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INTRODUCTION

1993

ANNuAL REPORT

•
During the period of this report the
University of Wyoming-National Park Service (UWNPS) 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 nationallyrecognized scientists for peer review and are also
reviewed and evaluated by the Research Center's
steering committee. This committee is composed of
university faculty and National Park Service

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

FEATURE ARTICLE

•

----------------- ------------------

THE EFFECTS OF HABITAT MODIFICATION
ON A SPOTTED FROG POPULATION IN
YELLOWSTONE NATIONAL PARK

•
DEBRA

A. PATLA + CHARLES R. PETERSON

DEPARTMENT OF BIOLOGICAL SCIENCES +IDAHO STATE UNIVERSITY
POCATELLO

+

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 occur 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).
Our efforts to conserve amphibian species
and to establish methods of sustainable resource use
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.
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 acquire the ability to better
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 previou.s
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 these questions:
1) In an area where site modifications due to human
activities have occurred, how has frog habitat
changed?

4

2) Have the demographic characteristics of the frog
population in the modified area changed?
3) Has the distribution of frogs in the modified area
changed?

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).

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

POPULATION CHARACTERISTICS AND
HABITAT USE

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

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 5
to 6 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, 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 radiotelemetry to follow the movements of 20
adult frogs for periods of time ranging from a few
days up to 6 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 compassand-tape techniques. In order to create the study area
map, we photographed the site from an airplane at
about 600 m., digitized the photograph, and used
computer graphics software to draw the map and
identify features.

+

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 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 10 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

We are in the process of comparing Turner's
data to our data on demographic characteristics,
spatial relationships, and habitat. As a first step, we
are compiling our 1990s data to perform analySes that
will be similar to those used for the 1950s data set.
For this semiannual report, 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.
Our final report will contain more detailed
comparisons of the historical and current data sets,

/

N

-,,.'

/

5

f

Loke cabins

' \1,.
.. I
I

Pool I

-,
i

0

Pool5

POGI3 0

i

' ....
_,_---)

-

• Pool 4

Yellowstone

0

~()()

Loke

600

FEET

Figure la. F.B. Turner's Lodge Creek study area, 1953-55. The rectangle indicates the core study area.
This map is a composite of figures 1 and 7 in Turner 1960.

,

(

lOOMeters

Frog

rJ ) Habitat
Area

- ---- - · · ·· · ·

llfll~

Trail or Old Road

-----Road

Highway

Forest

em> ............
Stream
Pool

---

-.

Ephemeral Stream

.:n ·!r\·{r-..r(
' f . .' / • .'(

Wetland

Figure lb. Lodge Creek study area, 1993. Numbers identify key habitat areas. There are some differences
the two maps that are due to discrepancies in mapping techniques.

6

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 bow
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 10 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
refme our hypotheses of bow specific habitat
modifications may contribute to the decline or
persistence of a frog population. These hypotheses
will be instrumental in design of next year's field
study.

+

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. 1A and 1B).
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 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 and
grown with non-wetland vegetation. 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 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.

New section of highway,
embankment, culvert

Ponds (Pools 3 and 4) in forest;
created by rain and melting snow,
ephemeral in dry years

Pool in meadow (Pool 1); ephemeral

Ephemeral stream with 2 forks , in
grass-forb meadow ; drains into
Lodge Cr.

Seasonally wet meadow east of
ephemeral stream, with temporary
pond (Pool 6) and boggy areas

4

5

6

6M

7

None identified

Discontinued use of this section of
highway

No known changes

Confluence of Lodge Cr. and
ephemeral stream from meadow

Lodge Cr. downstream from study
area; in sage-grass-forb meadow and
dwarf willows along stream edges.
Not part of core study area

Marshy, flooded area near mouth of
Lodge Cr.
Not part of core study area

7C

8

9

Approximately the same

Possible changes in channels
since 1950s; reduced willow

Marshy area, ephemeral
stream channel and pools,
Lodge Cr stream edges and
channel

East and middle forks flow
under highway through
culverts; old ephemeral
channel no longer' carries
water

New section of highway,
embankments, culverts above
confluence.

Lodge Cr., including confluence of
middle forks ; main channel and a
smaller, ephemeral channel below
confluence; in forested area

Summer foraging,
breeding?

unknown

Mid- and late-summer
foraging , hibernation in
stream channel

Summer foraging ,
hibernation

Early summer foraging

Seasonally wet meadow,
with boggy areas and
puddles; Pool 6 not present

New section of highway,
embankment

Breeding, early summer
foraging
Early summer foraging ,
dispersal route

Approximately the same as
in 1953

Pool 3: breeding and
summer foraging;
Pool4: summer foraging

Ephemeral stream and
roadside ditch; only 1 fork
carries water from meadow;
flows under highway
through culvert

None

None

Approximately the same as
in 1953

Summer foraging ,
hibernation

Approximately the same as
in 1953

None

Springs and assoc-iated boggy area at
the head of middle fork of Lodge Cr.

3

Summer foraging

Stream edges; seep areas,
ditches, and puddles along
road edges

Maintenance road and small
building

Upper Lodge Cr. , stream edges

2

Breeding, summer
foraging, hibernation

Springs, seeps and waterfilled holes present; largest
former pool reduced or
absent; sedge meadow
replaced by trees and shrubs

Water well, pumping system,
maintenance roads, 8' chain-link
fence , power lines

Springs, seeps, water-filled holes,
and pool at head of east fork of
Lodge Cr, with boggy area and sedge
meadow

1

Habitat uses, 1953

Site in 1993

Site description
1953-55

Site
No.

Development since 1953

Breeding, summer
use, hibernation

Summer use,
possible hibernation

Late summer use,
hibernation in
stream channel

Summer use,
hibernation; very
little use of western
section and area in
vicinity of
confluence

Infrequent early
summer use

Early summer use,
dispersal route

Breeding, very rare
summer use

Pool 3: breeding and
infrequent summer
use;
Pool 4: summer use

Summer foraging,
probable hibernation

Summer foraging

Summer foraging,
hibernation

Habitat uses, 1993

Table 1. Key habitat areas (identified on Figure 1b); comparing site characteristics, habitat use, and percent of frogs captured from the 1950s population and the 1993 population.

NA (not part of core
study area)

NA (not part of core
study area)

6.2%

29 .8%

1.7%

16 .9%

6.4%

10.6%

2.9%

4.4%

NA

NA

-...)

4.2%

2.8%

1.8%

11 .2%

1.8%

4.9%

22 .8%

13%

37.5%

n • l8S captures

n • 1171 captures

21.1%

%frogs
captured 1993

% frogs captured
1953-55
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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.
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 captures 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.
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 (N + 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. In addition, 1993
was abnormally cool, possibly resulting in frogs
being less active and therefore less likely to be
observed and captured. 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.
We 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 pool1 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.

Table 2. Summary of Capture/Recapture Data, 1993
'·

Category

Number of
Frogs

Frogs marked, total

564

Frogs recaptured, total*

214

Adult and juvenile frogs marked, core study area

238

Adult and juvenile frogs recaptured, core study area*

161

Metamorphosing larvae marked in breeding ponds

190

*This category includes frogs captured at least one time in 1993; it does not include multiple recaptures of the same
frogs.
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Figure 2

A and B. Dispersion of the Lake Lodge population, 1953-55, during (A) June 21 to July 31, and (B) Aug 1 to
Sept 20 (Turner 1960).
C and D. Dispersion of the population, 1993, during (C) June 21 to July 31, and (D) Aug 1 to Sept 26. Each dot represents the
capture of a frog at that location; repeated captures during the same time period are not shown.

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, there also are
differences 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.
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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 the 1950s population in this area, we found
over 73%.
MOVEMENTS
Both the 1950s . and the 1990s data sets
reveal that some individual frogs move quite
extensively within the study area. Despite our small
sample size, we found many of the same types of
movements that Turner described. An important
exception is the lack of movements in 1993
connecting the southwestern comer of the area
(Lodge Creek south of the highway) to the far eastern
end (Pool1 and meadows). Movements among these
areas require crossing of the highway. Not all
movements across the highway are prevented.
However, frogs managed to get across the highway
in the vicinity of the ephemeral drainage in the
eastern study area.
Turner found that movements of individual
frogs within the study area connected key habitat
features. Frogs moved among areas at the head of
Lodge Creek, pool 1, pools 3 and 4, the eastern
meadow and ephemeral stream, and the Lodge Creek
drainage below the confluence of the east and middle
forks. In the 1950s, even the farthest comers of the
study area (western Lodge Creek and the eastern
meadows) were linked by movements taking place
during one season or over a period of several
seasons. Frogs moved overland to reach the pools,
but 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. 3).
From capture/recapture and telemetry data, we found
15 frogs that made movements within the wetlands
around the headwaters of the two forks of Lodge
creek, and 23 frogs that moved to or from habitat
areas at the pools, meadow, Lodge Creek, and Lodge
Creek headwaters. We found no instances of frogs

moving between the core study area and the lower
portion of Lodge Creek near Yellowstone Lake.
Comparing movements of the 1950s and the
1990s, we found 8 of the 15 movement patterns
described by Turner (Fig. 3). Of the 7 that are not
represented in the 1993 data, 6 movements involve
Lodge Creek south of the highway (area ?east and
?west in Fig. 3). We found, however, that frogs
continue to use the ephemeral drainage to move
between the eastern meadow and Lodge Creek even
though the highway bisects these two areas. At least
8 frogs managed to move across the highway (6
downstream and 2 upstream) in this area. One
telemetered frog apparent! y crossed the road surface,
but it is possible that some frogs use the large culvert
under the highway as a passage.

+

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 approxmiately 300 frogs.
Numbers of egg clusters deposited in the 1990s
declined 70% in 1991 and 86% in 1993, compared to
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,
indicating a reduction of effective habitat compared
to that occupied by the 1950s population.
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Figure 3. Movements among key habitat areas.
Numbers refer to habitat areas identified on Figures 1B and 2.
+ I + refers to 1950s I 1993, e.g. + I -indicates that movements were found between these areas in the 1950s
but not in 1993. Only movements occurring within one season were included from the 1950s data.
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Movements of frogs observed in 1993 indicate that
dispersal among habitat areas is similar to the 1950s,
with the exception of dispersal between Lodge Creek
south of the highway and the far eastern side of the
study area. We are in the process of comparing data
sets from the 1950s and the 1990s to determine more
precisely the nature of changes in demographic
characteristics, distribution, dispersal, and habitat.

+

1-

IMPLICATIONS AND FuTURE WORK

The importance of habitat diversity and
metapopulation dynamics for the persistence of
animal populations have been emphasized by
theoretical and empirical research in conservation
biology (Terborgh 1974, Diamond 1975, Soule and
Wilcox 1980, Wilcox 1980, Merriam 1984, Pulliam
1988). The Lodge Creek spotted frog population
provides a case study potentially capable of revealing
how these concepts may apply to amphibians. It is
particularly valuable because of the existence of
detailed, historical data. 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 fragmentation caused by highway construction
and habitat loss may be important factors in
explaining the decline of this population. In 1994,

+ I-

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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INTRODUCTION

The field work portion of our research on
the biogeography of invertebrates and vascular plants
has been completed. The geomorphological, bumble
bee pollinator and plant community models developed
during the first two field seasons worked well when
applied to new sites in Dinosaur National Monument
(DINO), Canyonlands National Park CANY), Arches
National Park (ARCH), and Natural Bridges National
Monument (NABR). Our research objectives for the
1993 field season were to: (1) complete the survey of
plant and insect communities of hanging gardens in
DINO, ARCH, CANY, and NABR; and (2)
determine the geographic distribution of endemic
species identified and the level of endemism within
and among parks; and (3) complete the Halls Creek
area survey for hanging gardens in Capitol Reef
National Park (CARE).

+

RESULTS

Over 650 plant specimens were collected in
summer 1993 as vouchers for distribution and
community data. These specimens are present!y
being identified by Dr. Hartman at the Rocky
Mountain Herbarium at the University of Wyoming.
Once identification is complete, analysis of
community and biogeographic data on 1993 hanging
gardens will begin.

Analysis of 1991-1992 plant species data sets
from CARE, Glen Canyon National Recreation Area
(GLCA), and Zion National Park (ZION) is
continuing. The level of plant taxa endemism is
different among those parks (Tables 1, 2, 3) with
GLCA having a significantly higher number of
endemic taxa per hanging garden than either ZION or
CARE (F = 7 .674, P = .001). This is not an
artifact of different species richness patterns since
GLCA does not have significantly higher plant
species richness per hanging garden (Scheffe post hoc
test, GLCA vs. ZION P = .053, GLCA vs. CARE
P = .118). Nor does GLCA's larger number of
endemic taxa appear to be related to hanging garden
size among the three parks (F = 1.743, P = .187).
Community importance of endemic plant taxa as
measured by their total canopy coverage has a range
of 0-52% (Tables 1, 2, 3). CARE has only one
endemic hanging garden plant species, the Eastwood
monkeyflower, Mimulus eastwoodiae, found only on
Horseshoe Hanging Garden in small clumps (Table
3). Thus GLCA and ZION hanging gardens have a
significantly higher community importance of
endemic taxa than CARE (F = 5.36, P = .010).
There is no difference between GLCA and ZION (F
= -.038, P = .918), and both parks have large
populations of endemic species on some hanging
gardens. This is mainly due to large, dense patches
of Rydberg's thistle, Cirsium rydbergii, in GLCA and
to smaller, scattered patches of Zion shooting star,
Dodecatheon pulchellum zionense, in ZION.
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Table 1. Endemism in ZION hanging garden vascular plant taxa. R = species richness, E = number of
endemic taxa, LE = proportion of endemic taxa, CC = canopy coverage of all endemic taxa.
Hanging Garden

R

E

LE

cc

ZION total
Pine Creek
Upper Emerald
Lower Emerald
Grotto
Menu Falls
Fall
Falling Water
Narrows Trail
Trail's End
Canyon Overlook I
Canyon Overlook II
Court Patriarchs
Snail
Kaye's
Weeping Rock
Hailstone

95
6
33
12
28
23
14
21
26
13
14
26
20
13
29
28
13

5
1
2
1
2
1
1
2
1
1
1
1
0
0
1
2
2

0.05
0.17
0.06
0.08
0.07
0.04
0.07
0.10
0.04
0.08
0.07
0.04
0.00
0.00
0.03
0.07
0.15

0.32
0.23
0.29
0.24
T
0.49
T
0.22
0.12
T
T
0
0
0.16
0.03
NA

Table 2. Endemism in GLCA hanging garden vascular plant taxa.
Hanging Garden

R

E

LE.

cc

GLCA total
Dune
Crossbed
Rattlesnake
Hardwood
Pedestal
Zephyr
Graffiti
Upper Three
Lower Three
Surprise
Ivy
Baby
Baby Too
Zigy
Hook
Hawk
Swallow
Ice
Comer
Channel
Fence
Lower Cow
Stone Basin
Wrong
Boondoggle
Camp
Pyro

82
18
22
20
29
15
16
7
15
6
9
7
10
10
30
27
12
11
18
13
11
21
14
16
11
11
15
21

8
2
3
4
3
3
4
11
3
3
0
0
0
1
7
5
4
5
5
2
4
2
2
0
0
0
3
3

0.10
0.11
0.14
0.20
0.10
0.20
0.25
0.14
0.20
0.50
0.00
0.00
0.00
0.10
0.23
0.19
0.33
0.45
0.28
0.15
0.36
0.10
0.14
0.00
0.00
0.00
0.20
0.14

0.12
0.18
0.04
0.01
0.13
0.29
T
0.42
0.28
NA
NA
NA
NA
0.43
0.52
0.49
0.13
0.43
0.27
0 .27
T
0.15
0
0
0
0.29
T
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Table 3. Endemism in CARE hanging ga.rden vasclar plant taxa. Legend as in Table Hanging Garden.
Hanging Garden
CARE Total
Sidewall
Horseshoe
Meander
Beaver Dam
Fort

IR

IE

22

1
0
1
0
0
0

12
8
3
9
4

We collected 58 bumblebees, Bombus sp., as
floral visitors on banging gardens during the summer
1993 field season. We continued to emphasize
collection from Rydberg's thistle when it was present
and were able to complement our collections from
GLCA by netting bumblebee floral visitors to this
species in CANY and ARCH. We also collected
several bumblebees from another endemic thistle,
Ownbey thistle, Cirsium ownbeyii, in DINO and a
small number of bumblebees from an unidentified
species in NABR. These are being identified by
Vince Tepidino at the USDA Bee Lab at Utah State
University. General insect collections from pitfall
and malaise traps are currently being sorted,
prepared, and identified to family by Jim Fowler at
State Fair Community College.

l
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LE

1 cc

0.05
0.00
0.13
0.00
0.00
0.00

0
T
0
0
0

LITERATURE CITED

Naumami, T. 1990. Inventory of Plant Species of
Special Concern and the General Flora of
Dinosaur National Monument 1987-89, Final
Report.
Unpub. ms. Colorado Natural
Areas Program. Denver, CO.
Stanton, N. L., S. J. Buskirk, R. L. Hartman, and J.
F. Fowler.
1993. Annual Report for
Biogeography of Invertebrates of the
Colorado Plateau. Unpub. ms. UW-NPS
Research Center, Laramie, WY.

PLANTS COLONIZING DISTURBED AREAS IN
FIFTEEN ROCKY MOUNTAIN ENVIRONMENTS-WEEDS AND RECLAMATION CANDIDATES

•
T. WEAVER+ D. GUSTAFSON+ J. LICHTHARDT
BIOLOGY DEPARTMENT + MONTANA STATE UNIVERSITY
BOZEMAN

+

ABSTRACT

We list plants which are commonly
established in road cuts in fifteen major Northern
Rocky Mountain environmental types. We expect
them to establish well on new disturbances in the
same environmental types. Thus, our list of natives
can be used to choose plants for reintroduction of
natives to construction sites and other disturbed areas;
additional data on life form, aggressiveness (cover),
and altitudinal distribution will be useful for choosing
among seeding candidates and selecting seed sources
for the reseeding. And, our list of establishing
exotics will identify the weeds most likely to colonize
a site, their aggressiveness on disturbed sites, and
their capacity to enter adjacent undisturbed
vegetation; this list will caution against introduction
of certain exoti~~ (e.g. Poa pratensis, Phleum
pratense, and mo~t Trifoliums-- as well as noxious
weeds) and will be the basis for plans to control
locally noxious exotics early and aggressively.

+

INTRODUCTION

Man disturbs the vegetation of national parks
both locally (e.g. through construction and trampling)
and more broadly (e.g. 1984 fire, pollution, and
introduction of exotics).
Since national parks are maintained as
reserves for native communities, rigorous reclamation
with native species must follow significant

disturbances. Our paper has two relevant objectives.
1) We list native plants most suitable for reseeding
construction sites in major environmental zones
(HT's); these lists will help restoration engineers to
choose appropriate plants and to develop the seed
sources necessary to install them.
2) We list the exotics most likely to be troublesome
in HT' s; these exotics can be used to anticipate weed
problems and thus to faCilitate control.

+

METHODS

Sites were sampled in sixteen environmental
types which broadly represent the vegetation of the
northern Rocky Mountains in order to determine: 1)
what native plants invade disturbed sites and might be
useful for revegetation and 2) what exotic plants
invade similar sites and whether they spread into
native vegetation (early or late seral). We sampled
six to eleven sites in each type (Table 1). For
convenience, we refer to a code formed from the first
two letters of the genus and species of plants
dominating the over and understories in Table 1.
The environmental types which are named for late
seral vegetation that occupies them included: dry
grasslands (BOGR/ STCO and AGSP/ BOGR), moist
grasslands (FESC/ FEID), sagebrush-lands (ARAR/
FEID and ARTRvas/ FEID), warm dry forests
(PSME/ SY AL and PSME/ PHMA), warm moist
forests (POTR/ CARU, THPL/ OPHO, TSHE/
CLUN, ABLA/ CLUN), cool forests (ABLA/ XETE,
ABLA/ ARCO, and ABLA/V ASC), mountain
meadows (FEID/ AGCA), and alpine (DECE/
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CAREX). These environmental types (HTs) are
described by Daubenmire (1968 &1970), Mueggler
and Stewart (1980), Pfister et al (1977), and Steele et
al (1983). HT names, sample sizes, and the locations
sampled are listed in Table 1.
In all fifteen HT's study sites were located
along major roads for two reasons. First we wanted
to compare native establishment on adjacent surfaces
which were disturbed once versus continuously. And
second, we wanted to compare exotic establishment
on highly disturbed sites and adjacent undisturbed
sites. Thus, at each site we sampled a block of five
'treatments' including continuously disturbed sites
(road shoulder and adjacent ditch slopes), once
disturbed sites (roadcuts and cleared right-of-ways)
and undisturbed sites. The data used in this report
come from roadcuts and undisturbed sub-sites only.
By working on roadsides crossing through
undisturbed vegetation, we insured good availability
of native seeds on disturbed sites. And, by working
with sites along highways, we insured good
availability of exotic seeds on disturbed and
undisturbed sites. The availability of exotic seeds on
roadcuts and in undisturbed vegetation was further
increased by dispersal of seeds from exotics
established at roadsides.
With guaranteed seed
sources, the capacity of both natives and exotics to
invade roadcuts was well tested.

Vegetation composition was recorded at each
sub-site by measuring presence, frequency and cover
of each species at each of approximately 800 plots
(16 HTs x 5 disturbance types x 10 replications).
Presence was recorded by listing plant
species present in a 1 x 25 m plot representative of
the zone and parallel to the road. We separately
noted any other species present in adjacent and
similar vegetation. While this paper is devoted
primarily to species colonizing disturbed sites,
presence in undisturbed vegetation was determined
similarly and also reported in Tables 2&3.
Cover of a species was measured by
recording the percent of seventy-five points covered
by each species. The seventy-five points were
located by lowering three pins into the vegetation in
each meter of the plot's center line.
'Constancy' was calculated as the percent of
sites in the environmental type in which the species

occurred.
'Cover' was integrated over a type by
averaging cover measurements across all sites only
where a species occurred. We omitted unoccupied
plots in these calculations to measure the success of
species at sites where they occur. Cover values for
the environmental zone as a whole can be calculated
by multiplying the 'cover values' presented by the
associated 'constancy value'; this will correct the
cover value downward for sites at which the species
did not occur (Tables 2 & 3).

+

RESULTS

To characterize a species, in Table 2 and 3,
one reads the information on the line following it.
Column 1 gives its name. Column 2 gives its life
form (T= tree, S= shrub, G= grass and F= forb).
Columns 3-17 compare its success in fifteen
environments with measures of its constancy ( + = 19%m 1=10-19%, 2=20-29%, etc) and its cover
(A=O, B= < 1%, C= 1-2%, 0=2-5%, E=5-25%,
and F=25-100%). Columns 3-17 also indicate that
the species does (*), or does not( ), appear in
For·
'climax' vegetation of each environment.
example, the first line of Table 2 shows that Koeleria
cristata is a grass (G) which seeds into disturbances
in grasslands, shrublands and even subalpine fir
(STCO through FESC and ABLA); its constancy
varies among sites between 30 and 90%, its cover
ranges form 0 to 5%, and excepting the Abies sites,
it is also present in undisturbed vegetation (*). These
tables are designed, first, to show the distribution of
individual species along the altitudinal gradient and,
second, to group species with similar distributions.
Ordering the environmental types as on the
altitudinal gradient demonstrates species response to
the environmentally complex gradient and supports
generation of hypotheses about controlling factors
(Weaver 1979, 1980, 1994).
Distributions are treated at two levels. First,
each table is divided into three segments: 1) those
present species with broad un-interrupted
distributions, 2) species with broad interrupted
distributions, and 3) species with narrow
distributions. This information is useful in the seed
selection process. Second, species in each of these
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Table 1. Environmental types (HTs) in which colonization of natives and exotics was observed. Listing is in approximate attitudinal order.

Environmental type (HT) 1

Abbrev.

Stipa comatal Bouteloua gracilis
Agropyron spicatum/ Bouteloua gracilis
Festuca scab.rellal Festuca idahoensis
Note, below, two grasslands at
high altitude: FEID/ AGCA & DECEICARX.

(STCO/BOGR)
(AGSP/BOGR)
(FESC/FEID)

Artemisia arbuscula/ Festuca idahoensis
Artemisia tridenlata vaseyana/ Festuca idahoensis
Pseudotsuga mem;iesii/ Symphoricarpos albus
Pseudotsuga menziesiil Physocarpus malvaceus

(ARARIFEID)
(ARTRvas/FEID)
(PSMEISY AL)
(PSMEIPHMA)

10
10
10

Populus tremuloides/ Calamagrostis rubescens
Thuja plicata/ Oplopanax horridum
Tsuga heterophyUa/ Clintonia uniflora
Abies lasiocarpa/ Clintonia unijlora
Abies lasiocarpal Xerophyllum tenax

(POTRICARU)
(I'HPL/OPHO)
(I'SHEICLUN)
(ABLA/CLUN
(ABLA/XEfE)

8
10
10

Abies lasiocarpal Arnica cordifolia
Abies lasiocarpa/ Vaccinium scoparium
Festuca idahoensisl Agropryon caninum
Deschampsia caespitosa/ Carex species

(ABLA/ ARCO)
(ABLANASC)
(FEID/ AGCA)
(DECA/CASP)

10
10
10

Samples

7
8
lO

6

9

10

11

Sample location

Broadwater MT
Broadwater MT
Glacier MT

Teton WY
Teton WY
Meagher, Gallatin MT
Gallatin MT, Park: WY
Glacier MT
FlatheadMT
FlatheadMT
FlatheadMT
Flathead MT
Teton WY
Teton WY
Teton WY
Park: Wy, Carbon MT

1
The environmental types (HTs) listed are those of Pfister et al (1977), Meuggler and Stewart (1980) and Steele et al 1983 . Type names are
abbreviated with four-letter codes formed from the first two letters of the genus and species epithets.

groups are listed in order of increasing altitude of
their lowest extensions. This information may be
useful in choosing among alternative species for
planting.
Fifteen major (widespread) Rocky Mountain
environments are listed across the top of Tables 2 and
3. The HTs are listed in order of their appearance
on the gradient from warm dry grasslands through
cool moist fores~- to the alpine. The environments
were recognized by their late seral vegetation and
named after it (Daubenmire 1968,1968, 1970; Pfister
et al1977; Mueggler and Stewart 1980, and Steele et
al1983). They included arid grasslands Stipal
Bouteloua and Agropyron/Bouteloua, shrublands
Artemisia arbuscula/Festuca and A. tridentatal
Festuca, warm dry grasslands Festuca scabrella/ F.
idahoensis, warm dry forests Pseudotsugal
Symphoricarpus andPseudotsuga/Physocarpus, warm
moist forests Tsuga/Clintonia, and Abies/Clintonia,
cool moist forests Abies/Xerophyllum, Abies/Arnica,
and AbiesNaccinium, mountain meadows Festuca/
Agropyron, and alpineDeschampsia/Carex. Climatic
differences among the environments are primarily

responsible for the differences in vegetation types.
Climatic conditions and productivities of these
ecosystems are discussed by Weaver (1980, 1994).
Differences among the soils of these types were
summarized by Weaver (1979).
In this paper, roadcuts (facing the road)
represent disturbed sites and adjacent undisturbed
sites serve as late seral controls. Species listed down
the left side of Tables 2 and 3 commonly appeared on
disturbed sites in at least one environmental type.
The importance of each species on disturbed sites in
each environment is described by a table entry
following the species name and under the
environment name. The presence of each species in
late seral vegetation on paired sites is indicated by an
asterisk.
A 'common species' was arbitrarily
defmed as one occurring on at least half the sites
sampled in one environmental type.
The
'importance' of a species is indicated by it's
probability of occurrence ( =constancy, + >0,
1 > 10%, 2>20%, etc) and it's average cover
(C> 1%, D>2%, E>S%, F>25%) on sites where
it occurred.
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+

DISTRffiUTIONS

Natives. Natives show three distribution
types (Table 2). The first segment of Table 2 lists
species which have broad distributions. Due to
ecotypic differentiation, different seed sources should
probably be used for high and low altitude sites
within the range of the species. The second segment
includes species which have broad, but interrupted
ranges. On the attitudinal gradient these first appear
in low sites (sage, fescue, or douglas fir
environments) skip some forest environments, and
reappear in open vegetation at higher altitude
Abies/Arnica,
Abies/Vaccinium,
or Festucal
Agropyron. Since the populations are apparently
separated, it seems even more likely that they are
adapted to different conditions (e.g. temperature) so
different seed sources may be appropriate. The third
segment lists species which have such narrow
distributions ( 1-3 similar environmental types) that
ecotypic differentiation is probably slight.
Exotics.
Exotics demonstrate the same
distributional patterns as the natives. The first
segment in Table 3 lists species with broad
distributions. One wonders whether adaptation in
these recently introduced and widespread species is
accomplished through ecotypic differentiation or
developmental flexibility. The second segment lists
species with broad distributions interrupted by forest
environments. The first three species range lower
than do bimodal natives. The upper outposts of all
these species seem less well developed than native
populations in the same environmental types. If so,
two explanations, not mutually exclusive, are offered.
Despite roadside locations, exotics introduced at low
altitude have been poorly distributed to higher sites.
Or, exotics from open sites in warm dry climates are
just now adapting to fill open dry sites in the
relatively cool climates of higher sites.

+

SPECIES FOR RESTORATION

Choice of species. For a restoration project,
we recommend native species which establish on at
least half of the sites in the environmental type
involved-- not just an occasional site which may be
In the Bouteloua
environmentally unique.
environment, for example, the seven natives
appearing on over half the disturbed sites are

candidates for park plantings, the seven common
exotics likely to grow well are ineligible in national
parks, and the fifteen other species which appear with
lower constancies are unlikely to establish (p > 0.5).
Data in the table allow the user to apply more
stringent cut points, but since the table contains only
species having a constancy over 50% in at least one
environmental type, it cannot be used to make a
complete list of species found on disturbed sites in
any environmental type.
For a restoration project, one wants species
with a high capacity to cover ground. The letter
following the constancy numeral indicates cover on
sites where the species established. One might want
to use species which, in the past, covered over 5%
(or 2 %) of the ground surface. For example, if one
seeks, for Stipa/Bouteloua environments, species with
at least 5% cover, only Stipa comata is acceptable. If
one seeks species with at least 2% cover, Oryzopsis
hymenoides is also acceptable. In using our data,
note that our cover values were recorded with a point
frame (see methods).
Thus, they provide a
repeatable measure, a measure comparable within a
life form, a value lower than LAI (leaf area index),
and a value lower than would be measured by the
canopy cover method (Daubenmire 1968).
For a restoration project, one might also
want information on the capacity of plants to spread.
Plants spread vegetatively by branching above
ground; tree-shrub designation (Table 1& 2 , column
2) describes this capacity qualitatively. Plants spread
vegetatively near the ground surface by rhizomes or
stolons. Relevant data for most of these plants
appear in Dittberner and Olson (1983). One might
also seek information on the spread of a species by
seed; the spread of mixed mountain conifers is treated
well by McCaughey et al (1986); We know of no
comprehensive source on seed dispersal distances of
Rocky Mountain grasses, forbs, and shrubs.
Seed sources. For genetic reasons, the best
source of seed for any restoration project is from the
site itself. This is approximated by seed collected
from the site before disturbance, collected from
adjacent sites (before or after disturbance), or coming
from the seed bank. If the seed bank is to be useful,
suffocation must be avoided by storing soils in thin
layers and for only short periods (Dickie et al 1988,
Munshower 1994).
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If the primary or supplemental seed source
must come from off-site, the seed should ideally
come from a nearby site having the same HT. There
are two concerns. First, plants (ecotypes) coming
from the same HT should be similarly adapted-unless they are collected at such a great distance (e.g.
100 km) that global factors (eg the daylength regime)
change (eg, Heslop-Harrison 1964). We expect this
effect and encourage use of local material. Second
one can argue that plants coming from different
regions may be genetically distinct and new material
. should be excluded from every area, because it may
dominate the gene Po<>l existing on-site. We discount
this effect when the seeded area is small relative to
the area of adjacent native vegetation. In this case,
adapted local genes should swamp out any deleterious
introductions and we tentatively accept the
introduction of beneficial (e.g. disease resistance)
genes.

In the above context, seed gathering, rather
than seed farming, is the preferred seed source.
Plants introduced from nearby sites come from the
same region and HT. In contrast, plants introduced
from a seed farm environment will usually be
selected for physiologies distinctly different with
respect to such factors as temperature, possibly
nutrients, within species competition, and between
species competition.
Besides location, seed gatherers need
collection dates. Collection times will vary with
species, altitude, and season. The end-of-anthesis
dates given by Dittberner and Olson (1983) or
Schmidt and Lotan (1980) may help gatherers plan
their calendars.

•

MANAGEMENT OF EXOTICS

Exotic management. With respect to the
management of exotics, we have four concerns.
First, exotics have been introduced along roadsides
either accidentally or in plantings. The question
arises, will they spread into adjacent native
vegetation? Asterisks after matrix entries indicate
that some spreading has occurred for all but three
species Festuca pratensis, Trifolium hybridum, and
Medicago lupulina.
This information supports
National Park Service policy against planting
roadsides with exotics like Poa pratensis (Kentucky

bluegrass), Phleum pratensis (timothy), Agropyron
cristatum (crested wheatgrass), Bromus inermis
(smooth brome), Dactylis glomerata (orchard grass),
and most clovers Trifoliums. Some little sampled
species (e.g. Erphorbia escula and Chrysanthemum
leucanthemum) are expanding rapidly and are more
noxious than Table 2 suggests.
Second, when planning control measures,
one asks which exotics are likely to interfere with
roadside plantings and which might be ignored .
Plants likely to be important in each type are
indicated by high cover (C> 1%, D> 2%, E>S%,
F > 25 %) in the environments where they can
dominate. The restorer can use this data to determine
which seed impurities to avoid and which seedlings
may require special control.
Third, to the extent that upper populations of
exotics are less well developed than those of natives,
we may expect high altitude populations to eventually
become more troublesome. The change may be
based on further introductions, better distribution
upward from low altitude populations, or on
development of high altitude ecotypes.
The
hypothesis underlying the ecotype statement is that
exotics were originally (pre-) adapted to low altitude
sites, were introduced there, and are developing
ecotypes that allow them to move upward (Chabot
and Billings 1972). Inter-contentional and interstate
quarantine should reduce invasion. Inter-altitudinal
quarantine, for example thorough cleaning of
machinery, horses, and hikers before moving from
low to high altitude sites may slow the development
of high altitude ecotypes.
Fourth, on non-park sites some exotic
annuals, for example the smaller mustards, may be
acceptable as nurse crops.

+
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Table 2. Natives colonizing roadcuts in fifteen Rocky Mountain environmental types (liTs). All species with constancies greater than 50% in
at least one liT are listed. Records present life-form', conatancf, cover', and 'rescnce in ncar climax vegetation(•). See footnotes below.

SPECIES

LIFE
FORM

ENVIRONMENTAL TYPE
STCO AGSP ARAR ARTR FESC PSHE PSHE POPR TSHE A8LA A8LA A8LA ABLA FEIO OECA
80GR BOGR FEIO FEIO FEIO SYAL PHHA CARU CLUN CLUN XETE ARCO VACC AGCA CARX

Koekria cristata
Agropyron spicatum
.Agropyron caninum majus
Epilobium paniculatum
.Achillea milkfolium
C.AREXSPP
Fragaria virginianianalvesca
A rosea antennariaf
.Agoseris gkuu:a
Epilobium angustifolium
.Arabis holboellii
Lupinus sericeus
Aster integrifolius
Bromus carinatus
Festuca idahoensis
Sedum lanceolatum
Eriogonum umbeUatum
Lepidium densiflorum
Collinsia parvijlora
Penstemon confertus
Campanula rotundifolia
PotentiUa gracilis
Geranium viscosissimum
Epilobium paniculatum
Poa palustris
Epilobium minutum
Astragalus miser
Aster occidentalis
Trisetum spicatum
Lupinus argenteus
Bouteloua gracilis
Oryzopsis hymenoides
Sitaneon hystrix
Agropyron smithii
Stipa comata
Poa sandbergii
.Artemisia frigida
Gutierrezia sarothrae
Opuntia polyacantha
Sphaeralcea coccinea
Gaura coccinia
.Antennaria luzuloides
.Artemisia arbuscula
Aster eatonii
Fritillaria pudica
Stipa lettennanii
Erigeron ochroleucus
.Artemisia tridentata vas
Balsamorhiza sagittata
Solidago spathulata
Monardajistulosa
Oxytropis splendens
Gaillardia aristata
Festuca scabrella
Senecio canus
Anemone multijida
Symphoricarpos albus
Rosa woodsii &:: nutkana
Galium boreale

G 48* 3A* 88*
G 58* 8E* 60*
G 78
28 28*
1A
F
F
18* 1A
G
1A
F
F
F

•• *

.. *

.. *

70*
78*
28*
38*
68*
48*

.. *

1A*

4A*
SC*
98*
48*
6C*
48*

.. *
•• *

F

•• *
1A
68*
3A*
88*
··*
7C*
58*
4A
38*

2A

50*
8A*
SA
8A*
3A*
68*
3A
1A
1A

1A
1A
18 1A
6A 6C
2C 38
70 7C
2A 10
6C
1A
•• * 3A* 1A*

9C
6C
58
5C
78
2A

3C

50

1A
88
1A
98*
1C
18*

F

•. * 7A* 2A*

F

9E*

90*

F

4C*
88*
3A*
68*
8E*
7A
98*

1C*
90*
28*
* 90* 2A* .. *
8A* 4C* 3A* 1A
9E* 38*
38
98*
58*
58*
6A* 78* 88*
48* 3A* 3A
48* 48* 3A 38*
38*
3A* SA
1A
3C* 38*
3A SA
60* 58*
•• *
38* 1A*
*
38* 1C
18* 48* 38 3E

G

G
F

F
F
F
F
F
F
F
F
G
F
F
F

1A

G

F

1A
9E*

G

S

s

C
F

F

50
5C*
4C*
9E*
58*
SA*
SA*
1A*
2A*
1A*

2C
1A
6C*
6C*
SC*
88*
58*
58*
SA*
SA*

1A*

58*
S
9E*
F
58*
F
6A*
G
90*
F
1A
S 1A* 18* 18*
F
1A*
F
68*
F

4C

98
3A
7C
88*
68*

5A1
•• *
98*
1A
70*

90*

2A
10*
2C
6D

1A
3C* .. *
4E* 70*
4A 70*
38 88* +A*
58*
2A*
28
2A*

9C* 2A*
3A*
60*
78*
SB 68* 90*
68* 68* SC* +A

2A
48
1A

SE
8c

48
1A
18

1A

3A* 1A* +A*
38 2A 80*
38* 8C* SC*
3A
•• * ..•
sa_ 1A
2A SA*
2C
20
50
2A 60*
68* 6A•· 88* . 88*
80* 50* SC*· 4E*

...

G 78* . 1A*

G
G
G
G

58

28*

.. *

1C

.. *

1A

1A

F

F
F

•·•

G

F

1C

F

s
s

F

28

1A*
1C
6A*
90*
68*
90*
SC*
18* 90*
50*
58*
98*
68*
6C*
9C*
38*
80*
8C*

10
1A*
1A

.. *

1A
1A
3A*

1A

1A

1A

•• *

1A

.. *
5C

1A
2C

1A 3A
68* 18
38* 58* 2A*
3A* 38* 38*
58* 18* 7C*

3C

.. *
.. *

1A

* .• *

.. *

Aster modestus
Valeriana dioica
Pseudotsuga menziesii
Solidago missouriensis
Hieracium cyrwglossoides
Prutuu virginiana
Populus trmwloides
Vicia americana
Solidago canadensis
Hieracium albijlorwn
Ctulilleja miniata
Anaphalis mtJrgarilacea
.Aster laevis
Picea mgelmQIIIIii
Abies lasiocarpa
Pinus contol'fa
Pinus contol'fa
Polmlilla argentea
Agrostis scabra
So/JJ4go mulliradiala
Hordeum brachyanlherwn
Deschampsia caespitosa
Androsace septentrionalis
Poa alpina
Festuca ovina
Carex scopulorum
Potenlilla diverrifolia
Artemisia scopulorwn
Polygonum bistortoides
Arenaria obtusiloba
Luzula spicata
Geum rossii
Erigeron simpkx
Poa grayana
Microseris cuspidata
Sibbaldia procumbens
Draba incerta
Carex phaeocephala

1
1

3
4

* 68*

F

F
.T
F
F

1A

s

1A

T
F
F

.. *

20*
*
*

..
..

2A "

F
F
F

..

*
1A

F
T
T

T
T
F
G
F
G
G

F

..

1A*
7C
S8* 1C
38* 9C
6C*
* 20
88
* 2C
38
.. *
2C*
1A

. ..

..

.. *
1A

..*

1A

1A
20

sc

3C*

sc
6C

se

4B*
4A
1E*
."*

zc

3B

3C
1A*
10*

1A
1A
4B
7D

4A
6C
2E*
SA*
58
1A

..

*
3B*
30*
38*
28*

SC*
3B*
6E*
58*
78*
SA
78* 4C*
2C

1A 1A
2A

G
G
G
F
F

.. *
sc

4E*
38*
2A

.. *

F
F
G
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zc

3C*
6C* 1A*
70* 98*
4C* 58
SA
2A
.. * SA*
1A* 38
1A*
38*
*
1A* . *

1A

F
F
G
F

F
F
G

Life fonns are T= tree, S= shrub, G= grass, and F= forb.
Constancies (=prob stand presence) are 0= 0-9%, 1 = 10-19%, .... 9= 90-100%
Cover classes are A=O, B< 1%, C<2%, 0<5%, E<25%, F< 100%.
An asterisk: indicates that the species also appears in late seral vegetation; no asterisk: indicates absence.

78*
*
9E*
6B*
8C*
90*
8C*
9C*
9C*
9B*
9B*
88*
8B*
BA*
SC*
58*
SB*
SB*
SA*

28

Table 3. Exotics colonizing roadcuts in fifteen Rocky Mountain environments (KTs)_. All sp~cies with co~ta~ies pater than 50% in at
least on HT are listed. Records present life-form•, constancy%, cover', and •resence tn near chmax vegetation ( ). See footnotes below.

SPECIES

LIFE 1
FORM

eNVIRONMENTAL TYPE
STCO AGSP ARAR ARTR FESC PSHE PSHE POPR TSHE ABLA ABLA ABLA ABLA FEIO OECA
BOGR BOGR FEIO FEIO FEIO SYAL PHHA CARU CLUN CLUN XETE ARCO VACC AGCA CARX

Tragopogon dubious
Ce11Uluna maculosa
M~Ulotus o.Jficii'Uilis
Poa compressa
Bromus inemis
Poa praleiiSis
DactyUs glomerata
Taraxacum o.Jfidnale
Phleum pratnu~
Trifolium repens
Trifolium hybridum

f

F
f

G
G
G
G

F
G

4A* 8A* 1A*
48* 3A* 10
88* 88*
1A
1A
28 SE 28
4E* SE* 9E*
28
.. * 2A* •• *
1A

F

2A

F

[Actuca

F

Bromus kctorum

F
G

s~rriola
v~rbascum thapsus

SA*
2A*
98*
SA*

28*
1A*

2A

70*

F
F

Madia glom~rata
Medicago lupulina

F

7A*

F

1A

1

G
F
F
G
F
F
G
F
F
F
F
G
1

F

SA*
1A 9C* 48*

•• *
9B*
4A* SA*
8B* 6A*

.. *
1A
4C

SC*

58*

1A

7C
SA 9C*
1A 8C
88 2A*
6C* 78*
5E*
88* 88*
80* 9E*
1A

2C

1A
28
28
2A 18
1A · 1A
5E 8E
48 6C

1A
3A
68
78
1A

3E
1A
70

40
4C
28

18*
1A •• *

8C
9C
48

9C
88

sc

80

6D

8E

8E

9C* 38*
78* +A
1C
6C

3A
3C

4A
58
40

2C*
•• *
28*
3A

8D
8C

48

70*

SA
. SB 1A
38*
38
6C

1A*
90*

90

1A

1A
•. *
1A
3C* 4A ' 1A
1A SA
48*
58* 1A*
50* 1A
2A 1A
1A

1C

....

1A
8C*

•• •·

78* 7C
70
8C
2C 90

SO

60*

6C

••

.·.

1A

.3B

1C .. .80.
••
4B . Ss- : :.18

80
4A

60
SB .

8E
2B

58

Life forms are T= tree·, S= shrub, G= grass, and F= forb.
Constancies (=prob stand presence) are 0= 0-9%, 1= 10-19%, ..•. 9= 90-100%
' Cover classes are A=O, B<l %, C<2%, D<S%, E<25%, F<lOO% .
4
An asterisk indicates that the species also appears in late seral vegetation; no asterisk indicates absence.

2

1A

5C
18
9E
88
18

1A

9C
9D
8C
9D

18

1A

7C*

8A*

1A

2A
2A
38
1A*
50*
7C*
28*
8C*
7C*
50*
1A
1A

28

D~scurainia pinnata
Polygonum avicular~

Agropyron cristatum
Alyssum alyssoides
Cmnelina microcarpa
Bromus japonicus
Rumex· acetosalacetosU
Qrsium arvens~
Festuca pratensis
Trifolium procumbens
Trifolium pratense
Trifolium repens
Trifolium hybridum
Agrostis alba
Chrysanthemum leucanth

58* 4A*
7E*
68*
6C*
50
9E* 80* ·
38
58* 38
90*

4B

· 1C

8E

6C

48

+A*

BRYCE CANYON
NATIONAL PARK

•

FIRE HISTORY DETERMINATION IN THE MIXED
CONIFER/ASPEN COMMUNITY OF
BRYCE CANYON NATIONAL PARK

•
MICHAEL J. JENKINS +DEPARTMENT OF FOREST RESOURCES
UTAH STATE UNIVERSITY
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INTRODUCTION

The major objective of this ongoing study is
to document vegetative changes resulting from
alteration of the fire regime in the mixed
conifer/aspen communities of Bryce Canyon National
Park. Previous fire history studies have documented
fire return intervals using fire scar analysis of
ponderosa pine Pinus ponderosa in the park
(Buchannan and Tolman 1983: Wight 1989) and for
the Paunsaugunt Plateau (Stein 1988). Numerous
other studies have similar!y documented the fire
regime in pre-European settlement ponderosa pine
forests in western North America.
The study is being conducted in the more
mesic mixed conifer communities at the south end of
Bryce Canyon National Park and will specifically
document vegetative changes suggested by Roberts et
al. (1992) resulting from suppression of frequent low
intensity surface fires and overgrazing.

+

+ LOGAN

All trees in each plot were tallied by species
and diameter and a subsample from each visible fire
scars were marked and later sampled using the chain
saw wedge technique described by Amo and Sneck
(1977). Each sample tree was permanently labeled
with a metal tag for maintenance in the NSP records.
All samples were taken to the Fire Ecology
Laboratory at USU for analysis.

+

RESULTS AND DISCUSSION

The analysis of data to date yields the results
shown in Figures 1-3. The graph compares numbers
of trees by diameter class, species and location.
Superimposed is the average age of each species in
each diameter class. It is apparent from these data
that numbers of the shade tolerant white fir Abies
concolor and Douglas fir Pseudotsuga menziesii have
become established in the last 100 years. The
majority of older, larger trees are ponderosa pine
which must have been the dominant species
historically and are now being replaced.

METHODS

Three areas in the mixed conifer/aspen
community type were selected for this study based on
the description by Roberts et al. 1992. These were
Whiteman Bench, Bridge Hollow and Yovimpa Pass.
Using maps and aerial photos, a transect was
established to represent the variety of elevation,
aspect and other features of each area. Ten 114 acre
plots were selected on each of the three transects for
sampling.

Table 1 shows the mean fire return interval
found from fire scar specimens collected. The return
interval was constructed by counting the number of
fires and dividing the number into the total number of
years. This value represents the number of years
between fires sufficiently intense to scar a tree in the
study area. Clearly each fire varied in its ecological
significance depending on its size and intensity.
Conversely there were surely other fires during the
time period that did not scar trees or where fire scars
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were not found in the present study. The main
purpose of presenting these dates is to illustrate the
frequency with which ignitions occurred even in the
mesic mixed conifer type. The return interval can
also be evaluated in comparison to the fact that only
2 fires were documented by fire scars since 1900.
These new data are supported by previous fire history
studies. Buchannan and Tolman (1983) recorded 87
fires in the mixed conifer type from 1616 to 1900 and
6 fires since 1900. Their data suggested that a fire
sufficient to scar a tree occurred in the mixed conifer
type once every 3-5 years in the period before 1900.
Since that time the interval has been lengthened to 16
years with one fire in 1959 being the only recorded
since 1928. In Stein's (1988) fire history of the
Paunsaugunt Plateau, he determined a fire return
interval of 15.2-18.4 years. The last recorded fires .
in his study occurred in 1892, 1902, and 1911.

Table 1. Fire frequency calculations for fire scarred
trees for the period 1501-1900.

No. of
sample
trees

20

+

This work will explicitly document the
effects on vegetation resulting from alteration of the
fire regime in the mesic sites which most quickly
respond to change. The documentation of this change
will allow NPS personnel to make recommendations
involving fuel reduction around the residential area
and visitor center in stands dominated by ponderosa
pine. The challenge of conducting prescribed bums
in the mixed conifer type is great. High fuel loads
and steep dissected topography are common and fire
intensity would likely be high.
The main work yet to be accomplished in
this study is to interact with park resource and fire
personnel to determine likely potential management
scenarios based on the results of this study.
One week will be spent in the park in the
summer of 1994 to collect data sufficient to write a
final section to this report.

•
No. years

399

Total fires

53

Fire freq.

7.5Years

It is clear that alteration of the fire return
interval resulting from fire suppression and removal
of fine fuels by grazing has altered vegetative
composition in the mixed conifer type of Bryce
Canyon National Park. The abundance of white fir
and Douglas fir could not have occurred over such a
wide area under a pattern of frequent, low intensity
surface fires. There were areas where these species
became established and survived to produce bark
thick enough to withstand surface fires. This is
indicated in Figure 1 by the presence of older
individuals of White fir and Douglas fir. It is the
abundance of these species present that reflect the
consequences of an altered fire regime. These data
support the conclusions of Roberts et al. (1992) that
reduction in surface fire has altered community type
structure reducing the area occupied by quaking
aspen and ponderosa pine.

MANAGEMENT IMPLICATIONS
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Figure 1. The number of trees and average age by diameter class and species for Whiteman Bench Transect in the mixed conifer community type. The number
of trees for each species is represented by bar plots while the age of trees for each species is depicted by symbols identified in the figure legend.
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MODELLING DEER-WOODLAND DYNAMICS
ON DEVILS TOWER NATIONAL MONUMENT

•
EVELYN H. M ERRILL + GREG W. MCDANIEL
DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY
MICHAEL COUGHENOUR + NATURAL RESOURCE ECOLOGY
COLORADO STATE UNIVERSITY+ FORT COLLINS

We are adapting the spatially explicit,
process-oriented model Savanna developed by M. B.
Coughenour to Devils Tower National Monument
(DTNM). The model will be used to describe the
woodland-deer dynamics within a short time-frame
( < 30 years) under several management scenarios.
We use data on weather, vegetation standing crops,
deer distributions and population information
collected during 1991-1992 as initial conditions to the
model.
The savanna model is composed of
hydrologic, plant biomass production, plant
population dynamics, ungulate herbivory, ungulate
spatial distribution, population dynamics and culling
submodels.
The model has a hierarchical, 3-staged
landscape. DTNM landscape has been divided into
a grid of 25 x 25 100-m grid cells. Within the grid
cells, there are "subareas" which correspond to fixed
distributions of physical conditions like soils and
topography.
Within the subareas, the model
simulates vegetation patches or "facets" defined as
herbaceous plants, shrubs and trees. The facet
locations are not modeled within the grid but the facet
cover (%) is a dynamic outcome of the vegetation
growth and mortality. Initial biomass within each
cell was based on the weighted average biomass of
the cover types found in each cell.
Base station data of monthly precipitation
and temperature for the period 1972-1993 was
originally used to calibrate the model. Predictions
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(future scenarios) will be based on randomly
generated weather data.
A snowmelt submodel
simulates snow water content and depth and snow
crusting which is stochastically related to
temperature. The water budget submodel simulates
soil moisture dynamics on each patch type on each
grid cell based on soil maps in conjunction with
properties of soil. The net primary production (NPP)
submodel is affected by water, light, temperature,
nitrogen, and herbivory. The NPP model is linked to
the water budget through transpiration and plant
water use efficiency. Light extinction through the
canopy follows an exponential decay function,
dependant on leaf area indices. Nitrogen uptake is
modelled and losses are caused by herbivory and
tissue mortality. The herbivory submodel simulates
ungulate foraging determined by diet selection, forage
abundance and quality and snow cover. Ungulate
spatial distribution is based on HSI models developed
on habitat use data from radio-collared deer.
Population dynamics of deer is a stage-structured
model with 5 age-sex classes where birth and death
rates are based on conditions modified in the ungulate
energy balance submodel.
Progress to date includes the development of
the GIS-based input maps, initial parameterization of
the model, and initial runs of seasonal forage
dynamics. Within the next year, we hope to have
parameterized the ungulate spatial distribution,
herbivory, deer population, and deer culling models.
We do not expect to have the model completed for at
least another 1-2 years given the limited financial
support available to us.

FOSSIL BUTTE
NATIONAL MONUMENT

•
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The basis or extent of the shrub-steppe
habitat dependency by pygmy rabbits is not fully
understood. Sagebrush comprises a major portion of
the diet, ranging from 51 % in summer to 99% in
winter (Green and Flinders 1980b). Among
vertebrates, only the sage grouse Centrocercus
urophasianus and some populations of mule deer
Odocoileus hemionus and pronghorn antelope
Antilocapra americana are known to consume such
large amounts of sagebrush without detrimental
effects (Severson et al. 1968; Braun et al 1973;
Kufeld et al. 1973; Sundstrom et al. 1973).
Sagebrush contains monoterpenoids (volatile oils) that
may cause severe digestive disturbances. Yet the
pygmy rabbit has a near obligate relationship with
sagebrush (Green and Flinders 1980b). In winter,
even when other woody vegetation is available,
pygmy rabbits prefer to eat big sagebrush; in
summer, even with unlimited availability of high
quality grasses, sagebrush comprises a major part of
the diet. Preferences by" pygmy rabbits for certain
populations of sage plants do not appear to be related
to monoterpenoid content (White et al. 1982).
Tall stands of sage provide a dense "canopy"
cover for protection of pygmy rabbits from raptorial
predators and a dense sage "understory" structure that
is important for protection from ground predators.
Big sage also may provide an improved microclimate
space and ease in food acquisition by contributing to
the formation of snow drifts in winter for better
ground insulation over burrows, and for subnivean
trails, which the animals use for access to food
between sagebrush plants (Bradfield 1975). The
thermoregulatory capabilities of pygmy rabbits have
not been determined, but limited published research
has shown that the animals do not venture above the
snow surface when temperatures are < -7 o C
(Bradfield 1975). Furthermore, although the location
of nests is unknown, a dense sage base may provide
necessary thermoregulatory and hiding cover for
young animals.
Pygmy rabbits are typically found in low
numbers with small spatial requirements; animals
usually remain within 30 m of their burrow systems
(Janson 1946). As such,
destruction and
fragmentation of sagebrush grasslands may drastically
affect their distribution, abundance, and dispersal
abilities. Dense stands of sagebrush plants without a
dense understory do not appear to support pygmy
rabbits (C. Garber, Nature Conservancy, pers.
comm), presumably because of the need for cover,

easy access to food, and/or nest protection. Because
this species has small but specific spatial
requirements, the isolation of small populations make
it susceptible to rapid declines and possible
extirpation. Also because of this extreme dependency
on sagebrush-dominated habitats, the pygmy rabbit
may serve as an indicator of the health and balance of
the sagebrush ecosystem.
The objectives of this research were: ( 1) to
investigate the relationships between the
structural/compositional features of the shrub-steppe
habitat, and the winter home range, habitat use, and
activity patterns of pygmy rabbits, (2) to determine
microhabitat selection by pygmy rabbits during winter
in relation to microclimate and vegetation structure,
and (3) to define large scale habitat features that are
characteristic of areas inhabited by pygmy rabbits.
Our particular emphasis was to understand how such
a small species (400 grams) that does not hibernate or
significantly deposit fat, manages to survive in areas
of extreme environmental temperatures, consuming
primarily sagebrush.

+

STUDY AREA

Two research sites were selected in
September 1992. The primary site was located near
the Historic Quarry Trail in Fossil Butte National
Monument, 16 km west of Kemmerer, Lincoln
County, Wyoming. Preliminary observations
suggested that this presently-ungrazed area supported
a healthy population of pygmy rabbits. The study site
was located on a steep southwest-facing slope,
characterized by Basin Big Sagebrush Complex
vegetation (Beetle 1974) and basic clay and silty clay
soils. Annual precipitation averages 23 em, with
greatest amounts falling in May/June. Temperatures
during winter months can range from -46°C (Jan) to
l5°C (Feb), averaging -9 to -1 °C (USDA; SCS
Cokeville, WY).
The second study site was located 14.5 km
west of the Monument along Collett Creek. Although
lacking a butte, the sl<?pe and elevation were
comparable to the Fossil Butte site. The area was
grazed heavily in past years (V. Phinney, BLM, pers.
comm) and present vegetation appears trampled with
shrubs well-spaced. Pygmy rabbit sign was much
reduced. The general landscape at both sites can be
characterized as high, cold, sage-dominated desert.
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In October 1992, a grid system 1 km x 0.35
km was installed at both study sites for use during
radiotelemetry monitoring and habitat assessment.
The system consisted of twenty color-coded transects
running perpendicular to a baseline, with 1.5 m metal
stakes positioned every 50. m, resulting in 0.25 ha
units.

•

METHODS

ANIMAL CAPTURE AND MONITORING
Eleven pygmy rabbits were captured in
January 1993 at Fossil Butte National Monument
using Tomahawk live traps modified with nest boxes,
and baited with apple and alfalfa. Traps were set near
burrows or other high-use areas (forms, runways) and
covered with a fiberglass feed bag to provide wind
and predator protection. Captured animals were
tagged with numbered color-coded ear tags (Model
#1841; National Band and Tag Co., Newport, KY),
weighed, measured for morphological parameters,
and equipped with radio collars (Model #CHP-1H
with S9 sensor; Telonics, Inc., Mesa, AZ). Rabbits
were located telemetrically one-two times daily from
animal-specific radio signals; timing of radio
locations was varied. Precise grid locations for rabbit
sightings were determined by triangulating to the
nearest 3 grid points with a compass rather than by
measuring distances to the stakes, to minimize site
impact (particularly in snow). Winter home range
size was determined using adaptive kernel analysis
(CALHOME program; USDA PSW Research
Station). Activity sensors in the radio collars allowed
for continuous chart recorder traces to document
activity budgets in relation to environmental
conditions. Numerous behavioral observations, lasting
45-180 minutes during daylight hours, were
conducted to define when animals were above the
snow surface, what portion of activity bouts were
spent foraging, and how far pygmy rabbits travelled
when they were active.
No animals were captured at the Collett
Creek study site. Pygmy rabbits were observed
within the grid system during October 1992 and early
January 1993. Following unsuccessful trapping
efforts, an intense systematic search of the area on
snowshoes was made in mid-February; no animals or
burrow systems were located. After continued search
in all directions outside the grid, 3 burrows were

found 250-750m from the grid and approximately 1
km from where rabbits were previously observed.
Only one burrow was within a logistically-attainable
area for monitoring and sign of more than one animal
was not found. Whether the severity of the winter
caused exceptional mortality and/or dispersal from
the low-quality site is unknown.
METEOROLOGICAL AND
MEASUREMENTS

VEGETATION

Micro-meteorological variables (air
temperature, wind, solar and thermal radiation) were
continuously measured in open and sage/snowcovered environments by a portable weather station
located near the center of the research site at Fossil
Butte. All environmental variables were logged every
minute (CR-21X; Campbell Scientific Inc., Logan,
UT) and averaged over a 15-minute period. Snow
depths at 1 m intervals along 40 m transects
encompassing high- and low-use areas, and near
pygmy rabbit burrow systems, were measured on a
weekly basis and after significant snowfall events.
Weather variables were combined into a standard
operative temperature (Bakken 1981), or thermal
index that incorporates the effects of wind and
radiation.
Operative temperature is more
representative of the environment experienced by an
animal than is air temperature alone, and may be
particularly important relative to the benefits of solar
gain for pygmy rabbits.
Vegetative characteristics above the snow
surface were measured in January and February 1993
on the 40 m transects, which included 20 m in areas
frequently used by pygmy rabbits and which extended
20 m into adjacent low-use areas. Canopy cover was
estimated using the line intercept method. Canopy
size, shrub height and width, and distances between
shrub canopies were compared between high- and
low-use areas. Foliage profiles were measured using
a vertical intercept technique with a 2 m pole marked
in 10 em intervals positioned every 0.5 meters along
each transect. The number of vegetative hits in each
10 em interval was recorded.
A five-week period of vegetation sampling
without snow began in early April 1993. After
locating home range use ar~ of the rabbits on the
ground, the longest straight-line axis in each area was
determined (Fig. 2). Ten-meter transects were
systematically placed perpendicular to this baseline
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and placed at 10 m intervals in areas where the
longest axis was ~ 50 m, and at 5 m intervals in
smaller areas. The direction of the transects off the
baseline was randomly chosen. Vegetation sampling
was adapted from Dueser and Shugart (1978) and M.
Gahr (pers. comm., pygmy rabbit research, W A). On
each transect, measurements of canopy characteristics
and foliage profiles were similar to those made
during winter except relative to bare ground instead
of the snow surface. -Percent herbaceous ground
cover was calculated from Daubenmire square
measurements. Shrub density, dispersion, and size
were measured for dead and living components of all
Anemisia shrubs rooted in a 1-m wide belt transect.
Samples from A11emisia tridentata tridentata and A.
t. wyomingensis plants that were observed to be
primary foraging sites of pygmy rabbits were clipped
for food quality assessment (energy, protein, fat, and
fiber content).

Monument indicated that the combination of deep
snow and cold temperatures was the most severe
since the early 1970's with the exception of the 1983
season. The obvious visual effects were most noticed
in terms of the vegetation at the research site. Most
dense stands of sage were completely covered,
resulting in an almost uniform, flattened surface
broken only occasionally by the tops of the highest
sagebrush plants. Snow depths ranged from 0.2m on
windswept hillsides to > lm in the sagebrush draws.
Average, ·maximum, and rmmmum
temperatures; wind speeds; and solar radiation levels
between 0615 and 1930 were similar between January
and February 1993 (Table 1). The average standard
operative temperatures, which combine the effects of
solar radiation and wind, were much lower than
-7°C, previously thought to inhibit activity of pygmy
rabbits (Bradfield 1975). The rabbits were observed
during active periods at air temperatures in the open
of -20°C, and at standard operative temperatures of
-30°C. Temperatures under vegetation and snow
canopies were usually within 0.5°C of open air
recordings. Future analyses will assess the impacts of
microclimate on specific activity patterns and define
when activities are restricted by thermal parameters.

Table 1. Average, maximum, and minimum temperatures, wind
speeds, solar radiation, and calculated standard operative
temperatures ~) for January and February 1993 at Fossil Butte
National Monument. Daily values are based on averages
obtained every 15 minutes.

Temperature Wind speed
("C)

Figure 2. Example of vegetation transects located at
5 m intervals along the longest axis of a home range
use area. Home range use area was calculated to
encompass 95% of the locations (+)for animal #581
using the program CALHOME. X and Y coordinates
represent grid increments in m.

+

(M/s)

Solar level
(W/m')

T.
("C)

JANUARY
-9.1
15.4
-23.2

2.5
16.5
0.5

198
764
0

-13.6
29.3
-31.0

-9.7
7.0
-24.9

2.3
22.1
0.5

145
951
0

-13.3
30.9
-37.2

Average
Maximum
Minimum

FEBRUARY
Average
Maximum
Minimum

RESULTS AND DISCUSSION

MICROMETEOROLOGICAL MEASUREMENTS
The 1992-1993 winter was characterized by
high snow accumulation and cold temperatures.
Weather monitoring at Fossil Butte National

ACTIVITY PATTERNS
Pygmy rabbits appeared to regularly move
more than 50m from their burrow systems. They
usually remained under the snow surface during
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inclement weather, but were influenced by severe
storms. In all cases, animals moved 50-250 m just
before or during the storms from the areas of dense
sage, where there were many subnivean burrows that
could easily be filled by major snowfalls, to snow
and/or underground burrows on nearby hillsides. At
open hillside locations, rabbits were more susceptible
to predation than in the lower areas of deep snow that
had some cover. Pygmy rabbits appeared to take
advantage of solar gain for thermoregulatory purposes
by sitting quietly at the burrow entrance - in the
open. They may have been capable, therefore, of
coping with cold and snow by behavioral and
physiological adaptations, assuming food supplies
were sufficient for them to gather food beneath the
snow surface, but they had little control over the
corresponding benefits that deep snows and increased
visibility afford predators.

m2) with only one main use area encompassing 95%
of the observations to home ranges more than 6 times
larger (3702 m2) with two concentrated use areas.
The number of visual observations was not correlated
with home range size (r = 0.047).

Table 2. Percent time active and inactive determined from known
behavioral observations (n > 4 periods) and continuous telemetric
monitoring of pygmy rabbits at Fossil Butte National Monument during
January and February 1993 .

Rabbit

"Active

" Inactive

#508
11502
11550

43.0
24.5
26. 1
49.6
35.3

51.0
15.5
73.9
50.4
64.7

43.3
33. 1
68.0
21.0

56.1
66.9
32.0
79.0

OBSERVED:

#DN

The collared pygmy rabbits did not survive
past late February 1993. Most were taken by raptors,
presumably golden eagles, with several other cases of
ground predation (weasels, foxes). It is our belief that
the severity of the winter and the consequential
reduction in cover from predators, were primarily
responsible for such high mortality rates.
Pygmy rabbits were generally more inactive
than active during January and February. Analyses of
radiotelemetric chart recordings, excluding
questionable signals when animals were likely out of
the home range use area, and when signal
transmission was shielded from vegetation or
snow/ground burrows, showed that on a daily basis,
pygmy rabbits averaged 59% of the time inactive,
and 41% active. From known behaviors above
ground during the behavioral observations, the rabbits
were inactive 64% of the time compared to 36 % of
the time active (Table 2).

#DOM
CONTINUOUS MONITORING:
#508

11550
#581
11524

Table 3. Percent time engaged in specific activities during active periods
in January and February 1993 for 5 pygmy rabbits at Fossil Butte
National Monument.

Rabbit

~08

1502
~jO

ION
lOOM

Av..,.p

±SD

Within active periods, pygmy rabbits spent
the majority of their time feeding (52%). They also
spent considerable time moving (29% ), and lesser
amounts of time eatirig snow (8%), preening (8%),
digging (1 %), and ingesting fecal pellets (1 %) (Table
3).
HOME RANGE
Home ranges were determined for 7 pygmy
rabbits for which there were 14 sightings (Table 4).
Home range size varied from very small areas (548

Move

Fe«!

Eat

Pr_,

Di&

"

"

"

"

9.9
8.4
19.7
2.2
1.4

14.7
j .j

13.3
3.4
2.0

0.9
2.4
0.2
1.0
1.6

0.4
3.7
0.7
0. 1
0.2

7.8
j.8

1.2
0.9

1.0

IRO\V

"

"

16.8
36. 1
2U
46.6
ll.l

57.3
43.9
44.6
46.7
69.0

29.4
12.0

j2.3

8.3
7.4

10.8

cq>np~.a

u

Although some individual animals remained
fairly isolated, pygmy rabbits did not appear to be
territorial because many home range use areas
overlapped (Fig. 3). There was also considerable
evidence of social behavior. Animals chased each
other while playing on many occasions; others lived
close enough that they were obviously aware of each
other but did not visibly interact.
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Table 5. Common plants fmmd in winter home ranges of pygmy rabbits
at Fouil Butte National Monument.

Table 4 . Uae areas and total home range aizea for 7 pygmy rabbits during
Janwuy and Febrwuy 1993 at Fouil Butte National Monument.

I Locations

Rabbit

14
20
22

1516
1524
1532
1581
#502
1550
#508

25
46
51
63

Area #1
(m~

Area 12
(m2)

Total area

2073
3309
2459
548
1957
1511
2352

1353
393
345

3426
3702
2804
548
1957
2058
3508

547
1156

SHRUBS:
Artemisia tridentata tridentata (Basin big sagebrush)
Artemisia tridentata wyomingensis (Wyoming big sagebrush)
Artmaisia tridentata va.syana (Mountain big sagebrush)
Artemisia longiloba (AOcali sagebrush)
Quysothamnus nauseosus (Rubber rabbitbrush)
Oarysothamnus viscid!florus (Low rabbitbruah)
Purshia tridentata (Antelope bitterbrush)
Atripla confertifolia (Shadacale)
Sarcobatus vermiculatus (Grcuewood)
Symhoricarpos occidmtalis (Western anowbeny)

(m~

GRASSES:
Oryzopsis hymenoides (Indian rice-g11l81)
Elymus cinereus (Basin wild rye)

AVERAGE SNOW DEPTH
LOW vs. HIGH USE AREAS (with 95% Cl)
90
80
~ 70

£ 60
I
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7~

wu~~~~~~~~~uw~~~~~~
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G00

1000

Figure 3. Home range use areas of the seven pygmy
rabbits listed in Table 4. Axes represent grid
increments in m.
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Principal vegetation during winter was
dominated by Artemisia tridentata, of which two
subspecies (tridentata, wyomingensis) were always
present in the home ranges of all pygmy rabbits.
Seven other shrubs were also documented (Table 5).
Two grasses were commonly found, but provided
minimal ground cover.

Figure 4.
Average snow depths (with 95%
confidence intervals) in areas that were highly used
and infrequently used by pygmy rabbits at Fossil
Butte National Monument. J =January; F=February;
M=March.

Snow depths were consistently higher in
areas that were frequently used by pygmy rabbits
compared with low-use areas (Fig. 4). Between
January and March, average snow depths increased
from almost 60 em to more than 80 em in the
frequently used areas.

Vegetative cover provided by shrubs above
the snow surface declined on all transects in high and
low-use areas between January and late February as
snow depths increased. Generally, percent cover was
almost three times greater in the high-use areas
compared with areas of low use. Similarly, the
average number of plant canopies along a 20-m
transect declined from 24 to 14 during the same time

M1
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period in the highly-used areas, and from 14 to 8 in
the low-use areas. Those trends resulted in larger
open spaces between shrub canopies. Therefore, even
though average height and width of shrubs were very
similar in high- and low-use areas, vegetation was
more dispersed in areas of low use (Fig. 5). Shrub
dispersion increased with higher snow depths in late
February. Canopy characteristics in the low-use areas
were not different than in areas that were not
inhabited by pygmy rabbits when measured in late
February (Fig. 5).

Vegetation characteristics of Artemisia
tridentata were measured after the snow had melted
and compared between the home ranges used by
pygmy rabbits and the areas available to the rabbits.
The number of shrubs per 10-m transect, maximum
and minimum heights for living and dead material,
and average canopy width did not vary significantly
(Table 6).

HIGH vs. LOW USE AREAS

Table 6. Avense number of abrub., maximum aod minimum beichY for
liviDc aod dead material, aod avense canopy width of AnmU.sUJ
tridml4lD alons 1O.m traaaccta (1-m wide) in winter bome RDI~ uacd by
PYI'DlY nbbita compucd with areaa available t.o the nbbita at Fouil Butte
National MonumenL

with 95% confidence inteNal

Dead

Dead

max

min

aize

(em)

Live
min
(em)

(em)

(em)

(em)

HOME RANGE:
17.5
Average
3.5
± SD

57.7
10.6

20.7
7.5

43 .2
5.0

3.3
0.6

47.2
4.2

AVAILABLE:
Average
± SD

43.1
11.7

14. 1
5.8

36.7
7.8

3.2
1.6

40.7
7.3

Sbruba
(I)

I•

HIGH use

,.

<laD'

DISPERSION

WIOTH

HEIGHT

Live
max

LOW use

I

HIGH vs. LOW USE AREAS
with 95% confidence interval
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Figure 5.
Average height and width of snow
canopies above the snow surface, and distance
between shrub canopies (with 95% confidence
intervals}, in areas that were highly used and
infrequently used by pygmy rabbits in January (a) and
February (b) at Fossil Butte National Monument.
Low-use areas were compared to nearby areas not
inhabited by rabbits in February (c).

Vertical foliage profiles, however, indicated
that the home ranges selected by pygmy rabbits were
consistently denser at all heights above the ground
than were available areas (which encompassed both
used and unused areas in the same vicinity) and nonuse areas (never observed to have been used by
pygmy rabbits) (Fig. 6). The one exception to the
finding was the large number of vegetative hits
recorded 10 em from the ground surface in non-use
areas; those reflect a large amount of dead grasses.
Data from the vertical foliage profiles confirm
previous visual observations that sagebrush stands
without a dense understory do not support pygmy
rabbits. Whether this requirement is for thermal
cover, easy access to food, escape from predation, or
a combination of all needs is still unknown.

+

PRELIMJNARY CONCLUSIONS

Definitive conclusions for our project can not
be made until field research is concluded. We
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documented an extreme case for survival by pygmy
rabbits, with high rates of mortality during the 1993
winter. We are continuing field studies this winter
(1994), under much less extreme environmental
conditions. The comparison between a very harsh
winter and a more average or 'representative' season,
will help us understand the relative importance of
environmental conditions and predation. If such high
mortality rates are common, regardless of weather
severity, structurally-complex sagebrush stands may
be most important to pygmy rabbits as cover from
predators. Fossil Butte National Monument represents
the geographic limits of this species' range.
Following the current field season, we hope to
distinguish between limits imposed by thermal
parameters and those caused by predation.
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INTRODUCTION

A scheme for long-term monitoring of
breeding land bird populations in a wide variety of
habitats representative of the northern Rockies and
the Greater Y e)lowstone Ecosystem (GYE) was
initiated in summer 1993. It is projected that the
monitoring scheme, when fully established and
formalized, will become a routine activity in Grand
Teton National Park, where a broad range of
representative vegetation types is accessible within
close geographic proximity. Sixteen study sites were
established within the park in pristine habitat, from
the Jackson Hole lowlands to subalpine and alpine
sites, from meadow, sagebrush and marshland,
through willow scrub, cottonwood and aspen
woodlands, to lodgepole pine and spruce-fir forests.
Some of the study sites have a long history of
research on the breeding birds (see below). Census
sites are standardized at 5 ha in size, and mapped in
detail (topography, vegetation).

benefits to science and resource management of this
monitoring scheme, the project hopefully will be
continued and the data base further expanded in
future years, with a larger range of study sites (2436).
THE ROLE OF LONG-TERM STUDIES
Long-term studies on breeding bird species
and densities are an important tool for evaluating the
impact of both local and distant influences on
breeding bird populations. Local effects include nonbreeding season influences on species that are
resident or short-distance (e.g. elevational) migrants,
as well as influences on breeding population densities
via inter-year changes in on-site vegetation structure
and productivity. Distant influences refer to factors
affecting over-wintering s~ccess, and therefore prebreeding densities, of species that are either longdistance (neotropical) or medium-distance migrants
(largely to areas in the southern and southwestern

US).
The locations and accessibility of the study
sites permit all to be regularly and repeatedly
censused during the short (6-week) breeding season.
Census schedules, timing, and methodological
protocols are being established and refined, to
provide for strictly controlled inter-site and inter-year
comparisons in breeding bird populations, species
composition, and densities. In view of the projected

There is much concern at present over
declining breeding densities of migratory songbirds,
particularly in the eastern U.S. (e.g. Keast & Morton
1974, Terborgh 1989, Smithsonian Institution 1991),
with the likely causal factors associated with both
clearing and increased fragmentation of breeding
habitats, and reduced availability of wintering habitat.
To date, most of this concern has been focussed on
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the breeding migrants of the NE forests, and their
wintering habitats on Caribbean islands, on the
Caribbean slope of Central America, and in northern
South America. However, many paruline warblers of
the northern Rockies winter in western Mexico,
where they are common in lowland edge habitats and
comprise 25-50% of local winter bird densities (Hutto
1980, Cody 1983, Terborgh 1989); these wintering
habitats also are vanishing at alarming rates (Hutto
1986).
In response to this concern, the National
Fish and Wildlife Foundation has initiated the
Neotropical Migratory Bird Conservation Program
(National Fish and Wildlife Foundation 1992), which
involves cooperative partnerships among federal,
state, and local government agencies, academic
institutions, and conservation organizations in North
and Latin America.
The first comprehensive
nongame bird conservation program initiated since
the passage of the Migratory Bird Treaty Act of
1918, its goal is to improve monitoring, research,
management, and education programs involving
neotropical migratory birds and their habitats.
Primary monitoring goals include 1) obtaining
reliable information on the population status of
neotropical migratory birds to allow assessment of
population trends, and 2) expanding surveys in North
America to include inadequately covered species and
regions (National Fish and Wildlife Foundation
1992).

An additional indication of the extent and
depth of concern for populations of neotropical
migrant birds that breed in the US is gained from the
focus of the Ecological Society's 1993 annual meeting
(Madison, WI; Ecological Society of america 1993).
Sections were dedicated to long-term studies
(including one co-organized by MLC in which studies
on bird populations in GTNP were discussed),
population viability and ecological risk management,
and the management of ecosystems on lands under
federal jurisdiction.
Besides these foci, one
symposium specifically addressed local and regional
trends in neotropical migrants, and at least a dozen
additional papers on the topic were presented.

Besides a reduced availability of wintering
habitat for long-distance migrants, more local effects
can influence breeding bird densities. Populations
can vary year-to-year in response to the vagaries of
over wintering success, even in short-distance

migrants and residents. Further, breeding habitats
may change over the longer term in areal extent or
degree of fragmentation, and may vary among years
in qualities that affect their carrying capacities for
breeding birds.
Environmental variations, both
abiotic and biotic, can affect survival at any stage in
the life-cycle, producing variations in breeding
density and associated factors (habitat preference,
community structure and organization). Whether or
not the consequences of such extrinsic and intrinsic
variability alter or obscure patterns in the breeding
community itself varies; in some cases, density
changes produce readily interpretable alterations in
bird communities (e.g. via density compensation, or
shifts in habitat occupancy), while in others such
interpretations are apparently not possible (see, e.g.
Wiens 1984, 1988 references therein).
Some intrinsic variation (e.g. changes in
carrying capacity) in breeding bird density is usual
and has a clear explanation. Overwinter precipitation
affects insect productivity in more xeric habitats, and
larger territory sizes, correlated with lower resource
availability, may reduce densities in drier years
(Cody 1981). In some wetland habitats, standing
water may buffer the spring productivity against drier
winters, but vegetation structure and resource
productivity are clearly affected by other factors such
as the presence oflarge browsers (especially moose),
and likely by changes in water levels (through runoff,
beaver activity, etc.).
In areas like Jackson Hole, with a steady and
heavy human visitation rate, it seems important to
measure the long-term trends in bird densities as a
form of bioassay of the state of the local
environments. Information from such studies can
provide region-wide indicators, and can be
incorporated into management strategies to aid in
determining which steps may be necessary (and
feasible) to help maintain the biota.
The project initiated in 1993 has a single
primary objective, to evaluate local, regional, and to
some extent continental, populational trends of birds
that breed in the northern Rocky Mountains in
general, and in the Greater Yellowstone Ecosystem
(GYE) in particular. Secondary objectives aim to
identify and distinguish between factors in year-toyear population variations that are intrinsically-driven
(i.e., within-park) and those that are extrinsic (i.e.
controlled by influences outside the GYE), and to
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examine the relationships among habitat availability,
habitat utilization and productivity, and species
composition and densities in the study habitats.
STUDY SITES: CLIMATE, PHYSIOGRAPHY,
AND VEGETATION
Grand Teton National Park (GTNP) is an
ideal locale for monitoring breeding bird populations,
since it combines relatively small area (ca. 1500 km~
with easy accessibility and complete range of habitats
representative of the GYE. Elevations in the park
encompass the range from the Snake River
bottomlands at 1900 m to some of the higher peaks in
the region (4173 m), together with the arctic-alpine
habitats in their vicinity. The topographical relief in
the park is unmatched in other areas of comparable
size, and this confers a range of habitats that is
unparalleled in other regions of comparable extent in
the northern Rockies. The evolution of this unique
landscape is well described in Love and Reed (1968),
and a forthcoming treatment by Knight (1994) places
the region in a geological as well as ecosystem
perspective. The climate in GTNP is representative
of the elevation and location; there is moderate
seasonality and year-to-year variation in precipitation,
but strong seasonality and high year-to-year variation
in monthly mean temperatures. With an average 35 .
frost-free days/year on the floor of Jackson Hole
(Cody 1974), bird breeding seasons are necessarily
short in this area.
The broad range of habitats in GTNP reflect
the area's striking topography and wide range of
elevation and climatic conditions. The Snake River
bottomlands are patchily forested, with blue spruce
Picea pungens, cottonwoods Populus angustifolia and
P. trichocarpa, and lodgepole pine Pinus contorta.
Interspersed among the forest patches are many
marshy oxbows, ponds and associated willow Salix
spp. flats. Drier forb- meadowland and wetter sedgegrassland also occur throughout the lower elevations.
The upper riverside benches and floor of Jackson
Hole are largely sagebrush Artemisia tridentata and
A. cana/grassland Festuca spp. and Poa spp. flats,
with a substantial bitterbrush component Purshia
tridentata in some areas.
Lower hillsides and
morainal slopes around the Hole are largely wooded
with lodgepole pine Pinus contorta, with some areas
also supporting Douglas fir Pseudotsuga menziesii.
Denser forests of Engelmann spruce Picea

engelmannii and subalpine fir Abies lasiocarpa
become predominant somewhat higher and especially
in the foothills at the eastern base of the Teton range.
Closed and open stands of whitebark pine Pinus
albicaulus occur above 2400 m elevation. Aspen
Populus tremuloides form extensive stands on the
foothills of the Gros Ventre Mountains that border
the valley to the east, and occur elsewhere in
landslide or other disturbed areas. Above timberline
(ca. 3500 m) the arctic-alpine zone is vegetated
largely by perennial, rosette-forming forbs. Foliage
profiles of several representative habitats are shown
in Fig. 1, and an analysis (FA) based on the
vegetation structure of the major habitats is given in
Fig. 2.
BREEDING BIRD POPULATIONS AND
MIGRATION BEHAVIOR
GTNP is relatively rich in bird species,
encompassing as it does a wide range of habitats
from near-desert to abundant wetlands, from lowland
to montane habitats, and from grasslands to tall
forests. An indication of this diversity is gained from
Table 1 (see below), which lists 76 breeding landbird
species found on just 16 5 ha sites; this number
represents about two-thirds of the landbird species
that are known to breed in GTNP on a regular basis.
The avifauna of GTNP is ideal for testing
theories about population trends in bird populations,
because there are many species representative of each
of the migration strategies: long-distance migrants
(neotropical, mainly W Mexico), mid-distance
migrants (mainly SW USA and NW Mexico,
wintering in desert and desert-grassland habitats),
short-distance (elevational and local) migrants, and
year-round residents.
Further, the geographical
position of GTNP, in the Northern Rockies and at the
western edge of the Great Plains, provides substantial
numbers of breeding birds that are either chiefly
eastern in distribution, and reach their western limits
in or near GTNP, or species that are largely western
in distribution, and extend no or scarcely farther east
than GTNP. Besides these, of course, there are
species in all categories of migration strategy that
extend much further east and west of the northern
Rockies. This variety will enable the influence of
breeding site relative to centers of geographic
distribution to be evaluated in terms of population
trends and migratory status.
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Table 1. Jackson Hole birds.
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FOLIAGE PROFILES OF SIX JACKSON HOLE HABITATS
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Figure 1. Vegetation profiles of some representative habitats in Grand Teton National Park.

EARLIER WORK IN GTNP
A considerable amount of earlier work
constitutes a firm basis for an extended and extensive
monitoring scheme. Between the establishment of the
park (1929) and its present-day configuration (1950),
bird status surveys were conducted 1933-37 (USDI,

Washington).
Salt (1957) reported on habitat
selection and relative abundances of Lincoln's, Fox
and Song Sparrows, and subsequently his site (Wet
Willows site #8) was studied intensively by MLC in
the late 1960's and into the 1970's (Cody 1974), and
again in 1991-1993 (Cody 1991, 1992, 1993). A
second site we propose. to use (Grass-sage site #3)
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Figure 2.
Factor analysis of vegetation
characteristics of some census sites in Grand Teton
National Park.

has likewise been studied by MLC since the 1960's,
and the three aspen census sites (#s 10, 11, 12) were
first censused by D. Flack in the 1960's (Flack
1976). Thus for several sites there exist bird
population data extending back > 25 years.
In addition to these sources, there are
informal records collected by the Grand Teton
Natural History Association by way of the check-list
program, and staff and students at the Teton Science
School may also have bird census data of a
quantitative nature that would enhance the data base
for the area. All such sources can be assessed to
provide background information, and integrated into
the broad picture of bird population trends in GTNP.

The earlier surveys from the 1930's provide
useful qualitative data for comparison with presentday estimates of bird occurrences and densities, and
give a perspective of over half a century on changes
in the GTNP avifauna. Of the species that were
listed in the 1930's survey and do not occur in the
sixteen sites recorded in Table 1, several would be
expected, but have apparently declined in abundance
over the last half century (Table 2). Of these

species, Clay-colored sparrow, was relatively
common in several GTNP sites in the late 1960's
(MLC; site #8, and in scrubby habitats up the Gros
Ventre valley), but it appears to have disappeared
from the park in the 1990's. Notably, several
additional species typical of grasslands, open or
brushy country have apparently declined (Eastern*
and Western Kingbirds, Bobolink*, Lark sparrow,
Gray catbird*, Clay-colored sparrow*, Lark
bunting*, Vesper sparrow, Western Meadowlark) in
the recent decades. Those marked '*' are near the
western limits of their breeding ranges in GTNP.
Conspicuous among others that appear to have
suffered declines are several orioles, warblers,
vireos, and finches with neotropical or far southerly
wintering ranges; about one-half of the species that
seem to have maintained constant densities are yearround residents.
On the other hand, about 112 the species
listed in Table 1 appear to be more common now
than in the 1930's, two of these conspicuously so
(Table 2). These and several others appear to have
increased moderately to dramatically in abundance
(including Cliff swallow, Sandhill crane, Starling,
Green-tailed
towhee,
Lincoln's
sparrow,
Y ellowthroat, Magpie, Wilson's warbler,
MacGillivray's warbler, Dusky Flycatcher,
Swainson's thrush, White-breasted nuthatch).

Work to date at two GTNP sites reveals that
censuses can show considerable inter-year variation
in breeding bird densities. For example, comparisons
of 1966 densities with those of 1991-1993 show that
changes in bird density are overall just as likely and
as great between adjacent census years as between
censuses 25 years apart (Cody 1992), and no more
dramatic among the longer-distance migrants than
among residents and short-distance migrants. Tables
3-4 give an indication of such inter-year variation. In
the Grass-sage site (#3), total breeding bird density
has remained ± constant over 25 years, although one
new species has shown up recently (Chipping
sparrow), Savannah and Brewer's sparrow densities
were high in 1992, and the latter was less common in
1993 when White-crowned sparrow and Vesper
sparrows were more common. In the Willows site
(#8), again total breeding bird density is not very
different over 25 years, but species favoring drier
sites have declined, and those favoring wetter sites
have increased since 1966: the latter category
includes Song and Savannah sparrows, Marsh wren
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Table 2. Some changes in status of birds in GTNP in the last 55 years.
Species

1960's

1930's status

Table 3. Site char.cteristics and bird community in grall·~ebrush G S
site. For each species. "quads occupied" indicates • of 15m X 15m
quadrats
within the species' territories. and "breeding pairs• indicates the total
number of pairs with territories completely within or partially
overlapping
the study sica. Total breeding density has units of prstha.

1990's

Species that have apparently dedilled since the 1930's:
1 restr.. S end of par1t

a

1 S of Jackson Hole

I
I
I

Stellar's jay
Common grackle
Golden-cr. kinglet
Veery

common
common
occasional
occasional

NS2
NS2

American redstart
Lark sparrow
Bobolink
Northern oriole

occasional
occasional
occasional
occasional

NS2
1 poss. migration only
1 poss. Nat Elk Ref.
1 restr., South Park

I

Evenin9 grosbeak
Winter wren
Loggerhead shrike
Solitary vireo

occasional
rare
rare
rare

1 winter only
1one recent record
NS2
NS2

Tennessee warbler
Townsend's -rbler
Clay-colored sparrow
Lark bunting

rare
rare
rare
rare

NS2
NS2
common2 t
NS2

''
'
'

unlisted
uncommon

occasional t
abundant U

uea

1991

1192

U93

Site .,-ea:

~-11

4.97 ha

4.8811a

4.68ha

58
5
0.82

101

t

31
5
0.35

ha

Brewet's sparrow

a

108
I
Tot bteedinQ density: 0.92

Quads occupied
Breeding pain

I
I

Chicll)ing sparrow
Quads occupied
Breeding pail'S

I

12
t

0

White-c:tOWfted sparrow
Quads occupied
45
BrMding pails
2
Tot breading density: 0.25

common U
abundant Itt

1.15
0

21
1
0.21

31
2
0.28

35
2
0.32

13

118
7
1.01

0.04

Tot breadinQ density: -

Species that have apparently increased since the 1930's:
Br.-headed cowbird
White-cr. sparrow

Study Year:

tiS
2
0.21

Vesper sparrow
Quads occupied
129
4
Breeding paits
Tot breeding density:0.78

5
0.82

Savannah sparrow
Quads oocupiad
17
4
Breeding pairs
Tot breading density:0.44

5
0.50

8
0.75

57
5
0.64

5
2.24

"

5
2.58

55

40

4
0.12

H

SUMMARY:

1fide sc
2NS • •not s..n· by MLC, 1960's·1993.

Total breeding spp.: 4
Total bird density: 2.40

2.78

Species also commonly present:
C~lf

and Northern waterthrush, and in the former are
Swainson's thrush, and Lincoln's, White-crowned
and Clay-colored sparrows. Apart from these siterelated changes and density shifts, several species
show variable interyear density without any apparent
local explanation; for example, Wilson's warbler was
extremely rare in 1992 (as it was also park-wide), but
it and MacGillivray's warblers were both common in
1993. Orange-crowned warbler was also notably
commoner in 1993 (in GTNP aspens) than ever
before recorded by the author.
Through previous work in GTNP, we have
a grasp of what long-term changes have occurred,
and have gained a considerable understanding of
species' distributions within the park, of species'
habitat preferences, and of the sorts of inter-year
variations in population densities that might be
typical.
This existing information will greatly
facilitate the instigation of an appropriate monitoring
program for GTNP habitats.

swallow

-- -
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Brewer's blackbird EJ.mh.aaJ.ls cxaoocaabalus
Brown-headed cowbird
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+

+

+
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•

METHODOLOGY FOR POPULATION
MONITORING

CENSUS SITES
Sixteen of an eventual 24-30 census sites
have been established for the purpose of monitoring
bird populations. The full range of sites will span
elevations from 1950 m to > 3400 m, encompassing
the complete range of the park's major habitat types,
and will be distributed more or less equitably
throughout the park as is shown in Fig. 3. The 16
study sites already selected were used in 1992 and
1993 to generate the data of Table 1 and the
representations of vegetation in Figs. 1 and 2. These
sites include five that have been censused for
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Tllble 4. "'- ~ end llild - - * r In ... ...,_ OS alte.
F« MCitl . . . . . . . . . -..pled"~ I 011 111111 X t5m...,....
wllhll\ ... ..,.... ......... and "bNedlnQ ,.... ........... IDtal .
wllh e.n1lariM ........ ...,.. or ~
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:::=.:o,.n
.............

ToW 1Mwc1ng ...._., ,_ un118 011 pn111a.
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ttH

tttt
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1.211
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Ill
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tt3
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extended periods of time, back into the 1950's and
1960's, and which we anticipate will be especially
valuable: site #3 (grass-sage), #8 (wet willows), and
D. Flack's three aspen census sites (#s 10, 11, 12) .
These and other proposed census sites (a further nine
tentatively located and visited) span the range of
available habitats, and are listed in Appendix A.

Yellow . .r~~~er
Cued~ occupied:

• III'Mdlng plh:

w-.on-.

114

u

CENSUS SCHEDULE AND TIMING

...tiler

Qua occupied:
48
, III'Mdlng pMw:
I
Tot. lnedlng denllty:1A1

1.55

tt
2
0.40

•

Horthem
~· 85
au.dl occupied:
, lkMdlng pUw:
11
Tot. "'-~no denllty.3.0e

51
7
1.45

15
tO
2.06

13
12
2.55

0

0

111
2
0.26

e

MacGillivray's . .rtller
Qua occupied:
5
, lkMdlng pUI:
1
Tot. lnectng clenllty1).09
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1.10

Hotthem . .terthruah
Qua oocupled:
0
• lkMdlng pUI:
Tot tx.edlng density:-

8
1
0.18

Tral"a 11yca1c:11« ~lWllli
Qua occupied:
34
35
• BINding pUI:
2
2
Tot lnedlng denaity;0.36
0.50

2
0.37

49
3
0 .41

Lincoln's apariow
au.dl occupied:
80
• 8tMdlng pU&:
6
Tot btHdng denally:t.99

1.27

48
5
0.112

40
6
0 .89

58
5
Tot brHding denllty:1 .00

47
5
0 .82

55
6
1.04

87
I
1.21

Song apanow
au.dl occupied:
27
tlkMding pMw:
3
Tot. brHding denslty:0.90

33
5
1.36

•

62

77

1.44

1.72

Whlt._.,ed sparrow
Ouedl occupied:
71
, Breeding pelts:
6
Tot btHdng density:0.36

27
3
0.82

32
3
0.64

38
4
0.86

--

41
IS

u

Fox..,.,_
au.dl occupied:

, lkMdlng pUc:

II

Clay-colotwd sparrow
Ouedl occupied:
28
, llrMdlng pairs:
3
Tot brHding denslty:0.72

CENSUS METHODOLOGY

S8vannell apanow
Ouedl occupied:
0·
, BrMdlng pUI:
Tot lnedlng density:

9
1
0.06

--

7
2
0 .20

Swalnson's thrush

15
2
Tot brHding densil)r:Q.27

Qullds occuplecl:
I BNeding peits:

4
1
0 .03

Caniope hummingbird

33
Ouedl occupied:
• a...dlng peits:
3
Tot breeding density:1 .36

Marsh-

a-. oocupled:
• a...dlng pelts:
Tot bNedlng density:-

7
2
0.09

6
1
0.07

10
1
0 .25

0

13
10.09

11
12.18

4

---------------- .. -.... --- ...... ---.. ---- .. -- ........... -- .............. --- ................... --·
• SpedM IM'Mdng: 12 .
Tot bcMdlng denllty:14.93

•

, Parulne app.:
4
Tot IMMdng ~.97

3
5.00

4
5.25

6 .82

, Embectzlne app.: 5
Tot brHding denllly:5.117

4
4 .27

5
4 .10

5
4.88

' Breeding pUI:

t. 77

++

++

2

2

Clift .awallow petmchelfdgn

++

The number of monitoring sites that can be
routinely censused depends on the personnel available
(and capable) of performing the census work and
rotation. Ideally, each census site would be censused
three times, at one-week intervals, during the height
of the breeding season. The ideal timing for the
census rotation normally extends from the last week
of June through the middle of July, but could be
extended a week or so in both directions. This prime
breeding season does not vary much in extent among
years, but varies ±2 week from year to year
depending on the earliness or lateness of the season
in a specific year. An example of a three week
rotation involving 18 census sites is shown in
Appendix B; a single qualified person, working fulltime, could accomplish this work, but additional sites
would require additional personnel in the field,
optimally two full-time monitors for the length of the
breeding season.

IIXUflo1lo1a
++

++
2

Three main methodologies are in vogue for
bird census work: a) territory mapping, b) transect
counts, and c) point census techniques. These
methods have been recently described in detail,
compared and reviewed by Bibby et al. (1992). Each
technique has its advantages and disadvantages: a) is
most accurate, but is very time-consuming, b) is most
useful for rough surveys of large areas of
homogeneous habitat, and c) gives a good relative
count for very small areas, but is strongly affected by
the differing delectability of bird species. Both b)
and c) need standardizing by species' delectability
and observer acuity in complex ways before bird
densities, in terms of breeding pairs/area, can be
derived (Bibby et al. 1992).
We have used a method that is a combination
of all three techniques, referred to as an "areal
count", similar to the "spot-mapping" technique first
It maximizes
described by Kendeigh (1944).
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accuracy and the facility with which different
observers can duplicate each other's results and
observations, while minimizing the work required to
plot actual territories and the difficulties with
transcribing transect or point census data to real
breeding densities. Census areas are sited accurately
on the standard GTNP topographical map, and
specific boundary points permanently marked. Each
census site is standardized at ±5 ha, and mapped for
topographical features and anomalies; a site map is
then prepared, such that an observer can always
identify his/her position within the site, and locate
permanent markers within the site.
Within the sites, a ± fixed path is taken (as
in transect counts) between specific observation
points (marked, as in point censuses) that are located
each 100-200 m for convenient observation. Bird
species and individuals are located during the transect
walk around the site, and during 10 minute pauses at
the specific observation points (usually 4-6) along the
transect. Two hours is allocated for each census,
about half of which is spent at the observation points,
and half walking between them through the site.
Each identified sight and sound record is marked on
the site map; a fresh map is used for each census at
each site. While actual territory boundaries are not
plotted, the locations of foraging, nesting and/or
singing birds are all recorded on the site map.
Densities are then derived from accumulated mapped
observations, by drawing up a species map for each
species found at the site, using the same site map
master. By delineating areas consistently used by
individual pairs and distinguishing them from areas
used by other conspecific pairs, the density of each
species can be determined (Bibby et al. 1992, Ch. 3).
Mapping the locations of individuals, even
approximately, minimizes difficulties stemming from
duplicated records (multi-listing). since all parts of
the site are covered slowly and carefully, rarer and/or
more secretive species are unlikely to be overlooked,
and are scored proportionately with common species.
Censuses are made at three times of day,
early morning (6-8 am), late morning (8-10 am), and
late afternoon (3-5 pm), avoiding the midday and
early afternoon periods of reduced foraging and
territorial activity.
For efficiency and logistic
reasons, censuses will be grouped such that nearly
adjacent sites are censused within the same morning.

HABITAT SAMPLING
Habitat sampling includes quantitative
measurements of at least eight physical, structural and
floristic parameters at a minimum of three points in
each census site, following procedures described by
James and Shugart (1970) and Noon (1980).
Sampling is conducted within 0.04 ha circular plots
at each site. Vegetation profiles will be derived from
site averages of these measurements, and additional
habitat sampling, such as that described by Ralph et
al. (1992), relevant to the Neotropical Migratory Bird
Program, could be conducted at some future point in
time if and when recommendations and standards are
developed.
In addition, a complete monitoring scheme
would wish to consider sampling insect abundances,
perhaps by means of Tanglefoot© traps, as an index
of inter-year variation in site productivity, but details
of an appropriate sampling program must await
manpower assessments.

STATISTICAL ANALYSES
The first-stage product of the monitoring
program is a series of estimates of breeding bird
, densities. These are species-, site-, and year-specific,
· forming a 3-D matrix of density estimates. Along 1)
the "species dimension", the within-years and withinsite data contribute largely to the overall biomass,
total densities, and structure of the community at the
site in terms of relative abundances. Along 2) the
"sites dimension", data contribute to a description of
species turnover (or 6-diversity) of birds over
habitats, providing species-specific habitat utilization
patterns. The "time dimension" 3) gives a picture of
inter-year variation, qualified by species and by
habitats.
A variety of statistical procedures can be
employed to demonstrate the trends within the 3-D
matrix. Some, such as MANOVA on species X sites
X years, will give a general indication of effects,
while other multivariate techniques can address more
specific questions. Habitats will be ordinated using
some form of factor analysis (e.g. PCA or
DECORANA) on vegetation structure, and the
associations of species X habitats can be described
and tested using either discriminant functions (DFA)
or canonical correlation analysis (CCA). Longer
time series data can be subjected (via TSA) to
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analysis for shorter- or longer-term cyclicity or
fluctuations within species, and of course higherorder tests of a similar nature can be conducted by
grouping species' densities into guilds of ecologically
similar species, within which density compensation,
or habitat use compensation, is most likely to occur.
The computer facilities (hardware and software, data
storage, and analytical capabilities) for these tasks are
already in hand.
WILLOWS: A HABITAT "OUTGROUP"
While the logistic advantages of monitoring
songbirds in a diverse range of habitats within one
local area (GTNP) are obvious, questions about the
local versus more regional nature of year-to-year
density variations or longer-term trends will arise.
Plans are afoot to census one habitat type, willow
scrub, at several locations in the central to northern
Such
Rockies, from Colorado to Montana.
"outgroup" censuses will provide an index of the
extent to which GTNP trends match (or otherwise)
those of the broader geographic region.
Willows sites will be matched as closely as
possible by vegetation structure, and located
preferentially in the major national parks of the
region (Rocky Mountain through Yellowstone to
Glacier). Census methodology at these sites will
match that followed within GTNP, but the timing and
rotation of the censuses may have to vary because of
the more widespread nature of the outgroup sites.
ADVANTAGES OF LONG-TERM MONITORING
SCHEMES
This work initiates a monitoring of the
population trends of landbirds in relatively stable and
pristine habitats that are protected at least from
anthropogenic disturbances. Such habitat qualities
offer several important advantages. First, monitoring
can potentially continue indefinitely at the same sites
every year, thereby ensuring strict comparability
between and among years. Second, trend data will
be free of influences by local, unnatural habitat
changes or modifications, or by other intrinsic
perturbations. Finally, the ·project will establish
baseline data on the natural distribution over habitats
and breeding densities (with means and variances) of
most species of GYE landbirds. These data, in tum,
could be used for comparisons with populations in
similar but disturbed, manipulated, or fragmented

habitats of similar vegetation types elsewhere, such as
those commonly occurring on U.S. Forest Service
and Bureau of Land Management holdings in the
northern Rocky Mountains. This aspect of the
proposed work is directly related to the Neotropical
Migratory Bird Conservation Program's habitat
management and conservation goals.
Besides the monitoring of bird populations,
we will collect data on local variables that can affect
bird populations either indirectly (e.g. from weather
variables to water levels) or more directly (e.g.
vegetation densities and insect productivities). Thus
a wide range of critical questions relevant to
population monitoring, community composition, and
species diversity and density will be addressed in this
research. The projected data analysis will reflect this
wide range of questions, and present the results in a
comparative fashion: among species, among sites
(habitats), among years.
The project will establish formats for the
strict comparison of bird density data among sites and
between years. The proposed research is habitat- and
site-based, rather than species-based; as all species in
the local (site) communities are assessed, year-to-year
adjustments in community structure will also be
measurable (e.g. density compensation, when lower
density in one species is associated with higher
density in a second species). For example, a lower
variation in total site bird density than in individual
species' densities, among years, is evidence that
density compensation occurs (see Tables 3, 4).
Across sites, variations in overall bird densities, as
well as the densities of individual species, will be
evaluated. We note al~o that species that occur, for
example, in lower density in one year in one habitat
may or may not show a similar trend in other habitats
in that year; species' densities among habitat types
may be at least partially uncoupled.
Another aspect of interest is the extent to
which a species' utilization of different habitats
changes as its density changes from year to year.
There is evidence from GTNP, for example, that
some bird species are more precise in their habitat
selection when their population densities are low,
whereas a wider range of habitat types is utilized
when densities are normal or high (Cody 1992). Our
data will allow an evaluation of the trade-off between
population density and use/availability of different
habitats.
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Besides a within-community . density
compensation, as with increased density of a species
at a site when a competitor is at low density, there
may be habitat use compensation, exemplified when
a species occurs in a given habitat only when a
competitor is absent or at low density in that habitat.
Possibly the invasion of the willows (site #8) by
Savannah sparrows in the absence of Clay-colored
sparrows since the 1960's, or the increased use of the
Grass-sage (site #3) by Chipping sparrows in later
years when congeneric Brewer's sparrows have been
less common, are examples of this phenomenon.

+
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APPENDICES

APPENDIX B
Census rotation: 18 sicca, 3 ocm'UIICS/day, 3-wock rotation

APPENDIX A
Existing and proposed census sites in GTNP; 24 sites
are listed below, of which one ••• has been studied by G. Salt
since the 1950's and by M. Cody since the 1960's, four •• have
been censused (by D. Flack and M. Cody) since the 1960's, and
a further 11 • are already established (with census data by MLC
since 1991). Additional sites will be established at project
initiation, depending on available personnel.

Site # Location

1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.

Habitat

Elev (m)

2045
Grazed meadow
Wolf Ranch
2053
Grass-sedge meadow
Jackson Lake Junction•
2043
Grass-sagebrush
Jackson Lake Junction••
Tall sagebrush
1956
Jackson Hole Airport•
Forb-meadow
2158
Two-ocean Lake Rd. •
Moose-Wilson Rd.
?1900
Wet marsh
Dry willow flats
2003
Snake River Bottoms•
Jackson Hole Junction••• Wet willow flats
2049
Willow-aspen
2040
Oxbow bend•
Low aspen wdland
2109
Elk Ranch West••
Mid aspen wdland
Elk Ranch East••
2152
Tall aspen wdland
2091
Signal Mountain••
Cottonwoods
2085
Spread Creek•
Cottonwoods
1988
Schwabacher Landing•
Aspen-lodgepole wdland ? 1964
JY Ranch
Lodgepole-aspen wdland ? 1945
Granite Canyon mouth
Timbered Island Moraine Lodgepole-limber pine ?2090
AMK.Ranch•
Lodgepole pine forest 2055
Lodgepole-fir forest
2258
Signal Mountain•
2194
Lodgepole-spruce-fir
Lizard Creek•
Spruce-fir forest
2197
Jenny Lake•
Spruce-fir forest
?2120
Jackson Lake West
Subalpine fir forest
?2500
Upper Granite Canyon
?3150
Arctic-alpine
Rendezvous Mountain
1967
Sage-bitterbrush
Moose
Lodgepole pine bum
?2100
Lupine Meadows

Weeki

Wec:k2

Time: 6-8a 8-l<la J.Sp

Day 1:
O.y2:
Day 3:
Day 4:
Day 5:
Day 6:
Day 7:

1
4
7
10
13
16

2
5
11

6
9
12

14
17

15
18

Wec:k3

6-8. 8-lOa J.Sp

18
3
6
9
12

15

4
7
10
13
16

2
5
8
11
14
17
Free

6& 8-lOa J.Sp

17
2
5
8
11
14

18
3
6
9
12
15

4
7
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INTRODUCTION

In the early 1970's, the growing awareness
of the potential ecological impacts of fire suppression
and the threat of more intensive fires due to fuel
accumulation in fire-suppressed forests prompted the
National Park Service to allow some fires to bum
(Grand Teton National Park 1974). One of the first
"prescribed natural fires" in a western National Park
was the Waterfalls Canyon Fire (WCF) in Grand
Teton National Park (GTNP). It was ignited by
lightning in July 1974.
Amid much public
controversy (Anonymous 1974), the fire burned 1414
ha before it was extinguished by snow in December.

•

METHODS

VEGETATION DATA
In July, 1991, we relocated and sampled the
understory and arboreal vegetation in each of three 15
x 25 m macroplots at the · four permanent plot
locations (mature unburned forest, 1932 bum, 1974
severe bum and 1974 moderate bum). We used the
methods that were employed by Barmore et al.
(1976) in the earlier surveys (See Doyle 1994).
Voucher specimens were collected in 1991 for problematic species.
BIRD DATA

In the following year, GTNP biologists
established permanent plots within and adjacent to the
WCF in forests dominated by subalpine fir,
Engelmann spruce, and lodgepole pine, and which
varied in fire severity and time since fire. The goal
of the study was to document the effect of the 1974
fire by monitoring long-term changes in vegetation,
breeding birds, and small mammals (Barmore et al.
1976). Data were collected from four study areas in
1975, 1976, 1977, and 1983 under the direction of
William Barmore. In 1991 and 1992 we resampled
the permanently-marked vegetation plots and breeding
bird transects. Our objectives were to compile,
analyze and interpret all of the data collected from
the four study areas since 1975.

Four breeding bird censuses were conducted
between June and July, 1992, in conjunction with
Rick Wallen, GTNP Biologist, at each of the 4 study
areas (mature unburned forest, 1932 ·bum, 1974
severe bum, and 1974 moderate bum). Bird density
was estimated using the transect survey method
(Haapanen 1965, Kendeigh 1944), as utilized by
Barmore et al. (1976) in 1975, 1976, 1977 and 1983.
Each census was made between dawn and approximately 0900. The number of breeding pairs within
ca 30m on either side of a ca 1000 m transect was
tallied. A single male or male/female pair was
counted as one breeding pair.
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SMALL MAMMAL DATA
Small mammals were live-trapped in 1975,
1976, 1977 and 1983 under the direction of William
Barmore in each of the four permanently-marked
study areas. At each site, a total of 100 Sherman
folding live-traps, 50 small (5 x 6.2 x 16.5 em) and
50 large (7 .5 x 9 x 23 em), were laid out on a 50 x
100 m grid (0.5 ha). Each year, trapping occurred
during one or two five-day periods. Considerable
between-year variability existed in when and how
often the traps were checked during each five day
period as well as in the number of sampling periods
per year. Based on our analysis of the small
mammal data collected between 1975 and 1983, we
concluded that inconsistencies in the method of data
collection did not warrant further trapping in 1991 or
1992.
Notably, a more detailed study of the
distribution of small mammals in burned and
unburned mature forests has been conducted recently
by Stanton et al. (1991) in GTNP; the WCF mature
forest and severe bum permanently-marked mammal
grids were included in their study.
All data collected from the permanent plots
between 1975 and 1992 have been stored in computer
files and will be archived in the Resource
Management Office in Grand Teton National Park.

+

RESULTS

PLANTS
Engelmann spruce P. engelmannii was the
most successful pioneer tree in both the severely and
moderately burned study areas following the WCF
(Figure 1). In both recent bums, the 1991 sapling
density of Engelmann spruce was greater than the
density of subalpine fir A. lasiocarpa and lodgepole
pine P. contorta. Engelmann spruce density was
higher and variability between plots was lower in the
moderately burned area, compared with the severely
burned area (Figure 1).
On the other hand,
lodgepole pine sapling density was higher in the
severely burned stand, but still second in density to
Engelmann spruce. Subalpine fir density was low for
all three plots in the severe bum, but was
considerably higher in the moderate bum (Figure 1).
In the moderately burned plots, subalpine fir is only
slightly less impOrtant than Engelmann spruce.

Conditions were apparently more favorable for the
establishment of subalpine fir in the moderate bum
than the severe bum; in addition, more individuals of
subalpine fir survived the moderate fire.
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Figure 1. Live tree density for saplings (0.5 - 7 m
tall) of the three major tree species. Data are shown
for the 1974 moderately burned study area, and the
1974 severely burned study area. Data from each of
the three macroplots are represented by a dashed line
and plot number; the mean of the three plots is
indicated by a solid line.
Understory species richness in the severely
burned plots by 1991 was more than 2.5 times
greater than in the mature forest plots, double that in
the moderately burned plots, and 1.4 times greater
than in the 1932 bum (Table 1).
Persistent species (those found in the mature
forest and which emerged during the first post-fire
year in the 1974 bums) played an important role
during early succession. In the moderate bum, more
than 90% of the total cover was from persistent
species (Table 2). In the severe bum, greater than
54% of the total cover was from persistent species
(Table 2). Transient species (not important in the
prefire mature forest) were more important in the
severe bum than the moderate bum.
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Table 1. Understory speciea richnCII (excluding treea). Sixty quadrats (20
x SO em) were sampled within each study area.

STAND

Moderate Bum
Severe Bum
Mature forest
1932Bum

Total

27
56
21
40

1975 1976 1977 1983 1991

11
21
17
29

16
25
18
31

15
26
15
29

20
31
17
30

20
43
15
34

Table 2. Relative percent cover of persistnet understory species, i.e.,
apecica that are found in the unburned forest and preaumably occurred onsite before ftre.
·

STAND

1975

1976

1977

1983

1991

Moderate Bum
Severe Bum
1932Bum

100%
73 .8%
53 .5%

96.3%
67.1%
61.8%

93.6%
73.2%
71.1%

90.9%
67.7%
69.0%

92.4%
54.7%
58.0%

More than half (59%) of the taxa in the
moderately burned plots, and more than one third
(35 %) of the taxa found in the severely burned plots,
were also found within the mature forest stand.
Species which were successful in the moderate and
severe bums throughout the first two decades, and
were also found in the mature forest, include: elk
sedge Carex geyeri, pinegrass Calamagrostis
rubescens, globe huckleberry Vaccinium globulare,
fireweed Epilobium angustifolium, hawkweed
Hieracium albiflorum, heartleaf arnica Arnica
cordifolia and spiraea Spiraea betulifolia.
BIRDS
The habitat changes resulting from the 1974
WCF fire appear to have contributed to an increase
in breeding bird species richness. In the moderate
bum, species richness was greater than the mature
forest in every year since the fire (Table 3). Bird
species richness in the severe bum has exceeded that
of the mature forest in all but the first two postfire
years.
Few of the breeding bird species have been
observed in all of the four study areas on a consistent
basis since the fire. An exception is the dark-eyed

junco Junco hyemalis, which was sampled in each
study area during each year. The chipping sparrow
Spizellapasserina, yellowrumped-warbler Dendroica
coronata, and the American robin Turdus migratorius
were also found fairly consistently in each of the four
study areas over time.

Table 3. Breeding bird speciea ricbnCII. Data includea only birds surveyed
within the beh transect.

STIJDY AREA

1975

1976

1977

1983

1992

Moderate Bum
Severe Bum
Mature Forest
1932Bum

13
4
12
9

14
8
10
5

12
11
9
5

21
19
17
8

22
21
15
13

Woodpeckers have been more abundant in
the two recently burned areas than in the adjacent
mature forest in all years since the 1974 fire. The
relative abundance of woodpecker species has
changed during the first two decades. For example,
the northern three-toed woodpecker Picoides
tridactylus was the most abundant species in the
severe bum during the first post-fire year, but was
absent from both the moderate and severe bum study
areas by 1992.
Several species which are uncommon in the
mature forest (e.g., white-crowned sparrow
Zonotrichia leucophrys, western wood pewee
Contopus sordidulus, mountain bluebird Sialia
currucoides and house wren Troglodytes aedon) are
more abundant in either or both of the 1974 bums.
Mountain chickadee Parus gambeli, western tanager
Piranga ludoviciana, ruby-crowned kinglet Regulus
calendula, swainson thrush Catharus ustulatus, and
gray jay Perisoreus canadensis are more common in
the mature forest than either of the recently burned
areas, and they are also more common in the moderate bum than the severe bum.
SMALL MAMMALS
A total of eight species of small mammals
were trapped in the five Waterfalls Canyon study
areas between 1975 and 1983. Southern red-backed
voles Clethrionomys gapperi and deer mice
Peromyscus maniculatus were trapped most
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frequently.
Yellow-pine chipmunks Eutamius
amoemus were also trapped at least once in all of the
five areas.
Deer mice were trapped more frequently on
recent bums in 1975, 1976 and 1977 than in the
mature forest. However, in 1983, higher numbers of
deer mice were trapped in both of the older forest
study areas than in the recently burned study areas.
Higher numbers of red-backed voles were trapped in
the mature forest than in the other study areas.
These data suggest that for these sites, the numbers
of red-backed voles declined since before the fire.

+

DISCUSSION

Other studies in the Rocky Mountain region
have concluded that many of the plant species found
on a site before fire will survive or reestablish after
fire during the initial postfire year (Lyon and
Stickney 1976, Annour et al. 1984, Anderson and
Romme 1991). Data from the WCF study illustrate
that the initial floristic composition -- the seeds and
propagules on site at the time of disturbance -- are
important in postfire succession. Most of the species
important during the first two decades of succession
in both the severely and moderately burned ares were
present on site at the time of the fire and emerged in
the first postfire year. Many were components of the
prefire vegetation, judging from their presence in the
nearby mature forest. In contrast, only a handful of
species absent from the mature forest were important
during the first two decades of succession. Also
supported by the WCF data is Stickney's (1990)
assertion that bum severity will affect the relative
importance of the survivor (persistent) and colonizer
(transient) component of the postfire vegetation.
The three major trees that were dominant
before the WCF (subalpine fir, Engelmann spruce,
and lodgepole pine) became established soon
afterwards. For the three conifers, the mechanism
for postfire establishment is different from those of
the most successful understory species, as they do not
have the capacity to sprout. Seed availability, seed
bed conditions, and moisture apparently contributed
to the relative success of the different tree species.
The importance of Engelmann spruce as a pioneer
species in both the moderately and severely burned
plots is consistent with other studies conducted in the
northern Rocky Mountains (Whipple and Dix 1979,

Veblen 1986, Johnson and Fryer 1989), yet it may be
one of the most unexpected results. Loope and
Gruell (1973), in their treatise on the ecological role
of fire in the Teton region, say that regeneration of
Engelmann spruce is usually slow following fire.
Taylor (pers. comm. 1992) indicated that the higher
density of Engelmann spruce, compared with
lodgepole pine in the severe bum was surprising.
The contrast in bird species composition,
richness and relative abundance between the older
stands and recently burned stands can be attributed to
differences in habitat structure. Huff et al. (1984)
found that the density and diversity of primary cavity
nesting species and ground foraging species increased
rapidly in the years following a fire, while canopy
dwelling species declined. One year after the severe
fire, when the bum was dominated by standing dead
trees and very sparse ground cover, bird species
richness was very low, yet the density of northern
three-toed woodpeckers was high.
The overall
density of woodpecker species (primary cavity
nesters) has remained higher in both 1974 burned
areas than the older forests.
Likewise, ground
foraging species, namely the dark-eyed junco,
chipping sparrow, American robin, common flicker
Colaptes auratus, white-crowned sparrow, and house
wren have been important in either or both the 1974
bums, but not the mature forest. The lower density
of canopy dwellers, e.g., ruby-crowned kinglet,
western tanager, gray jay and yellow-romped warbler
observed in the 1974 bums, especially the severe
bum, can be attributed to the lack of canopy habitat
after the fire.
With regard to small mammals, Stanton et
al. (1991) found higher densities of red-backed voles
in mature forests than recently burned sites, and
higher densities of deer mice in recently burned
forests. Aside from these trends, they concluded that
it is difficult to make generalizations about the
reaction of small mammals to fire. Stanton et al.
(1991) attribute the lack of consistent response of
small mammals to fire to the fact that small mammals
respond to microsite characteristics, not to burned
habitats per se. While the results from the WCF
small mammal study concur with those of Stanton et
al. (1991), reliable population estimates cannot be
obtained from the WCF data based on high mortality
levels and variability in sampling between years.
These discrepancies make the small mammal data
difficult to interpret.
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The permanent plots that we studied,
established by Grand Teton National Park scientists,
are important in understanding succession in the
region. However, data from the permanent plots
only begin to explain the effect of the Waterfalls
Canyon fire on the vegetation, breeding birds and
small mammals, let alone the effect of fire in the
Teton region as a whole. The long-term breeding
bird and vegetation studies will continue to be an
important chronicle of successional change following
fire in a remote portion of GTNP but, the focus of
our ongoing research is to understand the variability
in plant establishment patterns and environmental
conditions over larger areas.
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OBJECTIVES

site peripheral to primary habitat, and one site of
secondary habitat.

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

There were few M. montanus in the three
regularly scheduled samples and few voles of any
species elsewhere in lines to locate M. longicaudus;
additional samples were made to ascertain the extent
of the generally low numbers. Two of the three sites
where M. longicaudus populations were followed and
three of the 18 with M. montanus were resampled in
1993 with the same previous efforts (1982-1988).

+

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 based upon lens
weight (Gourley and Jannett, 1975).

METHODS

Virtually all previous work on these species
by the author (1971-1977, and 1982 -1988) involved
live trapping.
The work of interest requires
specimens obtained in Museum Special traps for
stomach content analysis. The trapping begun in
1989 is a preliminary effort, the first purpose of
which was to assess the efficacy of Museum Special
traps. The number of sites where M. longicaudus is
found is being increased across a spectrum of
vegetation types. Only three populations of this
species were monitored from 1982-1988. Also, at
three sites with populations of M. montanus, live
traps are still deployed to secure voles; it is hoped
that, by replicating previous efforts at these three
sites, work on food habits can be related to possible
changes in vole numbers. For this end the three sites
chosen for continued monitoring with live traps are;
one field having definite population fluctuations, one

+

RESULTS

At two sites the populations of M. montanus
decreased from October, 1992 to October, 1993 by
47% and 77%, respectively. But in secondary
habitat, the number of voles in the sample (4) for the
last two years nearly remained constant (5). The
populations at the other M. montanus sites were very
low. The largest sample was 13, in primary habitat.
Breeding continued in two of the six
populations of M. montanus in October. Of seven
apparently .parous females, one was pregnant or
lactating. Males with scrotal or nearly scrotal testes
were found only at the two sites with reproductively
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active female(s). The sex ratios (males:females) of
reproductively active in these two populations were
1:0.33 and 1:2.0, respectively.

Microtus longicaudus were obtained in only
one of three new sites surveyed. Very few mammals
of any species were obtained at the other two sites,
which were along small streams. At both of these
sites there was evidence of carnivores. However,
both of the sites where M. longicaudus were stable in
1982-1988 yielded numbers similar to those in
previous years.

•

DISCUSSION

Continued monitoring of representative M.
montanus sites is showing the disparity in population
size trends within one year. Whether there is
concomitant disparity in morphological patterns
among specimens awaits processing and analyses. It
also shows, albeit with small numbers, the disparity
in the degree to which females in different
populations continue to breed in October. Most
generalities about reproduction in "cycling" Microtus
populations are applied to different years (e.g. Krebs
and Myers, 1974) but differences exist within a year
between different subsets of the metapopulation.
Eighteen populations of M. montanus were
previously identified during 1982-1988, but only 16
of M. longicaudus have been "found" to date. I will
identify 18 preliminary to vegetation and gut
analyses. Negus and Findley (1959) secured no
Microtus longicaudus from 17 quadrats in nine
community types in and around Jackson Hole. They
found it elsewhere' and concluded that it was the least
common species of Microtus in Jackson Hole.
However, Clark and Stromberg (1987), in a more
popular account, posited it in various habitats,
including grassland and streamside.
Long-term
monitoring of M. montanus indicates M. longicaudus
is uncommon in open grassland dominated by M.
montanus, but otherwise does show considerable
habitat breadth. Finding populations along streams
may be problematic because of small carnivore
activity there, but the probleni in 1993 was probably
exacerbated by generally low small mammal number.
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FORTY-YEAR CHANGES IN THE AVIFAUNA OF
GRAND TETON NATIONAL PARK, WYOMING,
WITH EMPHASIS ON NEOTROPICAL MIGRANTS

•
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INTRODUCTION

Ornithologists and wildlife biologists have
always been interested in documenting long-term
changes in bird populations (e.g., Temple and
Temple 1976, Kendeigh 1982). Long-term
comparisons can assist in identifying patterns of
change. These patterns, in tum, provide assistance
in defining human impacts that may lead to some
species or groups declining towards extirpation.
One study specifically (Wilcove 1988) has
had a major impact upon current resource issues
within the Fish and Wildlife Service. That study
used 40-year comparisons to confirm that
fragmentation of the eastern deciduous forest had
led to declines of neotropical migrants. The
Wilcove (1988) study along with an essay (Hutto
1988) and an ecological study in New Hampshire
(Holmes and Sherry 1988) were fundamental in
identifying that declines in this group of birds
cannot be blamed solely upon changes on Latin
American wintering grounds.
Missing from the neotropical migrant
story, however, is an image of how neotropical
migrants from western North America have
changed in recent decades. An historical data set
for comparison is available for seven vegetative
associations in the vicinity of Jackson, Wyoming
(Salt 1957).
This project was begun in 1993 to replicate
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Salt's 1957 study in Grand Teton National Park.
The work in 1993 was a pre-study to evaluate the
potential for replicating Salt's study in the mid
1990's, 40 years after the original work.

+

OBJECTIVES

The specific objectives for the 1993 prestudy were to:

+

1.

Relocate the 1952-1954 transects
in Grand Teton NP (Jackson
Hole, WY) in June of 1993.

2.

Determine if a representative
replicate of the earlier study is
feasible in 1994-5.

METHODS

This 1993 pre-study evaluation included
relocating the 1950's transects and study areas and
obtaining basic information on vegetation condition
(relative to succession). The original study (Salt
1957) used line transects through seven vegetative
communities: willow-sedge swamp, willow-scrub
meadow, flatland aspen, hillside aspen, lodgepole
pine, spruce-fir, and lodgepole pine-spruce-fir;
however, only six communities were included in
the discussion in the original paper. Hillside aspen
was not analyzed separate from flatland aspen.
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In 1993, Dr. Salt was contacted and his
field notes, maps, and photographs from the study
and study areas were obtained. All of his original
transects were relocated, and it was determined that
only the hillside aspen and the willow-sedge swamp
were no longer the same vegetative community.
Line transects in the lodgepole pine, spruce-fir,
lodgepole pine-spruce-fir, flatland aspen, and
willow scrub meadow communities in the same
stands used in the 1950's were identified.
Transects and point counts (Reynolds et. al. 1980)
were combined in the flatland and hillside aspen
communities that were not the same stands that Dr.
Salt used. Transects were combined with area
search techniques (Ralph et al. 1993) in the willowsedge swamp, near the area of the original transect.

•

STUDY AREAS (LOCATION)

Grand Teton National Park: Paintbrush
Canyon, aspen and willow stands near Jackson
Lake and Moran, WY.

•

RESULTS

The 1993 field season resulted in the
location of all the original transects and study
areas, including relocations for the two vegetation
communities that had changed. The field notes and
maps of Dr. Salt were so precise that locating the
transects and evaluating the vegetation was
completed in the first week. This resulted in a
complete first year replicate of Dr. Salt's 1957
study.
In the 1994 field season, the 1954 field
work in the three conifer habitats in Paintbrush
Canyon will be replicated. Also, transects and
point counts in the other vegetation communities
will be completed for a more accurate estimate of
bird use and populations in the these areas. After
the 1994 field season, we will determine if another
year is required. The final results of this study will
be published in a peer reviewed journal.
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OBJECTIVES

The long-term objectives of this study are (1)
to determine which species of higher fungi grow in
forest, range, and pasturelands in and around Grand
Teton and Yellowstone National Parks; (2) to gain a
better understanding of the role of fungi in the
ecosystem; (3) to prepare descriptions, keys, and
illustrations for as many species as possible; and (4)
to compare the fungal communities of this area with
those of similar vegetation types in Europe.
Fieldwork in the 1991 and 1993 seasons concentrated
on the mushroom genus Cortinarius Fries, although
other macrofungi are studied when permitted by time
and availability of specimens.

+

METHODS

Standard methods of collecting, processing,
and annotating specimens are used throughout the
continuing studies. Specimens collected in the areas
outside the National Parks by each investigator are
deposited at the herbarium of his sponsoring
institution. Where material is adequate, replicate
specimens are deposited at the herbarium of
Yellowstone National Park (YELLO) along with
specimens collected within the parks. Following the
1991 summer field studies, Moser examined types
and other significant collections of Smith, Kauffman,

and others at the University of Michigan. Laboratory
and herbarium study continues on previous collections
from the study area, both at Innsbruck and in Utah.

+

RESULTS

There was a significant increase in the
inventory of mushroom species known from the study
area (McKnight, K. H . , 1982, McKnight, Moser, et.
al. , 1989). These are mostly from study of the 1991
collections, but some are from collections of earlier
years as well. Although the two species which we
specifically sought in 1993 did not appear, the
unexpectedly prolific fungus fruiting during the very
brief field studies of 1993 enabled us to contribute to
our objective of improving our files of illustrations,
descriptive data, phenology, and species distribution.
The forty-one species and subspecific taxa added to
the inventory are listed below. Fifteen previously
undescribed taxa designated in this list as "sp. nov."
are in manuscript or in the publication process.
Chrysomphalina chrysophylla (Fries)
Clavariadelphus pistillaris (Fries) Donk
Cortinarius atroalbus Moser sp. nov .
atroalbus Moser var. nigripes Moser var. 11ov.
cephalixoides Moser & Thiers sp. nov .
elegantior Fries var. americanus Moser &
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McKnight var. nov.
expallens Moser sp. nov.
favrei Moser ex. Henderson fm. pallidus Moser
& McKnight forma nov.
ferrugineifolius Moser sp. nov.
flavaurora Moser & McKnight sp. nov.
fulvoochrascens R. Henry var. subcaninicolor
R. Henry.
galerinoides Lamoure
guttatus Henry
hinnuleus Fries var. favreanus Bon
ionemus Moser & Ammirati sp. nov.
laetus Moser sp. nov.
minutalis Lamoure
paraphaeochrous Moser sp. nov.
pauperculus Favre
phaeochrous Favre
phaeopygmaeus Favre
pusillus Moller
resinaceus Moser & McKnight sp. nov.
stenospermus Lamoure
subrigidipes Moser sp. nov.
subtorvus Lamoure
umbilicatus Karsten
umbilcatus Karst. forma alpigenus
Moser fm. nov.
umidicola Kauffman forma coeruleus Moser &
Ammirati forma nov.

Karsten =C. adalberti Favre ex Moser (Fig. 4, see
McKnight, et. al., 1989), C. hinnuleus Fries (Fig. 6),
C. stenospermus Lamoure (Fig. 3, C. subtorvus
Lamoure (Fig. 5). On the other hand, Cortinarius
atroalbus Moser (Fig.· 8) is one of the most striking
species, readily identifiable in the field and known
only from the alpine zone under dwarf willow,
whereas its variety nigripes Moser (Fig. 7) is found at
slightly lower elevations under shrubby willows.

Entoloma cucullata Favre
sphagnorum Romagnesi & Favre
Geastrum quadrificum Persoon
Hebeloma alpinum Bruchet
Hygrophorus flavodiscus Frost apud Peck
atroalboides Hesler & A. H. Smith
Lyophyllum ((onnatum (Schumm. ex Fries) Singer
Otidea abietina (Fries) Fuckel
Russula norvegica
Suillus borealis A. H. Smith, Thiers, & Miller
pallidiceps A. H. Smith & Thiers
Tricholoma atrosquamosum (Chev.) Saccardo

Among the more interesting new species is
Cortinarius aurora (Fig. 1) which was placed in a
new subsection, aurantiovelati, of the Cortinarius
subgenus Phlegmacium on account of its orange
universal veil. Some of the species reported have
alpine and higher subalpine forms noticeably different
from the lower elevation forms, e. g. C. umbilicatus

Following the western field studies in 1991
Moser visited the herbarium at the University of
Michigan in Ann Arbor, Michigan where he studied
collections, including types, of A. H. Smith, C. H.
Kauffman, and others deposited there. He also made
some collections of his own in that vicinity. With
data obtained in these and previous studies he
confirmed misidentifications by American mycologists
for a number of European species and verified
synonymy which he had suspected for some of our
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Wyoming species. This is an extremely important
contribution to American mycology, as it resolves
some very difficult nomenclatural problems. Some of
these involve common species in the western
American flora, e.g. Cortinarius umidicola Kauffman
(Fig. 2), C. umbilicatus Karsten (Fig.4).

+

NOMENCLATURAL NOTES:

Cortinarius alnetorum Velenovsky =C. glandiclor Fries.
var. curtus Fries ss . A. H. Smith.
Cortinarius aureofulvus Mos. =C. cedretorum R. Maire
ss. A. H. Smith
Cortinarius badiovinasceus Moser= C. nigrellus Peck var.
occidentalis A. H. Smith
Cortinarius croceus J . Schaeffer = Cortinarius malicorius
Fries sensu A. H. Smith et. al.
Cortinarius fulvoochrascens R. Henry = C. fuscomaculatus
J. Schaeffer, =C. pseudoarquatusA. H. Smith, =C.
riederi Weinm. ss. Melot
Cortinarius fuscoperonatus Kuhner =Hydrocybe tigrina
Moser nomen inval. , non Johns
Cortinarius incisus Fries =C. impolitus Kauffman
Cortinarius pseudopraestans Moser & Ammirati =C .
pseudobalteatus Blatto nom. subnud.
Cortinarius pusillus Moeller =C. inops Favre
Cortinarius renidens Fries =Gymnopilus terrestris Hesler
Cortinarius umbilicatus Karsten =C. adalberti Favre ex
Moser =C. depressus Fries ss. Brandrudet al., =C.
paterioformis (Fries) Rieken, =C. nigrelloides
Kauffman nom. nud.
Cortinarius umidicola Kauffman forma coeruleus Moser &
Ammirati =C. canabarbraMoser, =C. plumigerFr.
ss . Kauffman
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OBJECTIVES

Seasonal variation in food selection has been
documented in several species on voles (Rothestein
and Tamarin 1977, Cole and Batzli 1979, Goldberg
· et al. 1980) with considerable implications for winter
survival and population dynamics. In Microtus
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 et al. 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 live trapped 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
use 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 et
al. 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.
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RESULTS

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
Stipa sp., Agropyron cristatum, Poa
plants:
pratensis, Phelum pratense, Dactylis glomerata,
Deschampsia caespitosa, Carex sp., Trisetum wol.fii,
Festuca sp. Other species that are utilized at lower
frequency include the following:
Agropyron
intermedium, Echinochloa colonum, 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 are
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 are. preferential food items for many
herbivorous mammals. On the other band, both
Dactylis glomerata and Trisetum wol.fii are consumed
by voles at high frequency while the plants are
young. However, the frequency of use decreases
rapidly since these plants rather quickly develop
ligneous stems.
In our fall-winter-spring sampling under the
snow, we found that in late fall (November) the
utilization of dicotyledons increased markedly.
Dicotyledonous plants remained a dominant part of
the diet until meltoff in April. We have not as yet
determined why the shift to dicotyledons occurred
when it did. We would have expected such a shift
much earlier (Sept-early Oct.) coincident with the
senescence of all m.onocotyledons.

+

CONCLUSIONS

As this study progresses, it becomes
increasingly apparent that the montane vole forages
preferentially on plant species based on more than
one criterion. To a considerable degree the total

array of species consumed is based on nutritional
value. However, at any given time in the growing
season, voles seem to preferentially consume plants
that are most palatable. This then becomes an
optimal foraging strategy since more energy is
doubtless required to process a highly ligneous grass
stem compared to a more succulent one. Young
voles appear to be less discriminating in their
consumption of various species, suggesting that, from
an energetic standpoint, experience may increase
foraging efficiency.
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OBJECTIVES

Multiannual fluctuations in population
density ("cycles") of small rodents have been known
since antiquity (Elton 1942). Numerous hypotheses
have been proposed to explain this phenomenon (for
reviews see Finerty 1980, Taitt and Krebs 1985).
However, none of these hypotheses, alone or in
combination, have been able to ~xplain the causality
of cycles.
The objectives of this long-term study are to
determine whether environmental variables, possibly
acting through reproductive responses, contribute to
the multiannual fluctuations of the montane vole,
Microtus montanus.

+

METHODS

In 1992, Microtus montanus were live
trapped at two times of the year: the second half of
May (spring study period) and mid-July to midAugust (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 A.
montanus in Grand Teton National Park, populations
of these rodents were monitored in both optimal and
marginal habitats.
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RESULTS

A dramatic decline in the population density
of Microtus montanus occurred in 1993. Apparently
the decline had occurred before the onset of the
spring study period. There were few well defmed
runways at this time - a decided contrast with the
spring of 1991 and 1992 (both were years of high
density). Yet, spring trapping success in 1993 was
not significantly lower than in the spring of 1991 and
1992, suggesting essentially comparable spring
densities in 1991, 1992, and 1993. However, spring
trapping success is not necessarily a reliable indicator
of population density. This is prticularly true in
springs with high precipitation - and 1993 was a wet
spring. In a wet spring large portions of the voles'
habitat can become flooded. Spring trapping success
is, therefore, essentially a reflection of the success
with which the trapper locates the temporary refugia
to which the animals have retreated, rather than an
indication of population density. Consequently, the
severity of the decline was not readily apparent
during the spring study period.
By the time the summer study period began
the extent of the decline was unmistakable.
Furthermore, several findings from the spring study
period indicated that recovery from the crash would
be limited during 1993:
(1)

Precipitation in May 1993 was very high (95
mm); high precipitation in May is linked
highly significantly with population declines
in M. montanus (Pinter 1988).

(2)

In the spring of 1993 the onset of breeding
was unusually late and the size of the first
litter was very small.
The ·first litter
invariably becomes a part of the breeding
population in the year of its birth (Pinter
1986; Negus, Berger and Pinter 1992).
However, litters born in the second half of
the summer usually do not reproduce in the
year of their birth. Consequently, the later
the onset of breeding - and the smaller the
first litter - the smaller the addition of new
breeders in a given year. The wet spring,
the small initial breeding population, the late
onset of breeding and the small litter sizes
all pointed toward a low density for the
summer of 1993.

The population decline in 1993 occurred in
both optimal and marginal habitats. Population
densities in optimal habitats can exceed densities in
marginal habitats by a factor of five. Nevertheless,
population dynamics in these two types of habitats
parallel each other with exceptional fidelity, in spite
of the highly significant differences in absolute
density.
The different study sites within GTNP are as
much as 18 km apart. Nevertheless, at all sites
population dynamics followed an identical pattern.
Furthermore, population dynamics of M. montanus at
a study site on the upper Green River (Sublette Co.,
WY, 160 km southeast of the GTNP sites) exhibited
the same profile as the GTNP populations. The
concordance of population dynamics within a
geographic region serves to reinforce the hypothesis
that such population dynamics are cued to a
significant degree by climatic factors (Pinter 1988).
Until recently, spring precipitation patterns
in GTNP had exhibited 3-5 year cycles. The cycles
in population density of M. montanus showed a
highly significant correlation with these precipitation
cycles (~inter 1988). An examination of weather
records from GTNP for the past 80 years reveals that
cyclic patterns in spring precipitation (e.g., 19391946; 1960-1990) alternate with periods of no
cyclicity (1946-1960; 1990-present).
Since
population cycles of voles are linked significantly
with climatic cycles, would population dynamics of
voles be altered in a series of years with no cycles in
precipitation? The answer is a tentative "yes". Since
1990 wet springs have alternated with dry springs
(rather than exhibit a gradual cycle from dry to wet
springs over a period of 3-5 years). Since 1990 the
population underwent a cycle in which it remained at
peak densities for two consecutive years. It is the
first time in this long-term study that such a
phenomenon has been recorded. Once again, this
anomaly was recorded at all study sites. Once again,
the data are strongly suggestive of a climatic role in
the generation of vole population dynamics.

+

CONCLUSIONS

In 1993 populations of M. montanus declined
in all study areas. The decline was independent of
population density and habitat. It was observed in
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populations as much as 160 km apart, at elevations
ranging from 2057 to 2134 m. These results support
the hypothesis that climatic factors contribute
significantly to the fluctuations in population density
of M. montanus in GTNP: cycles in spring
precipitation show a significant correlation with
population cycles of voles. This hypothesis has been
strengthened recently by the finding that a departure
from multiannual cycles in spring precipitation is
associated with perturbations in the cyclic nature of
vole populations. However, a more extensive series
of years with an acyclic spring precipitation pattern
is needed before the hypothesis can be confirmed or
invalidated.
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INTRODUCTION

Delphinium occidentale Nutt.
(Ranunculaceae), the tall larkspur, occurs sporatically
as isolated local populations in moist locations at
lower and middle elevations of Grand Teton National
Park. Individual plants of this species exhibit flowers
which occur as one of three distinct color morphs and
which occur mixed in the local populations. The
three floral morphs are 1) plants exhibiting the most
familiar, uniformly dark purple pigmented flower
form, 2) plants exhibiting an all white,
nonpigmented, albino form, and 3) plants whose
flowers are intermediate in form between the
extremes of 1) and 2), a semi-albino form which
exhibits normally pigmented petals, but white,
nonpigmented sepals.
The occurrence of mixed, polymorphic
populations of D. occidentale floral morphs can be
rationalized by two alternative hypotheses:
1. A stable, balanced polymorphism exists
among the three morphs. This polymorphism is
actively maintained by selective pressures, probably
on some aspect of the reproductive biology (perhaps
pollination ecology) of the floral morphs, or
2. The distribution of polymorphs is merely
a founder effect, reflecting the distribution of morphs
present in the seed collection which initially
established the colonizing population.
The research undertaken during 1993
represents an effort to discriminate between these
alternative explanations of flower color polymorphism
in D. occidentale.
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RESEARCH STRATEGY

The strategic approach to investigating this
problem involved two studies:
1. A census of the floral morphs of several
large populations of D. occidentale in order to
determine whether any evidence exists that diverse
populations are converging on a uniform frequency
distribution of floral morphs, as might be expected if
pOlymorphism were actively driven by features of
reproductive ecology, and
2. An effort to measure comparative aspects
of the reproductive ecology of the three morphs in
order to determine whether any significant fitness
differences exist among them which might be
selectively acted upon to alter morph frequencies over
time.
Reproductive biology parameters which were
examined among morphs included the following:
a. Resource allocation to reproduction
for each morph
1. the number of inflorescences per plant
2. the number of flowers per
inflorescence
b. Reproductive success of each morph
1. the number of ovules per ovary
2. the number of seed per follicle
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MATERIALS

Four large populations of D. occidentale
were examined with respect to frequencies of floral
morphs and features of reproductive ecology.
1. Two Ocean Lake: The largest population
known to the investigator within Grand Teton
National Park. This population is located 1 mile
south of Two Ocean Lake along the road to Two
Ocean Lake.

Table 2. Average Values for Reproductive Parameten of Floral Morphs of
D. occidentale

Reproductive Feature
Inflorcscc:DCCa/Piant
Sawmill Ponds
Pbelpl Lake

Flowen/Inflorescence
Two Ocean Lake

2. Antelope Flats: Along Antelope Flats
Road just north of Blacktail Butte, 114 mile east of
Jackson Hole Highway.
3. Sawmill Ponds: At the Sawmill Ponds,
3/4 mile west of the Moose Visitor Center along the
Moose-Wilson Road.

Pbelpl lake
Sawmill Ponds

Ovules/Ovary
Two Ocean Lake

4. Phelps Lake: Along the side of the
Moose-Wilson Road, 2 miles west of the Moose
Visitor Center.
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9.3 (6.4)
n=63
n.d .

8.7 (3.8)
n=25
n.d.

9.5 (2.1)
n=2
6(0)
n=l

119(1)
n=5
n.d .

138 (31)
n=7
n.d.

138 (51)
n=10

139 (38)
n=lO

88 (0)
n=l
83 (25)
n=5
n.d.

18.4 (2.5) 18.8 (1.9)
n=10
n=13

n.d.

Sawmill Ponds

16.4 (0.8) n.d .
n=10

18.6 (1.8)
n=lO

Phelps lake

n.d .

n.d.

18.4 (1.9)
n=30

12.3 (2.5)
n=43
12.2 (2.3)
n = 35

12.5 (2.5)
n=37
12.6 (2.3)
n=25

n.d.

Seed/Follicle
Two Ocean Lake

RESULTS

Pigmented Semi-albino Albino

SawmiU Ponds

n.d.

Censuses of the four investigated populations
revealed frequencies of floral morphs depicted in
Table 1.

n = numberofindividualssamplod, standard deviation given in parenthcsca,
n.d . = not determined

Table 1. Floral morph frequencies of D. occidentale among four populations.
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Population

Pigmented

Semi-albino

Albino

Total
Counted

Two Ocean lake

0.7p

0.280

0.002

357 (pqlulatioo
estimate ca.
5000-6000)

Antelope Flats

0.977

0.023

0.000

(total
310
population)

SawmiU Ponds

0.506

0.494

0.00

538 (pqlulatioo
estimate ca.
2000)

Phelps lake

0.015

0.972

0.012

653 (total
population)

Table 2 summarizes the measured
reproductive ecology parameters of D. occidentale
among several populations.

DISCUSSION

The interpretation of the results obtained during
1993 are presented below as a narrative response to
a series of explicit questions.
1. Is the frequency of floral color morphs
changing within populations over time?
A preliminary survey of floral morph
frequencies in the Two Ocean Lake population was
performed in 1986 and revealed frequencies of 0.697,
0.301, and 0.002 for pigmented, semi-albino, and
albino forms, respectively. After a period of seven
years (1993) the corresponding frequencies in the
same population were determined as 0.717, 0.280,
and 0.002 for the pigmented, semi-albino, and albino
morphs, respectively. The striking agreement in
frequencies between these two censuses suggests that
no rapid change in floral morph frequency values is
occurring within the Two Ocean Lake population.
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This result might be expected since D. occidentale is
a perennial herb with a multi-year lifetime and the
Two Ocean Lake population is a large and stable
(perhaps enlarging) population. In such a population,
floral frequency changes would be expected to change
slowly. Such a result would also be predicted if the
reproductive fitnesses of all floral morphs were very
nearly the same. The Two Ocean Lake population is
so large (estimated at several thousands of
individuals) that a total count of individual plants was
not attempted in 1986 or 1993, but an ancedotal
impression is that the population has expanded in
both number of individuals and in area inhabited
during this time interval.
As shown in Table 1, the frequencies among
morphs vary widely from population to population
and only subsequent censusing can demonstrate that
each population is stable with respect to morph
frequency.
2. Is the total number of viable seeds set
limited by pollinator availablility?
Results from preliminary studies performed in
1986 revealed the number of ovules/ovary in
pigmented flowers of the Two Ocean Lake population
to be 11.6 and the corresponding number of
seed/follicle to be 12.4. These results suggested that
seed set is not limited by pollinator availability (i.e.,
virtually every ovule develops into a seed).
Table 2 shows the values of ovules/ovary and
seed/follicle found during 1993 field studies of all
three floral morphs from three populations. The ,
number of ovules/ovary is not different among
morphs, but is higher (average value of 18.2) than
the value noted in 1986 (11.6). By contrast, the
number of seed/follicle is identical (12.4) to the value
noted in 1986 and is not different between morphs or
populations. Since realized seed set was less than
potential seed set in 1993, one possible interpretation
is that seed set is limited by pollinator availability.
Such an interpretation must be made with caution,
however, because climatic conditions during 1993
were unusual. A long, wet winter resulted in a peak
of flowering timing which was delayed by at least
two weeks from a typical season.
Pollinators
(hummingbirds and bees) were noticably less
numerous than in previous years, perhaps due to
anomalous seasonality. Seed set numbers, thus, must
be viewed with caution, but suggest that seed set may

be pollinator limited. Further studies including hand
pollination/bagging experiments could confirm this
conclusion.
3. Are there differences in total reproductive
output (i.e., total number of flowers/plant) among the
three floral morphs?
Two factors influence the total reproductive
output of a particular floral morph: 1) the number of
floral inflorescences per plant and 2) the number of
flowers per inflorescence. Values for these two
parameters are presented in Table 2 for all three
floral morphs in three populations. The number of
inflorescences/plant is similar among the three floral
morphs in the Sawmill Ponds population and suggests
that no difference exists among morphs with respect
to this reproductive parameter. A cautionary note
regarding this parameter should be emphasized.
Delphinium occidentale is a perennial herb and the
number of inflorescences per plant appears to be
strongly age dependent. Many scattered, isolated D.
occidentale plants were observed at various locations
in the park which exhibited only one or a few
inflorescences. These were taken to represent young,
recent colonizers who will increase in reproductive
output as they mature. Thus, whereas comparisons
of inflorescences/plant are valid within a stable
population, values for this parameter between
populations may not be comparable due to different
ages and age structures among the populations.
The second factor affecting total reproductive
output is the number of individual flowers per
inflorescence. As shown in Table 2, the values of
this parameter for pigmented and semi-albino flowers
is the same (138.6 and 133.8, respectively), whereas
that for albino flowers is significantly lower (84.4).
When these two parameters are multiplied
together, the result is the total reproductive output for
the floral morph (namely, the number in individual
· flowers per plant). Those values are 1244, 1205, and
801 for pigmented, semi-albino, and albino plants,
respectively. Thus, the total resource allocation by
pigmented and semi-albino plants is comparable,
whereas that for albino plants in significantly less.
4. Are the relative frequencies of floral morphs
uniform among populations?
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The result of censuses of floral morph
frequencies among four populations of D. occidentale
is shown in Table 1. These censuses reveal dramatic
differences in floral morph frequency values among
populations. The results presented in question #1
above, suggest that morpb frequencies in a population
are stable over intermediate time intervals (decades).
Delphinium occidentale is a long-lived perennial
which could yield very slowly shifting morph
frequencies within a population, but there is no
present evidence that intrapopulational morph
frequencies change over time.

+

CONCLUSIONS

Based on results of 1993 field observations, it
can be provisionially concluded that the floral morph
frequency of a population of D. occidentale is stable
over intermediate time intervals and not strongly
influenced by factors of reproductive ecology. The
observed varying frequencies of floral types reflect
the relative frequencies of seed of the various morphs
in the population founding event--i.e., morph
frequencies are a founder effect. The primary seed
disperser of these plants has been reported to be
migrating elk (Murie and Murie, 1985). Since no
factor in the pollination ecology of D. occidentale is
strongly morph dependent (with the possible
exception of flowers/inflorescence in albino plants),
pollinator behavior and reproductive ecology does not
appear to alter populational morph frequencies. It
would appear that an operating hypothesis for
observed floral polymorphism among D. occidentale
populations is that it reflects the random browsing
habits of seed dispersers (elk) who establish the
founder population with varying, stable frequencies of
floral morphs.

+
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INTRODUCTION

The Snake River plains and foothill areas of
Jackson Hole have been grazed by domestic livestock
since settlement of the area. Wildlife populations,
including elk, mule deer, and antelope have
historically used and continue to use the area. Moose
are currently relatively abundant and a small herd of
bison have been introduced. Currently, livestock use
part of the area contained in Grand Teton National
Park either as a concession or due to authorization by
Park enabling legislation. Park managers need
information concerning the effects of grazing by large
ungulates on vegetation resources to assist in
effectively managing grazing to service forage needs
and achieve desired plant community goals.
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Compare current vegetation compostbon on
representative sites used by livestock and
wildlife with potential composition for the same
sites with an emphasis on comparisons of
livestock and wildlife effects.

3)

Estimate forage utilization on key sites and map
utilization patterns.

4)

Establish permanent vegetation trend monitoring
transects.

5)

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

6)

Assess impacts of herbivory on density of
woody plant species along the Snake River.

OBJECTIVES

The objectives
summarized as follows:
1)

2)

of

this

research

are

Determine kind and location of important
potential natural plant communities (PNC's)
within a study area largely defmed by areas of
current use by livestock, east of the Snake
River, and adjacent comparable areas used only
by wildlife, west of the river.
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STUDY AREA

The study area is in Grand Teton National
Park and primarily includes areas along and west of
the Snake River used by wildlife and areas of similar
vegetation east of the river where livestock are a
predominant or important user. Livestock areas
include the Cunningham Cabin pasture, Triangle X
guest ranch horse pasture, the Uhl Draw/Elk Ranch
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Reservoir area, Blacktail Butte pasture, and Antelope
Study sites include
Flats livestock trail.
riparian/floodplain areas along the Snake river or
tributaries and adjacent uplands characterized by
sagebrush-grass vegetation.

+

METHODS

The USDA Soil Survey mapping units were
examined in a field survey to determine the accuracy
of these mapping units in delineating existing patterns
of vegetation communities. The areas included in
this investigation were then outlined on the Soil
Survey and mapping units identified as to PNC (range
site).
Establishment of field sites for data
collection began in June of 1991. Specific areas had
been examined by National Park Service (NPS)
managers and principal investigators in August 1990
with respect to potential for high use by grazing
animals and need for detailed vegetation analysis and
monitoring. In these areas specific selected sites
included:
1) Upland plains west of the Snake River, grazed
only by wildlife. Sites characterized by sagebrushgrass vegetation were located in the Potholes area
(sec 23 R115W T44N) and Cow Lake (sec 32
R114W T44N) area.
2) Floodplains (cottonwood dominated lowlands and
wetlands characterized by willow/sedge communities)
_west of the Snake River, grazed only by wildlife.
Two sites were located across from the Triangle X
horse pasture (sec-' 7 R114W T44N).
3) Elk Ranch Reservoir area, grazed predominantly
by cattle in summer and by wildlife. Sites were
located in upland (sec 12 R114W T44N) and lowland
(sec 1&2 R114W T44N) sagebrush-grass vegetation,
and in a subirrigated graminoid community (sec 6
R113W T44N).
4) Large pasture east of the Snake River and
between the Cunningham Cabin and the river, grazed
by both wildlife and livestock in summer. A site was
located in a marginally irrigated graminoid vegetation
type (sec R114W T44N).
5) Floodplains east of the Snake River in the

Triangle X horse pasture, grazed by horses in
summer and wildlife.
Sites were located in
cottonwood lowlands
and
subirrigated
willow/graminoid habitats (sec 24 R115W T44N).
6) Antelope Flats, the upland plain east of the
Snake River, minimally grazed by cattle during
trailing to summer pasture and wildlife. A site was
located in sagebrush-grass vegetation (sec 2 R115W
T43N).
7) Blacktail Butte pasture, south of the Butte,
grazed by cattle in early summer and wildlife. A site
was located in sagebrush-grass vegetation (sec 7
R115W T42N).
The standard monitoring program installed
on each of the 12 sites consisted of a trend transect
with 20, .25 m2 , permanently marked quadrants and
5, 1 m2 , movable cages. An additional 20 temporary
quadrants were located parallel to the trend transect
when sampling was conducted. Additionally, sites in
both cottonwood and willow communities east and
west of the river had 3 utilization transects each with
25 marked twigs on cottonwood or willow.
Permanent quadrant locations on trend
transects, inside cages, and temporary quadrant
locations were sampled in July and August 1991,
1992, and 1993 near peak standing crop, with a .25
m2 nested frequency quadrant frame (US Forest
Service Region 4 Range Analysis Handbook). Nested
frequency scores were recorded for every species of
herbaceous and low shrub vegetation. Standing crop
biomass of major species and functional groups, i.e.
forbs, was estimated. One-half of the temporary and
all caged quadrants were harvested with major
species or functional groups weight estimated, bagged
separately, dried, and weighed. Synthesis of these
data includes determining the relationship between
estimated and harvested weights and adjustment of
estimated weights by application of regression
coefficients. Percent composition by weight of
species and groups has been calculated.
Relationships of composition to frequency scores will
be examined. Comparisons of site frequency scores
and composition by weight to available estimates of
potential plant community (PNC) scores and
composition (from USDA Soil Conservation Service
technical guides and Forest Service records) will be
made to assess ecological condition.
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The utilization study was abandoned due to
the departure of one of the study participants.
Consequently, we refocused our efforts on 2 species,
willow and cottonwood with new transects logistically
These
more compatible with our work force.
utilization transects (12 total, 3 willow and 3
cottonwood, on each side of the river) were
established in August 1992 by marking twigs with
colored wire and recording length of twigs of willow
or cottonwood. Any browsing as of August was
noted.
Twig lengths were measured again in
November 1992 and May 1993 to determine fall and
winter utilization respectively of each species for each
transect. Utilization is based on difference in twig
lengths over each period of measurement.

differences in numbers of plants might suggest some
limitation. Sampling consisted of counting the
number of plants of .each species of tree or shrub in
3 size classes (1 = < 1.5 m, 2 = 1.5-3 m, 3 = >
3 m) in a 20 by 20 m plot. Sampling was stratified
into cottonwood communities and willow dominated
communities. In the floodplain east and west of the
Snake River, sample plots were located at about 0.4
m (114 mile) intervals if communities were present,
from near the old Bar-BC Ranch north to near RKO
Road, a distance of about 16 km. At each point the
nearest stand of cottonwood and willow community
was sampled.
Reconnaissance mapping of utilization
patterns was conducted in late August yearly to assist
in broadening the area of inference associated with
individual study sites.
Assessments of the
reconnaissance mapping primarily address
dissimilarities in use of different habitats rather than
spatial differences in a particular kind of habitat
customarily associated with mapping, because the
biggest divergences typically occur between habitats
rather than between different places in an area with
the same habitat.

Density of major trees and shrubs in
floodplain/riparian areas was determined in 1991 and
1992 to assess relatively large scale use pattern
effects on these types of habitats. The sample plot
location procedure in 1992 provided for equal
representation of the flood plains on each side of the
river. Predominant grazing animal use west of the
Snake River is by wildlife including bison and elk in
summer and large concentrations of elk in late fall
and winter; the Triangle X pasture is used by horses
and wildlife in summer and wildlife in winter while
other areas east of the river are used by wintering
moose. Hunting may limit elk concentrations east of
the river during fall. All areas have moose grazing
in winter. In general, the proximity of the eastern
flood plain to the highway and human activity may
result in lower wildlife use levels than west of the
river. Occurrence of all size classes of a species
could indicate reproduction is occurring while a
restricted number of one age class or substantial
Table L
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Data summary for this year is underway. A
summary of the tree and shrub density without
statistical analysis is available and presented below
(Table 1). Yearly summaries of productivity and
utilization sampling have been presented in the annual
reports.
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Forest Service records in Jackson were
searched without success for plant community (PNC)
descriptions that would be useful for our study area.
The absence of PNC descriptions, based on nested
frequency, means that these data will only be useful
for trends and that Soil Conservation Service (SCS)
guidelines based on biomass will be used to assess
ecological condition of sites. Nested frequency
monitoring, if continued in the future by NPS, may
be useful for indicating whether some type of change
is occurring in a species. However, additional data
from some other plant abundance measure, in this
case the biomass measurement, must be available to
indicate what type of change is occurring.
SCS personnel, including a soil scientist,
have visited the study sites to verify that appropriate
PNC descriptions will be u~ed in assessing ecological
status. The Potholes area site was detennined to be
a Gravelly site rather than Loamy as the USDA Soil
Survey had indicated for all of the upland sagebrush
dominated sites. The absence of some species,
particularly Leucoppoa kingii, in any representative
of the Loamy ecological type suggests that some
revision of the vegetation PNC may be appropriate
before fully assessing ecological status.
Woody plant densities were sampled to test
the hypothesis that more fall and winter grazing by
elk and moose on the west side as compared to the
east side of the Snake River was limiting the
recruitment of plants into larger size classes.
Hunting and other human presence may limit fall elk
use east of the river. A reduction west of the river
in density of one or more of the smaller plant size
classes would be considered circumstantial evidence
of this limitation. -Ultimately taller size classes would
also be reduced. The palatable shrubs; water birch,
silverberry, russet buffaloberry, and willow, appear
to be more abundant east of the river (Table 1).
Engelmann spruce appears to be increasing in all
areas but more so east of the river as indicated by the
presence of all age classes, suggesting the probable
replacement of deciduous tree and shrub communities
by spruce.
The reconnaissance map utilization patterns
generally indicated that through late August,
utilization levels at the sampling sites were
representative of the area where the site was located.
Summer utilization of vegetation in the sagebrushgrass community of the Potholes and Cow Lake areas

was low. Elk using the area appeared to have made
more use of edges of timbered areas particularly
where aspen occurred. Lake borders in the Potholes
area had heavy use of subirrigated vegetation. Wet
meadows near Cow Lake had very little utilization of
herbaceous material and only dead willow stumps
were present, suggesting that grazing in that area
occurs in fall and winter. Antelope were making
heavy use of ephemeral vegetation in the bottom of
Cow Lake as the water receded.
Floodplain
herbaceous vegetation west of the Snake River was
used at moderate levels. Highest use occurred in
subirrigated perimeters of wet areas dominated by
Kentucky bluegrass and clover. In the Cunningham
pasture, subirrigated areas dominated by Kentucky
bluegrass and clover were heavily used -vvhile adjacent
wet areas characterized by tall sedges received little
use. The Triangle X pasture had received light to
moderate use overall. Few areas of intensive use
were evident. Grazing in the Uhl Hill pasture by
cattle was concentrated in the irrigated areas and
adjacent lowland sagebrush-grass area downstream
from the reservoir. Herbage in the subirrigated zone
along Uhl Draw had been used heavily while the
wetter soil zone near the channel received only
moderate use. Little grazing was evident on the hills
surrounding the reservoir despite abundant forages .
Antelope Flats and the Blacktail Butte pasture had
received very light use.
A general conclusion from the
reconnaissance was that subirrigated, bluegrass/clover
plant communities, wherever significant grazing
pressure occurs, form a grazing lawn. These lawns,
while generally considered to be a low seral
community, are very stable and resist further change
from grazing. They would provide lesser quantity
but a higher quality forage for the grazing animal,
thus providing a continued attraction to grazing
animals.
The need for improved grazing management
in the Uhl Hill pasture is suggested by the low use of
uplands and concentration of cattle grazing along Uhl
Draw riparian zones. Several activities should be
considered. Sagebrush burning could be used to
increase the availability and quality of forages away
from riparian areas. Spring developments or other
water source augmentation in areas away from the
riparian zone and the reservoir would reduce the
continual need for cattle to return to the stream or
reservoir for water. Increased herding of animals
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would nnnumze time spent near streams ·and the
reservoir. Intensified manageme~t of the irrigated
pastures such as crossfencing and water management
could reduce the grazing time required from
rangeland forages.
Greater use and intensified
management of pastures south and east of Blacktail
Butte could also reduce the reliance on forages from
the rangeland along Ubi Draw.
In summary, utilization patterns and
vegetation composition observed over the three
summer reconnaissances were similar. The general
differences in shrub density between east and west of
the river were similar in both years even with the
expanded sampling in 1992.
The ecological status of the various sites that
were intensively sampled does not appear to vary due
to type of animal grazing. Rather, ecological status
is more a function of animal numbers, seasons of
grazing, or fire suppression. Upland areas tend to be
in mid seral condition, largely because of the high
abundance of sagebrush; grazing by any species
minimally influences these sites. Burning may be the
only realistic approach to increasing vegetation
diversity and ecological status of the upland sites.

Flood plain and wetland areas show the most impact
of grazing. Even in these sites, area of standing
water are seldom grazed at a season that would
influence the species composition, except for
deciduous woody plants. Subirrigated areas are
characterized by a bluegrass/clover plant community
of low successional status. Woody species appear to
be declining in most areas due to fall and winter
grazing. Subirrigated sites have historically been
grazed_and continue to receive substantial grazing
pressure from all species in preference to most other
sites available.
The lowland flood plains
characterized by cottonwood communities are in a
successional progression toward domination by
Engelmann spruce. Grazing of the deciduous woody
species only hastens this succession.
Active
intervention in this successional process through
modifying grazing, fluvial processes, or fire regimes
may provide the only opportunities for long term
preservation of more than remnants of the habitat
values currently available in the present deciduous
woodland.
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ABSTRACT

Acoustic signalling in orthopterans functions
in mate attraction and/or intermale spacing. The
pattern of intermale distances should reflect the
degree to which signalling functions in territorial
defense. Males who are unable to detect, and thus
respond to, the signals of rivals should be at greater
risk of inadvertently intruding on the territories of
rivals and of being intruded upon.
We tested, in two field mark-recapture
experiments with the sagebrush cricket Cyphoderris
strepitans, the hypothesis that acoustic signals are
used in intermale spacing, predicting that deafened
males are compromised in their ability to repel rivals
and should thus be found in closer proximity than
control (hearing) males. There was no difference in
mating success between deaf and control groups.
There was a difference in nearest-neighbor distance
between deaf and control animals in one replicate of
one experiment and in one night of one replicate of
the other experiment. These results suggest that
calling has a sporadic effect on spacing behaviour of
sagebrush crickets and thus primarily functions in
mate attraction.

The results are discussed in the context of
the mating system of sagebrush crickets and the
economics of territory defense.

+

INTRODUCTION

Acoustic signalling in many ensiferan
orthoptera functions to attract potential mates and in
the defense and maintenance of territories (Cade
1979, Searcy & Anderson. 1986). Intermale conflict
may often be resolved exclusively through acoustic
signalling (Theile & Bailey 1980, Shaw et al. 1982)
and Bailey (1991) states that "fighting between male
acoustic insects in nature is rare." However, in some
species of acoustic orthoptera interactions between
territorial males can escalate to physical combat
(Alexander 1961, Morris 1971, Dixon & Cade 1986,
Simmons 1986).
The overall cost of territory
maintenance should be reduced in species where
conflict is resolved through the mutual avoidance of
signalling rivals (Alexander 1961, Davis & Houston
1984).
Male sagebrush crickets, Cyphoderris
strepitans, do not engage in overt aggression, even
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when in close proximity (Snedden & Sakaluk 1992)
but do appear to respond acoustically to calling rivals
(pers. obser.). Signalling in sagebrush crickets has
been shown to be an important component of male
mating success; calling -males obtain significantly
more matings than experimentally muted males
(Snedden & Sakaluk 1992). This fmding could result
from the attraction of females by calling males or by
the diminished territorial defense capacity of muted
males. If acoustic signalling functions,in part, in
territorial defense then muted males should have a
reduced capacity to repel interlopers, especially at
long range.

tag attached to the pronotum with cyanoacrylic glue.
Fluorescent paint was applied to the pronotum and
hind femora of all study animals to facilitate
recapture using portable UV lights.
In each
experiment animals were recaptured following release
and their position marked with a survey flag.
Nearest-neighbor distance and distance moved since
last recapture were measured using a Sonin® R
ultrasonic measuring device. The natural distribution
of males was determined at each site (see below) by
marking the location of non-experimental males with
a survey flag and subsequent! y measuring nearestneighbor distance.

Territoriality should be reflected in intermale
spacing; territorial males should maintain a minimum
nearest-neighbor distance and thus exclusive
broadcast area within which they have exclusive
access to females. If calling functions in male
spacing then males who are unable to detect the
signals of rivals should be at greater risk of 1)
interloping on the territory of rivals and 2) having
rivals intrude on their territory. We tested the
importance of male signalling to territoriality, as
manifested in male spacing behaviour, in two markrecapture field experiments in which some males
were rendered deaf. We predicted that deafened
males would 1) have shorter nearest-neighbor
distance and 2) move shorter distances to avoid risks.

Data were analyzed using the procedures of Systat®.

+

METHODS

This study was conducted during May and
June 1993 in Grand Teton National Park, Wyoming,
USA. Male sagebrush crickets were collected, at
night, with the aid of headlamps, from sagebrush
Only virgin males, as
fields within the park.
evidenced by intact hindwings (Morris et al. 1989,
Sakaluk & Snedden 1990) were used throughout the
study. Animals were held at the University of
Wyoming-National Park Service Research Center,
approx. 30 km from the collection sites, in separate
cages and supplied portions of apple for food.
Experimental animals were rendered deaf by ablating
the tympanic membranes on each foreleg with an
insect pin. Subsequent recording from the auditory
neuron (following the procedures of Mason 1991a, b)
confirmed the efficacy of this technique. Control
animals were handled in a similar manner and an
insect pin was used to puncture the hind femora. All
animals were individually identified by a numbered

EXPERIMENT 1
Two replicates of this experiment were
conducted, one in a sagebrush field on a bench of the
flood plain of the Snake River at Deadman's Bar
(DMB) and the other in a sagebrush field adjacent to
Pacific Creek (PC). In each replicate an area of
approximately 13000 m2 was cleared of all calling
males prior to the release of experimental animals.
At DMB the field was cleared on the nights of May
15, l7, and 18 and at PC on the nights of June 1517. In each replicate animals were randomized as to
date of capture and divided into two groups (deafened
and control) and treated as described above. At
approx. 2130 on 19 May (DMB) and June 18 (PC)
the animals were released at two points, one
experimental and one control, 40 m apart. Each
release location was marked with a survey flag.
Eighteen deaf and 19 control animals were released
at DMB and 23 deaf and 24 controls at PC. On the
nights of May 20 and 23 (DMB) and June 19 and 20
(PC) we recaptured males, marked their location with
a survey flag, determine their mating status, and
subsequent!y measured the distance to their nearestneighbor and distance moved since last recapture.
EXPERIMENT 2
Two areas (13000 m2) 65 m apart, of
sagebrush field were cleared of males on May 25-28
(DMB) and June 9-11 (PC).
At each location
sagebrush plants were marked to establish a grid
(control and experimental at each site) such that the
nearest-distance represented a compressed distribution
(interbush distance less than natural nearest-neighbor
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distance of crickets- see results). At 0800 on May 31
(DMB) and June 13 (PC) one male was released at
the base of each marked bush. Thirty five deaf and
34 control animals were released at DMB and 29 deaf
and 30 controls at PC. On the nights of May 31 and
June 1 (DMB) and June 13-15 (PC) animals were
recaptured, their mating status determined, and their
position marked with a survey flag. Nearest-neighbor
distances and distance moved since last recapture
were determined as above.

+

RESULTS

The natural nearest-neighbor distance at the
site was; mean =8.99 m, SD =7.17, range =0.13-

30.87 and at the. PC site; mean = 10.82 m, SD =
8.99, range =0.88-38.28. There was no difference
in natural nearest-neighbor distance between the two
sites (Mann-Whitney U, U =872, p =0.49).
Recapture and mating frequencies are in Table 1.
Recapture frequency varied between 97% (34/35) and
63% (12/19). There was no difference in recapture
frequency between deaf and control groups with
replicates (X2 , all p > 0. 05: Bonferroni adjustment for
sequential tests, Rice 1989). When all replicates
were pooled, a greater proportion of deaf males were
recaptured (Fisher's Exact test, p=0.039). There
was no significant difference in mating frequencies
between control and deafened animals (X2 , all
p>0.05).

Table 1. Summary of recapture and mating frequencies by replicate for each experiment. There was no significant
difference between deaf and control recapture frequencies within replicates (Chi-square all p > 0.05) or matings
frequencies (Fisher's exact all p > 0.05).

DMB- Deadman's Bar site
PC- Pacific Creek site
* - total number recaptured over total survey nights
** - total number mated at end of experiment

EXPERIMENT L
There was no significant difference in
nearest-neighbor distance or distance moved between
deaf and controls on either recapture night at the
DMB site (Mann-Whitney U, all p>0.05). There
was a significant difference in· nearest-neighbor
distance and distance moved on the first recapture
night at PC (Mann-Whitney U, U =40, p =0.001; U
=51, p =0.003). There was a significant difference
in distance moved on the second recapture night
(Mann-Whitney U, U =23.5, p =0.02) but no
difference in nearest-neighbor distance (MannWhitney U, U=62, p>0.05). Median nearestneighbor distance vs. day of recapture for Experiment
1 are in Figure 1.
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Figure I. Median nearest-neighbor distance vs_day of recapture for Experiment I . 1Dcre
was no significant differenoe in nearest-neighbor distance between deaf and control groups
on either recapture night at the Deadman's Bar site (Mann-Whitney U, p>0.05). lDcre
was a significant differenoe in nearest-neighbor distance between deaf and control groups
only on the first recapture night at the Pacific Creek site (Mann-Whitney U, p = O.OOI ).
DBM = Dcanman's Bar site
PC = Pacific Creek site.
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Table 2. Summary of nearest-neighbor distances (median and range) and distance moved (median and range) by replicate for each experiment.

Distance Moved (m)

Nearest-Neighbor Distance (m)
(median & range)

Experiment
Day 1

Day2

(median & range)
Day 3

Day 1

Day 2

l-OMB

Deaf
Control

4 .64 (9.64)
6.48 (5.40)

7.42 (20.75)
6.02 (12 .56)

11.33 (26.06)
12.76 (22.23)

14.39 (22.80
8.25 (21.57)

1-PC

Deaf
Control

0.23 (3.00)
2.28 (5 .18)

1.69 (26.25)
3.02 (17.20

2.28 (5.18)
2.95 (3.56)

3.83 (28.37)
0 .0 (2.77)

2-DMB

Deaf
Control

1.48 (14.11)
3.13 (10.25)

2.90 (5.97)
5.04 (16.74)

2.17 (17.54)
4 . 15 (25.88)

5.21 (20.46)
10.39 (32.03)

2-PC

Deaf
Control

2.33 (4.49)
2.73 (3.75)

2.04 (7.51)
2.70 (11.17)

0.0 (8.7)
1.42 (6.49)

0 .88 (9.45)
1.28 (12.82)

3.31 (20.53)
3.33 (10.74)

Day 3

6.62 (40.53)
3.78 (20.39)

EXPERIMENT 2
There was no difference between deaf and
control initial (grid) nearest-neighbor distances in
either replicate ([DMB; ANOV A, F=0.15, p
=0. 70], [PC; ANOV A, F =0.88, p =0.35]). There
was a significant difference in nearest-neighbor
distance between deaf and control groups in
Experiment 2 at D MB on· both recapture nights
([night 1; Mann-Whitney U, U =84.5, p <0.001],
[night 2; U = 128, p =0.002]). There was no
difference in distance moved between groups on
either recapture night ([night 1; Mann-Whitney U, U
= 189, p =0.23], [night 2; u = 109, p =0.15]).
There were no significant differences in nearestneighbor distances between control and deaf animals
in -Experiment 2 at PC (Mann-Whitney U, all
p>0.05) or in distance moved (Mann-Whitney U, all
·p >0.05) on any of the three recapture nights.
Median nearest-neighbor distance vs. day of recapture
for Experiment 2 are in Figure 2.

+

DISCUSSION

If territorial defense is mediated through
acoustic signalling then males who are unable to
detect and respond to the signals of rivals should be
at risk of intruding on the territories of rivals and be
intruded upon. Males who are unable to detect rivals
should be found, on average, closer to competitors
than males who can detect and respond to other
callers. Several studies have shown the importance
of acoustic signalling to male spacing in orthopterans
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Figure 2. Median nearest-neighbor distance vs. day
of recapture for Experiment 2. There was a
significant difference in nearest-neighbor distance
between deaf and control groups in both recapture
nights at the Deadman's Bar site (Mann-Whitney U,
p<0.05). There was no significant difference in
nearest-neighbor distance between deaf and control
groups on any of the three recapture nights at the
Pacific Creek site (Mann-Whitney U, all p>0.05).
DBM=Deadman's Bar site
PC= Pacific Creek site.
(Campbell & Shipp 1979, Cade 1981, Arak et al.
1990, Hissmann 1991). If territorial maintenance is
important to male mating success then males should
respond aggressively to repel intruders from their
territory. Males C. strepitans do not exhibit the
overt aggressive behaviours (Snedden and Sakaluk
1992) typical of some orthopteran species (Morris
1971).
Similarly, Simmons and Bailey (1993)
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reported that males of an undescribed species of
zaprociline katydid "show no signs of overt
aggression" but do however appear to use acoustic
signalling to actively avoid one another.
The results of this study suggest that, in
sagebrush crickets, the effect of calling on male
spacing is variable and may represent mutual
avoidance and not territorial defense per se. In
Experiment 1, a significant difference between deaf
and control groups in nearest-neighbor distance was
found for only one night in one replicate.
Experiment 2 showed a significant difference in
nearest-neighbor distance in one replicate and not the
other. There was no difference between groups in
mating frequency suggesting that spacing, mediated
.through signalling, is not crucial to male mating
success (although mating frequency was low across
all treatments likely due to the short duration of the
experiments).
Jacobson (1993) also found no
difference in mating frequency between deaf, shamoperated, and control male sagebrush crickets in a
similar field experiment of longer duration.

Houston 1984).
One important benefit of
territoriality is the monopolization of available
females and a resultant enhancement of mating
success relative to non-territory holding individuals.
For this benefit to be realized, territories must be
economically defensible and provide access to a
greater number of females than could be obtained
The number of available
outside the territory.
territories, or at least potentially good ones, should
thus be limiting. This does not seem to be the case
with C. strepitans. Males call from perches in
sagebrushes and perch sites do not appear to be
limiting; the density of suitable calling perches is an
order of magnitude higher than that of males.
The substantial energetic costs of attracting
a mate (calling), securing a mating (nuptial feeding),
and the high ratio of available perches to males are
likely responsible for selection for mutual avoidance,
mediated through acoustic signalling, as opposed to
strict territoriality in this species.

+
Sagebrush crickets mate early in the spring,
soon after snow melt, when nightly temperatures are
typically below 10°C (Dodson et al. 1983, Sakaluk &
Snedden 1990, Snedden & Sakaluk 1992). Acoustic
signalling is energetically expensive, especially at
such low temperatures (Walker 1975a, b, Prestwich
& Walker 1981, Dodson et al. 1983, Ryan 1988).
Additionally, males provide females with a substantial
nuptial "gift" in the form of the hindwings which are
partially consumed by the female during copulation,
as well as haemolymph ingested during wing-feeding
and a large spermatophore consumed subsequent to
copulation (Morris et al. 1989, Sakaluk & Snedden
1990, Snedden & Sakaluk 1992). On most nights
during the breeding season males have only a few
hours . available when temperatures are suitable for
calling. Time and energy spent in the aggressive
defense of a calling perch, or in a take-over attempt
of a rival's perch, are likely hot to provide a
reproductive payoff exceeding these costs.
The ambiguous effect of signalling on male
spacing in C. strepitans may be a function of the
mating system of this species and the potentially high
cost of territorial defense. Males should defend
territories only when the energetic costs of defense
are exceeded by the benefits derived from
maintaining a territory (Alexander 1961, Davis &
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INTRODUCTION

The Teton normal fault, Wyoming, is
characterized by a 55-km long fault scarps of
postglacial age ( < 14,000 yrs.).
These well
developed late Quaternary scarps range in height
from 3 to 52 m (Smith et al., 1993; Byrd et al.,
1994) and have been the locus of several large, -scarpforming earthquakes.
The Teton fault is located in a tectonically
active area of the Intermountain Seismic Belt but
occupies a notable gap in the seismicity and is
considered a major earthquake hazard to the region.
The Teton fault is, therefore, considered a location of
future large earthquakes with accompanying strain
accumulation that may be measured by accurate
measurements of changes in ground height, which has
been the objective of our 1993 and past Teton fault
leveling surveys.
A 1st-class, 1st-order level line was
established across the Teton fault in Grand Teton
National Park in 1988 and has been observed in
1989, 1991, and 1993 to assess long-term
deformation. This document is a progress report of
the . most recent re-observations of the level line
conducted in August, 1993.

PRECISION SURVEYING RESULTS

Surveying methods--The Teton leveling line consists
of 50 bench marks (44 of which were established in
1988 and the remaining 6 added in 1989) spanning a
distance of 22.1 km (Figure 1). The line begins near
Deadman Bar on the west edge of the Snake River,
and extends west to the Teton range. The line runs
to the south of Jenny Lake and then proceeds up
Cascade Canyon and ends near the head of Cascade
Canyon (Figure 1).
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Bench marks GT01 through GT23 are Class
B rod marks consisting of2 em diameter, 1-5m-long
steel rods. Each of these rods is encased by a .5 m
long, 20 em diameter PVC pipe. The remaining
bench marks consist of a 4 em diameter stainless steel
plug cemented into either bedrock or a large boulder.
Each bench mark is equipped with a stainless steel
cap so that the leveling rod makes a point contact
with the mark. The bench marks are spaced abut 500
m apart, but some are as close as 240m (GT33 and
GT34).

1:

The survey was performed by a series of
double-run loops that encompassed from two to six
bench marks. The fore-run and back-run of a
segment was shot by the same instrument person to
minimize personal errors. Left-rod readings and
right-rod readings were not permitted to deviate by
more than 0.010 em, or the shot would be repeated.
Preliminary closure errors were calculated in the field
following the back-run of each segment. Closure
errors and relative bench mark heights were
calculated at the end of the day to check for errors in
the field notes. The final data were submitted to the
National Geodetic Survey (NGS) to be analyzed by
their computer program REDUC4 to adjust the field
observations for collimating and rod errors,
differences in rod length, temperature, and refraction.
Precision of Survey--In order to obtain the quality of
data necessary for this type of experiment very strict
guidelines were followed . We sought to achieve
closures considered "tectonic precision" which is
equivalent to 1 mm x L 1h(L=length of the line), as
compared to "1st order precision" which is 2 mm x
L 1h and "second order precision" which is 5 mm
L 1h. Thus, our goal was to obtain accuracy of one
part per million which is equivalent to "tectonic 1st
order precision" .

The standard error for the survey was
calculated using the methods of proportionality
(Bouchard and Moffit, 1965):

2

d2

2

+ <2 J + ....+c

d 2

£)

where d = the misclosure for an individual survey
segment in em. The 1993 survey had 15 segments
with "tectonic 1st order" precision and 7 segments
with "1st order" precision. The observed total
misclosure was less than 5 mm.
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The 1993 precise leveling observations were
made during the last week of August and the first
week of September. Two field crews consisting of
two rod-persons, one recorder, and one instrument
person surveyed different segments of the line. A
Wild N3 and a Wild NAK2 instruments were used
with Wild GPL-3 leveling rods, 4003A-B and 6477 AB, respectively.

d

ccf>

OBSERVATIONS

Differencing the heights measured in the
1988 and 1993 Teton leveling surveys indicates that
significant motion is associated with the Teton fault.
Figure 1 shows . that in the six year period, the
hanging wall of the Teton fault dropped as much as
8.3 mm (Figure 1). The largest height change was
centered near the Teton fault.
Preliminary Interpretation--The initial re-leveling
surveys of the Teton level line between 1988-89
revealed reverse aseismic creep where the hanging
wall rose compared to the footwall and was an
unexpected motion for an active normal fault. The
unusual deformation was interpreted to reflect
shallow hydrologic flow south from Jackson Lake
associated with the re-filling of Jackson Lake (Byrd,
et al., 1994).

Following this unusual episode, the 1989-9193 surveys revealed down-to-the-west footwall
subsidence which is the style expected with normalfault strain accumulation (Figure 2). The 1991-1993
deformation data for the Teton leveling line are
currently being interpreted by Mr. David Morey,
University of Utah, as the main part of his senior
thesis.
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The overall trend of the 1989-1993 Teton
leveling data reveal significant, down-to-the-east
valley subsidence--the expected motion of tectonic
loading on a normal fault preceding an earthquake.
The deformation rate is - 4 mm/yr which is in
general agreement with long-term loading rates
discussed by Smith et al., (1993) and Byrd et al.,
(1994) but is significantly higher than surrounding
normal faults of the Intermountain Seismic Belt.

+

ACKNOWLEDGEMENTS

This research was supported by a grant from
the National Science Foundation. The National Park
Service and the University of Wyoming-National .
Park Service Research Center cooperated in the
project.

•

LITERATURE CITED

Bouchard, H. and F. H. Moffit. 1995. Surveying,
5th edition, Inter. Textbook Co., Scranton,
Penn., 754 pp.
Byrd, J. 0. D., R. B. Smith and J. W. Geissman.
1994.
The Teton Fault, Topographic
Signature, Neotectonics and Mechanisms of
Deformation. J. Geophys. Res. (in press).
Smith, R. B., J. 0. D. Byrd and D. D. Susong.
1993. The Teton fault: Seismotectonics,
Quaternary history and earthquake hazards.
In A. W. Snoke, J. Steidtmann, and S. M
Roberts, editors "Geology of Wyoming".
Geological Survey of Wyoming Memoir No.
5' p. 628-667.

YELLOWSTONE NATIONAL PARK

•

EFFECTS OF 1988 FIRES ON ECOLOGY OF COYOTES IN
YELLOWSTONE NATIONAL PARK: BASELINE
PRECEDING POSSIBLE WOLF RECOVERY

•
ROBERT L. CRABTREE + BIOLOGY DEPARTMENT
MONTANA STATE UNIVERSITY + BOZEMAN

+

ABSTRACT

Sixty healthy adult coyote Canis latrans and
53, 8-12 week old pups captured at dens were radiotagged 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
average nearly 3.3 years old. Territorial packs in
both study areas are adjacent, non-overlapping,
Based on
contiguous, and average 15 km2•
information from 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 = 7). Fifteen marked
coyotes have died since November of 1992. 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).
Two graduate students have finished their
data collection and another student is currently
working on his last field season. 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 sixty-one carcasses found during the
1992-1993 winter.
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 their cooperative social and foraging behavior,
ability to take advantage of vulnerable ungulates, and
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.
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The objectives of this project are to:
1.

Assess effects of 1988 fires on coyote
survival, reproduction, activities, pack
and territorial dynamics.

2.

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

3.

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

4.

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

5.

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

6.

Describe interspecific
among scavengers.

7.

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

interactions

8.

Develop and test a social-class
structured population model in
comparison to sex -and age-structured
approaches.

9.

Estimate parameters for, and develop
an empirically-based energetic model
that explains the variation in spatial
location, movement, and reproductive
success of coyotes based on various
underlying themes (prey base, habitat,
slope, aspect, etc.).

Eric Gese has finished his data collection in
the field and is currently analyzing data and taking
courses toward his doctorate at the University of
Wisconsin (Madison). He expects to complete his
degree requirements by the end of 1994. Kezha
Hatier has also finished collecting data on how beta
pack members on the N orthem Range influence pup

survival via feeding and den guarding. She is taking
courses toward her Master's degree at Montana State
University and expects to fulfill her degree
requirements by the end of 1994. Scott Grothe is
mid-way into his last field season of data collection to
examine how carcass use and carrion availability
affects social and population parameters of coyote
packs. He is working on his Ph.D. at Montana State
University and expects to complete his degree
requirements by the end of 1995.

+

METHODS

GENERAL POPULATION DEMOGRAPHY AND
SOCIAL ECOLOGY
In the present and ongoing studies, adult
coyotes are captured with padded, offset leg-hold
traps (Soft-catch, Woodstream, Inc.) with attached
tranquilizer tabs (Balser 1965) and other injuryminimizing (and avoidance of non-target species)
modifications developed by Crabtree (1989) who
incurred no major injuries and no deaths in 121
captures of 112 individual coyotes. We 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 are
determined for each coyote. The vestigial first
premolar is extracted from an anaesthetized lower
jaw for age analysis via cementum annuli
examination. Each coyote is ear-marked and fitted
with a modified (Crabtree 1989) 3-year radio collar
weighing 3 % of body weight. Blood samples will be
taken in future studies for serological analysis and
DNA fingerprinting.
All baseline ecological data is 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 are canvassed to collect coyote feces. This
allows correlation of biologic.al-season specific
movements, habitat use, and behavior with foraging
ecology and food habits.
Coyotes in ongoing studies will be radiotracked with a variety of techniques including a fixedstation null-peak system. Resident coyotes will be
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located every hour during 12 night sessions each
biological season. Coyotes will be located only
during active periods determined by remote activitymonitors and infrequent 24-hour sessions. Nonresident coyotes will be monitored approximately two
times per week. Individual resident coyotes will be
monitored approximately two times per week.
Individual residency times (Crabtree 1989) on the
pre-selected core study area will be estimated to aid
in the determination of social class, population social
composition, and population density (Dennis et al.
1991). Coyotes will be assigned social status based
on the classification criteria of Crabtree (1989) who
studied a natural, unexploited population.
The above methods will allow for the
estimation of emigration (dispersal), immigration,
survival, mortality factors, territorial turnover, social
class transition probabilities, and population
productivity.
Maximum-likelihood estimates of
survival and mortality factors will be generated with
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.
In future studies, pups will be hand captured
at dens when 9-12 weeks old and surgically implanted
with intraperitoneal radio-transmitters. This will
allow estimates of early pup mortality, dispersal, and
social interaction and transitions up to 2 years of age.
Coyote home ranges and utilization
distributions (probability density functions) will be
estimated with an adaptive kernel method (Worton
1989) using a recently developed computer program
(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 1 THROUGH 7
1. We will quantify the following coyote
responses: survival, reproduction, changes in social
status, territoriality, group size, food habits, prey
consumption, seasonal home range shifts, and
foraging activity and location. We will treat the
territory or coyote social group as the sampling unit
and conduct a "gradient analysis" (Ter Braak and
Prentice 1988) in the form of a linear model.
Extensive effort will be placed in capturing at least
one or both) alpha adult(s) in at least 12 territories
located across a gradient of fire intensities and 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 markrecapture 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,

112

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 differentialdigestibility 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 completed) and estimating
coyote defecation rates. There are 3 ways we
propose to obtain estiniates 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 defecation by the total number of
observed coyotes-hours. A third estimate can be
obtained from snow-tracking coyotes and recording
the distance in between defecation. Because the
routes of snow-tracked coyotes can be determined
from radio-tracking, the distances between defecation
can be converted into time-specific rates. Other
events revealed from snow-tracking like urination
scent-marking and predation attempts can similarly be
converted to time-specific rates.
Because -we can collect a sample of scats
from the interior core area of a territory with
certainty that those scats are from that pack we can
again, determine the effect of fire, available prey,
group size, etc. on prey type consumed. Crabtree et
al. (1989) individually marked and identified the scats
from 44 coyotes and verified that over 95% of the
scats collected from inside the home-range core area
are from the resident pack themselves.
3. We will estimate both the availability of
elk carrion (and other ungulate carrion) and mule
deer density and relate this to coyote population
dynamics at 2 levels: the individual territory and the
total coyote population (over time). Concurrent with
the winter 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
territorial group'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 radiotelemetry 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
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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.

•

RESULTS AND DISCUSSION

Field work began in fall 1989 in the Lamar
Valley and Blacktail 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 consists of 2 alpha
individuals, 2 or 3 beta adults, and 1 to 3 adult-sized
pups (average pack size = 7). Approximately one
beta adult in each pack has a loose affiliation with its
natal area and has a movement area much larger than
the territory size. The average pack size during the
1992-93 winter was 6.2, compared to 6.5 in the
winter of 1991-92 and 7.1 in 1990-91.
POPULATION DEMOGRAPHICS
The population density of coyotes on the
northern range appears to be high, based on visual
capture-recapture
and
territory
enumeration.
Preliminary estimates averaged 1.4 adult coyotes per
mi 2 • Density appears stable and we have detected no
significant changes over 4 consecutive winters. We
are currently finishing the scat counts 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
blood sampled from October 1989 to February 1994.
Sixty-two males and 51 females were sampled 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 week old) 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.
Fifteen radio-collared or implanted coyotes
were found or presumed dead since November 1992.
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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 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 his field work on 1 July
1993. He has returned to Wisconsin to compile and
analyze data, prepare his dissertation and manuscripts
for publication, and finish his course work. He and
field assistants collected in excess of 2500 hours of
coyote behavioral and foraging observations on more
than 50 coyotes from 5 packs in Lamar Valley.
These data include more than 4400 predation attempts
on small mammals.
The 170-milescat-survey transects conducted
at the end of each biological season resulted 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 backtracking 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.
comrnun., 1988) and the size and condition of shortyearlings and adults.
During carcass surveys
conducted on the northern range in 1987 (Knight et
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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 shortyearlings 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 lions 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).

1993. Necropsies determined that many pups died of
parvovirus in 1992. However, no parvovirus was
evident in 1993. This could be because of the
relatively cool wet summer in 1993 and the fact that
fewer pups were implanted, hence were not found
immediately after death.
Den observations revealed that beta pack
members bring food to the den for the litter, as well
as regurgitate to pups. Betas also protect den sites
through chasing and fighting with intruders.
CARCASS USE BY COYOTES
Scott Grothe, a Ph.D. student at Montana
State University, is currently collecting data during
his last field season in Yellowstone National Park.
His dissertation is on winter carcass use by
Yellowstone coyotes and its influence on social and
population parameters.

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.

Coyote behavior and ungulate mortality data
were collected on 61 carcasses (including eight that
were translocated from outside the Lamar Valley and
Blacktail Plateau study areas) on the northern range
between December 1992 and April 1993. During this
same time, coyotes at carcasses were observed for
378 hours over 62 days.

BETA PACK MEMBERS AND PUP REARING

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 nonoverlapping, 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,

Kezha Hatier completed her field work and
data collection in August 1993. She and field
assistants collected more than 850 hours 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.
Hatier is currently analyzing data, and completing
course work.
Hatier has determined that mean litter size in
1992 was approximately 6.9 pups compared to 3.8 in

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. Within a pack, the
alpha male has first feeding access and is occasionally
tolerant of the alpha female but not subordinate betas
and pups.

+

CONCLUSIONS
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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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using remote sensing and GIS analysis of landscape
patterns to predict species assemblages of butterflies
and birds in the Greater Yellowstone Ecosystem.

OBJECTIVES AND HYPOTHESES
The loss of biodiversity has become a global
concern. Biologists are just beginning to grapple
with issues of how to assess biodiversity and to create
databases that can be valuable to a wide spectrum .of
users (e.g., Scott et al. 1990, Margules and Austin
1991). For conservation biologists to make decisions
regarding the management of biological diversity,
they need adequate floral and faunal inventories for
the lands they manage. Species lists are only a first
step in addressing large questions regarding
relationships between species and their environments,
~d, in particular, species responses to environmental
change. Understanding the environmental parameters
that define species distributions is an even more
important component of biodiversity assessment.
A variety of on-the-ground techniques have
been developed for monitoring species distribution
patterns, but they are labor-intensive and costly.
After conducting a park-wide inventory of Glacier
National Park for birds and butterflies (Debinski
1991), I began to investigate alternative methods to
predict species diversity based upon landscape level
habitat analysis (McLaughlin et al. 1992). My goal
was to use limited field sampling to extrapolate
species assemblage patterns within a region. During
the summer of .1993, I initiated a research project

Spectral reflectance patterns are influenced
by a combination of topography, moisture, elevation,
and vegetation. As such, there is a strong correlation
between habitat classifications and spectral reflectance
patterns (Hillegers 1983). In fact, the Environmental
Protection Agency's new biodiversity and habitat
initiative is investigating the use of low-cost remote
sensing data as a surrogate for ground based habitat
assessment. 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) and remote sensing is now being
used to identify species-specific habitat sites for
animals (De Wulf et al. 1991, Saxon 1983).
However, scientists are just beginning to use remote
sensing data as a predictor of animal species
assemblage patterns (Scott et al. in press). Here, I
tested the hypothesis that plant and animal species
assemblage patterns on the ground could be predicted
by analyzing patterns of spectral reflectance as
recorded by satellite remote sensing instruments.
There may be a real limit on the ability to
distinguish different vegetation types based only on
spectral reflectance. Proponents of Gap Analysis (a
technique to compare locations of plant and animal
habitats to those of existing preserves) are using
LANDSAT Thematic Mapper (TM) imagery to
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determine boundaries of vegetation types and then
incorporating other data (e.g. high altitude
photography, aerial video-photography, ground-based
vegetation maps and field surveys) to label the
vegetation types to series level. A major criticism of
this research is that Gap analysis does not involve
enough ground-truth information. Even if the habitat
appears suitable, we do not know how often a species
actually occurs at the site. The focus of my research
was to quantify the limits of remote sensing for
predicting species assemblage patterns based on
ground-truth data at a scale of 100 x 100 m sample
sites.
The major objectives of the research were
first, to detennine whether there is a relationship

between spectral reflectance patterns as measured
through remote sensing instruments and plant or
animal species assemblage patterns. I examined
relationships between spectral reflectance patterns and
vegetation type, and then between animal assemblages
and spectral reflectance patterns.
The second
objective was to test the ability to predict species

assemblages based upon knowledge of this
relationship. If spectral reflectance patterns and
microhabitat types prove to be good predictors of
species assemblages, this technique could save both
private conservation groups and government agencies
vast sums of money in monitoring biodiversity.
However, if these relationships do not hold, fewer
ground surveys will be necessary. The goal is not to
do away with ground-based fieldwork, but rather to
optimize the ability to do extensive sampling using
remote sensing and GIS to extend field
measurements. The final objective was to detennine

which remote sensing bands, band combinations,
or band transformations are most useful for
predicting specieS assemblages. The first objective
was pursued during 1993. Objectives two and three
will be pursued in future years.
STUDY AREA
The study area for this research project was
the northwest comer of the Greater Yellowstone
Ecosystem, from Porcupine Creek to Bacon Rind
(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. This will allow me to investigate the
effects of varying slope and aspect on the predictive
capabilities of the model. Second, the patchiness of
the post-fire successional habitats provides additional
habitat types within which to test the hypothesis.
Third, lists of birds and butterfly species are available
for the ecosystem (Bowser 1988, Brossard 1989).
CRITERIA FOR CHOICE OF TAXA
Plants can be viewed both as a component of
the species diversity, as well as a component of
habitat diversity. The presence of a particular plant
species in a specific site is highly indicative of the
particular microhabitat of that site. Because plants
play a major role in determining what reflectance
patterns are measured by satellite, I believe that it is
imperative that I test the relationship between plant
_species assemblages and remotely sensed habitat
categorizations first. If plant species assemblage
patterns cannot be predicted using remotely sensed
data, correlations with animal taxa will be highly
unlikely. Thus a plant survey is the critical link
between remotely sensed data, habitat, and other
species assemblage patterns. The 1993 fieldwork
focused on tree species; future fieldwork will include
shrubs and herbaceous plants.
Butterflies are a good choice for testing the
hypothesis that remotely sensed data can be used to
predict species assemblages. Some are moderately
host-specific, while others are highly host-specific
herbivorous insects and their diversity may be
correlated with underlying plant diversity. Butterflies
are well-known taxonomically and reliably identified
in the field. Over one hundred different species
reside in the Greater Yellowstone Ecosystem
(Brossard 1989).
Birds are a suitable taxonomic group 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).
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METHODS

GIS AND REMOTE SENSING ANALYSIS
Sampling sites were selected based upon a
combination of GIS analysis and field surveys. 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 30 meters. Digital
elevation model (DEM) data were obtained from the
U.S. Geological Survey (USGS) with the assistance
of the Gallatin National Forest, projected to UTM
coordinates, and the maps of slope, aspect, and
elevation created using ERDAS GIS software. TM
pixel brightness values were 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 information (i.e., tasseled cap, PCA, 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 remote! y 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 (USPS) 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.
Five forest habitat types and six meadow
habitat types were identified in the preliminary
analysis.
Forest types included Pseudotsuga
menzesii, Pinus albicaulis, and mixed conifer Pinus
contorta, Picea englemanii, and Pseudotsuga menzezii
of three different densities F 1-F3.
Populus
iremuloides stands were so rare and small that they
did not emerge as a distinct group. Meadows ranged
from M1 (extremely hydric) to M6 (extremely xeric).

Mapwork and field surveys were then used to identifY
five spatially distinct examples of each of the habitat
types. Sample plots of 100 x 100m were staked out
at each of the sites.
SPECIES AND HABITAT
CHARACTERIZATION
Trees were sampled by establishing a 100m
transect on a side of the plot and surveying every tree
within 3 m on either side of the transect line for
species and Diameter at Breast Height (DBH).
Presence/absence data was collected for butterflies
and birds during 1 June- 8 Aug. 1993, employing
previously developed methods (Debinski and Brossard
1992). Birds were surveyed from 0530-1000 hrs. in
thirty-five sites comprising three forest types (F1-F3)
and five meadow types (M2- M6). Aural and visual
surveys were conducted using four observers (two
groups of two) moving systematically through the
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 three people netting and releasing for 20
minutes in three randomly selected 50 x 50 meter
subplots within each larger 100 x 100 m plot. Sites
of this scale were chosen to minimize habitat
heterogeneity. Sampling was repeated two or three
times during the course of the 1993 field season for
each of the 23 sample plots.

+

RESULTS

Field surveys in 1993 validated the
vegetation density and moisture gradients expected
from satellite data interpretation. There was a
definite gradient of increasing forest density from F 1
to F3 forests. In addition, I observed that F3 forests
tended to be located on steep, north-facing slopes.
Ground-truth data confirmed the moisture gradient for
meadows predicted from the satellite data. M 1 and
M2 meadows were sedge marshes with some standing
water. M3 meadows were characterized by willow
thickets and were located near 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
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south-facing, rocky, and covered with sagebrush.
Discriminant analysis was used to determine
whether F1, F2, and F3 forests differed significantly
with respect to tree species composition and DBH.
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 = 21.73 for species and F = 1. 971 for ·
DBH; df = 2,502, a = 0.05, table value F = 3.07).
F 1 forests were composed of a combination of Pinus
contorta, Piceaenglemanii, andPseudotsugamenzezii
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.
A total of 74 bird species and 38 butterfly
species were observed during the surveys (Tables 1
and 2). Multivariate analysis of these 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 piJ = mufnp where mii is the number of
occurrences for species i, and ni is the total number
of samples taken at site j.
Preliminary analysis of the 1993 data
indicated that several species of birds have a habitat
preference (Table 1).
Discriminant analysis of
species assemblage patterns by habitat showed five
bird species significantly correlated with one specific
remotely sensed habitat type: Hammond's flycatcher
Empidonax hammondii, F2; Willow flycatcher
Empidonax traillii, M3; Dark-eyed junco Junco
hyemalis, F1; brown-headed cowbird Molothrus ater,
F2; and MacGillivray's warbler Oporornis tolmiei,
M3. All of these species/habitat relationships make
sense given known habitat preferences.
Several butterfly species were found only in
Six
hydric or xeric habitat groups (Table 2).
butterfly species showed a habitat preference for dry
meadows (e.g. 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 (M1-M3). Four species
were found in all meadow types. However, none of
the butterfly species was significantly correlated with
one specific meadow type. This lack of significant
relationships between butterflies and remote sensing
habitat types may be partially 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. M1-M3) will not
demonstrate a statistical correlation with one specific
habitat type using discriminant analysis.
Habitat diversity was highest for both birds
and butterflies in M3 meadows. 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).
Additional multivariate analyses will be
conducted in the remaining grant period to determine
whether species form statistically distinct assemblages
independent of my preconceived habitat taxonomies.
Multivariate analyses will also be conducted using
species groupings (e.g woodpeckers, flycatchers, etc.)
for birds and butterflies and habitat groupings (eg.
mesic meadows, hydric meadows, forests versus
meadows, etc.), rather than analyzing each species
and each habitat separately.
Funding will be
requested for FY94-95 to 1) assess relationships
between meadow vegetation (both shrubs and
herbaceous plants) and remotely sensed habitat types
and 2) augment the butterfly census data of 1993.
From field observations, it appears that there will be
significant relationships between remotely sensed data
and meadow vegetation.
However, these
relationships have yet to be quantified. Additional
butterfly surveys are necessary due to the weather
limitations during the summer of 1993.
After the relationships between spectral
reflectance and species assemblage patterns are
elucidated, the objective of the future field seasons
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Table 1.

Bird species distribution relative to six meadow habitats (Ml-M~ and three forest htbitats (Fl-F3). Meadow ~pes
inco~orate a ptoisture ~dient (Ml} extrenekt hydric to M6, e remely xeric) and orest types incorporate a ensity gradient
(F 1, ow denstty to F3, tgh denstty .
Ml

Vennivora celata
Dendroica petechia
Dendroica coronata
Dendroica townsendi
Oporomis tolmiei
Geothlypis trichas
Wilsonia pusilla
Euphagus cyanocephalus
Molothius ater
Piranga ludoviciana
Passerina amoena
Pheucticus melanocephalus
Carpodacus cassinii
Pinicola enucleator
Carduelis pinus
Loxia curvirostra
Chlorura chlorura
Passerculus sadwichensis
Melospiza melodia
Pooecetes gramineus
Junco hyemalis
Tachycineta bicolor
Spizella passerina
Zonolrichia leucophrys
Corvus brachyrhynchos
Perisoreus canadensis
Cyanocina stelleri
Pica pica
Nucifraga columbiana
Parus atricapillus
Parus gambeli
Sina canadensis
Cer1hia americana
Troglodytes aedon
Turdus migratorius
Catharus gunatus
Catharus ustulatus

M2

M3
X
X
X

X
X

M4

X

M5

M6

X

X
X
X

X

F2

X

X
X
X

F3

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
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
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
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

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

X

X
X
X
X

X

X

X
X

X
X
X
X
X

X

X

X

X
X
X
X
X

~harus}Uscenscens

Sialia currucoides
Myadestes townsendi
Regulus satrapa
Regulus calendula
Stumus vulgaris
Vireo gilvus
Stellua calliope
Colaptes auratus
Sphyrapicus tuber
Sphyrapicus varius
Sphyrapicus thyroideus
Picoides villosus
Picoides pubescens
Tyrannus verticalis
Sayomis saya
Empidonax traiUii
Empidonax hammondii
Empidonax oberholseri
Empidonax minimus
Contopus sordidulus
Contopus borealis
Tachycineta thalassina
lridoprocne bicolor
Riparia riparia
Stelgidopteryx rujicollis
Petrochelidon pyrrhonota

Fl

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
X
X
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Table 2.

r11terfl1c habita~sPficm~il/ased ':lftR resulls of 199~.field sa~c· X denotes~gecies presence i~meadows Ml - ~· w.here
ff~af~~~e ew~o~c "J~yTt~m.
e mmsture gra tent an
represents
xenc extreme o
e mmsture gra tent 10
0
Ml

M2

M3

M4

Pamassius protodice

X

X

X

X

Pieris napi

X

X

X

X

Pamassius pheobus

Colias interior

M5

M6

X

X

X
X

X

X

X
X

Colias philodice
X

Colias eurytheme

X

Colias pelidne
.A.nthocharis sara
Euchloe ausonides

X

X

X

X

X

X

X

X

X

X

X

X

Lyceana cupreus
X

Gaeides xanthoides
Lyceana heleronea

X

Lycaena helloides

X

X

X

X

X
X

X
X

Lycaena mariposa
Plebejus saepiolus

X

X

X

Plebejus icariodes

X

X

X

X

X

X

X

Plebejus acmon

X

X

X

X

Plebejus glandon

X
X

X

X

X

X

X

Euphilotes enoptes
Vanessa cardui

X

X

Nymphalis milbeni

X

Polygonia faunus

X

X
X

Chlosyne palla
X

Phyciodes lharos
Physiodes campestris
Boloria frigga

X

X

X

X

X

X

X

X

Boloria selene
Boloria epithore

X

X

Speyeria atlantis

X

X

X

X

X

X

X

X

X

X

X

·x

X

X

X

X

X

X

X

X

X

X

X

Oeneis uhlerii

X

X

Oeneis chryxux

X

Speyeria monnonia
Cenonympha hadenii
Cenonympha inomata

X

Cercyonis oetus

Erebia epipsodea

will be to test the predictive capabilities of the model.
I will use a clustering program to select sites with
spectral reflectance patterns similar to the sites
surveyed in 1993 and 1994 and predict the species
assemblages that I expect to find in these unsurveyed

X

X

X

X

X

X

sites.
Expected species assemblages will be
compared to observed species assemblages using
discriminant analysis. The final step is to determine
whether spectral reflectance patterns can be used to
predict distributions of selected animal taxa.
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SUMMARY

The goal of this research is to explore new
uses of remotely sensed data as predictors of plant
and animal species assemblages. Tree species and
mean DBH were both significantly related to
remotely sensed forest habitat types. Several species
of birds and butterflies were associated with one or
more remotely sensed habitat types. Using single
species and single habitat analyses, five bird species
were significantly associated with remotely sensed
habitat types. Additional sampling in 1994 will
augment the butterfly data set and identify
relationships between meadow vegetation and
remotely sensed habitat types.
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INTRODUCTION

Accurate mapping of forest successional
stages, or cover types, is critical for fire behavior
prediction, animal habitat management, and
preservation of biodiversity. Two research projects
were based at the UW/NPS Research Station during
the 1993 summer field season. The first project is a
continuation of work begun in 1992, in which
Landsat Thematic Mapper multispectral data are
being used to identify the spectral reflectance
characteristics of Yellowstone lodgepole pine cover
types, and examine the relationships between spectral
and biotic factors. A second project to characterize
interception of photosynthetically active radiation
(PAR) in lodgepole pine cover types using a portable
integrating radiometer was initiated in 1993, but poor
field conditions limited the number of samples that
were taken.

+

STUDY AREA

Projects were carried out m the Central
Plateau region of Yellowstone. Despain (1990)
classifies the vegetation of the Yellowstone Central
Plateau into the subalpine fir/grouse whortleberry
Abies lasiocarpaNaccinium Scoparium habitat type,
consisting of lodgepole pine forest in a mosaic of
successional stages. Romme (1982) identified six
postfire successional stages as occurring within the

region:
1) herbaceous stage, 0 - 20 years; 2)
seedling/sapling stage, 20-40 years; 3), immature
pine forest, 40-150 years; 4), mature pine forest,
150-200/300 years; 5), transitional forest, 200/300 300/400 years;, and 6), the climax forest, which on
xeric sites consists of lodgepole pine (300+ years),
and on more mesic sites, subalpine fir (400+ years).

+

METHODS

Methods used for pre-field analysis of
Geographic Information System (GIS) and Thematic
Mapper (TM) data are described in detail in
Jakubauskas and Price (1993, 1994), and briefly
summarized as follows. Ten spectrally distinct forest
cover type classes were created from analysis of the
multispectral TM data, using a GIS to restrict
analysis to areas that were relatively flat (slope < 3
percent), between 2200m and 2600m in elevation,
and on the Pinedale Till aild Rubble surficial geology
types. In the field, environmental factors were
measured at 70 sample plots located within polygons
of the spectral classes derived from the satellite and
GIS data analysis. Live and dead trees were tallied
by species in 16 size classes within 20m x 25m
sample plots. Visual estimates of understory cover
were recorded using the Daubenmire technique
(Daubenmire, 1959) within twenty 0.5m x 0.5m
understory quadrats established at equal intervals
along four transects (five quadrats/transect).
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Canopy transmittance of PAR was measured
in forest stands in late June 1993 on cloudless days
between 1000 and 1400 local solar time, using a
Sunfleck Ceptometer (model SF-70, Decagon
Devices, Inc.). Environmental characteristics of the
stands were measured as part of the fieldwork
performed in 1992. Within each stand, two lOOm
transects were established perpendicular to each
other, intersecting at the center of the stand. ·
Measurements of PAR were taken at 5m intervals
along each transect. At each point, 20 measurements
were taken while turning in a 360° circle and the 20
measurements· were then averaged to obtain mean
PAR for the point (Pierce and Running, 1988).
Calibration readings of total incoming PAR were
taken in sunlit clearings at the start and end of each
transect. Due to poor sampling conditions (cloudy
days), only eight stands were sampled in 1993.
POST-FIELD DATA PROCESSING
Overstory density (overstory trees/ha),
seedling density (seedlingslba), number of seedlings
by species, dead density (standing dead trees/ha), and
basal area were computed from size-class data
collected for each stand (4 tree species and standing
dead x 16 diameter classes).
All data were
normalized to a one-hectare standard unit. Basal area
for living and dead trees was computed using the
mean diameter value for each size class (e.g., 2.5 em
for the 0-5 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 living cover, and percent cover by life form
(e.g., shrubs, grasses, and forbs) was computed for
each plot. For each site, mean spectral values for
each TM band were computed from a 3x3 pixel block
centered on the site. Measurements of PAR for each
site were downloaded to a computer and converted to
fraction of total incoming PAR using the calibration
readings for each transect.
DATA ANALYSIS
Sites sampled in 1992 and 1993 were
classified into seven lodgepole pine cover types using
criteria derived in part from Romme (1982) and
Despain (1977). The classification scheme follows
that of Romme (1982) in that it divides Despain's
LPO stage into ·two cover types, but differs by

including a separate class (LPi) for insect-affected
stands. Correlation analysis was used to explore the
relationships between forest stand parameters and
spectral reflectance, and examine how attributes
common to all forest stands affect spectral
reflectance.

+

RESULTS

SPECTRAL CHARACTERISTICS OF COVER
TYPES
Changes in reflectance between cover types
are shown in Figure 1.
Decreases in spectral
reflectance are rapid in the visible (TM 1,2, and 3)
and middle-infrared (TM 5 and 7) bands during the
initial stages of stand regeneration (LPOa to LPOb),
but the rate of change decreases as the stand
progresses into later stages (LP2 and LP3). The
visible bands change at a similar rate, but TM 3
shows a greater differentiation between LP3 and LP
sites. LP sites are brighter than LP3 sites in all
bands except TM 4, where LP sites are much darker.
TM 4 shows a sharp increase between the two LPO
classes. TM 4 provides the best distinction between
LP3 and LP sites of the six TM bands. LPi stands
exhibit high reflectance in all TM bands except band
4, and are most spectrally similar to LPOb stands.
3501..-------------,,----.
TM1
TM2
TM3

_,.._

TM4

.

TMS
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LPOb
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lP2

lP3

lP

LPi

Cover Types

Figure 1. Landsat Thematic Mapper (fM) spectral reflectance
changes for lodgepole pine cover types .

OVERSTORY RELATIONSHIPS WITH
SPECTRAL DATA
TM spectral response in all bands except TM
band 4 is negatively correlated with age, height,
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mean tree diameter, frequency of overstory species,
size diversity, basal area, lodgepole biomass, total
plot biomass, and total leaf area index (LAI) (Table
1). These biotic factors are linked to the successional
state of a site, increasing with age and stand
development.
Spectral response was related
positively to the number of lodgepole pine seedlings,
which were most abundant in early succession.
Conversely, a negative relationship was noted
between TM spectral response and the seedling
frequency of subalpine fir and whitebark pine, which
are both more abundant in older stands.
CANOPY INTERCEPTION OF PAR

project was insufficient for statistical analysis, but
general trends of canopy light interception may be
inferred from the data available. Patterns of canopy
light interception for early successional (LP1, 126
years) and late successional (LP, .335 years) forest
stands are strikingly different (Figure 2). The dense
overstory of the LP 1 stand allows little penetration of
light to the forest understory, with a mean percent
canopy transmittance of 0.23 % (Table 2). Canopy
gaps are numerous but small, indicated by the low
standard deviation (s.d. = 0.08). In contrast, canopy
gaps in the LP stand are fewer in number but larger
in size, allowing a greater fraction of total incoming
PAR to penetrate to the forest floor (mean percent
canopy transmittance = 0.47 %, s.d. = 0.24).

The number of stands sampled for the PAR

Table 1
Correlations between environmental and TM spectral variables
TM 1

TM2

TM 3

TM4

TM5

TM7

OVERSTORY FACTORS
Age (years since establishment)
Log 10Age
Height of the dominants (m)
Mean tree diameter (em)
Living density (treeslha)

-0.65
-0.78
-0.81
-0.72
0.50

-0.64
-0.78
-0.80
-0.68
0.49

-0.59
-0.80
-0.81
-0.67
0.49

-0.29

-0.51
-0.74
-0.77
-0.58
0.49

-0.53
-0.84
-0.83
-0.63
0.43

Overstory density (trees/ha)
Number of species (no.)
Size diversity
Basal area (m2/ha)
Percent seedlings (%)

-0.24
-0.53
-0.60
-0.74
0.42

-0.32
-0.50
-0.58
-0.76
0.48

0.30

-0.56
-0.61
-0.75
0.41

-0.39
-0.44
-0.53
-0.76
0.54

-0.45
-0.41
-0.59
-0.77
0.55

Number of seedlings (seedl./ha)
Lodgepole pine seedlings (seedl./ha)
Whitebark pine seedlings (seedl./ha)
Subalpine fir seedlings (seedl./ha)
Dead density (trees/ha)

0.51
0.54
-0.42
-0.25
0.28

0.50
0.54
-0.40
-0.25
0.24

0.53
0.56
-0.37
-0.25

0.54
0.56
-0.29
-0.31

0.50
0.52
-0.28
-0.23

0.35

0.49

Dead basal area (m2 /ha)
Percent dead (%)
Lodgepole pine biomass (kg/ha)
Whitebark pine biomass (kg/ha)
Subalpine fir biomass (kg/ha)

-0.66

-0.65

-0.68

-0.68

-0.70

Total plot biomass (kg/ha)
Total LAI (m2 /m~

-0.73
-0.76

-0.72
-0.75

-0.75
-0.78

-0.76
-0.78

-0.76
-0.77

All correlations

~ignificant

at the p

0.27

~

0.27

0.05 level using the two-tailed test.

-0.49
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Cover type

LP1

LP

Mean canopy PAR transmittance (%1).23
Standard deviation of
canopy PAR transmittance
0.08

0.47
0.24
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Age (years)
335
12.75
Height (m)
21.75
8.94
Mean DBH (em)
19.35
Overstory live density (trees/ha)
5900
920
0.31
Size diversity
0.81
40.60
Live basal area (m2/ha)
39.25
200
Total seedlings (no.)
7660
Overstory dead density (trees/ha) 2900
120
8.10
4.54
Dead basal area (m2 /ha)
Total biomass (kglha)
9461.23 7650.96
6.830
7.064
Total LAI (m2/m2}
TM 1 (radiance, mW/cm2/sr/p.m)
TM 2 (radiance, mW/cm2 /sr/p.m)
TM 3 (radiance, mW/cm2/sr/p.m)
TM 4 (radiance, mW/cm2/sr/p.m)
TM 5 (radiance, mW/cm2/sr/p.m)
TM 7 (radiance, mW/cm2/sr/p.m)
NDVI (index value)

+

115.56
117.89
107.22
288.44
56.56
11.11
464.56

90.89
97.00
95.44
262.00
62.78
13.33
466.00
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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
Remote sensing has
the Park after the fires.
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 sagebrushgrassland communities using 1989 and 1990 Landsat
TM spectral information and field data on GHP, (2)
validate the model by comparing predictions made
from it to actual field data collected in 1991, and if
successful, (3) compare initial vegetation recovery in
burned areas relative to unburned sagebrushgrassland. We chose to use thematic mapper (TM)
data rather than MSS data to increase the band
options for developing a predictive model.

+

STUDY AREA

The study was conducted in the northeast
portion of Yellowstone National Park with major
focus on the upper Lamar, Cache and Calfee River
drainages and the Mirror Plateau.
General
descriptions of physiogamy and soils are given by
Despain (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
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climatic patterns within the Park vary considerably
(Fames 1975 in 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° F), respectively.
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 Cervus elaphus, mule deer Odocoileus
hemionus, bison Bison bison, moose Alces alces,
bighorn sheep Ovis canadensis, and pronghorn
Antilocapra americana are the major ungulates in this
area (Houston 1982).

+

METHODS

VEGETATION SAMPLING
Vegetation data were collected in the field
from July 25 to August 10 in 1989, July 30 to August
11 in 1990, and July 30 to August 11 in 1991 across
two ungulate summer ranges (Norris-Cache/Calfee
ridge complex and Mirror Plateau).
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
followed Yellowstone National Park habitat mapping
(Despain 1990).
We quali~tively assessed the intensity of
burning in the field at each site according to the

following categories: (1) very hot: L 80 % of the
ground cover and litter consumed; presence of shrubs
noted only by trunk stubs; usually heavy ash layer,
(2) moderate bum: < 80 % but usually > 35 % of
the ground cover and litter consumed; few live shrubs
but standing dead shrubs present, (3) light bum: <
35% ground cover and litter consumed; many live
shrubs remaining, (4) no bum.
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, lichens,
and wood were visually estimated and average heights
of plant types (forbs, graminoids, standing
herbaceous phytomass) were measured in 30
microplots (0.01 m2). An index of plant volume was
calculated (canopy cover x plant height) for each of
the 30 microplots. 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 L
25% "green" was used to differentiate green from
senescent (standing dead) plants. Biomass samples
were dried at 7CJ> C for 48 hours and weighed to the
nearest 0.1 gm. 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.
Differences in mean standing dead, green
forb, green graminoid, and 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 bum categories (unburned
to lightly burned, moderately to severely burned)
using a Mann-Whitney U test.
LANDSAT DATA ACQUISITION AND
PREPROCESSING
We used TM data from Landsat satellite 5 to
quantify spectral characteristics of our study area.
TM imagery for 2 August 1989, 13 August 1990, 31
July 1990 of the study area were acquired from
EOSAT by the National Park Service. Due to
mechanical problems with the receiving station in
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Golden California, EOSAT 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. As a result,
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 georeferenced 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 elements (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 I). Finally, we used
the relationships derived from the control points for
each band to adjust reflectance values of all pixels in
1990 and 1991 to 1989.
RELATIONSHIP BETWEEN GREEN
PHYTOMASSANDSPECTRALVALUES
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 (RVI = NIR/red), the normalized difference
index (NDVI = (NIR-red)/(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 (f _$. 0.05), the amount of
variation in the dependant variable explained by the
independent variables (r}, 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.

+

RESULTS

FIELD ESTIMATES OF PHYTOMASS
Vegetation was sampled at 62 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.
Graminoids
consistently averaged about 50% of the total green
herbaceous phytomass (GHP) in the 3 years of the
study (Table 2). 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
(£ < 0.05). 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) (f ~
0.01).
There were no significant differences in
biomass of green graminoids and forbs between
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 severely to moderately burned (n = 8)
and lightly to unburned (n = 13), graminoid biomass
was lower but not significantly lower on severely to
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Location and characteristics of field sites sampled during August of 1989,
Table 1.
Yellowstone National Park.

1990 and

Plot
Year Sampled
I

Habitat
Typel

101
102
103
104
lOS
106
107
108
109
110
111
112
113
114
115
116
121
122
123
124
125
126
127
128
129
130
131
132
133
134
136
137
138
139
140
141
142
143
144
145
146
147
148
149
151
153
155
156
157
200
201
202
203
204
205
206
210
211
212
213
214
1

1989,
1989,
1989,
1989,
1989,
1989,
1989,
1989
1989,
1989,
1989,
1989
1989,
1989,
1989,
1989
1989,
1989,
1989,
1989,
1989,
1989,
1989,
1989,
1989,
1989
1989
1989
1989,
1989,
1989
1989
1989,
1989,
1989,

1990,
1990,
1990,
1990,
1990,
1990

1991
1991
1991
1991
·1991
1991

1990, 1991
1990, 1991
1990, 1991
1990, 1991
1990, 1991
1990, 1991
1990,
1990,
1990
1990,
1990,
1990,
1990,
1990,
1990

1991
1991
1991
1991
1991
1991
1991

1990, 1991
1990, 1991

1990,
1990
1990,
1990,
1990,
1990,
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990

Location

Latitude/Longitude

1991
1991
1991
1991
1991
1991

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

44 50
44 so
44 so
44 so
44 49
44 49
44 48
44 48
44 48
44 48
44 48
44 48
44.48
44 51
44 so
44 51
44 48
44 48
44 48
44 47
44 47
44 47
44 48
44 48
44 so
44 48
44 48
44 49
44 so
44 so
44 50
44 51
44 51
44 so
44 so
44 so
44 so
44 so
44 so
44 48
44 48
44 48
44 48
44 48
44 99
44 48
44 48
44.48
44 48
44 47
44 48
44 47
44 48
44 48
44 49
44 49
44 51
44 so
44 51
44 48
44 49

38.6
51.7
28.3
13.6
16.0
20.2
21.0
11.1
47.3
19.1
06.9
18.2
45.'9
05.0
59.7
05.0
30.3
44.3
26.1
56.8
28.0
16.1
10.6
26.7
12.7
25.3
51.5
09.8
27.7
18.9
57.8
05.8
07.2
54.2
57.8
54.3
50.2
46.6
33.6
46.1
41 . 6
35.7
56.1
38.3
10.1
15.0
13.9
28.6
53.1
51.4
07.3
23.8
31.3
08.4
08.7
23.2
43.1
50.6
25.7
40.1
08.5

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
l.lO
110
110
l.lO
l.lO
110
110
l.lO
110
l.lO
l.lO

08
09
07
08
08
08
OS
06
05
06
Q6
07
07
11
11
11
11
ll
11
11
11
10
12
11
12
13
14
13
09
09
09
06
08
09
09
09
06
07
10
06
06
07
07
06
OS
06
13

13
14
11
11
11
13
13
14
13
10
l.l
10
07
07

32.7
03.5
49.7
07.1
35.0
25.2
49.2
40.0
58.6
24.4
40.0
19.2
40.9
03.1
12.3
03.1
59.7
51.5
53.5
00.3
22.0
55.4
13.6
44.5
10.2
35.8
ll.8
45.2
46.2
19.5
51.4
48.6
03.5
06.2
30.7
57.0
55.8
56.7
15.0
57.0
48.0
20.3
37.3
57.5
57.4
02.2
15.4
59.2
11.3
51.4
36.7
36 . 2
24.0
21.0
09.1
19.0
09.7
02 . 0
33.7
34.1
49 . 7

Burn1 Elev
(m)

Lower Norris
Lower Norris
Middle Norris
Middle Norris
Lower cache
Lower cache
Upper Cache
Upper Cache
Upper cache
Upper Cache
Upper Cache
Upper Cache
Upper Cache
Lamar Flat
Lamar Flat
Upper Lamar Flat
Opal Creek
Opal Creek
Opal Creek
Above Opal Camp
Above Opal Camp
Above Opal Camp
Opal Creek
Opal Creek
Specimen Ridge Trail
Mirror Plateau
Mirror Plateau
Top Specimen Ridge Tr
Above Norris Hot Sp
Lower Norris
West Of Norris Cliff
Upper Norris
Pk Midway To Norris
Top/Draw Mid-Norris
Norris/Next To Cliff
Lower Norris
Upper Norris
Midway to Norris
Lower Norris
Upper Cache
Upper Cache
Upper Cache
Upper Cache
Upper Cache
Upper Cache
Upper Cache
Above Opal Creek
Mirror Plateau
Mirror Plateau
Opal Creek
Mirror Plateau
Mirror Plateau
Opal Creek
Specimen Ridge Trail
Opal Creek
Specimen Ridge Trail
Lamar Flat
Lamar Flat
Lamar Flat
Cache Calfee Ridge
Cache Caifee Ridge

T3
No
T1
T2
T2
No
No
No
T3
No
No
No
T3
T2
No
T2
T2
T2

T3
No
No
T3
T3
No
T2
No
No
No
T2
Tl
T2
No
No
No
No
T2
No
No
T3
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
T3
T2
No
No

7520
7740
7800
7520
7460
7700
8140
7940
8025
7960
7850
7760
7680
6640
6640
6710
8800
8740
8760
8960
8800
8760
8800
8680
7950
9120
9170
8840
7000
7250
7440
8130
8250
7860
7800
7440
8000
7700
6760
8140
8030
7720
7800
7920
7900
7920
9280
9040
9200
8840
8920
8820
9080
93GO
9160
8680
6640
6720
6720
7720
7960

Asp

Slp

(•)

(•)

180
179
252
302
250
253
0
230
2
200
0
295
21.1
0
0
0
127
95
101
90
170
353
15
287
80
192
0
150
239
213
180
121
171
276
294
220
187
186
261
211
148
296
55
240
310
0
136
208
12
200
260
130
200
82
210
160
0
0
0
0
0

15 TFG
17 TFG
15 TFG
9 TFG
14 TFG
6 FN
0 FN
l
TFG
3 TFG
18 TFG
0 TFG
4 TFG
11 TFG
0 TF
0 TFG
l TF
8 FNG
15 FNG
6 FNG
6 FNG
15 FNG
4 FNG
l
FNG
8 FNG
7 TFG
20 FNG
2 FNG
20 FNG
7 TFG
14 TFG
15 FA
5 TFG
10 FNG
6 TFG
7 TFG
18 FA
14 TFG
14 FNG
6 FNG
7 FNG
12 . FNG
1 DW
2 FN
82 TFG
18 TFG
0 TFG
FN
5
28 FNG
FN
10
12 FNG
3 FNG
5 FNG
8 FNG
8 FN
5 FNG
18 FNG
TF
0
TF
0
0
TF
FNG
0
FA
0

Burn rankings: No - unburned; Tl - severe burn; T2 - severe-moderate burn; T3 - moderate burn;
T4 - light burn. See text for complete description.

1Despain

(1990)

moderately burned sites. In contrast, forb biomass
was higher in burned areas with a significant
difference occurring in 1990 ~ < 0.05).

SPECTRAL INDICES AND VEGETATION
CHARACTERISTICS
The normalized difference index (NDVI)
was the spectral index most highly correlated with
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relationship between total (THP) and green
herbaceous vegetation (GHP) when examined across
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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. Because of differences in
the timing of field sampling and satellite overpass in
1990, we did not use data collected in 1990 to
develop our relationship between spectral NDVI and
field estimates of phytomass. TVI and TM band 7
were most highly correlated with standing dead
phytomass.

variation in ND VI.

1'abl'!
4.
Signific<>nt (f' <0 . 001) linear t·egr.,ssion modeln that
predict ~ 50 \ of the variation in NDVI at 50 field sites aatnpled
in 1989 and 1991 i n Yellowstone National Park.
IndepP.ndent - - - - - - - C o e i T i c f e n t s
vacj ahles
C o n s t a n t - - - - -· -- - - 0 . 272
Total biomass
O. OJJ
Proportion standing dead
- 0 . 301
Burn intensity
- 0 . 011
Constant
Green grass
Proportion standing d"ad
Burn intensity
Constant

Gr.,en herbaceous phytomass
Elevation
Burn inteusity
Table) .
Signifi c ant (f ~ O . OS) correlation coeff i cients betw':' en 1
TH
spectr"l
b"ndR
otnd
Gp'!ctral
indiceo
and
vegetat1on ·
characteristi"s oncasur'!d during l"te summer 1_98.9 1991 in
Yellowstone National Park.
NS indicateo not sign1f1cant .
Vegetat1\' e
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'i'Otirst;;iidl ng

Year
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Spectral
Index
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1990
1991

tmVI
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- J 32
0

0 . 00
0 . 00
0 . 00
0 . 04

0.56

0.00
0 . 00
0.00
0.11

0 . 55

0 . 53

-0

0

-0
0
0
-0

. 113
. 01'>
. 0005
. 029

-0.65
6 . 11
-0 . 18

0 . 518
0 . 000
0.082
0.438

- 0.202
0 . 011
o. noo5

-1.29
6 . 0 '1
2 46

0.20
0.00
0.02

0 . 52

0

-0.215
0.016
0 0005

-1.31
6 . 02
2 41

0 . 18
0 . 00
0 . 02

0.51

0

0

-1.62

1. '7!1

0

----uii9--"NiWir----o.s3

biomass

'TVI

ConAtant

0 . 321
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T
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transformed vegetation index: SQRT(NDVlt0 . 05)

'nn • thematic mapper spectral band

When the linear relationship was inverted to
predict GHP, less than 50% of the variation in THP
and GHP was explained by NDVI and elevation.
The relationship appeared weak because many highelevation fields sites with high ND VI values had low
GHP. As a result, we stratified sites by elevation
and found that following linear models explained
55% of the variation in TGP and GHP at low
elevational (..$_ 2620 m) sites:

1

THP (g/0.1 m2) = 29.25 x NDVI-1.191

(f <0.001, s.e. =

Eq. 1

4.61)

0

THP and GHP alone explained 45 and 46%
(f 0.001) of the variation, respectively, in NDVI at
field sites sampled in either 1989 or 1991. Elevation
explained an additional 6% of the variation in NDVI
(Table 4). Neither bum 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. In contrast, the proportion of THP
that was dead explained a significant amount of
additional variation in NDVI if elevation were not
included in the model. Bum 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). Average percent
canopy cover of other site characteristics that we
measured, such as litter or bareground, did not
contribute significantly to explaining additional

GHP (g/0.1 m2) = 31.2 x NDVI- 0.501

~<

0.001, s.e. =

Eq.2

4.54)

Using an exponential model, NDVI explained only an
additional 1% of the variation in either THP or GHP.
The relationship between NDVI and
phytomass at high elevation was nonlinear and the
following curves were used to describe the
relationships:
THP (g/0.1 m2)

=

GHP (gt0 .1 nr) =

19 x (NDVI- 0.18)
0.110 + (NDVI- 0.18)

Eq. 3

11 x CNDVI- o.18>

Eq.4

0.102

+ (NDVI- 0.18)

The above equations were used to predict the
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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/m2 and
THP overestimated by 1.01 g/0.01 m2 • At high
elevations, GHP was overestimated by 2.34 g/0.01
m2 and THP by 2.73 g/0.01 m2• 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.
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Appendix I.
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

1990 to 1989

1
2
3
4
5
7

1991 to 1989

1
2
3
4
5
7

b

-10.90
- 4.14
0.31
- 6.81
- 0.27
- 1.54

1.174
1.097
1.081
1.162
1.018
1.146

3.05
1.25
16.94
3.89
4.51
3.54

0.99
0.99
0.86
0.99
0.99
0.98

2.53

0.962
0.955
0.906
1.043
0.901
0.935

1.39
0.82
17.14
3.42
1.19
5.85

0.99
0.99
0.88
0.99
0.99
0.96

- 0.87
4.96

- 2.47
3.32
2.64

s.e.
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INTRODUCTION

The scale of the 1988 fires in Yellowstone
National Park (YNP) raised numerous questions for
the management of natural areas subject to large but
infrequent natural disturbances. The central question
that we have addressed in our postfire studies is
whether the effects of large-scale fires, such as those
in 1988, differ qualitatively as well as quantitatively
from effects of smaller fires. The answer to this
question has important implications for our
understanding of the evolution of natural systems and
for management of future disturbances in places like
YNP (Christensen et al. 1989). We approached this
question on Yellowstone's extensive subalpine
plateaus by comparing patterns of plant regeneration
in large vs. small fire-generated patches after the
1988 fires. This research complements our work in
northern YNP that focused on the landscape-level
interactions among ungulates, vegetation, and fire,
and was published in the UW-NPS Report for 1992
(Turner et al. 1992).
Recent research into the mechanisms of
plant succession following fire or other disturbances
has demonstrated that species responses may vary
with different kinds and severities of disturbance and
with the larger spatial and temporal context of the
disturbance. For example, Rowe (1983) describes
several species of ·boreal plants that resprout from
surviving belowground structures after low-severity

fires and dominate early successional stages; these
same species are killed by severe fires and replaced
by other species having greater dispersal abilities
(also see Miller 1982, Malanson 1984, and Halpern
1989). The scale and heterogeneity of the 1988
yellowstone fires provide an exceptional opportunity
to evaluate the relative importance of the size and
spatial patterning of fire-created patches for
reestabishment of plant species representing different
modes of reproduction.

+

STUDY AREA

Our research was conducted on the
subalpine plateaus that cover most of the southern,
central, and western portions of YNP. Substrate is
predominantly Quaternary rhyolites, basalts, and
tuffs, except for the southeastern area (Two Ocean
Plateau) which is underlain by Tertiary andesite
(Keefer 1972). Mean elevation is ca. 2400 m, and
the climate is continental with cool short summers
and long cold winters (Dirks and Martner 1982).
Large-scale fires have occured in the past on
the high plateaus of YNP, e.g., in the early 1700s,
and have shaped the vegetation mosaic that covers the
area (Romme and Despain 1989). The 1988 fires
burned some 300,000 ha in and around YNP
(Despain et al. 1989). We recognized three bum
severity classes in forested areas: (1) crown fire, in
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which all aboveground vegetation was killed, and the
fire consumed all leaves and small twigs in the
canopy, as well as the organic material on the forest
floor; (2) severe surface fire, in which all
aboveground vegetation was killed and most of the
organic layer on the forest floor was consumed, but
dead leaves and twigs remained in the canopy; and
(3) light surface fire, in which the fire consumed a
portion of the organic matter on the forest floor, but
killed only a few trees and ground layer plants.

+

METHODS

We established permanent sampling plots in
1990 in three contrasting study sites in the subalpine
plateau study area. The sites were: (1) Cougar Creek
site, located at low elevations on moderately fertile
soils near the West Entrance of YNP; (2) Fern
Cascades site, at high elevations on infertile soils
near Old Faithful; and (3) Yellowstone Lake site, at
high elevations on fertile soils near the South Arm of
Yellowstone Lake. Within each site, we selected
three patches of crown fire more-or-less randomly
from the Park's fire map. Each site included a large
(500-3500 ha), moderate (ca. 100 ha), and small (ca.
1 ha) patch, for a total of nine sample patches in the
entire study area.
Each patch was located on the ground, and
a pair of perpendicular transects established,
extending from the center of the patch into the
unburned (or lightly burned) surrounding area.
Permanent sampling plots were located at variable
intervals along the transects. Where the transect
extended through a large expanse of the same bum
severity class, plots were 100 m apart. As the
transect approached an edge between two bum
severity classes, the plots were placed closer
together, e.g., at 10 m intervals, to detect edge
effects. In each plot we recorded local slope, aspect,
and bum severity; measured percent cover of bare
soil, litter, herbs, shrubs, graminoids, and trees using
eight 0.25-m2 point-frame samples; measured density
of selected species within the perimeters of the eight
point-frames; and determined the number of plant
species within a 10-m2 portion of the plot. We also
recorded numbers of individuals of less common
opportunistic species within long belt transects
extending between sample plots. These data were
collected from each of the 898 permanent plots in the

summers of 1990, 1991, 1992, and 1993. Patterns of
regeneration were assessed by means of analysis of
variance.

+

RESULTS

Data analysis is still in progress, but we can
present some initial findings at this time. Biotic
cover in the burned patches varied in a complex
manner with study site, bum severity, patch size, and
year; local site factors (slope, aspect) also were
sometimes significant (Table 1). Analysis of variance
revealed that study site, bum severity, and.patch size
were the most important main effects contributing to
variability in total biotic cover. Total biotic cover
increased through time in areas of crown fire or
severe surface bum, and generally was greatest at the
Cougar Creek and Yellowstone Lake study sites and
lowest at the Fern Cascades site (Figure 1). In areas
affected by crown fire, total biotic cover increased 24x between 1990 and 1993, and by 1993 ranged from
25% at Fern Cascades to nearly 50% at the other two
study sites. Among bum severity classes, total biotic
cover was lowest in crown-fire bums and greatest in
the light surface bums. Total cover showed only a
slight increase between years in areas affected by
crown fire.
Table I. Analyses of variance for percent cover of ground layer vegetation in burned patches
from 1990-1993. Percent cover data were arc-sine-square root transformed before analysis.
Tolal Biotic Cover (r = 0 51)·
SOURCE

OF

SUM OF SQUARES

F

p

Year

3

0.67

5.44

0.00 1

Site

2

31.34

379.54

0.000 1

Patch size

2

4.49

54.40

0.0001

Bum severity

3

11.77

95.01

0.0001

Slope

I

0.40

9.66

0.002

Aspect

2

1.08

13.11

0.0001

Site x year

6

2.01

8. 10

0.0001

Bum x year

9

2.02

5.44

0.0001

Patch x year

6

0.37

1.50

0.175

Tree Seedling Cover (r = 0.45):
SOURCE

OF

SUM OF SQUARES

F

p

Year

3

0.28

9.23

0.0001

Site

2

14.03

693.25

0.0001

Patch size

2

0.26

12.96

0.0001

Bum severity

3

0.65

21.48

0.0001

Slope

I

0.29

28.69

0.0001

Aspect

2

0. 12

5.80

0.003

Site x year

6

1.03

16.99

0.0001

Bum x year

9

0. 11

1.19

0.30

Patch x year

6

0.04

0.65

0.69
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Forb eover

<r = o 44)·

SOURCE

DF

SUM OF SQUARES

F

p

Year

3

0.66

6.30

0.()003

Site

2

27.33

389.86

0.0001

Patch size

2

4.59

6S.46

0.0001
0.0001

Burn severity

3

2.39

22.75

Slope

I

0.002

o.os

0.82

Aspect

2

0.45

6.46

0.002

Site X year

6

4.08

19.40

0.0001

Burn x year

9

0.90

2.84

0.0025

year

6

0.60

2.85

0 .009

Patch

X

Graminoid Cover (r = 0 31)·
SOURCE

DF

SUM OF-sQUAREs

F

p

Year

3

0.15

1.36

0.25
0.0001

Site

2

10.36

139.48

Patch size

2

2.78

37.43

0.0001

Burn severity

3

7.69

69.07

0.0001

Slope

I

0.06

1.51

0.22

Aspect

2

1.01

13.66

0.0001

Site X year

6

0.66

2.97

0.007

year

9

0.56

1.69

0.09

year

6

0.13

0.60

0.73

Burn

X

Patch

X

shrub Cover <r = o 13)·
SOURCE

DF

SUM OF SQUARES

F

p

0.43

0.73

Year

3

0.02

Site

2

0.56

19.07

0.0001

Patch size

2

0.80

27.38

0.0001

Bum severity

3

2.78

63.63

0.0001

Slope

I

0 .007

0.46

0.50

Aspect

2

0.03

0.99

0.37

Site x year

6

0.26

2.95

0.007

Bum x year

9

0.13

1.00

0.44

Patch x year

6

0.06

0.69

0.6S

Percent cover of forbs was largely explained
by differences between sites, with the Yellowstone
Lake site having the greatest forb cover (Figure 3,
Table 1).
Forb cover at Fern Cascades and
Yellowstone Lake increased through time, but
interestingly, forb cover did not change significantly
In contrast,
at Cougar Creek through time.
graminoid cover (Figure 4) increased through time at
Cougar Creek, but not at Fern Cascades or
Yellowstone Lake. Graminoid cover was greatest at
Cougar Creek and comparable at Fern Cascades and
Yellowstone Lake. Graminoid cover also tended to
be lowest in crown fire areas and greatest in areas of
light surface bum (Figure 4). In areas of light
surface bum, graminoid cover is similar among all
sites, ranging from ca. 15-20%.
Shrub cover varied primarily with bum
severity, patch size, and study site (Table 1) and did
not show changes through time. However, there was
a significant interaction effect between site and year
(Table 1).
Across all study sites and bum severity
classes, biotic cover varies as a function of patch
size. While total biotic cover increased over time
among all patch sizes, the small patches had the
greatest total cover and the large patches the least
(Figure 5). Total forb cover followed the same
trend, and graminoid cover was greatest in the small
patches and comparable in the large and moderate
patches (Figure 5). The cover of tree seedlings,
however, exhibited the opposite trend, being greatest
in the large patches and lowest in the small patches
(Figure 5).

+
Most of the variability in the percent cover
of tree seedlings (primarily lodgepole pine Pinus
contorta var. latifolia) was due to differences between
study sites (Table 1), with values being greatest at
Cougar Creek (Figure 2). Tree seedling cover was
greatest in crown fire and severe surface bums,
which led to stand replacement, and lowest in light
surface bums (Figure 2). In the stand-replacing
bums, percent cover of tree seedlings increased
between 1990 and 1993 by nearly 400% at Cougar
Creek. The Yellowstone Lake site had the lowest
percent cover of tree seedlings.

DISCUSSION

Variation in total biotic cover reflects the
inherent productivity of the study sites and
differences in the plant community composition as
well as the effects of the fire. The Yellowstone Lake
and Cougar Creek areas exhibit comparable total
biotic cover, but for different reasons. The Lake site
is located at high elevation on relatively fertile
andesite-derived soils, and nearly all of the prefire
lodgepole pine bore open cones (Tinker et al., in
press). Forbs now contribute substantially to total
biotic cover in this area but tree seedling cover is
extremely low. In contrast, Cougar Creek is at low
elevation and has rhyolite-derived soils of lower
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Figure 1. Mean total biotic cover in burned patches of Yellowstone National Park.
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fertility. Pre-fire lodgepole pine stands in this area
were characterized by high serotiny (Tinker et al., in
press), and tree seedling cover at Cougar now is an
order of magnitude higher than observed at
Yellowstone Lake or Fern Cascades. However, forb
cover at the Cougar site is relatively low. The Fern
Cascades site is on high-elevation rhyolite and
probably is the least fertile of the three sites; total
biotic cover is lowest at this site.

The strong effect of bum severity on shrub
cover (Table 1) and the lack of any significant
changes through time probably reflects the slowgrowing habit of Vaccinium scoparium, the dominant
shrub.
We have never observed a Vaccinium
scoparium seedling in either the burned or unburned
forests in Yellowstone, although we have observed
berry production in the plants and the seeds will
germinate in the laboratory. Thus, all post-fire

1990
1991
1992
1993
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regeneration to date appears to be vegetative growth.
Hence, the plants tend to occur only in areas where
they occurred prior to the fire, and their abundance
is then strongly influenced by the fire severity
experienced locally.
The greater total biotic cover in small
patches probably can be explained by the fact that
small patches generally contain a lower proportion of
severely burned area than do larger patches (Turner
et al., in press). This results in increased survival
and post-fire resprouting of plants that were present
before the fire (Anderson and Romme 1991).
Moreover, because the small patches are surrounded
within 100-200 m by unburned or lightly burned
forest, the amount of light reaching the forest floor
probably is lower when compared to the moderate
and large patches. The more rapid reestablishment of
herbaceous vegetation and the lower light intensity in
small patches may combine to limit the growth of
tree seedlings, thus explaining the lower cover of tree
seedlings in the smaller patches.
We observed large changes from year to
year in our permanent plots during the first three
years after the 1988 fires, but since 1992 the rate of
change in cover and density has slowed considerably.
We plan to resample a portion of the plots in each
patch during the 1994 field season, and then to
continue resampling all or a portion of the plots at
intervals of 2-5 years for the next few decades.

It is premature to give a definitive answer to
the question whether the effects of large fires differ
in important qualitative ways from those of small
fires. Our results to date indicate that there are
significant differences in the post-fire recovery of
large vs small patches (e.g., cover of herbs vs cover
of tree seedlings) and in relation to bum severity
(e.g., the differential cover of shrubs) However,
these differences attributable to fire size and intensity
may be overshadowed by site-specific differences in
microclimate, soils, and prefire community structure.

+

Geographic Information Systems Laboratory of
Yellowstone National Park provided assistance in
many different ways.
Without the help and
encouragement of many individuals within these
organizations, our research would not have been
possible.

+

LITERATURE CITED

Anderson, J.E., and W.H. Romme. 1991. Initial
floristics in lodgepole pine Pinus contorta
forests following the 1988 Yellowstone
fires. International Journal of Wildland Fire
1:119-124.
Christensen, N .L., et al. 1989. Interpreting the
Yellowstone fires of 1988. BioScience
39:678-685.
Despain, D.G., A. Rodman, P. Schullery, and H.
Shovic. 1989. Burned area survey of
Yellowstone National Park: the fires of
1988. Unpublished report, Division of
Research and Geographic Information
Systems Laboratory, Yellowstone National
Park, Wyoming.
Dirks, R.A., and B.E. Martner. 1982. The climate
of Yellowstone and Grand Teton National
Parks. Occasional Paper No. 6, National
Park Service, Washington, D.C.
Halpern, C.B. 1989. Early successional patterns of
forest species: interactions of life history
traits and disturbance. Ecology 70:704-720.
Keefer, W.R. 1972. Geologic story of Yellowstone
National Park. Geological Survey Bulletin
No. 1347. U.S. Government Printing
Office, Washington, D.C.
Malanson, G.P. 1984. Intensity as a third factor of
disturbance regime and its effects on species
diversity. Oikos 43:411-413.

ACKNOWLEDGMENTS
Miller,

This research was supported by grants from
the National Science Foundation. Housing and
logistical support were provided by the University of
Wyoming- National Park Service Research Center.
The Research Division, Ranger Division, and

T.E. 1982. Community diversity and
interactions between the size and frequency
of disturbance.
American Naturalist
120:533-536.

145

Romme, W.H., and D.G. Despain. 1989. Historical
perspective on the 1988 Yellowstone fires.
BioScience 39:695-699.
Rowe, J.S. 1983. Concepts of fire effects on plant
species and individuals. Pages 135-154 in:
R.W. Wein and D.A. MacLean, editors,
The role of fire in northern circumpolar
ecosystems. SCOPE 18. John Wiley &
Sons, New York.

Turner, M.G., Y. Wu, S.M. Pearson, W.H.
Romme, and L.L. Wallace. 1992.
Landscape-level interactions among
ungulates, vegetation, and large-scale fires
in northern Yellowstone National Park.
Pages 206-211. In: Plumb, G.E., and H.J.
Harlow (editors), 16th Annual Report of the
University of Wyoming - National Park
Service Research Center, Laramie,
Wyoming.

Tinker, D.B., W.H. Romme, W. W. Hargrove, R.H.
Gardner, and M.G. Turner, in press.
Landscape-scale heterogeneity in lodgepole
pine serotiny. Canadian Journal of Forest
Research.

Turner, M.G., W.W. Hargrove, R.H. Gardner, and
W.H. Romme, in press. Effects of fire on
landscape heterogeneity in Yellowstone
National Park, Wyoming. Journal of
Vegetation Science.

POSTGLACIAL FIRE FREQUENCY AND ITS
RELATION TO LONG-TERM VEGETATIONAL
AND CLIMATIC CHANGES IN YELLOWSTONE PARK

•
CATHY WHITLOCK

+ DEPARTMENT OF GEOGRAPHY

UNIVERSITY OF OREGON

•

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 (Whitlock,
1993). Fire frequency is controlled by climate, and
as climate changes so too does the importance of fire
The
in shaping spatial patterns of vegetation.
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). 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 (Barnosky et al., 1987; Millspaugh and
Whitlock, 1993; Whitlock, 1993).
The primary research objective has been to
study the vegetational history of Yellowstone and its
sensitivity to changes in climate and fire frequency.
This information is necessary to understand better the
relative effects of climate, natural disturbance, and
human perturbation on the Yellowstone landscape.
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.

+ EUGENE

The research has been divided into three parts:
1. A study of the depositional processes that
incorporate charcoal into lake sediments. At regular
time intervals, we are collecting surface sediments at
different water depths from lakes with catchments
that were burned in 1988 and from lakes with
unburned catchments. From these surface samples,
we are relating charcoal abundance to basin size,
water depth, and fire proximity.
2. An analysis of the last ca. 800 years from
lake-sediment cores. We are examining charcoal
abundance, pollen composition, and paleomagnetic
characteristics of the sediment at closely spaced
intervals in meter-long cores in order to determine if
the stratigraphic evidence of fire correlates well with
the fire chronology based on dendrological studies
(Romme, 1982; Romme and Despain, 1989).
3. An analysis of postglacial vegetational and
fire history. We are analyzing the pollen, charcoal,
and magnetic susceptibility record in longer cores
collected in different vegetation types in the Park to
reconstruct vegetational and fire history on longer
time scales. Pollen records are now available from
the Central Plateau, the Northern Range, the
Absaroka region of Yellowstone, the Pinyon Peak
Highlands, and Jackson Hole (Whitlock, 1993;
Whitlock and Bartlein, 1993). This year a pollen
record was analyzed from Loon Lake in the Bechler
region. Postglacial charcoal studies underway are
focusing on sites in different geovegetation settings
(Despain, 1990).
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STUDY AREA

Sites for the post-1988 charcoal study were selected
to provide a representation of burn conditions in 1988
and vegetation types. 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). Short cores have been
analyzed from Dryad Lake, Duck Lake, Mallard
Lake, Grizzly Lake, Cygnet Lake, and West Thumb
of Yellowstone Lake (Fig. 1). Lakes and fens where
long cores have been collected for pollen studies are
also shown in Figure 1.

•

METHODS

FIELD WORK
Surface sediment was collected with a 5
em-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.
These cores were subsampled at 1 em 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 (1991). Surface sediment was sampled
volumetrically, and the samples were desegregated 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/yr. Contiguous 1 em
samples taken from the short cores were analyzed in
the same way as the surface samples.
Magnetic susceptibility was measured with a
continuous-core magnetic susceptibility sensor.
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 210Po,
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), using the constant rate of
supply model (Appleby and Oldfield, 1978).
LONG CORE ANALYSIS

Figure 1. Location of study sites. Triangles indicate
the locations of short-core sites for fire history
research; circles are the location of fossil pollen sites.

Long cores were sliced longitudinally, and
each core segment was described. Samples of 0.5
cm3 size were taken at regular stratigraphic intervals
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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 5500 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
and pollen accumulation rates
(grains/cm3)
(grains/cm2/yr).
Preparations were mounted in
silicon oil and examined at mag~ifications 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 method for
calculating the age of pollen stratigraphic and
lithologic changes of the last 14,000 years. A tephra
layer at Loon Lake was identified as Mazama ash,
which was deposited from Mount Mazama in
southwestern Oregon, ca. 6800 yr B.P. Two tephra
layers at Cub Creek Pond were identified: an upper
ash of reworked material, which may have been
deposited during a local phreatic explosion (Whitlock,
1993; Sarna-Wojcicki, personal communication,
1989); and Glacier Peak ash (ca. 11,200-12,000 yr
B.P.).

+

RESULTS AND DISCUSSION

Charcoal particles between 0.125 and 0.250
nun seem to be a reliable indicator of a local
catchment fire. Charcoal of this size range was
found in the surface sediments of lakes in burned and
unburned catchments during the first (March 1989)
sampling (Fig. 2). This sampling was done in the
interim between fire extinction in September 1988
and ice-off in May 1989, before secondary input of

charcoal occurred. The March 1989 charcoal is
attributed primarily to aerial fall-out during the fire.
The increase of charcoal pieces in deep-water
sediments since March 1989 is attributed to two
sources.
In burned catchments where riparian
vegetation is poorly developed, charcoal has probably
been introduced through erosion, although
mass-wasting has probably declined in importance as
slopes have become revegetated. Charcoal has also
been introduced from the littoral zone, where it was
initially deposited during the fires. Some of this
material has subsequently moved to deep water as a
result of sediment focusing.

Post-1988 Charcoal
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Figure 2.
Graph showing charcoal abundance
(pieces/cm2) for post-1988 charcoal study. The graph
compares deep-water sediments collected in March
1989 and August 1992. Sites are arragned by
decreasing water depth: Duck Lake, 18 m; Grizzly
Lake, 11m; Wrangler Lake, 9.5 m; Goose Lake, 9
m; Cascade Lake, 8.5 m; Dryad Lake, 8 m; Sylvan
Lake, 7.5 m; Lake of the Woods, 7.5 m.

The magnitude of the charcoal increase
between March 1989 and August 1992 appears to be
partly related to water depth. Duck Lake (18 m
depth) and Grizzly Lake (11 m depth) are the deepest
sites and both lie within burned catchments. They
showed only modest increases in charcoal between
1989 and 1992, and the differences between the two
sampling periods is not significant when a standard
error of 20% is applied (Millspaugh, 1991). Thus,
at these lakes, a 1988 fire event would not yet be
recognized based on the charcoal content of the
deep-water sediments. Apparently, more time is
needed for sediment focusing to occur. A transect of
samples from shallow to deep water suggests that
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charcoal is still being transported from shallow water,
but not enough time has elapsed for it to reach deep
water.
Relatively shallow lakes with burned
catchments, such as Goose Lake (9 m deep), Cascade
Lake (8.5 m deep), and Lake of the Woods (7.5 m
deep) recorded significant increases in charcoal in the
deep-water samples since March 1989 (Fig. 3).
Further sampling in 1993 will determine whether this
trend will continue.
Of the lakes with unburned catchments,
Wrangler Lake (9.5 m deep) and Dryad Lake (8 m
deep) showed significant increases in charcoal
abundance from March 1989 to August 1992. The
sites lie within 7 km of a bum, and both were located
downwind of major fire plumes in 1988. The
secondary charcoal probably came from the littoral
zone and has been redeposited in deep water.
Wrangler and Dryad lakes help define the limits of
the charcoal method to identify a catchment fire. The
charcoal "airshed" in 1988 at these sites was clearly
larger than the watershed catchment. Sylvan Lake,
the third site in an unburned catchment, has
maintained relatively low charcoal amounts
throughout the sampling period, although the number
of pieces/cm2 increased slightly between March 1989
and August 1992. Sylvan Lake did not lie downwind
of a major fire storm, and apparently it received
neglible amounts of airborne charcoal, and little has
been added to the system through sediment focusing.
FIRE HISTORY OF THE LAST ca. 800 YEARS
Charcoal and magnetic susceptibility were
compared in lead-210 dated short cores from Duck,
Mallard, Dryad, and Grizzly and West Thumb of
Yellowstone Lake. The records register widespread
fires between ca. 1690-1750, a period that was also
identified in the chronology developed by Romme
and Despain (1989) from dendrologic records. Duck
Lake records catchment fires on a 40-60 year
frequency from ca. 1500 to ca. 1750, but fires have
been relatively rare since that time (Millspaugh,
1991). Duck, Mallard, and Dryad lakes record local
fires between ca. 1560 and 1650 and between ca.
1690 and 1720. The West Thumb record reveals
three major fire episodes prior to 1988: ca.
1670-1700, ca. 1560, and ca. 1440. The periods
from ca. 1400 to 1670 and ca. 1870 to 1988 are
characterized by large infrequent fires. Prior to ca.

1400 and between 1670 to 1870, fires were more
frequent, but probably no event was as large as that
of 1988. An absence of large fires from the late
17th to the late 19th century may reflect cool wet
conditions at the end of the Little Ice Age.
VEGETATION, FIRE AND CLIMATE HISTORY
OF THE BECHLER REGION
A new pollen record from Loon Lake
provides information on the vegetational history of
the Bechler region (Fig. 3). The record spans the
last ca. 12,300 yr B.P. Prior to ca. 12,000 yr B.P.,
the pollen assemblage consists of high percentages of
Artemisia,
Picea,
and
Pinus (mostly P.
albicaulis-type).
Juniperus-type, Betula, Salix,
Poaceae, and other herbs are also present in
moderate amounts. The assemblage suggests a period
of open spruce parkland, with birch and willow
growing in wetter areas. The pollen data imply that
upper treeline was at least 600 m lower and that the
climate was ca. 5-6°C cooler than at present. The
vegetation is similar to the spruce parkland that
developed in the Pinyon Peak Highlands region
between 14,000 and 11,200 yr B.P., except that
whitebark pine (or limber pine) was present earlier in
the Bechler region.
Between 12,000 and 10,000 yr B.P., the
record features high percentages of Pinus
albicaulis-type, and moderate percentages of Picea,
Populus tremuloides-type, Artemisia, Poaceae,
Cyperaceae, and other herbs. Pine and spruce were
probably both present near the site during this period.
The abundance of Populus pollen suggests that aspen
was present in the Bechler region. The climate was
warming, but conditions were cooler and moister than
at present.
Percentages of Pinus contorta-type pollen
increase at Loon Lake at ca. 10,000 yr B.P. Abies
percentages also increase, although the low values do
not suggest that it was a forest dominant. Picea, P.
albicaulis-type, Juniperus-type, Populus, Poaceae,
Cyperaceae, and Artemisia decline to low percentages
after 10,000 yr B.P. The expansion of lodgepole
pine at the expense of spruce-whitebark (or limber)
pine forest occurs throughout most of the
Yellowstone/Grand Teton region. The establishment
of lodgepole pine forest implies significant warming
and probably a shift towards frequent fires.
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Figure 3. Pollen percentage diagram for Loon Lake, Wyoming (Lat. 44 06 30, Long. 110 57 00, elev. 1971 m).

Between 10,000 and 9500 yr B.P., continued
warming allowed lodgepole pine to spread through
the region, and it has been the dominant tree ever
since. Percentages of Pseudotsuga and Populus
indicate that Douglas-fir and aspen were present in
the lodgepole pine forest between 9500 and 5000 yr
B.P. These taxa imply that warm arid conditions
permitted xerothermic taxa to extend to higher
elevations than at present. After 5000 yr B. P. ,
increases in Picea and Abies imply the onset of
wetter cooler conditions.
Analysis of charcoal and magnetic
susceptibility is currently underway in a long core
from Cygnet Lake. The region surrounding Cygnet
Lake is characterized by infertile rhyolitic soils that
support lodgepole pine today. A long pollen record
suggests that lodgepole pine forest has been
maintained in rhyolite region for the last 10,000 years
(Whitlock, 1993), probably as a result of the edaphic
conditions.
The persistence of this forest type
throughout the Holocene enables an examination of
climate-fire linkages in the absence of vegetation
change.
Preliminary charcoal data suggest changes in
fire frequency during the last 14,000 years. The

record from the late Holocene reveals low
background levels of charcoal punctuated by distinct
peaks and suggests large fires occurred at 150 to
300-yr intervals. Consistently high levels of charcoal
in the early Holocene record suggest fires were
frequent. Distinct charcoal peaks occur at 30 to
100-yr intervals from ca. 8400 to 9400 B.P. In the
western U.S., this period is generally characterized
by conditions that were warmer and drier than
present. Changes in fire frequency in a region of
unchanging vegetation suggests that fire regimes were
directly linked to climate.

+

SUMMARY

In an ongoing study of the fire history of
Yellowstone Park, some preliminary conclusions can
be drawn:
1.
Most of the charcoal deposited in
Yellowstone lakes from the 1988 fires was received
as airborne fall-out. Two processes have been at
work in the lakes since the 1988 fires . Charcoal has
moved from shallow to deep water by sediment
focusing. This process explains the increase in
charcoal between March 1989 and August 1992 in
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unburned as well as burned sites. A second source
of charcoal has come from eroded sediment moving
into the lake from the burned watershed.
The greatest increase in charcoal has
occurred in the deep-water sediments of relatively
shallow lakes. The deep lakes have yet to show
significant increases in charcoal levels. Sampling of
charcoal distribution in the lakes will continue to be
monitored in order to note changes in charcoal
distribution with time. This information .will be
important when interpreting sedimentary charcoal in
terms of past fire events.
2. Charcoal and magnetic susceptibility data
from the short-core study indicate several local bums
during the last 800 years. All sites burned between
ca. 1690 and 1750. A record from West Thumb of
Yellowstone Lake suggests large fires occurred in ca.
1690-1700, ca. 1560, and ca. 1440.
3. Fossil pollen data indicate that alpine
meadow communities with birch and juniper were
present between ca. 14,000 and 11,500 yr B.P.
following deglaciation. Spruce and whitebark (or
limber) pine colonized the Bechler region as early as
12,000 yr B.P. By 10,500 yr B.P., the pollen record
resembled modem spectra from subalpine forest.
Between 10,000 and 9500 yr B.P. lodgepole pine
developed throughout the region in response to
further warming. Douglas-fir and aspen were present
between 9500 and ca. 5000 yr B.P. in the Bechler
region, suggesting the establishment of warmer and
drier conditions. On the Central Plateau, charcoal
evidence indicates more frequent fires during the
early Holocene.
Modem communities were
established throughout the Yellowstone/Grand Teton
region between 5000 and 4000 yr B.P.

•
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