter diameter 
classes by species. Sccdlings were tallied in four height 
classes: 0.5-1.0 m, 1.0-1.5 m, 1.5-2.0 m, and 2.0-2.5 m, 
by species. Increment cores were e>..tracted from 
donlinant trees that appeared to represent the pioneer 
cohort of each plot to estimate the year of stand origin. 
Average height of the overstory was calculated using a 
clinometer. Visual estimates of cover by understory 
vegetation were recorded by species within twenty 0.5 m 
x 0.5 m quadrats established at equal intervals along 
four transects (five quadrats/transect). Ground cover not 
occupied by hetbaceous or low woody plants was 
classified by percent cover into moss/lichen. litter, 
persistent litter, rock, or soiL 

Following field work, overstory density, 
seedling density, total density, number of seedlings by 
species, dead density, basal area, and biomass were 
computed from size-class data collected for each stand 
(4 tree species and standing dead x 16 diameter classes), 
nonnalizing data to a one hectare standard unit. Basal 
area was for living and dead trees was computed using 
the mean diameter value for each size class (e.g., 2.5 em 
for the 0.0 em - 5.0 em size class). Biomass for living 
overstory species was computed using the allometric 
equations from Gholz et al. (1979). Leaf area index 
(LAI) was computed for each stand using the basal area 
equations of Kaufman et al. (1982). Total percent 
understory living cover, and percent cover by life fonn 
(e.g., shrubs, grasses, and forbs) was computed for each 
plot. 



Table L Stand Structure by Plot 

Plot# Age of Density Seedlings 
Origin (Overstory) 

1 93.5 2,420 8,880 

2 110.8 2,260 2,540 

3 89.6 1,360 2,260 

4 102.4 1,820 360 

5 104.2 1,600 3,480 

6 132 1,300 5,800 

7 82.75 1',180 1,200 

8 102 900 1,020 

9 102.6 1,840 80 

10 103.4 720 720 

11 116 1,300 4,100 

12 115.5 940 4,220 

13 89.8 800 1,380 

14 79 880 400 

15 108.6 1,480 3,820 

... RESULTS 

A total of fifteen sites were sampled during the 
1994 field season. A total of 88 trees were cored, of 
which 67 were Pinus contorta var. latifolia, 18 were 
Abies lasiocarpa and 3 were Picea engelmannii. The 

average age of origin for the plots sampled was 
approximately 102 before present, with a standard 
deviation of approximately 13 years. Only three plots 
fell outside plus or minus one standard deviation from 
the mean age of origin, even though structurally, the 
stands are quite different (fable 1.) Additional analyses 
will be perfonned, including detrendcd correspondence 
analysis and cluster analysis, after incorporating 
additional data from the 1995 field season. 

39 

Basal Area Biomass LAI 

48.94 10,890.94 10.56 

46.42 9,950.46 8.08 

28.71 6,094.44 5.0S 

33.88 7,281.12 5.9 

30.63 6,768.13 5.8 

30.09 8,297.87 10.6 

27.83 5,899.97 5 

30.91 6,308.18 5.39 

24.7 5,421.65 4.3 

20.85 4,369.04 3.97 

42.11 9,192.06 8.91 

16.4 3,698.58 3.64 

28.04 6,294.69 6.77 

26.11 5,246.09 4.55 

29.55 6,279.39 5.31 

... CONCLUSION 

This research will develop new methodologies 
for generating forest canopy structure variables from 
satellite data. A key shortcoming of existing methods 
for determining forest structure from remotely sensed 
data (Running et al., 1986~ Peterson et al., 1987~ Leblon 
et al., 1993~ Ncl and Wessman, 1993) is the lack of 
accuracy or error assessment associated with each 
measure (Asrar, 1989). Cokriging provides the error 
variance as part of the output from the algorithm and 
examination of the error variance indicates if the results 
of the technique are acceptable. Model comparison will 
determine if local forest structure infonnation can be 
adequately represented as the spatial resolution of the 



satellite data becomes coarser. This will indicate the 
potential of scaling forest structure variables to regional 
and global levels using satellite data in conjunction with 
geostatistical techniques. 
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The central aim of this project is to 
instigate a permanent program of monitoring 
landbird species composition and densities in a 
variety of representative habitats within Grand Teton 
National Park (GTNP). Habitats range from 
grassland and sagebrush on the valley floor of 
Jackson Hole (around 1900 m) through a range of 
scrub, woodland, and tall foothill forest vegetation 
types to montane sites of subalpine fir and tundra 
(ca. 3000 m). The monitoring program will 
provide data on year-to-year fluctuations in breeding 
bird species and densities, and eventually on any 
longer-term changes in the local avifauna, of both 
resident and migratory species; the data base will 
further understanding of population variability, local 
shifts in distribution and abundance, and potentially 
form a source for management and conservation 
decisions. 

• THE 1994 SEASON 

The 1994 season was an interim year, it 
followed a good deal of preliminary site selection 
and census activity (1966-1993) and is preliminary 
to full NPS funding of the project (scheduled to 
begin in I995 with the collaboration of S. Cain, 
Natural Resources Manager, GTNP). In anticipa
tion of range of habitats/sites eventually numbering 
25-30, a) further site selection was undertaken, b) 
census methodology was refined, and c) new and 
prior sites were censused for breeding bird 
composition and density. 

Table I lists 26 potential sites to be used in 
the monitoring study; 16 were established prior to 
1994 (some as early as I966-68), 7 new sites were 
initiated in 1994, and a further 3 were tentatively 
selected but not censused. The sites in Table I form 
the basis of the permanent program, and will likely 
be augmented by several additional sites as need and 
opportunity arise (beginning with the 1995 season). 

This year (1994) was particularly 
interesting from the standpoint of weather, being 
unusually dry and cool, with a number of potentially 
corresponding bird records of note. In particular, 
Clay-colored sparrow Spizella pallida was recorded 
on territory in the park, apparently for the first time 
since the early 1970's, and a number of other 
rarities were present and breeding [including 
Bobolink Dolichonyx oryzivorus, Gray catbird 
Dumetella carolinensis, Lark sparrow Chondestes 
grammacus, and American redstart Setophaga 
ruticilla (the latter by S. Jones)]. 

SITES AND CENSUS DATA 

Census data on 5 sites listed in Table 1 
now span over a quarter century, and are already 
valuable in providing data on long-term 
population trends. Representative of such data 
are those of the Wet Willows site (#9), as shown 
in Table 2. Eight species (listed first) have bred 
each census year since 1966; three are more 
sporadic, but have ·occurred throughout the 
census period; one species has not been recorded 
in the 1990's, and three others were not recorded 
in the earliest years of the censuses. Note that 
both parulid and emberizid guilds consist of 



43 

TABLE 1. Census sites in GTNP, 1994 season. 
Site# Location Habitat Elev(m) Y r Init. 

1. Wolf Ranch Grazed meadow 2045 1994 
2. Jackson Lake Junction Grass-sedge meadow 2053 1992 
3. Jackson Lake Junction Grass-sagebrush 2043 1966 
4. Jackson Hole Airport Tall sagebrush 1956 1992 
5. Two-ocean lake Rd. Forb-meadow 2158 1993 
6. Elk Refuge Wet grass-marsh 1895 1994 
7. Shadow Mt. Aspen-scrub 2090 1994 
8. RKO/Snake River Bottoms Dry willow flats 2003 1993 
9. Jackson Hole Junction Wet willow flats 2049 1966 
10. Oxbow bend Willow-aspen 2040 1992 
11. Elk Ranch West Low aspen woodland 2109 1968 
12. Elk Ranch East Mid aspen woodland 2152 1968 
13. Signal Mountain Tall aspen woodland 2091 1968 
14. Spread Creek Cottonwoods 2085 1992 
15. Schwabacher Landing Cottonwoods 1988 1992 
16. Beaver Creek* Lodgepole (1985 bum) 2085 
17. Granite Canyon mouth* Lodgepole-aspen wdland 1965 
18. Timbered Island Moraine Lodgepole-spruce 2060 1994 
19. AMK Ranch Lodgepole pine forest 2055 1991 
20. Signal Mountain Lodgepole-fir forest 2258 1992 
21. Lizard Creek Lodgepole-spruce-fir 2194 1991 
22. Jenny Lake Spruce-fir forest 2197 1992 
23. Bradley Lake* Spruce-fir forest 2180 
24. Upper Granite Canyon Spruce forest 2365 1994 
25. Rendezvous Mountain Subalp. fir-limber pine 2970 1994 
26. Cody Bowl Arctic-alpine tundra 2900 1994 

*Proposed sites not yet initiated. 

Table 2. Breeding bird community in the Wet Willows site (#9, Table 1), showing breeding density in units ofprs/ha. 
Year of census: 1966 1991 1992 1993 1994 CV 
Yell ow warbler 1.99 2.00 2.61 2.91 2.67 0.17 
Wilson's warbler 1.81 1.55 0.40 1.10 0.64 0.54 
Northern yellowthroat 3.08 1.45 2.06 2.55 2.50 0.26 
Willow flycatcher 0.36 0.50 0.37 0.41 0.49 0.15 
Lincoln's sparrow 1.99 1.27 0.92 0.89 1.05 0.37 
Fox sparrow 1.00 0.82 1.04 1.21 1.01 0.14 
Song sparrow 0.90 1.36 1.44 1.72 1.55 0.22 
Wh.-crowned sparrow 0.36 0.82 0.64 0.86 0.77 0.29 
Calliope hummingbird 1.36 -- 0.09 0.07 0.58 1.37 
MacGillivray's warbler 0.09 -- -- 0.26 0.08 
Swainson' s thrush 0.27 -- 0.03 -- --
Clay-colored sparrow 0.72 -- -- -- --
Northern waterthrush -- -- 0.18 -- 0.15 
Savannah sparrow -- -- 0.06 0.20 0.05 
Marsh wren -- -- 0.25 -- 0.22 
-------------------------------------------------------------------------------------------------------------------------

Summary totals for above 15 mapped species: 

# Species breeding: 12 8 13 11 13 
Tot. breeding density: 14.93 9.77 10.09 12.18 11.76 0.18 

# Paruline spp.: 4 3 4 4 5 
Tot. breeding density: 6.97 5.00 5.25 6.82 6.04 0.15 

# Emberizine spp.: 5 4 5 5 5 
Tot. breeding density: 5.97 4.27 4.10 4.88 4.43 0.16 



species with a range of CV (coefficient of variation 
of inter-year density) values with a 2-3 fold range, 
whereas the summed densities within guilds show 
far more modest variation, and support the notion of 
intraguild density compensation. The site also 
provides support for the influence of a) habitat 
change within site, and b) long-term change in 
population levels extrinsic of site characteristics 
(Cody, 1996 in press). 

A feature of census replicability in GTNP 
is the influence of habitat type. Woodland and 
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forest habitats yield consistent results among years, 
whereas meadow habitats are far more variable. For 
example, lodgepole pine forest (AMK Ranch, site 
#19) supported 21-27 species over three years (Table 
3), and about 80% of the passerine species listed are 
present in each year; total bird density varied by 
46%, and pairs/species between 1.75 and 2.0. In 
contrast, meadow habitat (e.g. Two Ocean Lake 
meadow, site #5) varied two-fold in both species 
count and total density in adjacent years, 1993-
1994; this site is remarkable in supporting some 11 
species of finches and emberizine (Table 4). 

Table 3. Bird census results from AMK lodgepole pine for site #19, 1992-1994 

AREA: 10 ha DT /hr: Summ 1015 600 Summ 1500 1730 600 Summ 
SPECIES 62092 62692 1992 62493 70293 1993 62594 62994 70394 1994 
Br. head. cowbird 1.5 2 2 1.5 1.5 1 1 
Raven 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Wh. cr. sparrow 1 1 1 0.5 1 0.5 0.5 
Robin 1.5 4 3 2 3 3 1 1 1 
Red-sh. flicker 1 1 1 1.5 1.5 1.5 1 1 1 
Red-tailed hawk 0.2 0 0.1 
Br. tail. hummingbird 0.5 0.5 
Violet-gr. swallow 1 0.5 1 1 
Warbling vireo 2 1.5 2 2 2 2 2.5 2.5 2.5 
Swainson' s thrush 1 1 1 1 1 1 1 
Ddusky flycatcher 1 1 
Red-n. sapsucker 1 0.5 
W. wood pewee 4 4 4 1 2 2 2 2 
Yellow-r. warbler 4 3.5 4 4.5 3 3.5 2 1 6.5 6 
Dark-eyed junco 5 9 8 6 3 5 2 3.5 6 5 
Pine siskin 2 2 2 1 1 1 4 4 3 4 
Chipping sparrow 2 5 4 0.5 3 3 2 4 4 
Red crossbill 1 1 1 2 1.5 
Ruby-cr. kinglet 3 6 5 3 3.5 3.5 2 2 2 2 
Cassin's finch 2 1 2 1 1 1 2 2 2 
Pine grosbeak 1 0.5 1 0.5 
Red-hr. nuthatch 3 3 3 2 1 2 1 3 3 
Mt. chickadee 3 2 3 1 1 1 1 2 2 2 
Gray iay 1 0.25 0.5 1 0.5 1 0.5 
Clark's nutcracker 1 0.5 0.75 0.5 0.5 
Western tanager 1 2.75 2.5 2 2 2 1 2 2 
01. sided flycatcher 1 1 1 
Hairy woodpecker 1 1 1 1 1 1 1 1 
Blue grouse 1 0.5 
Brown creeper 1 0.5 
Hermit thrush 1 0.5 

TOT. SPP.: 23 24 26 18 18 21 11 16 22 27 
TOT. DENS.: 43.5 55 54.25 30.5 31 37 19.7 24.5 46 48.1 
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Table 4. Bird census results from Two Ocean Lk Meadow, Site #5, 1993-1994. 

AREA: HA; DT /hr: 600 

SPECIES 62793 71194 

Sandhill crane 0.05 0.1 

Savannah sparrow 6 5 
Raven 0.1 

Mourning dove 1 

Brewer's sparrow 2 

Vesper sparrow 1 

Red. t. hawk 0.1 

Swainson's hawk 0.1 

Am. goldfinch 2 

Whire-cr. sparrow 3 3 

Rufous hummingbird 1 

Lazuli bunting 2 

Song sparrow 1 

Chipping sparrow 0.5 

Robin 0.2 1.5 
Red-sh. flicker 0.2 
Red-br. sapsucker 0.5 
Bl. h. grosbeak 1 
Mt. bluebird 0.5 
Tree swallow 2 3 
Willow flycatcher 1 
Dusky flycatcher 0.5 
House finch 1 
Lincoln's sparrow 2 2 

TOT. SPP.: 10 20 
TOT. DENS.: 15.55 27.8 

• PROJECTED 1995 SEASON 

The monitoring project will move to fully 
active status in the 1995 season, when the remaining 
census sites will be initiated and all sites censused 
on a formal rotation with an established protocol. 
Sites will be GPS-established with permanent 
markers, and habitat/vegetation measurements 
conducted. 

AVE Rank Guild 
0.075 24 
5.5 1 E 
0.1 21 = 
1 8= 
2 4= E 
1 8= E 
0.1 21 = 
0.1 21 = 
2 4= F 
3 2 E 
1 8= 
2 4= F 
1 8= E 
0.5 16 = E 
0.85 18 
0.2 20 
0.5 16 = 
1 8= F 
0.5 16 = 
2.5 3 
1 8= 
0.5 16 = 
1 8= F 
2 4= E 
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+ INTRODUCTION 

BROWN-HEADED COWBIRDS 

Brown-headed Cowbirds Molothrus ater, a 
brood parasite that Jays its eggs in the nests of other 
birds, has recently undergone a tremendous range 
expansion. Before European settlement, this species 
was restricted to short-grass prairie, where it 
followed buffalo Bison bison and fed on insects 
stirred up by their movements (Lowther 1993). 
Settlement of North America by Europeans, the 
subsequent large-scale deforestation, and extirpation 
of buffalo lead to Brown-headed Cowbirds shifting 
to associate with cows and horses. These changes in 
landscape and host associations allowed a rapid 
range expansion and increase in numbers (Payne 
1977, Laymon 1987, Rothstein et al. 1980). 
Brown-headed Cowbirds now are found from the 
Pacific to the Atlantic coast, and from south-central 
Mexico north to tree line in Canada (Lowther 1993). 
Cowbirds are apparently expanding their range 
altitudinally as well, so that they can now be found 
breeding over 3,000 min elevation (Hanka 1985). 

During the breeding season, female 
cowbirds range widely searching for nests of other 
birds, and each female may lay 40 parasitic eggs per 
season. Cowbirds have parasitized more than 220 
species of birds, of which over 144 species have 

raised the parasitic young (Friedmann 1929, 
Friedmann et al. 1977, Friedmann and Kiff 1985). 
Although the impact of cowbird parasitism on the 
reproductive performance of hosts varies widely 
among species, parasitism is implicated as a factor 
contribution to the population declines of several 
species of smaller-sized passerine birds. 

Cowbirds show a strong preference for 
searching for host nests in bushy habitats and along 
forest edges and other ecotonal boundaries, and tend 
to avoid forest interiors (Brittingham and Temple 
1983, Johnson and Temple 1990). It is currently 
believed that female cowbirds venture about seven 
miles from their central feeding areas in their search 
for host nests (Norman and Robertson 1975). 
However, we have observed cowbirds in some 
alpine meadows in remote wilderness areas, feeding 
in association with herds of wild elk and deer. If 
cowbirds have come full circle, and are now 
associating with wild ungulates in remote areas, this 
would impact many species of neotropical migrants, 
and would have important consequences for 
effective management plans for our forests and 
refuges (Rodiek and Bolen 1991). 

LAZULI BUNTINGS 

Lazuli Buntings Passerina amoena are 
small neotropical migrant birds that breed 



throughout western United States and southwestern 
Canada. These conspicuous birds breed in a wide 
variety of brushy habitats, ranging from sea level 
along the Pacific coast to over 3,000 m in Sierras 
and Rocky Mountains. Preferred breeding habitat 
includes arid bushy hillsides, riparian habitats, 
wooded valleys, aspen, willow, alder or cottonwood 
thickets, sage brush, chaparral, open scrub, recent 
post-fire habitats, thickets and hedges along 
agricultural fields, and residential gardens (Greene 
et al. in press). 

During the breeding season, Lazuli 
Buntings are often one of the most numerous species 
in the habitats they occupy. Thus at first glance, 
populations of Lazuli Buntings appear to be robust, 
and there is currently little concern about their 
status. Indeed, Partners in Flight, the multi-agency 
group charged with monitoring the population status 
of neotropical migrant birds, suggests that Lazuli 
Bunting populations are stable, or perhaps 
increasing (Butcher et al. 1992). These analyses do 
not identify this as a species at risk. 

However, other analyses of Breeding Bird 
Survey (BBS) data are equivocal. Sauer and Droege 
(1992; based on 1966 - 1988 BBS data) suggest that 
Lazuli Bunting populations may be declining in 
central and western regions, although these 
decreasing trends are not statistically significant. 
More detailed analyses of BBS data that take into 
account the magnitude of population changes and 
uncertainty of trends ( 1966 - 1991: DeS ante and 
George 1994) suggest that populations are declining 
in seven states, especially in Utah. Analysis of the 
same data set over shorter time ( 1979 -1991) also 
suggests a weak decreasing trend ( > 50% of states 
showed decreasing trends, and ~25% of states 
showed increasing trends). Analysis of BBS data 
from 1966 - 1991 indicates some increasing 
population trends in Central Rockies, British 
Columbia, New Mexico, South Dakota, and 
Washington, Missouri Plateau, Pitt-Klamath area; 
decreasing population trends occurred in Utah, the 
Basin and Range area, and Great Plains. The 
number of census routes in some of these areas is 
very small, which must temper these conclusions. 
In addition, all of these population analyses combine 
data from large geographic areas, and may mask 
some serious local reproductive failures and regional 
population declines. Some habitats, especially 
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western riparian habitats and grasslands, have been 
degraded or changed by human activities that have 
allowed Brown-headed Cowbirds to increase in 
distribution and abundance (DeSante and George 
1994, Rothstein 1994). 

In ongoing studies of song learning 
behavior and mate selection by Lazuli Buntings in 
western Montana, we have been disturbed to find 
extremely high levels of parasitism of bunting nests 
by Brown-headed Cowbirds in some areas. For 
example, some populations in western Montana are 
experiencing virtually complete parasitism, with 
almost every nest receiving 2 or more cowbird eggs. 
Yet Lazuli Buntings are still common breeders in 
these habitats. These observations raise the 
possibility that Lazuli Bunting populations may be 
composed of "source" areas that may be net 
exporters of young buntings that are restocking 
"sink" areas where parasitism is high. If this 
metapopulation structure of sources and sinks 
applies to Lazuli Buntings (as it appears to apply to 
some eastern neotropical species, such as Worm
eating Warblers and Wood Thrushes), then we may 
be caught by surprise by geographically widespread 
and severe population declines in the future. These 
disturbing possibilities suggest that long term 
monitoring programs of this species are critical 
while they are still common and widespread. More 
information on geographic patterns of reproductive 
success in relation to human land use patterns, 
parasitism and predation rates, and dispersal by 
buntings is urgently needed to better understand the 
large scale population dynamics of Lazuli Buntings. 

This report summarizes the results of a 
preliminary project, conducted as part of a larger 
study investigating the geographic patterns of 
reproductive success and the metapopulation 
dynamics of Lazuli Buntings. The objectives of this 
report are to I) summarize the effect of cowbird 
parasitism on reproductive performance of Lazuli 
Buntings; ii) estimate breeding densities of Lazuli 
Buntings in suitable habitats near Jackson Hole; iii) 
estimate Brown-headed Cowbirds densities in those 
habitats; iv) summarize geographic patterns of 
Brown-headed Cowbird parasitism on Lazuli 
Buntings and v) determine spatial patterns of 
association between Brown-headed Cowbirds and 
native ungulates, such as bison and elk around 
Jackson Hole. 



METHODS 

Suitable habitats around Jackson Hole were 
surveyed during late May and June 1994 to estimate 
breeding densities of Lazuli Buntings. Sizes of 
territories were estimated by spot-mapping the 
locations of male song perches, and noting the 
locations of fights between males along territory 
borders. In addition, songs of males were tape 
recorded. Each male has an individually distinct 
song that serves as an "acoustic barcode" that allows 
each male to be unambiguously identified 
(Thompson 1967, Greene et al. in press). These 
methods have been developed and successfully used 
in other populations of buntings, and recordings 
have verified that the spot-mapping methods 
accurately identified unmarked males. 

Five-minute point counts were conducted to 
estimate cowbird densities. During these short 
censuses, the stationary observer noted all cowbirds 
detected, including number of males, females, and 
notes on their behavior (eg. flying over, in groups 
or single, searching in vegetation, etc.). Cowbirds 
disperse from their foraging areas early in the 
morning to search for nests and lay eggs, and return 
in the afternoon to forage near the herd of animals 
with which they associate (Lowther 1993). Hence, 
to estimate numbers of cowbirds in habitats away 
from feeding areas, cowbird counts were conducted 
in the morning. These counts were made during the 
nest building and egg-laying stage of Lazuli 
Buntings, so the counts provide an index of cowbird 
densities during the vulnerable period of the 
buntings' reproductive cycle. Cowbird censuses 
were made in the late afternoon near cows, horses, 
elk, buffalo, and pronghorn. These standardized 
censuses allow us to compare cowbird abundance 
and activity throughout the range of Lazuli 
Buntings. 

To determine the effect of cowbird 
parasitism on bunting chick growth rates and 
fledging success, nests were located early in the 
nesting cycle. Timing of egg-laying by cowbirds 
and buntings was recorded, and mass of chicks was 
measured every day with Pesola balances. 
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• RESULTS AND DISCUSSION 

EFFECT OF COWBIRD PARASITISM 
ON REPRODUCTION OF LAZULI BUNTINGS 

Growth rates of bunting and cowbird chicks 
are summarized in Figure 1. The impact of cowbird 
parasitism depends upon the hatching sequence. If 
the cowbird chick hatches before or on same day 
that bunting chicks hatch, the bunting chicks fail to 
grow, and usually die within 2-3 days (Figure 1, 
curve C). The larger cowbird chicks usually cover 
and trample the smaller bunting chicks, so that 
bunting chicks receive little or no food brought in 
by parents. Cowbird chicks have also been 
observed vigorously pecking the heads and backs of 
Lazuli Bunting chicks. 

However, if bunting chicks hatch 2-3 days 
before cowbird chicks, they are about the same mass 
as the younger cowbird chick, and are better able to 
compete for food. In these cases, growth rates of 
bunting chicks are statistically indistinguishable 
from bunting chicks in unparasitized nests (Figure 1 
curve B). 
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Figure 1. Growth of nestlings. A) Brown-headed Cowbird chicks 
raised by Lazuli Buntings; B) Lazuli Bunting chicks without 
Brown-headed Cowbirds; C) Lazuli Bunting chicks in nests with 
cowbird chicks that hatched the same day or before the bunting 
chicks. (From Greene et al. in press) 



In northwest Montana and Wyoming it 
appears that most cowbird chicks hatch slightly 
before or at same time as bunting chicks, which 
severely reduces fledging success of buntings. In a 
sample of 38 nests that fledged cowbird chick(s), 
73.7% fledged only one cowbird chick; 15.8% 
fledged two cowbird chicks; and only 10.5% 
fledged one cowbird chick and one bunting chick. 
The effect of cowbirds on Lazuli Buntings appears 
to be more detrimental than on the congeneric 
Indigo Bunting (Passerina cyanea) in Michigan. 
For example, Payne (1992) found that 67.1% of 
parasitized nests that fledged a cowbird also fledged 
an Indigo Bunting chick (n=76), while only 10.5% 
of Lazuli Buntings nests that fledged a cowbird also 
fledged a Lazuli Bunting chick (n=38) X2 =32.4, 
P < 0.001). It is unclear how these differences arise. 
It is possible that food may be less abundant in the 
more xeric western habitats than at Payne's more 
mesic study sites in Michigan. It may also be 
possible that cowbirds lay eggs slightly earlier in the 
west than in Michigan. 

The impact of multiple parasitism by 
cowbirds on the condition and survivorship of adults 
is unknown, but adults at such nests appear in poor 
condition and underweight. By four days of age, 
cowbird chicks weigh more than adult Lazuli 
Buntings, and are about twice as heavy when they 
fledge (Figure 1, Curve A). Cowbird chicks may 
also increase risk of nest predation, since cowbird 
begging calls are much louder and persistent than 
bunting chicks. 

There is some evidence that age and 
experience of the bunting pair influences the 
probability of cowbird parasitism. At one site, pairs 
consisting of inexperienced yearling male and 
yearling female suffered 30% parasitism rates; pairs 
consisting of a yearling female but older male 
experienced 17% parasitism rates; pairs cons1stmg 
of both sexes older than two years of age 
experienced 12% parasitism rates. This effect is 
possibly due to better nest placement by older 
females, and/or more vigorous nest defense by 
adults. 

DENSITIES OF LAZULI BUNTINGS NEAR 
JACKSON HOLE 

Lazuli Buntings are locally common 
breeders near Jackson Hole, occurring in brushy 
ravines and shrubby slopes. However, their 
distribution is patchy, so that many areas lack 
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buntings but appear similar to areas with buntings. 
Buntings are especially common in bums about three 
to five years after fires, when shrubs and bushes are 
large enough to provide dense nesting cover. 

BROWN-HEADED COWBIRDS DENSITIES 
NEAR JACKSON HOLE 

In the afternoons, Brown-headed Cowbirds 
were regularly found in flocks of 10-100 birds in 
pastures with cows or horses. Surprisingly, 
cowbirds were also found in large numbers (in 
mixed flocks with other blackbirds) in parking lots 
near visitor centers and campgrounds. In these 
situations, Brown-headed Cowbirds appear to be 
"Brown-headed Carbirds" since they forage by 
gleaning insects from the radiator grills of parked 
cars, as well as eating food provided by tourists and 
campers. This foraging behavior has not been 
previously described for cowbirds. 

Cowbirds were rarely detected away from 
their afternoon foraging areas in habitats where 
Lazuli Buntings were breeding. The mean number 
of cowbirds per five minute census period was 0.63 
(n=80 counts, SD=l.91). The distribution of 
number of cowbirds per count is grossly non
normal, with most counts registering no cowbirds, 
and just a few counts (made near parking lots) 
during which small flocks were encountered. If 
these outliers are excluded, the mean number of 
cowbirds per count drops to 0.001 cowbirds per 
five-minute census. These are very low densities of 
cowbirds compared to similar habitats in western 
Montana (Table 1). Finding large numbers of nests 
to determine parasitism rates was beyond the scope 
of this preliminary study. However, the low 
cowbird counts suggest that current parasitism rates 
on Lazuli Buntings in the Jackson Hole area are 
low. 

Table 1. Summary of JCOJ111phic variation in paruitiam of Lazuli BunliD&• and BrowD-
headed Cowbinf abundance. Sec methode for dctaila. 

Location " BunliD& Neala I Neala I Cowbi.rda per 
Paruitized S-min count~ +SOl 

Jacboo Hole. Wyomin1 - 0 0.63 ±.1.9! 

JCananukia. Alberta I 64 0.001 ±. 0.01 
(Northcna edac of 
bn:edin& rancw) 

Bi.oa Rance, MonlaDa 
lndiaa Sprin&• 94 (biaon pramt) 100 3 17.2 + 31.9 
Triakey Creek 94 (biaon abeent) 2 17 0.13 :±: 0.47 
Pauline Creek (bi.oa prcaent) 79 II 6.2 ±. 11.3 
Triakey Creek 9S (biaon prcaent) 31 14 4.2 ±. 1.9 

Miuoula, MonlaDa 
Mt Jumbo (neat cowbinf ,._t) 96 20 12.S + 26.3 
Mt Sc:otiac:1 (neu cowbinf ,._t) 100 6 1.2 ±_14.6 
Mt Sentinel (away from cowbinf 6 48 0.03 ±. I.S 
,._,) 

Biacrroot River, MonlaDa 
Riparian habitat 100 44 6.23 + IS.2 
Lee Metcalf NWR 0 24.6 + S2.3 



GEOGRAPHIC PATIERNS OF BROWN
HEADED COWBIRD PARASITISM BUNTINGS 

There is considerable geographic variation 
in rates of cowbird parasitism on Lazuli Buntings 
(summarized in Table 1). At the extreme northern 
edge of the breeding range in Alberta, cowbird 
parasitism appears extremely low (1994 and 1995: 
1.5% of 65 nests parasitized. In riparian habitat 
near Logan, Utah, parasitism, n=48 nests, J. 
Boylan, pers. comm.). In the bitterroot Valley in 
western Montana, 100% of nests were parasitized in 
riparian habitat (1994 and 1995, n=44 nests). At 
another study site in western Montana, over 95% of 
nests were parasitized close to a cowbird roost 
(1994, n=20 nests), but only 6% of nests 
parasitized away from cowbird roosts (1994, n=48 
nests). 

Note that in areas where the parasitism 
rates by Brown-headed Cowbirds are high, the 
sample sizes of nests are low. These areas were 
intensively searched for nests, but population sizes 
may be low because of local extinctions caused by 
high parasitism. For example, bunting do not breed 
at Lee Metcalf NWR, although the habitat appears 
ideal, and they were common breeders there until 
fairly recently. It is significant that Brown-headed 
Cowbirds are one of the most common species 
encountered in the riparian forests during the early 
mornings in the breeding season, and on average 
about 25 cowbirds were detected during 5-minute 
counts. This suggests that local extinctions have 
occurred in some areas with high densities of 
cowbirds. 

In the heavily-parasitized populations, not 
only is the incidence of cowbird parasitism 
extremely high (Figure 2), but the number of 
cowbird eggs per nest is surprisingly high (Figure 
3). Most bunting nests contain ~2 cowbird eggs 
(mean = 2.3 cowbird eggs per bunting nest), with 
10 cowbird eggs found in one nest. . . 
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Figure 2. Relationship between cowbird abundance (as 
determined by 5-minute counts) and parasitism rates of Lazuli 
Buntings. Arrow on the left shows cowbird abundance in 
Jackson Hole area, while right arrow shows cowbird abundance 
in Lee Metcalf NWR, where Lazuli Buntings no longer breed. 
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Figure 3. Distribution of number of cowbird eggs per nest in 
heavily parasitized population of Lazuli Bunting in Missoula, 
Montana. From a sample of20 nests on Mount Jumbo, Montana. 

ASSOCIATION BE1WEEN BROWN-HEADED 
COWBIRDS AND NATIVE UNGULATES 

Small to medium-sized flocks of cowbirds 
(10-50 birds) were regularly observed in the 
afternoons near cows or horses. However, cowbirds 
were rarely observed feeding with elk, buffalo, 
pronghorn, or deer. Our observations were limited 
to rather small groups of animals, and we did not 
examine whether cowbirds were associating with 
larger herds of elk or buffalo. 

+ CONCLUSIONS 

Brown-headed Cowbirds have a strong 
negative influence on the reproductive performance 
of Lazuli buntings. If the cowbird chick hatches 
about the same time or before the bunting chicks, as 
appears to be the case in may parts of western 
Montana, the bunting chicks usually starve to death 
within about 3 days. In the Jackson Hole area, 
Lazuli Buntings are patchily distributed during the 
breeding season, with some apparently suitable 
habitats unoccupied. However, in those areas where 
they are found, their breeding densities appear to be 
normal. Brown-headed Cowbirds were extremely 
rare in the breeding habitats of buntings, suggesting 
that current parasititism rates are extremely low . 
During the afternoons, cowbirds associate with 
horses, cows, and cars in visitor parking lots, and 
were rarely detected with native ungulates. 
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METAPOPULATIONS AND FEEDING SELECTIVITY 

OF MONTANE AND LONG-TAILED VOLES MICROTUS 
MONT ANUS AND M. LONGICAUDUS, AND 

RANTA VIRUS IN THE JACKSON HOLE 

SMALL MAMMAL COMMUNITY 

FREDERICK J. ]ANNETT, JR.-+ DEPARTMENT OF BIOLOGY 

THE SCIENCE MUSEUM OF MINNESOTA-+ ST. PAUL 

• OBJECTIVES 

The purposes of the long-term research on 
metapopulations of voles begun in 1971 are to 
enumerate patterns in survivorship and reproduction 
across the sections of the metapopulations, and 
concomitant variation in morphology. The study 
sites for Microtus montanus were chosen to 
represent primary and secondary habitat, and 
proximate and isolated habitat patches. 

The purpose of the research begun in 1989 
is to ascertain how selectively Microtus montanus 
and M. longicaudus feed, and to assess vegetation as 
a factor in demographic processes of the two 
species. 

The purpose of the research on hantavirus 
begun in 1994 is to ascertain the extent of hantavirus 
among as many species of small mammals as 
possible, to identify the strain(s), to understand the 
presence of hantavirus across species and among the 
metapopulations of voles, and to assess the potential 
for human contact. 

• METHODS 

Most trapping periods were limited to two 
days so that impact on the respective populations 
would be minimized. From fresh specimens, eyes 
were removed for age determination upon lens 
weight (Gourley and Jannett, 1975). 

Microtus molltanus had been monitored at 
18 sites annually and M. longicaudus at three sites 
during the mid-1980's through 1988. From 1989-
1993, I continued to monitor M. montanus at three 
sites, and concentrated on locating additional 
populations of M. longicaudus. Monitoring M. 
montanus in 1993 was extended to a total of six 
known sites because populations were unusually 
"low". 

In 1994, we undertook the standard 
monitoring effort at nine known populations of 
Microtus montanus and at two of M. longicaudus 
for long-term metapopulation data; one unstructured 
sample was made of one other known M. montanus 
population. No effort was made to enumerate 



additional populations of M. longicaudus, because 
the emphasis in the field effort was placed on 
securing as many species as possible through live
trapping for the hantavirus survey. 

Specimens were secured for the hantavirus 
survey in the 10 long-term study populations of 
Microtus montanus and two long-term study 
populations M. longicaudus. They were also taken 
at 14 additional sites ranging as far south as Lupine 
Meadows and as far north as the Grassy Lake area 
of the Rockefeller Memorial Parkway. Collections 
were made in and/or around buildings at Lupine 
Meadows, Colter Bay, Moran junction, and the 
Research Station. Other collecting sites were 
proximate to Flagg Ranch, Elk Ranch, Leek's 
Marina, and the Moran grade school. For the 
hantavirus survey, specimens were heavily 
anesthetized, blood and lungs were removed and 
frozen, and the specimens were sacrificed. Blood 
was shipped to the Centers for Disease Control and 
Prevention where it was examined for hantavirus 
using ELISA. Subsequently, lungs of the respective 
positive specimens were forwarded for confirmation 
and genetic characterization by PCR. 

+ RESULTS 

In the six populations of Microtus 
montanus monitored in 1993 and again in 1994, 
numbers of voles showed disparate changes in 
numbers. In secondary habitat which usually has a 
very small number of voles in the sample, no voles 
were obtained. In habitat patches proximate to 
primary habitat, there was no change in vole 
numbers at one site, and increases of 3.5x and 5.4x 
1993 numbers at two others. The approximate 
increase in numbers at the one unstructured sample 
in primary habitat was 2.8x 1993 numbers. The 
change in numbers at the other primary habitat site 
was a decline by 0.08x 1993 numbers, but that was 
probably largely due to snow during the sample 
session. 

Fall breeding by Microtus montanus was 
evidenced by lactating and recently lactating 
females, but there were no pregnant females. Of the 
eight regularly monitored sites for M. montanus 
where voles were obtained in 1994, one or more 
parous females were secured at each of seven sites, 
but there were only three sites with an actively 
lactating female, none of these sites had more than 
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one, and only one other site had recently lactating 
females. The sex ratios (males:females) of 
reproductively active and recently active voles in 
three samples with reproductive activity were 1:1, 
1:2, and 2:1. One sample with a lactating female 
had no adult male. The ratios in non-reproducing 
populations were 1:1 (n=2 samples), or there was 
no male (n= 1). 

Numbers of Microtus longicaudus were 
characteristically low at the two sites where they had 
been monitored. As is usual for this species in 
northern Jackson Hole in October, breeding had 
ceased. 

Incidentally to the hantavirus survey, we 
found three additional population(s) of Microtus 
longicaudus. Two were proximate to human 
habitation or recent habitation. The third was in the 
willow-sedge community. 

For hantavirus, blood was examined from 
576 rodents of 12 species, from one weasel, and 
from 14 shrews (Table 1). The efficacy of the 
ELISA test for hantavirus in carnivores and shrews 
is problematic. Four individuals were positive. 
They were three Microtus montanus from two 
contiguous populations near Flagg Ranch, and one 
M. pemzsylvanicus secured near the Elk Ranch. At 
least two of the positive individuals were parous 
females. 

Table 1. Species and sample sizes for hantavirus survey. 

Species Sample 
size 

Sorex spp., shrews 14 
Mustela enninea, shorttail weasel 1 
Tamias amoenus, yellow pine chipmunk 78 
T. minimus, least chipmunk 5 
Tamiasciurus hudsonicus, red squirrel 6 
Thomomys talpoides, northern pocket gopher 4 
Clethrionomys gapperi, boreal redback vole 35 
Microllls longicaudus, longtail vole 48 
M. montanus, montane vole 211 
M. pennsylvanicus, meadow vole 18 
M. richardsoni, Richardson vole 
Phenacomys intennedius, heather vole 
Peromyscus maniculatus, deer mouse 168 
Erithizon dorsatwn, porcupine 



PCR examination of the lungs of 
serologically positive specimens has not been 
finished. 

+ DISCUSSION 

The numbers of Microtus montanus in the 
overall metapopulation increased from 1993 to 
1994. Disparate trends in the smaller populations 
are to be expected in the respective small sample 
sizes. 

Fall breeding was not extensive in 1994, 
nor would it be expected at low population numbers 
(Krebs and Myers, 1974). There was some support 
for the correlation of continued fall breeding with 
operational sex ratios conducive to social stimulation 
of breeding (Jannett, 1984a, 1984b), but more data 
are needed from the range of population sizes and 
degrees of breeding to support or falsify the 
hypothesis. 

The finding of Microtus longicaudus in the 
willow-sedge community supports the suggestion by 
Clark and Stromberg (1987) that this species is 
found in various habitats. Negus and Findley 
( 1959) had secured none of this species in 17 
quadrats in nine community types. Preliminary to 
food habits analyses, I have now found M. 
longicaudus in the margins of open fields, in pine 
forest, along streams, on shaded talus, in willow
sedge, on dry slopes with various vegetation 
communities, and in buildings. 

The finding of hantavirus in voles was 
particularly interesting because it raises questions of 
what strain(s) are present, how they are distributed 
across the species and population segments of voles, 
and what effect(s) they have on individual voles and 
populations. Since voles are often extremely 
abundant near human activity in Jackson Hole, we 
must now address the question of what risks there 
are epidemiologically. That no Peromyscus 
maniculatus, reported to be a principal reservoir for 
hantavirus in the western United States (Childs et 
al., 1994), was found to be positive was surprising. 
However, evidence is accumulating that older 
individuals within a population are more likely than 
younger animals to test positive (Mills, personal 
communication). Since the samples we collected in 
October were composed largely of subadults, 
incidence would be expected to be relatively low. 
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We plan to sample and test rodents in 1995 from 
both July, when older individuals should be more 
abundant, and October. Collection of P. 
maniculatus in buildings with human habitation will 
be expanded. 

+ SPECIMEN DEPOSITION 

Specimens collected are in the collections 
of the Science Museum of Minnesota. Lung tissue 
of serologically negative specimens are in the frozen 
tissue collection of the Bell Museum of Natural 
History, St. PauL 
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POSTFIRE PLANT ESTABLISHMENT: 

THE EFFECTS OF ENVIRONMENT, PREFIRE 

VEGETATION, FIRE SEVERITY, 

AND LANDSCAPE POSITION 
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LARAMIE 

+ INTRODUCTION 

The initial species composition and 
conditions following disturbance are crucial to 
determining the long-term development of 
vegetation (Egler 1954, Glenn-Lewin et al. 1992). 
Thus, an understanding of early succession can 
provide insights into the mosaic of vegetation types 
that will emerge on a landscape. Observations in 
the Rocky Mountains and elsewhere indicate that 
postfire vegetation patterns vary considerably. It is 
now known that numerous factors simultaneously 
contribute to the species composition of pioneer 
vegetation (Stahelin 1943, Cattelino et al. 1979, 
Glenn-Lewin 1980, Noble and Slatyer 1980, Keever 
1983, Walker and Chapin 1987, Pickett 1989, 
Westoby et al. 1989, Glenn-Lewin et al. 1992), and 
often different patterns of early succession are 
possible even on sites that are similar. While 
research on the distribution of late successional 
vegetation along environmental and disturbance 
gradients has been a dominant theme in plant 
ecology (Daubenmire 1943, Whittaker 1956, 
Despain 1973, Loope and Grueii 1973, Whipple and 
Dix 1979, Peet 1981, Romme and Knight 1981, 
Wentworth 1981, Veblen 1986, Allen and Peet 
1990), few studies have directly investigated the 
factors that affect the distribution of pioneer plant 
communities. Moreover, the influence of landscape 
structure on the development of vegetation mosaics 

has only recently been considered (Milne and 
Forman 1986, Turner et al. unpublished 
manuscript). Studies designed to understand 
vegetation patterns following disturbance could be 
improved by considering site history and the 
character of the surrounding landscape as well as the 
effects of site features. 

We have initiated research to consider the 
effect of various spatial, historical and site factors on 
early postfire vegetation in Grand Teton National 
Park (GTNP) and the adj:-•cent Bridger-Teton 
National Forest. Specifically, we are studying the 
relationships between characteristics of early 
succession and fire severity, geologic substrate, soil 
characteristics, mean burn patch size, prefire canopy 
composition, cone serotiny, topographic position, 
distance to unburned vegetation, and the vegetation 
composition and fire severity of the surrounding 
landscape. Our research objectives are to: 1) 
determine the range of variability in the patterns of 
early postfire succession~ 2) determine which 
environmental and historical variables are most 
important in controlling vegetation development 
following fire~ 3) elucidate the importance of 
landscape position and between-patch interactions 
during early postfire succession~ 4) develop a series 
of multiv~r:ate models that will predict the 
characteristics of early succession in different 
situations~ 5) project, based on existing literature, the 



most probable trajectories of each . pioneer 1' 

community type. 

An important component of our research is 
to examine the influence of landscape context on 
early successional vegetation. Understanding and 
predicting the behavior of organisms requires the 
consideration of a .broad environmental matrix, not 
simply the autecology of the organisms (Rowe i 981 ). 
According to Glenn-Lewin and van der Maarcl 
( 1992), spatial attributes such as landscape 
complexity, community isolation, and the spatial 
scale of disturbance are important factors influencing 
succession. We will use GRASS-GIS, to better 
understand the relationship between site 
characteristics and pioneer vegetation pattern (Davis 
and Dozier 1990, Davis and Goetz 1990) as well as 
to elucidate the importance of landscape position in 
early succession. 

+ STUDY AREA 

A large number of geologic, topographic 
and hydrologic controls occur in close proximity in 
the Teton region. Much of the variability in site 
conditions that is characteristic of the Teton region 
is represent~d in 6 sites that have burned during the 
last two decades. The burns we are studying are 
known as the 1988 Huck Fire, the 1988 Hunter Fire 
the 1987 Dave Adams Hill Fire, the 1985 Beave; 
Creek Fire, the 1981 Mystic Isle Fire, and the 1974 
Waterfalls Canyon fire. The fires range in size from 
a minimum of 400 ha for the Beaver Creek Fire to 
greater than 32,400 ha for the Huck Fire. Elevation 
within the various burns ranges from approximately 
2040 m to 2900 m. Fire severity within each bum 
varies from severe crown burning to light surface 
bums. The majority of the region's major vegetation 
types are represented within the bums. 

A variety of different substrate types are 
exposed within the six burned areas (Table 1). For 
example, within the Waterfalls Canyon fire are some 
of the oldest rocks of the Tetons, Precambrian 
gneiss, as well as sandstone, limestone and siltstone 
dating to the Paleozoic Era and gbciai deposits 
dating to the Quaternary. Glacial deposits also are 
found in the Mystic Isle and Beaver Creek sites. 
Within the boundaries of the Hunter, Dave Adams 
Hill, and Huck fires are volcanic substrates 
landslide debris, and different Mesozoic sediment~ry 
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rocks '(including shales, sandstone, dolomitic 
siltston~ and claystone~ Love et al. 1992). 

Table I. ,Number of stands sampled within each major geologic type for 
each stuuy area. 

Substrate Type 

Glacial Drifl!Glacial Debris 

Landslide Debris 

Sedimentary 
(non calcareous) 

Sedimentary 
(with calcareous layers) 

Volcanic tuff 

Prec:~mbrian Gneiss 

Huck Hunt WCF DAH Mys BC l: 

4 3 12 9 37 

5 4 4 14 

8 10 

3 2 7 

7 

2 2 

Huck Huck Fire; Hunt- Hunter Fire; WCF =Waterfalls Canyon Fire; 
DAH =Dave Adams Hill Fire; MYS =Mystic Isle Fire; and 
BC = Beaver Creek Fire. 

+ METHODS 

VEGETATION DATA 

We have adopted a standard sampling 
design whereby three rectangular plots (30 m x 5 m) 
are located within each stand, although the number 
and size of plots varies depending on seedling 
density, patch size, and variability within the stand. 
To sample the composition of the understory, ten 
quadrants (50 em x 20 em) are sampled within each 
plot. A complete species list has been compiled for 
each plot and the following plant data have been 
obtained: 

a. Postfire tree establishment and 
survivorship: The density and height class by species 
of all live tree seedlings and saplings that established 
following the fire. For each species, the number of 
individuals that appear to have survived the fire 
(based on estimating tree age) have been recorded. 

b. Estimate of prefire vegetation: The dbh 
(at 1.37 m) of all standing dead trees by species. 
Wood samples have been collected for anatomical 
:m.,l~sis to verify the identification of dead trees. 
Wherever possible, the understory composition of 
nearby unburned forests (with similar site 
characteristics) has been recorded. 

c. Percent cone serotiny: The prefire 
scrotiny of P. contort a, if present, has been estimated 



using the techniques developed by Tinker et al. 
(1994) or by detennining percent serotiny in nearby 
unburned stands that are similar in site 
characteristics. 

d. Percent cover of understocy species: The 
percent cover of all herbaceous and shrub species has 
been estimated by cover class using the Daubenmire 
canopy coverage method (Daubenmire 1959), and 
the percent cover of all large shrub species has been 
estimated using the line-intercept method (Mueller
Dombois and Ellenberg 1974). 

ENVIRONMENTAL DATA 

In addition to plant data, the following 
environmental data have been collected for each 
plot: 

a. Slope, aspect, elevation, and landform 
type [concave slope, ridgetop etc]. 

b. Distance to unburned forest, distance to 
ridgetop, distance to stream [either measured or 
estimated from topographic maps or aerial photos]. 

c. Percent of the soil surface that is bedrock, 
boulders, cobbles, gravel, soil, and dead wood. 

d. Geologic substrate and soil type 
[determined from field inspection and available 
maps, e.g., Young (1982), Love et al. (1992)}. 

e. Fire severity, classified as severe, 
moderate or light [the criteria used to classify fire 
severity includes the degree to which branches were 
consumed by the fire, the consumption of leaf litter, 
charring of logs on the ground, and the density of 
surviving trees within the stand~ See Bradley et al. 
(1992)]. 

f. Soil analyses [three soil samples have 
been collected and pooled for each plot for 
subsequent analysis of texture and chemical 
composition]. 

g. Weather patterns for the years following 
each fire [compiled from data collected at weather 
stations in GTNP]. 

DEVELOPl\1ENTOF GIS DATABASES 

A primacy goal of our research is to 
demonstrate the correspondence that exists between 
early successional vegetation patterns and 
environmental and landscape features. To 
understand these relationships and to test our 
hypotheses, we will use a variety of techniques 
including GRASS-GIS, multivariate analyses, and 
statistics. 
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The following map layers will be included 
in the GRASS-GIS databases: elevation, aspect, 
slope (derived from a digital elevation model), 
geology, soils, hydrology, habitat type (available for 
all but the Hunter Fire), prefire vegetation type, and 
bum pattern (digitized from aerial photography). 
Vegetation and other environmental data from 
stands that we sample will also be added to the 
databases. From the original maps, measures of 
landscape structure will be generated using the r.le 
programs developed by Baker and Cai ( 1992), 
including diversity of vegetation types, mean patch 
size, dominance of bum severity class, distance to 
streams, distance to ridgetop, and distance to 
unburned forest. 

PROGRESS REPORT 

In a previous study (Doyle 1994 ), we 
analyzed data collected from permanent plots located 
in severe and moderate bums of the 197 4 Waterfalls 
Canyon Fire in GTNP. Qualitative differences in 
species richness, life-histocy characteristics, percent 
cover of the understocy, and density of postfire tree 
establishment were observed between areas that 
burned with different intensity. For both moderately 
and severely burned areas, the initial floristic 
composition appears to be important. in shaping 
long-term development of the vegetation. Based on 
a comparison of the burned areas with older adjacent 
stands, various pathways of succession could be 
identified. 

While conducting the Waterfalls Canyon 
study, we realized that a few permanent plots did not 
represent the wide range of variability in post-fire 
succession found in GTNP. Thus, during the 
summers of 1992-1994, we collected data from 
stands that had burned within the last two decades. 
These 80 stands represent much of the topographic 
and geologic variability within the six study areas 
(Table 1). In 1994, in addition to sampling 17 new 
stands, we collected additional data from previously 
sampled stands. These data include information on 
burn severity, as well as prefire stand characteristics 
such as percent ~erotiny and species composition 
prior to fire. 

The following maps have been digitized and 
encompass most of the area within the six burned 
areas: geology, habitat type, vegetation cover type, 
soils, elevation, aspect, slope, and hydrology. Also, 



using GRASS-GIS we have completed a preliminary 
landscape classification of the Dave Adams Hill Fire. 
Maps of geology, slope, aspect, elevation and burn 
mosaic were used to classify the landscape and the 
resulting classification appeared to be ecologically 
meaningful. We are continuing to digitize the bum 
mosaic from aerial photos for each of the other five 
study areas, and will be developing a landscape 
classification for each of the six study areas using the 
following map layers: geology, soils, slope, aspect, 
elevation, bum mosaic, distance to streams, and 
prefire vegetation. 

In 1995 we will finish our data collection 
and concentrate on data analysis and development of 
our GIS database. We expect that the results of this 
research will provide a better understanding of 
vegetation patterns in the region and the influence of 
landscape context on early successional vegetation 
after fire. Our study complements ongoing research 
being conducted in Yellowstone National Park and 
will aid resource managers in managing for natural 
ecosystem processes. 
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+ INTRODUCTION 

Fieldwork on this project and study of previous 
collections in 1994 concentrated on tl1e primary long
term objective of adding to tl1e species inventory of tl1e 
broad geographic area previously defined (McKnight, 
1982; McKnight, et al., 1986; McKnight & Moser, 
1993) using tl1e same collecting, laboratory, and 
herbarium metluxls. Our studies again concentrated on 
the Cortinariaceae, particularly t11e genus Cortinarius. 
This work was aided significantly when we were joined 
for a short time during August by Dr. Egon Horak from 
tl1e Geobotanisches Institut, ETH. Zurich, Switzerland, 
currently specializing in tl1e genus Galerina. 

DATA 

The e:-..1remely dry weatl1er during July and 
August produced the least precipitation during tl1e 
comparable time in any of tl1e twelve years of our 
collaborative studies in tltis area. Tltis made it 
extremely difficult to find fruiting fungi. For much of 
the season t11ese were most often found in nonnally 
swampy or boggy areas which were une:-..-pectedly or 
prematurely drying out. Furthennore, tl1e specimens 
which we did locate were frequently not in satisfactory 

condition or sufficient quantity for study. On the other 
hand, a considerable number of those studied may have 
been passed over in a better fungus fruiting season. 
Many require more laboratory and herbarium study for 
a final identification. 

SPECIES NEW TO CHECKLIST 

Arrhenia lobata (Persoon: Fries) Kuhner & Lamoure 

Boletus pinicola pinicola Vittadini 

Bryoglossum gracile (Karsten) Redhead (=Mitrula 
gracilis Karsten) 

Camarophyllus borealis (Peck) Muarrill 

Catathelasma ventricosum (Peck) Singer 

Co/lybia cookei (Bresadola) J.D. Arnold 

Cortinarius bistreoides Kauffman 
cephalixis Fries 
glandico/or Fries 
he/vel/aides Fries 
ionosmus Moser 

(Fig. 1) 
(Fig. 2) 
(Fig. 3) 
(Fig. 4) 
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+ INTRODUCTION 

In a review of the parasites of Microtus, 
Timm (1985) lists no protozoan endoparasites 
whatsoever for this genus. The role of parasitism, 
whether macro- or microparasites, and whether 
endo- or ectoparasites, in the demographic 
machinery of microtines is poorly understood. 
Timm (1985) astutely observes that one of the most 
challenging and fruitful directions of future research 
with Microtus will be the statistical quantification of 
the cost of parasitism. In addition, since humans in 
the Grand Teton National Park may encounter 
protozoon parasites that are potentially pathogenic to 
humans, it is useful to characterize the occurrence 
and biology of such organisms in the parko 

Babesia microti, a parasitic protozoon, is 
transmitted by a tick vector and reproduces in the 
erythrocytes of its mammalian host. Initially, 
Babesia was thought to be restricted to small 
mammals; however, in 1970 the first human cases 
were diagnosed in residents of Nantucket Island, 
Massachusetts (Western et al, 1970). Over 200 
cases of human babesiosis have been documented 
worldwide. In the United States, human babesiosis 
is caused by B. microti. Most of these cases have 
occurred in the eastern United States. The earliest 
report of an organism that fits the description of 
Babesia in human erythrocytes is that of Wilson et 
aL (1904), who found an unknown organism in 

human erythrocytes while investigating the cause of 
Rocky Mountain Spotted fever. Documented cases 
of babesiosis in many areas of the United States are 
increasing (Steketee et al, 1985). As humans insert 
themselves into places where they have historically 
been present only occasionally, they often contract 
new diseases. 

A second protozoon parasite, Hepatozoon 
sp., which is widespread in small mammals in 
Europe, is also found in reptiles throughout the 
world. The record of Hepatozoon in North 
American small mammals is not extensive. Fewer 
than 10 species of mammals have been shown to 
harbor Hepatozoon parasites. Like Babesia, 
Hepatozoon is a two-host parasite. Unlike Babesia, 
for which the intermediate host is always a tick, the 
intermediate host in the Hepatozoon may be a tick, a 
mite, a flea, or a mosquito. The method of 
transmission by the vector also differs in the two 
parasites. Babesia is transmitted in saliva when the 
tick bites, whereas Hepatozoon infection requires 
the vertebrate host to swallow the vector. 

In our 1994 studies, we sought to extend 
knowledge of these two parasites. The specific 
objectives for 1994 were: to sample specific 
populations of M. molltanus, in which we have 
previously documented Hepatozoon infections, to 
determine whether there are differences in the 
infection rates at different study sites in the park; to 



search for the vector of Hepatozoon sp. infections in 
M. montanus by examining ectoparasites; to collect 
and rear ticks from M. montanus for use in R 
microti transmission studies; and to complete a 
comparison of the spleen histology of babesiosis in 
infected and uninfected laboratory animals, with 
inclusion of data from wild animals, as available. 
Our long-term objectives are to document the effects 
and cost of parasitism on vole populations and to 
determine the potential of small mammals of Grand 
Teton National Park to serve as reservoirs of human 
parasites. 

+ METHODS 

All animals were trapped at sites within the 
boundaries of Grand Teton National Park using 
Sherman live-traps. They were euthanized, a 25 
gauge needle was inserted into the left ventricle of 
the heart, and blood was collected in a heparinized 
tuberculin syringe. The blood was transferred to a 
micro-centrifuge tube. Several slides of peripheral 
blood smears were made from this blood, fixed in 
methanol, and stained with Wrights-Giemsa stain. 
The peripheral blood smears were examined for a 
minimum of 15 minutes each for the presence of 
Babesia, Hepatozoon, and other parasites. 

Two capillary tubes of blood were 
centrifuged in a micro-hematocrit centrifuge for five 
minutes and the hematocrit value was determined 
from a reader. Reticulocyte counts were done using 
a Becton-Dickson Unopette Test 5821. Serum was 
collected from the blood in the micro-centrifuge 
tubes after centrifugation and stored frozen for 
future use. 

The spleen, liver, lungs, and brain were 
removed. The spleen and liver were weighed and 
measured. Impression and squash smears of the 
organs were made and examined for the presence of 
parasites, especially for the schizonts of 
Hepatozoon, with a light microscope equipped with 
15x oculars and a 100x oil objective. Extra slides 
were made and fixed in methanol and stained as with 
the peripheral blood smears. The remaining 
portions were stored in 10% buffered formalin until 
preparation for histological examination. 

Fleas were collected from the live-trapped 
animals. They were either squashed and examined 
with a light microscope for the presence of oocysts, 
or they were placed in 70% ethanol and later sent to 
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Dr. Robert E. Lewis at Iowa State University to be 
identified. Slides positive for the oocysts were 
stained and photographed using Kodak or Fuji 
professional tungsten light film, ASA 64. 

Ticks were collected from the live-trapped 
animals. The ticks were maintained on a medium 
consisting of a mixture of activated charcoal and 
plaster of Paris until needed for the transmission 
studies. After the tick had layed eggs and they had 
hatched, the larvae were allowed to feed on 
experimentally infected M. montanus and then, 
following molting, they were allowed to feed on 
uninfected animals. Alternatively, when uninfected 
M. montanus were unavailable, an attempt was made 
to have the ticks attach to and feed from either a 
hamster or a white mouse. 

To monitor the parasitemia, thin blood 
smears were prepared from each vole twice a week 
for up to 3 weeks post-infection. The tip of the tail 
was snipped with sharp iris scissors to get a drop of 
blood for a smear. Any animals showing signs of 
distress associated with the infection were to be 
euthanized immediately. 

The Animal Review Committee of the 
University of Nebraska Medical Center/University 
of Nebraska at Omaha has approved a protocol for 
the transmission studies in voles, for the collections, 
and for the spleen histology studies (ARC# 
89-138-05, ARC# 90-039-12 and ARC#91-063-03). 
The permit to collect in Grand Teton National Park 

was granted to one of us (AJP). 

RESULTS AND DISCUSSION 

Table 1 shows the results of trapping for 
1988 through 1994. The extremes of infection rate 
for Babesia microti both occurred in 1991 when 
there was a low of 25.7% in the summer and a high 
of 73.9% in the spring. Each year the spring rate of 
infection is higher than that of the summer, a 
finding which is consistent with Ixodes eastoni 's 
being a nest tick (personal communication, Richard 
G. Robbins) and M. montanus' living in the same 
nest until spring, with no disperal occurring until 
the onset of the spring snowmelt and the breeding 
season. The infection rate in the voles is 
consistently high; nevertheless, we are aware of no 
human cases of babesiosis contracted from ticks in 
the Grand Teton National Park. To our knowledge, 



I. eastoni is not known to have transmitted B. 
microti to any human. This, too, may be due, at 
least in part, to I. eastoni 's being a nest tick and, 
therefore, having little opportunity to encounter 
humans. 

Table 1. Incidence of Babesia microti and Hepatozoon sp. in Microtus 
mont anus 

Year Season Number Number positive Per cent positive 
caught Babesia Hepatozoon Babesia Hepatozoon 

1994 Spring 9 5 0 55 .6 
Summer 59 27 0 45.8 

1991 Spring 23 17 4 73.9 17.4 
Summer 74 19 5 25.7 6.8 

1990 Spring 16 9 0 56.3 
Summer 58 19 5 32. 8 8.6 

1989 Spring 35 16 12 45 .7 34.3 
Summer 34 13 1 38.2 2.9 

1988 Spring 20 13 0 65.0 
Summer 53 16 9 30.2 17.0 

We have not yet completed our histological 
examination of the spleens and other organs of 
Babesia-infected M. montanus. This work is in 
progress. 

Hepatozoon sp. is the other endoparasite of 
M. montanus we studied in 1994. The infection 
rates for 1994 and previous collection years are 
displayed in Table 1. Rates of infection of M. 
montanus with Hepatozoon are characteristically 
lower than with B. microti. One of our goals for 
several years, and a specific goal for the grant 
period, was to identify the invertebrate host. We 
had hypothesized initially that a flea was the 
invertebrate host and vector of Hepatozoon sp. 
because fleas are established vectors for European 
small mammals. After finding no oocysts in flea 
squashes from 1989-1991, we began to plan to 
examine also /. eastoni, which is the most 
frequently encountered ectoparasite of M. mont anus , 
for oocysts to see whether in this instance a tick, 
rather than a flea, is the invertebrate host. Ticks, 
fleas, and mites are the only ectoparasites we have 
found on the voles. Since mites are the least 
frequently encountered, we considered them the 
least likely candidates. This year, however, our 
search yielded 2 fleas containing Hepatozoon 
oocysts and corroborated our original hypothesis. 
We follow in the footsteps of Desser et al. (1995) , 
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who said, "The discovery of the definitive host of 
Hepatozoon catesbianae was a slow and laborious 
process that began s~veral years ago with the 
identification of 3 hematophagous invertebrates that 
feed on bullfrogs in the study area." We have 
examined fleas , mites, and ticks for 5 years looking 
for the oocysts of the Hepatozoon. The flea 
collected in May, 1994, that contained what we have 
identified morphologically as oocysts of Hepatozoon 
sp. came from an M. montanus trapped at a site near 
an ox bow. The second flea, collected in August, 
1994, was removed from an M. montanus trapped at 
the same site. Figures 1, 2, and 3 show oocysts, 
sporocysts, and sporozoites of Hepatozoon sp. in a 
flea . More fleas containing the oocysts need to be 
found, identified to the species level, and then fed to 
uninfected M. mont anus in a transmission study. 
The recovery of gametocytes in the blood or 
schizonts in the lungs would establish that these 
fleas are vectors of this Hepatozoon . 

In 1994 we trapped no voles with 
Hepatozoon sp. infections. We attribute this failure 
to the low population of voles (personal 
communication, A. J. Pinter) . Previously, we have 
found Hepatozoon sp. infections in 3 additional 
species of small mammals trapped in Grand Teton 
National Park in 1988 through 1990 (Watkins et al., 
1992). Three of the four species, M. montanus, M. 
pennsylvanicus, and Thomomys talpoides, are newly 
recognized hosts in North America. The fourth 
species, P. maniculatus, (Figure 13) previously was 
found infected with Hepatozoon in California, but 
until now, not in Wyoming. 

We identified gametocytes in the 
mononuclear cells of blood smears from all 4 species 
and in a basophil in the liver of T. talpoides 
(Figures 14-17). In T. talpoides and M. montanus 
gametocytes were found also in the spleen (Figure 
13), liver (Figure 17), and lungs, but not in the 
bone marrow. In T. talpoides schizogony was 
always in the liver, while in M. montanus it was 
predominantly in the lungs and rarely in the spleen 
or liver (Figures 4-11). In neither of these species 
was schizogony observed in the bone marrow. As 
did previous investigators, we observed 
macroschizonts and microschizonts. Vermicules 
were observed in lung squash preparations from M . 
montanus only (Figure 12). 

Hepatozoon sp. infections were found in 
M. montanus from 8 study sites. Some sites 
appeared to have a higher infection rate than other 
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Figure 1. Oocysts of 
Hepatozoon sp. found 
in a flea squash. 
X160. 

Figure 2. Oocysts 
(A) of Hepatozoon 
sp. in a flea 
squash. Numerous 
sporocysts (B) are 
visible. X320 

Figure 3. A squashed 
oocyst of Hepatozoon 
sp. in a flea 
squash. Each 
sporocyst contains 
4- 6 sporozoites. 
Wrights - Giemsa 
stain, Xl,600. 



Figure 4. Hepatozoon 
sp. schizont (A) in 
a thin section of a 
Thomomys talpoides 
liver. H & E stain, 
Xl,600, B = nuclei. 
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Figure 5. Hepatozoon 
sp. schizont with 6 
vermicules in a thin 
section of a 
Microtus montanus 
lung. H & E stain, 
X 1 , 600 

Figure 6. Lung 
squash of Microtus 
montanus with all of 
2 schizonts, and 
part of a third, in 
different stages of 
development. 
Wrights - Giemsa 
stain, Xl ,600. 



Figure 7. Squash 
preparation of 
Microtus montanus 
lung showing a 
macroschizont with 
many developing 
vermicules. Wrights 
Giemsa stain, 
Xl ,600. 

Figure 8. Schizont 
in a liver squash, 
Thomomys talpoides. 
Wrights - Giemsa 
stain, Xl ,600 
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Figure 9. Vermicules 
released from a 
broken schizont in a 
lung squash from 
Microtus montanus. 
Wrights-Giemsa 
stain, Xl ,600. 
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Figure 10. Schizont 
with 4 nuclei from a 
liver squash, 
Thomomys talpoides. 
Wrights-Giemsa 
stain, Xl ,600. 

Figure 11. Thomomys 
talpoides liver 
squash; schizont has 
2 nuclei. Wrights
Giemsa, X1,600. 

Figure 12. Free 
vermicule in a lung 
squash, Microtus 
montanus. Wrights
Giemsa stain, 
Xl ,600. 



Figure 13. 
Gametocyte in a 
white blood cell of 
the spleen, 
Peromyscus 
maniculatus. 
Wrights-Giemsa 
stain, X1,600. 

Figure 14. 
Gametocyte in a 
white blood cell, 
blood smear, 
Microtus montanus. 
Wrights-Giemsa 
stain, X1,600. 
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Figure 15. Blood 
smear, Microtus 
pennsylvanicus, with 
2 gametocytes. 
Wrights-Giemsa 
stain, Xl ,600. 
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Figure 16. 
Gametocyte (G) with 
cytoplasmic granules 
beside a white blood 
cell (W), blood 
smear, Thomomys 
talpoides. Wrights-
Giemsa stain, 
X1,600. 

Figure 17. 
Gametocyte in a 
basophil, liver 
squash, Thomomys 
talpoides. Wrights-
Giemsa stain, 
Xl ,600. 



sites. One of the goals of the 1994 study was to 
determine whether this observation held true. 
Unfortunately, the population of the M. mont anus 
continued to be low, and we found no animals 
infected with Hepatozoon. Krampitz (1964) states 
that the incidence of Hepatozoon infection of voles 
studied in Europe is directly related to the vole 
population density . 

Since the fleas containing oocysts were 
squashed beyond recognition, we sought to learn 
their possible identities by learning which species 
we had collected from M. montanus and preserved 
intact. In this endeavor we have received excellent 
help from Dr. Robert E. Lewis of Iowa State 
University. Five species, collected from 1989 
through 1994, have been identified at this time: 
Megabothris abantis, Megabothris asio megacolpus, 
Aetheca wagneri, Peromyscopsylla selenis, and 
Hystrichopsylla dippiei dippiei . H. dippiei dippiei 
and P. selenis were collected for the first time in 
1994. H. dippiei dippiei may be a record for 
Wyoming. A. wagneri is typically associated with 
Peromyscus maniculatus, but does occur on other 
small rodents (personal communication, R. E. 
Lewis) . It is likely that the invertebrate host for 
Hepatozoon sp. is one or more of these species. 

A better understanding of the biology and 
ecology of these parasites in populations of small 
mammals will help to establish management 
programs and public health policies consistent with 
the public use of National Parks. Information on 
the prevalence of the parasites and of their vectors is 
necessary in controlling disease potential in areas 
where the public may be exposed. As mentioned 
above, B. microti does infect humans. Hepatozoon 
sp. is not known to infect humans, but infections of 
domestic dogs and cats have been reported (e.g. 
Craig et al., 1978; Ewing, 1977, and Barton, et al. , 
1985). 

Initial efforts at rearing the tick, I. eastoni, 
were successful. In our first attempts, adult females 
collected during the summer of 1991 laid their eggs 
in September. Larvae that hatched from the eggs 
were allowed to feed on Babesia-infected voles. 
After they molted, they were placed on an 
uninfected M. molltanus. Monitoring of blood 
smears indicated that transmission of the Babesia 
had occurred. 

In 1994, only 2 female ticks were collected. 
They laid eggs and died. Larvae hatched from the 
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eggs, but only 1 individual would take a blood meal 
from an infected M. montanus. That individual 
molted, but then refused to feed. All larvae died, 
presumably from a fungal infection. We plan to 
devise a way to regulate the humidity in the culture 
vessels more precisely as a means of preventing the 
growth of fungi. 
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+ ABSTRACT 

Melanism (black fur coloration) in the 
yellow-bellied marmot, Marmot a flaviventris, is 
encountered uniquely in the Teton Range in 
northwest Wyoming, This study is designed to 
investigate whether the occurrence of melanism is 
associated with reduced predation due to high 
human activity. Because overuse by humans can 
particularly stress the environment, the implications 
of this project are especially significant for Grand 
Teton National Park where efforts are directed to 
minimizing human impact. In addition, an 
estimation technique to calculate the likelihood that 
the melanistic allele is dominant is developed. 

+ INTRODUCTION 

The biology of melanism in the yellow
bellied marmot Marmot a flaviventris found in Grand 
Teton National Park (GTNP) may provide an 
informative model of rapid evolution in an 
environment altered by human activities. Melanism 
in the yellow-bellied marmot has been documented 
only in the Tetons (Fryxell 1928, Murie 1934, 
Armitage 1961), although it is fairly common in 
other sciurids (Kiltie 1989), and melanism has gone 
to fixation in the Vancouver marmot (Armitage, 
pers. comm., May 1994). Neither the functional 
significance of melanism, nor the factors that affect 
temporal and spatial variation in its expression, have 
been investigated. 

In a series of classic papers, Kettlewell 
(1961), and Clarke and Sheppard (1966) 
demonstrated how temporal variation in the 

incidence of melanism in the peppered moth Riston 
bistularia could be explained in terms of differential 
vulnerability to avian predators in a changing 
environment. The normal light-colored phase of 
peppered moths was highly cryptic on tree bark, and 
melanistic phenotypes were rare in pre-industrial 
England. With the large amounts of particulate 
pollutants emitted by nineteenth century factories, 
the tree bark on which the moths usually rested 
became darker, so that normal-phased moths were 
no longer cryptic. Consequently, melanistic 
phenotypes enjoyed the protection conferred by 
crypticity, selection favored the melanistic allele, 
and most moths were melanistic by the 1930's. The 
peppered moth presents one of the clearest examples 
of short-term evolution in a free-ranging animal 
population, and of human influence on animal 
coevolution. 

The yellow-bellied marmot in the Tetons 
may present another example of short-term evolution 
influenced by humans. This may be explained by 
considering the advantages and disadvantages 
afforded a species through natural selection in the 
presence of melanistic pelage. Melanistic pelage 
may be advantageous to the evolution of a species 
under specific environmental conditions. In a 
bioenergetics study, Kilgore (1972) showed that 
marmots stored more energy in net production than 
do populations of non-hibernating mammals, 
perhaps utilizing solar energy as a major component 
of the maintenance of body temperature, and thus 
conserving metabolic energy. In avian species, 
Walsberg et aL (1978) demonstrated conditions 
under which thermoregulatory advantages found in 
dark plumage favored the evolution of a species 
where predation was not a factor. Melanistic pelage 



in marmots could thus present thermoregulatory 
advantages vital to survival providing predation was 
not a factor. 

On the other hand, the melanistic trait may 
be disadvantageous. Yellow-bellied marmots are 
subject to predation by birds, coyotes, and mustelids 
(Craighead, 1951; Travis and Armitage 1972; 
Armitage 1982). While three-fourths of their above
ground behavior is devoted to sunning and 
watching, less time is devoted to strictly watching 
(Travis and Armitage 1972; Montopoli & Visser, 
pers. obs., 1994). Yellow-bellied marmots are 
consequently vulnerable to predation. The Teton 
terrain typically is light-colored, so that melanistic 
marmots are not cryptic, and likely are more easily 
seen by predators than their normal-pelaged 
conspecifics. A similar observation was made by H. 
S. Swarth (1912) in the Marmota vancouverensis 
when he stated: "Their extreme weariness is 
correlated with conspicuousness, for the dark brown 
pelage shows in marked contrast against either gray 
rocks or green grass." 

However, in the presence of humans, 
especially high densities of backcountry hikers and 
climbers, predation on melanistic marmots may be 
reduced because of the disturbance presented to 
predators. If predators, especially avian ones, are 
more affected by human disturbance than marmots, 
then predation on marmots near areas of high human 
use could be lower than elsewhere, allowing the 
melanistic phenotype to be more common since it 
would be "selected for" due to the thermoregulatory 
advantages. This variation in predation rates should 
result in higher rates of melanism near greater 
concentrations of humans. A high incidence of 
melanism may be correlated to use (or overuse) by 
humans. 

SHORT-TERM OBJECTIVES OF THIS STUDY 
ARE TO: 

1. establish censusing procedures; 
2. define age and color groups; 
3. determine the extent of human use in the Teton 

Range; and 
4. determine the extent of melanism in the Teton 

Range. 

MAJOR, LONG-TERM OBJECTIVES OF THIS 
STUDY ARE TO: 
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1. Document geographic variation in the incidence 
of melanistic phenotype, especially relative 
to the intensity of human use. The null 
hypothesis in this phase is: 

H0 : Marmots near areas of high 
human use exhibit the same rates 
of melanism in areas of low human 
use. 

2. Measure differential survival of melanistic and 
non-melanistic phenotypes, by comparing 
the incidence of fur coloration among age 
classes (juveniles, yearlings/subadults, and 
adults). The null hypothesis in this phase 
1s: 

H0 : Melanistic marmots have the 
same survival rates among age 
groups as non-melanistic marmots. 

+ RESEARCH DESIGN 

SURVEY TECHNIQUE 

To test these hypotheses, transects were 
established to estimate geographic variation in the 
incidence of melanism. The transects were initially 
located perpendicular to trails, and consisted of 
three 50m circular regions. One circular region was 
centered on the trail, and the other 2 circular regions 
were located with their centers 300m from the trail, 
on opposite sides. This layout was based upon 
studies of marmot colonies and social behavior 
(Armitage 1962; 1974), and was designed to ensure 
that no overlap occurred between marmot colonies, 
so that individual marmots were not counted more 
than once during a single survey. Initial starting 
points were chosen randomly, and twenty minutes of 
observational time were apportioned to each circular 
region. An example of the transect layout m 
Cascade Canyon is demonstrated in Figure 1. 



Figure 1. Original Layout of Transects to Investigate Melanism 
in Yellow-Bellied marmots, Cascade Canyon, Grand Teton 
National Park, Wyoming (Scale: 4 em = 1 km). 

The actual surveying technique that was 
employed was modified from the transect method 
described above, because mountainous terrain in 
GTNP made this originally-proposed method 
impractical and often impossible. For example~ 
many survey points inevitably fell on canyon walls, 
over cliff faces, or were difficult to reach because of 
water, vegetation, and terrain. Some survey points 
offered little view of the surrounding area or were 
not located in prime habitat areas (often due to 
terrain and vegetation), and consequently data 
collection was extremely limited. Finally, marmot 
observations were disproportionately greater near 
trails, and marmots were rarely encountered 300m 
from the trail. This was perhaps due to: 1) marmots 
near trails have habituated to humans, while those 
distant from trails have not, and tend to hide; or 2) 
marmot populations are much more abundant near 
trails due to reduced-predation pressures and 
habituation to humans by the marmots (avian 
predators avoid humans, and mammalian predators 
habituating to humans are forcefully removed from 
the environment by park officials). 

Initial tests of the transect survey method 
illustrated these and other problems. A more 
practical and efficient survey technique, which 

78 

employed an irregular survey grid, was devised. 
Survey points were chosen in likely habitat areas 
identified by the field researchers on the basis of 
their potential to provide useful data. This often left 
large sections of a major survey area untouched, but 
made field research more efficient (increased 
number of sightings). Habitat areas (as interpreted 
by field researchers) formed geographical subsets of 
the major survey areas. The survey technique was 
adapted to each different geographical location 
(habitat area). Two types of survey techniques were 
applied: stationary and moving. 

The majority of habitat areas were surveyed 
using the stationary technique. Habitat areas were 
"covered" by several fixed survey points, from 
which the field observer gathered data. These 
survey points were chosen to offer a maximum view 
of the area and minimize the impact from the 
observer's presence. In general, large boulders and 
ledges above an area offered the best view with 
minimum impact on marmot activity. 

The original survey method called for 
observations to be made for half-hour periods from 
each survey point on the regular grid. However, 
upon entering a habitat area, the researcher often 
disturbed the marmots for 20 to 30 minutes with the 
degree of alarm often dependent on the proximity of 
the researchero A survey time of one hour was 
consequently chosen because marmot numbers and 
activities were more accurately observed in the one
hour period, despite the inevitable influence of the 
observer's presence. Furthermore, a one-hour 
stationary survey allowed the researcher to tum 
periodically and look in different directions to 
maximize the amount of data gathered from each 
point. 

Geographic considerations in some habitat 
areas made the stationary technique very inefficient. 
For example, some habitat areas occurred in rolling 
terrain, mixed terrain, or forested areas. 
Application of the stationary method to such areas 
required a large number of survey points, each 
covering an area too small to justify a full one-hour 
survey. Thus, a moving survey technique was 
devised. The moving survey method involved 
slowly moving through an area and stopping for 15 
to 30 minutes at points which offered a good view 
or a number of observations. This method allowed 
reasonably efficient data collection in such areas. 



The habitat areas selected by the field 
researcher excluded from the study some parts of the 
major survey areas. However, habitat areas and 
survey points were chosen to provide a maximum 
amount of useful data and cover a variety of survey 
areas in GTNP. Rigorous application of the 
originally-proposed transect method would have 
limited the survey because all the survey areas 
would not have been covered by the researcher. The 
selective method allowed all the major survey areas 
to be covered to some extent. Furthermore, habitat 
areas were selected with various degrees of human 
use. Thus, the data still allowed for the 
investigation of the relationship between pelage type 
and human use in the park. 

Locations that were surveyed included 
Granite Canyon, Death Canyon, Alaska Basin, 
Avalanche Canyon, Gamet Canyon, 
Surprise/ Amphitheater/Delta Lakes, Cascade 
Canyon (Lower, North and South Forks), Hanging 
Canyon, Paintbrush Canyon, Grizzly Bear Lake 
area, Taggart Lake bum area, Beaver Creek 
Boneyard, Climber's Ranch and Highland's 
Residential Area. 

MEASUREMENTS 

Approximately 500 marmot observations 
were recorded, from which 452 detailed marmot 
observations were used in the analysis (some 
observations only indicated locations of melanistic 
individuals for future investigation, and were not 
used in the analysis). Data collection occurred 
primarily in the morning and late afternoon (roughly 
7-llam and 3-7pm), since marmot activity was 
highest at these times. The mid-day was often spent 
evaluating potential habitat areas and surveying 
strategies. 

Marmots were classified by pelage type into 
3 categories (melanistic, normal, other), and by age 
into 3 categories Guveniles, yearlings/subadults 1 

adults). They were also classified by behavior 
according to the following categories: distance from 
a burrow ( < Sm, > Sm), accompanied by young 
(YIN), accompanied by others of same size 
(number), activity (foraging, sunning, nursing, 
grooming, watching, nest building, other), and 
social interaction (communication, play, aggressive, 
submissive, avoidance, none, other). 
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A substantial amount of vanat10n was 
observed for pelage type. The categories originally 
defined for melanistic and normal-phased pelages 
were not clearly divided. For example, melanistic 
marmots were observed with gray or brown on some 
parts of their body (head and tail especially), and 
normal-phased marmots were observed with 
coloration varying from gray to light brown/gold to 
dark brown (almost melanistic). Thus, for purposes 
of analysis, three classifications were defined for 
pelage type: 

1. melanistic pelage - animals that appeared 
entirely black except for white or tan 

patches on the face (Armitage 1961); 
2. normal pelage - yellowish-brown animals 
with yellow bellies, with white between the 
eyes (Burt & Grossenheider, 1976); 
3. other pelage - any color variation that 
could not be classified as melanistic or 
normal, such as hoary, gray, or incomplete 
black. 

Because of difficulty in differentiating 
yearlings and subadults, 3 age categories were 
defined: juveniles, yearlings/subadults, and adults. 
Generally, juveniles and adults were easily 
classified, especially during the early summer 
months. 

GENETIC ANALYSIS 

To better understand population dynamics 
and dispersion of the melanistic trait in the 
population, the dominant/recessive nature of pelage
color alleles in yellow-bellied marmots was 
investigated. By employing the Hardy-Weinberg 
principle, the proportion of melanistic genes in the 
gene pool for populations was estimated from 
observations with the assumption that melanistic 
alleles were dominant. Then, by recording the 
number of normal-pelaged mothers with the number 
of melanistic juveniles, a model was formulated 
using conditional probability distribution theory. 
Model parameters were examined to see if their 
estimates agreed with those initially formulated 
under the Hardy-Weinberg principle. A similar 
formulation was constructed under the assumption 
that melanistic genes were recessive. The results 
under both assumptions were compared, to establish 
the likelihood that the gene for melanism was either 
dominant or recessive. 



+ RESULTS AND DISCUSSION 

The following results and discussion pertain 
to this preliminary study in which the counting and 
surveying techniques previously discussed (short
term goals) were established, and tested in the field. 

Although the major hypotheses of the study are 
addressed and results from the statistical analyses are 
summarized below, the results are questionable and 
further analyses from on-going studies are required 
to establish validity. 

MELANISM AND HUMAN USE 

Table 1 (see Appendix A) presents a 
detailed count of marmots surveyed in their 
respective areas during summer, 1994. Table 2 (see 
Appendix A) presents average daily backcountry-use 
information obtained from trail counters for the 
months of August, 1993, and July and August, 
1994. This time period was selected because data 
were complete, and current backcountry-use 
demographics were represented. Table 3 (see 
Appendix A) presents the results of a backcountry
use survey answered by 13 backcountry rangers with 
extensive experience. The survey was based on a 1-
to-1 0 Likert scale ( 1 represented minimal human 
use; 10, maximum use), and was designed to 
measure relative use by humans in backcountry 
areas. 

Information from Tables 1, 2, and 3 was 
compiled in an attempt to correlate geographic 
vanahon in the incidence of the melanistic 
phenotype with the intensity of human use. Tables 
4 and 5 present data on the proportion of melanistic 
marmots in relation to human use scores and 
backcountry use respectively (see Appendix A) and 
represent information that was used m the 
correlation analysis. 

The Spearman's rank correlation coefficient 
resulting from correlating the proportion of 
melanistic marmots with the Human Use Score 
(Table 4) was 0.141 (P = 0.5728). The Pearson's 
correlation coefficient resulting from correlating the 
proportion of melanistic marmots with backcountry 
use (Table 5) was 0.193 (P = 0.6186). Both 
analyses strongly indicated little correlation between 
the proportion of melanistic marmots and intensity 
of human use. Consequently, no further analyses 
will be performed on this part of the study. 

80 

Unfortunately, the surveying technique 
originally proposed did not provide appropriate 
data. The modified techniques as implemented also 
were inadequate, mainly due to the fact that most 
recorded observations of all phenotypes occurred in 
areas associated with humans (popular trails, lakes, 
etc.), and marmots were rarely encountered 300m 
from these areas, or in other isolated areas where 
minimal time was spent. Therefore, based on this 
preliminary study, the effects of high human use of 
the environment on the increased incidence of 
melanism is presently inconclusive, and should be 
addressed in a long-term study over several years. 

Future studies will be directed to gathering 
information using the modified survey technique in 
canyons of little human use (for example, Avalanche 
and Leigh Canyons) that are geographically similar 
to other areas of high human use. Approximately 
equal time will be spent in both areas, and the data 
from minimally-used areas will be compared to data 
from areas with high human use. Finally, the 
thermal environment surrounding melanistic and 
non-melanistic marmots will be investigated to see if 
black fur provides a thermal advantage in the 
moderately hostile thermal environment experienced 
in the Tetons. 

DIFFERENTIAL SURVIVAL OF MELANISTIC 
AND NON-MELANISTIC PHENOTYPES 

Differential survival rates of melanistic and 
non-melanistic phenotypes were examined by 
comparing the incidence of fur coloration among age 
classes. Figure 2 graphically depicts these 
proportions. 

Occurrence of Pelage Color by Age Groups 
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Figure 2. Differential survival rates of melanistic, non-
melanistic and other pheotypes. 



Table 6 (see Appendix A) presents 
frequencies and proportions of pelage color (normal, 
melanistic, other) by age groups Guveniles, 
yearlings/subadults, adults). A chi-square 
independence test was initially performed to 
determine if a significant difference in frequencies 
among each age category for different fur 
colorations existed. The test produced a chi-square 
value of 28.866 (P = 0.0000), indicating that 
differential survival rates were exhibited among age 
groups for a given fur coloration. 

To examine which age groups within a 
specified fur coloration differed significantly, nine 
tests of pairwise differences of proportions were 
performed. The results are listed in Table 7 (see 
Appendix A). 

At a level of significance of 0.05, the 
proportion of adults with normal fur color 
significantly exceeded both yearlings/subadults with 
normal fur coloration (P = 0.0000), and juveniles 
with normal fur color (P = 0.0098). Given 
melanistic fur coloration, the proportion of 
yearling/subadults was significantly higher than both 
juveniles (P = 0.0416) and adults (P = 0.0000), 
while the proportion of juveniles exceeded that of 
adults (P = 0.0364). There was no significant 
difference among age groups given fur coloration 
that cannot be categorized as normal or melanistic 
(the "other" category). 

Since several null hypotheses were tested in 
the same experiment (nine multiple comparisons 
were performed), a Bonferroni test was implemented 
to control experimentwise Type I error, in which an 
experimentwise level of significance of 0.05/9 = 
0.0056 was used (Woodward, Bonett, & Brecht 
1990). Using the experimentwise level of 
significance, the proportion of adults with normal 
fur color significantly exceeded the proportion of 
yearlings/subadults with normal fur coloration (P = 
0.0000), and the proportion of melanistic 
yearling/subadults was significantly higher than the 
proportion of melanistic adults (P = 0.0000). In 
both the melanistic and normal fur pelages, 
significant differences occurred between 
yearling/subadult and adult age groups; however, 
more normal adults survived, while fewer melanistic 
adults survived. 
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One plausible explanation is that melanistic 
babies are more conspicuous to their mothers (and 
other marmots) and are afforded better protection 
within the colony during their first year(s) of 
development. After roughly one year, many 
yearlings/subadults disperse (Downhower and 
Armitage 1981) and no longer experience protection 
inherent to the colonial structure (for example, older 
marmots are producing new young). They may 
become more conspicuous and available to 
predators, and few reach adulthood. As stated 
previously, further analyses from on-going (long
term) studies are required to investigate this 
explanation and survivability among pelage types 
and age classes in general. 

GENETIC ANALYSIS 

Table 8 (see Appendix A) presents a listing 
of litter sizes and number of melanistic marmots in 
each litter by location. Based on these locations, the 
proportion of melanistic marmots m the 
corresponding populations where litters were 
observed was calculated to be 0.16955. 

Case 1. Melanism Manifested by a Dominant 
Allele 

Under the assumption that melanism is 
manifested by a dominant allele at a single locus, 
and that only 2 alleles are responsible for fur 
coloration, application of the Hardy Weinberg Law 
yields: 

p=l-vr=z==o.oaa7, 

where p is the theoretical proportion of genes in the 
gene pool for melanism, and r is the proportion of 
observed melanistic marmots. 

Two methods were developed for 
examining the likelihood that melanism is 
manifested by a dominant allele. The first method is 
especially important when data are limited, and is 
based on the fact that if the mother is normal-phased 
and melanism is caused by a dominant allele, then 
she must have 2 non-melanistic alleles for fur 
coloration. Consequently, the juveniles other gene 
has p probability of being melanistic since there are 
p genes in the gene pool for melanism. Therefore, 
if s represents the proportion of melanistic juveniles 



from non-melanistic mothers, then s must equal p, 
and s is calculated by: 

s=l-y!l-r=0.0887, 

From Table 8, s = 10/46 = 0.2174. The 
relative closeness of 0.2174 to 0.0887, and the 
likelihood that melanism is manifested by a 
dominant allele, is evaluated later. 

The second method, derived from 
conditional probability theory (conditioned on the 
mother being normal-phased), requires substantial 
data. By considering all possible paternal genotypes 
and assuming that the maternal genotype is 
homozygous recessive, probabilities associated 
with juvenile genotypes may be easily calculated 
using Punnett squares and the diagrams listed below: 

Probability (x of n marmots melanistic:) 

Paternal Probability 
Genotype of Paternal x-0 X=1 ... x-n 

Genotype 

MM pz 0 0 0 1 

MN 2p(1-p) Binomial Binomial ... Binomial 
(n, o, ~l (n,1.~l (n,n.~) 

NN (1-p) z 1 0 0 0 

where Binomial(n,x, 1h) represents the binomial 
probability distribution, given by: 

Binomial (n,x,~) =(~) (~)x (1-~)<n-xJ for x=O, 1, ••• ,n 

The probability 1h is calculated from the Punnett 
square, 

Male Genotype 

Female M N 
Genotype 

N MN NN 

N MN NN 

and represents the probability that a juvenile born 
from a male with genotype MN and a female with 
genotype NN will be melanistic (that is, 2 out of 4, 
or 1h, of the recombinations will exhibit melanistic 
fur color, demonstrated by MN). 

Consequently~ if n represents the size of a litter, and 
x is the number of observed melanistic babies, then 
the probability associated with observing x 
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melanistic babies u times out of v total litters of size 
n is given by: 

for x = 0 

2 ( 1 )n _ U p + 2 2 p ( 1-p) - v, for x = n 

for X;J!n 

Table 9 (see Appendix A) lists values based 
on the above formulas for the theoretical conditional 
probability distribution for number of melanistic 
juveniles from normal-pelaged mothers assuming 
that the allele for melanism is dominant. These 
values will be used later for comparison to data 
actually observed in the field. 

Case 2. Melanism Manifested by a Recessive 
Allele 

Under the assumption that melanism is 
manifested by a recessive allele at a single locus, 
and that only 2 alleles are responsible for fur 
coloration, application of the Hardy Weinberg Law 
yields: 

p=v'r=0.4118, 

where p is the theoretical proportion of genes in the 
gene pool for melanism, and r is the proportion of 
observed melanistic marmots. 

Analogous to Case 1, two methods are 
developed for exannmng the likelihood that 
melanism is manifested by a recessive allele. 
However, because melanism results from a recessive 
allele, and the female is normal-phased, her 
genotype may be NN or MN, and the problem 
becomes more complex. All possible female 
genotypes must be considered with all possible male 
genotypes and are illustrated in the diagram below: 

Female Probability Male Probability Proportion 
Genotype of Male Genotype of Female of Observed 

Genotype Genotype Melanistic 
Juveniles 

NN (1-p) 2 NN or MN 1 0 

MN 2p(1-p) NN (1-p)Z 0 

MN 2p (1-p) MN 2p(l-p) ';.( 

MN 2p(l-p) MM p2 ~ 



If s is the observed proportion of melanistic 
young from normal-phased females, then s is equal 
to the conditional probability that a juvenile is 
melanistic given that the female is normal, and may 
be calculated by: 

s= l:;[2p(1-p)]2+~[p22p(1-p)] =L=-r-=0.1201 
(1-p) 2 +2p(1-p) 1+p 1+.,ir 

From Table 8 (see Appendix A),s is 10/46 
0.2174. The relative closeness of 0.2174 to 

0.1201, and the likelihood that melanism is 
manifested by a recessive allele, are evaluated in the 
following section. 

The second method is more complex and 
considers all possible maternal and paternal 
genotypes with consequent juvenile genetic 
recombinations, illustrated in the diagram below: 

Probability 
(x oE n marmots melan.) 

Female Prob. Male Prob. 
Gena· Female Gena- Male 0 1 ... n 
type Gena. type Gena. 

NN (1-p)2 ANY 1 1 0 0 0 

MN 2p (1-p) NN (1·p)2 1 0 0 0 

MN 1-p) MN 2p(1-p) Bino Bino ... Bino 
n,0,\4 n,1,\4 n,n,~ 

MN 2p(1-p) MM p2 Bino Bino ... Bino 
n,o.~ n,1.~ n,n.~ 

Analogous to Case 1, but based on the 
above diagram, if n represents the size of a litter, 
and x is the number of observed melanistic babies, 
then the probability associated with observing x 
melanistic babies u times out of v total litters of size 
n is given by: 

(l-p)2+2p(l-p)l+({)"f2p(l-p)]2+(-})n[2pl{l-p)J_ U 

1-pl - v, for x ~ 0 

Table 10 (see Appendix A) lists values based on the 
above formulas for the theoretical conditional 
probability distribution for number of melanistic 
juveniles from normal-pelaged mothers assuming 
that the allele for melanism is recessive. These 
values will be used later for comparison to data 
actually observed in the field. 

COMPARING THE TWO CASES 

Table 11 (see Appendix A) presents the 
proportion of time x melanistic babies from litters of 
size n was observed in the field. This information is 
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given in the same format as Tables 9 and 10, to 
facilitate comparison of corresponding values. 

Table 12 (see Appendix A) lists the 
theoretical and observed proportions corresponding 
to both methods for which data were collected. 
Although different strategies are currently under 
development to determine whether the observed data 
most likely indicate that melanism is caused by a 
dominant or recessive allele, a distance norm, which 
is a relative measure of the distance 2 points in 
multidimensional space lie from each other is used 
in this report. Matrices defming the 2 cases and the 
observed data (Tables 9, 10, 11 and Appendix A) 
are depicted as points in multidimensional space and 
corresponding distance norms are calculated by 
summing the squares of the difference of matrix 
entries for each theoretical case with the observed 
case, and summarized below: 

Distance Norm for: 

Melanism Allele Melanism Allele 
Mechods: Dominant Recessive 

Observed Proportion with: 1.62383 l. 16700 

Method 1: "s" with: 0. 0166 0.009S 

The distance norm calculated using values 
obtained in both methods indicates that the data 
most likely support that melanism is manifested by a 
recessive allele, since a smaller distance norm 
implies closer agreement of categories being 
compared. 

One final approach that merits attention, 
especially since the data are limited, involves s, the 
proportion of melanistic juveniles from non
melanistic mothers, discussed in Method 1. The 
observed proportion of melanistic juveniles from 
non-melanistic mothers is 10/46 = 0.2174. A 95% 
confidence interval on s is (0.09819, 0.33659). In 
theory, s for the melanistic case is 0.0887, and s for 
the recessive case is 0.1201. With 95% confidence, 
only s under the recessive assumption falls within 
this interval. Therefore, the data most likely 
support that melanism is manifested by a recessive 
allele. 

As stated previously, the significance of 
this analysis is questionable since additional data 
from on-going (long-term) studies are required, and 
other genetic situations (for example, multiple 
alleles at multiple loci) must be investigated. 
Michael Crone (1995) has recently completed a 



Master's Thesis that provides a detailed genetic 
analysis and is available upon request. 
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Table •. Incidence of Pelage Color by Survey Areas 

Locac.ion Number of Nwr.ber of 
(n-nurnber of surveys) Melaniscic Nor.nal 

Alaska Basin (n•2l 4 11 

Avalanche Canyon (n•ll 0 2 

Cascade Canyon: 
Jenny L.ake to Forks (n•Sl 2 12 

Forks t:o Soli tude Lake (n-6) 6 63 
Solitude L.ake Area (n•4) 4 10 

Forks t:o Hurricane Pass (n•4) l 23 

Death Canyon: 
Phelps Lake to Cabin (n•2) 3 8 

Cabin to Fox Creek Pass (n•l) 1 2 

Death Shelf (n•4) 0 23 

Garnet: Canyon: 
7 Trail to Garnet: Junct:ion (n•Sl 6 

Meadows Area (n•ll 0 6 

Lower Saddle Area (n•4l 2 33 
Sout:h Fork Area (n•3l 0 9 

Above Lower Saddle/Grand (n•1l 2 0 

Granite Canyon: 
Tram t:hrough S/M Forks (n•1l 0 3 

Hanging Canyon: 
Trail co Arro..,head Lake (n•4) 5 12 
Arrowhead co L.ake Crags (n•3l 2 7 

Laurel Lake (n•1) 0 1 

Housing Areas: 
Seaver Creek Boneyard (n·2l 1 4 

Climber's Ranch (n•3l 2 6 

Highland • s Housing Area (n•2l 6 6 

Isolat:ed L.ake Areas: 
Delta L.ake (n•ll 1 1 

Grizzly Sear L.ake (n•1) 0 2 
Marion L.ake (n•4l 13 12 
Moose Ponds (n•ll 0 3 

Surprise/ Amp hi t:heat:er (n•4l 1 7 

Paint:brush Canyon: 
Trail t:o Holly L.ake (n•2l 0 10 

P!olly Lake Area (n•3) 3 14 

Holly Lake t:o Divide (n•S) 4 12 

Taggart: Lake Burn Area: 
Corral co Taggart: Lake (n•Sl 1 15 

Nu:nber 1 

of Ot:.~er, 

l 
I 
I 

0 I 

! 
0 
6 
2 
4 

0 
0 
5 

0 
2 
3 
5 
0 

0 

0 
5 
0 

0 
0 
0 

0 
1 
2 
0 
5 

I 

1 
6 

I 10 

0 
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Table 2. Backcountry Use Information from Trail Counters 

-
Location Average Number of People 

per Day 

Avalanche Canyon: 6.1 1 

Cascade Canyon: 
Boat Traffic 9 0 5. 72 

Jenny Lake, S.W. Shore 385.8 
String Lake, South 231.3 

Death Canyon: 175.9 

Garnet Canyon: 
Lupine Meadows Trail 172.3 

Surprise Cut-off 110.73 

Granite Canyon: 
Tram 35.7 

Granite Parking Area 75.8 I 
Hanging Canyon: 18.73 

Paintbrush Canyon: 
String Lake, North 274.2 

Taggart Lake Trail: 170.8 

Estimated from 1993 data only (1994 data not available) 
Estimated from 1993 data only (1994 data ~t available) 

'
3 Estimated from 1994 data only ( 1993 data not available} 

Table 3. Relative Human Concentration in Backcountry A=eas 

-Location Average 
Score Table 4. Proportion of Melanistic Marmots Versus Human Use Score 

Avalanche Canyon 2.54 

Cascade Canyon: 
10 Jenny Lake to Inspiration Point 

Inspiration Point to Forks 8.23 
Forks to Solitude Lake 6.85 

Forks to Hurricane Pass 5.46 

Proportion Human 
Location of Use 

Melanistic Score 
Marmots 

Avalanche Canyon: 0.0 2.54 
Death Canyon: 

5.46 Lower and Upper Canyon 
Death Shelf 4.54 

Cascade Canyon: 
Jenny Lake to Forks 0.143 9.12 

Forks to Solitude Lake 0.110 6.85 
Garnet Canyon: 

Platforms/Meadows 7.77 
Caves 7.46 

Forks to Hurricane Pass 0.036 5.46 

Death Canyon: 
Lower Saddle 7.58 

South Fork 5.62 
Lower and Upper Canyon 0.286 5.46 

Death Shelf 0.0 4.54 

Granite Canyon: 
North Fork 4.77 

Garnet Canyon: 
Platforms/Meadows/Caves 0.0 7.62 

South/Middle Forks 4.54 

Hanging Canyon 4 

Isolated Lakes: 
Grizzly Bear Lake 1.92 

Marion Lake 5.62 
Surprise/Amphitheater Lakes 7.46 

Lower Saddle 0.053 7.58 
South Fork 0.0 5.62 I 

Granite Canyon: 0.0 4.66 

Hanging Canyon: 0.226 4.0 

Isolated Lakes: 
Grizzly Bear Lake 0.0 1.92 

Paintbrush Canyon: 
Lower Paintbrush 5.77 

Marion Lake 0.481 5.62 
Surprise/Amphitheater Lk 0.077 7.46 

Holly Lake 5.85 
Upper Paintbrush 4.54 Paintbrush Canyon: 

Lower Paintbrush 0.0 5. 77 
String/Leigh Lake Area: 

7.42 String Lake to Trapper Lake 
Leigh Lake to CMC Camp (Moran) 2.67 

Holly Lake 0.130 5.85 
Upper Paintbrush 0.154 4.54 
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Table 5. Proportion of Melanistic Marmots Versus Backcountry Use 

Proportion Average 
Location of Number 

Melanistic People 
Marmots per Day 

Avalanche Canyon: 0.0 6.1 

Cascade Canyon 1 
: 

Jenny Lk to Forks 0.143 341.5 
Forks to Solitude Lk 0.110 142.3 

Death Canyon: 0.095 175.9 

Garnet Canyon: 0.065 61.6 

Granite Canyon: 0.0 101.5 

Hanging Canyon: 0.226 18.7 

Surprise/Amphitheater Lk 0.077 110.7 

Taggart Lake Burn Area 0.063 170.8 

1 Values for Number of People per Day are estimated from 
info~tion provided by GTNP Ranger D. Burgette (pers. 
comments, 1995), in a study of backcountry trends 

'!'able 7. Tests of All .Paintise Differences of Proportions 

Fur Coloration Compared Z·value P-value 
I Age Categories 

Juvenile with l. 67 0.0950 
Yearling/Subadult 

Normal Yearling/Subadul t ·4 .92 0.0000 
with Adult 

Juvenile with ·2.58 0.0098 
Adult 

Juvenile with ·2. 04 0.0416 
Yearling/Subadult 

Melanistic Yearling/Subadult 4. 83 0. 0000 
with Adult 

Juvenile with 2.10 0.0364 
Adult 

Juvenile with O.ll 0. 9156 
Yearling/Subadult 

Other Yearling/Subadult 1.39 0.1646 
with Adult 

Juvenile with l. 35 0.1770 
Adult 

Table 6. Frequencies of Pelage Color by Age Groups 

Pelage Type Juveniles Yearlings/ Adults Total 
Subadults 

Normal 67 86 171 324 
(a. 691! ( 0 '585) (0. 822) 

Melanistic 15 39 15 70 
(0 .155) (0. 265) (0. 077) 

Other 15 22 21 58 
(0 .155) (0 .150) (0 .101) 

Total 97 147 208 452 

Table 8. t;~~~~0~izes and Nwnber of Melanistic Marmots by 

Location 
Nwnber of 

Litter Size Melanistic 
Marmots 

.Uaska Basin: 3 2 
2 0 

Cascade Canyon: 
Jenny Lake to Forks 2 0 

1 0 
Forks to Solitude Lake 2 0 

2 0 
l 0 

Forks to Hurricane Pass 4 0 

Deat!l Canyon (Lower): 1 0 

Garnet Canyon (Meadows) : 1 0 

Hanging Canyon (Lower): 2 0 
2 2 
3 1 

Housing Areas: 
Beaver Creek Boneyard 3 1 

Highland's Housing Area 4 2 

Marion Lake 4 l 
2 1 

Paintbrush canyon: 
Lower Paintbrush 1 0 

Holly Lake 2 0 
1 '0 Upper Paintbrush 1 0 

Taggart Lake Burn Area: l 0 
1 0 ' 

I 

1 
i 

i 
I 



Table 9. Theoretical Probability Distribution for Number of 
Melanistic Juveniles from Normal-Pelaged Mothers 
Assuming Allele for Melanism is Dominant 

Number of Melanistic Juveniles 

Litter 0 1 2 3 4 
Size 

1 .91129 . 08871 - -
2 .87087 .08084 .04829 - -

3 .85066 .06063 .06063 .02808 -
4 .84056 .04042 .06063 .04042 .01797 

Table 10. Theoretical Probability Distribution for Number of 
Melanistic Juveniles from Normal-Pelaged Mothers 
Assuming Allele for Melanism is Recessive 

Number of Melanistic Juveniles 

Litter 0 1 2 3 4 
Size 

1 .87990 .12010 - - -
2 .80219 .15542 .04239 -
3 .75009 .15630 .07683 .01678 -
4 . 71411 .14394 .09670 .03797 . 00729 

Table 11. The Proportion of Time x Melanistic Juveniles from 
Litters of Size n Was Observed in the Field 

Number of Melanistic Juveniles 

Litter 0 1 2 3 4 
Size 

1 1.0 0 - -
2 0.750 0.125 0.125 - -
3 0 0.667 0.333 0 -
4 0.333 0.333 0.333 0 0 

Table 12. Commo:1 P::oportions Used for Comparing Different 
Likelihood Criteria using 3oth Methods 

Method 2: Theoretical Proportions Assuming: 

(Number in 
Lit:t:er, Observed Melanism Allele Melanism Allele 
Numbe:: Proport:icn Dominant Recessive 

Melanist:icJ 

(1, 0) l.O 0.91129 0.137990 

( 1, 1) 0 0. 013871 0.12010 

(2, 0) 0.7500 0.137087 0.80219 

(2,1) 0.1250 0.08084 0.15542 

(2, 2) 0.1250 0.04829 0.04239 

(3. 0) 0 0.85066 0. 75009 

(3. 1) 0.6667 0.06063 0.15630 

(3, 2) 0.3333 0.06063 0.07683 

(3' 3) 0 ·' 0.02808 0.01678 

( 4. 0) 0.3333 0.84056 0. 71411 

(•L ~) 0.3333 0. 04042 0.14394 

(4. 2) 0.3333 0. 06063 0.09670 

(4. 3) 0 0. 04042 0.03797 

(4, 4) 0 0.01797 0.00729 

:-let !'led 1: 

s 0.1736 0.0887 0.1201 
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APPENDIXB 

OTHER INTERESTING OBSERVATIONS THAT l\1ERIT INVESTIGATION 

During the previous summers, several interesting observations that merit investigation were encountered. 

1. Marmots have been encountered at very high altitudes, often near summits of peaks: 
-during a climb of Teewinot, at an altitude of ca. 3650m (12,000'), summer, 1994. 
-on the East Ridge of the Grand Teton, ca. 3560m (11, 700'), summer, 1994. 
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-on the East Face of the Grand Teton, ca. 3650m (12,000' ,), on extremely technical ground, summer, 199L 
-on the CMC route of Mount Moran, summer, 1994. 
- Fryxell (1928) wrote: "in August, 1926, ... I caught a fleeting glimpse of a small black animal, below the 

second saddle of the peak (Grand), at an altitude of 12,500ft," which he later believed was a melanistic 
marmot. K. Springer (field assistant), in 1994, described in her field notes a melanistic marmot at 
approximately the same location. 

2. Two extremely impressive burrows were encountered by G. Montopoli: 
-in June, 1993, a 10-15m tunnel emerging out of a snow field that was nearly ice, Gamet Canyon 

Meadows. 
-during summer, 1994, above Marion Lake, a 20x20cm rectangular "tunnel" (probably a burrow), carved 

into rock on a vertical rock face approximately 1.5m from the ground, and disappearing into the rock after 
several meters. 

3. In 1994, N. Visser and G. Montopoli both documented at different times and locations marmots "pressed" to 
dark rocks in a sunning position well after direct sunlight had left the rocks' surface. Examination of the 
dark rocks indicated warmer temperatures than the surrounding air temperature. In 1995, Visser observed 
marmots "pressed" to cool rocks in the shade during hot, sunny days. 

4. "Kissing" and "paw play" by juveniles were observed by two different field assistants at different times and 
locations, summer, 1994. 

5. In many survey areas there appeared to be common pelage types. For example, the Death Canyon Shelf had a 
large proportion of light-brown marmots, and Lake Solitude and Marion Lake had a large proportion of black 
marmots. Pelage type often appeared to be a local phenomenon, indicating that breeding groups may have 
been somewhat localized (or colonial), and selective in their habitat preferences. 

6. The Taggart Lake bum area was investigated for elevated numbers of black marmots. Several studies of 
sciurids (Kiltie 1989) and other small mammals have indicated differential survival of melanistic individuals 
in bum areas, probably due to the crypticity of melanistic individuals in dark, charred habitat. The 
proportion of melanistic marmots in this area was only 0.0625, well-below the overall population proportion 
of 0.1549. Marmots may thus utilize other habitat selection criteria. 

7. Pelage coloration for all surveyed populations in the Teton Range (1994) were distributed as: 
-normal: 71.68% 
-melanistic: 15.49% 
-other: 12.83% Armitage, in 1959, found that about one-fourth of the marmots he surveyed in a brief study 

were melanistic. Comparing his results with the present results, the proportion of melanistic individuals in 
the population may experience temporal fluctuations. 
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8. Several surveys in very remote areas of Grand Teton National Park during previous summers have produced 
few marmot sightings: 
1) surveys of over 160 km of mountainous terrain west of Jackson Lake to the Continental Divide, over a 9-
day period during 3 summers, have never documented a melanistic marmot, and the backcountry rangers that 
patrol that sparsely-used area of the park have reported one sighting during the past 3 summers (Montopoli, 
pers. obs.); 
2) In 1994, Avalanche Canyon was surveyed for an entire day and resulted in 2 marmot sightings (Visser, 
pers. obs.); and 
3) In 1994, an off-trail hike of approximately 12 km (from Fox Creek Pass, northeast to Forget-Me-Not 
Lakes along a large shelf, east to Rimrock Lake, and north to Death Canyon trail) produced one marmot 
sighting (Montopoli, pers. obs.). 

9. In 1995, the last marmot sighting occurred September 7th in Cascade Canyon. No other marmots were 
observed after that date, even though subsequent surveys were made (K. Springer, pers. obs.). In 1995, the 
last 2 marmots were observed in Gamet Canyon (Gary Wise, pers. communication). Due to heavy snowfall 
season, Gamet Canyon was snow bound much later than in 1994. 

10. In 1995, abundant winter snowfall at higher elevations suggested that marmots migrated substantial distances 
over snow to lower elevations where food was more available. As the snow melted and food became 
abundant, the marmots appeared to once again move up to higher altitudes. This unique survival strategy has 
never been reported before, and was not believed to be possible prior to these observations. In 1996 (again, a 
particularly heavy snowfall year), a documentation of seasonal migratory patterns by tracking the movement 
of telemetered marmots will be attempted. 

11. Garrott and J enni ( 1972) discuss arboreal behavior of two colonies of yellow-bellied marmots that lived in 
proximity to flood plains of the Bitteroot River. They noted that there are no other records of marmots 
making regular use of trees. In GTNP, marmots also (occasionally) use trees: 
-in 1994/95, an adult melanistic marmot was observed frequently on a branch of a cottonwood tree (1m in 

width, dhb) 30m above the ground (pers. observations, Montopoli & Visser; pers. comments, several 
residents). 

- in 1995, a marmot at the valley trail junction of the Gamet Canyon trail, took up residence in a hollowed, 
erect evergreen tree (pers. observations, Visser & Montopoli). 

-in 1995, a family of marmots (2 adults, 3 juveniles) was observed on a branch of a dead snag approximately 
5m above the ground on the first switchback of the Gamet Canyon trail (pers. comments, D. Carmen, Exum 
guide). 

12. Marmots appear to receive protection from humans against non-habituated predators: 
-in 1992, L. Larson (GTNP Climbing Ranger) documented a pine marten/marmot interaction at the Gamet 

Canyon Petzoldt caves, where the marmot survived only by "joining" a group of humans at the watering 
hole. 

-in 1995, G. Montopoli with the backcountry trail rehabilitation crew observed a golden eagle in a "tucked 
dive" approaching a melanistic marmot standing erect on a white rock on the lower Gamet Canyon trail. 
The eagle broke off its attack approximately lOrn above the marmot when it noticed unintentional movement 
by the group of people (noted by its eye contact). 

- a substantial population of marmots at the Lupine Meadows housing area was decimated when a pair of 
martens that produced 2 young also took up residence in the housing area (in the loft of the climbing 
cache). Thus, habituated predators also may enjoy the proximity of humans. 
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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. 

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, 
Aficrotus montanus. 

+ METHODS 

In 1994 Aiicrotus 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. 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 

During the spring study period of 1994 
there was every indication that the Aficrotus 
montanus populations would begin a recovery from 
the crash they had experienced in 1993. This 
recovery was favored by two major factors - an 
inordinately early spring and low precipitation in 
May. Population density in the spring of 1994 was 
low and animals were found in small, widely 
separated colonies. Reproduction on a population
wide basis had already begun in April - all females 
were either pregnant or lactating; litter sizes were 
large. 

Whereas low precipitation in May appears 
to favor the survival and reproduction of Af. 
montanus (Pinter 1988), low precipitation during the 
summer has the opposite effect (Negus, Berger and 
Pinter, 1992). During the summer of 1994 the 
region experienced a severe drought. Consequently, 
it was not surprising that by the end of the summer 
population densities of Af. mont anus had barely risen 
above those seen after the crash of 1993. Indeed, at 
one of the study sites population density remained 
unchanged from the 1993 levels. 

Reproduction continued throughout the 
entire summer study period, but litter sizes and the 
percentage of reproductively active females was 
small. By the end of the summer study period, 
reproduction was confined almost entirely to the 
adult. females. Although some of the subadult 
females would doubtlessly breed in 1994, most of the 
females born after mid-July would probably not 
mature until the spring of 1995. 

+ CONCLUSIONS 

In 1994, populations of Jvficrotus montanus 
showed only marginal recovery from the crash of 
1993. Although near-ideal spring conditions 
permitted highly successful reproduction (early onset 
of breeding, large litters), the severe drought 
suppressed reproduction, growth and maturation of 
Af. montanus toward the end of the summer. The 
climatic vagaries of 1994 and the rapid physiological 
responses of M montanus to these changes 
underscore the great sensitivity of these rodents to 
environmental variables. The events of 1994 also 
support the hypothesis that climatic events are 
significant modulators of vole population dynamics. 
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• OBJECTIVES 

Seasonal variation in food selection has 
been documented in several species on voles 
(Rothstien and Tamarin 1977, Cole and Batzli 1979, 
Goldberg et al. 1980) with considerable implications 
for winter survival and population dynamics. In 
Aficrotus montanus a similar link may exist between 
growth, maturation, longevity, and population 
dynamics on the one hand and dietary composition 
on the other (e.g., Pinter and Negus 1965, Berger et 
aL 1981, Pinter 1988, Berger et al. 1992, Negus, 
Berger and Pinter 1992). Consequently, we 
undertook a study to investigate, in detail, the 
utilization of plant resources by the montane vole, 
Microtus montanus" The objectives of this project 
are twofold: ( 1) to identify the plant species that 
constitute the diet in natural populations of M 
montanus and (2) to determine seasonal food 
preferences in relation to the availability of plant 
species and to the age, sex and cohorts of the 
montane vole. 

+ METHODS 

Two field sites, approximately 160 km 
apart, in northwestern Wyoming, were used for this 
study. One study area is within Grand Teton 
National Park (GTNP site). The other is located 
along the upper Green River (GR site), near the 

boundary of the Bridger-Teton National Forest, 
Sublette County, Wyoming. Both sites are mesic 
montane meadows at elevations ranging from 2057 
to 2134 m. Both sites are quite similar in floristic 
composition, consisting of a mixture of grasses, 
sedges, and forbs. 

Voles were livetrapped at both sites in 
spring (May), summer (July-August) and fall 
(October-November). Winter trapping (monthly 
sampling, November-March) was accomplished only 
at the GR site since winter trapping necessitates the 
usc of 5 gallon plastic buckets with tall marker poles 
and flags. These buckets and poles were established 
in the late fall before permanent winter snow cover 
had arrived. Since these structures are highly visible 
from considerable distances, they would be quite 
undesirable at sites within Grand Teton National 
Park. However, we are confident that the winter 
data can be extrapolated from the GR site to the 
GTNP site since the two areas have very similar 
floristic composition and cohort dynamics (Negus, 
Berger and Pinter, 1992). Initial processing of 
GTNP field samples was carried out at the UW -NPS 
Research Center laboratory. Livetrapped animals 
were sacrificed, and stomach and fecal samples 
collected. Several slides were prepared from each 
plant collected. Microscopic identification of plants 
from stomach and fecal samples and subsequent 
statistical analysis is being undertaken at the 
University of Utah, Department of Biology. 



+ RESULTS 

We had hoped that the 1994 season would 
be the final year of the study. However, the project is 
somewhat at the mercy of environmental vagaries 
and the attendant vole population responses. Our 
research objectives require moderate to high 
densities of voles in order to obtain definitive 
samples. Populations of Microtus montanus had 
crashed in 1993; unexpectedly, however, the 
densities in 1994 barely rose above the 1993 levels. 
This precluded attaining our objectives in 1994: (a) 
filling in data gaps with respect to cohort differences 
in food resource utilization and (b) determining the 
fiber content of specific plants being utilized by voles 
before and after they make their dramatic seasonal 
switch to alternative food plants. These gaps will be 
filled in 1995, because in 1995 vole densities should 
rise significantly above the 1994 levels. 

Apparently, relatively few species of 
monocotyledons form the bulk of the summer diet for 
the montane vole. We are in the process of 
determining the relative importance of these species 
in the diet. The following species appear to be 
extensively utilized whenever they are available as 
plants: Stipa sp., Agropyron cristatum, Poa 
pratensis, Phelum pratense, Dactylis glomera/a, 
Deschampsia caespitosa, Carex sp., Trisetum woljii, 
Festuca sp. Other species that are utilized at lower 
frequency include the following: Agropyron 
intermedium, Echinoch/oa co/anum, Hordeum 
jubatum, Alopecurus sp. With few exceptions, as 
grasses and sedges approach vegetative maturity just 
prior to flowering, their use of food resources by 
montane voles decreases. Doubtless this is due, in 
part, to the increasingly ligneous nature of the stems 
as flowering and fruiting is approached. The time 
needed to attain vegetative maturity varies among 
species of plants. Consequently, some plants arc 
being consumed for longer periods of their vegetative 
growth than others. For example, lignification of 
stems is relatively slow in Poa pratensis and Festuca 
pratensis, which perhaps accounts for the fact that 
these grasses arc preferential food items for many 
herbivorous mammals. On the other hand, both 
Dactylis glomera/a and Trisetum woljii arc 
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consumed by voles at high frequency while the 
plants arc young. However, the frequency of use 
decreases rapidly since these plants rather quickly 
develop ligneous stems. 

To date we have collected fecal/cecal 
samples from AJ. montanus in several habitat types at 
both the Grand Teton and the Upper Green River 
sites. The samples were taken from voles of all ages. 
Currently these samples, as well as plant reference 

materials, are being processed; a reference library of 
epidermal plant tissues is now nearing completion. 
We have also completed plant transects in all study 
sites to establish the relative abundance of the 
indigenous plant species. 

+ CONCLUSIONS 

We have observed that voles apparently 
select food plants based on the growth stage of the 
plant. These findings now mandate that all growth 
stages of food plants must be recorded throughout 
their growing season. These data must then be 
correlated with the consumption of such plants by 
voles. 
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The silver-haired bat Lasionycteris 
noctivagans occurs widely across North America 
(Kunz 1982a) at highly variable densities (Barbour 
and Davis 1969). Still, little is known of its ecology 
and behavior, especially of its summer roosting 
habits (Kunz 1982a). Summer roost sites have been 
alledged to be mostly in trees, but few reliable 
records are available (Kunz 1982a). Barclay et al. 
(1988) searched trees in Manitoba and found silver
haired bats roosting under folds of loose bark during 
the migration period. Likewise, Parsons et al. 
(1986) and Novakowski (1956) each reported finding 
a small maternity colony of silver-haired bats in 
hollow trees in Canada. 

Studies in the northwestern United States 
have suggested that silver-haired bats occur more 
frequently in late-successional forest dominated by 
trees over 200 yr old than in early seres (Perkins and 
Cross 1988, Thomas 1988). This association has 
been attributed to the presence of high 
concentrations of standing dead trees, some of which 
have exfoliated bark, cracks in the wood, and 
cavities excavated by birds~ sites that may be 
preferred by bats for roosting (Perkins and Cross 
1988, Thomas 1988). To better understand roost 
selection and habitat requirements of silver-haired 
bats, we investigated the roosting ecology of this 
species in the Black Hills of South Dakota. 

+ STUDY AREA 

Our study area was located in the southern 
Black Hills of South Dakota in and around Jewel 
Cave National Monument. The topography of the 
area varies from rolling highlands with park-like 
valleys to narrow, steep canyons with rocky ridge 
tops. Forests are dominated by pure stands of 
ponderosa pine Pinus ponderosa. 

+ MATERIALS AND METHODS 

Silver-haired bats were captured using mist 
nets over water bodies between 25 June and 4 August 
1994. We attached 0.7-g radio transmitters (model 
BD-2B, Holohil Systems Ltd., Woodlawn, Ontario) 
to four adult males and 12 adult females. We used 
hand-held, 3-element yagi antennas and portable 
receivers (model TR-2, Telonics, Mesa, AZ) to track 
bats to roost trees. If we were unable to determine 
where in the tree the bat was roosting, or whether it 
was roosting alone or communally, we returned to 
the tree before dusk to watch and count bats leaving 
the site. 

Each roost tree was classified as being used 
by either a maternity aggregation or a solitary bat. 
Maternity roosts were located by tracking a pregnant 



or lactating female and always contained more than 
one bat. Solitary roosts contained only a single bat 
and were located by tracking males or females that 
did not appear pregnant or lactating or were post
lactating. 

We identified roost trees to species and 
measured height and diameter at breast height (dbh). 
We placed each roost tree into one of seven decay 
stages~ decay stage I included live trees with intact 
bark and branches, whereas decay stage 7 included 
dead trees that had broken tops, were clean of bark, 
and were beginning to decompose (Thomas et al. 
I979). For purposes of analysis, we combined the 
number of roosts into three tree decay stage 
categories~ stage I-3, stage 4, and stage 5-7. 

+ RESULTS 

On average, we were able to track 
transmittered bats for eight days (range: I - 20). We 
located 39 roosts used by silver-haired bats, all of 
which were in different trees. We followed all I6 
transmittered bats to at least one roost tree. Ten 
trees were used by maternity aggregations averaging 
22.2 ± 4.9 adults and juveniles (range: 6 - 55). 
Because we made no effort to capture bats at the 
roosts, we are unsure of the ratio of adults to 
juveniles. None of the four adult males was ever 
tracked to a maternity aggregation. Maternity roosts 
were found exclusively in tree cavities, primarily 
those created by woodpeckers (Picidae). We found 
solitary bats roosting under loose bark (!! = I5), in a 
tree crack or crevice (!! = 5), or a woodpecker cavity 
(!! = I). We were unable to determine specifically 
where a bat was roosting in eight trees. The height 
of maternity roosts averaged I0.2 ± 1.5 m (range: 
3.I - 13.8). The height of solitary roosts that we 
were able to measure, averaged 3.4 ± 0.5 m (range: 
0.9-8.9). Both maternity aggregations and solitary 
bats selected sites that had cavity openings or roosts 
on the south facing sides of tree boles over other 
aspects (X2 = 15.8, d. f. = 3, P = 0.00 12). 

Of the 3 9 roost trees, 3 8 were ponderosa 
pine and one was an aspen. Of 508 trees on the 
neighborhood plots, 95% were ponderosa pine and 
5% were other species, including aspen, juniper, and 
paper birch. The ten trees used by maternity 
aggregations of silver-haired bats ranged from decay 
stage 2 to 7 (median = 5). The 2 9 trees used by 
solitary bats varied from tree decay stage 3 to 7 
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(median = 4). Trees in the neighborhood plots 
ranged from decay stage 1 to 7 (median = 1). Bats 
in maternity aggregations selected roost trees in 
significantly different decay stages than solitary 
roosting bats (X2 

= I0.2, d.f. = 2, _e = 0.0062). Roost 
trees averaged 14.2 ± 0.9 m (range: 3.7 - 24.I) in 
total height, and 38.7 ± 1.8 em dbh (range: 12.5 -
62.2). They averaged I7.3 ± 2.2 em larger in dbh 
than neighborhood trees. The 10 maternity roost 
trees averaged 43.7 ± 3.5 em dbh (range: 29.2 -
62.2)~ 24.3 ± 3.6 em larger than neighborhood trees. 
The 29 solitary roost trees averaged 37.0 ± 2.1 em 

dbh (range: 12.4 - 54.6), that were 14.9 ± 2.6 em 
larger than neighborhood trees. Maternity roost 
trees were not significantly larger than solitary roost 
trees (t = 1.64, _e = O.I2). 

Bats found in maternity aggregations 
returned to the same roost tree for a mean of eight 
days (range: 1 - 21). We tracked one bat from a tree 
containing a maternity aggregation of 55 bats to a 
second tree with a maternity aggregation of 44 bats 
about 440 m away. The following evening no bats 
were observed exiting from the first roost tree, 
although foraging conditions appeared favorable. It 
is not clear how many bats from the first roost tree 
moved to the second tree with the bat we were 
tracking. 

We tracked solitary roosting bats to an 
average of three roost trees (range: 1 - 6). On five 
occassions, solitary bats used the same tree on 
consecutive days. Although foraging conditions 
appeared favorable, we are not sure if the bats 
remained in their roosts overnight or if they left and 
returned to the same roost later that night. Three of 
the solitary roosting bats returned once or more to 
trees that they had used several days before. The 
mean distance a solitary roosting bat traveled 
between successive roost trees was 405 ± 93.7 m (!! = 

13). All bats traveled a mean of 2064 ± 443 m (!! = 

12) ·from the point where they were captured and 
released to their first roost tree. This distance is 
significantly greater (t = 3.67, _e = 0.0037) than the 
average distance solitary bats would travel between 
successive roost trees. 

+ DISCUSSION 

Roost microsites varied depending on 
whether they were used by maternity aggregations or 
solitary bats. Maternity aggregations were always 



found in some type of hollow cavity within a tree 
bole. Usually these were cavities created by 
woodpeckers, likely hairy woodpeckers Picoides 
vi/losus or black-backed woodpeckers P. arcticus, 
based on the 7.5-10-cm diameter cavity openings 
(Terres 1980). Although considered rare in the 
Black Hills (Black Hills National Forest 1989), 
Lewis' woodpeckers Afelanerpes lewis, northern 
flickers Colaptes auratus or three-toed woodpeckers 
Picoides tridactylus might also have created some of 
the roost cavities. Solitary roosts were located under 
loose bark or in some type of natural crack or crevice 
in the tree bole. Only once did a solitary bat use a 
woodpecker cavity. Although silver-haired bats are 
cryptically colored, they were never observed 
roosting openly on a tree trunk, limb, or in foliage 
where they would have been directly exposed to the 
elements or predators. This behavior differs from 
that of the other cryptically colored tree-roosting bats 
(e.g. Lasiurus spp.), which tend to roost among tree 
foliage (Shump and Shump 1982~,!2). Roosts 
suitable for maternity aggregations may limit silver
haired bat abundance; clearly they are less available 
across the landscape than are solitary roosts. 
Reproductive females seem to require roosts that 
provide a relatively enclosed and unexposed space 
for protecting the young or maintaining the 
necessary thermal environment. 

Solitary roosts occurred more frequently 
than expected on the south-facing sides of tree boles. 
Cavities used by maternity aggregations also tended 
to have openings facing south. We hypothesize that 
these roosts are warmer than if they faced north 
because of insolation. These hypothesized 
differences should result in energetic savings, 
providing more energy for growth and development 
(McNab 1982). Reller (1972) has shown that several 
species of woodpeckers orient their nest cavity 
openings southwesterly for warming by the sun or 
ventilation by the wind. It is unclear whether bat use 
of cavities with south-facing entrances reflects the 
selections of bats or of woodpeckers. 

Silver-haired bats roosted exclusively in 
trees during the summer. Although all but one of 
the roosts were located in ponderosa pine trees, the 
dominance of ponderosa pine in our study area 
prevented us from testing for tree species selection. 
The wide geographic distribution of silver-haired 
bats relative to that of ponderosa pine, and the use by 
silver-haired bats of deciduous roost trees in Canada 
(Novakowski 1956, Parsons et al. 1986, Barclay et 
al. 1988), suggest that these bats select for the 
structure of the roost microsite rather than particular 
tree species. As for other tree-roosting bats 
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(Tidemann and Flavel 1987), it is unlikely that tree 
species is important to silver-haired bats except that 
at the local level one species may tend to have 
preferred attributes. 

Roost trees were standing, dead, and larger 
than average in diameter. The one living tree 
selected as a roost was dying (stage 2), missing its 
top, and had several dead limbs and woodpecker 
holes high in the bole. Although the importance of 
snags as roost sites in other forest types remains in 
question, large snags appear to be important 
resources for silver-haired bats in ponderosa pine 
forests. 

Undoubtedly, snags are important in 
providing roost sites for silver-haired bats. It was 
not surprising then that forest stands containing 
silver-haired bat roosts had snag densities of 21 
snags/ha, a value much higher than current 
management objectives. These densities were even 
higher in a portion of the study area which contained 
a large number of fire killed trees. How fire 
supression has affected the number of snags in the 
Black Hills remains unclear. Early photographs 
suggest that many forested areas in the Black Hills 
were more open with many standing dead trees 
(Knight 1994). 

+ CONCLUSIONS 

Snags are important in the roosting ecology 
of the silver-haired bat, and may affect the 
distribution and abundance of this species. As 
suitable roosts are critical resources for bat survival 
(Kunz 1982b ), we hypothesize that logging practices 
that have reduced snag densities have caused silver
haired bat populations to decline over wide areas in 
the last 100 years. We advocate more intensive 
research on the habitat requirements of snag
roosting bats, which are just beginning to be known, 
Because a large number of vertebrates use snags for 

nesting or roosting (Thomas et al. 1979), efforts to 
conserve roosts sites for silver-haired bats should 
provide habitat for a variety of species. 
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EFFECTS OF 1988 FIRES ON ECOLOGY OF COYOTES 

IN YELLOWSTONE NATIONAL PARK: BASELINE 

PRECEDING POSSIBLE WOLF RECOVERY 

ROBERT CRABTREE+ BIOLOGY DEPARTMENT 

MONTANA STATE UNIVERSITY+ BOZEMAN 

+ ABSTRACT 

Sixty healthy coyotes Canis latrans and 53, 
8-12 week old pups captured at dens were radio
tagged in the Lamar Valley and Blacktail Plateau 
areas of the northern range of Yellowstone National 
Park. Adults range in age from 1 to 12 years and 
averaged 3.3 years old. Territorial packs in both 
study area are adjacent, non-overlapping, 
contiguous, and averaged 15 km2

• Based on 
information the last four winters and data collected 
from 1946 to 1949, territorial areas are traditional 
and have changed little in the last 45 years. We 
estimate that 85 to 90% of coyotes on the northern 
range belong to packs. A territorial group or pack 
during the winter consists of 2 alpha individuals, 2 
or 3 beta adults, and 2 or 3 adult-sized pups. 
Average pack size was 6.3 for Lamar Valley and 4.6 
for Blacktail Plateau. Mean litter size for 1990 
through 1994 was 4.1, 5.7, 6.5, 3.3, and 2.3 for 
those five years. Initial density estimates are 1.4 
coyotes per square mile. Preliminary scat analysis 
suggests that small mammals, especially voles, 
dominate the diet with ungulate remains becoming 
important in May through July (presumably elk 
calves) and late winter (mostly scavenging). 

Graduate students Eric Gese, Kezha Hatier, 
and Scott Grothe have finished their data collection 
and are analyzing data and preparing manuscripts. 
More than 2500 hours of foraging observations were 

conducted from January 1991 through June 1993 
resulting in data collection on more than 4400 
predation attempts on small mammals. Eight 
hundred and fifty hours of den observations were 
completed during 1992 and 1993. Beta pack 
members were observed to bring food to pups and 
protect den sites from intruders. Coyote behavior 
and ungulate mortality data were collected on 80 
carcasses found or translocated during the 1992-93 
and 1993-94 winters. Coyotes were observed at 
these carcasses for 484 hours. Alpha males usually 
feed first at carcasses followed by alpha females, 
beta individuals and pups. Those first to feed 
typically eat the internal organs and muscle tissue 
first. Betas and pups are left to feed mostly on 
bones and hide. 

Five successful and 4 unsuccessful 
predations by coyotes on ungulates have been seen. 
Coyotes appear to impact ungulate numbers in 3 
ways: predation on calves and fawns shortly after 
birth (up to 8 weeks), predation on short-yearlings 
and adults during winter, and indirect impact from 
harassment of other predators at ungulate-kills. 
Coyotes may be the major ungulate predator on the 
northern range due to cooperative social and 
foraging behavior, their ability to take advantage of 
vulnerable ungulates, and their high population 
levels. Wolf extirpation has probably resulted in 
high coyote population densities and coyotes have, 
at least, partially slid into this vacant niche. 



+ INTRODUCTION 

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

The objectives of this project are to: 

1. Assess effects of 1988 fires on 
coyote 
activities, 
dynamics 

survival, 
pack 

reproduction, 
and terri to rial 

2. Estimate coyote population density 
and quantify their ecological role 
preceding potential wolf Canis 
lupus restoration. 

3. 

4. 

5. 

6. 

7. 

8. 

Quantify the effect of winter elk 
carrion availability and mule deer 
Odocoileus hemionus density on 
coyote population dynamics. 

Describe coyote seasonal responses 
to movements of elk Cervus 
elaphus and mule deer. 

Test if coyote pack size is related 
to prey size, territory size, size of 
litters and pup survivaL 

Describe interspecific interactions 
among scavengers. 

Document predation of coyotes on 
ranch livestock by coyotes from 
Yellowstone, and on allotments on 
National Forests adjacent to the 
northern range. 

Develop and test a social-class 
structured population model in 
comparison to sex -and age
structured approaches. 
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9. Estimate parameters for, and 
develop an empirically-based 
energetic model that explains the 
variation m spatial location, 
movement, and reproductive 
success of coyotes based on 
various underlying themes (prey 
base, habitat, slope, aspect, etc.). 

Eric Gese has finished his data collection in 
the field and is currently analyzing data and writing 
his dissertation at the University of Wisconsin 
(Madison). He expects to complete his degree 
requirements by early 1996. Kezha Hatier has 
finished her course work at Montana State 
University and has completed a draft of her thesis. 
She also expects to fulfill her degree requirements 
by early 1996. Scott Grothe has completed his data 
collection and is analyzing data to examine how 
carcass use and carrion availability affects social and 
population parameters of Yellowstone coyote packs. 
He is also taking courses at Montana State 
University and expects to complete his doctoral 
requirements by May of 1996. 

+ METHODS 

GENERAL POPULATION DEMOGRAPHY AND 
SOCIAL ECOLOGY 

Adult coyotes will be captured with 
padded, offset leg-hold traps (soft-catch, 
Woodstream, Inc.) with attached tranquilizer tabs 
(Balser 1965) and other injury-minimizing (and 
avoidance of non-target species) modifications 
developed by Crabtree (1989) who incurred no 
deaths in 121 captures of 112 individual coyotes. 
We will also capture coyotes with a remote
triggered, fence-net near carcasses during winter. 

The sex, weight, estimated age, condition 
indices (Crabtree 1989), presence of scars and 
unique marks, and description of genitalia and 
mammae will be determined for each coyote. The 
vestigial first premolar will be extracted from an 
anaesthetized lower jaw for age analysis via 
cementum annuli examination. Each coyote will be 
ear-marked and fitted with a modified (Crabtree 
1989) 3-year radio collar weighing 3% of body 
weight. Blood samples will be taken for serological 
analysis and DNA fingerprinting. 



Baseline ecological data will be collected 
according to 3 biological seasons: whelping, 15 
April to 15 July; pup-rearing, 15 July through 15 
October; and winter (breeding), 15 October through 
15 April. At the end of each biological season pre
defined transects will be canvassed to collect coyote 
feces. This will allow correlation of biological
season specific movements, habitat use, and 
behavior with foraging ecology and food habits. 

Coyotes will be radio-tracked with a variety 
of techniques including a fixed-station null-peak 
system. Resident coyotes will be located every hour 
during 12 night sessions each biological season. 
Coyotes will be located only during active periods 
determined by remote activity-monitors and 
infrequent 24-hour sessions. Non-resident coyotes 
will be monitored approximately two times per 
week. Individual residency times (Crabtree 1989) 
on the pre-selected core study area will be estimated 
to aid in the determination of social class, 
population social composthon, and population 
density (Dennis et al. 1991). Coyotes will be 
assigned social status based on the classification 
criteria of Crabtree (1989) who studied a natural, 
unexploited population" 

The above methods will allow for the 
estimation of emigration (dispersal), immigration, 
survival, mortality factors, territorial turnover, 
social class transition probabilities, and population 
productivity. Maximum-likelihood estimates of 
survival and mortality factors will be generated with 
program SURVIV (White 1984) and modified with 
the Kaplan-Meier staggered-entry models (Pollock 
1989). This analysis will allow survival and 
mortality factors to be estimated and statistically 
tested by year, age class, social class, season, and 
sex. Litter size will be determined from den counts 
and occasional (if any) female carcasses. The 
proportion of females in the population that breed 
will be estimated from activity and movement data 
during whelping as verified by Crabtree (1989). A 
modified Markov transition/Leslie matrix model 
based on social-class specific mortality and 
fecundity will be constructed (Crabtree, unpublished 
manuscript) to estimate population growth rate and 
social-class transition probabilities. 

Pups will be hand captured at dens when 9-
12 weeks old and surgically implanted with 
intraperitoneal radio-transmitters. This will allow 
estimates of early pup mortality, dispersal, and 
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social interaction and transitions up to 2 years of 
age. 

Coyote home ranges and utilization 
distributions (probability density functions) will be 
estimated with an adaptive kernel method (Worton 
1989) using a recently developed computer program 
(see Chow and Crabtree 1989). For comparative 
purposes the minimum convex polygon (Mohr 1947) 
and harmonic mean (Dixon and Chapman 1980) 
methods will be calculated. Seasonal spatial overlap 
indices will be calculated based on volume overlap 
of animals' utilization distributions (program 
OVERLAP [Lehan and Crabtree 1988]). 

SPECIFIC METHODS FOR FIELD-ORIENTED 
OBJECTIVES I THROUGH 7 

1. We will quantify the following coyote 
responses: survival, reproduction, changes social 
status, territoriality, group size, food habits, prey 
consumption, seasonal home range shifts, and 
foraging activity and location. We will treat the 
territory or coyote social group as the sampling unit 
and conduct a "gradient analysis" (Ter Braak and 
Prentice 1988) in the form of a linear model. 
Extensive effort will be placed in capturing at least 
one (or both) alpha adult(s) in at least 12 territories 
located across a gradient of fire intensities and bum 
types (e.g., forest, shrubland, and sedge) with 4 of 
12 territories located in unburned, "control" areas. 
We simply seek to explain the variation among 
territorial group response variables (dependent 
variables above) by measurement of habitat variables 
such as cover, bum characteristics, and prey 
abundances of each territory (independent 
variables). 

2. We will utilize a modified mark-
recapture method known as radioisotope feces
tagging that has much promise and has recently been 
implemented to directly estimate coyote population 
size and density (Crabtree et al. 1989, Dennis et al. 
1991). Captured coyotes are administered a tag that 
marks the feces. This averts recapture biases, 
eliminates the need for recapture of coyotes, and 
provides large sample sizes and more precise 
estimates. 

We propose 2 unique and innovative 
approaches to determine the ecological role of the 
coyote with emphasis on their impact on prey 
species. First, we will utilize a differential 
digestibility model recently developed and apply it 



to our population of coyotes. Secondly, we will 
estimate predation rates on prey species based on the 
highly observable and habituated coyote population 
of Yellowstone's northern range. 

We will not only examine food habits from 
scat analysis but apply a method that estimates the 
actual fresh weight of prey ingested for each prey 
species (elk, mule deer, antelope, microtines, pocket 
gophers, etc.). This differential digestibility model 
was recently completed (Kelly 1991). This model 
corrects the bias due to differential digestion of prey 
items. This research was the result of an extensive, 
highly controlled and replicated series of feeding 
trials involving 50 coyotes, 37 prey species 
combinations, and multiple examination of over 
1,600 coyote scats. Differential digestibility of 
different prey types caused a severe bias which 
means current methods are highly inaccurate. Even 
the gross ranking of preferred food items based on 
percent frequency of occurrence of prey items in 
scats can be highly misleading. Differential 
digestibility was found to be a complex function of 
physiological parameters such as feeding time 
strategies, retention time and passage rates in the 
stomach, and surface area to volume ratios of prey 
types. 

Besides the application of the differential
digestibility model, the key to estimating the actual 
biomass of prey consumed by a population of 
coyotes (e.g., Lamar Valley ) is estimating the 
population size of coyotes (this we have) and 
estimating coyote defecation rates. There are 3 
ways we propose to obtain estimates of the 
unknown, but critically important estimate of 
defecation rates. First, the above pen study will 
provide an estimate, but a degree of uncertainty 
exists as to whether this is representative of the real 
field situation. A second estimate can be obtained 
from dividing the total number of observed 
defecations by the total number of observed coyotes
hours. A third estimate can be obtained from snow
tracking coyotes and recording the distance in 
between defecations< Because the routes of snow
tracked coyotes can be determined from radio
tracking, the distances between defecations can be 
converted into time-specific rates. Other events 
revealed from snow-tracking like urination scent
marking and predation attempts can similarly be 
converted to time-specific rates. 

Because we can collect a sample of scats 
from the interior core area of a territory with 
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certainty that those scats are from that pack we can 
again, determine the effect of fire, available prey, 
group size, etc. on prey type consumed. Crabtree et 
al. (1989) individually marked and identified the 
scats from 44 coyotes and verified that over 95% of 
the scats collected from inside the home-range core 
area are from the resident pack themselves. 

3. We will estimate both the availability of 
elk carrion (and other ungulate carrion) and mule 
deer density and relate this to coyote population 
dynamics at 2 levels: the individuals territory and 
the total coyote population (over time). Concurrent 
with the winter transects addressed in objective #6, 
we will conduct winter ground transects on the 
northern winter range in order to estimate the 
availability of carrion. Estimates of mule deer 
density will be gathered from other ongoing research 
efforts in the park. 

Thus, as in objective #1, an individual 
territory's survival, reproduction, change in social 
status, territoriality, group size, food habits, prey 
consumption, seasonal home range shifts, and 
foraging activity and location will be related to, and 
tested for the availability estimates of carrion and 
mule deer (gradient analysis). Additional estimates 
of other ungulate prey (e.g., antelope fawns) may 
also be addressed in the same manner as mule deer 
availability. 

4. We will examine the following coyote 
responses to ungulate movements both to and from 
the winter range at both the territory and population 
level: diet shifts, changes in activity patterns, 
territorial behavior and carcass interactions 
(objective #6), home range shifts, and pack size. 
The radio-telemetry and winter observational data 
will be analyzed temporally with divisions centered 
on spring and fall ungulate migrations, coyote 
breeding and pair bonding, and alpha female 
parturition and weaning periods. Finally, paired 
comparison of responses will be made between 
territorial and non-territorial individuals. 

5. Group or pack size will be determined 
by a combination of methods: visual sightings from 
ground and aerial observation during December 
through March when group cohesiveness is 
maximized, ratio estimate from marked feces 
(Crabtree et al. 1989), and most importantly 
vocalization monitoring and carcass observations. 



6. Besides the nocturnal and crepuscular 
radio-tracking periods during the winter period we 
will conduct a supplemental study. We will observe 
coyote interactions at carcasses utilizing modified 
focal sampling procedures (Altmann 1974) and 
record behavioral information into a palm-top 
computer, cassette tape, and/or video recorder. 
Behavioral interactions such as dominance display, 
fighting, and usurping within and between coyote 
packs will be recorded in relation to these various 
factors: territorial area (core area, periphery, and 
boundary), group size, carrion availability, season, 
sex, food deprivation/satiation, and age of territorial 
establishment. Supplementation of carcasses to 
improve a balanced design and create carcass 
interactions at observational vantage points will be 
conducted" 

Concurrent with carcass transects (objective 
#3) we will record all predator tracks (coyote, red 
fox Vulpes vulpes, bobcat Felis rufus, marten Martes 
americana, cougar Felis concolor, wolverine Gulo 
gulo, etc.). Besides snow-track surveys, sightings, 
scats, and possible captures will be monitored to 
provide a baseline index to abundance before 
possible wolf presence. 

7. There exists no valid method to 
ascertain actual coyote depredations unless the 
carcass is fresh. However, we propose to make 
contact by letter, telephone, and personal visitation 
to local private ranches with livestock on private and 
National Forest land. Estimated dispersal rate and 
dispersal direction from Yellowstone coyotes will be 
compared on a seasonal and yearly basis to the 
response by livestock owners and other involved 
personnel (e.g., Montana Dept. of Fish and Game). 

From late November 1992 to mid April 
1993, 24 hour activity was sampled for coyotes in 
both study areas with radiotelemetry techniques. A 
sub sample of daytime telemetry activity estimates 
were also post-corrected and checked with 
simultaneous visual observations. These data 
included date, time, weather conditions (i.e. cloud 
cover, wind, and temperature), snow cover, sex, 
age, social status, and pack affiliation for each 
coyote, and whether the coyote was active or 
inactive, along with a quality rating of each 
telemetry reading. 

109 

+ RESULTS AND DISCUSSION 

Field work began in fall 1989 in the Lamar 
Valley and Blacktai1 Plateau areas of northern 
Yellowstone. Lamar Valley has 7 social groups or 
"packs", whereas Blacktail Plateau has 6. Including 
only the areas adjacent to, and either side of the 
paved highway there are 21 social groups from the 
west end of Blacktail Plateau to the east end of 
Lamar Valley 

SOCIAL AND SPATIAL ORGANIZATION 

Territorial packs in both study area are 
adjacent, non-overlapping, contiguous, and averaged 
15 km2

. Evidence from the last four winters 
strongly indicates that coyote territories are 
traditional and have not shifted spatially in over 45 
years. The location of dens discovered in 1946 to 
1948 were compared to the location of dens 
discovered in 1990 to 1992. Five of 7 den areas 
were still being used. In addition, the boundary 
regions of 8 territories have not changed from 
winter 1989-90 to winter 1992-93. 

We estimate that 85 to 90% of coyotes on 
the northern range belong to packs. As in other 
studies of coyote social ecology, a northern range 
pack or territorial group consists of a dominant, 
mated alpha-pair and subordinate "beta" 
individuals. These betas are pups from previous 
litters that remain in the natal area. 

We calculate that during the winter an 
average northern range pack has 5.6 coyotes (6.3 for 
Lamar Valley and 4.6 for Blacktail Plateau) 
including 2 alpha individuals, 2 or 3 beta adults, and 
1 to 3 adult-sized pups. Approximately one beta 
adult in each pack has a loose affiliation with its 
natal area and has a movement area much larger than 
the territory size. The average January pack size 
from 1989 through 1994 was 5.7, 6.1, 5.5, 6.0, and 
4. 7 for these 5 years. 

POPULATION DEMOGRAPHICS 

Based on visual capture-recapture and 
territory enumeration, the population density of 



coyotes on the northern range appears to be very 
high. Preliminary estimates averaged 1.4 adult 
coyotes per mi2

• Density appears stable and we 
have detected no significant changes over 4 
consecutive winters. We are currently finishing the 
counting of scats for presence of the isotope-label. 
Over twenty percent of the first 850 scats counted 
were labeled. This ratio of marked to unmarked 
scats will allow an independent estimate of 
population density. 

A total of 113 coyotes were captured and 
processed from October 1989 to February 1994. 
Data was collected from sixty-two males and 51 
females from 16 different resident packs. Age 
classes of the captured coyotes were 35 adults, 12 
yearlings, 13 old pups (5-6 months old), and 53 (8-
12 weeks old) young pups. Fourteen coyotes were 
sampled in 1989, 14 in 1990, 36 in 1991, 38 in 
1992, 10 in 1993, and 1 in 1994. Adults ranged in 
age from 1 to 12 years and average 3.3 years. 
Average weights of yearlings/adults was 12.43 Kg 
and ranged from 6" 8 to 17.5 Kg. 

Fifteen radio-collared or implanted coyotes 
were found or presumed dead since November 1992. 
Two were hit by vehicles in the Yellowstone 
National Park, six died of unknown causes, one was 
trapped, one was shot, two were recaptured and 
euthanized for rabies testing, and three collars were 
returned and these coyotes were presumed dead of 
unknown causes. One of the latter collars was that 
of the 13 year old alpha female of the Bison Peak 
Pack I in Lamar Valley. Based on field 
observations, it is believed that most of the coyotes 
in the Lamar Valley at this time are descendants of 
this coyote. 

FORAGING ECOLOGY 

Eric Gese completed all his field work on 1 
July 1993. He and field assistants collected in 
excess of 2500 hrs of coyote behavioral and foraging 
observations on 49 resident coyotes from 5 packs (as 
well as 5 transients) in Lamar Valley. These data 
include more than 4400 predation attempts on small 
mammals. His preliminary results show that Lamar 
Valley coyotes use mesic and shrub meadows for 
hunting, whereas roads and riparian areas are used 
primarily as travel pathways. However, the uses of 
these areas change throughout the year depending on 
snow depth and carrion availability. 
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The 170-mile scat-survey transects 
conducted at the end of each biological season 
results in the collection of 300 to 400 samples per 
survey. We have subsampled 160 scats from each 
collection period and have begun analysis of food 
habits and estimates of prey biomass consumed. 
Preliminary results indicate that small mammals, 
especially voles, dominate the diet with ungulate 
remains becoming important in May through July 
(presumably elk calves) and late winter (mostly 
scavenging). 

We documented numerous successful and 
unsuccessful predation attempts on ungulates in our 
study areas. Coyotes appear to impact ungulate 
numbers in 3 ways: predation on calves and fawns 
shortly after birth (up to 8 weeks), predation on 
short-yearlings and adults during winter (Gese and 
Grothe, 1994), and indirect impact from harassment 
of other predators at ungulate-kills. Although 
coyote predation on ungulates has not been directly 
looked at, the following information strongly 
suggests that coyote predation on ungulates is a 
significant factor and that the coyote is currently the 
major ungulate predator on the northern range. Of 
course this could dramatically change with the 
recolonization of wolves. 

An elk calf mortality study (B. Harting, 
unpubl. data, 1991) indicated a 7, 7~ 10, and 35% 
annual coyote predation rate in Lamar Valley during 
1987, 1988, 1989, and 1990, respectively. This 
corresponds to the remains of 1 to 3 elk calves per 
coyote den found during June at both study areas in 
1990 and 1991. Based on searches of denning sites 
(coyotes generally move 4 or 5 times the first 10 
weeks after birth) we calculate a minimum of 8 
calves killed (and brought back to the den) per 
territorial pack We also have found intact elk 
calves killed by coyotes and not utilized. 

Based on preliminary analysis of a small 
sample of marked pronghorn fawns and fawn/doe 
ratios, it appears that coyote predation was 80% on 
northern range pronghorn fawns in 1991 (D. Scott, 
pers. commun., 1991). We also suspect high coyote 
predation rates on mule deer fawns. 

Five successful predations of coyotes on 
adult and short yearling elk calves have been seen as 
well as 5 unsuccessful attempts (Gese and Grothe, 
1994). For these predation events, attacking 
coyotes used terrain and deep snow to their 
advantage. Observed attacks usually occurred either 



in deep snow ( < 0.5 m) and/or on a steep slope 
during both day and nighttime hours. The kills 
were made by the alpha pair, with the male being 
the most aggressive. Coyotes would typically bite 
and hold onto the hamstring of a rear leg to bring 
down the elk. Usually after an elk was brought 
down (but, still alive), the alpha pair began feeding, 
often on the rump and side. However, biting at the 
head and neck region did occur. 

Most of the observed predation attempts 
that were unsuccessful were attempts on elk calves 
(Gese and Grothe, 1994). During their escape, 
calves made their way to bare ground or unfrozen 
creeks. Calves that got to bare ground had a much 
better advantage at warding off an attack with head 
butts, kicks, and quick turns. Coyotes would not 
follow calves into open water, but would remain on 
the bank and watch the calves for varying periods of 
time. 

Additional preliminary data (other than the 
observed predation events) that are based on back
tracking also strongly suggested predation by 
coyotes on ungulates. Coyote predation on elk and 
mule deer during the winter months appears to be a 
function of increased vulnerability: snow conditions 
and slope (S. Grothe and E. Gese pers. obs., G. 
Green, pers. commun., 1988) and the size and 
condition of short-yearlings and adults. During 
carcass surveys conducted on the northern range in 
1987 (Knight et al. 1988) researchers were able to 
verify that coyotes killed 3 of 5 short-yearling elk 
for carcasses discovered 0 to 4 days after death; and 
2 of 7 short-yearlings 4 to 16 days after death. An 
additional 28 short-yearlings were found 16 to 90 
days after death but cause of mortality could not be 
attributed to a predator. 

Another means by which coyotes 
numerically impact ungulate populations is through 
harassment of other ungulate predators thereby 
forcing them to abandon their kill and kill ungulates 
at a higher rate. During intensive observations in 
recent years coyotes have been observed usurping 
both mountain ions and grizzly bears from their 
kills. Without coyote harassment, lions apparently 
spend 2 to 3 times longer feeding at a kill (G. 
Felzien, unpubl. data, 1991). In one instance, a 
coyote pack was observed usurping, attacking, and 
biting a grizzly bear (S. French, pers. commun., 
1991). 
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Although it is difficult to quantify the 
direct impact of coyotes on ungulate populations, it 
is feasible that coyotes could be removing 1000 or 
more elk annually. Mean elk calf mortality reported 
above was 15%. Crudely extrapolated to the 
northern range, fifteen percent of, say, 6000 elk 
calves is 900 elk removed by coyote predation on 
calves alone. Compared to an estimated 350 to 400 
elk removed by mountain lions annually (K. 
Murphy, pers. commun. 1991) coyotes may present 
a significant influence on ungulate populations 
(especially on low populations of pronghorn and 
mule deer). This impact is a function of coyote 
population size which may be at unnaturally high 
levels due to the extirpation of wolves. Based on 
extrapolations from our study areas to other similar 
areas on the northern range with known coyote 
presence, we estimate at least 450 coyotes (60 
packs) on the northern range. 

HELPERS AND PUP REARING 

Kezha Hatier has completed her course 
work and is currently working on her second thesis 
draft She and field assistants collected more than 
1000 hrs of field observations on how beta pack 
members assist in the survival and pup rearing 
during 1992 and 1993. Her data includes 
observations on 10 coyote packs. 

Mean litter size for 1990 through 1994 was 
4.1, 5.7, 6.5, 3.3, and 2.3 pups for those five years. 
Necropsies determined that many pups died of 
parvovirus in 1992. However, no parvovirus was 
evident in 1993. This may be because of both the 
relatively cool wet summer in 1993 and the fact that 
fewer pups were implanted, hence found 
immediately after death. 

Den observations revealed that beta pack 
members help to rear pups by bringing them food, 
regurgitate, guarding, and grooming. Hatier's 
preliminary results indicate that adult coyotes (both 
alpha and beta individuals) showed differences in 
these behaviors through time during pup rearing. 

CARCASS USE BY COYOTES 

Scott Grothe, a Ph.D. student at Montana 
State University, is currently taking courses and 
analyzing data. He expects to finish his dissertation 
on winter carcass use by Yellowstone coyotes and its 



influence on social and population parameters by 
May of 1996. 

Coyote behavior and ungulate mortality 
data were collected on 80 carcasses (including 16 
that were translocated from outside the Lamar 
Valley and Blacktail Plateau study areas) on the 
northern range during the 1992-93 and 1993-94 
winters. During this same time, coyotes at carcasses 
were observed for 484 hrs. 

Preliminary results of carcass observations 
suggest that pack access to a carcass is a function of 
initial discovery, its location with respect to 
territorial boundaries, and level of hunger. The 
alpha male usually feeds first and is occasionally 
tolerant of the alpha female, but typically not betas 
and pups. Those that feed first typically eat the 
internal organs and muscle tissue. Betas and pups 
are left to feed mostly on hide and bones. Coyote 
tolerance of intra- or interpack coyotes seems to be 
dependent upon satiation. 

• CONCLUSIONS 

The northern Yellowstone population has 
characteristics similar to the natural, unexploited 
population in south-central Washington studied by 
Crabtree (1989): low productivity, a highly
structured social system, a contiguous distribution of 
non-overlapping, year-round territories, and an old
age structure. Adult mortality is low and primarily 
due to mountain lions and roadkill. However, there 
is a high incidence for canine distemper virus and 
canine parvovirus. Like gray wolves Canis lupus, 
85 to 90% of northern Yellowstone coyote 
population exists in packs and average pack size is 
high. Northern range coyotes prey primarily on 
small mammal prey, but ungulate prey is a 
significant food source seasonally. Coyotes may be 
the major ungulate predator on the northern range 
due to cooperative foraging behavior, their ability to 
take advantage of vulnerable ungulates, and their 
high population levels. Wolf extirpation has 
probably resulted in high coyote population densities 
and coyotes have, at least, partially slid into this 
vacant niche. 
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+ INTRODUCTION 

Traditional methods for measurement of 
vegetative characteristics can be time-consuming and 
labor-intensive, especially across large areas. Yet 
such estimates are necessary to investigate the effects 
of large scale disturbances on ecosystem components 
and processes. Because foliage of plants 
differentially absorbs and reflects energy within the 
electromagnetic spectrum, one alternative for 
monitoring vegetation is to use remotely sensed 
spectral data (Tueller 1989). Spectral indices 
developed from field radiometric and Landsat data 
have been used successfully to quantify green leaf 
area, biomass, and total yields in relatively 
homogeneous fields for agronomic uses (Shibayama 
and Akiyama 1989), but have met with variable 
success in wildland situations (Pearson et aL 1976). 
Interference from soils (Hardinsky et al. 1984, Huete 
et al. 1985), weathered litter (Huete and Jackson 
1987), and senesced vegetation (Sellers 1985) have 
diminished the relationship between green 
vegetation characteristics and various vegetation 
indices. 

In 1987, we found that a linear combination 
of Landsat Multi-spectral Scanner (MSS) band 7 and 
the ratio of MSS bands 6 to 4 explained 63% of the 
variation in green herbaceous phytomass (GHP) in 

sagebrush-grasslands on ungulate summer range in 
the northeastern portion of Yellowstone National 
Park (Merrill et al. 1993). The extensive fires that 
occurred in the Park in the summer of 1988 provided 
an opportunity to determine whether remote sensing 
could be used to estimate green phytomass in burned 
areas and to monitor grassland vegetation recovery 
in the Park after the fires. Remote sensing has 
previously been used to follow succession of seral 
stages in pine forests (Jakubauskas et al. 1990) after 
burning and to monitor plant cover in tundra (Hall et 
al. 1980) after wildfires. 

The objectives of our study were to: (1) 
develop a model for predicting GHP in sagebrush
grassland communities using Landsat TM spectral 
information and field data on GHP for 2 years, (2) 
validate the model by comparing predictions made 
from the model to actual field data collected in a 
third year, and if successful (3) compare initial 
vegetation recovery in burned areas relative to 
unburned sagebrush-grassland. 

+ STUDYAREA 

The study was conducted in the northeast 
portion of Yellowstone National Park with major 
focus on the upper Lamar, Cache and Calfee River 



drainages and the Mirror Plateau (Fig. 1). General 
descriptions of physiogamy and soils are given by 
Despain ( 1990). Elevations range from 1,500 to 
3,300 m. Climate of the Park is characterized by 
long, cold winters and short dry summers, but 
climatic patterns within the Park vary considerably 
Fig 1 (Houston 1982). Mean annual precipitation in 
Cooke City, located to the northeast of the Park is 
67.0 em (26.8 in) and mean daily temperature in 
January and July is -10.3° C (13.5° F) and 13.9° C 
(57.1 oF), respectively. 

~_!__~, 
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Figure I. Location of study area in the northeastern portion of 
Yellowstone National Park. 

Descriptions of vegetation communities in 
the park have been given by Despain (1990). Our 
work focused on the non-forested plant communities 
within the study area. These included sagebrush 
Artemisia tridentata communities which have an 
understory of bluebunch wheatgrass Agropyron 
spicatum in dry areas, and Idaho fescue Festuca 
idahoensis on the more mesic sites. Silver sagebrush 
Artemisia cana with an Idaho fescue co-dominant is 
found on areas associated with high water table such 
as stream banks and seeps. High elevation 
grasslands are dominated by Idaho fescue/tufted 
hairgrass Deschampsia cespitosa and tufted 
hairgrass/sedge Carex spp. At intermediate 
elevations, Idaho fescue/wheatgrass Agropyron 
spicatum and A. caninum communities are 
encountered with the latter dominating in the more 
mesic sites. 

Elk Cen,us elaphus, mule deer Odocoileus 
hemionus bison Bison bison, moose Alces alces, 
bighorn sheep Ovis canadensis, and pronghorn 
Antilocapra americana arc the major ungulates in 
this area (Houston 1982). 
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+ METHODS 

VEGETATION SAMPLING 

Vegetative data were collected in the field 
from 25 July- 10 August 1989, 30 July - 11 August 
1990, 30 July - 11 August across Norris
Cache/Calfee ridge complex and Mirror Plateau in 
the northeastern portion of Yellowstone National 
Park. Each site encompassed at least 0.81 hectares 
(9 TM pixels) of relatively homogeneous vegetation. 
At each site, elevation, aspect (degrees), and average 
slope (%,) of the plot were recorded using 1:24,000 
topographic maps and the site mapped. Grassland 
habitat types assigned to sites followed Yellowstone 
National Park habitat mapping (Despain 1990). 

We qualitatively assessed the intensity of 
burning in the field at each site according to the 
following categories: (1) severely burned: ~ 80 %of 
the ground cover and litter consumed, presence of 
shrubs noted only by trunk stubs, usually heavy ash 
layer, (2) moderate burn: < 80% but usually> 35 % 
of the ground cover and litter consumed, few live 
shrubs but standing dead shrubs present, (3) lightly 
burned: < 35% ground cover and litter consumed~ 
many live shrubs remaining, ( 4) no burn. 

A double sampling approach was used to 
estimate biomass of green forbs, green grasses, and 
standing dead herbaceous vegetation at each site 
(Eberhardt and Simmons 1987). Percent cover of 
graminoids, forbs, bareground, rock, moss and 
lichens, and dead wood were visually estimated and 
average heights of plant types (forbs, graminoids, 
standing herbaceous phytomass) were measured in 
30 microplots (0.01 m2) at each site. Ten of the 
microplots at each site were clipped to ground level. 
Vegetation was separated into green graminoids, 
green forbs, and standing dead herbaceous material. 
A criterion of ~ 25 % "green" was used to 
differentiate green from senescent (standing dead) 
plants. Biomass samples were dried at 70° C for 48 
hours and weighed to the nearest 0.1 g. An index of 
plant volume was calculated (canopy cover x plant 
height) for each of the 30 microplots. The ratio of 
dry plant biomass to plant volume in clipped 
microplots at a site was used to estimate dry plant 
biomass in the 20 microplots which were not clipped 
(Eberhardt and Simmons 1987). 



Differences in mean standing dead, green 
forb, green graminoid, total (green plus standing 
dead) biomass at sites that were sampled in all 3 
years were tested using a Wilcoxon matched-pairs 
signed-ranks test. Differences in plant biomass 
between 3 bum categories (unburned, lightly burned, 
moderately to severely burned) were tested within 
years using Kruskal-Wallis one-way analysis of 
variance, and between two burn categories 
(unburned to lightly burned, moderately to severely 
burned) using a Mann-Whitney U test. 

LANDSAT DATA ACQUISITION AND 
PREPROCESING 

We used thematic mapper (TM) data from 
Landsat-5 satellite to quantify spectral characteristics 
of our study area. TM imagery for 2 August 1989, 
13 August 1990, 31 July 1991 of the study area were 
acquired from EOSAT by the National Park Service. 
Due to mechanical problems with the receiving 
station in Golden, California, EOSA T was unable to 
provide us with data from our projected 6 August 
1990 satellite overpass. The closest date to our field 
sampling (July 30 - August 11) for which imagery 
was available was 13 August 1990. Data from this 
overpass was less than ideal because the date of the 
overpass was outside our sampling window and there 
were considerable clouds in the scene. Because of 
the cloud cover, we were unable to obtain spectral 
values for 6 field plots sampled in 1990. 

Digital data were transferred from 9-track 
computer tape to the Micro-computer Image 
Processing System (MIPS) for data processing. Data 
from each scene were georcferenced to 1:24,000 
USGS topographic using 8 control points. 

Environmental conditions that differed 
among years at the time of the satellites overpasses, 
such as sun angle and atmospheric conditions, were 
standardized to 1989 conditions in the following 
manner. First, we located 6 control sites of 9 TM 
pixels each in the 3 images, including bright 
landscape clements (Wahb hot springs and Lamar 
trail thermal area) and dark landscape elements 
(Trout and Soda Butte Lakes, rock faces of Abiathar 
and Thunderer peaks). Second, we recorded the 
spectral values of the 9 pixels for each spectral band 
at each site and calculated the average for the site. 
Third, we estimated the parameters of a linear 
relationship between average spectral values of each 
band in 1989 to the other 2 years (Appendix 1). 
Finally, we used the relationships derived from the 
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control points for each band to adjust reflectance 
values of all pixels in 1990 and 1991 to 1989. 

RELATIONSHIP BETWEEN GREEN PHYTO
MASS AND SPECTRAL VALUES 

Values for each of the 6 TM bands were 
recorded for 9 pixels (0. 81 ha) encompassing each 
field site and averaged to represent the spectral value 
of the site. Linear combinations of the TM values, 
as well as published vegetation indices (Jackson 
1983), were related to field estimates of biomass at 
field sites using least squares linear regression. 
Three indices were based on ratios of the red and 
near infrared (NIR) TM bands: the ratio vegetation 
index (R VI = NIR/red), the normalized difference 
index (NDVI = (NIR-rcd)/(NIR+red) and the 
transformed vegetation index (TVI= SQRT(ND + 
0.05) (Huete and Jackson 1987). The soil brightness 
index (SBI), the perpendicular vegetation index 
(PVI), and the green vegetation index (GVI) were 
derived using the Graham-Schmidt 
orthogonalization process (Jackson 1983) in the 
MIPS software. Jackson (1983) showed that these 
indices minimize soil background variations while 
improving green vegetation signals. 

We evaluated the relationship between the 
Landsat spectral values and the field estimates of 
biomass in two steps. First, the regressions between 
vegetative and spectral characteristics were evaluated 
based on their F value <r :S 0.05), the amount of 
variation in the dependant variable explained by the 
independent variables (r2), and the standard error of 
the estimate. Second, 21 field sites were sampled in 
more than one year. We used data from only one 
year to develop relationships between spectral 
characteristics and green herbaceous biomass. The 
remaining data were used to "validate" estimates of 
phytomass predicted from spectral values and actual 
field data. 

GIS ANALYSES 

Standarized spectral values in TM bands 3 
and 4 were used to calculate ND VI using data from 
the 1989, 1990, and 1991 TM Landsat imagery at a 
28-m resolution. TM bands 3 and 4 for each year 
were imported into the GRID program of ARC/INFO 
and co-registered with the vegetative cover, burn 
intensity, and elevation GIS coverages obtained from 
Yellowstone National Park in GRASS format and 
imported into ARC/INFO. The cell resolution of all 
GIS layers were standarized to a 30-m resolution. 



Average green and total biomass was 
estimated from NDVI in burned and unburned 
sagebrush-grasslands across the study area in 1989 
to 1991 in a 4-step process. First. the study area was 
stratified in ARC/INFO into high (>2620 m) and 
low t:_2621 m) elevation coverage. Second, 
equations 1 - 4 were used to calculate total and green 
herbaceous biomass and a predicted biomass 
coverage was created for each clevational stratum. 
Because cloud cover constituted > 10 percent of the 
1990 Landsat image, locations of clouds were 
identified using Landsat spectral band 4 and 
removed from the analyses in 1990. Finally, areas 
that were forested were removed from the analysis 
using the vegetative cover map. Average estimates 
of total and green herbaceous biomass in burned and 
unburned sagebrush-grasslands in our study from 
1989-1991 and their variances, corrected for 
autocorrelation, were to be determined following 
procedures described by Isaaks and Srivastava 
(1989). 

+ RESULTS AND DISCUSSION 

FIELD ESTIMATES OF PHYTOMASS 

Vegetation was sampled at 61 individual 
field sites, with 21 sites resampled in all 3 years 
(Table 1). Plots were distributed about equally 
among Lamar Flat-Norris Mount, Cache-Calfee 
Ridge, and the Mirror Plateau in the northeastern 
portion of Yellowstone National Park. Total 
herbaceous standing crop (Table 2) was within the 
range of variation documented by Merrill et al. 
(1993) in the same area in 1987 for the same 
vegetative types. Graminoids consistently averaged 
about 50% of the total green herbaceous phytomass 
(GHP) in the 3 years of the study. Biomass of green 
forbs, green graminoids, and total herbaceous 
biomass (green biomass plus standing dead) on the 
21 sites sampled each year was higher in 1990 than 
in 1989 and 1991 <r < 0.05) (Fig. 2). The 
proportion of total herbaceous vegetation that was 
standing dead was lower in 1989 (0.04 ± 0.06, x ± 
s.d.) than in 1990 (0.12 ± 0.11) and lower in 1990 
than in 1991 (0.24 ± 0.17) <r ~ 0.0 1). Weather data 
were incomplete (Fig. 3), but did not indicate that 
either high growing season precipitation or early 
snow melt was responsible for an increase in 
herbaceous standing crops in 1990. 

There were no significant differences in 
biomass of green graminoids and forbs between 
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unburned, lightly burned, and moderately to severely 
burned in any year, but sample sizes within each 
bum category were low (5 - 8 sites). When sites 
were combined into lightly to unburned (n = 13) and 
severely to moderately burned (n = 8), graminoid 
biomass was lower, but not significantly lower, on 
severely to moderately burned sites in all years and 
forb biomass was higher in burned areas (Fig. 2) 
with a significant difference occurring in only 1990 
<r < 0.05). Since our study was not directed at 
looking at small scale differences in burned and 
unburned sites, our sample sizes are small and the 
power of these tests is low. Nevertheless, increases 
in forb biomass and decreased grass biomass is not 
an uncommon response in the initial years after 
burning in sagebrush, Fig. 2 and Fig. 3, grasslands 
(Wright and Bailey 1982). 

SPECTRAL INDICES AND VEGETATION 
CHARACTERISTICS 

TVI and TM band 7 were most highly 
correlated with standing dead phytomass (Table 3). 
The normalized difference index (NDVI) was the 
spectral index most highly correlated with total and 
green vegetative characteristics (Table 3). NDVI has 
consistently been found to be related to green leaf 
biomass or photosynthetically active radiation 
absorbed by plants (Tucker 1979). There was 
considerable scatter, however, in the relationship 
between total (THP) and green herbaceous 
vegetation (GHP) and NDVI when examined across 
years and no simple or multiple regression model 
could be found that explained more than 40 % of the 
variation in NDVI in all years. In particular, data 
from 1990 had higher biomass for the same NDVI 
values as in other years. This was not unexpected 
since the satellite overpass in 1990 occurred several 
days after the vegetation sampling at field sites was 
completed rather than during the middle of the 
sampling period. Thus, we did not use field data 
collected in 1990 to develop the relationship between 
spectral NDVI and field estimates ofphytomass. 

THP and GHP alone explained 45 and 46o/o 
<r = 0.001) of the variation, respectively, in NDVI at 
field sites sampled in either 1989 or 1991 (Fig. 4). 
Elevation explained an additional 6% of the 
variation in NDVI (Table 4). Neither burn intensity 
nor standing dead herbaceous phytomass (SDHP) or 
the proportion of standing dead of THP explained 
additional variation in these data once the effects of 
elevation were accounted for. The effect of standing 
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Table L Location and characteristics of field sites sampled during August of 1989, 1990 and 1991 in Yellowstone National Park. 

P ot Ha 1. ~t 
# Year Sampled Latitude/Longitude Location Burn1 Elev Asp Slp Type 

(m) (0) (0) 

l01 1989, l991 44 so 38.6 no o8 32.7 Lo;..rer Norr1.s TJ 7520 180 IS TFG 
102 1989, 1990, 1991 44 so 51.7 110 09 03.5 Lower Norris No 7740 179 17 TFG 
103 1989, 1990, 1991 44 so 28.3 110 07 49.7 Middle Norris T1 7800 252 15 TFG 
104 1989, 1990, 1991 44 50 13.6 110 08 07.1 Middle Norris T2 7520 302 9 TFG 
105 1989, 1990, 1991 44 49 16.0 110 08 35.0 Lower Cache T2 7460 250 14 TFG 
106 1989, 1990, 1991 44 49 20.2 110 08 25.2 Lower Cache No 7700 253 6 FN 
107 1989, 1990 44 48 21.0 110 05 49.2 Upper Cache No 8140 0 0 FN 
108 1989 44 48 11.1 110 06 40.0 Upper Cache No 7940 230 1 TFG 
109 1989, 1990, 1991 44 48 47.3 110 05 58.6 Upper Cache T3 8025 2 3 TFG 
110 1989, 1990, 1991 44 48 19.1 110 06 24.4 Upper Cache No 796Q 200 18 TFG 
111 1989, 1990, 1991 44 48 06.9 110 06 40.0 Upper Cache No 7850 0 0 TFG 
112 1989 44 48 18.2 110 07 19.2 Upper Cache No 7760 295 4 TFG 
113 1989, 1990, 1991 44.48 45.9 110 07 40.9 Upper Cache T3 7680 211 11 TFG 
114 1989, 1990, 1991 44 51 05.0 110 11 03.1 Lamar Flat T2 6640 0 0 TF 
115 1989, 1990, 1991 44 so 59.7 110 11 12.3 Lamar Flat No 6640 0 0 TFG 
116 1989 44 51 05.0 110 11 03.1 Upper Lamar Flat T2 6710 0 1 TF 
121 1989, 1990, 1991 44 48 30.3 110 11 59.7 Opal Creek T2 8800 127 8 FNG 
122 1989, 1990, 1991 44 48 44.3 110 11 51.5 Opal Creek T2 8740 95 15 FNG 
123 1989, 1990 44 48 26.1 110 11 53.5 Opal creek T3 8760 101 6 FNG 
124 1989, 1990, 1991 44 47 56.8 110 11 00.3 Above Opal Camp No 8960 90 6 FNG 
125 1989, 1990, 1991 44 47 28.0 110 11 22.0 Above Opal Camp No 8800 170 15 FNG 
126 1989, 1990, 1991 44 47 16.1 110 10 55.4 Above Opal Camp T3 8760 353 4 FNG 
127 1989, 1990, 1991 44 48 10.6 110 12 13.6 Opal Creek T3 8800 15 1 FNG 
128 1989, 1990, 1991 44 48 26.7 110 11 44.5 Opal Creek No 8680 287 8 FNG 
129 1989, 1990 44 so 12.7 110 12 10.2 Specimen Ridge Trail T2 7950 80 7 TFG 
130 1989 44 48 25.3 110 13 35.8 Mirror Plateau No 9120 192 20 FNG 
131 1989 44 48 51.5 110 14 11.8 Mirror Plateau No 9170 0 2 FNG 
132 1989 44 49 09.8 110 13 45.2 Top Specimen Ridge Tr No 8840 150 20 FNG 
133 1989, 1990, 1991 44 so 27.7 110 09 46.2 Above Norris Hot Sp T2 7000 239 7 TFG 
134 1989, 1990, 1991 44 so 18.9 110 09 19.5 Lower Norris T1 7250 213 14 TFG 
136 1989 44 so 57.8 110 09 51.4 West Of Norris Cliff T2 7440 180 15 FA 
137 1989 44 51 05.8 110 06 48.6 Uooer Norris No 8130 121 5 TFG 
138 1989, 1991 44 51 07.2 110 08 "03. s Pk Midway To-Norrls No 8250 171 10 FNG 
139 1989, 1990, 1991 44 so 54.2 110 09 06.2 Top/Draw Mid-Norris No 7860 276 6 TFG 
140 1989, 1990 44 so 57.8 110 09 30.7 Norris/Next To Cliff No 7800 294 7 TFG 
141 1990u 1991 44 so 54.3 110 09 57.0 Lower Norris T2 7440 220 18 FA 
142 1990, 1991 44 so 50.2 110 06 55.8 Upper Norris No 8000 187 14 TFG 
143 1990, 1991 44 so 46.6 110 07 56.7 Midway to Norris No 1700 186 14 FNG 
144 1990, 1991 44 so 33.6 110 10 15.0 Lower Norris T3 6760 261 6 FNG 
145 1990 44 48 46.1 110 06 57.0 Upper Cache No 8140 211 7 FNG 
146 1990 44 48 41.6 110 06 48.0 Upper Cache No 8030 148 12 FNG 
147 1990 44 48 35.7 110 07 20.3 Upper Cache No 7720 296 1 ow 
148 1990 44 48 56.1 110 07 37.3 Upper Cache No 7800 55 2 FN 
149 1990 44 48 38.3 110 06 57.5 Upper Cache No 7920 240 82 TFG 
151 1990 44 99 10.1 110 OS 57.4 Upper Cache No 7900 310 18 TFG 
153 1990 44 48 15.0 110 06 02.2 Upper Cache No 7920 0 0 TFG 
155 1990 44 48 13.9 110 13 15.4 Above Opal Creek No 9280 136 5 FN 
156 1990 44.48 28.6 110 13 59.2 Mirror Plateau No 9040 208 28 FNG 
157 1990 44 48 53.1 110 14 11.3 Mirror Plateau No 9200 12 10 FN 
200 1991 44 47 51.4 110 11 51.4 Opal Creek No 8840 200 12 FNG 
201 1991 44 48 07.3 110 11 36.7 Mirror Plateau No 8920 260 3 FNG 
202 1991 44 47 23.8 110 11 36.2 Mirror Plateau No 8820 130 5 FNG 
203 1991 44 48 31.3 110 13 24.0 Opal Creek No 9080 200 8 FNG 
204 1991 44 48 08.4 110 13 21.0 Speelman Ridge Trail No 9360 82 8 FN 
205 1991 44 49 08.7 110 14 09.1 Opal Creek No 9160 210 5 FNG 
206 1991 44 49 23.2 110 13 19.0 Speelman Ridge Trail No 8680 160 18 FNG 
210 1991 44 51 43.1 110 10 09.7 Lamar Flat No 6640 0 0 TF 
211 1991 44 so 50.6 110 11 02.0 Lamar Flat T3 6720 0 0 TF 
212 1991 44 51 25.7 110 10 33.7 Lamar Flat T2 6720 0 0 TF 
213 1991 44 48 40.1 110 07 34.1 cache Calfee Ridge No 7720 0 0 FNG 
214 1991 44 49 08.5 110 07 49.7 Cache Calfee Ridge No 7960 0 0 FA 

1 Burn rank1.ngs: No - unburned; Tl - severe burn; T2 - severe-moderate burn; TJ - moderate burn; 
T4 - light burno See text for complete description. · 
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Table 2. Plot characteristics, percent cover of bareground (Bg), rock, litter (Lit), dead wood, moss, dry weight (g/0.0 1 m2
} of grarninoids, forbs, 

standing dead herbaceous vegetation (SDHP), values ofthematic mapper spectral bands, and spectral indices for field plots sampled in Yellowstone 
National Park in August 1989-199L 

Plot ~lot Character !sties f:ercent Cover Ph·.::tomass !glO. 01 m'l Landsat S~ectrtl Q~~· S~ctra~ Vegetation Ind~ce! 
rear I Burn Elev 1\ap stp cr Bq Rock Lit Wood Haas Grass Forbs SOHP GHP THP Till TH2 TKJ TH4 Tll5 TH7 NDVI RVI TVI GVI SBI PVI 

1989 8901 TJ 7520 180 15 TFG 30.1 1.3 9 .l 3. 5 3. 7 2. 30 5. 70 0.00 e .oo 8. 00 69 29 32 75 101 49 0.40 2.34 1.59 35.0 145.4 3.7 
1989 8902 NO 7720 196 25 TFG 7. 6 0.1 11.8 5. 9 1.4 3. 62 4.00 o. 55 7. 62 8. 17 68 30 32 41 100 41 0.12 1.28 2.86 6. 6 129.9 1.8 
1969 8903 Tl 7800 254 20 TFG 49.0 4. 3 6. 3 0. 3 0. 0 4. 09 2.65 0.00 6. 74 6. 74 64 25 25 50 84 50 0.33 2.00 1.75 15.3 121.4 3.4 
1989 8904 T2 7520 328 10 TFG 53.2 5. 4 7. 5 0. 4 o. 0 }. J5 2.10 0.00 3. 45 3. 45 65 26 29 52 88 52 0.28 1. 79 1.89 15.7 127.0 2.8 
1989 8905 !2 7460 250 10 TFG 40.5 2. 6 9. 5 5. 3 0.0 4. 71 5. 70 0.00 10.41 10.41 65 26 28 69 88 42 0.42 2.46 1.55 32.0 130.9 4.1 
1989 8906 NO 7680 235 5 FN 2.4 14.7 72.3 0.0 4. 5 0.14 0. 20 0.18 0. 54 0. 72 Bl 15 45 57 121 65 0.12 1.27 2.92 10.5 166.2 1.7 
1989 8907 NO 8100 230 20 FN 8. 6 9.8 69.0 0.0 4. 0 0.18 0. 52 0.1] 0. 70 0. 81 74 32 43 58 100 55 0.15 1.35 2.60 14.1 148.4 1.8 
1989 8908 NO 7940 230 1 TFG 0. 5 0.0 26.3 0.0 0. 7 15.17 3. 45 0. 21 18.62 18.83 63 27 29 90 93 37 0.51 3.10 1.41 51.8 139.8 5. 3 
1989 8909 TJ 8025 283 5 TFG 40.9 2. 3 16.9 2. 4 2.4 4. 87 3. 42 0.02 e. 29 8.)1 70 29 36 70 96 52 0. 32 1.94 1.78 28.2 144.3 2.9 
1989 8910 NO 7960 195 20 TFC 16.0 0.1 43. 1 6. 4 6.0 1. 50 2. 42 0. 25 3.92 4.17 74 32 43 58 100 55 0. 15 1. 3 5 2 . 60 14. 1 148.4 1.8 
1989 8911 NO 7850 184 3 TFG a. 4 0. J 49.9 0.0 0.0 a. 34 5. 44 0.11 13.78 13.89 67 30 31 95 101 40 0.51 3.06 1.42 54.4 149.9 5.0 
1989 8912 NO 7760 295 4 TFG 2.9 0.0 30.0 0.0 0.0 10.65 5.04 0. 47 15.69 16.16 60 29 30 94 99 40 o. 52 3.13 1.41 56.1 143.9 s. 2 
1989 8H3 T3 7750 230 10 TFG 23.8 1.3 40.6 2.1 0.0 4. 91 5. 58 0.10 10.49 10.59 67 30 30 96 93 38 o. 52 3. 20 1.40 54.9 145.9 5.4 
1989 8914 T1 6630 0 0 TF 54.2 1.0 8.9 1.7 0.0 7.10 4. 32 0.36 11.42 11.78 69 28 31 64 99 51 0.35 2.06 1.71 25.4 139.9 3.2 
1969 8915 NO 7160 206 25 TFG 3. 2 0.8 70.2 12.4 1.7 2. 57 4.90 0.16 7.47 7.63 76 31 38 62 107 51 o. 24 1.63 2.05 19.9 ISO. 7 2.3 
1989 8916 !2 6710 0 1 TF 33.5 0.0 26.8 0.0 0.0 5. Sl 14.92 0.11 20.45 20.56 74 31 35 88 99 42 0.43 2.S1 l. 54 44.2 152.8 3.9 
1989 8921 T2 8800 145 5 FNG 10.1 o.s 32.3 0.0 0.2 6. 29 3. 45 0. 37 9. 74 10.11 70 30 35 83 104 51 0. 41 2. 37 1.58 40.8 152.4 3.6 
1989 8922 T2 8740 95 15 f'NG lB. 4 15.0 31.2 0.0 5.1 2.04 2. 57 0. 60 4.61 5. 21 10 29 35 67 96 51 0. 31 1.91 1.80 26.0 142.5 2.8 
1989 8923 T4 8800 95 7 FNG 9. 9 0.5 27.7 0.0 2.0 4. 70 4.79 0.14 9.49 9. 63 63 27 29 69 83 42 0.41 2.38 1.58 31.7 128.4 3.9 
1989 8924 NO 8960 90 7 FNG 17.4 0.1 39.4 0.0 0.0 4. 29 3. 59 0.25 7.88 8.13 67 30 31 103 101 40 o. 54 3. 32 1. 38 61.4 152.9 5. 5 
1989 892 5 NO 8880 190 15 FNG 47.5 1.1 18.7 0.0 0.0 4. 23 5. 25 0.21 9. 48 9. 69 66 29 30 116 102 39 0.59 3.87 1. 32 73.7 156.8 6.6 
1989 8926 T3 e760 356 3 FNG 1.8 0.0 51.5 0.0 0.0 s.eo l. 79 0.06 7. 59 7.65 64 29 31 93 98 40 0. so 3. 00 1. 4 3 53.4 145.8 4.9 
1989 8927 T4 8800 15 1 FNG 0.0 0.1 22.0 0.0 0. 0 11.20 1.80 0.15 13.00 13.15 63 29 27 107 89 33 0.60 3.96 1.31 66.9 143.4 7. 2 
1989 8928 NO 8660 JOS 6 FNG 0. 6 0.1 26.1 0.0 0.5 10.80 2. JO 0.09 13.10 13.19 63 29 27 111 86 31 0.61 4.11 1.30 70.3 143.2 7.5 
1989 8929 T2 8770 90 5 TFG 6. 9 0.1 16.1 0.0 0.0 10.40 11.10 0.36 21.50 21.86 69 30 37 84 106 46 0.39 2.27 1.62 42.3 153.0 3.4 
1989 e930 NO 9120 192 20 FNG lJ. 2 0.3 54.9 0.0 0.0 5. 20 4. 30 0. 25 9. so 9. 75 74 33 40 88 111 51 0.38 2.20 1.65 42.8 162.8 3.2 
1989 8931 NO 9170 0 2 FNG 5. 7 0.0 38.9 0.0 3.3 9.10 4. 60 l. 35 13.70 15.05 71 32 38 89 107 50 0.40 2.34 1.59 45.0 158.4 3.5 
1989 8932 NO 8840 150 20 FNG 33.5 3.1 25.4 0.0 0.0 6. 90 4.00 0. 41 10.90 11.31 82 38 49 e3 120 64 0.26 1.69 1.98 31.9 177.7 2.3 
1989 8933 T2 6980 233 5 TFC 20.1 3.0 11.8 o.o 0.0 6. 70 16.50 0. 93 23.20 24.13 68 28 30 64 ei 44 0.36 2.13 l. 68 24.7 129.6 3.4 
1989 8934 Tl 7250 230 12 Tf'G 55.3 6.1 7.6 0.3 0.0 1. 80 13.00 0.00 14.80 14.80 69 28 32 57 e3 48 0.28 l. 78 1.90 17.5 130.1 2.7 
1989 8936 !2 7440 180 15 Fl\ 33.5 23.4 14.1 0.0 0.0 s. 20 5. BO 0. 27 11.00 11.27 76 32 42 56 89 50 0.14 1.33 2.66 ll.3 142.5 1.8 
1989 8937 NO 8130 121 5 TFC 2. 3 0.0 21.9 0.0 0.1 14.70 e. 3o 0.35 23.00 23.35 68 31 33 104 99 41 0.52 3.15 1.41 60.8 154.4 s .1 
1989 8938 NO 82SO 171 10 P'NC 17.6 29.0 38.4 0.0 0.2 2.20 1. 60 0.00 3. 80 3.eo 76 32 41 66 103 53 0.23 1.61 2.08 21.6 152.6 2.2 
1989 8939 110 7880 338 10 TP'G 6.9 2.1 47.7 4.0 4.0 3.40 8.90 o. 23 12.30 12.53 72 30 33 78 91 40 0.41 2.36 1.59 36.2 142.7 3.7 
1989 e940 NO 7760 302 S TP'G 7.8 0.2 20.1 o.o 0.0 15.10 9.60 0.35 24.70 2S.OS 67 28 28 94 78 30 0.54 3.36 1.1R~l.7 13S.4 5.9 
1990 9002 NO 7740 179 17 TP'G 8.0 2.0 13.0 37.0 0.0 2. 20 1.50 0.60 3. 70 4.30 14 30 44 65 lOS 49 0.19 1.48 2.29 32.4 145.2 2.0 
1990 9003 Tl 7800 252 15 TFC 45.0 4.0 3.0 1.0 0.0 1. 90 10.70 1.20 12.60 13.80 67 27 39 55 71 37 0.17 1.41 2.43 22.3 121.2 1.9 
1990 9004 T2 7520 302 9 TFG 10.0 1.0 9. 0 4.0 5.0 13.30 5.10 1. 30 18. 40 19. 70 68 29 39 56 86 44 0.18 1.44 2.37 24.4 127.6 2.0 
1990 9005 T2 1460 250 14 TFC 45.0 1.0 16.0 1.0 0.0 4. 50 11. so 1.40 16.00 17.40 64 26 34 64 75 ll 0.31 1. 88 1.82 32.3 118.5 2.8 
1990 9006 NO 1700 253 6 FN 4.0 1.0 46.0 0.0 10.0 0. 40 1.60 2.00 2. 00 4.00 82 34 51 63 119 61 0.11 1.24 3.09 28.1 161.1 1.6 
1990 9007 NO 8140 0 0 FN 19.0 36.0 34.0 0.0 5.0 0.20 1.60 0.60 1.80 2.40 74 33 47 59 94 52 0.11 1.26 2.98 22.9 142.1 1.6 
1990 9009 TJ 8025 2 3 Tf'C 31.0 1.0 17.0 1.0 0.0 13.40 6.50 4.90 19.90 24.eo 70 31 44 76 96 47 0. 27 1.731.95 40.1 144.6 2.4 
1990 9010 NO 7960 200 18 TFC 10.0 0.0 26.0 15 .o 0.0 2. 50 5.30 1.00 7. 80 8.80 67 29 36 82 83 34 0. J~ 2.28 l. 62 46.4 133.2 3.4 
1990 9011 NO 7850 0 0 FN 2.0 0.0 8.0 0.0 0.0 18.60 7. 70 1.60 26.30 27.~0 65 2~ 36 99 87 31 0. 47 2.751.48 61.9 140.1 4.2 
1990 9013 TJ 7680 211 11 TFC 23.0 3.0 14.0 1.0 0.0 4. 70 7.00 0. 40 11.70 12.10 68 28 33 85 76 31 0.44 2.58 1.52 48.3 129.7 4.0 
1990 9014 T2 6640 0 0 TFG 39.0 1.0 7 .o 1.0 o.o 15.40 8.20 0.00 23.60 23.60 74 31 47 58 lOS 53 0.10 1.23 3.10 25.3 145.2 1.6 
1990 9015 NO 6640 0 0 TFC o.o 0.0 23.0 11.0 7.0 11.20 2 .eo 0.04 14.00 14.04 73 32 45 10 100 44 0. 22 1. 56 2. 16 34.8 145.3 2.1 
1990 9021 T2 8800 127 8 FD 15.0 6.0 18.0 0.0 3.0 7. 30 3. 70 2. so 11.00 13. so 
1990 9022 T2 BHO 95 15 FNG 21.0 5.0 7.0 2.0 o.o 8. 90 6.20 0.70 15.10 15.80 
1990 9023 T4 8760 101 6 FN 13.0 1.0 15.0 0.0 0.0 15.70 5.80 2.70 21.50 24.20 
1990 9024 NO 8960 90 6 FNC 20.0 1.0 25.0 0.0 0.0 6.10 5. 50 1.80 11.60 lJ. 40 . . . 
1990 9025 NO 8800 170 15 FNC 25.0 1.0 18.0 o.o 0.0 6.60 6.40 2.60 13.00 15.60 65 29 36 130 97 34 0.57 3.61 1.35 89.4 157.3 5. 7 
1990 9026 T3 8760 353 4 FNC 4.0 0.0 24.0 0.0 0.0 14.40 2.60 2.00 17.00 19.00 59 22 27 57 so 17 0.36 2.11 1.69 25.8 95.8 3. 5 
1990 9027 T4 8eoo 15 1 FNC 3.0 0.0 13.0 0.0 1.0 18.30 2 .eo 1.60 21.10 22.70 63 29 34 114 92 33 0.54 3.35 1.38 76.5 146.6 5.3 
1990 9028 NO 8680 287 e FNG 6.0 0.0 10.0 o.o 0.0 23.70 3. 80 1.10 71.50 28.60 . . . 
1990 9029 T2 7950 80 7 TFG 20.0 2.0 12.0 1.0 12.0 4.40 3.50 3.30 7.90 11.20 70 30 44 66 92 45 0.20 1. so 2. 2 5 J l. 3 138.2 2.0 
1990 9033 T2 7000 239 7 TFC 29.0 2.0 12.0 1.0 0.0 2. 70 15.30 4.30 18.00 22.30 68 29 33 64 85 39 0. 32 1.94 1.78 33.0 126.4 2.9 
1990 9034 Tl 7250 213 14 TFG 39.0 4.0 6.0 0.0 0.0 3. 50 11.60 2. 80 15. 10 17.90 75 31 44 59 86 45 0.15 l. 34 2. 63 22. 4 135.7 I.e 
1990 9039 NO 7860 276 6 TFG 6.0 1.0 13.0 40.0 1.0 2. 70 6.00 0. 80 8. 70 9. 50 71 30 43 66 96 45 0.21 1.53 2.19 32.4 139.6 2.1 
1990 9040 NO 7800 294 7 TFC 11.0 1.0 27.0 0.0 1.0 5.00 8.50 1.00 13.50 14.50 67 29 41 6e 66 34 0. 25 1.66 2.02 29.0 123.7 2.3 
1990 9041 T2 7440 220 1e FA 43.0 4.0 5 .o 7.0 0. 0 J. 50 5.00 3.40 e. 50 11.90 71 30 44 61 78 39 0.16 1.39 2.50 23.6 130.1 I.e 
1990 9043 NO 7700 186 14 FNG 10.0 2.0 14.0 6.0 0.0 5.80 8.40 1.30 14.20 15.50 67 30 39 81 90 38 0.3e 2.23 1. 64 50.8 140.6 3.3 
1990 9044 T3 6760 261 6 FNG 6.0 1.0 23.0 o.o 0.0 12.70 4.80 3.10 17.50 20.60 66 2~ 36 83 75 28 0.39 2.31 1.61 45.7 128.9 3.5 
1990 9045 NO 8140 211 7 FIIC 6.0 1.0 37.0 3.0 5. 0 1.20 1.10 0.80 2. 30 3.10 76 33 48 65 100 52 0.15 1.35 2.59 2e.3 148.2 1.8 
1990 9046 NO 8030 148 12 FNG 6.0 1.0 19.0 30.0 0.0 1.40 3.30 a. 5o 4. 70 5.20 74 32 46 70 113 58 0. 21 1.52 2.21 37.0 154.0 2.0 
1990 9047 NO 7720 296 1 OW 2.0 0.0 10.0 0.0 3.0 13.10 4. 30 1.70 17.40 19.10 66 28 35 87 80 47 0.43 2.49 1. 55 50.2 ll5.4 3. 8 
1990 9048 110 7800 55 2 FN 5.0 6.0 34.0 o.o 19.0 o. so 0.90 l. 70 l. 40 3.10 77 33 34 66 102 51 0.32 1.94 1.78 34.6 142.3 2.9 
1990 9049 NO 7920 240 0 TFC 6.0 0.0 24.0 1.0 0.0 9.90 6.40 1. 30 16. 30 17. 60 70 30 40 79 99 45 0.33 1.98 1.76 45.1 144.0 2.8 
1990 9051 NO 7900 310 18 TP'G 32.0 39.0 3 .o 0.0 0.0 3. so l. 70 3.10 5. 20 8.30 66 27 36 59 75 36 0.24 1.64 2.04 26.5 119.8 2.3 
1990 9053 110 7920 0 0 TFG 4 .o 0.0 8.0 0.0 o.o 11.80 6. so 6.00 18.30 24.30 67 29 39 90 93 39 0.40 2.31 1.61 54.1 142.8 3.4 
1990 9055 NO 9280 136 5 FK 14.0 5.0 23.0 o.o 8.o 5.00 2. 70 1.40 7. 70 9.10 72 32 44 86 104 47 0.32 1.95 1.77 49.4 153.0 2.7 
1990 9056 NO 9040 208 28 P'IIG 5.0 0.0 14.0 o.o 0.0 17.00 7.20 1.90 24.20 26.10 67 29 33 83 76 JO 0.43 2.52 1.54 46.7 128.6 3.9 
1990 9057 NO 9200 12 10 FK 14.0 21.0 39.0 0.0 8.0 4.50 11.50 0.60 16.00 16.60 74 33 44 83 lOS 46 8:?1 iJZ i:rl :f:t fU:J l:f H91 9101 T3 7520 l41 12 TFC 14.6 7.0 22.8 4.7 0.0 1. 40 4.50 1.50 5.90 7.40 ")Q 30 43 61 102 49 
1991 9102 NO 7740 180 23 TFG 13.4 2.9 H.8 29.2 0. 4 1. 60 5.20 0.60 6.80 7,40 70 29 40 68 89 42 0.26 l. 70 1.98 40.2 127.3 2.4 
1991 9103 Tl 7800 210 21 TFG 17.0 5.8 17.5 0.9 0.0 1.30 1. 70 O.JO 3.00 3. 30 69 29 42 61 ae 46 0.18 1.45 2.34 34.0 125.0 2.0 
1991 9104 T2 7520 190 25 TFG 31.9 2.6 20.9 4 .e 0.0 0.30 0.90 0.30 1.20 1. 50 33 30 44 59 102 58 0.15 1.34 2.63 47.6 112.3 1.8 
1991 9105 T2 7460 290 15 TFG 35.7 2.3 26.4 2 .) o.o 2.40 5.20 2.60 7. 60 10.20 67 27 37 64 93 46 0.27 1. 73 1.95 41.0 123.1 2.5 
1991 9106 NO 7460 230 2 PN 169.4 12.2 17.3 0.0 41.7 0.00 0.30 1.10 o. 30 1.40 83 35 53 59 113 60 0.05 1.11 4.33 31.5 147.5 1.4 
1991 9109 T3 8025 0 0 TP'C 32.5 1.2 35.2 4.2 0.0 4. 20 2.70 1.90 6.90 e.80 73 ll 45 72 100 52 a. 23 1.60 2.09 43.8 138.3 2.2 
1991 9110 NO 7960 230 12 TFG 16.7 0.6 31.6 10.8 3.2 2.10 4.20 1.10 6. 30 7. 40 67 29 38 77 92 42 0.34 2.03 1.73 49.8 129.6 l.O 
1991 9111 110 7850 160 7 FN 12.3 0.1 42.9 o.o 0.0 4. 80 3.10 0.90 7.90 8.80 68 30 39 89 104 47 0.39 2.28 1.62 62.3 140.2 3.3 
1991 9113 T3 7680 211 • 9 TFC 27 .o 3.4 27.9 4.6 0.0 3.10 3.80 3. 70 6. 90 10.60 70 30 40 69 96 46 0.27 1. 73 1.95 43.2 130.4 2.4 
1991 9114 T2 6640 0 0 TFG 21.1 0. 4 40.6 2.4 0.0 1. 60 3.00 5.10 4. 60 9. 70 79 33 so 60 119 65 0.09 1.20 3.32 37.1 145.7 1.5 
1991 9115 NO 6640 0 0 TFC 5. 7 0.3 39.e 18.2 8.6 2. 60 Leo 3.80 4.40 8.20 75 Jl 44 58 107 53 0.14 1.32 2.71 35.4 134.1 1.7 
1991 9121 T2 8800 15 1 FNC 7.2 0.0 41.6 0.0 0.0 10.70 2.90 3.10 13.60 16.70 68 29 38 93 99 45 0.42 2.45 1.56 64.2 139.6 3.6 
1991 9122 T2 8740 95 15 FNC 25.8 5.e 33.7 0.0 0.6 2.90 6.40 0.80 9.30 10.10 69 30 41 75 94 49 0.29 1.83 1.86 46.9 133.2 2.6 
1991 9124 NO 8960 83 10 FNG 17.1 0.5 25.0 0.0 0.0 4.90 4.80 4.10 9.70 13.80 71 31 42 88 99 45 0.35 2.10 1.70 57.5 141.8 3.0 
1991 9125 NO e800 170 10 FNC 21.5 0.9 15.2 0.0 o.o 5. 70 3.60 2.40 9.30 11.70 62 28 32 114 90 35 0.56 3.56 1.35 81.4 139.1 5.9 
1991 9126 T3 e760 4 5 FNC 3.2 0.0 25.7 0.0 0.0 9.20 3.20 l. 70 12.40 14.10 62 27 31 111 e6 32 0.56 3.58 1.35 78.4 135.3 6.0 
1991 9127 T4 eaoo 15 l FNC 8.1 0.0 25.7 0.0 0.0 11.10 2.60 2.00 13.70 15.70 62 28 32 113 86 31 0.56 3.53 1.36 79.3 137.1 5.8 
1991 9128 NO 8680 195 8 FNG 10.5 0.1 23.2 0.0 0.0 9.80 2.30 5.80 12.10 17.90 63 28 ll 113 80 29 0.57 3.65 1.34 77.2 135.3 6.1 
1991 9133 T2 7000 239 7 TFC 20.1 9. 4 24.1 0.6 0.0 1.60 8.10 1.20 9.70 10.90 68 27 38 61 90 47 0. 23 1.61 2.09 36.9 122.2 2.3 
1991 9134 Tl 7250 246 36 TFG 18.1 17. 1 24.9 7.1 0.0 l. 20 1.90 0.20 3.10 3.30 69 29 40 60 83 45 0.20 1.50 2.25 32.1 122.1 2.1 
1991 9138 110 8240 144 15 FNG 11.0 13.6 16.1 0.0 4.2 2.00 0.50 1.60 2.50 4.10 70 30 41 69 39 45 0.25 1.68 1.99 21.8 117.4 2.3 
1991 9139 HO 7860 276 6 TFC 5.0 1.0 13.6 25.7 0.0 2.60 3.00 1.80 5.60 7. 40 58 21 28 37 53 27 0.14 1.32 2.70 13.8 86.5 1.9 
1991 9140 HO 7840 28 10 TFG 8.0 0. 4 28.1 0.0 o.o 3.20 1.00 2.20 4.20 6.40 92 41 59 63 92 56 0.03 1.07 5.53 20.6 154.0 1.3 
1991 9141 T2 7040 220 18 FA 29.9 e.o 21.1 6. 7 0.0 4. 30 1.90 2.30 6.20 e. 50 61 24 28 98 69 25 0.56 3.50 1.36 64.5 121.0 6.1 
1991 9143 110 7640 186 14 FNC 9.1 3 .l 20.0 7.9 0.0 2.20 6.60 1.90 8.80 10.70 64 29 37 88 100 39 0.41 2.38 1.58 62.6 134.1 3.6 
1991 9144 Tl 6760 261 6 FNG 10.2 1.3 23.7 0.8 0.0 6. 30 5.90 0.70 12.20 12.90 67 28 lJ eo 84 37 0.42 2.42 1.57 51.4 125.3 3.8 
1991 91200 HO 8840 200 12 FNC 8.6 0.6 44.3 0.0 0.0 4. 50 4.40 1.00 8.90 9.90 65 30 37 103 85 37 0.47 2.78 1.47 68.0 138.1 4.2 
1991 91201 110 e920 260 3 FNG 6.3 o.o 20.2 0.0 o.o ll. 70 2.60 1.00 16.30 17.30 64 29 34 90 90 36 0.45 2.65 1.50 61.6 130.6 4.1 
1991 91202 NO 8820 130 5 FNC 2. 7 0.0 22.0 o.o o.o 13.10 3.20 1.10 16.30 17.40 65 30 35 113 98 41 0.53 3.23 1.40 81.0 145.3 5.1 
1991 91203 NO 9080 200 8 FNC 21.3 0.0 22.7 0.0 0.0 5. 60 9.10 2.10 14.70 16.80 69 31 41 90 101 4l 0.37 2.20 1.65 60.9 141.3 3.2 
1991 91204 NO 9360 82 8 P'N 37.6 2.6 23.1 0.0 0.0 3.10 1.40 1.30 4. so s. 80 80 37 53 87 115 59 0.24 1.64 2.04 54.1 160.0 2.2 
1991 91205 NO 9160 210 5 FNG 26.7 o. 3 23.7 0.0 o.o 3. 20 4.80 1.30 8.00 9. 30 69 30 40 70 87 43 0.27 1. 75 1.93 41.1 127.8 2.5 
1991 91206 8680 160 18 FNC 16.1 0.1 12.3 0.0 0.0 7.40 5.10 4.40 12.50 16.90 62 27 30 124 89 33 0.61 4.13 1.30 89.7 141.7 7.1 
1991 91210 NO 6640 0 0 TP' 1.6 1.2 47.4 9.5 3.1 2.90 0.90 2.30 3.eo 6.10 76 31 44 60 101 54 0.15 1. 36 2. 56 34.4 134.2 1.8 
1991 91211 T2 6720 0 0 TP' 19.9 0.0 49.0 0.0 0.0 3. 30 2.30 1.40 5.60 7.00 78 32 48 54 115 65 0.06 1.13 4.13 32.3 139.9 1.4 
1991 91212 T2 6720 0 0 TF 12.4 0.0 39.7 6.3 0.0 3.90 2.20 3. 70 6.10 9.80 74 ll 44 67 103 50 0.21 1.52 2.21 41.2 136.3 2.1 
1991 91213 NO 7720 0 0 FHG 1.0 0.0 14.0 0.0 0.0 21.90 4.20 2.50 26.10 28.60 64 28 32 103 85 33 0.53 l.22 1.40 70.7 133.5 5.2 
1991 91214 110 7960 0 0 P'J\ 12.0 7.0 13.0 0.0 47.0 0.30 0.60 1.40 0,90 2. 30 72 30 43 62 62 49 0.18 1.44 2.36 23.5 122.2 1.9 
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Figure 2. Average herbaceous phytomass in unburned to lightly 
burned field plots (n = 13 and moderately to severely burned field 
plots (n = 8) sampled in all 3 years of the study, Yellowstone 
National Park 
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Figure 3. Mean winter and growing season precipitation at the 
Cooke City, Montana during the 3 years of the study. 

dead vegetation on spectral signatures has been well 
established (Boutton and Tieszen 1983, Sellers 1985, 
Tueller 1989). For example, Pearson et al. (1976) 
found that relationships were not reliable when 
green vegetation comprised less than 30% of the 
standing crop. Heute and Jackson (1987) also 
reported that yellow senesced vegetation also 
increased the greenness response of plots with low 
green vegetation (Table 4). 
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Table 3. Significant ~ .:5: O.OS) correlation coefficients between TM 
spectral bands and spectral indices and vegetation characteristics 
measured during late summer 1989-1991 in Yellowstone National 
Park. NS indicates not significant 

vegetacave Spectral 
Character is tic Year Index J:: 

Total sc:anchnq 1989 NO'IP 0. SJ 
biomass 1990 NO'II o. 45 

1991 NO 'II 0. 72 

Green herbaceous phytomass 1989 MDIII 0. 5J 
1990 NOVI o. 46 
1991 NO 'II 0. 74 

Green qraminoids 1989 NO 'II 0. 66 
1990 NO 'II 0.48 
1991 NO 'II 0,74 

Green !orbs 1989 NS 
1990 NS 
1991 NS 

Standing dead 1989 liS 
herbaceous phytomass 1990 NS 

1991 NS 

Percent standing dead 1989 TVI2,TH7l o. 61, o. 52 
of total standing 1990 TH7 0.)5 

phytomass 1991 TVI,TH7 0.52' 0.42 

INO'II • normallzad d1t!erence vegatatlon 1ndex: (Tl'l Band 4 - Tl'l 
Band l) I (TM Band 4 + nl Band l) • 

2TVI • trans!or111ed vaqetation index: SQRT(NDVI+0.05) 

3TM7 • thematic aapper spectral band 7 
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Figure 4. The relationship between total and green herbaceous 
phytomass (q/0.01 m2

) in field plots in late summer 1989 and 1991 
and the mormalized difference ratio (NDVI) calculated for the field 
plots using Landsat TM data, Yellowstone National Park. 



Table 4. Significant ).r <0.001) linear regression models that predict 
::::_50% ofthe variation in NDVI at 50 field sites sampled in 1989 and 
1991 Yellowstone National Park. 

Independent Coefflclents T £ r2 
variables 

constant 0. 272 5.79 0.00 0. 56 
Total biomass O.OlJ 4.40 0.00 
Proportion standing dead -0.301 -3.07 0.00 
Burn intensity -o. 011 -2.10 0. 04 

Constant 0. 321 8.41 0.00 0. 55 
Green grass 0. 016 4.31 0.00 
Proportion standing dead -o. 329 -3.32 0. 00 
Burn intensity -o. o57 -1.62 0.11 

Constant -0.113 -o. 65 0.518 o. 53 
Green herbaceous phytomass 0. 016 6.14 0.000 
Elevation 0. 0005 1. 78 0. 082 
Burn intensity -0.029 -o. 78 0.438 

Constant -o. 216 -1.37 0.18 0. 51 
Total phytomass 0. 016 6.02 0. 00 
Elevation 0.0005 2.41 0. 02 

Constant -0.202 -1.29 0. 20 0. 52 
Green herbaceous phytomass 0. 017 6.07 0.00 
Elevation 0. 0005 2.46 0.02 

from Landsat TM spectral data 1n Yellowstone 

Since the proportion of THP that was dead 
did not explain a significant amount of additional 
variation in NDVI when elevation was included in 
the model, the amount of standing dead in the plots 
apparently followed an elevational gradient. Burn 
intensity explained a significant amount of the 
variation in NDVI when combined with THP but not 
when combined with green grass GG or GHP (Table 
4) which may also reflect the effects of standing dead 
on spectral characteristics. Average percent canopy 
cover of other site characteristics that we measured 
such as litter or bareground, did not contribut~ 
significantly to explaining additional variation in 
NDVI. 

When NDVI was used to predict biomass, 
less than 50% of the variation in THP and GHP was 
explained by NDVI. The relationship appeared 
weak because a number of high-elevation fields sites 
with high NDVI values had low GHP (Fig. 4). As a 
result, we stratified sites by elevation and found that 
following linear models (Fig. 5) explained 55% of 
the variation in TGP and GHP at low elevational ~ 
2620 m) sites: 

TIIP (J¥'0.1 m2) = 29.25 xNDVI-1.191 ~ <0.001,s.e. = 4.61) Eq. 1 

GHP (J¥'0.1 m2) = 31.2 x NDVI- 0.501 ~< 0.001, s.e. = 4.54) Eq. 2 

Using an exponential model, NDVI explained only 
an additional 1% of the variation in either THP or 
GHP. 

The relationships between NDVI and THP 
and GHP at high elevation sites (Fig. 6) was 
asymptotic and the following curves were used to 
describe the relationships: 
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THP (g/0.1 m2) = 19 x (NDVI- 0.18) Eq. 3 

0.110 + (NDVI- 0.18) 

GHP(g/O.lm2)= l7x(NDVI-O.l8) Eq.4 

0.102 + (NDVI- 0.18) 

The asymptotic value of phytomass in high 
elevation grasslands in Yellowstone National Park 
was considerably lower than that found by Ripple 
(1985) who studied reflectances of vegetation in tall 
fescue Festuca aruninacea grasslands in Oregon. 

The effect of elevation on spectral 
characteristics is likely due to earlier stages of plant 
growth at high elevations ~ 2620 m) than low 
elevation sites in early August in our study area. 
Seasonal changes in NDVI due to plant growth have 
been documented (Tueller 1989). Mabey et al. 
(1991) reported that red wave lengths (0.63 to 0.69 
urn: TM band 3) is highly sensitive to chlorphyll 
absorption and decreases a result of leaf senescence· 
the reflected energy in the NIR wave lengths (0.79~ 
0.90: TM band 4) decreases due to cell degeneration 
and a decrease in leaf area. Kleman and Fagerlund 
(1987) noted in agricultural areas that the seasonal 
NDVI differed between irrigated and non irrigated 
fields. 
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Figure S. The relationship between total and green herbaceous 
phytomass (g/0.01 m2

) in field plots> 2620 min late summer 1989 
and 1991 and the nonnalized difference ratio (NDVI) calculated for 
the field plots using Landsat TM data, Yellowstone National Pari(. 



The above equations were used to predict 
the THP and GHP of 16 low elevation sites and 7 
high elevation sites that were not used to develop the 
above predictive equations. On average, GHP was 
underestimated at low elevations by 0.93 g/0.01 m2 
(93 kg!ha) and THP overestimated by 1.01 g/0.0 1 
m2 ( 101 kg/ha). At high elevations, GHP was 
overestimated by 2.34 g/0.0 1 m2 (234 kg/ha) and 
THP by 2.73 g/0.01 m2 (273 kg/ha). Mean percent 
error in estimates of GHP (37%) at low elevations 
was greater than at high elevations (24%) because 
phytomass was generally lower at low elevation sites 
than at high elevations sites. The magnitude of these 
errors are similar to those found by Merrill et 
al.(1993) who used MSS data to predict green 
phytomass and suggested that remotely sensed data 
provided estimates too imprecise to be used to 
estimate green biomass at specific sites. 
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Figure 6. The relationship between total and green herbaceous 
phytomass (g/0.01 m2

) in field plots S 2620 min late sununer 1989 
and 1991 and the normalized difference ration (NDVI) calculated for 
the field plots using Landsat TM data, Yellowstone National Park. 

VEGETATION RECOVERY ACROSS THE 
STUDY AREA 
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Average THP and GHP predicted across the 
study area in 1989 to 1991 were unreasonably low(< 
400 kg/ha), even in the unburned areas, and the data 
are believed to be faulty. Three reasons have been 
identified as possible sources of error, but 
examination of the data to date have not provided 
any insight into explaining the poor results. First, 
differences in pixel sizes of the various GIS layers 
and their standardization may have caused sufficient 
smoothing errors to influence the results; however, 
this seems unlikely. Second, machine rounding 
errors within the GIS may have been sufficiently 
large to affect our results. Third, co-registration 
errors among GIS layers {spectral data, elevation. 
bum map, forest mask) may be sufficiently large to 
influence our analyses. 

Earlier work suggested that remote sensing 
could be used to monitor biomass of grasslands in 
Yellowstone National Park, although the approach 
was probably not amendable to providing accurate 
estimates for small sites (Merrill et al. 1993). 
Merrill et al. ( 1993) found that low estimates of GHP 
(> 600 kg/ha) were obtained during years when 
average December through March precipitation at 
Cooke City was either high or low and attributed this 
to either late or early phenological development (the 
green-wave effect) at the time of satellite overpass as 
a result of early and late snow melt. During the 
years of this study, December through March 
precipitation was not sufficiently low to account for 
the low estimates of GHP that we observed, nor was 
growing season precipitation sufficiently low" 

In this study, we used Landsat TM data to 
make predictions of total green biomass across the 
study area rather than MSS data (Merrill et al. 
1993)" We chose to use TM data rather than MSS 
data to increase the band options for developing a 
predictive model. Gallo ( 1987) found that differences 
in vegetation indices based on MSS and TM data 
were greatest during mid-season when the maximum 
amounts of green vegetation was present. Differences 
in pixel size (MSS: 57 x 57 m vs TM: 28 x 28m) of 
the two sets of remotely sensed spectral data may 
also contribute to these differences. It is also 
possible that there is considerably higher variation in 
the TM data across the landscape than in MSS data 
due to the small pixel size. The high variability 
would not necessarily explain the unreasonably low 
average GHP values we obtained, even in the 



unburned areas. However, there may be inherent 
problems using a small number of field plots (n = 

61) to reflect the variation across the large 
landscape. 

Further comparisons of GHP estimates 
predicted from MSS and TM imagery is merited but 
beyond the budget of this project. Without further 
technological and biological understanding of our 
results, we can not advocate the use of our models to 
predict vegetation recovery in grassland in 
Yellowstone National Park Other investigators 
have indicated poor results when working with a 
heterogenous vegetation-soil complex and suggest 
that stratifying by relatively uniform-soil complexes 
may be necessary. While our overall approach is 
promising for homogeneous areas such as crop 
lands, the complexity of natural communities in 
heterogeneous environments will require 
substantially more field effort to create useful and 
interpretable results for monitoring fine-grain 
vegetation change from remotely sensed data in 
Yellowstone National Park 
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APPENDIX 1 

Equations used to calibrate spectral values from Landsat imagery for Yellowstone National Park on 13 August 
1990 and 31 July 1991 to August 2, 1989 for 6 thematic mapper (TM) spectral bands. 

Year TM Band a b s.e. !2 

1990 to 1989 1 -10.90 1.174 3.05 0.99 
2 -4.14 1.097 1.25 0.99 
3 0.31 1.081 16.94 0.86 
4 - 6.81 1.162 3.89 0.99 
5 -0.27 1.018 4.51 0.99 
7 - l.54 1.146 3.54 0.98 

1991 to 1989 1 2.53 0.962 1.39 0.99 
2 -0.87 0.955 0.82 0.99 
3 4.96 0.906 17.14 0.88 
4 -2.47 1.043 3.42 0.99 
5 3.32 0.901 1.19 0.99 
7 2.64 0.935 5.85 0.96 
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+ ABSTRACT 

Above- and belowground biomass of Idaho 
fescue Festuca idahoensis and bluebunch wheatgrass 
Agropyron spicatum and nematode densities under 
these plant species were sampled during the growing 
season inside and outside a 2-year old exclosure on 
Crystal Bench in Yellowstone National Park. Early 
in the growing season, grazed plants of both species 
had lower shoot and root biomass than ungrazed 
plants. Standing biomass of grazed plants was equal 
to ungrazed plants at the end of the growing season. 

Densities/g root biomass of phytophagous and 
bacterial feeding nematodes were higher under 
grazed than ungrazed plants of both plant species 
only early in the growing season. Foliar 
concentrations of nitrogen in grazed plants were 
higher than ungrazed plants but there was no 
difference in root nitrogen between grazed and 
ungrazed plants. 

The effects of ungulate grazing on the 
Northern winter range of Yellowstone National Park 
has recently received considerable attention (Frank 
1990, Coughenour 1991, Singer 1992, Wallace 
submitted). Early interest in this topic centered 
around the question to cull or not to cull elk in the 
Park. However, as the concepts of "maintaining 
ecological processes" (Houston 1982) and 
"ecosystem management" (Keiter 1991) have gained 
acceptance in Park management, understanding the 
dynamics and interactions of a broader array of 
herbivores inhabiting the Park have become 

increasingly important. In this paper, we describe 
the results of a study which focused on the effects of 
aboveground herbivory on nematode density and 
trophic structure. 

Root-feeding nematodes are major 
herbivores in other grassland systems and may 
consume twice as much biomass as aboveground 
consumers (Ingham and Detling 1984, Stanton 
1988). Houston (1982) reported that nothing is 
known about the effects of nematodes on the native 
grasses of the northern range especially in 
combination with aboveground grazers. We 
hypothesized that if spring grazing is intense, grazed 
plants would initially show a decline in root growth 
and phytophagous nematodes. Cessation of root 
growth is a common response of plants to grazing 
and may occur within the first 2-24 hours 
(Hodgkinson and Baas Becking 1977). Evidence to 
date supports the idea that phytophagous nematode 
densities are highest under moderate levels of 
grazing and low under heavily grazed and ungrazed 
plants (Stanton 1983, Stanton et al. 1984, Seastedt 
1985, Seastedt et al. 1988). Because senescing 
roots, subsequent to grazing, provide increased 
substrates for decomposers, we also hypothesized 
that microbial activity and nitrogen mineralization 
should increase (Stanton et al. 1984). As a result, 
we expected to detect an increase in microbial 
feeding nematodes. 

As root regrowth occurred, we expected 
phytophagous nematodes to increase. However, we 



predicted that populations would not reach levels 
found under ungrazed plants because plants in 
grazed areas experience higher levels of nitrogen 
mineralization (Holland and Detling 1990) than 
ungrazed plants and may produce proportionally 
fewer numbers of root hairs (nutrient absorption 
organs) which serve as feeding sites for nematodes. 
Because of reduced densities of phytophagous 
nematodes and increased mineralization rates under 
grazed plants, we expected grazed plants to recoup 
their losses rapidly. The net result we predicted 
would be no detectable differences in aboveground 
or belowground biomass during years of normal 
rainfall. 

Thus, our study addressed 3 null 
hypotheses. First, root and shoot biomass of grazed 
and ungrazed plants will be similar at the end of the 
growing season. Second, density of phytophagous 
and microbial feeding nematodes will not differ 
between grazed and ungrazed plants. Finally, 
nitrogen concentration of roots and aboveground 
foliage will not be higher in grazed than in ungrazed 
plants. We focused our attention on bluebunch 
wheatgrass Agropyron spicatum and Idaho fescue 
Festuca idahoensis because of their importance as 
winter range forages and because Mueggler (1975) 
reported that bluebunch wheatgrass was more 
sensitive and recovered more slowly to heavy 
clipping than Idaho fescue. 

+ STUDY AREA 

Our study site is located in the upper 
portion of the northern winter range near Crystal 
Creek at an elevation of approximately 1900 m. 
The site is a flat bench created by glacial deposits. 
Soils at the site were described in an earlier study as 
sandy loam having a bulk density of 1.31 glee, pH 
of 6.30, organic matter content of 5.4% and 
nitrogen content of 0.2% (Frank 1990:Table 2). 
Vegetation at the site is characterized as a xeric 
grassland dominated by bluebunch wheatgrass, 
Idaho fescue, junegrass Koeleria cristata, needle and 
thread grass Stipa comata, lupine Lupinus sericeus 
and horsebrush Tetradymia canescens (Wall ace 
submitted). This study occurred in the second 
growing season after the extreme drought and fires 
of 1988 but the site was not burned during the 1988 
fires. Data from Mammoth, Wyoming indicate that 
precipitation was average during most of the 1989 
growing season. The exceptions were higher than 
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average precipitation in early May 1989, and below 
average precipitation in September (Frank 1990: 
Fig. 2). In 1990, January-March precipitation at 
Mammoth, Wyoming was lower than average, April 
and May precipitation was at or above normal, and 
June-August precipitation was below normal. 

Although the site is grazed year-round by 
large ungulates, primarily elk Cervus elaphus, bison 
Bison bison and pronghorn Amilocapra americana, 
it receives its greatest use by all species in the winter 
and spring (Frank 1990). 

+ METHODS 

We collected 6-10 randomly selected plants 
of bluebunch wheatgrass and Idaho fescue from 
outside and inside a large exclosure (15 x 15 m) that 
was established in August of 1987 and had not 
received any ungulate grazing for more than 2 years 
(Frank 1990). Plants were collected with a soil 
corer (diameter 4.8 em, depth 10 em). Because of 
the rocky, shallow soil, sampling deeper than 10 em 
was precluded. Smolik (1974) found that in the 
short grass prairie, the top 10 em contains about 50% 
of the nematodes. Cores were kept cool in an ice 
chest while transported to the laboratory where they 
were refrigerated until processing. 

Aboveground biomass was clipped at 2 em 
and standing dead and green biomass were 
separated, dried at 40° C for at least 48 hours and 
weighed. The soil cores were suspended in cold 
water and the soil gently washed from the roots. 
The suspension was sieved first to remove plant 
tissue (sieve #18) and then to remove nematodes 
(sieve #325). Roots were hand-sorted while 
suspended in water and crowns, including the 
aboveground biomass to 2 em, were cut from the 
roots. Roots and crowns were dried at 40 degrees C 
for at least 48 hours and weighed. We made no 
attempt to distinguish between dead and live roots. 
We used dry weights in our analysis because dry 
root weight and ash-free weight is highly correlated 
(Stanton 1983: r = 0.94). Nitrogen content of 
roots, crowns and aboveground green biomass, was 
analyzed using standard macro-kjeldahl techniques. 

Four additional cores were collected, 2 
within in the large exclosure and 2 in grazed areas to 
determine soil moisture. Soil moisture was 
determined as the percent difference in total core 



weight before and after drying at 60 degrees C to a 
constant weight. 

Nematodes were extracted on Baermann 
funnels for 48 hrs (Christie and Perry 1951). 
Nematode abundance and trophic category were 
determined by counting the number of individuals 
present in 2 1-ml subsamples of a 30 m1 suspension 
as described by Smolik (1974). Numbers of 
nematodes were corrected for extraction efficiencies 
which averaged 92% for bacterial feeders and 93 % 
for plant feeders. In the analysis, Monohysteridae 
were classified as bacterial feeders. 

Normal distribution of our data sets were 
tested using a Lilliefors test (Lilliefors 1967). Only 
data on nitrogen concentration were normally 
distributed. Differences in biomass of plant parts 
from different grazing treatments were tested using a 
Mann-Whitney U test. Logarithmic transformations 
of nematode counts provided normally distributed 
data. Differences in nitrogen concentration and 
nematode densities of grazed and ungrazed plants 
within approximately monthly sampling period were 
tested using a t-test. We used a significance level of 
p = 0.05 unless otherwise indicated. 

+ RESULTS 

PLANT BIOMASS 

Standing dead litter of ungrazed bluebunch 
wheatgrass was greater than grazed plants at the 
beginning of the growing season (Table 1). This 
difference remained significant but narrowed during 
the growing season as dead plant material from 
previous years growth fragmented, decomposed, or 
was eaten by small herbivores. Litter within 
ungrazed Idaho fescue plants was also significantly 
greater than in grazed plants until the end of the 
growing season. 

Table 1. Biomass (g/dry matter/plant) of otandin11 dead litter, areen biomass, and crowns of 
Agropyron spirntum and Festuca idahoe11sis plants inside and outside a permanent exclosure on 
Crystal bench winter ranae in Yellowstone National Pari<. Different letters indicate a aiJlllificant 
difference between ~razed and un~razed plants at P<O.OS. 

Agropyron Festurn 
spicatum idahoeni.r 

May June July Sept May June July Sept 

~ 
Grazed 0.00' 0.02" O.OS' 0.06' 0.00' 0.01' 0.03' 0.10 
Ungrazed 0.94' 0.26' 0.19' 0.45' 0.17' 0.04' 0.06' 0.24 

~ 
Grazed 0.23' 0.25' I.S1 1.79 0.20' O.IS 0.30 1.26 
Ungrazed 0.94' 0.68' !.53 0.68 o.8s' 0.25 0.44 0.45 

~ 
Grazed 2.29 1.66 i.S4 1.36 2.61 1.00 0.70 1.37 
Uoarazed 3.14 1.37 1.26 1.28 3.02 1.11 0.94 !.OJ 

.&!!!JJ 
Grazed 0.98' !.OS 0.92 1.90 1.02" 0.89' 0.68 1.62 
Un.Rrazed I.Sl' 0.97 0.83 1.81 1.38' 1.48' 0.91 1.00 
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Aboveground green biomass of ungrazed 
plants was approximately 3-4 times greater than 
grazed plants in May (Table 1). This difference 
disappeared in Idaho fescue by June and in 
bluebunch wheatgrass by July so that aboveground 
standing biomass of grazed plants of both species 
equaled that of ungrazed plants. In September, 
standing biomass of plants subjected to ungulate 
grazing was equal to plants that had been excluded 
from grazing in both species. Crown biomass was 
not different between grazed and ungrazed plants at 
any sampling date (Table 1). 

In May, root biomass averaged 35% and 
26% lower in grazed plants of bluebunch wheatgrass 
and Idaho fescue, respectively (Table 1). These 
differences disappeared by early June in bluebunch 
wheatgrass but lingered into mid-July in Idaho 
fescue. By September root reserves were generally 
replenished. 

NITROGEN CONCENTRATIONS 

Nitrogen concentration of green above
ground biomass was significantly greater in plants 
outside the exclosure than inside the exclosure in 
both months sampled (Table 2). However, nitrogen 
concentration of root biomass was similar in plants 
from inside and outside the exclosure. 

Table 2. Nitro~:~n conc~nlrlhott ( "- N) of •hove~r:round 1reen b1omM!II •nd roots of Agropyr011 .rpicntum and 
Futm:n idulwrm.si.s plil.nl!i inside: IUid out51Ute a pcmUUltent exdosure on Cryst11l Bench wmter range in YellowstoM 
Nauonal Park. DLif~rl!'nlll!'lll!'rli im.lic11lc: a t~i rniliun1 J:ifferenc.:e hclwnn xnu.eU 11nJ un •rt~z.:J pl.u1b •t P<O.OS 

Agropyron Feslucn 
~pictUum idaho~tr.riJ 

Mov June M•v June 

~ 
&!Q!!!h 

Ungnud 2.11+ 1.65" 1.11' l.ll' 
Grazed 1.46- 2.38' 2.58' 1.74' 

~ 

Un~n1zod 1.22 1.1~ 1.0! 1.16 
G.-.?fil 0.?3 1.3? 1.()6 1.16 

.±•mallamplet~l.tC 

precluded uati11ical 
lllllly-

NEMATODE DENSITIES 
Abundance of nematodes followed a 

bimodal distribution with a peak in May when soil 
moisture was high (22%) and a nadir in July when 
soil moisture was at its lowest (2%) (Table 3). In 
May, bacterial feeding nematodes were significantly 
higher under plants of both species that were open to 
grazing than those not open to grazing. This 
difference persisted into June under Idaho fescue 
plants but not under bluebunch wheatgrass plants. 
Similarly, densities of phytophagous nematodes 
were higher under grazed plants than ungrazed 
plants and these differences persisted into June only 
under Idaho fescue plants . 



Tahle 3. D~ns1t1e.s of n~matodro:s (No./g dry roots x l(X)()) below Agropyron spicalum and F~s1uca 
idahuetui.r plilllts from in~u.le and outsid~ a pt:rtnilncnt exdosure on Crystal bench Wtnter range in 
Ydlowstone National Park. Different letters indicate a significant difference bc:tween graud and ungraud 

plants at P<O.OS. 

Agropyro" Fes1uca 

spicalum idahoensis 

M•Y June July Sept May June July S"f'' 

Plant nara.'iites 
Ungra.zed 96' 105 58 52 
Grazed 202' 100 42 56 

76' 59' 34 77 
J-16. 167. 37 59 

Bactalal feeders 
Ungraz.eJ 814' 488 285 35-1 

Grawl 991. 285 249 281 
856. 2J6. 205 420 

1319° 539" 286 782 

+ DISCUSSION 

Both this study and others (Coughenour 
1991, Singer 1992) have documented an 4-10 fold 
increase in plant litter in areas on the northern range 
fenced from grazing and an increase in bareground 
in grazed areas. Despite early seasonal differences 
in green biomass, by the end of the growing season 
green biomass of grazed plants of both plant species 
equaled that of plants in the ungrazed areas. Frank 
( 1990) found that grazing stimulated aboveground 
primary production by 36% at the site in 1989, a 
year of average or above average precipitation. 
Bluebunch wheatgrass appeared to take longer to 
replace aboveground biomass than Idaho fescue but 
this was not true for root biomass. 

Our results indicate that aboveground 
grazing by ungulates facilitates feeding by some 
belowground taxa. Plant parasitic nematodes 
increased rather than decreased with grazing as we 
had hypothesized. Seastedt et al. (1988) 
hypothesized that belowground herbivores may 
increase after moderate levels of aboveground 
grazing because root quality counteracts the absolute 
decline in root resources. We found no difference 
in root nitrogen between grazed and ungrazed plants 
but did not examine changes in other parameters 
such as soluble carbohydrates, secondary plant 
compounds, or fine root hairs. Damage to root tips 
also may stimulate lateral root growth which may 
support high densities of nematodes (Hogger 1972, 
Rebois and Johnson 1973, Torrey 1976). 

The high densities of microbial feeding 
nematodes found under grazed plants in May (both 
species) and June (Idaho fescue only) may be related 
to root mortality. Dying roots provide a short-term 
source of carbon for microbes and a prey base for 
microherbivorous nematodes. We suggest that 
increased microbial biomass and activity increased 
nitrogen mineralization. Subsequently grazing by 
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nematodes and protozoa release N to plants that 
would otherwise have become inaccessible in the 
microbial biomass. 

In summary, results of the study supported 
our first null hypothesis that root and shoot growth 
of grazed and ungrazed plants would be similar at 
the end of the growing season. However, we 
rejected the remaining 2 hypotheses that nematode 
densities and foliar nitrogen concentration were 
similar under grazed and ungrazed plants, at least 
early in the growing season when soil moisture was 
high. We suggest that aboveground grazing by 
ungulates influences nitrogen dynamics 
belowground and that microbial feeding nematodes 
play an important role in nitrogen turnover. 
However, the relationship between above- and 
belowground grazers remains unclear. 
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+ INTRODUCTION 

Landscape ecology has been very influential 
in developing tools for describing both structure 
(e.g. the distribution and sizes of patches) and 
function (i.e. the flow among patches) of 
heterogeneous environments (Turner 1989, Turner 
& Gardner 1991). This approach has shown that 
spatial heterogeneity on a landscape level may 
influence many types of ecological processes (Kolasa 
& Pickett 1991, Wiens et al. 1993). However, it is 
also clear that landscape structure and function must 
be described from an organism-centered view 
(Kolasa & Pickett 1991), which invites the use of 
population dynamic hypotheses, and presents the 
challenging task of merging population ecology with 
landscape ecology. 

Standard, non-spatial, predator-prey models 
predict that the grazing pressure in a given area is 
related to primary productivity (Oksanen et al. 
1981). The model assumes that the number of 
dynamically important trophic levels is dependent on 
primary productivity and, in its simplest form, it can 
be outlined as follows: In extremely unproductive 
areas (e.g. boulder-fields), plant biomass is too low 
to sustain mammalian herbivores. In undisturbed 

areas, plants will thus eventually deplete their 
resources and compete. In moderately productive 
areas (e.g. arctic and alpine heaths), plant 
production is high enough to sustain herbivores, 
albeit at low densities, lower than what is needed for 
efficient predators to have a positive growth rate. 
Uncontrolled by predation, these herbivores are 
predicted to exert a strong grazing pressure on the 
vegetation. In more productive areas (e.g. tall herb 
meadows), plant production is high enough to 
sustain both herbivores and predators. With 
herbivores controlled by predation, plants will 
experience a low grazing pressure, and competition 
will be an important structuring factor for the 
plants. According to these models, a productivity 
gradient from extremely barren areas to productive 
areas should contain a zone of strong grazing 
pressure at intermediate productivities. A re
analysis using two types of patches with different 
primary productivity (T. Oksanen 1990) shows that 
the exact predictions depend on the proportion of 
these two patches in the habitat. Predation pressure 
could be high (and thus grazing pressure low) in a 
patch of intermediate productivity if it is embedded 
in a matrix of more productive patches, and, 
reversely, a productive patch might have a high 
grazing pressure if it is embedded in a matrix of less 



productive patches. These predictions parallel those 
of the source-sink model of Pulliam (1988) where a 
habitat where the consumer has a high growth rate 
"exports" juveniles to a habitat where the consumer 
growth rate is lower or even negative, thus creating 
a higher grazing pressure in the latter habitat than 
would have been possible without this continuous 
restocking of individuals. 

The general conclusion from these models 
is that grazing pressure may vary between patches 
both as a consequence of differences in productivity 
and also because of the spatial arrangements of 
patches. Any comprehensive understanding of the 
interactions between herbivores and plants in a 
heterogeneous environment must thus be based on 
experiments and observations that explicitly take the 
spatial heterogeneity of the study area into account. 

+ AIM 

The aim of this project is to study 
population dynamics and grazing effects of a 
mammalian herbivore living in a patchy and 
heterogeneous environment to elucidate spatial 
variations in these processes. 

+ STUDY SYSTEM 

The vegetation in high alpine areas in the 
Rocky Mountains is generally patchy. The patches 
are of different size, shape and productivity 
depending on edaphic differences, and they thus fit 
well with the situation described above. One of the 
main mammalian herbivores is the pika Ochotona 
princeps which inhabits talus and isolated rock piles 
in high altitudes. The pikas are active all year round 
and feed from meadows surrounding the talus 
(Huntly et al. 1986). They are diurnal and both 
males and females are strongly territorial with an 
average territory size of c. 500 m2 (Smith & Ivins 
1986), long-lived (>5 years; Smith 1987), and the 
populations are remarkably stable between years 
(Smith 1987). The foraging behavior of the pikas 
can best be described as central place foraging 
(Huntly et al. 1986, Orians & Pearson 1979}, i.e. 
costs associated with foraging (e.g. travel time or 
predation risk) increases with distance from talus. 
The pikas also construct hay piles which help to 
sustain them during the winter (Conner 1983). 
These hay piles can be weighed and the plant species 
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composition in them can be determined. The patchy 
vegetation in high altitudes in the Rockies, together 
with the territoriality and haying of the pikas, make 
this an ideal system for studying spatially explicit 
herbivory. 

FIELD WORK IN 1994 

The field work for 1994 has been 
concentrated to Cody Bowl, Rendezvous Mt, Grand 
Tetons. Cody Bowl is a glacial cirque of about 
1000 x 600 m on an average altitude of 300m a.s.l. 
The geology of the area is mainly sandstone and 
fossiliferous limestone. The vegetation is dominated 
by prostrate forbs and grasses, but more productive 
vegetation patches are also found. 

A preliminary vegetation map of Cody 
Bowl has been made to make it possible to study 
herbivore movements and effects of herbivory on a 
landscape scale. Multispectral videography on three 
wavelengths, 650 nm (red), 750 nm (NIR), and 8-12 
JLm (thermal}, was collected using low-level, fixed 
wing flights at 328 m above ground level. This 
flight altitude gives an average pixel resolution of 
0.5 m2

• The imagery was georeferenced and 
mosaicked in order to stitch sequential images 
together to form one large image. The different 
wavelengths were then used to classify the image 
using a maximum likelihood classifier into various 
cover-type signatures. Figure 1 shows a 180 by 90 
m portion of the vegetation map. 

Figure 1. A portion (180 x 90 m) of the vegetation 
map from Cody Bowl. Whwite is snow, dark grey 
and black are vegetation patches, and lighter grey 
shades are the stony matrix. 

An image analysis software (Optimas) was 
then used to extract information of the spatial size 
and distribution of vegetation patches. Figure 2 
shows the frequency distribution of vegetation 
patches in Figure 1. The data shows that the 



majority of vegetation patches are below 5 m2 in 
size, and that only a few are large enough to hold a 
territory of one or more pikas. Biomass samples 
from representative vegetation patches have also 
been collected and will be used in conjunction with 
the vegetation map to calculate amount of food 
available to the pikas. 

Area of vegetation patches 
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Figure 2. Distribution of sizes of vegetation patches 
from the image in Fig. 1. 

Soil samples for analyses of nutrients (esp. 
nitrogen) was collected from hay pile sites and 
compared with soil samples from the matrix between 
hay piles. Plants growing on hay piles and in the 
matrix were also collected for nutrient analyses. 
The data have not yet been analyzed. 

THE FUTURE 

Funds have been applied for to continue the 
project for at least a three-year period. The work 
will then concentrate on refining the vegetation map, 
determining territory sizes and animal movements, 
and studying grazing effects on the plant 
communities. 
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+ INTRODUCTION 

Declines and extinctions of many 
populations of amphibians have been noted 
worldwide in recent years (Com and Fogelman 
1984, Beiswenger 1986, McAllister and Leonard 
1990, Wake and Morowitz 1990, Wake 1991, Adler 
1992). Habitat modifications due to human 
activities may contribute to many of these declines. 
Habitat may be destroyed overtly, or it may be 
fragmented. Fragmentation results in reduced area, 
a differential loss of important habitat components, 
and increased isolation of populations (Wyman 
1990). The persistence of amphibians in areas 
where modifications short of total habitat destruction 
depends on the preservation of essential habitat 
components and landscape connectivity that allows 
individual animals access to breeding, foraging, and 
wintering sites (Sinsch 1989). Long-term 
persistence also may rely on the immigration of 
individuals from other populations (Pechmann et al. 
1991, Sjogren 1991). 

Although our efforts to conserve amphibian 
species depend on our understanding of habitat 
fragmentation and knowledge of the behavioral and 
population responses to different types of habitat 
modifications (Gibbons 1988, Groom and 
Schumaker 1993), few studies have addressed these 

types of questions for amphibians. Notable 
exceptions include some studies on the effects of 
logging (Com and Bury 1989) and acidification 
(Wyman and Hawksley-Lescault 1988, Harte and 
Hoffman 1989, Com and Vertucci 1992). In 
Europe, researchers and wildlife conservationists are 
investigating the impacts of roads on amphibians 
and attempting to find solutions to fragmentation 
and mortality effects (Langton 1989), but this 
concern has not yet received noticeable attention in 
North America. We lack studies evaluating the 
relative importance and integration of foraging 
areas, hibemacula, breeding sites, areas occupied 
pre- and post-breeding, and dispersal routes 
connecting these areas. With these kinds of 
information, researchers and land managers will be 
better able to analyze, predict, and mitigate the 
effects of habitat modifications that are sources of 
amphibian population declines. 

+ OBJECTIVES AND APPROACH 

The goal of this project is to determine how 
specific habitat modifications may contribute to 
local changes in the abundance and distribution of 
amphibians. Our approach is to replicate a previous 
field study of a spotted frog population in 
Yellowstone National Park (YNP). This previous 



study, conducted in 1953-55 by Frederick B. 
Turner, provides a baseline for the population's 
demographic characteristics, habitat use, and 
movement patterns. By comparing the historic and 
current data, we are analyzing how the frog 
population and its use of habitat has changed over 
the 40-year period. Specifically, we seek to answer 
five questions: 

1) In an area where site modifications due to human 
activities have occurred, how has frog habitat 
changed? 

2) How have the demographic characteristics of the 
frog population in the modified area changed? 

3) How has the distribution of frogs in the modified 
area changed? 

4) How have the movement patterns of frogs within 
the modified area changed? 

5) How have changes in habitat contributed to the 
observed changes in the demographic characteristics 
and spatial relationships of this population? 

The Lodge Creek spotted frog population 
provides a case study potentially capable of 
revealing how the concepts of habitat diversity and 
metapopulation dynamics may apply to amphibians. 
The current case study will be particularly useful 
because of the avaialability of detailed, historical 
data. 

+ METHODS 

STUDY SPECIES 

The spotted frog Rana pretiosa is a 
widespread and common species in YNP. Declines 
of populations on the west coast, in the Great Basin, 
and along the Wasatch Front have led to a C1 
classification under the Endangered Species Act, 
with listing as endangered or threatened "warranted 
but precluded" (USDI Fish and Wildlife Service 
1993). Elsewhere in its range, including YNP, the 
species is classified as C2. Spotted frogs appear to 
be abundant and reproducing well in the Greater 
Yellowstone Ecosystem (Peterson et al. 1992). 

Spotted frogs inhabit stream edges and 
marshy areas near ponds, lakes, springs, and 
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streams. Breeding occurs mainly in temporary or 
permanent shallow-water ponds. In YNP, spotted 
frogs are slow-growing and long-lived; females 
reach sexual maturity in their fifth or sixth year and 
may live up to 12 or 13 years; males breed in their 
fourth year and may live up to ten years (Turner 
1960). 

STUDY AREA 

The Lodge Creek study area is located near 
Lake Lodge, approximately 1.6 km south of the 
intersection of East Entrance Road and Grand Loop 
Highway in YNP. Turner's 1953-55 study was 
concentrated in a 28 hectare area (Fig. 1A) which 
included two breeding pools, two springs, boggy 
areas, intermittent drainages, and a permanent 
stream, Lodge Creek (formerly known as Soldier 
Creek). Most features of the former study site 
remain recognizable in 1993 (Fig. 1B). We have 
expanded the current investigation to include Lodge 
Creek downstream from Turner's core study area to 
its mouth at the shore of Yellowstone Lake. The 
core area is included in our long-term monitoring 
plan (Peterson et. al. 1992). 

POPULATION CHARACTERISTICS AND 
HABITAT USE 

We have been monitoring the population of 
frogs in this area since 1991 (Peterson et al. 1992). 
In 1993, we hand-captured, marked, released, and 
recaptured juvenile and adult frogs approximately 
five to six days per week from 15 May to 21 
August, and one or two days per week from 28 Aug 
to 22 October. Each frog was given a unique code 
based on a pattern of toe-clipping (Waichman 1992). 
We recorded the sex of adult frogs , and the length 
and weight of each frog at the time of each 
capture/recapture. We also recorded the dates and 
locations of each capture/recapture and noted the 
key features of capture sites, including wetland type, 
vegetation, and water and air temperatures. These 
data are similar to data collected by Turner during 
the former study. In addition, we used radio
telemetry to follow the movements of 20 adult frogs 
for periods of time ranging from a few days up to 
six weeks. We monitored breeding sites and 
documented dates of egg deposition, hatching, 
tadpole development, and emergence of 
metamorphosing frogs . We mapped key locations 
and measured distances using both a Trimble Basic 
Plus Global Positioning System (GPS) and compass
and-tape techniques. To create the study area map, 



we photographed the site from an airplane at about 
600 m, converted the photographs to digitized 
computer files, and used computer graphics software 
to outline and label features. 

For this report, we compared our 1993 data 
to Turner's data on demographic characteristics, 
spatial relationships, and habitat. We quantified 
captures and recaptures to estimate population size, 
and we plotted capture/recapture locations on maps 
of the study area to estimate distribution and 
movements. At this point in our analyses of the data 
sets we are able to make broad comparisons only. 
In 1'994, we will collect an additional season of data 
and conduct a more complete analysis. 

Future work will include more detailed 
comparisons of the historical and current data sets, 
including comparisons of size classes, growth rates, 
sex ratios, larval population sizes, movement rates, 
and habitat use. We will refine our population 
estimates using the Jolly-Seber or other open 
population size estimation methods. Using GPS 
data and aerial photographs, we will enhance the 
study area map and create site-specific maps of 
portions of the study area. To gain a better 
understanding of how sites and habitat have 
changed, we will meet with YNP maintenance and 
archival staff and request their assistance in 
determining precise locations and dates of 
developments. Using weather data collected at 
Lake, we will compare temperatures and 
precipitation of the ten years prior to each field 
study (1943-53 and 1983-93) and for the time period 
between the two studies. Finally, we will use the 
comparative demographic, movement, and habitat 
use data to refine our hypotheses of how specific 
habitat modifications may contribute to the decline 
or persistence of a frog population. 

.. 
Figun: I :a. F. B. Turner's Lodge Creek study 311::1. l\1S~-SS. The ~-ctangle indicates the core study area. 

111is n1.1p is a composite or ligures I :md 7 1n 1\tmcr I !1(111. 
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+ PROJECT PROGRESS AND 
FINDINGS 

HABITAT MODIFICATIONS 

The study area includes sites that have been 
modified by human activities as well as those that 
appear to have changed very little since the 1950s. 
Turner (1960) described his study site as "subject to 
minimal human use"; exceptions included a foot 
trail used for guided walks through the area, the 
proximity of Lake Lodge Cabins to a short section 
of Lodge Creek, and the use of 45 acres as summer 
pasture for Park horses. Since Turner's study, there 
have been two major modifications of the area. The 
first, in the early 1970s, was the relocation of the 
Grand Loop Highway approximately 400 meters 
west-northwest from its previous route (compare 
Fig. lA and lB). The second, in the early 1980s, 
was the development of the springs at the head of 
the main fork of Lodge Creek and associated 
construction of a pumping, piping and chlorination 
system, roads, culverts, maintenance/chlorine
treatment building, and fences. 

These developments caused changes at 
some of the former frog habitat areas in Turner's 
core study area. A list of important former habitat 
areas, development at those sites, and descriptions 
of the current sites is included in Table 1; the areas 
are identified by number on Figure lB. In 
summary, there are three major changes apparent in 
habitat: 

1) At the time of the historical study, the area at the 
head of Lodge Creek's main fork included an open 
sedge meadow with a spring-fed pool and water
filled holes, seeps and a large boggy area. It now 
supports a young lodgepole stand, willows, and a 

.· 
... , 

.···· : 

~ m~:... - ... . ........ 
Fl~:~~n: lb. Lodge Creek study area. 199J. Numbers identify key hobilat arc:Js. 11~en:: an: some: diiTcrenccs 

the two 111:1ps that arc due to discrcp:mcics in mapping techniques. 
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Table 1. Key habitat areas (identified on Figure lb); comparing site characteristics, habitat use, and percent of frogs captured from the 
1950s population and the 1993 population. 

Site Site description Development since Site in 1993 Habitat uses, 1953 Habitat uses, 1993 'Ai frogs captured 'Ai frogs 
No. 1953-55 1953 1953-55 captured 

n • 1172 1993 
captures n "'285 

captures 

I Springs, seeps, water· Water well , pumping Springs, seeps and water- Breeding, summer Summer foraging , 21.1'Ai 37.5'Ai 
fill~ holes, and pool system, maintenance filled holes present; largest foraging, hibernation 
at head of east fork of roads, s· chain-link former pool reduced or hibernation 
Lodge Cr, with boggy fence, power lines absent; sedge meadow 
area and s~ge replaced by trees and 
meadow shrubs 

2 Upper Lodge Cr., Maintenance road Stream edges; seep areas, Summer foraging Summer foraging 4.4% 13'Ai 
stream edges and small building ditches, and puddles" along 

road edges 

3 Springs and associat~ None Approximately the same as Summer foraging, Summer foraging, 2.9'Ai 22.8'Ai 
boggy area at the head in 1953 hibernation probable 
of middle fork of hibernation 
Lodge Cr. 

4 Ponds (Pools 3 and 4) None Approximately the same as Pool 3: breeding Pool 3: breeding 10.6'Ai 4.9'Ai 
in forest; creat~ by in 1953 and summer and infrequent 
rain and melting foraging; summer use; 
snow, ephemeral in Pool 4: summer Pool 4: summer use 
dry years foraging 

5 Pool in meadow (Pool None Approximately the same as Breeding, early Breeding, very rare 6.4'Ai 1.8'Ai 
I): ephemeral in 1953 summer foraging summer use 

6 Ephemeral stream New section of Ephemeral stream and Early summer Early summer use, 16.9'Ai 11.2% 
with 2 forks, in grass- highway, roadside ditch; only 1 fork foraging, dispersal dispersal route 
forb meadow·; drains embankment, culvert carries water from route 
into Lodge Cr. meadow; flows under 

highway through culvert 

6M Seasonally wet New section of Seasonally wet meadow, Early summer Infrequent early r.a 1.8'Ai 
meadow east of highway, with boggy areas and foraging summer use 
ephemeral stream, embankment puddl~; Pool 6 not 
with temporary pond present 
(Pool 6) and boggy 
areas 

7 Lodge Cr., including New section of East and middle forks flow Summer foraging, Surruncr use, 29.8'Ai 2.8'Ai 
confluence of middle highway, under highway through hibernation hibernation; very 
forks; main channel embankments, culverts; old ephemeral little use of western 
and a smaller, culverts above channel no longer carries section and area in 
ephemeral channel confluence. water vicinity of 
below confluence; confluence 
in forested area 

7C Confluence of Lodge None identified Marshy area, ephemeral Mid· and late· Late summer use, 6.2'Ai 4.2% 
Cr. and ephemeral stream chaMel and pools, summer foraging, hibernation in 
stream from meadow Lodge Cr stream edges and hibernation in stream chaMel 

channel stream channel 

8 Lodge Cr. Discontinued use of Possible changes in unknown Summer use, NA (not part of NA 
downstream from this section of chaMels since 1950s; possible hibernation core study area) 
study area; in !<age· highway reduced willow 
grass-forb meadow 
and dwarf willows 
along stream edges. 
Not part of core study 
area 

9 Marshy, flooded area No known changes Approximately the same Summer foraging, Breeding, summer NA (not part of NA 
ncar mouth of Lodge breeding? use, hibernation core study area) 
Cr. 
Not part of core study --
area 



restricted seep/sedge area. The former pool is gone; 
two water-filled holes are the only bodies of surface 
water deeper than a few centimeters. The seeps 
come together to form the head of Lodge Creek, 
which is undisturbed downstream of the pumping 
operation until it reaches the highway. Changes in 
hydrology and vegetation appear to be due to 
development of the springs and accompanying 
surface disturbances. 

2) Within the historical core study area, there were 
no road or highway crossings of Lodge Creek. The 
new highway crosses Lodge Creek just above the 
confluence of the main and middle forks, and the 
streams pass through culverts beneath the highway. 
A side channel of Lodge Creek that formerly flowed 
north of the main channel was also crossed by the 
highway. This channel is now completely dry 
except during periods of snowmelt or heavy rain and 
is no longer connected to the main drainage. Other 
than the loss of the side channel and the addition of 
the highway with road shoulders and culverts, there 
are no apparent changes in the drainage. 

3) A seasonally wet meadow at the east side of the 
former study area has been bisected by the highway, 
resulting in the probable loss of one temporary pool 
(pool 6) and an unknown amount of temporary 
wetland areas. Formerly, an ephemeral stream with 
two branches flowed from its origin from melting 
snows and spring rain in the meadow to its junction 
with Lodge Creek. This drainage, barely visible in 
tall grass and sedges, now carries water in one 
branch only, and passes under the highway through 
a culvert. The vicinity of the crossing has been 
filled and the topography reconstructed with 
embankments on both sides of the highway. 

Other habitat areas of the former study area 
are still present, including two breeding pools (pools 
1 and 3), a non-breeding pool (pool 4), most of 
Lodge Creek, and the springs at the head of the 
middle fork. These sites appear to have changed 
very little in the 40-year interim. 

DEMOGRAPHIC CHARACTERISTICS 

Our preliminary assessment is that the 
population in the study area has declined 
approximately 80% compared to the 1950s 
population. Frogs in the 1990s reproduced at two 
of the three former breeding sites within the study 
area, but numbers of egg clusters at these two sites 
have declined 70-86% relative to the 1950s. 
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Turner's historical study used data from the 
capture and recapture of individuals over a period of 
three years to estimate population size, sex ratios, 
age distributions, survival, and growth rates. To 
obtain data for similar analyses of the 1993 
population, we conducted an intensive 
capture/recapture effort of frogs in the core study as 
defined by Turner, and, less intensively, in Lodge 
Creek downstream of the study area to Yellowstone 
Lake. We made a total of 892 captur~ and 
recaptures during the active season. Many frogs 
were recaptured at least once; others were 
recaptured on several occasions. We also marked a 
number of metamorphosing larvae. Results are 
tabulated in Table 2. 
Table 2. Summary of Capture/Recapture Data, 1993 

CATEGORY NUMBER 
OF FROGS 

Frogs marked , total 564 
Frogs recaotured total* 214 

Adult and juvenile frogs marked core study area 238 

Adult and juvenile frogs recaptured core study area• 161 

Metamorohosine; larvae marked in breeding oonds 190 

*This category includes frogs captured at least one time in 1993; it does not include multiple 
recaptures of the same frogs. 

Our estimate of the population in the study 
area in 1993 indicates a decline of approximately 
80% compared to 1953. Turner (1960) estimated a 
1953 population size of 1559 ± 132 frogs ( ± SD). 
Our 1993 estimate of the population size within the 
same area is 300 + 22 frogs. Both estimates are 
based on the Lincoln-Petersen method, which uses a 
ratio of marked to total animals to estimate a total 
population. The two estimates are not strictly 
comparable; Turner's estimate was based on two 
active seasons of capture/recapture data, while ours 
is based on a single active season. There is some 
corroborating evidence of a decline; Turner revisited 
the site in 1991 and was struck by the relative 
scarcity of frogs as compared to the 1950s. Also, in 
1991, we conducted mark/recapture of frogs in 
upper Lodge Creek (a large portion of the study 
area), and from that data we estimated a population 
of 245 (± 30) frogs, a number not significantly 
different from our 1993 estimate. We therefore 
think that the population has declined significantly 
since the 1950s. 

Reproduction occurred in 1993 at two 
breeding pools identified by Turner in the 1950s, 
pool 1 in the meadow and pool 3 in the forest. A 
third breeding site formerly used by frogs in the area 
is no longer in existence. In 1955, Turner (1957) 
documented 26 egg clusters at pool 1 and 25 at pool 
3. By contrast, we found three egg clusters at pool 
1 and twelve at pool 3 in 1991 (Peterson et al. 



1992), and in 1993 we found three egg clusters at 
pool 1 and four at pool 3. 

Because spotted frogs in YNP are slow
growing and long-lived, the size or age class 
structure of the population in a given year reflects 
reproductive successes and mortality rates of several 
past years (Turner 1957). Further analyses of our 
1991 and 1993 data, in addition to data collected in 
1994, may provide more insights into the nature of 
the population decline. 

DISTRIBUTION 

In 1993, we found frogs at many of the 
locations identified by Turner in the 1950s. 
However, overall distribution of frogs in the study 
area appears to have changed in some ways. While 
all occupied habitat sites within the study area have 
fewer frogs than they did in the 1950s, differences 
also exist in the proportions of frogs at these sites 
compared to the 1950s. The area along Lodge 
Creek south of the highway has proportionately 
fewer frogs, and Lodge Creek upstream of the 
highway has proportionately more frogs than in the 
1950s. 

Turner plotted all points of capture and 
recapture for a series of 1144 frogs on a set of maps 
representing three periods of the summer over the 
three years of the study. The last . two periods (June 
21-July 31, and Aug 1-Sept 20) are reproduced in 
Fig. 2, A and B. Similarly, we mapped locations of 
frogs captured in 1993 (Fig. 2, C and D). To 
estimate and compare differences in relative use of 
the habitat areas for 1953 and 1993, we averaged the 
June-July and August-September captures and 
calculated proportions of frogs using the various 
habitat areas. These numbers are given as percents 
in Table 2. Validity of the comparisons is limited 
by our inability to control for error introduced by 
unequal sampling effort. If, however, the 
dispersion patterns are generally representative, 
some contrasts between the two data sets are so large 
as to indicate real differences rather than differences 
in sampling. The data suggest two important 
conclusions: (1) Lodge Creek south of the highway 
(areas 7 and 7C in Table 2) supports far fewer frogs, 
proportionately as well as absolutely, than it did 
historically. While Turner made 36% of the 
captures along this section of Lodge Creek, we 
found only 7%; and (2) the headwaters area of 
Lodge Creek and adjacent wetlands (areas 1, 2, and 
3 in Table 2) remain extremely important, 
potentially even more important than they were 
historically in terms of the persistence of this 
population. While Turner found less than 30% of 
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the 1950s population in this area, we found over 
73% of the 1993 population there. 

Figure 2. A and B. Diapenion of the lAke Lodge population, 19S3-SS, 

during (A) June 21 to July 31, and (B) Aug 1 to 

Sept 20 (Turner 1960). 

C and D. Diapenion of the population, 1993, durin& (C) 

June 21 to July 31 , and (D) Auc 1 to Sept 26. 

Each dot repreaenta the capture of a fro& at that 

location; repeated capturea durin& the aame time 

period are not ahown. 



MOVEMENTS 

Both the 1950s and the 1990s data sets 
reveal that some individual frogs move quite 
extensively within the study area. Despite our much 
smaller sample size, we found many of the same 
types of movements that Turner described. The 
largest change in movement patterns involves 
movements into Lodge Creek south of the highway. 

Turner found that movements of individual 
frogs within the study area connected key habitat 
features (Fig. 3A). In the spring, frogs moved from 
hibernacula in the Lodge Creek springs and Lodge 
Creek's main channel to breeding pools (pools 1 and 
3) and to foraging areas (pool 4, wet meadow, and 
intermittent channels) . Later in the summer, as the 
foraging areas in the meadows and intermittent 
streams became dry, frogs moved to permanent 
water in Lodge Creek or pools, and back to 
hibemacula. According to Turner (Turner 1960), 
frogs moved overland to reach breeding pools and 
upland foraging areas, but may have relied on 
streams and intermittent stream channels as 
movement corridors in late summer. In 1993, we 
also found that frog movements connected many of 
the habitat features of the core study area (Fig. 3B). 
From capture/recapture data, we found 25 
movements within the wetlands around the 
headwaters of the two forks of Lodge Creek, and 26 
movements to or from habitat areas at the pools, 
meadow, Lodge Creek, and Lodge Creek 
headwaters. We documented 6 movements that 
required crossing the highway overland or through 
culverts. We found no instances of frogs moving 
between the core study area and the lower portion of 
Lodge Creek near Yellowstone Lake. 

0 

__ -:_· __ :.:.~- -':~· 
wet mea.Jow 

~-----------~----________ 19_53-55 I 

Fi&ure 3A. MO'IICIJICI'IIa of frop bucd on capt~rccapture locatione of indivichal frop. 
Arrow. indicate conmoa or frcqucnt pattcfDII of lllCIYmiCtll durin& the yean 1995 to 
1955. 
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Fi&W'C 38. MCI\Iemcnts of frop in 1993, bucd on captW'C/rccapture of individual frop . 
Numbers in parentheses indicat.c the number of individual froc IDO'IIIel'nmla. 

Comparing movements of the 1950s and the 
1990s (Fig. 3A and B), we found that, in 1993, 
movements into former habitat areas in Lodge Creek 
south of the highway and west of the intermittent 
stream were extremely rare. This contrasts sharply 
with patterns of movements in the 1950s when the 
southwestern part of the study area was used 
extensively as a late summer foraging and as a 
wintering area. We hypothesize that the movement 
of a few frogs across (or under) the highway in the 
vicinity of the intermittent stream is the remnant of 
what was formerly an important migratory 
movement. Habitat along Lodge Creek south of the 
highway appears to have changed little since the 
1950s. The very low frequency of movements into 
this area suggests that the highway acts as a 
movement barrier or that mortality of frogs crossing 
the road has reduced the portion of the population 
using habitat areas across the highway from the 
breeding and foraging areas. 

FURTHER ANALYSES 

Future work will include more detailed 
comparisons of the historical and current data sets, 
including comparisons of size classes, growth rates, 
sex ratios, larval population sizes, movement rates, 
and habitat use. We will refine our population 
estimates using the Jolly-Seber or other open 
population size estimation methods. We will 
supplement the analysis of frog movements with the 
data from radiotelemetered frogs. Using GPS data 
and aerial photographs, we will enhance the study 
area map and create site-specific maps of portions of 
the study area. To gain a better understanding of 
how sites and habitat have changed, we will meet 



with YNP maintenance and archive staff and request 
their assistance in determining precise locations and 
dates of developments. Using weather data 
collected at Lake, we will compare temperatures and 
precipitation of the ten years prior to each field 
study (1943-53 and 1983-93) and for the time period 
between the two studies. Finally, we will use the 
comparative demographic, movement, and habitat 
use data to refine our hypotheses of how specific 
habitat modifications may contribute to the decline 
or persistence of a frog population. 

+ SUMMARY 

A large spotted frog population occupied 
streams and seasonally wet areas in the vicinity of 
Lake Lodge during the 1950s. Demographic 
characteristics, spatial distribution, and movement 
patterns of the 1950s population . were documented 
by Frederick B. Turner. We are comparing data 
from the 1950s with data that we are collecting in 
1990s to determine how the frog population and its 
use of habitat has changed. Spotted frogs have 
persisted in the area despite development of a water 
pumping system at the head of Lodge Creek and the 
relocation of Grand Loop Highway, which now 
bisects the former study area. Our preliminary work 
indicates that population size has declined by about 
80%, from approximately 1500 frogs to 
approximately 300 frogs . Numbers of egg clusters 
deposited in the 1990s were 70% lower in 1991 and 
86% lower in 1993 than in 1955. Most of the 
habitat features (pools, streams, boggy areas) 
identified during the former study still exist and 
remain occupied by frogs . There are, however, 
changes in the distribution of frogs among these 
areas. The head of Lodge Creek has changed the 
most in terms of hydrology and vegetation, and 
while it appears to support fewer frogs than it did 
historically, it now supports a higher proportion of 
the population. In contrast, Lodge Creek, south of 
the highway that now bisects the former study area, 
shows a sharp decline in both absolute and 
proportional use compared to the 1950s. 
Movements of frogs observed in 1993 indicate that 
dispersal among habitat areas i.s similar to the 1950s, 
with the exception of dispersal to Lodge Creek south 
of the highway. 
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+ FuTURE WORK 

Based on the results of our field study, we 
hypothesize that the persistence and robustness of 
this spotted frog population is linked closely to its 
access and use of diverse kinds of habitat: 
seasonally wet meadow areas, ephemeral streams, 
breeding pools, springs, and permanent streams. In 
addition, emigration from other breeding 
populations in the area may contribute to population 
persistence. We further hypothesize that fragmen
tation caused by highway construction and habitat 
loss may be important factors in explaining the 
decline of this population. We will continue to 
investigate and develop these hypotheses through 
continued mark/recapture and telemetry of frogs in 
the core study area, close monitoring of frog 
movements among the key habitat areas, and 
comparisons of historical and current data on 
distribution, dispersal, and demographics. We also 
will expand mark/recapture efforts to drainages and 
wetland areas north and south of the core study area, 
and we will continue to study frogs in lower Lodge 
Creek to determine if and how the population may 
be linked to others in the area. 
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+ SUMMARY 

Fifteen permanent bench marks were 
established east and south of the existing 22 km-long 
line of 50 bench marks across the Teton normal fault 
in Grand Teton National Park to compare height 
changes of Jackson Hole relative to the Teton Range 
on the west and Shadow Mountain on the east. 

The new bench marks, together with three 
other agency bench marks and three temporary 
bench marks, constitute a 7. 8 km-long extension to 
the existing line tied to the old line at bench mark 
GT01 . 

The new bench marks were precise! y 
leveled between 30 August and 5 September 1994. 
Misclosure of the double-run survey was 0.86 mm, 
thus the precision of the total survey is 1 part in 10 
million. If the misclosure is simply spread equally 
among the (n-1) bench marks, then the probable 
error associated with the relative height of a single 
bench mark is effectively zero. 

+ INTRODUCTION 

A leveling array was established across the 
Teton normal fault in summer, 1988, by John Byrd 
and Chuck Meertens (Byrd, et al. , 1989) to search 
for minute vertical displacements on the Teton Fault 
due to interseismic activity on the fault. With some 

additions, that array comprises 50 permanent bench 
marks in an irregular line having a total length of 
22,145 m. 

The line was surveyed in 1988, 1989, 
1991, and 1993 in each case to a standard deviation 
of a few parts in 10 million (Sylvester et al., 1991; 
Byrd 1991). Compared to the initial survey in 
1988, the 1993 survey revealed that the floor of 
Jackson Hole between the Snake River and the 
Teton Range tilted eastward about 12 microradians 
toward the Snake River, opposite to the sense of tilt 
in recent geologic time, judging from the 
southwestward slope of the valley toward the Teton 
Range front. 

Eastward tilt may be related to lowering of 
the water table due to the decreased precipitation 
between 1991 and 1993. This interpretation may be 
tested by extending the line eastward across the river 
into bedrock east of Jackson Hole and then 
resurveying both the extension and the old line in 
the future and comparing the observations with the 
1993 survey of the old line together with the 1994 
survey of the extension. The extension, described 
and referred to herein as the Lost Creek extension, 
carries the line eastward across the Snake River to 
Shadow Mountain, so that the leveling line across 
Jackson Hole is tied to bedrock in the mountain 
ranges that bound it on the east and west. 

The Lost Creek extension commences at the 
eastern termination of the old line at the east edge of 
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Figure 1. Site map of bench marks Lost Creek extension Grand Teton National Park 

Baseline Flat at bench mark GT01 (Fig. 1). It 
proceeds south and west down the river bank of the 
Snake River to the north bank of the river. The line 
extends across the river to the south river bank by 
using a gravel bar in the center of the river as a 
stepping stone; thence it extends 150 m westward 
along the south shore to a point where the first 
terrace may be ascended; thence it follows a paved 
and gravel road eastward to Highway 89. It crosses 
the highway and proceeds south-southeastward along 
a horsetrail in a small canyon to an improved gravel 
road on Antelope Flats that leads eastward to Lost 
Creek Ranch. At a point about one-half kilometer 
west of the ranch, the line turns abruptly southward 
and extends 3 km along a gravel road, herein called 
East Side road, to a point where that road intersects 
bedrock (Love et al. , 1992) on the front of Shadow 
Mountain. 

BENCHMARKS 

Bench marks are of three types: Class B rod 
marks (Floyd, 1978) which are coupled 2 em-

diameter steel rods, driven to refusal, 4 em
diameter, stainless steel plugs cemented into holes 
drilled in bedrock or large boulders which are 
embedded in glacio-fluvial allluvium or moraine, 
and 10 em-diameter pipes of unknown length capped 
with a standard 10 em-diameter bronze disk set by 
other agencies. Minimum length of the Class B rod 
marks is 1 m, and the maximum length is 3 m. 
Each Class B rod mark is tipped by a r em-diameter 
stainless steel rod, 10 em long, which is screwed 
firmly to the top of the steel rod and cemented with 
Locitite TM . The top of each rod is nearly flush with 
the ground surface and is encased in a 0.5 m-long, 
20 em-diameter PVCTM pipe; the space between the 
rod and the pipe is backfilled with sand to the base 
of the stainless steel tip. The top of each kind of 
bench mark is rounded, so that the base of the 
leveling rod makes a point contact with it. 

Bench marks are generally about 500 m 
from one another, but some are as close as 122 m 
and as far as 920 m. 



• EQUIPMENT AND METHODS 

The Lost Creek extension was broken into 
six segments and surveyed by a single crew. The 
misclosure of each segment was combined with 
those of the other segments to yield height 
differences among all of the bench marks as well as 
a total closure error. Personnel were apportioned so 
that there were two rodmen, an instrument man, and 
a recorder who doubled as an umbrella man. 

The north and west parts of the extension 
were leveled with a shaded Wild N3 tilting level 
together with a matched pair of strut-supported, 
doubled-scale, Wild GPL-3 invar leveling rods, 
serial numbers 6477 A and B. These rods were last 
calibrated in October 1993. The remainder of the 
extension was surveyed with a Leitz N A3000 
automatic level and strut-supported, bar-coded, 
invar rods. The instruments received routine, 
factory-authorized maintenance and adjustment one 
week before this project. 

All leveling was double run with balanced 
sights. Length of shots from the N3 to rod was no 
more than 23 m, whereas from N A3000 to the bar
coded rods the shot lengths were typically in the 24-
26 m range. With the N3 , left rod readings were 
permitted to deviate from the right rod reading by 
no more than 0.010 em, else the observation was 
repeated. A temperature reading was taken at the 
instrument at a height from 1 to 1.5 m above the 
ground surface for nearly every shot. The A-rod of 
each pair was always placed on a permanent bench 
mark to minimize the error due to the differences in 
rod lengths. In order to minimize personnel errors, 
each instrument man shot the backrun of his/her 
forerun. 

The shot across the Snake River was 
accomplished with a shaded Leitz N A3000 
automatic level and its set of bar-coded, 3 m-long 
invar rods. The instrument was set up on a gravel 
bar in the middle of the river at a point that was 
39.92 m from the rod on the north river bank and 
39.68 m from that on the south bank. The height 
difference between the two bench marks was 
observed 25 times in one half hour. Throughout 
that time, the face of the rod on the south shore was 
shaded, whereas that on the north side was usually 
in full sun except when an occasional cloud passed 
overhead. A gusty breeze blew variably through the 
half hour survey. The height difference was 
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determined by taking the mean and standard of the 
25 shots. 

Surveying typically commenced about 8:30 
AM and terminated about 5:30 PM. Temperatures 
typically ranged from 13° C in the early morning to 
26° C in the mid-afternoon. The sky was generally 
cloudless. The air was usually calm each morning, 
but strong gusty winds prevailed on September 3 
and 4. 

Personnel for the 1994 survey were: Arthur 
G. Sylvester, David Morey (University of Utah) , 
Eric Johnson, Jane Heinemann, and Greg Bishop. 

• RESULTS 

Observed heights and cumulative stadia 
distances of bench marks relative to GT01 are 
presented in Table 1. GT01, which is the 
easternmost bench mark of the old line, is arbitrarily 
assigned a height and distance of zero. 

Table 1. Observed heights of bench marks, Lost Creek extension Teton 
fault crossinR line, Grand Teton National Park. 1994. 

GT01 is arbitrarily assigned a height and distance of 0.0 
BENCHMARK 1994 HEIGHT CUULATIVE STADIA 

(METERS) DISTANCE (METERS) 
GT01 0. 00000 ± 0. 00009 0.0±0.5 m 
GTA -20.77070 304.7 
GTB -30.03180 436.8 
GTC -33.39310 787.2 

TPGTl -39.05380 1033.7 
TPGT2 -40.07488 1113.3 

GTG -33 .59716 1365.2 
GTII -20.03590 1709.7 

TPGTI -8.66560 1964.4 
GTI 18.53240 2367.2 
44A 17.28041 2417.2 
GTJ 21.03123 2801.7 
GTK 32.33760 2924.3 
GTL 54.96620 3177.7 
GTM 59.06341 3532.8 
GTN 68.86570 4267.0 

NPSRM 68.55210 4597.2 
GTO 68 .14514 5048.0 
6996 74.17454 5537.2 
GTP 66.52821 6467.9 
GTQ 59.35568 7140.2 
GTR 47.30230 7832.8 

Closure errors, leveling precisiOn, length, 
and date for the surveys of the segments are 
presented in Table 2. Segment lengths were chosen 
on the basis of what could be a double-run in a day 
or one-half of a day between one or more two 
permanent bench marks. 

Closure data in Table 2 represent the 
misclosure between the forward and backward runs 



of a segment. Our allowable closure error for 
"tectonic precision" is 1 mm x L- 112 where L is the 
one-way length of the line in kilometers, whereas 
"first order precision" is 2 mm x L"112 (Federal 
Geodetic Commission, 1984). 

We achieved "tectonic precision" in four of 
the six segments, and "first order precision" in the 
other two segments. The ratio of the sum of the 
misclosures +0.86 mm, to the total length of the 
line, 7832.8 m, yields a standard deviation of 1 x 
10"7 ppm (Table 2), which qualifies the precision of 
the entire survey as "tectonic first order." 

Table 2. Clooure Erron and Leveling Precioion of Leveled Segmoot. Loot Croelr extenaion. Onnd Teton 
Line 1994. 
LBVBUNO LBNOni OBSBRVBD AU.OWABLB PROCISION SURVBY 
IBOMIWT (MBTBRS) CLOSURB CLOSURB (PPM) ORDBR OATS 

{mm) _f_m.,}" 

OTOI - I(B3.7 I. CIS ..... 30 
li'OTI 

tll'<lTI -
11'01"2 

79.6 =.0. 10 0.21 1.25 TBC too ..... 29 

TPOT2-<m 1253. 9 2.0 1.12 1.60 I~ ..... 31 
011-0n. 110.5 -0.17 0.90 0.21 TBC I~ ..... 3 
<m.- 1<19.5 0.3 1 0.22 TBC I~ .... . I 
NPSRM 
tNPSRM- 3231.6 - 1.61 t. IO 0.50 TBC I~ ..... •.s 
OT1l 

TOTAL 7932.8 m 0.86 mm 2.80 mm I x 10-7 

*AIIOIMlble dooure for "tectomc fint order" - I mm X L"'" where L ia the length of one way oegment 
length in kilometon. 

tHoigbl difference determined with NA3000 aW>matic level by m"'n and SD of 25 r"'dingo between two 
bu coded rodo. 

80 m apart. on "'"h Snake River. 
§SutVoyod with NA3000 a .. omatic level and bu-codod rodo. 

+ CONCLUSIONS 

Successful establishment and survey of 
bench marks in this 7. 8 km-long extension to a 
standard deviation of 0. 1 ppm means that we now 
have a line of 70 permanent, precisely surveyed 
bench marks that extends 30 km westward across 
Grand Teton National Park from Shadow Mountain, 
across Jackson Hole (Antelope and Baseline Flats) 
and the Teton fault, into the core of the Teton 
Range. 

Comparison of future surveys of 
comparable precision with bench mark heights 
obtained from the old part of the line in 1993 and 
the new extension in 1994 will allow us to 
determine not only the amount and sense of seismic 
and interseismic displacement across the Teton fault 
to within a couple millimeters, but also the amount 
and sense of tilt of Jackson Hole relative to the 
bounding mountain ranges to within one or two 
microradians. This information ought to tell us 
more about the mechanics of the Teton fault and its 
shape at depth in future during large magnitude 
earthquakes, as well as the relative roles of 
nontectonic vs. tectonic mechanisms that cause the 
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floor of Jackson Hole to tilt in the time intervals 
between those large earthquakes. 
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APPENDIX 1 

DESCRIPTIONS OF NEW AND AUZILIARY BENCH MARKS 

GTA - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a prominent, 
massive, sugary, granitic boulder, 1 m x 1 mat the base and 112m high. The boulder overlooks the Snake River 
at the southwest comer of an old, obliterated ranch site 100 m southwest of the end of a dirt rod that proceeds 
southeast and southwest from the Baseline Flats road at GTOl. Moran u.S' quad. , 43°45'40"N, 100°36'43"W. 

GTB - Class B rod point, 2.5 m long, driven to refusal in, and nearly flush with the surface at the east end of the 
first main terrace above the north side of the Snake River. Upper 112 m sheathed in 20 cm-diam. PVC pipe. 
Moran 7.5" quad. , 43°45'34"N, 110°36'33"W. 

GTC - Class B rod point, 3 m long, driven to refusal in , and nearly flush with the surface at the west end of the 
first main terrace above the north side of the Snake river. Upper 112 m sheathed in 20 cm-diam. PVC pipe. 
43°45'42"N, 110°37'04"W. 

GTD- Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface on the low flat above 
the north side of the Snake River. Upper 112m sheathed in 20 cm-diam. PVC pipe. Not used in 1994 survey. 

GTE - Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface of the beach on the 
north side of the Snake River. A lone cottonwood tree on the south face of the main river bank bears N15°E from 
the bench mark. Not used in 1994 survey. 

GTF - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of the east flank of an 
isolated, polished granitic boulder, 3 m x 2 m at the base and 1 m high. The boulder is located in the middle of 
the active channel of the Snake River. Not used in the 1994 survey. 

GTG - Class B rod point, 3.5 m long, driven to refusal in, and nearly flush with the surface of river terrace at a 
point 41 m north of the center line of the gravel road leading across an alluvial flat to the Deadman's Bar boat 
put-in. Bench mark is at the northeast comer of the flat, 4 m south of the edge of the flat and from an 
unimproved, informal trail that leads downward to the next terrace level and the Snake River. Upper 112 m 
sheathed in 20 cm-diam. PVC pipe. Bearing to Grand Teton = 261°. Elevation 6640'a.s.l. Moran 7.5' quad. , 
43°45'34"N, 110°37'17"W. 

GTH - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a pyramidal 
shaped, lichen-covered boulder, 1 m x 1 m at the base and 112 m high. The boulder is located on the second main 
bench above the Snake River, about 20 m south of the gravel road that leads to the Deadman's Bar boat put-in, 
and about 400 m east of the put-in. Elevation 6670'a.s.l. Moran 7.5' quad., 43°45'30"N, 11°37'08"W. 

GTI - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a quartzite boulder, 
having a surface 1 m x 1.5 m and projects 10 em above the ground surface. The boulder is located at the 
northeast comer of the T -intersection of the Deadman's Bar road and State Highway 89, about 25 m from the 
center line of each road. Elevation 6830'a.s.l. Moran 7.5 ' quad. , 43°45'19"N, 110°36'46"W. 

44A - 10 em-diameter, stainless steel disk in concrete, set nearly flush with the ground surface, and set and 
stamped 44A by U.S. Bureau of Public Roads, 25 m south of the center line of State highway 89 at the 
intersection of that highway with the Deadman's Bar road, and 50 south and across the highway from GTI. 
Elevation 6825'a.s.l. Moran 7.5 ' quad., 43°36'45"W. 
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GTJ - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a volcanic boulder, 
having a surface 0.5 m x 0.5 m and projects 30 em above the ground surface. The boulder is located in canyon 
bottom about 4 m east of a horse trail leading from the intersection of State Highway 89 and Deadman' Bar road 
to Lost Creek Ranch. It is about 360 m south of that intersection at the place where the canyon begins to bend 
from south to east. Elevation 6840'a.s.l. Moran 7.5' quad., 43°45'03"N, 110°36'43"W. 

GTK - Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface at a point about 10m 
west of the horse trail leading from the intersection of State Highway 89 and Deadman's Bar road to Lost Creek 
Ranch. It is located on a little flat between the two steep parts of the horse trail approximately 100 m south of 
GTJ. Upper 112 m sheathed in 20 cm-diam. PVC pipe. Grand Teton not visible from this bench mark. 
Elevation 6860'a.s.l. Moran 7.5' quad., 43°45'00"N, 110°36'48"W. 

GTL- Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface at a point about 10m 
south of horse trail where it comes out of the canyon that carried the trail south from the T -intersection of State 
Highway 89 and the Deadman's Bar road. The horse trail bends eastward to follow the crest of an east-west ridge 
to Lost Creek Ranch, whereas the leveling line proceeds across the north edge of Antelope Flats to Lost Creek 
road. Upper 112m sheathed in 20 cm-diam. PVC pipe. Bearing to Grand Teton = 267°. Elevation 6910'a.s.l. 
Shadow Mountain 7.5' quad., 43°44'57"N, 110°36'47"W. 

GTM - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a quartzite 
boulder, having a surface 0.5 m x 0.5 m and projects 5 em above the ground surface. The boulder is located in 5 
m south of the center line of gravel road to Lost Creek Ranch and about 9 m east of 1 m x 1 m x 1 m volcanic 
boulder located at elevation point 6950' on 15' topographic quadrangle map. Bearing to Grand Teton = 268°. 
Shadow Mountain 7.5 ' quad., 43°44'47"N, 110°36'37"W. 

GTN - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a pyramidal 
shaped, lichen-covered quartzite boulder, 1 m x 112 mat the base and 20 em high. The boulder is located 8 m 
south of the center line of Lost Creek Road, about 150 m west of the wye intersection of that road and the East 
Side Road. Bearing to Grand Teton = 268°. Elevation 6970'a.s.l. Shadow Mountain 7.5' quad., 43°44'40"N, 
110°36'08"W. 

GTO - 10 em-long, stainless steel rod with beveled top that ptjects 2 em above the surface of a volcanic boulder, 
1 m x 112 m at the base and 114 m high. The boulder is located 17 m east of the center line of the East Side 

0 Road, and about half way between NPS reference mark and NPS boundary comer, and 35 m, 144 from power 
pole KA 135A. Bearing to Grand Teton = 270°. Elevation = 6970'a.s.l. Shadow Mountain 7.5' quad., 
43°44'18"N, 110°36'05"W. 

GTP - Class B rod point, 3 m long, driven to refusal in, and nearly flush with the surface at the northeast comer 
of the intersection of the East Side Road and a dirt track that bears 135° from the same road to the section comer 
at elevation 6986' . The bench mark is 10m from the center line of each road and about 100 m northeast of the 
base of a nearby isolated hill. Upper 112m sheathed in 20 cm-diam. PVC pipe. Bearing to Grand Teton = 274°. 
Elevation= 6980'a.s.l. Shadow Mountain 7.5' quad. , 43°43'43"N, 110°36'20"W. 

GTQ - Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface between the 
intersection of the East Side Road and the powerline road, about 10 m west of the center line of the East Side 
Road, and 45 m, 168° from power pole KM121 and 63 m, 216° from power pole 120, and about 20 m south of a 
lone, small pine tree. Upper 112 m sheathed in 20 cm-diam. PVC pipe. Bearing to Grand Teton = 275°. 
Shadow Mountain 7.5' quad., 43°43'31 "N, 110°36'45"W. 

GTR - Class B rod point, 1.5 m long, driven to refusal in, and nearly flush with the surface at the south end of a 
bedrock ridge. The bench mark is the apex of an equilateral triangle east of the East Side Road with power poles 
MM14/KA122 and KM115. Upper 112m sheathed in 20 cm-diam. PVC pipe. Bearing to Grand Teton = 277°. 
Shadow Mountain 7.5' quad., 43°43'12"N, 110°36'53"W. 
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Auxiliary Bench Marks 

TPGT1 - Class B rod point, 112 m long, driven to refusal in, and nearly flush with the beach surface on the north 
shore of the Snake River, almost south of GTC. It is regarded as a temporary turning point to carry the leveling 
line across the Snake River. Moran 7.5' quad., 43°45'37"N, 110°37'06"W. 

TPGT2 - 10 em-long, stainless steel rod with beveled top that projects 2 em above the surface of a quartzite 
boulder, having a surface 0.5 m x 0.5 m and projects 5 em above the other boulders around. the boulder is 
located at water level on the south shore of the Snake River. It is regarded as a temporary turning point to carry 
the leveling line across the Snake River. Moran 7.5' quad., 43°45'34"N, 110°37'07"W. 

TPGT3 - 10 em-long , stainless steel rod with beveled top that projects 2 em above the surface of a red chert 
boulder, having a surface 0.5 m x 0.5 m and projects 30 em above the ground surface. The boulder is located on 
the north edge of the Deadman's Bar road, half way up the road from the top of the second main bench to the top 
of the third, about 5 m north of the road center line. It is regarded as a temporary turning point to carry the 
leveling line up the Deadman's Road between GTH and GTI. Elevation = 6720'a.s.l. Moran 7.5' quad., 
43°45'28"N, 110°37'00"W. 

NPSRM- 10 em bronze disk set in the top of a steel pipe that projects about 25 em above the ground surface next 
to a 112 m-diameter, 30 m-diameter, 30 em-high pile of rounded quartzite boulders at the south apex of the wye 
intersection between the Lost Creek and east Side roads, and 20 m south of a second identical reference mark. 
Disk is stamped U.S. Department of Interior Bureau of Land Management RM with a west-pointing arrow and 
reference distance of 28 ft . Bearing to Grand Teton = 260° Shadow Mountain 7.5' quad., 43°44'33"N, 
110°36'00"W. 

6996- 10 em bronze disk set in the top of a steel pipe that projects about 25 em above the ground surface next to 
a 1 m-diameter, 30 em-high pile of rounded quartzite boulders 3 m northwest of fence comer and NPS property 
comer. Disk is stamped U.S. Department of Interior Bureau of Land Management T44NR115WCW1116S36 
1966. Bearing to Grand Teton + 271°. Elevation = 6996'a.s.l. Shadow Mountain 7.5' quad., 43°44'07"N, 
110°36'00"W. 
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• INTRODUCTION 

The Late Jurassic Morrison Formation is 
one of science's best windows into the world of 
dinosaurs and Mesozoic ecosystems. The Morrison 
Formation has significant exposures in many units 
within the Rocky Mountain Region of the National 
Park Service. These include Arches National Park 
(ARCH}, Bighorn National Recreation Area 
(BIHO}, Black Canyon of the Gunnison National 
Monument (BLCA}, Capitol Reef National Park 
(CARE}, Colorado National Monument (COLO}, 
Curecanti National Recreation Area (CURE), 
Dinosaur National Monument (DINO}, Glacier 
National Park (GLAC}, Glen Canyon National 
Recreation Area (GLCA}, Hovenweep National 
Monument (HOVE}, and Yellowstone National Park 
(YELL) 

The Morrison Formation Extinct 
Ecosystems Project, hereafter called the Morrison 
Project, began on June 1 of 1994. The project is a 
multidisciplinary endeavor to determine the nature, 
distribution, and evolution of the ancient ecosystems 
that existed in the Western Interior of the United 
States during the Late Jurassic Epoch when the 
Morrison Formation and related rocks were 
deposited. The information obtained from the 
research can be used to suggest appropriate resource 
management actions and the project will also 
provide an improved understanding of the geological 
and paleontological history of these NPS units and 
better information for interpretive programs and 
publications. 

• METHODS 

The multidisciplinary project brings a 
variety of expertise to bear on a complex continental 
ecosystem in order to provide constraints from 
different disciplines to the interpretation of the 
ancient habitat of the Late Jurassic dinosaurs. The 
various methods of study include stratigraphic, 
sedimentologic, isotopic, paleontologic, 
geochemical, mineralogic, and pedogenic techniques 
of analysis. Each type of study has a unique and 
complementary role to play in the unravelling of the 
ancient ecosystem. 

Stratigraphic studies provide the framework 
for correlation and comparison of the various types 
of data. Vertical sections through the Morrison 
Formation are measured for regional stratigraphic 
and sedimentologic purposes and also for control on 
the geographic and stratigraphic positioning of the 
samples that are collected for paleontologic and 
geochemical analyses. 

Absolute dating of the Morrison Formation 
and its members is achieved through isotopic dating 
techniques. Tuff beds (altered volcanic ashes) yield 
mineral grains that are amenable to dating by two 
somewhat different techniques (single-crystal laser-

fusion 40 Ar/39 Ar and 40 Ar/39 Ar plateau 
methodologies) . Several aspects of the mineralogy 
and geochemistry of the altered ashes also yield 
some information about their original 
compositions,which in tum tells us about the source 



area of the volcanic ash. 

Relative dating of the Morrison is possible 
because of the evolution of microfossils through 
time. Charophytes (lacustrine algae), ostracodes, 
and palynomorphs are recoverable from various 
units in the Morrison Formation. 

Detailed sedimentologic studies are 
undertaken on the range of depositional styles in the 
formation, including shallow marine, fluvial , 
overbank floodplain , swamp, and lacustrine 
depositional environments as well as and fossil soils 
(paleosols) . Studies of plant taphonomy will yield 
additional clues to the nature of the paleoclimate. 
Detailed studies of freshwater gastropods are also 
underway. Examination of the sedimentology of the 
gastropod-bearing lacustrine interval will allow a 
comprehensive analysis of the snails and the 
environment in which they lived. 

The study of trace fossils in the Morrison 
helps to identify the position of the ground water 
table with respect to the ancient ground surface. 

Isotopic analyses of carbonate nodules from 
paleosols is being investigated to determine the 
pC02 (partial pressure of carbon dioxide) of the 

Late Jurassic atmosphere and to aid in reconstructing 
the ancient landscape. 

Studies of microvertebrates are another 
important aspect of the multidisciplinary study of 
the Morrison Formation. Their living habits often 
yield more information about an ecosystem than the 
larger vertebrates. Another objective of the project 
is to pursue studies of important dinosaur 
specimens, with particular emphasis on new 
specimens. 

The integration of the results from each of 
these studies is the ultimate goal of the project. 

PRELIMINARY RESULTS AND 
INTERPRETATION 

Although the interpretations thus far are 
preliminary and therefore tentative, some interesting 
new information about the Morrison ecosystem is 
already emerging. 

Stratigraphically, the formation was studied 
in detail in the southern part of the Western Interior 
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region and reconnaissance surveys were made as far 
north as Montana. At Dinosaur National 
Monument, it was determined that the lower contact 
of the formation may be a simple depositional 
contact rather than an unconformity as previous 
workers had thought. The nature of the upper 
contact has been clarified considerably and appears 
to be a regional unconformity. Some beds, 
previously assigned to Lower Cretaceous 
formations, actually are part of the Morrison and are 
Late Jurassic in age. Work in the type area of the 
Morrison and Ralston Creek Formations near 
Denver demonstrate that both of these formations 
correlate with the entire Morrison Formation farther 
west on the Colorado Plateau. These represent 
important refinements and corrections to the 
boundaries of the Morrison Formation, which are 
significant because the stratigraphic framework is 
the basis for the comparison of all other data 
gathered during the project. Progress was also made 
in establishing criteria for distinguishing between 
the Upper Jurassic Morrison Formation and 
overlying Cretaceous strata on the Colorado Plateau. 

Research by 40 Ar/39 Ar isotopic dating 
methodologies indicates that the formation was 
deposited during an approximately 8 million year 
time span from about 155 to 147 Ma. More samples 
were collected to better date the formation and to 
gain an understanding of the nature of the 
unconformities at the base and top of the Morrison. 
Geochemical studies of mineral grains recovered 
from the bentonite beds indicate that the volcanoes 
that furnished the ash were rhyolitic in composition. 
This is consistent with the origin of the ash deposits 
in a volcanic belt above the subduction zone that 
extended along the west coast of North America 
during the Late Jurassic. 

Studies of spores and pollen (palynology) 
resulted in dating of the various members of the 
Morrison Formation. The research showed that the 
bulk of the formation is Kimmeridgian in age 
whereas the lowermost beds are latest Oxfordian and 
the upper beds are Tithonian in age. These 
determinations allow us to relate the Morrison 
ecosystem to the rocks of similar age around the 
world. 

Research on charophytes and ostracodes 
resulted in age determinations that correspond 
closely with that obtained from the palynomorphs. 
Other conclusions derived from these organisms 



suggest that standing bodies of water in which strata 
in the middle of the formation were deposited were 
somewhat brackish whereas the water bodies that 
were present during deposition of the lower and 
upper beds largely consisted of fresh water. More 
salinity-tolerant genera existed in northern Colorado 
and northeastern Utah than farther south or north , 
which might also reflect the nature of water bodies 
in these areas. These organisms also suggest a 
gradual cooling of the climate during Morrison 
deposition. 

Sedimentologic studies for the first year 
indicated that the lower part of the Morrison 
Formation in the central Utah area were deposited 
along an ancient shoreline. A well-developed 
paleosol was documented at the top of the Morrison. 
Detailed studies of the depositional environments in 
the area around Caiion City , Colorado, were 
integrated with trace fossil studies of the same 
rocks. 

A compilation was made of all known plant 
and animal fossils that have been recovered from the 
Morrison Formation anywhere in the Western 
Interior. The listing will be an important asset for 
use in analyzing Morrison life forms, associations, 
and population dynamics in the Morrison ecosystem. 

Several types of freshwater gastropods have 
been recovered and identified from the Morrison 
Formation. The terrestrial snails provide 
information on the nature of the ecosystem because 
some of them (prosobranchs) were gill breathers that 
lived only in aquatic habitats whereas others 
(pulmonates) were lung breathers that lived either in 
shallow water or could survive on dry land or on the 
vegetative cover. Similar studies will be made of 
the bivalves in the Morrison because they also yield 
clues to habitat. 

Studies of trace fossils that can be related to 
specific organisms demonstrate that crayfish, 
termites, bees, and other insects were common in 
the Morrison ecosystem. Assemblages of these 
traces along with studies of paleosols can be used to 
define the position of the ancient water table with 
respect to the land surface. This gives a rough idea 
of soil moisture as well as whether or not permanent 
water existed at shallow depths and was therefore 
available to the plant community. The position of 
the original ground water surface is established by 
the tops of the burrows made by the burrowing bees, 
other insect burrows, and the tops of the crayfish 
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and termite borrows. The position of the water 
table is determined by a combination of crayfish 
burrows, which extend down below the water table 
(so the crayfish can keep their breathing apparatuses 
moist), and by termite nests, which extend into the 
capillary fringe (for thermal regulation) but do not 
extend down to penetrate the water table (being air 
breathers, they would drown if the water table rose 
above their nests). 

Numerous samples were collected during 
the summer field season for analyses of stable 
isotopes and are undergoing laboratory preparation 
and analysis. Stable isotopes yield information on 
the ancient climate, plant community structure, 
weather patterns, storm tracks, temperature, trophic 
levels, and eating habits of the vertebrate land 
animals. Samples of paleosols (ancient soils), 
lacustrine units, dinosaur fossils, and groundwater 
mineralizations are collected. In the laboratory, 
subsamples are then selected for thin section 
analysis, isotopic analysis, or other analyses as 
needed. The stable isotope composition of organic 
matter from paleosols adjacent to fluvial channels is 
being contrasted with that of floodplain paleosols to 
see if there are indications of riparian zone canopy 
development. This yields information on the 
vegetative structure of the forest, which plays an 
important role in determining feeding strategies for 
the various animals. Lacustrine carbonates are 
being analyzed isotopically to investigate trends in 
oxygen isotopic values that might indicate changes 
in environments resulting from weather patterns, 
storm tracks, and global temperature. Isotopic 
analyses of dinosaur bone, tooth, and eggshell are 
underway that could yield information on trophic 
levels and eating habits. 

Studies of the vertebrates reveal that a wide 
variety of other animals including dinosaurs, 
mammals, lizards, sphenodonts, choristodeirans, 
salamanders, snakes, small crocodilians, turtles, 
fish, lungfish, and frogs also inhabited the Morrison 
ecosystem. With the recent discovery and recovery 
of a new member of the Family Allosauridae from 
Dinosaur National Monument, we now know of at 
least three genera of these theropods that existed 
within the Morrison animal community. In addition 
to the documentation of the variety of vertebrates 
that occur in the Morrison Formation, a 
paleontologic reconnaissance survey was undertaken 
to determine the potential for fossil material within 
and near Arches National Park 



Dinosaur collections from the Morrison 
Formation were examined at several institutions in 
the United States to obtain baseline data needed to 
examine faunal evolution during the Late Jurassic. 
Collections were examined at the Museum of the 
Rockies (Bozeman, Montana), Brigham Young 
University (Provo, Utah), the University of Utah 
(Salt Lake City, Utah), and the Museum of Western 
Colorado (Grand Junction, Colorado). Also, 
computer records of Morrison dinosaurs were 
gathered. 

The Morrison Ecosystem Project is thus 
well underway. The results from the first field 
season will be integrated so that ecosystem 
reconstruction will be constrained by a variety of 
evidence so that a more accurate picture will become 
available of the land that the dinosaurs roamed. 
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• INTRODUCTION 

The purpose of this study was the 
comparison of mitochondrial DNA (mtDNA) 
sequences from Northern Montana and Minnesota 
wolves to the extinct wolves of Yellowstone 
National Park (YNP). This comparison was 
intended to provide a genetic basis to identify 
potential wolf stocks for introduction into YNP. 
Unfortunately the only extinct YNP specimens 
available were dried tanned skins from the 
Smithsonian Museum of Natural History and YNP. 
The nucleic acids extracted from these skins was so 
badly degraded that no amplification of mtDNA was 
possible; so the critical comparisons could not be 
made. 

The control region of the mtDNA is 1100-
1200 nucleotides long in vertebrates, contains 
sequences that control replication and gene 
activation and in terms of evolutionary analysis has 
the desired feature of both variable and conserved 
regions. The variable regions provide the genetic 
diversity that is the basis of taxonomic and 
evolutionary studies while the conserved regions 
provide the ability to synthesize short 
complementary oligonucleotides to prime the 
polymerase chain reaction (PCR) in the organisms 
studies. 

• MATERIALS AND METHODS 

Wolf tissue specimens from the Glacier 
Park ecosystem were provided by Keith Aune of the 
MT Fish Wildlife and Parks Department. DNA 
extracts of some wolves were provided by Steve 
Fain, of the US Fish and Wildlife Service Forensics 
laboratory in Ashland, Oregon. Minnesota wolf 
tissue specimens were kindly provided by the US 
Fish and Wildlife lab in Minnesota. Norm Bishop 
and John Varley of YNP kindly obtained skin 
specimens from wolf skins or mounts in YNP and 
the Smithsonian Museum of Natural History. 

DNA was extracted from tissue samples by 
the method of Davis et al., (1980) . Approximately 
1 g of tissue (usually muscle but other tissues work) 
was chopped finely with a new razor blade in a 
sterilized plastic petri dish half and then placed in a 
2 ml microcentrifuge tube. Extraction buffer of 0.2 
M tris-HC1 pH 8.3, 0.1 M EDTA, 650 ul; 10% 
SDS, 100 ul and Proteinase K 20 ug/ml, SOul was 
added to the tissue and then incubated for 1-4 hours 
at 65 C. The tubes were incubated for an additional 
3-24 hours at 35 C. The soft tissue was mashed 
with a glass pestle which just fits inside the 
centrifuge tube. Five molar potassium acetate ( 400 
ul) was added and the tubes placed on ice for 30 
minutes. After centrifugation at 14,000 g for 8 



minutes at least 800 ul of supernatant was decanted 
into a new 1.5 m1 microcentrifuge tube and an equal 
volume of phenol/chloroform-isoamyl alcohol 
added. The tubes were inverted to mix the 
ingredients and then centrifuged at 14,000 g for 12 
minutes. Tips were cut off 1 ml plastic pipette tips 
to provide a wide opening to aid in cleanly 
removing the aqueous layer from the 
phenol/chloroform-isoamyl alcohol. The aqueous 
layer was transferred to a new 1.5 m1 centrifuge 
tube and then extracted with an equal volume of 
chloroform-isoamyl alcohol. The mixture was 
centrifuged again at 14,000 g for 5 minutes and the 
aqueous layer transferred to a new 1.5 m1 tube. 
DNA was then precipitated with an equal volume of 
isopropyl alcohol at -20 C for 30 minutes. The 
tubes were then centrifuged at 14,000 g for 25 
minutes and the supernatant discarded. The DNA 
pellet was washed with 200 ul of ice cold 70% 
alcohol by centrifuging for 4 minutes at 14,000 g 
and the alcohol was discarded. Pellets were then air 
dried and dissolved in 200 ul of double distilled 
sterile water. 

Dried skin specimens were extracted in 
several ways, and first attempts were made to grind 
small fragments of dried hide in liquid nitrogen with 
a mortar and pestle. The ground material was then 
extracted with organic solvents as for tissue samples 
described above. After consulting with Dr. Steve 
Fain, at the US Fish and Wildlife Forensic 
Laboratory, Ashland OR, I spent a week in their 
laboratory using a freezer mill grinder to crush small 
fragments of hide and then extracted those extracts 
with phenol/chloroform as above. 

I tried newer and different techniques for 
forensic specimens as they were published. These 
techniques included chelex extraction (Walsh et al. , 
1991) and extraction with glass milk (RPM, Bio 
101, Inc. La Jolla CA.). 

CHELEX EXTRACTION 

Small pieces of hide were ground in an 
autoclaved, UV sterilized mortar and pestle and then 
extracted with 350 to 500 ul 5% chelex in 1.5 m1 
microcentrifuge tube by vortexing briefly and then 
incubating for -24 hours at 55 C on a rocker table. 
The chelex mix was then vortexed briefly and heated 
at 95 C for 5 min in a heat block. The chelex mix 
was then vortexed again for 30 sec. and centrifuged 
at 14,000 g for 30 sec. The chelex extract 
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supernatant 5 ul was used directly as a template for 
PCR (Walsh et al. , 1991). 

GLASS MILK EXTRACTION (RPM) 

Dried skin was ground as above and placed 
in a 1.5 m1 microcentrifuge tube, an equal volume 
of glass milk spin buffer was added and the mixture 
shaken on a rocker table at room temp for at least 12 
hr. Centrifugation at 14,000 g for two minutes 
pellets the extract and then the supernatant was 
discarded. Water (250 ul) was added to elute the 
DNA, the tube was inverted and vortexed to 
produce a mixture. Centrifugation at 14,000 g for 
two minutes pellets the sediment and then the 
supernatant with the DNA was removed and used as 
a template for PCR. 

Internal Primers used for the PCR reactions 
in this study were developed by Dr. Steve Fain. 
Primers: 5'AAGCCCITATIGGACfAAGTG 3' SF 50 H 

5'TAT(C1)CITACATAGGACATAT 3' SF 50 L 

External Primers sequences for this region 
were taken from Taberlet and Bouvet (1992;1994). 
Primers: 5' ACCITGGTCITGTAAGCCA 3' L 15927 

5' CfCCACfATCAGCACCCAAG 3 ' 15995 
5' GGAGCGAGAAGAGGTACACGT 3' H 16299 
5' CCfGAAGTAAGAACCAGATG 3 ' H 16498 

DNA SEQUENCING 

Double stranded PCR products were 
sequenced with US Biochemicals sequences 2.0 kit 
with the following modifications kindly provided by 
G. Ritza} at the University of Alberta. All reactions 
were carried out in 1.5 ml microcentrifuge tubes. 
PCR products were separated in a 2% FMC Nuseive 
agarose gel, visualized with UV light after ethidium 
bromide staining, the bands cut out, extracted with 
phenol/chloroform, precipitated and then dissolved 
in water (Sambrook et al., 1989). For each 
template, 2.5 ul of the appropriate A, C, G, T, 
ddNTP termination mix was added to the bottom of 
four labeled tubes. Twelve ul of purified ds PCR 
product was mixed with 15 pmole (100 ng) of 
primer in water, the mixture was heated at 95 C for 
eight minutes, then flash frozen at -80 C until used 
in the labeling reaction. A master labeling solution 
was made up with the following proportions for 
each template, pure water, 1 ul; 5X labeling mix, 1 
ul; 0.1M DTI, 1 ul; Manganese buffer, 0.5 ul; P-
32 dATP, 0.5 ul; Sequenase 3 U. The master 
labeling mix, 4.2 ul was dispensed to the quickly 
thawed primer template mix and incubated for 2-5 
minutes at less than 20 C. Then 4.2 ul of the 



'""· 

labeled primed template mix was dispensed to the 
side of the A, C, G, T, termination mix tubes, 
which are warming at 37 C. These tubes were 
centrifuged for 2 sec. and the contents incubated at 
43 C for five minutes. The reaction was stopped by 
adding 5 ul of formamide dye mix and centrifuging 
for 5 seconds. The sequencing solutions were 
heated at 95 C for five minutes before loading on a 
gel. 

+ RESULTS AND DISCUSSION 

First attempts at using PCR to amplify 
mtDNA employed the primers developed by Kocher 
et al., (1991) to amplify ribosomal RNA or 
cytochrome b genes. These primers amplified DNA 
from the tissue specimens but not from the dried 
tissue. Realizing that the distances between these 
primers was too long to expect amplification with 
degraded DNA, the decision was made to switch to 
the mtDNA control region where primers spanning 
shorter regions were being developed. These 
shorter PCR target regions should have increased the 
probability of getting a result but unfortunately did 
not do so (Paabo et al. , 1988; Paabo, S, 1989). 

DNA extracted from tissues, amplified by 
PCR and then sequenced produced the sequences 
presented in Table 1. The four Montana wolves 
from the same family all had the identical sequence 
while a Montana wolf sequenced by Dr. Steve Fain 
differed at four sites. This wolf had the same 
sequence as three Minnesota wolves and the rest of 
the Minnesota wolves had mtDNA sequences 
suggestive of past hybridization with coyotes. 
Hybridization of wolves and coyotes has been 
reported in Minnesota, Michigan and Ontario, 
Canada by Lehman et al . ( 1991) so the finding of 
coyote mtDNA sequences in Minnesota wolves is 
not surprising. 

Since wolves from Minnesota do show 
evidence of past hybridization with coyotes, wolves 
from Northern Montana and Canada are probably a 
better source of wolves for transplant into YNP than 
those from Minnesota. Lehman et al. (1991) did not 
find evidence of coyote wolf introgression in 
Alberta but their sample size was only two animals 
so they may have missed any hybridization in that 
area. However, the wolf samples were reportedly 
taken from an area with very little agriculture and 
few coyotes so the likelihood of hybridization in 
northwestern Alberta is small (Lehman et al. 1991). 
The source of the wolves selected for transplants 
into YNP are from this same area in Alberta so they 
should show no past hybridization with coyotes. 
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Table 1. Canis lupus mtDNA Control region light strand sequences starting near the proline tRNA. 

First sequence, MT wolves, (#'s 179649, 8-193A. 8-193B, 179659) 
Second squence, Steve Fain's sequence for MT wolf(# 8550) 
Third sequence, MN Wolf (8997) 
Fourth sequence, MN Wolf (9905) 
Fifth sequence, MN Wolf (9362) 
Sixth sequence, Coyote 

1 
CACCCCTACT GTGCTATGTC AGTATCTCCA GGTAAACCT 
********** ********** ********** ********** 
********** ********** ********** ********** 
********** ******C*** ********** AAAA-----* 

********** ******C*** ********** **A*-----* 

********** **A***C*** ********** **A**T*---

61 
TCGTGCATTA ATGGTTTGCC CCATGCATAT AAGCATGTAC 
********** ********** *********** ********** 
********** ********** *********** ********** 
********** ****C***** *-******** ********** 
********** ****C***-* ********** ********** 
********** ****C***** *-******** ********** 

121 
AGGACATATT GACTCAATCC CACAATTCAT TGATCTATCA 
*********C A********T ********** ********** 
*********C A ********T ********** ********** 
********C* *******C*T T***GC***C ******-*** 
********C* A***T**C*T T***G****C ******-*** 
********C* *******C*T T***G****C ******-*** 

181 
ACTTAGTCCA ATAAGGGCTT AATCACCATC 
********** ********** ********** 
********** ********** ********** 
********** ********** ********** 

**C******* *********- -*A******* 

60 
TCTTCCCTCC CCTATGTACG 
********** ********** 
********** ********** 
*****T*C** ********** 

*****T*C** ********** 

-****T*-*** ********** 

120 
ATAATATTA! ATTCTTACAT 
********** ********** 
********** ********** 
********** **C******* 
********** ***T****** 
********** **C******* 

180 
ACAGTAATCA AATGCACATC 
********** ******T*** 
********** ' ******T*** 

*****GG*T* ******T*** 

******GGA* ******T*** 
***GTTGGT* ******T*** 
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Minnesota wolves-(#7962, 8654 and 8707 not shown) are identical to the Montana wolf sequence #8505. 
Minnesota wolf # 8509 (not shown) is also identical to these sequences with the exception of an 
additional substitution a C for aT at position 112. Other Minnesota wolves #'s 9905, 9362 plus #8997 
and others not shown have base substitutions similar to coyotes with additions and deletions that are 
commonly found in coyotes but not wolves. Minnesota wolf #9362 has a two base addition between 
bases 164 and 165 that is not shown in this figure. 

Underlined sequences are the priming sites of the internal primers designed by Steve Fain. 
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+ INTRODUCTION 

The paleoecologic record provides unique 
insights into the response of communities to 
environmental perturbations of different duration 
and intensity. Climate is a primary agent of 
environmental change and its long-term effect on the 
vegetation of the Yellowstone/Grand Teton region is 
revealed in a network of pollen records. Fire 
frequency is controlled by climate, and as climate 
changes so too does the importance of fire in shaping 
spatial patterns of vegetation. The prehistoric record 
of Yellowstone's Northern Range, for example, 
shows the response of vegetation to the absence of 
major fires in the last 150 years (Whitlock et al. , 
1991; Engstrom et al. , 1991, 1994). In longer 
records spanning the last 14,000 years, periods of 
frequent fire are suggested by sediments containing 
high percentages of fire-adapted trees, including 
lodgepole pine and Douglas-fir, and high amounts of 
charcoal (Whitlock, 1993; Whitlock and Bartlein, 
1993; Whitlock et al. , 1995; Millspaugh and 
Whitlock, 1995). 

The primary research objective has been to 
study the vegetational history of the Yellowstone 
region and examine the sensitivity of vegetation to 
changes in climate and fire frequency on different 
time scales. This information is necessary to 
understand better the relative effects of climate, 
natural disturbance, and human perturbation in the 
present and future. Fossil pollen and plant 
macrofossils from dated-lake sediment cores provide 
information on past vegetation and climate. The 

frequency of charcoal particles and other fire 
indicators in dated lake-sediment cores offer 
evidence of past fires. Studies of future climate and 
vegetation in the Yellowstone region were based on 
climate simulations produced by general circulation 
models that incorporate a doubling of carbon dioxide 
and an equilibrium model to project potential range 
displacement of selected tree taxa. Relations 
between present distributions of tree taxa and climate 
were established by the use of response surfaces. 

The study has been divided into three parts: 
( 1) an investigation of the vegetation history of 
Yellowstone National Park (YNP), (2) an analysis of 
charcoal accumulation in lakes following the 1988 
fires and a reconstruction of fire history in central 
YNP on long time scales, and (3) a study of the 
potential ranges of tree taxa in the future with global 
increases in atmospheric carbon dioxide. A final 
report to the UW-NPS Research Center describes the 
methodology and findings in detail (Whitlock et al. . 
1994). 

+ STUDYAREA 

Several lakes and fens have been used to 
study the long-term vegetation history of YNP and 
Grand Teton National Park (GTNP) (see Whitlock, 
1993; Whitlock et al. , 1995; Whitlock and Bartlein, 
1993 for site locations). Eight sites in YNP were 
selected for the post -1988 charcoal study to provide a 
representative sampling of conditions in 1988 and 
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vegetation types. The charcoal study lakes are 
generally small (<0.5 km2

) and have minor or no 
inflowing streams. Five of the lakes lie in the 1988 
burned region (Grizzly Lake, Cascade Lake, Duck 
Lake, Goose Lake, and Lake of the Woods). Three 
lakes lie outside the burned region (Wrangler Lake, 
Sylvan Lake, and Dryad Lake). Sites used to study 
fire history include Dryad Lake, Duck Lake, Mallard 
Lake, Grizzly Lake, Cygnet Lake, and West Thumb 
of Yellowstone Lake (see Millspaugh and Whitlock, 
1995) and Slough Creek Pond. 

+ METHODS 

FIELDWORK 

Surface sediment was collected with a S
cm-diameter gravity sampler from an inflatable raft 
in July and August from the eight study lakes. Short 
cores were collected with a meter-long piston corer 
from a raft anchored in the deepest part of the lake 
(Wright, et al. 1983). These cores were subsampled 
at 1-cm intervals in the field, and samples were 
stored in plastic bags. Long cores were recovered 
with a modified Livingstone sampler from an 
anchored platform in the deepest water or from the 
fen surface adjacent to the lake. Long cores were 
extruded and wrapped in the field. 

SHORT CORE AND SURFACE SAMPLE 
ANALYSIS 

Charcoal analysis was confined to 
macroscopic particles, using methods described by 
Millspaugh and Whitlock (1995) . . Surface sediment 
was sampled volumetrically, and the samples were 
disaggregated in a dilute Calgon solution and gently 
sieved through 0.250-mm- and 0.125-mm-mesh 
screens. The sediment fraction <0.125 mm in size 
was saved for possible analysis in the future. 
Charcoal for each size fraction was tallied under a 
binocular microscope. Charcoal quantities were 
calculated as number of charcoal pieces/cm2

• 

Contiguous 1-cm samples taken from the short cores 
were analyzed in the same way as the surface 
samples and the data are presented as charcoal 
pieces/cm2/yr. 

Magnetic susceptibility was measured with 
a continuous-core magnetic susceptibility sensor. 
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Measurements were taken every em for short cores 
from Goose Lake, Mallard Lake, Dryad Lake, Duck 
Lake, Cygnet Lake, and Grizzly Lake. The lead-210 
method was used to date sediments spanning the last 
150-200 years in short cores. Lead-210 was 
measured through its granddaughter product 21 <>po, 
with 208Po added as an internal yield tracer. Dates 
and sedimentation rates were determined by Dr. 
William Schell (Department of Radiation Chemistry, 
University of Pittsburgh) and Dr. Daniel Engstrom 
(Limnological Research Center, University of 
Minnesota), using the constant rate of supply model 
(Appleby and Oldfield, 1978). 

LONG CORE ANALYSIS 

Long cores were sliced longitudinally, and 
each core segment was described. Samples of 0.5 
cm3 size were taken at regular stratigraphic intervals 
for pollen and sediment analyses. One set of 
samples was used to determine the percentage of 
organic carbon and carbonate in the cores by 
measuring the weight-loss after ashing the samples 
at 550° and 900°C. 

A second set of samples was taken for 
pollen analysis. All pollen samples were treated to 
standard laboratory procedures (Faegri et al. 1989, 
Cwynar et al. 1979). A tracer of Lycopodium pollen 
was added to each sample to calculate pollen 
concentration (grains/cm3

) and pollen accumulation 
rates (grains/cm2/yr). ·Preparations were mounted in 
silicon oil and examined at magnifications of 400 
and 1000x. 

Identification of fossil pollen was based on 
published atlases and the pollen reference collection 
at University of Oregon. Between 300 and 500 
terrestrial pollen were identified and tallied per 
stratigraphic level. Pollen percentages were 
calculated for each sample. A denominator of total 
terrestrial pollen was used to calculate the 
percentage of each terrestrial pollen type. The sum 
of all pollen and spores (including aquatic taxa) was 
used to calculate the percentage of aquatic and fen 
taxa. 

Radiocarbon dating of the sediment and 
tephrochronology were the main methods for 
calculating the age of pollen stratigraphic and 
lithologic changes of the last 14,000 years. 
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+ RESULTS AND DISCUSSION 

The vegetation history was based on fossil 
pollen records collected from a network of lakes and 
wetlands in the YNP/GTNP region. The fossil 
records indicate that alpine meadow communities 
with birch and juniper, were present between 14,000 
and 11,500 yr B.P. This early assemblage implies a 
lowering of modem treeline by at least 600 m and a 
climate that was 5-6°C colder than present. Between 
11,500 and 10,500 yr B.P., increased temperature 
and winter precipitation allowed spruce, fir, and 
whitebark pine to spread into areas underlain by 
andesite and nonvolcanic bedrock and form a 
subalpine forest. 

Between 10,000 and 9500 yr B.P., 
lodgepole pine forest developed everywhere in the 
Yellowstone region in response to warming. The 
subsequent climate history of the Northern Range, 
however, is different from that of the rest of 
YNP/GTNP. The period from 9500 to 5000 yr B.P. 
support forests of pine, juniper, and birch in mesic 
settings in the Northern Range. The inferred 
vegetation is interpreted as evidence of wetter-than
present conditions in the early Holocene. In the late 
Holocene, the expansion of Douglas-fir and grass 
implies gradual aridity and the establishment of the 
modem vegetation. In southern Yellowstone 
National Park, the Absaroka region, the Bechler 
region, and Grand Teton National Park, Douglas-fir 
and aspen were more abundant between 9 500 and 
5000 yr B.P. The pollen and charcoal data suggest 
an early-Holocene climate that was warmer and drier 
than that of today and more frequent fires. During 
the late Holocene, a mixed forest of spruce, pine, and 
fir replaced lodgepole pine and Douglas-fir on 
andesitic and nonvolcanic terrain. This change is 
attributed to the onset of cooler moister conditions. 
Many sites in southern Yellowstone National Park 
and Grand Teton National Park suggest an opening 
of the forest in the last 2000 years, perhaps as a 
result of increased drought or a change in 
disturbance regime. 

The vegetational history is attributed to a 
combination of climatic and nonclimatic controls 
operating on different temporal and spatial scales. 
Climatic changes brought about by the retreat of 
Laurentide ice and variations in the seasonal cycle of 
radiation explain the broad patterns of vegetational 
change on millennia! time scales. On shorter time 
scales and small spatial scales, substrate differences 
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and migration history shaped the vegetational 
variability. In the Yellowstone Lake region, this 
hierarchy of controls and responses may have 
resulted in early Holocene conditions that favored 
human activities in summer, but cold winters may 
have limited year-round occupation. 

THE STUDY OF FIRE HISTORY IS 
DIVIDED INTO THREE PARTS 

(a) A study of the depositional processes 
that incorporate charcoal into lake sediments. An 
examination of charcoal accumulation following the 
1988 fires shows that charcoal levels increased in 
lake sediments between 1989 and 1993 (Whitlock 
and Millspaugh, 1995; Whitlock et al. , in press) 
(Fig. 1). We continue to monitor lakes to determine 
how long charcoal accumulates following a fire 
event. This results sugge~t that much of the charcoal 
in lake records is secondary, i.e., introduced from 
burned slopes and trees and from the littoral zone. 
Comparison of charcoal levels at different water 
depths and in different lakes indicated that sediment 
cores for fire history studies should come from the 
center of deep lakes with steep catchments. The 
modem study also suggests caution in inferring fire 
size or intensity from charcoal data. Factors, such as 
the introduction, transport, and burial of charcoal 
within the lake, diluted the primary signal, and the 
amount of sedimentary charcoal from a particular 
fire event is controlle~ as much by processes within 
the lake as by the amount of biomass that was 
burned. 
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Figure 1. Comparison of 1988 charcoal abundance in deep-water sediments of 
study lakes in YNP from 1989 to 1993. Note that in all lakes the levels of 
charcoal has increased. Sylvan Lake, Wrangler Lake, and Dryad Lake lie in 
unburned watersheds, and the increase in charcoal at these sites is attributed to 
redeposition of material from the littoral zone (from Whitlock and Millspaugh. 
1995). 

(b) An analysis of the fire history of last 7 50 
years from the Central Plateau. Charcoal records 
from four small lakes provide a history of fires 
within particular watersheds (Millspaugh and 
Whitlock, 1995). These data were also compared 
with a charcoal record from the West Thumb of 
Yellowstone Lake that disclosed the regional fire 
history. The records indicate that large areas of the 
Central Plateau burned in 1988, ca. 1700, ca. 1560, 
and ca. 1440. From ca. 1220 to 1440 and ca. 1700 
to 1987, intermediate to small areas burned. The 
near absence of fires in the 20th century prior to 
1988 is evident in the charcoal record and 
corroborates conclusions based on 
dendrochronologic records (Romme, 1982; Romme 
and Despain, 1989) (Table 1). The fire frequency on 
the Central Plateau over the last 7 50 years shows no 
periodicity that would indicate a long-term fire cycle. 
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(c) A study of fire frequency, vegetation 
changes, and climate history of the last 12,500 years. 

Charcoal and pollen records from Cygnet Lake 
highlight the role of long-term climatic changes in 
determining fire regimes on the Central Plateau 
(Whitlock and Millspaugh, in press; S. Millspaugh, 
Ph.D. dissertation, in prep.}. Following 
deglaciation, cooler and wetter-than-present 
conditions supported tundra in the region. The fire 
regime was characterized by infrequent small fires, 
much like present-day Arctic regions. As the 
climate warmed and conifers colonized the YNP, the 
regional fire frequency increased. Fires were 
uncommon on the Central Plateau, until the arrival 
of lodgepole pine ca. 10,000 yr B.P. From 9300 to 
8300 yr B.P., conditions were warmer and drier than 
at present and the forest experienced frequent, 
probably small fires. Local fires were infrequent 
after 8000 yr B.P. although fires occurred in the 
region as a whole. From 7000 yr B.P. to the present 
day, the disturbance regime has been characterized 
by large, stand-replacing fires every 150-500 years. 
In the last 900 years, for example, the charcoal 
record suggests major fires in the mid 1500s, 
between 1730 and 1750, and in 1988. The 
nonstationarity in the occurrence of fires at Cygnet 
Lake argues against long-term fire cycles per se. 
Rather, the data suggests that fire regimes fluctuate 
through time as a nonlinear response to changes in 
climate. 

The third component of the research project 
compares the environmental history of YNP with the 
potential future environmental changes that might 
occur in the region with a doubling of atmospheric 
carbon dioxide (Bartlein et al., in review). This 
investigation uses ( 1) climate simulations produced 
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by general circulation models to infer regional 
climate changes and (2) modern vegetation-climate 
relations to compare the distribution of tree taxa in 
the past, present, and future. The potential 
distributions of selected tree taxa in the YNP region 
indicated a combination of elevational and 
directional range adjustments in response to future 
climatic conditions (Fig. 2). The resultant 
communities have no analogue in the current 
vegetation, because they mix low- and high-elevation 
montane species presently in the region with 
extralocal species from the northern and central 
Rocky Mountains and Pacific Northwest. Pinus 
contorta and Pseudotsuga menziesii are 
representative of a group of species that presently 
grow in the Yellowstone region, and they experience 
only modest changes in range under future simulated 
conditions. Quercus gambelii, Juniperus 
occidenta/is, and Pinus ponderosa are absent today 
in Yellowstone National Park, but warm dry 
summers in the future simulation extend the range of 
these species to low elevations in the region. 
Projected mild wet winters and warm dry summers 
also shift the distribution of Larix occidentalis, 
Tsuga heterophylla, and Thuja plicata southeastward 
of their present limit. The complexity and extent of 
the projected environmental changes generate issues 
in the management and natural reserves that may be 
difficult to resolve. 

'• 

Pinus contorta Pinus albicaulis 

Pseudotsuga menziesii Picea engelmannii 
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Quercus gambelii 
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Figure 2. Potential range changes for selected tree taxa in the YNP region. 
Light shading indicated grid points where a taxon occurc under the present 
climate, but docs nof occur under 2xCOt climate; dark shading indicated grid 
points where a taxon docs not occur under the present climate, but docs occur 
under the 2xCOt climate (from Bartlein et al., in review ). 
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