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INTRODUCTION 

1997 ANNuAL REPORT 

DIRECTOR'S COLUMN 

A common statement during the 1997 
research season was that the summer seemed to 
have passed extremely quickly, perhaps due to an 
overcast and cool month of June. In spite of this, 
we had an extremely productive research and 
seminar schedule with a full house most of the 
summer and fall. Diane Debinski worked with 
Mark J akubauskas and Kelly Kindscher on ground 
tracking GIS techniques for correlating vegetation 
types with assemblages of birds and butterflies. 
Diane's was the largest group on the Station this 
summer followed closely by Bill Romme' s crew. 
Bill and Monica Turner continued their 
investigations on forest succession after the 1988 
Yellowstone fires and focussed much of their 
attention on the dynamics of aspen growth. 
Researchers hosted by the Station also directed their 
investigations on: water quality and productivity of 
lakes and streams, population dynamics and parasite 
assemblages in microtine rodents, comparison of 
nitrogen turnover in logged and burned areas, 
population patterns, paleontology survey of the 
GY A, neonatal elk mortality, precambrian geology 
of Teton Range, the spread of exotic plants in 
GTNP and several projects assessing the impact of 
Grey wolves on elk behavior and how humans 
interact with wolves. While these studies represent 
only a portion of the contributions made this past 
summer, they provide a profile of the varied topics 
addressed at the Research Station. 

Attendance at our seminar series and barbecue 
continued to draw an average weekly attendance of 
70 to 80 Station researchers, Park employees and 
members from the Jackson community. Our 
speakers this past season addressed topics on: 
interaction of black and grizzly bears, Brucellosis 
and chronic wasting disease in ungulates, beetle 

biodiversity in the Rocky Mountains, influence of 
large carnivores on moose and bison, global decline 
of amphibians populations, and dynamics of animal 
relocations associated with hydroelectric dam 
construction. We also hosted seminars on how to 
achieve consensus decisions in environmental 
disputes co-sponsored by the University of 
Wyoming Institute of Environmental and Natural 
Resources. Our special L. Floyd Clark Memorial 
Lecture, in honor of Dr. Clark as the first 
University of Wyoming Director of the Station, was 
Dr. Brent Eastman. Dr, Eastman spoke to an 
enthusiastic group about medical care for trauma 
victims associated with back country and rural 
accidents. Once again, we received letters and 
verbal comments throughout the season commenting 
on the positive role of the summer program as an 
extension of the university and scientific community 
to promote the relevance and excitement of research 
to the public. 

This past summer, Dr. Scott Seville and I presented 
a two week course sponsored by the University of 
Wyoming on research topics in the Greater 
Yellowstone Area. Students were introduced to 
techniques such as radiotelemetry tracking, bird 
banding, live trapping bears, GIS technology, small 
mammal capture-mark-recapture, population esti
mates and participated in many projects by Station 
researchers. I would like to thank all those who 
generously donated time in sharing their projects 
with this very fortunate group of students. This 
summer we also initiated a site-development plan 
under the direction of Dr. Bill Gribb from the 
Department of Geography and Recreation, 
University of Wyoming. We are considering the 
benefits and impacts of a new dormitory to house an 
additional 30 to 40 residents on the Station. 
Discussions are in progress as to the source of 
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funding , locations of buildings and utility of such 
construction. 

I am happy to announce Grand Teton National 
History Associations most recent publication by 
UW-NPS Research Center's previous Director, 
Kenneth Diem and his wife Lenore: "A Community 
of Scalawags, Renegades, Discharged Soldiers and 
Predestined Stinkers A History of Northern Jackson 
Hole and Yellowstone's Influence 1872-1920." 
Designed in magazine style format, it details the 
setting defmed in its 193 pages, describes early 
travel routes, Yellowstone's influence upon the 
area, and vividly portrays the early characters who 
played major roles in the settlement of northern 
Jackson Hole. 

On a much sadder note, Vera and Kent McKnight, 
devoted co-authors, and illustrators passed away this 
year. Those that were fortunate to know and work 
with the McKnights will always carry with them a 
memory of their extraordinary enthusiasm, 
creativity and love for nature's beauty. Our 
thoughts and best wishes go to their family. 

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

RESEARCH PROJECT REPORTS 
The following project reports have been prepared primarily for administrative use. The information 

reported is preliminary and may be subject to change as investigations continue. Consequently, information 
presented may not be used without written permission from the author(s). 
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+ INTRODUCTION 

The Greater Yellowstone Ecosystem (GYE) 
may support the densest populations of elk in North 
America, and a diverse community of large 
carnivores that prey on elk. The Jackson elk herd 
has doubled in size since 1984 and currently exceeds 
its winter population objective of 11,000 elk by 
about 5,000 animals (Smith and Anderson 1998). In 
and adjacent to Grand Teton National Park (GTNP), 
mortality of neonatal of Jackson elk averaged 15% 
annually during 1990-1992 (Smith and Anderson 
1996). Predation by black bears and coyotes, when 
calves were less than 4 weeks of age, caused 68% of 
neonatal mortality. Calves killed by mountain lions 
were more than 4 months old. Except for hunting, 
predation was the largest source of mortality of 
radio-collared elk from birth through adulthood. 
Since 1992, grizzly bear activity on federal cattle 
grazing allotments in eastern GTNP and the adjacent 
Spread Creek drainage of the Bridger-Teton National 
Forest (the East Study Area or East SA) has 
markedly increased and cattle losses to bears have 
become common. Personnel of the Wyoming Game 
and Fish Department attributed 26 cattle losses (25 
calves, 1 cow) in the East SA in 1993 to grizzly bear 
predation. The Wyoming Game and Fish 
Commission, which compensates cattle producers 

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

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

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

Compare neonatal mortality of elk between 
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the East and West study areas to assess effects of 
grizzly bear occurrence on elk calf survival. 

Assess if grizzly predation is compensatory 
or additive to other causes of mortality. 

Determine if grizzly bears may be preying 
on elk calves in eastern GTNP and adjacent areas of 
Bridger-Teton National Forest and then switching to 
bovine calves after elk calves become too agile to be 
killed. 

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

+ STUDY AREA 

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

+ METHODS 

Calf Capture and Marking 

Calves were captured from a Hiller 12-E 
helicopter contracted by Hawkins and Powers 
Aviation of Greybull, Wyoming. Although capture 
of calves by investigators on foot and horseback has 
been used in some studies, newborn elk calves are 

most efficiently located and captured from helicopter 
(M. Schlegel, Idaho Department of Fish and Game, 
pers. comm., Singer et al. 1997, Smith and 
Anderson 1996). We searched known calving 
locations within the two study areas and located 
parturient female elk and their newborn calves. 
When we spotted a bedded calf, we landed the 
helicopter as close as was safely possible, then 
stalked, captured, blindfolded, and hobbled the calf. 
We weighed, sexed, aged (Johnson 1951), and 
examined each calf for general physical condition. 
Blood was drawn from a sample of calves to 
compare physiological indices of calves that survived 
and died. Total handling time averaged 9.1 minutes 
per calf in 1997 and 8.5 minutes in 1998. 

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

RADIO TRANSMITIER MONITORING AND 
MORTALITY INVESTIGATION 

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

When a mortality signal was detected, 
investigators located and assessed the disposition of 
the calf as soon as possible (on average it took 2.3 
days to locate each carcass in 1997 and 0.5 days in 
1998). At mortality sites, standard forensic 
procedures were followed to determine presence of 
predators or scavengers (Singer et al. 1996, Smith 
and Anderson 1996). A thorough search of the 
transmitter's location was conducted to fmd evidence 
of predator hair, feathers, tracks and scat, evidence 
of struggle and location of attack, and all remains of 



the carcass. Field necropsies were performed on 
partially consumed carcasses. Hair samples were 
identified to species based on color, texture, and 
scale patterns of the medulla and cuticle (Moore et 
al. 1974). Tissue samples were collected and sent to 
the Wyoming State Veterinary Lab for diagnostic 
tests to evaluate animal condition and disease status. 
Intact carcasses were frozen and sent to Wyoming 
State Veterinary Lab for necropsy and diagnostic 
tests. 

GRIZZLY BEAR DISTRIBUTION 

To document presence of bears in both the 
West SA and the East SA, we constructed 12 hair 
collection corrals (HCCs) in which cattle blood was 
used as a nonreward bait (Table 1). The HCCs 
consisted of a single strand of barbed wire encircling 
4-6 trees with a center tree in the middle. The 
barbed wire was stapled 20-22 inches above the 
ground on the outside perimeter of the trees. Poles 
were wired horizontally above the barbed wire to 
prevent ungulates from entering the HCCs and 
insure that bears would enter beneath the barbed 
wire. A 1-gallon milk jug, nearly filled with blood, 
was suspended by rope between 2 trees over the 
center of a HCC, beyond the reach of a tall bear. 
The Wyoming Game and Fish Department (1996) 
determined that cattle blood was the best attractant to 
lure bears into the HCCs. Jugs of cattle blood were 
replaced with fresh blood every 3 weeks. 

Ten HCCs were constructed in late May 
1997 and monitored once a week for 7 weeks from 
the last week of May through the second week of 
July in 1997. Two additional corals were 
constructed the second week of July and also 
monitored for 7 weeks. In 1998, all 12 HCCs were 
monitored from the first week of June through the 
third week of July. Additionally, 7 of the HCCS 
(Murie's Ridge, Timbered Island, Death Canyon, 
Granite Creek, Wolf Ridge, Wallace Draw, and 
Mary's Lake) were monitored through the end of 
September 1998 or first week of October to gather 
additional information on bear occurrence during 
late summer. 

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

Currently there are several studies in 
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progress to sample grizzly bear populations in 
British Columbia and in the U.S. (Woods et al. 
1994, Wyoming Game and Fish Department 1996). 
Those studies include collection of bear hair to 
extract DNA samples. Ongoing research in the 
GYE seeks to obtain statistically valid mark
recapture population estimates of grizzly bears from 
microsatellite DNA markers in hair samples 
(Wyoming Game and Fish Department 1996). Hair 
samples we collect will be archived for this research 
effort. 

+ RESULTS AND DISCUSSION 

CALF MORTALITY 

During this second of 3 field seasons, we 
captured and radio eartagged 50 elk calves during 26 
May--6 June 1998. We captured 23 calves (13 
males, 10 females) in the East SA and 27 ( 11 males, 
16 females) in the West SA. Nine of these died 
during June, 2 died in July, and 1 died in August. 
During a 29 May capture flight, one additional 
female calf was found freshly dead in the West SA. 
It was included in our capture sample, bringing the 
number of calves that died to 13 of 50 (26%; 1 of 51 
calves lost its eartag transmitter during the study) 
captured compared to 15 of 46 (33%) that died in 
1997. 

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

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

HAIR COLLECTION CORRALS 

A total of 273 hair samples were collected 
from the 12 HCCs (Table 1). Twenty-four samples 
were from Cervidae or Bovidae, 3 were from grizzly 
bears, and the remaining 246 samples were from 
black bears. Murie Ridge, Death Canyon, Granite 
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Creek, and Lava Creek were visited most frequently 
by black bears. As in 1997, black bears may have 
entered and left the Murie Ridge, Lava Creek, and 
Granite Creek HCCs several times per week, based 
upon the large number of hair samples we collected 
on several occasions. Wallace Draw and Wolf 
Ridge HCCs received no visitations from bears, as 
in 1997. Three hair samples from grizzly bears 
were collected. One single hair was collected at the 
River Road corral. Two samples of hair were 
collected at the Mary's Lake HCC. No grizzly bear 
hair samples were collected from either the East or 
West SA in 1997. 

1999 FIELD SEASON 

Because cause-specific mortality of neonatal 
elk can vary annually (Singer et al. 1997, Smith and 
Anderson 1996), we are seeking funding to continue 
the study a third and fmal year. In 1999 we intend 
to capture and radio tag approximately 25 elk calves 
in each of the West and East study areas. Eartag 
transmitters recovered from mortalities will be 
redeployed in 1999. Additional transmitters will be 
recovered by immobilizing all surviving radioed 
calves that winter on the National Elk Refuge during 
winter 1998-1999. 

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

HCCs should again be constructed and 
monitored in 1999. The corrals provide a means of 
measuring presence of black and grizzly bears in the 
2 study areas. Radio collared grizzlies were known 
to have frequented the East SA during our 
monitoring period, and 2 calves were killed by 
grizzlies -- one each in June and July (Table 2). Yet 
only 3 hair samples were collected during a 12-17 
week monitoring period. Some grizzly bears likely 
avoid entering HCCs. Others may simply not scent 

the bait as they pass through an area. It is also 
uncertain if we have achieved an optimum density of 
HCCs to attract grizzly bears in the two study areas. 
However, some patterns are emerging regarding 
relative activity of black bears, such as higher levels 
of black bear use of hair corrals in the West Study 
Area. 
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Table 1. Locations and number of hair samples collected from hair collection corrals in the East and West study 
areas during 1998. All corrals were monitored for at least 12 weeks, each designated by the numeric month and 
week of the month. Weekly frequency of visitation is shown throughout the sampling period and also for the 6-
week period from 1 June to mid-July. 

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

throughout 
sampling 
period! 

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

8-1 ' 8-4' 9-1 ' 11,4, 17, 5, 
9-2, 9-3, 9-4, 8, 1 
10-1 

Timbered West Black 7-4, 9-2, 9-3, 5, 6, 1, 1 0.24 0.17 
Island bear 9-4 
Burned Ridge West Black 6-3, 6-4, 7-2, 2, 3, 3, 16 0.25 0.67 

bear 7-3 
RKO Road West Black 6-1, 8-1 1, 1 0.12 0.17 

bear 
River Road West Black 7-4 6 0.06 0 

bear 
River Road West Grizzly 7-4 1 0.06 0 

bear 
Death West Black 8-4, 9-1, 9-2, 1, 3, 4, 2, 0.35 0 
Canyon bear 9-3, 9-4, 10- 3, 1 

1 
Granite Creek West Black 6-1, 7-1, 8-1, 13, 3, 5, 0.47 0.33 

bear 8-2, 8-4, 9-3, 11, 1, 2, 1 
9-4, 10-1 

Three Rivers East Black 6-1, 7-4 2,4 0.12 0.17 
bear 

Wolf Ridge East Black 0 0 
bear 

Lava Creek East Black 6-1, 6-2, 6-3, 4, 15, 4, 1, 0.31 0.67 
bear 6-4, 7-4 1 

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

bear 
Mary's Lake East Grizzly 6-1 2 0.08 0.17 

bear 

1 June through the first week of October: Murie's Ridge, Timbered Island, Death Canyon, Granite Creek; June 
through September: Burned Ridge, RKO Road, River Road, Three Rivers, Lava Creek; June through August: 
Wolf Ridge, Wallace Draw, Mary's Lake 
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Table 2. Mortality of radio eartagged elk calves that were captured in the East and West study areas during 1998. 
Calves died west of the Snake River in Grand Teton National Park (W. GTNP), or east of the Snake River in 
eastern GTNP (E. GTNP) or east of GTNP on theBridger-Teton National Forest. 

Calf Sex Capture Area Mortality Date Date Probable Cause Predisposing 
No. Location Detected Retrieved of Death Conditions 
347 M East E.GTNP 6-11 6-11 Black bear Brucellosis 
359 M West W. GTNP 8-25 8-26 Roadkill 
367 F West W. GTNP 6-2 6-3 Congestive heart Developmental 

failure failure heart 
defect 

368 F West W. GTNP 5-29 5-29 Hemoperitoneum Tom umbilicus 
369 F East E.GTNP 6-2 6-2 Probable bear (sp. unknown) 
374 F East E.GTNP 6-3 6-4 Grizzly bear 
377 F West W. GTNP 6-12 6-13 Black bear 
379 M West W. GTNP 6-10 6-10 Mountain lion 
383 M West W. GTNP 7-22 7-22 Unknown 

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

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

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

In summer 1997 our NPS-funded project# 
CA-1460-5-0010, covering a 3-y period from 
summer 1995 through summer 1997, was 
completed. The immediate goals of the project 
were to instigate a system for monitoring the 
densities of breeding bird species, by establishment 
of flxed sites as a basis for a long term monitoring 
plan and of census protocols that can detect changes 
of breeding species and their densities over 
successive years. The monitoring scheme is 
conducted largely within Grand Teton National Park 
(GTNP), but covers habitats and an avifauna 
representative of the Greater Yellowstone 
Ecosystem (GYE) and the central-northern Rocky 
Mountains in general. 

The project emphasizes the need for long
term and on-going studies on breeding bird species 
and densities and their importance as a tool for 
evaluating the impact of both local and distant 
influences on breeding bird populations. For 
residents, species that remain all year in or near the 
breeding habitat, local effects include those 
operating on-site during the non-breeding season as 
well as during the breeding season. For migrant 
species, those that breed on-site but leave to spend 
the non-breeding season in other locations, often 
distant and usually of quite different habitat 

composition, there are both on-site influences on 
breeding population densities, such as inter-year 
changes in vegetation structure and productivity, 
and off-site or distant influences, including factors 
that affect over-wintering success in the non
breeding habitat and others that influence a 
successful transit between wintering and breeding 
grounds. 

The assessment of long-term trends in bird 
densities may be used as a form of bioassay of the 
state of the local environments. Information from 
such studies can provide region-wide indicators 
that, given a sufficiently comprehensive data base, 

. can segregate local from distant influences on 
populations. Such indicators can be incorporated 
into management strategies to aid in determining 
which local strategies may be necessary (and 
feasible) to help maintain the biota. 

MONITORING MIGRANT BIRD 
POPULATIONS 

MIGRANTS VERSUS RESIDENTS 

There is no simple dichotomy between 
resident and migratory birds, rather there is a 
continuum of strategies to cope with the non
breeding season. At one extreme, populations may 
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be truly resident and spend the non-breeding season 
wholly within the breeding habitat; at the other, 
populations are wholly migratory, overwinter in 
quite different habitats that are reached by long
distance travel of sometimes thousands of 
kilometers. Between these two extremes are species 
that overwinter locally but in different habitats, 
perhaps at different elevations, and species that 
undertake short-distance migrations and/or perhaps 
overwinter in similar habitat elsewhere, perhaps 
distant some hundreds rather than thousands of 
kilometers from the breeding grounds. 

Often, related species that share a breeding 
area such as GTNP have quite different migration 
strategies. This is illustrated in three taxonomic 
groups that are common constituents of the breeding 
avifauna of GTNP: the thrushes Turdinae, the 
sparrows Emberizinae, and the warblers Parulinae 
(Fig. la-c). Overall, there is a considerable array 
of migration strategies, classified by both latitudinal 
position, range (extent), and wintering habitat. 
Species that may share breeding habitat in GTNP 
are likely to encounter very different conditions, in 
different regions and different habitats, in the non
breeding season, and degree of taxonomic 
relationship is correlated apparently more with 
differences in migration modes than with 
similarities. 

JACKSON HOLE THRUSHES: WINTERING RANGES AND HABITATS 

0 American robin [woodlarid, scrub] 
G Mountain bluebird [Gt. Basin, Mojave desert] 

® Townsend's solitaire [trop. deciduous wdlnd] 
e Hemit thrush [chaparral, thorn scrub] ...__,......,--,-~ 

e Swainson's thrush [deciduous, open forest] 
e Veery [tropical lowland forest) 

Figure la 
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JACKSON HOLE SPARROWS: WINTERING RANGES AND HABITATS 

. 40 

30 

1. Song sparrow [resident] 
Z. Oarlt-eyed junco [brush, edge] 

3. White-crowned sparrow '[brush. scrub] 

\~~v:::~~!w ~=~::~~~:l-r=-==-=-=--=::J..:=....r...J" 
6. Vesper sparrow [fN!Ids, arid scrub] 

7. Chipping sparrow [Sonoran desert] - ."-r-"o.....;;;;_..;;;...._;;...;::_-r' 
8. Fox sparrow [thickets, decid. woodland] 

9. Lincoln's sparrow [edge, scrub] 
10. Brewer's sparrow [desert scrub] 

11 . Gteen-tailed towhee [desert scrub] 1 ~3~~~:k~;=e~ r;!~~~~;,=:~'-:-:ld~-r' 

Figure lb 

JACKSON HOLE WARBLERS: WINTERING RANGES and HABITATS 
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0 YeUow-rumped warbler [pin~ak-chaparral] 
0 Orange-crowned warbler [oak woodland] 

0 Yellowthroat [coastal scrub] 
8 MacGillivray's warbler [highland scrub] 

e Wilson's warbler [lowland scrub, edge] 
e Northern waterthrush [mangroves] 

e American redstart [rainforest] 
e Yellow warbler [edge, thickets] 

Figure lc 
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Population regulation in species that spend 
part of the annual cycle in breeding habitat and 
another part in distant and different wintering 
habitat pose some interesting but challenging 
questions. These were recently addressed in some 
detail by Sherry & Holmes ( 1995). Individuals 
surviving overwinter and reaching the breeding 



grounds in GTNP are potentially affected by the 
type, areal extent and quality of breeding habitat 
they fmd in spring. Breeding and recruitment ensue 
in GTNP, and following the return migration to 
South America a similar set of factors potentially 
affect the overwinter survival of the population. 
The challenge is to understand changes year to year 
in breeding populations in GTNP, this being the 
·only component of the system that is measured and 
monitored. 

A further point is a potential for on-site 
interspecific interactions, and their influences on 
breeding population sizes. Often this comes down 
to whether population sizes in two or more 
coexisting species show positive or negative 
covariation. For example, if two species withfiia
community are mutually strong competitors and 
both minimally affected by the other species 
present, there is a good prospect that such 
influences will be detectable in their breeding 
population densities. However, where competition 
is diffuse, as well it might be in communities of 
generalized insectivorous birds breeding in GTNP, 
interspecific effects may be difficult to disentangle 
from breeding population censuses. Long-term 
.census data are required to render the problem 
somewhat more tractible. 

+ DESIGN OF THE GTNP BREEDING 
BIRD MONITORING PROGRAM 

The project established a total of 30 
monitoring sites within (28 sites) or immediately 
adjacent to (2 sites) GTNP, covering all of the 
major habitat types within GTNP. The sites are 
listed in Table 1, and span a range of elevations 
from 1900-3000m, and cover the park over 
practically its full N-S and E-W extent. 

Table 1: GTNP MONITORING 
SITES, #'s1 - 30 

Site Name Habitat Yr.Estab. Elev 

.Wolf Ranch Grazed meadow 1994 2045 

Jackson Lake Grass-sedge meadow 1992 2053 
Junction 

Elk Refuge Wet meadow 1994 1895 

Jackson Lake Grass-sagebrush 1966 2043 
Junction 

Antelope Flats Sage burn 1995 2000 

Antelope Flats Sage unburned 1995 2000 

Table 1: Con't 
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Table 1 con't 
-

Site Name Habitat Yr.Estab. Elev 

Triangle X Aspen-scrub 1996 2090 
Ranch 

RKO/Snake R. Dry willow flats 1992 2003 
Bottoms 

Jackson Hole Wet willow flats 1966 2049 
Junction 

RMNP Onahu Wet willow flats 1995 2450 
Ck 

GNP Coonsa Wet willow flats 1996 1540 
Creek 

Oxbow Bend Willow-aspen 1992 2040 

Elk Ranch West Low aspen 1968 2109 
woodland 

Elk Ranch East Mid aspen woodland 1968 2152 

Signal Mountain Tall aspen woodland 1968 2091 

Spread Creek Cottonwoods 1992 2085 

Schwabacher Cottonwoods 1992 1988 
Landing 

Lower Granite Lodgepole-aspen 1995 1965 
Canyon wdland 

Timbered Is. Lodgepole-spruce 1994 2060 
Moraine 

AMK Ranch Lodgepole pine 1991 2055 
forest 

Taggart Lake Successional 1995 2090 
lodgepole 

Signal Mountain Lodgepole-fir forest 1992 2258 

Spaulding Bay Douglas fir-spruce 1995 2121 
forest 

Lizard Creek Lodgepole-spruce-fir 1992 2195 

Bradley Lake Spruce-fir-lodgepole 1995 2180 
forest 

Jenny Lake Spruce-fir forest 1992 2197 

Upper Granite Spruce forest 1994 2365 
Canyon 

Rendezvous Lodgepole- 1994 2970 
Mountain whitebark pine-fir 

Cody Bowl Arctic-alpine tundra 1994 2900 

Heron Waterfowl ponds 1995 2052 
Pond/Swan Lk survey 

Blacktail Ponds Aerial foragers 1995 2040 
survey 

Sites 1-3 are in grassland; site 4, grass
sage, is a long-term monitoring site (since the 
1960's); site 5 is established half and half across the 
edge of the Antelope Flats 1994 sagebrush bum; 
site 6 is tall sagebrush, site 7 a brushy forb 
meadow, and site 8 is scrubby aspen. Three sites 
(9-11) have a dominant willow component, three 
sites (12-14) are low-tall aspens; sites #15 and #16 
are cottonwoods, with site # 17 mixed aspen-
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conifers. Sites 18-21 are situated in lodgepole pine 
forest, the latter within a recent (1988) bum and 
undergoing succession. Other conifer sites are #22 
with a large douglas fir component, #23 with much 
Engelmann spruce, #24 mixed lodgepole pine-fir
spruce, and #25 with some of the tallest old-growth 
timber in the park, including douglas frr and 
. Engelmann spruce. Site # 26 is located within pure 
spruce forest, while #27 is mixed whitebark pine
lodgepole pine-subalpine fir; site #28 is located 
nearby, in Cody Bowl just outside the park 
boundary, and represents the alpine tundra habitat. 
Two additional sites (# 29, 30) are included 
specifically to monitor wildfowl populations and 
aerial foragers respectively. 

In addition to the 30 GTNP sites, two 
additional sites are included in the monitoring 
program. These duplicate a GTNP Wet Willows 
site (#10), to the north in Glacier National Park, 
and to the south in Rocky Mountain National Park. 

Census criteria were established with a 
view to enhancing census uniformity and 
replicability, and observer independence. We use a 
method that is a combination of three techniques, 
territory mapping, transect counts, and point counts 
(Bibby et al, 1992). It is termed an "areal count", 
similar to the "spot-mapping" technique frrst 
described by Kendeigh ( 1944). It maximizes 
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. Each site is censused a 
minimum of three times during the breeding season, 
with visits spread over at least two weeks. One 
visit is made early am (0600-0800h), one later in 
the morning (0800-llOOh), and one late afternoon 
(1500-1800h). The intent of this procedure is to 
account for potential differences among species in 
diurnal activity periods. Each census is made with 
a site map in hand, with most sites on the order of 5 
ha in size. With the site map, an observer can 
always identify his/her position within the site, and 
locate permanent markers within the site. The 
observer spends around 2h within the site on each 
visit. Day, time, and observer identification are 
marked on the map sheet. All birds located and 
identified within the site are marked on the map if 
singing on territories, listed on the map if moving 
through the site, or foraging within or over the site 
but nesting elsewhere. The intent is to confrrm 

identities and derive density estimates of all species 
that utilize the site. 

For each census/visit, species are tallied 
and density estimates appended in units of numbers 
of breeding pairs. In species for which a 5 ha site 
is a small fraction of a larger territory, for non
territorial species, for smaller species nesting offsite 
and including a fraction of the territory within the 
site, reasonable estimates are made of the 
contribution of the e.g. 5 ha site to the requirements 
of the pair/ species in question. Densities ultimately 
recorded in the data set are the averages of the two 
highest counts of the several made at a site during 
the season. 

THE GTNP AVIFAUNA 

Some 300 bird species have been recorded 
in Jackson Hole, about the same as in Yellowstone 
National Park (YNP; McEneany 1996). Of these, 
some 270 species have been recorded in GTNP 
(Johnsgard 1986, Raynes 1995), around 250 in 
spring-summer, and about 175 species (90 
passerines, 85 non-passerines) breed within the 
park. Common and Latin names of bird species so 
far recorded on the monitoring sites are given in 
Appendix A. 

A good number of species that have been 
recorded as breeding within the park, or else may 
be classed as likely breeding species (but breeding is 
unconfrrmed), are rare. Rare breeding species form 
into several distinct categories: species have large 
territories or are not easily detected; species are 
rare because suitable breeding habitat is rare; 
species are on the edge of their geographic ranges 
in GTNP. Of our list of 21 rare species, > 75% 
have occurred on GTNP monitoring sites. Some 
undoubtedly breed in GTNP on a regular basis but 
not every year, and their use of GTNP seems a 
response to suitable conditions that occur 
irregularly. For example, Northern waterthrush 
and Virginia rail have bred in the Wet Willows 
monitoring site (#10) several times in the 1990's, in 
wet, cool years. The same sorts of conditions also 
bring Gray catbirds to Aspen-willow edge (site #11) 
and our Dry Willows sites (#' s 9, 11), and Least 
flycatchers to aspen or cottonwood sites (#'s 14, 
15). Other species listed breed practically every 
year, but in rather scarce habitat (e.g. Sora in wet, 
brushy sedge marshes, Sage thrasher in tall 
sagebrush, and Bobolink in tall, forb-rich grassland 
in the Elk Refuge, site# 3). 



It is considered to be a fortunate 
circumstance that so many species are at the edges 
of their breeding ranges in GTNP, for here it is 
likely that populations will be far more sensitive to 
year-to-year variations in local conditions than 
would be the case in the center of their breeding 
ranges. Several of the 30 monitoring sites were 
selected in habitat types specifically to detect the 
presence of rare breeding species when and if they 
occur within GTNP. Thus the opportunities to 
determine which local factors correlate with GTNP 
breeding in these marginal species are several. 

Under 40% of the breeding non-passerines 
can be found in Jackson Hole throughout the winter, 
and many of these at much reduced densities. The 
residents are those species that typically overwinter 
at high latitudes in the Holarctic region, including 
corvids, sittids, and fringillids. Among the several 
breeding species that are marginally resident, 
presumably in response to the severity of the 
winter, are Song sparrow, American robin, Red
winged blackbird and Dark-eyed junco. Note that 
there is no compelling reason that migrant bird 
populations should be expected to be more variable 
or less predictable on the breeding grounds than 
those of resident birds, or vice versa. From frrst 
principles, selection is expected to act on migration 
or residence strategies to maximize overwinter 
survival, favoring further migration if less produces 
lower survival and less migration if increased 
residence enhances survival; overall, overwinter 
survival should not differ greatly among the diverse 
strategies available to temperate breeding birds. 

+ ANALYSES 

Established monitoring sites have been 
assessed and classified by vegetation structure. At 
each site a "foliage profile" has been measured, a 
plot of vegetation density against height above 
ground. A depiction of the sites in the plane of the 
frrst two principal components is shown in Fig. 2a, 
2b. From the figure, it is easy to distinguish the 
wetland sites, grassland and grass-sage, aspen, 
cottonwood and conifer forests. The vegetation 
structure at most of the monitoring sites cannot be 
considered permanent and unchanging. There are 
many disturbance factors that change vegetation 
structure, conspicuous amongst which are frre and 
storms (e.g. blowdowns) in woodland and forest, 
and flood and drought in wetland sites. 
Successional pathways are shown in Fig. 2b. Note 
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the expected shifts in vegetation structure on the 
two recently burned sites (#s 5, sagebrush; 20, 
lodgepole pine forest). 

A 
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Figure 2a; 2b 

Summaries of bird species censused on the 
GTNP monitoring sites are part of a growing data, 
including densities in prlha. Nearly 150 species are 
recorded on the monitoring sites in toto; most sites 
from willows to forest support 20-30 species, and 
the taller woodland and forest sites closer to 30 
breeding species. Fig. 3 shows the distribution of 
certain species guilds over sites. Lower counts 
were recorded in 1995, in comparison to which 
species numbers were nearly uniformly higher in 
both 1996 and 1997. Species number appear less 
variable in site #'s > 20, i.e. in taller conifers; the 
most conspicuous contributor to non-uniformity in 
the trend of species over sites is the smaller species 
numbers recorded in dry sagebrush sites, #'s 4-6. 

Breeding bird densities are generally 
around 2-6 pr !ha in grasslands. 2-3 pr !ha in 
sagebrush, and 6-12 pr!ha in most other sites, with 
an obvious spike of high density in the Wet Willows 
(site #10). In general, total density parallels species 
numbers over sites (r = 0.76). In 1995 overall 
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densities were lower across sites (as were species 
numbers), but similar between 1996 and 1997. 
Both species numbers (richness) and total bird 
density correlate with vegetation height and foliage 
diversity over the profile; while significant, neither 
relation is compelling, as no more than 40% of the 
variation in either species or densities is accounted 
for by the vegetation structure. 

SEGREGATION BY HABITAT AMONG RELATED SPECIES 

~Savannah Sparrow: 2.0 pr/ha 

C ;j;::B> vesper Sparrow: 1.03 pr/ha 

c:::> Brewer's Sparrow: 1.58 pr/ha 

........ White-crowned Sparrow: 0.92 pr/ha 

<OIIIIIIiifllliSiilllii•Song Sparrow: 1.53 pr/ha 

------ Lincoln ' s Sparrow: 1 .88 pr/ha 
Chipping Sparrow:-------- 0.95 pr/ha 

Dark-eyed Junco: -------1.90 pr/ha 

~-~ Common Yellowthroat: 2.7 pr/ha 

<t£:i:> Orange-crowned Warbler: 0.49 pr/ha 

c:::> Wilson's Warbler: 1.72 pr/ha 

..... ~ Yellow Warbler 2.7 pr ha 

Yellow-rumped Warbler QIM• 1.23 pr/ha 

Figure 3 
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Each species has a characteristic 
distribution over GTNP habitats. The turnover in 
species from site to site measures a second 
component of diversity, b-diversity (in contrast to 
species richness within sites, a-diversity). Patterns 
of b-diversity show which sites are relatively 
homogeneous in the bird species they support, and 
between which sites the species composition 
changes more radically. A summary of these 
patterns is provided in Fig. 4. Five site clusters are 
defined by the criterion that species turnover among 
sites is < 15%. These are grassland, sagebrush, 
willows, aspen, and lodgepole pine. When the 
criterion is relaxed to accommodate 30% turnover 
among sites, the two cottonwood sites join the aspen 
cluster, and the remaining conifer forests, chiefly 
spruce and fu, join the lodgepole cluster. 

Some variation over time, i.e. between 
years, in census results is anticipated, but such 
variation itself varies among sites and among 
species. That is, some sites produce similar results 
over the years, whereas others vary considerably; 
and some species appear relatively constant over the 
years, whereas others fluctuate widely in occurrence 
and density. Aspen bird communities (site #s 12-
14) appear to have been relatively constant for 

many years, since Doug Flack's 1968 censuses. In 
contrast, lower and more open habitats appear to be 
more variable in species composition over the 
years, e.g. at site #7 (Two Ocean Lake Meadow) 
where 1997 data are in strong contast to 1994 data. 
The suite of species Savannah/Brewer's! Vesper 
sparrow dominated the earlier count, whereas 
White-crowned/ Lincoln's sparrow and Lazuli 
bunting the later count. At site #19 (AMK 
lodgepole forest), censused since 1992, species 
counts have varied 21-28, and total density 7.1-9.1 
prlha. With a longer term data set, the possible 
causes of these changes can be investigated. 
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Factor (1) 

Figure 4 

Between years, the densities of different 
species shift in different ways at different sites. In 
over bird densities across sites in GTNP, bird 
densities were very similar in 1996 and 1997. 
However, American robin densities were overall 
significantly lower in 1997 than 1996, and the 
reverse was true for White-crowned sparrow. 
Robin densities were lower in virtually all sites in 
1997 except for the willows sites, and White
crowned sparrow densities were lower over 
virtually all sites in 1996 except for the willows 
sites. It seems that a) the two species responded in 
different ways to the changes between years 
(whether on- or off-site effects), but b) the wet 
habitats buffered the densities of each species, and 
in these habitats the two species were relatively 
constant between years. More and quantitative 
versions of such analyses will be possible with a 
longer term data set. 

Willows habitats are becoming well-known 
as breeding bird densities are measured in 



successive years, both at GTNP and elsewhere. 
Concommitantly, measures of insect availability 
have been made in each year in the willows sites 
(#9, 10) in GTNP, using Tanglefoot boards; 
notably, virtually all breeding birds in these habitats 
are insectivorous. But the birds and insects are only 
part of a larger willows ecosystem which has other 
conspicuous members, such as the large browsing 
ungulates that pre-empt much willow productivity 

P,P&E 
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and the beavers that not only feed on willow but 
alter drainage channels, and thus directly affect 
vegetation structure (to which the birds may 
respond). A diagrammatic view of the broader 
willows ecosystem is given in Fig. 5. 

PREDATORS: 
GROUND-FORAGING 

INSECTIVORES 
Thrushes 

Emberizines 

FOLIAGE 
INSECTIVORES 
N. Yellowthroat 
Yellow Warbler 

Wilson's Warbler 
McGillivray's Warbler 

HERBIVORES: 

AUTOTROPHS: 

FigureS 

Two exclosures, 16' x 24' and 8'19' high, 
were erected at Site #9 (RKO Dry Willows); 
construction was completed in Sept 1996. Both 
exclosures are impermeable to elk, bison, moose 
and deer (all of which occur at the site), and one is 
additionally wrapped with aviary wire that excludes 
birds. A control site of similar size is located 
between the two exclosures. The exclosures allow 
willow herbivory only in insects and small rodents; 
birds may respond to insect density shifts in one 
exclosure but not in the other to which their access 
is denied. Excluding large browsers (moose et al.) 
is akin to elevating predation levels on the ungulates 
and reducing their densities. Responses to the 
exclosures measured yearly in three ways: a) insect 
Tanglefoot traps are set within exclosures and 
controls; b) willow shoot elongation and leaf area 
per shoot diameter are measured within exclosures 

NECTARIVORES 
Calliope hummingbird 

Broad-tailed hummingbird 
Rufous hummin bird 

and in the control; c) bird foraging actiVIty is 
measured in the control and in the one exclosure to 
which birds have access. The first measurements 
were made in late July 1997, but so far little change 
of consequence has occurred. It is projected that 
conspicuous change should be detactable within a 5-
yr period. 

+ FuTuRE PROJECTIONS OF THE 
MONITORING PROGRAM 

The value of a breeding bird monitoring 
program may be obvious, but can be restated as 
follows. Small birds are conspicuous, diurnal, and 
are easily and accurately censused on their breeding 
habitats; they are the chief insectivores in these 
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habitats; their densities respond within GTNP to 
habitat differences among sites, and to within
habitat changes among years; their migration 
strategies are diverse, and range between the 
extremes in-habitat residents to long-distance 
migrants; thus the potential impact of off-site 
influences can be assessed in principle. Overall, 
small birds are most useful bioassays of habitat 
health and quality, and ideal subjects for long-term 
monitoring studies. 

While the potential advantages accruing 
from long-term monitoring of breeding bird 
populations, for assessment, management, 
conservation as well as purely academic (scientific, 
ecological) reasons are clear, they are demonstrable 
only with a long term data base. This is at present 
lacking, and it is hoped that the continuation of the 
GTNP monitoring program will provide a valuable 
basis for the evaluation of future trends and design 
of management policies. 
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Appendix. A 

APPENDIX A: GTNP MONITORING SITES: SPECIES LIST 1995-97 
PELECANIDAE White Pelican Pelecanus erythrorhynchus 

ARDEIDAE Great Blue Heron Ardea herodias 

GRUIDAE Sandhill Crane Grus canadensis 

ANATIDAE Trumpeter Swan Cygnus buccinator 
Canada Goose Branta canadensis 
Mallard Anas platyrhynchos 
Gadwall Anas strepera 
American Wigeon Anas americana 
Cinnamon Teal Anas cyanoptera 
Green-winged Teal Anas crecca 
Blue-winged Teal Anas discors 
Redhead Aythya americana 
Ring-necked Duck Aythya collaris 
Lesser Scaup Aythya affinis 
Common Merganser Mergus serrator 
Common Goldeneye Bucephala clangu/a 
Bufflehead Bucepha/a albeola 
Wood Duck Aix sponsa 

RALLIDAE Virginia Rail Rallus limicola 
Sora Porzana carolina 
American Coot Fulica americana 

CHARADRIIDAE Kildeer Charadrius vociferus 
Willet Catoptrophorus semipalmatus 

SCOLOPACIDAE Long-billed Curlew Numenius americanus 
Spotted Sandpiper A ctitis macula ria 
Wilson's phalarope Ph/aropus tricolor 
Common Snipe Gallinago gallinago 

LARIDAE Franklin's Gull Larus pipixcan 
California Gull Larus californicus 
Ring-billed gull Larus delawarensis 

CA THARTIDAE Turkey Vulture Cathartes aura 

ACCIPITRIDAE Golden Eagle Aquila chrysaetos 
Bald Eagle Haliaeetus leucocephalus 
Northern Harrier Circus cyaneus 
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Appendix. A 

Red-tailed Hawk Buteo jamaicensis 
Swainson's Hawk Buteo swainsoni 
Osprey Pandion haliaetus 
Sharp-shinned Hawk Accipiter striatus 
Cooper's Hawk Accipiter cooperi 
Northern Goshawk Accipiter gentilis 

FALCONIDAE American Kestrel Falco tinnunculus 
Prairie Falcon Falco mexicanus 

PHASIANIDAE Ruffed Grouse Bonasa umbel/us 
Blue Grouse Dendrogapus obscurus 
Sage Grouse Centrocercus urophasianus 

COLUMBIDAE Mourning Dove Zeneadura macroura 

STRIGIDAE Great Gray Owl Strix nebu/osa 
Great Homed Owl Bubo virginianus 
Long-eared Owl Asio otus 
Northern Pygmy-Owl Glaucidium gnoma 

CAPRIMULGIDAE Common nighthawk Phalaenoptilus nuttal/i 

TROCHILIDAE Calliope Hummingbird Stellula caliope 
Broad-tailed hummingbird Selasphorus platycercus 
Rufous hummingbird Se/asphorus rufus 

ALCENIDAE Belted Kingfisher Ceryle a/cyon 

PICIDAE Northern Flicker Co/aptes auratus 
Williamson's Sapsucker Sphyrapicus thyroides 
Red-naped Sapsucker Sphyrapicus nucha/is 
Downy Woodpecker Picoides pubescens 
Hairy Woodpecker Picoides vil/osus 
Three-toed Woodpecker Picoides tridacty/us 
Black-backed Woodpecker Picoides arcticus 

TYRANNIDAE Western Wood Pewee Contopus sordidulus 
Olive-sided Flycatcher Nuttallornis borealis 
Say's Phoebe Sayornis saya 
Dusky Flycatcher Empidonax oberholseri 
Hammond's Flycatcher Empidonax hammondii 
Least Flycatcher Empidonax traillii 
Willow flycatcher Empidonax difficilis 
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Appendix.A 

Cordilleran Flycatcher Empidonax ex. difficilis 

HIRUNDINIDAE Tree Swallow Tachycineta bicolor 
Violet-green swallow Tachycineta thalassina 
Rough-winged Swallow Stelgidopteryx serripennis 
Cliff Swallow Hirundo pyrrhonota 
Barn Swallow Hirundo rustica 
Bank Swallow Riparia riparia 

CORVIDAE Steller's Jay Cyanositta stelleri 
Gray Jay Perisoreus canadensis 
Clark's Nutcracker Nucifraga columniana 
Black-billed Magpie Pica pica 
American Crow Corvus brachyrhynchos 
Common Raven Corvus corax 

PARIDAE Black- capped Chickadee Parus atricapillus 
Mountain Chickadee Parus gambeli 

CERTHIDAE Brown Creeper Certhia americana 

SITTIDAE White-breasted Nuthatch Sitta carolinensis 
Red-breasted Nuthatch Sitta canadensis 

TROGLODYTIDAE Marsh Wren Cistothorus palustris 
Rock Wren Salpinctes obsoletus 
House Wren Troglodytes aedon 

MUSCICAPIDAE Golden-crowned Kinglet Regulus satrapa 
Sylviinae Ruby-crowned Kinglet Regulus calendula 

Mountain Bluebird Sialia currucoides 
Turdinae Townsend's Solitaire Myadestes townsendi 

Veery Catharus fuscescens 
Hermit Thrush Catharus guttatus 
Swainson's Thrush Catharus ustulatus 
American Robin Turdus migratorius 

MIMIDAE Gray Catbird Dumatella carolinensis 
Sage Thrasher Oreoscoptes montanus 

MOT ACILLIDAE Water Pipit Anthus spinoletta 

CINCLIDAE American Dipper Cine/us mexicanus 
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Appendix. A 

BOMBYCILLIDAE Cedar Waxwing Bombycil/a cedrorum 

STURNIDAE European Starling Sturnus vulgaris 

VIREONIDAE Solitary Vireo Vireo solitarius 
Warbling Vireo Vireo gilvus 

EMBERIZIDAE Orange-crowned Warbler Vermivora celata 
Parulinae Yellow-rumped Warbler Dendroica coronata 

Townsend's warbler Dendroica townsendi 
Yellow Warbler Dendroica petechia 
MacGillivray's Warbler Oporornis tolmiei 
Wilson's Warbler Wi/sonia pusil/a 
Northern Waterthrush Seiurus novaboracensis 
Common Yellowthroat Geothlypis trichas 
American Redstart Setophaga ruticilla 

Emberizinae Black-headed Grosbeak Pheuticus melanocephalus 
Lazuli Bunting Passerina amoena 
Spotted towhee Pipilo maculatus 
Green-tailed Towhee Pipilo chlorurus 
Vesper Sparrow Pooecetes gramineus 
Savannah Sparrow Passerculus sandwichensis 
Song Sparrow Me/ospiza melodia 
Lincoln's Sparrow Melospiza lincolnii 
Fox Sparrow Passerella iliacus 
Lark Sparrow Chondestes grammacus 
Chipping Sparrow Spizella paserina 
Clay-colored Sparrow Spizella pal/ida 
Brewer's Sparrow Spizella breweri 
Dark-eyed Junco Junco hyemalis 
White-crowned Sparrow Zonotrichia leucophrys 

ICTERIDAE Bobolink Dolichonyx oryzivorus 
Western Meadowlark Sturnella neglecta 
Yellow-headed Blackbird Xanthocephalus xanthocephalus 
Red-winged Blackbird Agelaius phoeniceus 
Brewer' Blackbird Euphagus cyanocephalus 
Brown-headed Cowbird Mo/othru ater 
Common Grackle Quiscalus quiscula 

THRAUPIDAE Western Tanager Piranga Judoviciana 
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Appendix.A 

FRINGILLIDAE Pine siskin Carduelis pinus 
American Goldfinch Carduelis tristis 
Red Crossbill Loxia curvirostra 
White-winged crossbill Loxia leucoptera 
Pine Grosbeak Pinico/a enucleator 
Rosy Finch Leucosticte arctoa 
Cassin's Finch Carpodacus cassinii 
House Finch Carpodacus mexicanus 
Evening Grosbeak Coccothraustes verpertinus 

To Date: 14 7 species 



BEHAVIOR OF RivER OTTERS IN THE OXBOW BEND 

VICINITY, GRAND TETON NATIONAL PARK 
1997 SEASON 

JOSEPH G. HALL+ DEPARTMENT OF BIOLOGY 

SAN FRANCISCO STATE UNIVERSITY+ CA 

+ OBJECTIVES AND METHODS 

1997 was the third and fmal season devoted 
to gaining information on the behavior of river 
otters with most emphasis on nocturnal and diurnal 
activity. As in the 1995 and 1996 seasons, six 
automatic camera monitors, activated by treadle 
switches, were put out at sites often frequented by 
these animals. In addition, canoes were frequently 
used for daytime patrols. Field work occurred from 
July 8 - August 6. 

+ RESULTS 

My friend Peter Mui spearheaded a 
protocol for getting public input on otter sightings. 
He mounted an otter sighting "bulletin board" 
soliciting visitors at Cattlemen's Bridge to record 
their observations. See attached copy. The result 
of this innovative scheme was to effectively increase 
the number of observers. The total number of 
observations tallied, both by Park Service personnel 
and the general public, was 32. In addition, Mui 
arranged with Park Service Interpreter Katy Duffy 
for two seasonal NPS employees to accompany us 
in the field one morning. They became familiar 
with the methods we used in this study, particularly 
how monitor sites are selected, set up and 
maintained. They also assisted us in handling the 
canoe and scouting for otters and learned some 
fundamentals of natural history of these animals. 

Using six activity monitors, we clocked 
1700 camera hours and recorded 21 visits, an 
investment of 81 hours per visit. This is a notable 
contrast with the investment of 120 hours per visit 
in 1995 and especially with the value of 566 hours 
per visit in 1996. The year-to-year fluctuations in 
field efficiency underscore the importance of doing 
research for several consecutive years, even if the 
reasons for the differences are not well understood. 

Of the 21 otter visits in 1997, 17 were by 
day and 4 by night. When combined with the 10 
visits in 1995 and 3 visits in 1996, the grand total 
ratio is 24 by day to 10 by night, indicating that 
overall the otters were about two-and-a-half times as 
active by day as by night. (Neither the small 1995 
or 1996 samples indicated this). The prime goal of 
this project was to determine how nocturnal activity 
compared with diurnal activity and the conclusion 
that otters are more diurnal than nocturnal is the 
opposite of what I expected to find. In a situation 
where there is a good deal of daytime human 
activity, I thought the otters would shift to mostly 
nocturnal activity to minimize disruption by 
fishermen, boaters and picnickers. In searching for 
some answer to this unexpected fmding, the only 
hypothesis coming to mind is that the fish upon 
which otters feed heavily are easier to see and catch 
in daylight than in the dark. Feeding was one of the 
commonest activities noted by day but we had no 
way of comparing this with intensity of feeding at 
night. 



Vandalism of equipment has been a source 
of concern from the outset. 1997 was the first 
season when it became common enough to interfere 
with obtaining data. The south spit of an island just 
upriver turned out to be visited most by the otters. 
However, the otters frequenting this site got into the 
habit of unearthing the treadle switch, carrying it 
off a few feet and on one occasion, dumping it in 
the shallow water near where they hauled it out. 
The monitor located on the north shore of the main 
Oxbow was "attacked" by otters . The camera and 
its rain protector were knocked off the tripod and 
the two battery boxes were completely gone. 
Eventually, I chanced to spot them under a half-foot 
of water close to shore. Precious time was lost in 
dismantling the monitor and taking it back to camp 
for repair. 

Besides otters, other animals occasionally 
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accidentally step on a buried treadle and trigger the 
camera. In 1997, we obtained a shot of a coyote 
and one of a sandhill crane . The last record of the 
season shows a young lady , standing on the treadle 
of the monitor near the Old Research Station while 
waving a can of beer to celebrate her cleverness! It 
was a relief not to have more serious pranks or 
outright stealing of equipment by fishermen or other 
visitors. 

Thanks are due to those people who 
assisted me from time to time in the field . My 
wife, Betty, was a devoted helper, as in the past. 
Peter Mui gave very generously of his time, not 
only in public relations (as mentioned earlier) but 
also in field work and in maintenance of cameras . 
Kathleen McGinley and Bob Richardson are 
especially to be appreciated for their sharp vision in 
spotting otters from our canoe, almost always 
before I could. Finally, my thanks to daughters 
Peggy Link and Connie Davis for their substantial 
help with all phases of the otter project. 

Otter family at ease on traditonal resting site near old Research Station 



28 

SEEN AN OTTER? 
PLEASE TELL Us. 

At the University of Wyoming-National Park Service Research Center, biologists 
are studying otter behavior in Grand Teton National Park. If you have seen 
otters along the Snake River from the Jackson Lake Dam to the Oxbow Bend we 
would appreciate your help. 

On the space beneath this page, write down: 
Date- Time- Location- Number of Otters in the group (adults and young) 
What they were doing (traveling up or downstream, eating on bank, etc.) 
Many Thanks! 

For more information, please write: Joe Hall, UW-NPS Research Center, PO Box 170, Moran WY 83013 
==================================================== 

About Otters 
Otters are aquatic mammals about 3 feet in total length, smooth and dark-brown in color, with 
webbed feet and furry soles, and a long, tapering tail. They can remain in the water for long 
periods and swim below its surface for up to a quarter of a mile. Although living near water 
and making their dens in holes in banks, they travel long distances overland, especially in 
winter, in search of open water for fish, their principal food. Two or three young are born in 
April or May and are taught to swim by their mother. Otters make a wide variety of noises: 
whistling, chuckling and sometimes growling like a dog. 

Otters compared to Muskrats and Beavers 
Muskrats are much smaller than otters and have narrow tails flattened from side to side. 
Beavers are about the same size as otters but have a stocky build and wide paddle-like tails 
flattened from top to bottom. Both muskrats and beavers tend to travel alone while otters are 
usually in family groups. 



METAPOPULATIONS OF MONTANE AND LONG-TAILED 

VOLES (Microtus montanus and M. longicaudus), AND 

HANTAVIRUS AND PLAGUE IN THE 

JACKSON HOLE SMALL MAMMAL COMMUNITY 

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

SCIENCE MUSEUM OF MINNESOTA 

DEPARTMENT OF FISHERIES AND WILDLIFE 

UNNERSITY OF MINNESOTA+ ST. PAUL 

.. OBJECTIVES 

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

The purpose of the research on hantavirus 
begun in 1994 is to ascertain the extent of hantavirus 
among as many species of small mammals as 
possible, to identify the strain(s), to understand the 
presence of hantavirus across species and among the 
metapopulations of voles, and to assess the potential 
for human contact. The purpose of the research on 
plague begun in 1995 is to test the long-standing 
hypothesis that voles are a reservoir in the intervals 
between plague outbreaks among ground squirrels. 

+ METHODS 

Most trapping periods were limited to two 
days so that impact on the respective populations 
would be minimized. From fresh specimens of voles, 

eyes were removed for age determination upon lens 
weight (Gourley and Jannett, 1975). 

In October, 1997 we undertook standard 
monitoring efforts at nine known populations of 
Microtus montanus and at two of M. longicaudus for 
long-term metapopulation data; an unstructured 
sample was made of one other known M. montanus 
population. 

Specimens were secured for the hantavirus 
and plague surveys in the 10 long-term study 
populations of Microtus montanus and two long-term 
study populations M. longicaudus. They were also 
secured at 14 additional sites ranging as far south as 
Moose and as far north as meadows northwest of 
Flagg Ranch in the Rockefeller Memorial Parkway. 
Collections were made in and/or around buildings at 
10 sites, including Beaver Creek, Moose, Colter Bay, 
and the Research Station at AMK Ranch. Additional 
collecting sites were proximate to human habitation at 
Flagg Ranch, Elk Ranch, and the Moran grade 
school. Fleas were removed from most specimens 
and saved for identification and plague culture by Dr. 
Ken Gage of the Centers for Disease Control and 
Prevention (CDC), Ft. Collins, Colorado. For the 
hantavirus survey, specimens were sacrificed with 
anesthetic. Blood and lungs were removed and 
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frozen, and the blood was shipped to CDC, Atlanta, 
where it was examined for hantavirus using ELISA. 
Blood was saved on Nabuto strips to test for plague at 
CDC, Ft. Collins. 

+ RESULTS 

DEMOGRAPHY OF MICROTUS. 

In the 10 populations of Microtus mont anus 
monitored in October, 1996 and again in October, 
1997, there were generally more voles in 1997 than 
in 1996. In two samples there were noM. montanus 
and in the eight other samples the numbers of 
specimens ranged from four to only 52. Numbers of 
voles showed disparate changes. Two sites yielded 
no specimen in either year. One site had no change 
in numbers. Numbers increased at four sites by 
10%, 53%, 425%, and 1000%, respectively. 
Numbers decreased at three sites by 55%, 67%, and 
80%, respectively. There was a pattern in change of 
numbers of voles among sites with primary habitat, 
peripheral to primary habitat, or with secondary 
habitat. Three of the four sites with increasing vole 
numbers were among the four sites with primary 
habitat for this species. 

Fall breeding by Microtus montanus was 
evidenced by lactating and recently lactating females, 
but only one obviously pregnant female. Of the 10 
sites monitored for M. montanus where voles were 
obtained in October, 1997, one or more parous 
females were secured at each of six sites, and each 
of these sites had at least one female :recently or still 
lactating. Each of the sites where M. longicaudus 
predominate over M. montanus had a parous M. 
montanus in the respective sample. Among the eight 
sites with parous female(s), the operational sex ratios 
(OSR) (males:females) of reproductively active and 
recently active male voles to parous females ranged 
from 1:1 to only 1: 1.5. The percentage of females 
still reproductively active in the eight sites with 
parous female(s) ranged from 50% to 100%, and 
averaged 90.6%. In addition, there were three other 
parous females at other sites sampled in October for 
the hantavirus survey; each was lactating or recently 
lactating. 

Numbers of Microtus longicaudus were 
characteristically low at the two monitored sites with 
primary habitat for this species. However, 
considering all seven sites where this species was 
found in 1996, numbers declined at six sites in 1997. 

As is usual for this species in northern Jackson Hole 
in October, breeding had ceased. 

HANTAVIRUS AND PLAGUE. 

For hantavirus, blood was examined 
serologically from 304 specimens in May and 584 
specimens in October. The survey included 12 
rodent species, one species of weasel, and at least 
two species of shrews (Table 1). The efficacy of the 
ELISA test for hantavirus in carnivores and shrews is 
problematic. Three species tested positive for 
hantavirus in 1997 as in previous years: Peromyscus 
maniculatus, Microtus montanus, and M. 
pennsylvanicus. In addition, one Tamias amoenus 
tested positive in October, 1997. 

Table 1. Species, sample sizes, and occurrences of banta virus upon 
I . 1997 sero ogy m 

Species Sessions 

MAY October 
n n+(%) n n+ (%) 

Sorex palustris 1 0 
Sorex spp. 10 0 
Mustela erminea 1 0 
Spermophilus armatus 29 0 
Tamias amoenus 27 0 35 1 (2.8) 
T. minimus 1 0 7 0 
Tamiasciurus hudsonicus 2 0 
Thomomys talpoides 3 0 
Zapus princeps 6 0 
Qethrionomys gapperi 10 0 52 0 
Microtus longicaudus 8 0 39 0 
M. montanus 8 0 162 16 (9.9) 
M. pennsylvanicus 2 0 57 3 (5 .3) 
Phenacomys intermedius 15 0 9 0 
Peromyscus maniculatus 192 7 (3.6) 212 0 

Subtotals 304 7 (2.3) 584 20 (3.4) 
Totals 888 27 (3.0) 

n = sample siZe 
n + = number of positives 
% = percent positive in respective sample 

In May, seven of 192 (3.6%) deermice 
(Peromyscus maniculatus) were positive. Specimens 
which tested positive were all secured in and around 
human habitation at four disparate locations (Table 
2). The incidence per site ranged from 2.7% to 
9.5%, the highest being at Moose. No other species 
tested positive in May. 

In October, no specimen of Peromyscus 
maniculatus tested positive. Sixteen of 162 (9. 9%) 
Microtus montanus and three of 57 (5.3%) M. 
pennsylvanicus tested positive. The one yellow-pine 



chipmunk (Tamias amoenus) which tested positive 
represented an incidence of 2.8% for that species. 

Table 2. Numbers of Peromyscus maniculatus and the incidence of 
hantavirus in July (1995 and 1996) and May (1997) at sites with 
b ildin u tgS. 

Sites Year 
1995 1996 1997 

n n+ (%) n n+ (%) n n+ (%) 

MK Ranch 25 0 22 0 37 1 ( 2.7) 

Moose 11 0 44 0 42 4 ( 9.5) 

Beaver Creek (BC)17 2 (11.8) 68 11 (16.2) 22 0 

Barn N. ofBC 15 1 ( 6.7) 15 0 

Highlands 11 1 ( 9.0) 79 2 ( 2.5) 17 0 

Moran, S. of 4 0 15 0 8 0 
entrance 

Moran, N. of 3 0 14 0 1 0 
entrance 

Colter Bay 10 1 (10.0) 19 0 18 1 ( 5.6) 

Flagg Ranch 12 1 ( 8.3) 8 0 8 0 

Elk Ranch 40 0 11 1 ( 9.1) 

Subtotals 141 5 (3.5) 371 15 (4.0) 179 7 (3.9) 
Totals 691 27 (3.9) 

n = sample stze 
n + =number of positives 
% =percent positive in respective sample 

Of the seven specimens of Peromyscus 
maniculatus which tested positive for hantavirus, six 
were parous adults, each lactating and/or pregnant; 
the remaining individual was also an over-wintered 
female. Of the 19 specimens of Microtus spp. which 
tested positive, 15 (79%) were adults; all four 
subadults which tested positive were from the same 
site. 

None of the specimens of Microtus spp. or 
Tamias amoenus which tested positive were secured 
in or around buildings. All but one of them were 
secured in primary habitat for the respective species. 
The remaining M. montanus which tested positive 
was secured in an isolated habitat patch contiguous to 
an open field (primary habitat) where one or more 
positive specimens were obtained in 1997 and in 
previous years. 

Tests for plague in 1997 have not yet been 
reported by CDC. 
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DISCUSSION 

The numbers of Microtus montanus 
generally increased in 1997 above numbers found in 
1996, especially in open field primary habitat. 
Breeding rates were high in 1997. This correlation 
of increasing fall breeding and increasing population 
numbers is typical of microtine rodents (Krebs and 
Myers, 1974). There was additional support in 1997 
for the correlation of continued fall breeding with 
operational sex ratios characterized by a relatively 
large number of adult males, a pattern conducive to 
social maintenance of breeding (Jannett, 1984a, 
1984b). 

The fmding of Peromyscus maniculatus 
testing positive for hantavirus was significant. This 
species is the primary reservoir for the Sin Nombre 
(SNV) strain of hantavirus in the western United 
States (Childs et al., 1994). The strain present in the 
Jackson Hole specimens is currently assumed to be 
SNV (S.T. Nichol, personal communication), of 
considerable significance to human health. The 
incidence of P. maniculatus testing positive for 
hantavirus was low in the total sample. However, the 
positive specimens were widely distributed and all 
were near or in human habitation. Three sites with 
buildings were added to the list of those where 
specimens testing positive have been found: AMK 
Ranch, Elk Ranch, and Moose. 

In 1997, all Peromyscus maniculatus and 
most Microtus spp. positive for hantavirus were 
adults. This profile supports the emerging pattern 
that there is a higher incidence among adults 
(Douglass et al. 1996; this study, 1994-1997). 

It had been hypothesized that a higher 
incidence of positive Peromyscus maniculatus would 
be found in May than in July in previous years, 
because a greater proportion of the specimens in May 
would be adults and adults are more likely to be 
positive. This was not apparently the case. Although 
not all specimens have been examined and coded for 
age and reproductive condition, most specimens in 
May, 1997 were indeed adults. But the overall 
percentage of positive specimens (3.6%) in May was 
comparable to the percentage of positive specimens in 
July, 1995 (3.1 %) and 1996 (3.6%). Among just 
peridomestic specimens, the respective percentages 
were 3.9%, 3.5%, and 4.0%. 
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Again in 1997, there were distinct patterns 
of foci for the occurrence of hantavirus among voles, 
both Microtus montanus and M. pennsylvanicus. All 
specimens which tested positive in 1997 came from 
only five sites. Four of these sites yielded positive 
specimens in previous years. The new site was 
contiguous to one of the others. With the exception 
of this one new site, all sites with positive Microtus 
spp. were primary habitat for the respective species. 

Specimens are currently being analyzed for 
age and reproductive condition. However, the 
following patterns are emerging: 

1. Overall incidence in all three species in October, 
1994-1997 has been relatively stable 

(Peromyscus maniculatus: 0%, 0%, 0.9%, 0%; 
Microtus montanus: 1.4%, 1.4%, 6.3%, 9.9%; 
M. pennsylvanicus: 5.6%, 2.6%, 18.4%, 5.3%). 

2. Overall incidence in Peromyscus maniculatus in 
July (1995 and 1996) and May (1997) has been stable 
(3.1 %, 3.6%; 3.6%). (Sample numbers of Microtus 
spp. in May, 1997 were very small.) 

3. For Peromyscus maniculatus and both species of 
voles, most positive specimens have been adults. 

4. For Peromyscus maniculatus, all positive 
specimens ( 1994-1997) except one have been secured 
in and around buildings. 

5. Most positive voles (Microtus montanus and M. 
pennsylvanicus) have been secured in the respective 
primary habitat for the two species. 

Maintenance of the strict trapping protocols 
in this research would allow us to elucidate patterns 
over time, space, and variations in population 
numbers. 

SPECIMEN DEPOSITION 

Science Museum of Minnesota. Lung tissues are in 
the frozen tissue collection of the Bell Museum of 
Natural History, St. Paul. 
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BIOMASS OF COARSE WOODY DEBRIS 
FOLLOWING FIRE AND CLEARCUTTING IN 

LODGEPOLE PINE FORESTS 

DENNIS H. KNIGHT + DANIEL B . TINKER, 
BOTANY DEPARTMENT+ UNIVERSITY OF WYOMING 

LARAMIE 

In forest ecosystems, the decomposition of 
coarse woody debris, woody roots, twigs, leaves 
and micro-organisms is a primary source of mineral 
soil organic matter. Primary productivity, the 
accumulation of nutrients, and other important 
ecosystem processes are largely dependent on the 
mineral soil organic matter that has developed 
during hundreds or thousands of years. Large 
quantities of coarse woody debris are typically 
produced following natural disturbances such as 
fires, pest/pathogen outbreaks, and windstorms, and 
make a significant contribution to the formation of 
soil organic matter (SOM). In contrast, timber 
harvesting often removes much of the coarse woody 
debris (CWO), which could result in a decrease in 
the quantity and a change in the quality of mineral 
soil organic matter. 

The 1988 fires in Yellowstone National 
Park continue to provide an excellent opportunity to 
study the effects of fires of various intensities on 
ecosystem processes. In addition, the Pelican Creek 
Fire, which occurred in August, 1996 near the 
northern end of Yellowstone Lake in the Pelican 
Creek valley, has given us a chance to study CWO 
amounts immediately following an intense crown 
fire. 

Ecosystems develop under conditions that 
are dynamic, but which remain within some range 
of natural variability. At present, national forest 
managers are uncertain as to the quantity of CWD 
which should be left in a stand following timber 
harvest in order to maintain levels of SOM which 

are within the range of natural variability. Little 
empirical data exists which help characterize the 
range of natural variability with regard to CWD in 
lodgepole pine forests, and it is therefore difficult to 
assess current timber harvesting practices in terms 
of how much CWD should be left at each site. We 
began a pilot study in late summer of 1995 to begin 
to address this deficiency. A study of broader 
scope, based on results from this pilot study, has 
been underway since that time. This study will 
attempt to measure specific processes which include 
the amounts, distribution, decomposition, 
combustion by natural fires, and removal of CWD 
in lodgepole pine (Pinus contorta var. latifolia) 
forests. 

The specific objectives of this project are: 
i) Compare the mass and distribution of coarse 
woody debris that remains following fires of 
varying intensities to that which remains following 
clearcutting in the Rocky Mountain Region; ii) 
estimate the amount of CWD that is combusted or 
converted to charcoal following fires of varying 
intensities in stands of varying stages of 
development; and iii) estimate the length of time 
necessary for every square meter of the forest soil 
to be affected by CWD under natural and managed 
conditions. 



34 

+ STUDY AREAS 

Research sites for this project are located in 
lodgepole pine forests of central and southern 
Yellowstone National Park in northwestern 
Wyoming, and in the Medicine Bow National Forest 
in southeastern Wyoming. All stands selected for 
sampling were at least 3 ha in size. Sites in the 
Yellowstone study were selected based on two 
important criteria: a chronosequence of post-fire 
ages ranging from 7 - 250 years, located in stands 
of similar habitat type, and a series of stands which 
represent the range of bum intensities of the 1988 
fires, including unburned stands. Additional study 
stands were sampled this year to compliment the 
stands sampled in·1995 and 1996. Clearcut stands 
in the Medicine Bow National Forest were all 
harvested between 1991-1993, and were subjected 
to roller-chopping, a post-harvest slash treatment 
which fragments and redistributes the slash 
somewhat evenly around the clearcut. Uncut stands 
in the Medicine Bow were located as near to the 
clearcuts as possible, and were chosen to be similar 
in stand density and age to the pre-harvest 
characteristics of the clearcuts. The climate and 
vegetation types between the two regionally
separated sites are quite similar, and initial analysis 
of CWD biomass amounts from each study area 
indicate that reasonable comparisons regarding 
biomass and cover estimates may be made. 

+ FIELD METHODS 

Tree age data, either from tree cores or 
annual rings on stumps, were used to estimate stand 
ages and disturbance histories. For all stands in both 
of the study areas, the following data were 
obtained: mass (Mglha) and percent cover of 
standing and detrital bolewood and large branch 
wood by size class, decay class, and approximate 
time of origin. The biomass estimates for standing 
live and dead trees and stumps were obtained using 
the planar intercept method (Brown 1974). Mass of 
standing dead and live bolewood, woody roots and 
root crowns was estimated by using allometric 
equations which utilize bole diameters (Pearson et 
al.1984). Percent cover of standing and detrital 
bolewood was calculated from field maps created 
for at least two 20 x 20 m areas in each stand. 
These maps contained scaled drawings of all dead 
and downed woody detritus by decay class, all 
sound and downed woody detritus, and all standing 
live and dead trees and stumps. Initial sampling 

was performed in 1995 and 1996 in lodgepole pine 
stands in the Medicine Bow National Forest, where 
timber harvesting has occurred for decades. 
Measurements of standing and downed CWD and 
woody roots were made in stands of lodgepole pine 
on sites of similar substrate and at similar elevation 
in Yellowstone National Park, and these 
measurements were compared to the Medicine Bow 
estimates. 

During the summer of 1997 we designed a 
new sampling strategy which will address our 
second study objective by quantifying the amount of 
wood consumed by fires of varying intensities, as 
well as the amount of wood which is converted to 
charcoal but is still present on the forest floor. The 
1996 Pelican Creek fire revealed evidence for the 
consumption of wood by fire that was not present in 
older stands that burned during 1988. This 
evidence was in the form of "log shadows" and 
unoccupied trenches in the forest floor. The log 
shadows are apparently created by the intense heat 
from a burning log slightly elevated above the forest 
floor, which oxidizes the uppermost layer of the 
mineral soil, creating a "shadow" of light-colored 
ash. Trenches are sites formerly occupied by 
rotting logs, but which were completely consumed 
during the frre. By mapping these shadows and 
trenches, we hope to be able to estimate the amount 
of wood that is burned during an intense crown frre. 

We also measured the thickness of charcoal 
layers on burned logs to estimate the amount of 
wood that is converted to charcoal, but is still 
present on the forest floor. When analyzed later 
this year, these estimates will allow for more 
accurate predictions of the amounts of CWD which 
remain following natural frres in lodgepole pine 
forests. 

+ RESULTS AND DISCUSSION 

Initial estimates addressing the frrst 
objective regarding CWD biomass comparisons 
between the two study areas indicate that almost 
twice as much CWD may remain following intense 
frres than that which remains following clearcutting. 
However, much of the larger amounts of CWD 
remaining following frres is attributed to the large 
number of dead-standing trees which are not 
consumed during frres, but are killed and eventually 
fall to the ground. In fact, there were no 
differences in CWD of any size class > 7. 5 em 



between clearcuts and burned stands. It should be 
noted, however, that harvested stands in this study 
have only been subjected to a single timber harvest, 
and the present levels of large, downed bolewood, 
especially wood inherited from the previous stand
replacing fire, would likely decrease following 
repeated harvesting. Clearcuts usually contain 
higher amounts of fme woody detritus < 7. 5 em in 
diameter than do burned stands, probably due to the 
post-harvest practice of leaving the majority of the 
slash on the site to be mechanically scattered and 
roller chopped, and the fact that most of the small 
woody material is typically consumed by moderate 
to severe fires. 

When comparing clearcut stands to uncut 
stands, with the exception of the 8-20 em size class 
of downed woody detritus, there were no significant 
differences in total downed wood between clearcut 
and uncut stands. 

Notably, one stand in YNP which burned 
in 1975 and again in 1988 contained significantly 
less CWD than either clearcuts or stands which only 
burned a single time, suggesting that fire return 
interval may be an important controlling factor in 
CWD dynamics in natural systems. Perhaps more 
importantly, the post-fire seedling density in this 
stand is much lower than stands which burned a 
single time. This suggests that stands which bum 
twice within a relatively short time may develop 
into sparse, open forest stands quite unlike the pre
fire stand structure. No data are yet available for 
estimating the amount of wood that is consumed or 
converted to charcoal. 

With regard to our third study objective, 
we are presently digitizing the field study maps 
which will be used for percent cover calculations, 
and are developing a spatially-explicit simulation 
model (DEADWOOD) which, using the digitized 
maps, will model the dynamics of CWD following 
disturbances such as frre and timber harvesting over 
the course of decades to centuries. 
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+ INTRODUCTION 

The field campaign of 1997 built upon 
sampling efforts which began in 1994, and were 
supplemented in 1995 and 1996. To date a total of 
sixty sites have been sampled. This field sampling 
effort supports a modeling effort aimed at 
interpolating forest canopy structure information to 
areas within the park that will not be sampled. This 
effort will result in exhaustive measures of basal 
area, biomass, and leaf area index for lodgepole 
pine forested areas within Grand Teton National 
Park (GTNP). 

+ OBJECTIVES 

The short term (summer 1997) objective of 
this research project was to increase the number of 
field sample sites to aid in better characterizing the 
lodgepole pine forests of GTNP. This sampling 
effort supports the global objective of the project 
which is to develop models of forest canopy 
structure (basal area, biomass, leaf area index) 
using standard statistical and geostatistical modeling 
of field survey data with Landsat Multi-Spectral 
Scanner (MSS) satellite imagery. Five different 
methods will be developed for each of the canopy 

structure measures: 1) regression of the field data 
with the satellite imagery; 2) regression of the field 
data with the satellite imagery with kriging of the 
regression residuals; 3) regression of the field data 
with the satellite imagery with cokriging of the 
regression residuals with the satellite imagery; 4) 
kriging of the field data; and 5) cokriging of the 
field data with the satellite imagery. Only the 
results of the short term objective (increasing the 
number of field sample sites) will be discussed here. 

+ STUDYAREA 

The research is being conducted in GTNP, 
a part of the Greater Yellowstone Area (GYA) 
which also includes Yellowstone National Park, 
seven National Forests (Bridger-Teton, Shoshone, 
Custer, Gallatin, Beaverhead, Targhee and 
Caribou), an elk refuge and two wildlife refuges. 
Major vegetation communities in the area include 
foothill grassland/shrub steppe, riparian, mountain 
shrub, low-elevation forest, middle-elevation forest, 
subalpine forest and alpine tundra. The 
low-elevation forest is dominated by Douglas fir 
(Pseudotsuga menziesiz), the middle -elevation 
forests by lodgepole pine (Pinus contorta var. 
latifolia) and the subalpine forest by Engleman 



spruce (Picea engelmanniz), subalpine frr (Abies 
lasiocarpa) and whitebark pine (Pinus albicaulis) 
(Marston and Anderson, 1991). In the 
middle-elevation forest, lodgepole pine is a 
persistent dominant and extends from the Absaroka 
Range in eastern Yellowstone National Park, across 
the Bridger-Teton National Forest to the south flank 
of the Teton Range (Clark, 1981). 

+ METHODS 

Preliminary field sampling was conducted 
during the summers of 1994, 1995, and 1996. 
Field sampling consisted of the systematic sampling 
of stand parameters within a 10 x 10 or 20 x 25 
meter plot, depending on whether the trees were 
dense or sparse, respectively. All trees within the 
plot greater than 2.5m in height were tallied in 5 
centimeter diameter classes by species. Seedlings, 
those trees less than 2.5m in height, were tallied in 
four height classes: 0.5-l.Om., l.0-1.5m., 
1.5-2.0m., and 2.0-2.5m., by species. Increment 
cores were extracted from dominant trees that 
appeared to represent the pioneer cohort of each 
plot to estimate the year of stand origin. Average 
height of the overstory was calculated using a 
clinometer. Visual estimates of understory 
vegetation cover were recorded by species within 
twenty 0.5m. x 0.5m. quadrats established at equal 
intervals along four transects (five 
quadrats/transect). Ground cover not occupied by 
herbaceous or low woody plants was classified by 
percent cover into moss/lichen, litter, persistent 
litter, rock, or soil classes. 

Following field work, basal area for living 
trees was computed using the mean diameter value 
for each size class (e.g., 2.5cm for the O.Ocm -
5. Ocm size class) (Knight, 1978). 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). 
These data will be used in concert with the 
Normalized Difference Vegetation Index (NDVI) 
derived from Landsat MSS imagery to drive the 
statistical and geostatistical modeling procedures. 

+ RESULTS 

A total of eighteen sites were sampled 
during the 1997 field season, adding to the forty-

37 

two sites previously sampled, resulting in a total of 
sixty sites. Of the sixty sites, 53 are sapling sites 
(20 x 25m plot), and seven are seedling sites (10 x 
lOrn plots). Basal area had an average of 5.89 with 
a standard deviation of 2. 72 for the seedling sites 
and an average of 31. 82 with a standard deviation 
of 8.49 for the sapling sites. Biomass had an 
average of 1679.22 with a standard deviation of 
697. 80 for the seedling sites and an average of 
6893.76 with a standard deviation of 1851.22 for 
the sapling sites. Leaf area index had an average of 
1.03 with a standard deviation of 0.47 for the 
seedling sites and an average of 6.06 with a 
standard deviation of 1. 70 for the sapling sites. 
NDVI exhibited a similar trend with an average of 
181.90 with a standard deviation of 2.82 for the 
seedling sites and an average of 196.15 with a 
standard deviation of 4.54 for the sapling sites. 

+ CONCLUSION 

The field campaign of 1997 helped fill in 
the gaps among the sampling efforts from 1994 to 
1996. A total of eighteen sites were sampled, 
raising the total sampled to date to sixty. This field 
sampling effort will support a modeling effort aimed 
at interpolating forest canopy structure information 
to areas within the park that will not be sampled. 
The resulting data sets will be useful to forest 
ecologists and planners as well as global change 
scientists. 
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+ INTRODUCTION 

This study is the continuation of an 
evaluation of the trophic state of lakes located in 
Grand Teton National Park, Wyoming. The 
original 1995 study was motivated by concern that 
the water quality of the lakes within the Park may 
be declining due to increased human usage over the 
past several years. A trophic state evaluation, 
featuring nutrient and chlorophyll-a analyses, was 
chosen because it is believed to be a sound indicator 
of the lakes' overall water quality. In this 1996 
study, a thorough evaluation was made of Jackson 
Lake. This summary is taken from the complete 
100 page report which is available from Woodruff 
Miller at Brigham Young University or Hank 
Harlow at the University of Wyoming. 

In most cases water samples were taken 
four times during the summer of 1996, in June, 
July, August, and October. Jackson Lake was 
sampled at eight different locations on the surface 
and at depths near the bottom. The lake inlet and 
outlet were also sampled four times. Jackson Lake 
was sampled from a motor boat which also provided 
a means to measure the lake transparency and 
depth. The chlorophyll-a and nutrient 
concentrations were analyzed by the Utah State 
Health Department, Division of Laboratory 
Services. 

Jackson Lake was evaluated using the 
models of Carlson, Vollenweider, and Larsen
Mercier. The nature of the Larsen-Mercier and 
Vollenweider models, based on system inflow and 
outflow data, is such that they yield one trophic 
state assessment of the lake per inflow and outflow 
sample set. The Carlson Trophic State Indices 
(TSI), on the other hand, are based on in situ 
properties of the water at any point in the lake. 
Consequently, while there are four Vollenweider 
and four Larsen-Mercier evaluations for Jackson 
Lake, individual Carlson evaluations were made for 
the eight sample sites around the lake at the surface 
and at depth, and an evaluation for the lake as a 
whole was constructed using averages taken from 
the site evaluations. This allowed us to examine the 
relative water quality of different portions of the 
lake at different time periods. 

JACKSON LAKE, CARLSON MODEL 

The Carlson model indicates good water 
quality for Jackson Lake. An overall TSI was 
determined by taking the average for all the sample 
sites. This resulted in a TSI of 38 for the overall 
lake average as shown in Table 1. Jackson Lake 
was consequently rated slightly mesotrophic 
according to the Carlson model. Most of the 
Carlson TSI results for the sample sites on Jackson 
Lake were in the range of 30 to 40, in the 
oligotrophic to slightly mesotrophic classification. 
However, site 8 is different, and is discussed in 
more detail below. 
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Table 1: Average Carlson TSI and Data Values for Jackson Lake 

Month Total Chlorophyll- Transparency Average 
Phosphorus a TSI 

ppb TSI ppb TSI m TSI 

June 49.8 52.6 2.1 34.8 2.7 46.7 44.7 

July 31.7 44.5 2.6 34.7 3.1 43.5 40.9 

August 10.7 38.7 1.2 31.0 4.9 37.3 35.7 

October 11.3 38.3 0.6 25.2 6.3 33.7 32.4 

Lake 
average 25.9 43.5 1.6 31.4 4.3 40.3 38.4 

for 
sampling 

period 

Sample site 8 is located in East Spalding 
Bay off of South Landing on the southeast side of 
Jackson Lake. East Spalding Bay is of particular 
concern in this study due to its proximity to sewage 
disposal ponds located approximately 1/4 mile east 
of the bay. Samples were taken at the surface and 
at a depth of 22 meters on June 4, July 20, August 
16, and October 5 (Table 2). 

Table 2: Carlson TSI Values for Jackson Lake in East Spalding Bay off of 
South Landing, 1996 

Sample Date Total Chlorophyll-a Transparency Average 
Depth Phosphorus TSI 

ppb TSI ppb TSI m TSI 

Surface 5-Jun-96 110 72 0.5 24 4.5 38 44.7 

20-Jul-96 10 38 1.4 36 3.5 41 38.3 

16-Aug- 10 38 0.7 28 4.5 38 34.7 
96 

5-0ct-96 10 38 0.4 21 5.5 35 31.3 

Average 35.0 46.5 0.75 27.3 4.5 38.0 37.3 

22m 5-Jun-96 140 75 3.4 43 4.5 38 52.0 

20-Jul-96 250 100 5.5 48 3.5 41 63.0 

16-Aug- 10 38 3.9 44 4.5 38 40.0 
96 

5-0ct-96 23 so 1.0 31 5.5 35 38.7 

Average 106 65.8 3.5 41.5 4.5 38.0 48.4 

The overall average TSI values indicated in 
Table 2 are 37.3 at the surface and 48.4 at 22 
meters. The Carlson TSis shown in Figures 1 and 
2 indicate a slightly mesotrophic condition at the 
surface, and a strongly mesotrophic condition at 
depth, which is a concern. In June, phosphorus 
content was in the hyper-eutrophic range at 140 
ppb, and in July it was off of the Carlson scale at 
250 ppb. Chlorophyll and transparency, were both 
within reasonable (mesotrophic) limits, but were 
also high in June and July in comparison with other 
sites around the lake. When samples were taken in 
August and October, however, water quality was 
comparable to the rest of Jackson Lake, having 
shifted to the slightly mesotrophic range. Overall, 
East Spalding Bay is regarded as mesotrophic. 

These results in East Spalding Bay raise 
several questions. First, where did the phosphorus · 
come from? Is it part of a seasonal cycle coinciding 
with high spring runoff? Is it a product of seepage 
from the sewage disposal ponds? Or does it come 
from an as yet unconsidered source? Further, is the 
phosphorus a function of depth, as seems apparent 
from the data? Finally, what happened to the 
phosphorus after July? Was it flushed through the 
outlet, or mixed through the lake and utilized? 
Further research is needed to answer these 
questions. 

JACKSON LAKE, VOLLENWEIDER MODEL 

The Vollenweider Model is shown in 
Figure 3. According to this model, the July and 
August data classify the lake as oligotrophic, and 
October as slightly mesotrophic. The June data 
gives the greatest cause for concern, with inflow 
phosphorus concentrations pushing the lake's 
condition into the hyper-eutrophic range. Inflow 
phosphorus in June was measured at 260 f..Lg/1, an 
order of magnitude higher than the values recorded 
through the rest of the summer (Table 3). The 
June data were given less weight in assessing the 
average Vollenweider trophic state for Jackson Lake 
because primary productivity data collected for the 
Carlson model; i.e. transparency, chlorophyll, and 
in-lake phosphorus, did not correspond with the 
high inflow phosphorus level in June (Table 3). 
Jackson Lake was determined to be slightly 
mesotrophic by the Vollenweider model. 



Table 3: Inflow Total Phosphorus Compared to Indicators of 
Productivity 

Inflow Total Chlorophyll-a Transparency 
Phosphorus {ppb) (m) 

In-lake 
Total 

(ug/1) Phosphorus 
(mg/1) 

June 260 2.1 2.7 49.8 

July 10 2.6 3.1 31.7 

August 10 1.2 4.9 10.7 

October 26 0.6 6.3 11.3 

JACKSON LAKE, LARSEN-MERCIER MODEL 

The Larsen-Mercier model is generally 
considered to best indicate the trophic state of lakes 
with a maximum hydraulic residence time of 6 
months and Jackson Lake's residence time is 
approximately 2 years. In spite of this, the Larse~
Mercier model shown in Figure 4 yielded a trophtc 
state evaluation for Jackson Lake that corresponded 
very well with the Vollenweider and Carlson 
models. High phosphorus concentrations at the 
inflow (Table 3) caused June's data to yield a 
slightly mesotrophic state for the lake. When 
coupled with slightly oligotrophic states in July and 
August, and a strongly mesotrophic state in 
October, the overall Larsen-Mercier indication for 
Jackson Lake was slightly mesotrophic. 

JACKSON LAKE TEMPERATURE AND 
DISSOLVED OXYGEN PROFILES 

Temperature and dissolved oxygen (D.O.) 
profiles were compiled for each of the eight sample 
sites in June, August, and October of 1996. All 
these measurements are displayed in the complete 
100 page report. Figure 5 shows average lake 
temperatures over the summer, and Figure 6 shows 
average lake dissolved oxygen over the same 
period. The temperature profiles seem to indicate a 
fairly well mixed lake in June, and thermoclines at 
about 4-12m in August, and at about 8-11m in 
October. D. 0. profiles show the oxygen content of 
the lake decreasing between June and August, and 
increasing again in October. 

JACKSON LAKE NITROGEN PHOSPHORUS 
RATIOS 

Total nitrogen and phosphorus 
measurements were taken in East Spalding Bay and 
off Waterfall Canyon in June, July, and August 
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(Table 5). The literature suggests that when the N:P 
ratio is less than approximately 7.2, the system is 
nitrogen limited. These two sites are generally 
phosphorus limited, but nitrogen was limiting in 
East Spalding Bay at depth in June and July when 
phosphorus levels in East Spalding Bay were 
abnormally high and productivity was relatively 
low. 

Table 5: Nitrogen Phosphorus Ratio in East Spalding Bay and off 
Waterfall Canyon 

Date Depth Total Total N:P Limiting 
(meter Nitrogen Phos. Ratio Nutrient 

s) (mgll) (mg/1) (If N:P 
> 7.2, 

Phos. is 
limiting) 

East 5-Jun 22 0.107 0.14 0.76 Nitrogen 
Spalding 

Bay 
20-Jul 22 0.285 0.25 1.14 Nitrogen 

16- 0 0.258 0.01 26 Phosphorus 
Aug 

16- 22 0 .44 0.01 44 Phosphorus 
Aug 

Off 5-Jun 50 0 .295 0.01 30 Phosphorus 
Waterfall 

Canyon 
20-Jul 50 0.7 0.01 70 Phosphorus 

16- 50 0.51 0.01 51 Phosphorus 
Aug 

JACKSON LAKE SPECIFIC CONDUCTIVITY 

Specific conductivity is a parameter which 
can be used to compare quality among all water 
samples at any temperature. The specific 
conductivities for Jackson Lake were all very 
similar, with an average value of 148uS/cm and a 
range of 128 to 167. This indicates high water 
quality in terms of dissolved mineral content. The 
common parameter to measure the dissolved salts in 
water is TDS (Total Dissolved Salts). TDS is 
usually about 60 to 80% of the specific 
conductivity. This approximation would suggest an 
average TDS for Jackson Lake at about 1 OOppm 
which indicates high quality water. 
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+ ABSTRACT 

Since 1950, detailed records of all 
climbing accidents in Grand Teton National Park 
were maintained by rangers (and others) involved in 
rescue. In this paper, we present: 1) an overall 
summary of backcountry accidents, their locations, 
and causes since 1950; 2) several summaries of the 
accidents by decades, locations and activity levels; 
3) a fatality synopsis; and 4) an in-depth overview 
of the current accident trend from 1994 through 
1996, which includes a male and female accident 
profile, cause and location summary, cost analysis, 
and other important information. 

From 1950 through 1996, 609 significant 
backcountry accidents have occurred, resulting in 
an average of about 13 incidents per year. The two 
categories involving the greatest number of 
accidents include Fall on Rocks (195) and Fall on 
Snow (155). Most accidents occurred during the 
1970's, and are currently on the decline. Accidents 
caused by Rockfall or Icefall were most prevalent in 
the 1960's, indicating that perhaps many of the 
popular routes were n cleaned n during this time 
period. From 1950 through the 1970's, the 
accident rate, when scaled for activity level during 

the decades, increased. Since the 1970's, the rate 
has decreased to a low in the 1990's (0.22%). The 
overall scaled accident rate for the period from 
1950 through 1996 was 0.31 %. 

The vast majority of climbing accidents 
occur in the Central and Northern climbing areas. 
In the Central Climbing area, the Grand Teton has 
the greatest number of incidents (121), followed by 
Disappointment Peak (39), Middle Teton (38), and 
Teewinot Mountain (32). In the Northern Climbing 
area, Symmetry Spire exhibits the greatest number 
of accidents (39). When examined by decades after 
being scaled for decade activity, a decline in the 
number of accident incidents for the 1990's is 
displayed in nearly all locations. One exception is 
Albright Peak in the Southern Climbing area, which 
shows a steady increase in incidents over the 
decades. Although the Grand Teton has 
experienced the greatest number of climbing 
accidents, the relative number of incidents is low 
when scaled for climbing activity. Interestingly, 
Storm Point and Symmetry Spire in the Northern 
Climbing area actually exhibit the greatest number 
of incidents when backcountry activity is taken into 
account. Cascade Canyon receives the greatest 
number of non-climbing incidents, both in actual 



numbers and when scaled for backcountry activity. 
Most fatalities in the Tetons result from unroped 
falls from rock that occur while ascending and 
descending routes. 

The current accident trend ( 1994-1996) 
indicates that falls on snow are the most prevalent 
cause of accidents, followed by falls on rock. The 
Grand Teton and Middle Teton experience the 
greatest number of climbing accidents, but when 
scaled for climbing activity, Storm Point and M t. 
Owen experience the greatest number of accidents. 
Cascade Canyon has the greatest number of non
climbing accidents, but when scaled for 
backcountry activity, Gamet Canyon demonstrates 
the greatest number of accidents. Most women 
who experience accidents in the Tetons suffer from 
falls on snow, have an average age of 29.7 years, 
and almost always fall during the descent. Most 
men who experience accidents in the Tetons suffer 
from falls on snow and have an average age of 35.7 
years. Fifty-seven percent of men who experience 
accidents on climbing trips fall during the descent. 
Two accident situations involving only men were 
getting stuck and falling during rappel. Most 
accidents are currently reported by people from 
other parties; however, 25% of the reports come 
from backcountry rangers in the field. The use of 
cell phones to report accidents has grown 
dramatically. Recently, there has been an average 
of 119 incidents per year involving some form of 
rescue response, at an average annual cost of 
$73,215.21. 

+ INTRODUCTION 

On August 4, 1925, after a successful 
ascent of the Grand Teton, Theodore Teepe slid to 
his death while descending the glacier that now 
bears his name. This event became the first 
documented climbing accident in an area that 
evolved into one of the premier mountaineering 
ranges in the contiguous United States during the 
Twentieth Century. Prior to 1950, few accident 
situations were recorded, in part due to the fact that 
recreational activities were a low priority in a 
country experiencing a depression and two world 
wars. Backcountry excursions increased in 
frequency after the second world war, and details of 
all climbing incidents in Grand Teton National Park 
were maintained by those rangers (and others) 
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involved in the consequent rescues and body 
recoveries, starting in 1950. 

In this paper, we present: 1) an overall 
summary of backcountry accidents, their locations, 
and causes since 1950; 2) several summaries of the 
accidents by decades, locations and activity levels; 
3) a fatality synopsis; and 4) an in-depth overview 
of the current accident trend from 1994 through 
1996, which includes a male and female accident 
profile, cause and location summary, cost analysis, 
and other important summaries. 

DEFINITION OF TERMS 

The backcountry incidents analyzed in this 
paper include backpacking, climbing, hiking, and 
backcountry skiing activities. Excluded are 
accidents resulting from vehicles such as bicycles, 
boats, motor vehicles, planes, rafts, and 
snowmobiles, as well as horse and hunting 
incidents. Incidents concerning overdue parties that 
resulted in a rescue initiation but involved no injury 
or physical compromise to any individuals also 
have been excluded. 

Accident incidents are defmed according to 
the following categories: 

• Climbing Injury: any (non-falling) physical injury sustained 
in the act of climbing, such as a dislocated shoulder or knee; 

• Fall Hiking: any fall occurring while hiking on groum or 
snow that does not involve climbing; 

• Fall on Rock: any fall that occurs while ascending or 
descending rock; 

• Fall on Rappel: any fall that results while a person is 
descending a rope; 

• Fall on Snow: any fall that occurs while ascending or 
descending snow or ice; 

• Fall in Avalanche: any fall on snow that is caused by. or 
results in. an avalanche; 

• Fall Skiing: any fall that occurs during a backcountry skiing 
trip, including technical mountain skiing attempts; 

• Dlness: any physiological compromise experienced by an 
individual in the backcountry. including altitWe-related 
illnesses (e.g., Acute Mountain Sickness), myocardial 
infarction, hypothermia, dehydration, and burns; 

• Lightning: any injury that can be attributed to lightning; 
• Stuck: any sin.Jation where an uninjured individual is unable 

to progress under their own power, while ascending or 
descending, usually resulting from poor decision making; 

• Rockfall or Icefall: any injury caused by rockfall or icefall 
that impacts an individual from above; 

• Unknown: any incident with no details; and 
• Other: any incident that rarely occurs and that does not fit 

into any of the above categories, such as a fall with limited 
details, a fall during a rescue by a team member. a fall from 
a tree, or a lost individual. 



44 

ACCIDENTS FROM 1950 THROUGH 1996 

An Overview 

From 1950 through 1996, 609 significant 
backcountry accidents have occurred, resulting in 
an average of about 13 incidents per year. Figure 1 
details these accidents by categories (see Appendix, 
Table 1, for specific numbers). The two categories 
involving the greatest number of accidents include 
Fall on Rock (195) and Fall on Snow (155) , 
followed by Fall Hiking (74), Illness (56) and 
Rockfall or Icefall ( 41). 

Figure 1. Accident Type Synopsl .. 19&0 ID 1996 (609tclal) 
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A Synopsis by Decades 

To further investigate these incidents, 
accidents were analyzed by decade, by scaling the 
actual numbers according to backcountry activity 
during each decade, based on information estimated 
from Grand Teton National Park records and given 
in Table 2 in the Appendix (personal 
communication, R. Jackson). Numbers were scaled 
to account for backcountry intensity during each 
decade to better represent the actual trend. (For 
example, if there were only 10 incidents during the 
1960's and 100 incidents during the 1970's, one 
would be alarmed by the ten-fold increase in 
incidents. However, if only 
15 people ventured into the backcountry during 

the 1960's, as compared to 1,000 in the 1970's, the 
incident level for the 1960's would represent a 
more alarming situation.) The results of the 
synopsis by decade are displayed in Figure 2 (see 
Appendix, Table 3, for specific numbers) . 

Several important observations are noted 
inFigure2. Thehighestaccidentratesgenerallyoccuro 
Fallon Rock and Fall on Snow. Accidents caused 
by rockfall or icefall were most prevalent in the 
1960's, indicating that perhaps many of the 
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popular routes were cleaned" during this time 
period. Relative to the 1960's and 1970's, accident 
rates generally have decreased in the 1990's, except 
for the Stuck category, where the number of 
incidents has significantly increased. This current 
trend may suggests that climbers with minimal 
mountain experience are becoming more bolder and 
less prudent, sometimes as a result of assuming that 
a rescue team is "on standby" in the valley. Some 
attention should also be given the category Illness, 
which constitutes a high number of backcountry 
incidents. Illnesses in the backcountry often have 
dire consequences (with a fatality rate of 16%). 

Figure 3 demonstrates the accident rates over th 
decades, scaled for backcountry activity (see 
Appendix, Table 4, for specific numbers). As 
displayed in the figure, from 1950 through the 
1070's the scaled accident rate has increased. Since 
the 1970's, the rate has decreased to a low in the 
1990's (0. 22%). The overall scaled accident rate 
for the period from 1950 through 1996 was 0. 31 % . 



Figure 3. Accident Rate by Decades, 
Scaled for Backcountry Activity 
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A Look at Climbing Versus Non-Climbing 
Areas 

Another component of interest is to 
consider accident incidents in climbing areas (peaks 
and popular rock routes) separate from non
climbing areas (canyons and lake regions). Figure 
4 demonstrates the total (unsealed) number of 
climbing incidents by location from 1950 through 
1996 (see Appendix, Table 5, for specific 
numbers). Figures 5 through 7 provide a detailed, 
scaled accident summary for the Southern Climbing 
area (South of Nez Perce) , the Central Climbing 
region (Nez Perce to Teewinot), and the Northern 
Climbing area (North of Teewinot Mountain), 
respectively. The incidents are analyzed according 
to decades and the number of accidents is scaled to 
account for climbing activity during each decade, to 
better represent the actual trend (see Appendix, 
Table 6, for specific numbers) . 
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For the period 1950 through 1996, most 
accidents have occurred in the Central climbing 
Area, which includes the Grand Teton (121) , 
Disappointment Peak (39), Middle Teton (38) 
Teewinot (32), and Mt. Owen (19) . In the 
Northern Climbing area, most accidents have 
occurred on Symmetry Spire (39), followed by Mt. 
Moran (20), the Exum Practice rocks (15), Baxter's 
Pinnacle (14), and Storm Point (13). The elevated 
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occurrence of accidents in these locations may be 
due to the high number of people that frequent 
them: the Central Climbing Area contains the high, 
challenging mountain peaks that most people who 
visit the range attempt to climb; the Northern 
Climbing Area contains Mt. Moran that draws 
attention because of its many challenging routes, 
while the other noted locations are relatively 
accessible and are climbed as conditioning exercises 
by many individuals. 

When scaled to account for climbing 
activity during each decade, the vast majority of 
accidents continue to occur in the Central and 
Northern climbing areas, with relatively few 
accidents occurring in the Southern Climbing Area. 
The five areas that experienced the most accidents 
are the Grand Teton (114.01), Symmetry Spire 
(48.24), Teewinot (45.45), Disappointment Peak 
(37.81), and Middle Teton (28.31). Note that 
Symmetry Spire from the Northern Climbing Area 
experiences the second greatest number of accident 
incidents in the Teton Range when accident 
incidents are scaled for climbing activity during the 
decades. 

Another interesting observation is that a 
decline in the number of accident incidents for the 
1990's is displayed in nearly all locations. One 
exception is Albright Peak in the Southern 
Climbing area, which shows a steady increase in 
incidents over the decades. This peak contains 
some of the more difficult rock routes in the Teton 
Range, many of which have only recently been 
completed (and have yet to be cleaned). Hence, 
with recent interest generated for climbing the 
difficult routes in this area, an increase in the 
number of accident incidents should be anticipated 
in the future. This may be due to standards of 
climbing being pushed with new routes, climbers 
pushing their individual limits, and/or the routes 
being cleaned of loose debris. 

Other climbing locations demonstrate 
various accident profiles. For instance, Middle 
Teton shows a somewhat constant number of 
accident incidents, while Disappointment Peak 
shows a greater number of incidents during the 
1970's. While Mt. Owen, the Exum Practice 
Rocks, and Storm Point display similar profiles, 
Teewinot Mountain displays a greater number of 

accident incidents in the 1950's, with a stair-step 
decline during each subsequent decade. 

Figure 8 examines the accident incidents from 
another perspective. Nine areas where accidents 
most frequently occurred were scaled for climbing 
activity specific to those areas for which data were 
available, during the entire time period 1950-1996 
(see Appendix, table 7, for specific numbers). For 
example, the grand Teton has experienced 121 
accident incidents since 1950, but it also has 
received the most attention with respect to numbers 
of individuals attempting the mountain.. This 
situation is accounted for by scaling for climbing 
activity specific to each area. 
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As indicated in Figure 8, although the 
Grand Teton has experienced the greatest number 
of accident incidents, the relative number of 
accident incidents is low when scaled for activity 
level. Interestingly, Storm Point and Symmetry 
Spire in the Northern Climbing area actually exhibit 
the greatest number of accident incidents when 
climbing activity is taken into account. The 
marked increase in number of accidents when 
scaled for activity (as compared to not being scaled) 
demonstrated by Storm Point, Mt. Owen, Mt. 
Moran, and Symmetry Spire indicates that these 
locations may be particularly dangerous. 

Non-climbing accident incidents were also 
investigated by examining canyons and lake areas. 
Figure 9 shows the total (unsealed) number of 
backcountry incidents in canyons from 1950 
through 1996 (see Appendix, Table 8, for specific 
numbers) . Figure 10 displays the number of 
accidents by decade for the canyons, scaled for 



backcountry act1v1ty during each decade (see 
Appendix, Table 9, for specific numbers). 
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Figure 9. Number of Non-Oimbing Backcountry Incidents, 

19!ill-1996 (1651otal) 
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As indicated in the figures, Cascade 
Canyon experienced the greatest number of non
climbing incidents, followed by Paintbrush Canyon, 
Gamet Canyon, and Granite Canyon. This 
arrangement occurred both for the actual number of 
incidents and when incident numbers were scaled 
for activity during each decade, suggesting that 
more accidents occurred with greater number of 
individuals, regardless of the decade. Finally, as 
indicated in Figure 10, most non-climbing 
backcountry incidents occurred in the 1970's. 

Figure 11 examines the accident incidents 
from another perspective. Seven non-climbing 
areas where accidents most frequently occurred 
were scaled for backcountry activity specific to 
those areas for which data were available, during 
the entire time period from 1950 through 1996 (see 
Appendix, Table 10, for specific numbers). 

Flgunt 11- i'bnber of Incidents In lhe Most Popular canyons, 
1960-1996 (142 totol) 
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Figure 11 shows that most accidents 
occurred in Avalanche Canyon when backcountry 
activity is taken into account. Avalanche Canyon 
was followed by Paintbrush Canyon, Hanging 
Canyon, and Gamet Canyon. Interestingly, 
Avalanche Canyon is a remote canyon lacking a 
maintained trail, which suggests that although few 
people visit the canyon, there is a relatively high 
chance that those who do will experience an 
accident. In the case of Cascade Canyon, the high 
number of accident incidents (70) was diluted by 
the high volume of people in that area. 

Lake areas were also examined for number 
of non-climbing accident incidents during the 
decades (see Appendix, Table 11, for specific 
numbers). The lake areas, including Bearpaw, 
Bradley, Grizzly Bear, Iceflow, Jackson, Jenny, 
Leigh, Marion, Phelps, Surprise, Taggart, and 
Trapper Lakes, experienced few accident incidents 
during the decades. Most accidents occurred at 
Jenny Lake, where 5 incidents occurred, all in the 
1980's. The other lakes each experienced one 
accident incident from 1950 through 1996, except 
for Leigh Lake which experienced two. Two 
incidents resulted in fatalities (at Jackson and Leigh 
Lakes), while those at Jenny Lake resulted from 
illness or falls while hiking around the lake. As 
stated previously, only backcountry accidents (no 
boating or horseback riding accidents) were 
included in this analysis. 

FATALITY SYNOPSIS, 1950-1996 

From 1950 through 1996, ninety fatalities 
occurred in the backcountry of Grand Teton 
National Park, resulting in an average of about 2 
fatalities per year. Figure 12 demonstrates the 
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categories which comprised the fatalities (see 
Appendix, Table 12, for specific numbers). 

Figure 12. Fatality Synopsis (90 total) 
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As indicated in the figure, falls on rock 
and on snow resulted in the greatest number of 
fatalities, followed by avalanches, illnesses, and 
falls during rappel. Since the category Fall on 
Rock comprised such a high percentage of the 
fatalities, this category was analyzed further and the 
results are displayed in Figure 13 (see Appendix, 
Table 13, for specific numbers). 

Figure 13. Fall on Rock Fatality Synopsis (27 total) 
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Figure 13 indicates that most people who 
died from falls on rock were unroped. While 27% 
fell and died while ascending unroped, 22% fell and 
died while descending unroped. Of those 
individuals that were roped and ascending on rock, 
24% fell and died while leading. Finally, 18% of 
the people that fell on rock and died did so because 
of anchor failure during rappel. Unfortunately, 
many of these fatalities w~,:~ the result of 
exhaustion and/or poor judgmeiJ.t by those that were 
involved. 

Figure 14 shows fatality rates associated 
with the various accident codes (see Appendix, 

Table 14, for specific numbers) . As demonstrated 
in the figure, 100% of those people involved in 
avalanches perished. Other activities that have high 
fatality rates associated with them include skiing, 
rappelling, lightning, falls on rock, illness, and falls 
on snow. 
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Figure 14. Fatality Roles lor Accident Codes, 1850-1991 

AN ANALYSIS OF CURRENT ACCIDENT 
PATTERNS (1994-1996) 

One of the main purposes of the analysis is 
to give useful information to backcountry users 
(climbers and hikers) and rescue personnel that will 
aid in reducing the number and severity of 
accidents (or at least reduce the accident rate, since 
as backcountry use increases, the number of 
accidents tends to increase) . This section of the 
report focuses on current trends ( 1994-1996) with 
prevention of future accidents in mind. 

Over the years, the accident rate among 
climbers was about 0. 31 % or about 3 incidents per 
1000 climbing attempts. Currently, the Tetons 
experience approximately 10,000 climbing attempts 
per season, which suggests, on average, that we 
might expect 30 incidents per season. While the 
rate is low, 30 accidents is a large number per 
season. 

Accident Categories from 1994 through 1996 

Figure 15 indicates that currently most 
accidents result from falls on snow, followed by 
falls on rock (see Appendix, Table 15, for specific 
numbers). Interestingly, during the 1960's, 1970's, 
and 1980's, most accidents were caused by falls on 
rock, with falls on snow following. Only during 
the 1950's was the current trend exhibited. 
Although difficult to prove, this may suggest that 
climate (such as heavy snowfall years) may play a 



role in detennining the most prevalent type of 
accident. 

Figure 15. Accident Summary by Category, 
1994-1 996 (64 total ) 
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If we combine this infonnation with the 
fact that 80% of accidents occur after noon and 
66% percent of accidents occur on the descent, then 
the falls on snow may likely be attributable to 
fatigue (caused by a combination of exertion and 
dehydration), with weather, snow conditions, and 
inexperience on snow adding to the mix (see 
Appendix, Tables 18 and 19, for specific numbers). 
Thus, as regards safety points to be made from the 
current accident trend, the obvious has been 
highlighted by the type and timing of accidents: on 
descents, especially on snow, climbers are often 
tired, dehydrated, and perhaps too relaxed and 
unaware of the dangers inherent to snow (all the 
"hard" stuff having been done earlier in the day). 

Climbing Versus Non-Climbing Areas 

Figure 16 displays the number of climbing 
accidents from 1994 through 1996 in climbing areas 
where they occurred. Both the actual number and 
the number scaled for climbing activity are shown 
for each area (see Appendix, Table 16, for specific 
numbers). Although the Grand Teton and Middle 
Teton experienced the greatest number of accident 
incidents, when climbing activity in each area was 
taken into account, Stonn Point, Albright 
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Peak, Mt. Owen, Disappointment Peak, and Mt. 
Moran demonstrated the greatest number of scaled 
incidents. In addition, these areas along with 
Symmetry Spire and South Teton each 
demonstrated a greater number of scaled incidents 
when compared to unsealed incidents , indicating 
that these locations may be more dangerous than 
other locations (where this trend is not exhibited) . 
Static Peak did not have a scaled value associated 
with it because data were unavailable . 

Figure 16. Number of Incidents In Climbing Areas, 
1990-1996 (43 total ) 

As mentioned previously, Albright Peak 
contains some of the more difficult rock routes in 
the Tetons, and an increase in accident incidents 
should be anticipated in the future if an increase in 
climbing activity in that area occurs (due to current 
trends that involve climbing difficult rock routes) . 

Figure 17 shows the number of non
climbing accidents from 1994 through 1996 in the 
locations where they occurred. Both the actual 
number and a number scaled for backcountry 
activity are displayed for each location (see 
Appendix, Table 17, for specific numbers). 
Although Cascade Canyon has experienced the 
greatest number of incidents, when scaled for 
backcountry activity , Gamet Canyon, Paintbrush 
Canyon, and Granite Canyon demonstrated the 
greatest number of relative incidents. Gamet 
Canyon appeared to be particularly dangerous due 
to the large increase in scaled incidents when 
compared to unsealed incidents. Glacier Gulch did 
not have a scaled value associated with it due to a 
lack of available data . 
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Figure 17. ~mber of Non.Oimbing Accident Incidents, 
1994-1996 (21 total) 
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A Gender Accident Profile 

Figure 18 shows a breakdown of accidents 
by category and gender (see Appendix, Table 20, 
for specific numbers) . Assuming that illness strikes 
both genders equally frequently, the illness 
category serves as an approximation for the relative 
numbers of male to female backcountry users; that 
is, males outnumber females by approximately 6 to 
1 (for instance, the Fall Skiing category roughly 
maintains that proportion). If the gender of a 
person makes .no difference in the type of acc~dent 
that is experienced, then the other acctdent 
categories should reflect the same 6 to 1 ratio of 
males to females (it is difficult to make useful 
inferences without taking into account proportions 
of males and females doing various activities in the 
backcountry). Based on this assumption, several 
comparisons may be made. For example, when 
compared to men, a disproportionately greater 
number of women suffer from falls while hiking, 
falls on rock, and falls on snow . When compared 
to women, a disproportionately greater number of 
men suffer from falls while rappelling and from 
getting stuck. 
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Figure 18. Accident categories by Gender, 
1994-1 996 (62 tota l) 
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The Female Accident Profile 

Figure 18 shows that most women who 
experience accidents in the backcountry suffer from 
falls on snow, followed by falls while hiking and 
while skiing . Ninety percent of women who suffer 
accidents on climbing trips fall during the descent 
(see Appendix, Table 19, for specific numbers) . 
The age groups that experience the most accidents 
include teens , twenties, and forties , with an average 
age of 29.7 years (see Appendix, Table 21, for 
specific numbers) . 

The Male Accident Profile 

Figure 18 shows that most men who 
experience accidents in the backcountry suffer from 
falls on snow, followed by falls while skiing, 
getting stuck (unable to proceed up or down), and 
illness. Fifty-seven percent of men who suffer 
accidents on climbing trips fall during the descent 
(see Appendix, Table 19, for specific numbers) . 
The age groups that experience the most accidents 
include the twenties and thirties, with an average 
age of 35.7 (see Appendix, Table 21, for specific 
numbers) . 

Two categories in which only men were 
involved include Stuck and Fall on Rappel. For the 
most part, falling on rappel and getting stuck seem 
to be relatively pure judgment-derived accidents . 
While the numbers are low (two males falling on 
rappel, and seven males getting stuck), one can 
only speculate as to why these incidents have all 
happened to men. 

How Accidents are Currently Reported 

Figure 19 displays how accidents were 
reported to rescue personnel (see Appendix,. Ta?le 
22, for specific numbers) . Direct commumcatwn 
from rangers in the backcountry and ranger
initiated overdue checks accounted for 
approximately 25% of accidents being reported, 
highlighting the importance of backcountry rangers 
and patrols. The affected climbing party (either the 
victim or a partner) accounted for about another 
25% while people from other parties (hikers or 
climbers) reported almost 50% . One positive 
consequence of increased backcountry activity is 
that accidents may get reported more quickly , and 
thus attended to more efficaciously. 



Figure 19. How Accidents W e re Re ported , 
1994-1996 (62 total ) 
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Interestingly, 17% of accidents were 
reported via cellular telephones (most of these were 
from climbing guides) . This will likely increase in 
the future; whether it helps with the accident 
situation (speedier responses to incidents) or makes 
it worse (parties depending on the phone for backup 
may not be as conservative in critical judgment 
decisions) 
remains to be seen. 

Day Of The Week 

The number of accident incidents 
according to day of the week was investigated to 
see if accidents occurred more frequently on certain 
days. The results are displayed in Figure 20 (see 
Appendix, Table 23, for specific numbers). Two 
points should be made: 1) although most incidents 
occurred on Saturday, this number is not significant 
in a statistical sense; that is, it did not deviate 
significantly from the expected number of about 9 
incidents per day (~2 = 4.47' df = 6, p = 0.6135); 
and, 2) due to lack of data, it is not possible to 
scale the number of incidents according to activity 
level for each day (if more people were to venture 
out into the backcountry on Saturday, more 
incidents would be expected). However, the fact 
still remains that from 1994 through 1996 more 
incidents occurred on Saturday than on any other 
day , and fewest occurred on Monday . 
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Figure 20. Number of Incidents by Day af Week, 
1994-1996 (65 total) 
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Table 24 in the Appendix presents a yearly 
cost summary for the period 1994 through 1996, 
based on all backcountry incidents where a rescue 
response was initiated whether it resulted in a 
significant incident or not. Although insignificant 
incidents (those that were unfounded, or involved 
no physical injury or compromise to anyone such as 
overdue parties) were not included in the previous 
analysis, they were included in this cost summary 
because their only consequence was an associated 
cost resulting from the initiation of a rescue 
response. 

The total cost of rescue for the period 1994 
through 1996 was $219,645.63. Although the cost 
of a single rescue can drastically vary (in 1995, a 
single incident cost $18,463) , when the total cost of 
rescue was averaged by the number of incidents, 
each rescue response had an associated cost of 
$615 .25. The three-year average cost for all rescue 
responses was $73 ,215.21 per year, with an average 
of about 119 incidents per year involving 173 
individuals per year. 

+ SUMMARY COMMENTS 

In this paper, we have presented 
information that is interesting from a historical 
perspective . More importantly, the information 
may be useful for the prevention of future 
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accidents and injury, especially when examining 
current trends. Locations have been identified that 
present high accident risk, especially those that 
demonstrate a greater number of accidents when 
scaled for activity level and compared to the actual 
number that occur. Types of accidents that 
commonly occur and characteristics about these 
accidents have been described, as well as 
information about individuals involved in accidents. 

With respect to prevention, educational 
effort should be directed to those areas for the 
specific activities that are involved, with emphasis 
placed on the causes of the accidents that occur. 
Grand Teton National Park personnel are currently 
engaged in educational activities that should be 
continued, even possibly expanded (for example, 
seminars are offered to concession workers and 
other groups, information is freely dispersed to the 
public at ranger stations, and technical 
mountaineering issues are addressed at Jenny Lake 
Ranger Station). In addition, displays that educate 
people about accidents and their causes, where and 
when they most frequently occur, the individuals 
who are most frequently involved, and how to 
prevent them, would aid in prevention (one is under 
construction for the Jenny Lake Ranger Station as a 
result of this study). 

Accidents will continue to occur. To 
minimize injury to the involved individuals, rapid 
response and evacuation of the injured to medical 
facilities are imperative. Current park efforts that 
are directed to accomplishing these actions should 
continue (for example, ranger patrols are frequently 

scheduled in areas where accidents often occur, a 
patrol/rescue hut is maintained on the Lower Saddle 
of the Grand Teton during the climbing season, and 
a helicopter rescue program has been 
implemented). 

Certainly the cost of rescue is significant; 
however, in addition to ameliorating the injuries 
suffered by individuals and in many situations 
preventing more serious complications from 
evolving, the lives of at least 16 individuals were 
spared as a result of the rescues. This fact by itself 
should justify the costs of any rescue effort. 
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APPENDIX OF TABLES 

Table 1. Accident Type from 1950 to 1996 
1950's 1960's 1970's 1980's 1990-96 Totals 

Climbing 0 4 3 1 1 9 
Injury 

Fall 2 4 19 30 19 74 
Hiking 

Fall on 9 39 55 59 33 195 
Rock 
Fall on 4 3 10 3 4 24 
Rappel 

Fall on 11 20 38 45 41 155 
Snow 
Fall in 0 1 3 1 1 6 
Avalanche 
Fall 0 1 1 2 3 7 
Skiing 
lllness 0 7 15 20 14 56 

Lightning 0 1 1 2 1 5 

Stuck 0 1 3 5 12 21 

Rockfall 1 16 10 13 1 41 
or Icefall 
Unknown 3 0 3 2 0 8 

Other* 1 0 3 2 2 8 

Totals 31 en 164 185 132 609 

*Other: Fall with Unknown Details (4), Fall During Rescue 
(1), Fall From Tree (2), Lost (1) 

Table 2. Estimated Number of Bac.kcountry Users per Year by 
Decade 

1950's 1960's 1970's 1980's 19'_Xl's 

Number 1,(0) 2,300 3,(0) 7,500 10,(0) 
of Users/ 

Year 

Tabl e 3. Seal s ed Accident Type )yr opsis b~ Decade 
1950's 1960's 1970's 1980's 19'_Xl's Totals 

Climbing 0.00 6.00 3.49 0.47 0.58 10.61 
Injury 

Fall 6.98 6.00 22.10 13.96 11.05 60.16 
Hikin2 
Fall on 31.41 59.18 63.98 27.45 19.19 201.21 
Rock 
Fall on 13.96 4.55 11.63 1.40 2.33 33.87 
~1 
Fall on 38.39 30.35 44.20 20.94 23.85 157.72 
Snow 
Fall in 0.00 1.52 3.49 0.47 0.58 6.05 
Avalanche 
Fall 0.00 1.52 1.16 0.93 1.74 5.36 
Skiin2 
Dlness 0.00 10.62 17.45 9.31 8.14 45.52 

Lightning 0.00 1.52 1.16 0.93 0.58 4.19 

Stuck 0.00 1.52 3.49 2.33 6.98 14.31 

Rockfall 3.49 24.28 11.63 6.05 0.58 46.03 
or Icefall 
Unknown 10.47 0.00 3.49 0.93 0.00 14.89 

Other 3.49 0.00 3.49 0.93 1.16 9.00 

Totals 108.18 147.18 1~.78 86.08 76.78 609.00 

53 

Table 5. Accident b' Decade for Climbin2 Areas 
1950's 1960's 1970's 1980's 1990-96 Totals 

Blacktail Butte 0 1 4 1 0 6 

Prospectors' 0 0 0 1 0 1 
Peak 
Albright Peak 0 0 1 4 4 9 

Static Peak 0 0 1 0 2 3 

Buck 0 0 0 3 0 3 
Mountain 
Wister 0 2 0 1 1 4 

Table 0 0 1 1 1 3 
Mountain 
Nez Perce 0 2 0 3 1 6 

Cloudveil 0 0 1 1 0 2 
Dome 
Ice Cream 0 0 1 0 0 1 
Cone 
South Teton 0 0 1 1 3 5 

Middle Teton 1 5 4 16 12 38 

Disappointmen 2 5 14 9 9 39 
t Peak: 
Teepee Pillar 1 0 0 1 0 2 

Glencoe Spire 0 0 0 0 1 1 

Grand Teton 6 22 29 33 31 121 

Teton Glacier 0 0 2 1 0 3 

Mt. Owen 1 5 5 5 3 19 

Teewinot 8 5 5 9 5 32 

Exum Practice 1 5 5 3 1 15 
Rocks 
Storm Point 1 5 3 2 2 13 

Ice Point 0 1 1 1 0 3 

Hangover 0 1 1 0 0 2 
Pinnacle 
Symmetry 2 17 13 5 2 39 
Spire 
Cube Point 0 1 5 0 0 6 

Baxter's 0 2 6 5 1 14 
Pinnacle 
Rock of Ages 0 1 2 1 0 4 

St. John's 0 2 1 1 0 4 

Rockchuck 0 1 0 0 0 1 

Mt. Woodring 0 0 3 0 0 3 

Mt. Moran 0 4 5 7 4 20 

Thor Peak 0 0 0 0 1 1 

Unknown 1 2 0 0 0 3 

Totals 24 89 114 115 84 426 
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Table 6. Scaled Accident Summary by Decade for Climbing 
Areas 

·f956's 19(i)'s 1916's ~·s i996~s Totals 

Blacktail Butte 0.00 1.42 4.37 0.44 0.00 6.23 

Prospector's 0.00 0.00 0.00 0.44 0.00 0.44 
Peak 
Albright Peak 0.00 0.00 1.09 1.75 2.18 5.02 

Static Peak 0.00 0.00 1.09 0.00 1.09 2.18 

Buck Mountain 0.00 0.00 0.00 1.31 0.00 1.31 

Wister 0.00 2.85 0.00 0.44 0.55 3.83 

Table Mountain 0.00 0.00 1.09 0.44 0.55 2.07 

Nez Perce 0.00 2.85 0.00 1.31 0.55 4.71 

Cloud.veil 0.00 0.00 1.09 0.44 0.00 1.53 
Dome 
Ice Cream 0.00 0.00 1.09 0.00 0.00 1.09 
eone 
South Teton 0.00 0.00 1.09 0.44 1.64 3.17 

Middle Teton 3.28 7.12 4.37 6.99 6.55 28.31 

Disappointment 6.55 7.12 15.29 3.93 4.91 37.81 
Peak 
Teepe Pillar 3.28 0.00 0.00 0.44 0.00 3.71 

Glencoe Spire 0.00 0.00 0.00 0.00 0.55 0.55 

Gram Teton 19.66 31.34 31.67 14.42 16.93 114.01 

Teton Glacier 0.00 0.00 2.18 0.44 0.00 2.62 

Mt. Owen 3.28 7.12 5.46 2.18 1.64 19.68 

Teewinot 26.21 7.12 5.46 3.93 2.73 45.45 

Exum Practice 3.28 7.12 5.46 1.31 0.55 11.n 
Rocks 
Storm Point 3.28 7.12 3.28 0.87 1.09 15.64 

Ice Point 0.00 1.42 1.09 0.44 0.00 2.95 

Hangover 0.00 1.42 1.09 0.00 0.00 2.52 
Pinnacle 
Symmetry Spire 6.55 24.22 14.20 2.18 1.09 48.24 

Cube Point 0.00 1.42 5.46 0.00 0.00 6.88 

Baxter's 0.00 2.85 6.55 2.18 0.55 12.13 
Pinnacle 
Rock of Ages 0.00 1.42 2.18 0.44 0.00 4.05 

St. John's 0.00 2.85 1.09 0.44 0.00 4.38 

Rocke huck 0.00 1.42 0.00 0.00 0.00 1.42 

Mt. Woodring 0.00 0.00 3.28 0.00 0.00 3.28 

Mt.Moran 0.00 5.70 5.46 3.06 2.18 16.40 

Thor Peak 0.00 0.00 0.00 0.00 0.55 0.55 

Unknown 3.28 2.85 0.00 0.00 0.00 6.13 

Totals 78.63 126.77 124.50 50.23 45.87 426.00 

Table 7. Scaled Accident Incidents for Most Popular Climbing 
Areas 1950-1996 ., 

Number of Number of Scaled Number 
Incidents Attemots/Y ear of Incidents 

Middle Teton 38 800 14.89 

Disappointment 39 296 41.31 
Peak / 

Grand Teton 121 2281 16.63 

Mt. Owen 19 142 41.95 

Teewinot 32 374 26.83 

Storm Point 13 42 97.05 

Symmetry Spire 39 244 50.11 

Baxter's 14 566 7.76 
Pinnacle 
Mt. Moran 20 163 38.47 

Totals 335 4908 335.00 

Table 8. Non-Climbing Accident Incidents in Canyons, 1950-
1996 

1950's 1960's 1970's 1980's 1990-96 Totals 

Granite 1 0 6 3 4 14 
Canyon 
Open 0 0 1 1 0 2 
I Canyon 
Death 1 0 0 4 1 6 
Canvon 
Avalanche 0 0 2 5 0 7 
Canyon 
Garnet 0 2 8 3 4 17 
Canyon 
Glacier 1 0 0 1 1 3 
Gulch 
Cascade 3 1 16 30 20 70 
Canyon 
Hanging 0 1 2 2 0 5 
Canyon 
Paintbrush 1 1 7 6 8 23 
Canyon 
Other 0 1 0 5 6 12 
Areas* 
Northern 0 1 3 1 1 6 
Canyons* 
Totals 7 7 45 61 45 165 

*Other Areas: Alaska Basin, Stewart Draw, Surprise Lake 
Trail, Vahalla Canyon, Valley Trail, and Wbitegrass Road 
Northern Canyons: Leigh Canyon, Moose Basin, Moran 

Canyon, Owl Canyon, and Waterfall Canyon 



Table 9. Scaled Non-Climbing Accident Incidents in Canyom 
b Decad es >y 

1950's 1960's 1970's 1980's 1990's Totals 

Granite 4.06 0.00 8.11 1.62 2.70 16.50 
Canyon 
Open 0.00 0.00 1.35 0.54 0.00 1.89 
Canyon 

Death 4.06 0.00 0.00 2.16 0.68 6.90 
Canyon 
Avalanche 0.00 0.00 2.70 2.70 0.00 5.41 
Canyon 

Garnet 0.00 3.53 10.82 1.62 2.70 18.67 
I Canyon 
Glacier 4.06 0.00 0.00 0.54 0.68 5.27 
Gulch 
Cascade 12.17 1.76 21.63 16.23 13.52 65.31 
Canyon 
Hanging 0.00 1.76 2.70 1.08 0.00 5.55 
Canyon 

Paintbrush 4.06 1.76 9.46 3.25 5.41 23.94 
Canyon 
Other 0.00 1.76 0;00 2.70 4.06 8.52 
Areas 
Northern 0.00 1.76 4.06 0.54 0.68 7.04 
·Canyom 

Totals 28.39 12.35 60.85 32.99 30.42 165.00 

Table 10. Scaled Accident Incidents in the Most Popular 
. Canyons, 1950-1996 

Nwnberof Number of Scaled 
Incidents People/Day Number of 

Incidents 
Granite Canyon 14 101 8.62 

Death Canyon 6 178 2.10 

Avalanche 7 6 72.55 
Canyon 
Garnet Canyon 17 66 16.02 

Cascade Canyon 70 l(XX) 4.35 

Hanging Canyon 5 19 16.36 

Paintbrush 23 65 22.00 
Canyon 
Totals 142 1435 142.00 

Table 11 Accident Incidents in the Lake Areas 1950-1996 
' 

1960's 1970's 1980's 1990's Totals 

Jackson Lake 1 0 0 0 1 

Marion Lake 0 1 0 0 1 

Taggart Lake 0 1 0 0 1 

lceflow Lake 0 1 0 0 1 

Smprise Lake 0 1 0 0 1 

Leigh Lake 0 1 1 0 1 

Phelps Lake 0 0 1 0 1 

Jenny Lake 0 0 5 0 5 

Bearpaw Lake 0 0 1 0 1 

Trapper Lake 0 0 1 0 1 

Bradley Lake 0 0 0 1 1 

Grizzly Bear 0 0 0 1 1 
Lake 
Totals 1 5 9 2 17 

Table 12. Fatality SVI opsis, 1950-1996 
Nwnberof 
Fatalities 

Avalanche 8 

Fall Skiing 3 

Drowning 1 

lllness 8 

Lightning 1 

Stuck 1 

Fall 3 

Fall Hiking 3 

Fall on Rock 31 

Fall on Rappel 7 

Rock/Ice Fall 3 

Fall on Snow 21 

Total Fatalities 90 

Table 13. Fall on Rock Fatality SvllODSis, 1950-1996 
Number of 
Fatalities 

Fell Descending Unroped 8 

Fell Climbing Unroped 10 

Rappelled Off Rope EOO 1 

Roped Leader Fall 9 

Roped Follower Initiated Fall 2 

Anchor Failure on Rappel 6 

Unknown 1 

Total Fatalities 27 

Table 14. Fatality Rates for Accident Codes, 
1950-1996 

Percent 

Climbing Injury {n=9) 0.00 

Fall Hiking (n=74) 4.05 

Fall on Rock (n=195) 15.90 

Fall on Rappel (n=24) 29.17 

Fall on Snow (n=155) 13.55 

Avalanche (n=6) 100.00 

Fall Skiing (n=7) 42.86 

lllness {n=56) 16.07 

Lightning (n=5) 20.00 

Stuck (n=21) 4.76 

Rockfall or Icefall (n=41) 7.32 

Table 15. Accident Summary by Categories, 
1994-1996 

Number of Incidents 

Fall Hiking 9 

Fall Skiing 2 

Fall on Rock 12 

Fall on Snow 23 

Fall on Rappel 2 

lllness 8 

Lightning 1 

Stuck 7 

Total 64 
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Tabl 16 Ace" dent Jncide f1 Climb" Areas 1994-1996 e I nrs or ).ID2 . 
Number of Nmnberof Scaled Number 

Incidents Attempts/Year of Incidents 
Albright Peak 2 132 5.28 

Static Peak 2 * * 
South Teton 2 239 2.91 

Middle Teton 8 800 3.48 

Disappointment 4 296 4.71 
Peak 
Grand Teton 16 2281 2.44 

Mt.Owen 2 142 4.00 

Teewinot 2 374 1.86 

Storm Point 1 42 8.29 

Symmetry Spire 2 244 2.85 

Mt. Moran 2 163 4.27 

Totals 43 4713 41.00 

* Data not available 

Table 17. Scaled Number of Non-Climbing Accident 
Incidents 1994-1996 ., 

Number of Number of Scaled Number 
Incidents People/Day of Incidents 

Granite Canyon 2 101 3.48 

Surprise Lake 1 171 1.03 
Trail 
GJacier Gulch 1 * * 
Garnet Canyon 3 66 7.98 

Cascade 12 1<XX> 2.11 
Canyon 

Paintbrush 2 65 5.40 
Canyon 

Total 21 1232 20.00 

* Data not available 

Table 18. Accident Smnmary by Time of Day, 
1994-1996 

Number of 
Incidents 

Morning (0600-1159) 12 

Afternoon (1200-1759) 30 

Evening (1800-2400) 18 

Total 60 

Table 19. Accident Smnmary by AscentJDescent for Both 
Genders 1994-1996 , 

Females Males Both Genders 

Ascent 1 12 13 

Descent 9 16 25 

Total 10 28 38 

Table 20. Accident Categor: Profile by Gender, 1994-1996 
Males Females Total 

Fall Hiking 3 5 8 

Fall Skiing 11 2 13 

Fall on Rock 1 1 2 

Fall on Snow 13 8 21 

Fall on Rappel 2 0 2 

lllness 6 1 7 

Lightning 1 1 2 

Stuck 7 0 7 

Total 44 18 62 

Table21. Accident Age Profile by Gender, 1 994- 996 1 
Females Males Total 

Teen's 5 3 8 

20's 6 12 18 

30's 1 16 17 

40's 4 6 10 

SO's 2 2 4 

60's 0 3 3 

70's 0 1 1 

Total 18 43 61 

Average age 29.72 35.56 33.84 

Table22. How Accidents Were ReJ)OI'ted, 1994-1996 
Number of 
Incidents 

Cell Phone 11 

Ham Radio 1 

Other Climbers 9 

Other Hikers 9 

Partner 11 

In Person 5 

Rangers 14 

Overdue Check 2 

Total 62 

Table 24. Cost .... 1994-1996 
Number of Number of Number of Cost 
Incidents Subjects Lives Saved 

1994 107 126 4 $58,098.00 

1995 102 125 5 $65,262.79 

1996 148 269 7 $96,284.84 

Total 357 520 16 $219,645.63 



CLIMATIC FACTORS, REPRODUCTIVE SUCCESS 

AND POPULATION DYNAMICS 
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+ OBJECTIVES 

Multiannual fluctuations ("cycles") in 
population density of small rodents doubtless result 
from the interaction of a multitude of factors, as 
evidenced by the variety of hypotheses proposed to 
explain the phenomenon (for reviews see Finerty 
1980, Taitt and Krebs 1985). However, the 
inability of these hypotheses - alone or in 
combination - to explain the causality of cycles rests 
in no small measure with the fact that long-term 
studies of the phenomenon are notoriously 
uncommon. 

The objectives of this project are to 
continue a long-term study of the population 
dynamics of the montane vole, Microtus montanus, 
in Grand Teton National Park. On the basis of 
earlier observations (Pinter 1986, 1988) particular 
emphasis will be placed on how environmental 
variables, possibly acting through reproductive 
responses, contribute to the population density 
cycles of these rodents. 

+ METHODS 

In 1997 Microtus montanus were live 
trapped at two times of the year: the second half of 
May (spring study period) and mid-July to mid
August (summer study period). Animals were 
killed with an overdose of Metofane as soon as 

possible after capture. Animals were aged using 
weight, total length and pelage characteristics. 
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. 
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In order to ascertain the effects of 
habitat/density on population dynamics of M. 
montanus in Grand Teton National Park, 
populations of these rodents were monitored in 
both, optimal and marginal habitats. 

+ RESULTS 

In addition to the record snowfall in the 
winter of 1996-97 there was heavy precipitation 
during the spring study period. Furthermore, 
unusually heavy precipitation occurred throughout 
the entire summer, making it one of the wettest 
summers in the past 30 years. The abundance of 
moisture was reflected in an unusual luxuriance of 
the herbaceous vegetation throughout the region. 

In the study areas, Microtus montanus 
began breeding during the first half of May. All 
females trapped were pregnant with their frrst litter; 
none was lactating. Litter sizes were extremely 
large, even exceeding the unusually large litter sizes 
observed during the spring study period of 1996. 
Since the frrst cohort invariably breeds in the year 
of its birth, the reproductive potential during the 
spring of 1997 suggested that a large increase in 
population density could be expected by the end of 
the 1997 season. 

Whereas the size of the frrst spring litters 
was indeed large, climatic conditions may well have 
prevented the survival of many of these young. 
Characteristically the study areas drain very rapidly. 
For example, in spite of the large amount of 
meltwater present in the soil, there are always 
patches within a habitat that are dry and suitable for 
Microtus burrows. The problem arises if the soil, 
waterlogged from meltwater, receives a large 
amount of precipitation - especially if such 
precipitation occurs over a short period of time. 
Under these conditions even the dry patches in a 
meadow can become inundated in a matter of hours, 
resulting in the drowning of any juvenile Microtus 
too young to leave the nest independently. 
Theoretically, then, large spring litter sizes point to 
the possibility of a dramatic increase in population 
density; in reality, a large portion of such potential 
may not be realized. 

By the end of the summer of 1997 
population densities of Microtus montanus had risen 
significantly above those recorded at a comparable 

time in 1996. The 1997 increase in population 
density was a reflection not only of unusually large 
litter sizes but also of an unusually large number of 
reproductively active females. Furthermore, an 
increase in the population density (over the 1996 
levels) was recorded from all study sites, in contrast 
to 1996 when densities increased in some study 
areas and decreased in others. However, the 
summer of 1996 had been very dry and a decrease 
in population density occurred in some of the 
marginal habitats. However, the summer of 1997 
was extremely wet and even marginal habitats 
produced abundant vegetation. 

Usually, by the end of the annual study 
period, there is a decline in reproductive output by 
the voles. However, by the end of the summer of 
1997 there was no decline either in the very large 
litter sizes or in the percentage of reproductively 
active females. There was every indication that a 
large number of animals would be entering the 
winter of 1997-98. It also appeared that 
reproduction may continue well into the late 
summer and early fall, further augmenting the 
potential for a large population. 

+ CONCLUSIONS 

Precipitation, acting directly (i.e., 
inundation of nests in a wet spring) or indirectly 
(sustaining luxuriant plant growth throughout the 
summer) contributed significantly to population 
dynamics of Microtus montanus during the 1997 
study period. Inundation of some of the spring 
nests (and the consequent death of young in these 
nests) was offset by the exceptionally large litter 
sizes characteristic of the spring 1997 study period. 
Near-record precipitation during the summer 
maintained abundant herbaceous vegetation well 
into the late summer. This resulted in unusually 
widespread reproductive activity, characterized not 
only by an unusual number of reproductively active 
females but also by large litter sizes. These 
observations support the hypothesis that climate is a 
major contributor to population dynamics of small 
rodents. 
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+ INTRODUCTION 

The sagebrush cricket, Cyphoderris 
strepitans, is one of only five extant species 
belonging to an obscure orthopteran lineage, the 
Haglidae, closely related to the true crickets 
(Gryllidae) and katydids (Tettigoniidae) (Morris & 
Gwynne 1978). C. strepitans occurs exclusively in 
mountainous areas of the western United States, 
where it is found primarily in high-altitude 
sagebrush meadow habitat. Adults become sexually 
active in late spring, shortly after snow melt, and 
remain active for the following 4-6 weeks. The 
acoustic signals produced by males function to 
attract females (Snedden & Irazuzta 1994), thereby 
enhancing male mating opportunities (Snedden & 
Sakaluk 1992). Copulation is initiated when a 
receptive female climbs onto the dorsum of a male, 
at which time he attempts to transfer a 
spermatophore. During copulation, the female feeds 
on the male's fleshy hind wings and bodily fluids 
leaking from the wounds she inflicts. 

Previous field studies involving the mark
recapture of a large number of males have shown 
that once a male has mated, his probability of 
obtaining an additional copulation is reduced 
relative to that of a virgin male securing his first 
mating (Morris et al. 1989). One explanation for the 
virgin-male mating advantage is that non-virgin 

males, having lost a substantial portion of their 
energy reserves through sexual cannibalism by 
females and the transfer of a large spermatophore, 
may be unable to sustain the costly acoustical 
signaling activity required to attract additional 
females. In support of the "male fatigue" 
hypothesis, electronic assays of male signaling 
behavior have shown that virgin male C. strepitans 
call for significantly longer durations than recently 
mated males (Sakaluk et al. 1987; Sakaluk & 
Snedden 1990). 

An alternative hypothesis to account for the 
virgin-male mating advantage is that females 
preferentially mate with virgin males, because these 
males have greater material resources to offer 
females than do non-virgin males. If the acoustic 
structure of males' signals are systematically altered 
by the loss of hind-wing material underlying the 
sound-producing tegmina, then females could 
potentially discriminate against mated males through 
reduced phonotaxis to their calls. Indeed, acoustic 
analyses of digitized calls of virgin and non-virgin 
males indicate possible differences in the amplitude, 
and perhaps, spectral components of the signals 
(Snedden & Greenfield 1995). Hence, acoustically 
mediated female mate choice could contribute to the 
differential mating success of virgin and non-virgin 
males as much or more than any difference in 



· signaling duration, but this possibility has not 
previously been tested. 

One difficulty in distinguishing between the 
male-fatigue and mate-choice hypotheses as they 
apply to the virgin male mating advantage, is that 
non-virgin males may be disadvantaged in both 
contexts. In the present study, we circumvented this 
problem by altering the hind wings of virgin males 
in a way that mimicked the wing loss of non-virgin 
males, without the attendant costs of copulation. If 
loss of hind wing material systematically alters the 
structure of males' signals, and females rely on 
these differences to preferentially orient to virgin 
males, then the mate-choice hypothesis predicts that 
experimental removal of hind wing material from 
virgin males should lead to a reduction in their 
mating success relative to unmanipulated virgin 
males. 

+ METHODS 

FIELD STUDY 

A mark-recapture study was conducted 
from May 23 to June 18, 1997 in Grand Teton 
National Park, Wyoming. A rectangular study plot 
approximately 120 m X 180 m was established in 
sagebrush meadow habitat adjacent to the Snake 
River at Deadman's Bar. During the early portion 
of the breeding season, we attempted to capture and 
mark all of the virgin males present in the study 
plot. Males were found at night by orienting to 
their calls and using head lamps to determine their 
exact location within a sagebrush bush. The mating 
status of males was determined by examining their 
hind wings for the wounds inflicted by females; 
only virgin males, as evidenced by intact wings, 
were used in experimental treatments. Each virgin 
male was placed in a collecting vial, numbered to 
correspond with a surveyor's flag placed at the 
capture location, and transported to University of 
Wyoming-National Park Service Research Station, 
approximately 30 km away, for processing. 

Captured males were randomly assigned to 
either of two treatments in which the amount of 
hind-wing material retained by males was 
experimentally manipulated. In one treatment, we 
surgically removed one hind wing from the male by 
severing it at its point of insertion using fme 
dissecting scissors (non-virgin mimics). This 
treatment was designed to mimic the loss of wing 
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material that occurs at mating. Hind wing removal 
resulted in little bleeding owing to the rapid 
coagulation of haemolymph, in contrast to normal 
matings during which continued feeding by females 
promotes a steady flow of haemolymph. In a second 
treatment, small lesions were made in both hind 
wings of the male, but the hind wings were 
otherwise left intact (sham-control males). This 
operation controls for any detrimental effects of 
haemolymph loss in males of the first treatment. 
Each male was marked individually with a 
numbered plastic tag secured to the pronotum with 
cyanoacrylic glue. Fluorescent paint was applied to 
the pronotum around the numbered tag, and to the 
femora of each individual. Portable ultraviolet 
lanterns, the illumination of which causes the paint 
to fluoresce, subsequently were used to facilitate 
cricket recapture. The following evening at sunset, 
marked males were returned to their respective 
points of capture. We marked and released a total of 
106 males (53 non-virgin mimics, 53 sham-control). 

After experimental males were released, 
males were recaptured and examined for evidence 
of mating activity regularly over the course of the 
breeding season, usually every second night, 
weather permitting. The number of males 
recaptured on any given night varied from 1 - 44 (N 
= 18 nights). Mating was inferred by loss of hind 
wing material in both treatments. If females rely on 
differences in males' acoustic signals to 
preferentially mate with virgin males, we predicted 
that the mating success of sham-control males (those 
with intact hind wings) would be significantly 
higher than non-virgin mimics (virgin males lacking 
one hind wing). 

LABORATORY STUDY- UNIVERSITY OF 
WYOMING-NATIONAL PARK SERVICE 
RESEARCH CENTER 

If females' mating preferences were 
predicated on the amount of wing material males 
had to offer, such preferences could be exercised 
either in the context of long-distance mate attraction 
or through discrimination that takes place following 
pair formation. While the field study adequately 
addresses the former possibility, the rarity with 
which naturally occurring copulations are detected 
in the field precludes any assessment of female 
choice at mating as it occurs in the natural situation. 
Accordingly, we conducted a laboratory study in 
which we employed time-lapse video photography 
to record the mating behavior of males whose hind 
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wings were experimentally altered as in the field 
study. Virgin males and females of unknown 
mating status were collected at two sites within the 
park (Deadman's Bar and Pacific Creek) and at an 
additional site in Bridger-Teton National Forest. 
Captured crickets were transported back to the 
research center and maintained according to 
standard procedures (Snedden & Sakaluk 1992; 
Eggert & Sakaluk 1994). Males were assigned to 
either of the two experimental treatments, 1) non
vrrgm mmucs or 2) sham-control males. Males 
were treated the morning after their capture and 
used in mating trials the second evening following 
their capture, thereby allowing them sufficient time 
to recover from their operations. 

Each night of the study, one or two males 
from each of the two treatments were paired with 
females at about 1900 h, and their mating activity 
monitored over a 12-hour period using time-lapse 
video photography. Nighttime recording was 
facilitated by the illumination provided by a 25-W 
red light bulb. Experimental pairs were confmed in 
a Plexiglas viewing chamber (17 x 12 x 3.5 em), 
divided into four equal compartments to prevent 
contact between crickets of different pairs, each of 
which contained a short stick to serve as a calling 
perch. Upon review of video recordings, we 
determined: 1) the time spent calling by each male 
during the trial, measured as the number of 5-min 
intervals within which stridulation occurred, 2) the 
number of times each male was mounted by the 
female, and 3) the number of matings (mounts 
resulting in successful transfer of the 
spermatophore). Matings were easily scored, as the 
spermatophore remains attached outside the 
female's body after copulation and is readily visible 
in video recordings. A total of 22 pairs, 11 in each 
treatment, were recorded. Experimental individuals 
were used in one trial only and returned to the field 
the subsequent night. 

.. RESULTS AND CONCLUSIONS 

FIELD STUDY 

Ninety marked males (85% of total) were 
recaptured at least once, and recapture frequencies 
were homogeneous across treatments (likelihood 
ratio chi-square, L = 1.80, p = 0.18). The 
proportions of males that mated across experimental 
treatments were not significantly different (Figure 
1; likelihood ratio chi-square, L = 0.10, p = 

0.75). These results suggest that males lacking hind 
wing material are not compromised in their ability 
to attract females. We conclude, therefore, that the 
virgin-male mating advantage is not mediated by 
acoustically based, female mating preferences. 

Figure 1. Mating success of males lacking one hind wing and sham
operated males. There was no significant difference in mating success 
across treannents. 

0 Unmated • Mated 

48 p = 0.75 

Sham Control Hlndlng Removed 

LABORATORY STUDY 

The percentage of males that mated was 
exactly the same in both treatments (73% ). These 
results corroborate the results of the field study, and 
suggest that even after pair formation, any alteration 
in males' acoustic signals stemming from the loss of 
hind wing material does not diminish male 
attractiveness. 
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+ INTRODUCTION 

Natural burns are common in the 
boreal forests of the Rocky Mountains. While 
a considerable amount of research has focused 
on post-bum responses of vegetation and, more 
recently, large mammals, there have been few 
studies on responses of small mammal 
communities in these forests. The primary 
objective of this study was to revisit study sites 
on Huckleberry Mountain established 
immediately following the 1988 Yellowstone 
fires (Stanton et al., 1991, 1992; Spildie, 1994) 
to assess small mammal population trends, 
community structure, and microhabitat 
preferences on adjacent burned and unburned 
study sites 9 years post -burn. 

+ METHODS 

For four consecutive nights in June, 
July, and August we sampled the identical 
burned (2) and unburned (2) 1 ha trapping grids 
on Huckleberry Mountain studied by Spildie 
(1994) and Stanton et al. (1991,1992) (Fig. 1). 

During each 4-day trapping period at each grid 
(100 stationslha, 10 m apart) Sherman traps 
were baited with rolled oats and peanut butter, 
opened between 1530 and 1730, and checked 
between 0500 and 0830 the following day. 
Captured animals were ear-tagged with unique 
metal fingerling tags; classified by sp~cies, sex, 
age class Guvenile or adult) and reproductive 
condition; weighed to the nearest gram and 
released where caught. In addition, at every 
fourth trap station (25/ grid) we placed a pitfall 
trap (355 ml plastic cup) partially filled with 
propylene glycol to sample terrestrial 
invertebrates and shrews (Sorex spp.). Pitfalls 
were left open for three consecutive days and 
mammals were collected from the traps each 
morning and evening. Terrestrial invertebrates 
were collected at the end of the three day 
period, rinsed and stored in 70% EtOH + 5% 
glycerol, and are currently being identified to 
family. Randomly placed belt transects were 
used to measure seedling species density and 
basal area in each burned trap grid. 

Population densities of small mammals 
were estimated using the program CAPTURE, 
model Mt (Otis et al., 1978). 



PRELIMINARY RESULTS 

During the summer of 1998 during 4800 
trap nights, we captured five small mammal species 
in 356 total captures. The deer mouse (Peromyscus 
maniculatus) and southern red-backed vole 
( Clethrionomys gapperi) were the most abundant 
species and the only species for which population 
estimates could be determined. Population 
estimates for each trapping grid for 1997 and for 
1990 and 1991 (from Spildie, 1994) are presented 
in Figures 1a-1h. Other species trapped included 
the western jumping mouse (Zap us princeps, N = 
4), montane vole (Microtus montanus, N = 2), and 
least chipmunk (Tamias minimus, N = 3). No 
shrews were captured in the Sherman traps. 

Three species of shrew (N=49), the dusky 
or montane (Sorex montanus), masked (Sorex 
cinereus), and dwarf (Sorex nanus), were captured 
in pitfall traps. Table 1 presents data on shrew 
species captures by site. 

Table 1. Shrew species caprured in pitfall traps in different study 
. 997N 9 sites on Hucklebern Mountain in 1 . =4. 

Site So rex S. monticolus S.nanus 
cine reus 

East facing burn 1 8 0 
East facing 7 7 1 
unburned 
West facing bum 1 6 0 
West facing 10 8 0 
unburned 
Total 19 29 1 

Results of line-transect sampling in the 
burned areas to estimate conifer seedling density in 
the two burned areas are presented in Table 2. 
Results indicate that both regenerating stands are 
predominately lodgepole pine and these seedlings 
were denser and taller on the west facing bum. 

Table 2. Results of line-transect sampling in burned study sites. 
Values are number seedlings/hectare and (mean height). 

Site Total Lodgepole Subalpine Aspen Engel-
conifer pine fir mann 

spruce 

West 11,567 11,464 33* 33* 33* 
facing (0.81m) (0.15m) (0.46m) (0.21m) 
burn 
East 5,250 4,550 100 600 
facing (0.73m) (0.26m) (0.66m) 
burn 

* Only one seedlmg observed. 
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DISCUSSION 

Results of the 1997 field season indicate 
that deer mice were present in all sites but the west 
facing unburned forest. Southern red-backed voles 
occurred in all sites. Deer mouse populations 
gradually increased over the summer in all sites 
where they were present. Southern red-backed vole 
populations gradually increased over the summer in 
the west facing unburned forest and increased then 
slightly declined in the east facing burned and 
unburned forest and the west facing bum. 
Comparisons of population estimates within sites 
between species indicate that deer mice are more 
abundant in the burned sites and southern red
backed voles are more abundant in the unburned 
forests. 

Comparison of deer mouse and southern 
red-backed vole population trends with data from 
1990 and 1991 (Spildie, 1994; Stanton et al., 1990, 
1991) indicate that for both species populations 
peaked at all sites in August of 1991 . This is 
particularly true for southern red-backed voles in 
the unburned forest grids and deer mice in the east 
facing bum and unburned forest. In addition, for 
all years, deer mice were more abundant in the 
burned forest and southern red-backed voles were 
more abundant in the unburned forest. 

These results are somewhat consistent with 
Wood ( 1981) who trapped two burned <._.:;_ 5 years) 
and adjacent unburned spruce/fir/lodgepole forests 
in Yellowstone National Park and found that trap 
success was higher in unburned forests for southern 
red-backed voles and higher in bums for the deer 
mouse. However, the red-backed vole was the most 
abundant species in both burned and unburned sites. 

Results of pitfall trapping indicate that 
montane shrews are found evenly distributed in both 
burned and unburned forests. Nine years post-bum 
masked shrews are found primarily in the unburned 
forest. Spildie (1994) reported trapping masked and 
vagrant shrews (S. vagrans), with 84% of all 
shrews trapped in the unburned forest and no 
masked shrews trapped in the burned areas. 
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FuTuRE WORK 

We will continue small mammal population 
sampling during the summer of 1998 at Huckleberry 
Mountain to see if patterns observed during 1997 
continue. We will also collect additional 
microhabitat data for incorporation into a 
multinomial logistic model predicting small 
mammal trap success and habitat preference. In 
addition, we will examine the significance of 
coarse, woody debris to small mammal diversity 
and density and, in collaboration with U.S. Forest 
Service biologists, incorporate this information into 
the development of Habitat Suitability Models for 
small mammal species. Last, we will begin to 
investigate shrew species habitat and microhabitat 
preferences and the response of these species to 
fire. 
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Figures 1a-1h. Population estimates and standard errors for red-backed voles and deer mice at burned and 
unburned forest sites on Huckleberry Mountain in 1990, 1991 and 1997. 1990 and 1991 estimates from Spildie 

(1994). 
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INTRODUCTION 

The 55 km-long Teton normal fault at the 
eastern base of the Teton Range, Wyoming, has one 
the highest rates of Holocene slip of any fault in the 
Basin-Range, but it is seismically dormant at the 
M2 + level and presently lies in the center of a 50 
km-long seismic gap (Byrd et al, 1993). Analyses 
of trenching, fault scarp heights, and fault profiles 
indicate earthquakes on the Teton fault are non
Poissonian, with from 5 to 10 M > 7 earthquakes 
occurring from 7,900 to 14,000 years ago, but only 
two such events between 5,000 and 7,900 years 
ago, and none in the last 5, 000 years (Byrd et al., 
1994). 

LEVELING 

As part of a comprehensive neotectonic 
study of the interseismic behavior of the fault we 
have done five first order leveling surveys (1988, 
1989, 1991, 1993, 1997) of 50 permanent bench 
marks in a 21 km-long leveling line across the fault. 
This line was established across the Teton fault by 
John 0. D. Byrd and Charles Meertens to monitor 
possible creep and future coseismic strain (Byrd et 
al., 1989). It has been surveyed four times by 
undergraduate students of the University of 
California, Santa Barbara, and the University of 
Utah. The line was extended 7.8 km eastward in 
1994 from the top of the bluff overlooking 
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Deadman Bar, across the Snake River, to the west 
flank of Shadow Mountain (Sylvester, 1996). The 
fifth and latest resurvey of both lines was done in 
1997 by volunteers associated with the University 
Research Expeditions Program (UREP) under the 
supervision of Arthur G. Sylvester and Christopher 
S. Hitchcock. 

+ METHODS 

Two field crews, each consisting of two 
rod-persons, a recorder/umbrella person, and an 
instrument person, separately surveyed different 
segments of the Teton leveling line. A Wild N3 
tilting level and a Wild NAK2 automatic level with 
optical micrometer, with matching pairs of strut
supported, double-scale, Wild GPL-3 invar leveling 
rods, 4003A/B and 6477A/B, respectively, were 
used throughout each survey. The extension east of 
the Snake River was surveyed with the Wild N3, 
rods 6477A/B, and a Leica N3000 digital level with 
Leica bar-coded rods 9505 and 9511. Leveling 
rods 4003A/B have been calibrated annually by 
laser interferometry at the US. Navy Gage and 
Standards Laboratory; rods 6477A/B were frrst 
calibrated in 1989, and the Leica bar-coded rods 
were calibrated in 1992 and 1994. Both pairs of 
Wild double-scale invar leveling rods were 
calibrated one year before, and one year after, the 
1997 survey. The leveling instruments also 
received routine, factory-authorized maintenance 
and adjustment a few weeks before each survey. 

The level surveying was performed by 
closing a series of double-run loops from 0.5 to 3.5 
km in length that included from two to six 
consecutive bench marks. Shot lengths from 
instrument to rod were balanced and averaged 13.2 
m. Left-rod readings were not permitted to deviate 
from the right-rod readings by more than 0. 010 
em, else the observation was repeated. A 
temperature reading was taken at the instrument for 
nearly every shot at a height from 1 to 1.5 m above 
the ground surface. The A-rod of each pair was 
always placed on a permanent bench mark to 
minimize errors due to differences in rod length. 
To minimize personnel errors, each instrument 
person shot the backrun of his/her forerun. In fact, 
considerable effort was made to make the three 
surveys as identical as possible; thus, all three 
surveys were performed at the same time of year, 
with the same instruments and with some of the 
same personnel. 

The leveling data were recorded and 
preliminary closure errors were calculated in the 
field. Closure errors and relative bench mark 
heights were recalculated at the end of each day to 
check for errors in the field notes. Following each 
survey, except the 1997 survey, the data were 
submitted to the National Geodetic Survey (NGS) 
for analysis in its computer program REDUC4 to 
adjust the field observations for collimation and rod 
errors, differences in rod length, temperature, and 
refraction, if any. One of the main conclusions that 
came from a detailed analysis of the Teton leveling 
data is that they are virtually uncontaminated by 
refraction because of the relatively short sight 
lengths. The observed data are degraded, however, 
by the REDUC4 adjustments, because REDUC4 
was intended to adjust good 2nd-order data to 1st
order, Second Class standards. Thus the data 
presented in this report are observed data, rather 
than adjusted data. 

PRECISION OF SURVEYS 

We sought to achieve a precision of 
surveying closure considered "tectonic precision" 

which is equivalent to 1 mm X C112 
(where Lis the 

one-way length of the line in kilometers), as 

COmpared tO "frrst order precision" of 2 mm X C112
, 

and "second order precision" of 5 mm x L-
112

• Thus 
a precision of one part per million is equivalent to 
"tectonic frrst order" precision, and is considered 
the minimum acceptable level of precision to 
document tectonic movement by geodetic 
techniques. 

The standard error, ss, of a single 
measurement was calculated using the method of 
proportionality: 

a= s 
(1) 

where d = the misclosure for an individual survey 
segment in em. The probable error, or two 
standard deviations, for a single measurement is 
expressed by: 



n-1 
(2) 

where n = the total number of survey loops 
between adjacent bench marks in a survey. Each of 
the five surveys yielded a standard error of from 5 
to 7 parts in 10 million, well within the prescribed 
limits, and allowing, thereby, confident 
comparisons among all five surveys. 

+ RESULTS 

The leveling results (Fig. 1) indicate that 
from 1988 to 1997 the alluvium-filled valley of 
northern Jackson Hole (hanging wall) rose nearly 5 
mm relative to bedrock of the Teton Range 
(footwall). Additionally, nearly 13 mm of the 
valley uplift is localized within a 2-km zone 
adjacent to the fault. This zone coincides with an 
area of low topography characterized by lakes and 
ponds along the fault and streams that flow south 
parallel to the range, rather than eastward away 
from the range. These topographic features provide 
a record of hanging wall subsidence related to long 
term faulting. 

The observed uplift of the valley floor and 
subsidence zone may reflect an apparent, reverse 
displacement along the fault in local crustal 
shortening. Recent regional GPS measurements 
(1987 to 1995) support that hypothesis, indicating a 
component of local E-W shortening in the Teton 
area. Alternatively the uplift may reflect a complex 
combination of other processes including localized 
poroelastic effects, differential displacement on 
buried, unknown faults beneath the valley, 
gravitational relaxation of the Teton ~ange,. or 
nearfield drag of the hanging wall as 1t substdes 
overall in farfield extension. Independent evidence, 
such as water well data, do not exist to allow 
choices among these hypotheses. The next resurvey 
is provisionally scheduled for the year 2000. 

EXTENSION TO SHADOW MOUNTAIN 

We resurveyed the extension of the original 
leveling line in August 1997 (Fig. 2). The data are 
extrapolated into a straight line that trends N06 ow, 
in contrast to the main line that trends N87ow. 
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GTO 1 of the main line is arbitrarily held fixed and is 
at the north end of the extended line in this graph . ... 
Since 1994, five bench marks subsided about 3 mm 
relative to GTOl, whereas five at the south end of 
the line rose 5 mm. GTJ, among the five that 
subsided, is a bench mark in a large rock on the 
floor of a small canyon- it may not be stable. The 
five bench marks at the south end of the line are in 
a thin layer of alluvium on the west flank of 
Shadow Mountain. The queried faults coincide with 
topographic lineaments, including the front of 
Shadow Mountain. The displacements do not 
reflect the topographic profile, indicating that the 
faults are young or that any topographic expression 
they may have had has been modified by erosion. 
Clearly this line requires several resurveys in the 
future to establish its long term behavior. 
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MODELING SPATIAL AND TEMPORAL DYNAMICS OF 

MONTANE MEADOWS AND BIODIVERSITY IN THE 

GREATER YELLOWSTONE ECOSYSTEM 

DIANE DEBINSKI +IOWA STATE UNIVERSITY+ AMES 

MARK JAKUBAUSKAS +KELLY KINDSCHER 

UNNERSITY OF KANSAS + LAWRENCE 

+ OBJECTIVE OF REsEARCH 

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

+ PROGRESS SUMMARY: 

We are using a time series of satellite 
multispectral imagery for monitoring the extent, 
condition, and spatial pattern of montane meadows on 
a seasonal and interannual time scale. Field sampling 
is being used to collect data on the distribution of 
plant, bird, and butterfly species. Spectrally-based, 
spatially-explicit models are being developed for six 
meadow types using a GIS to stratify the study area 
by topography and geology. We have sampled for 
two years in two regions of the ecosystem: the 
northern part of the ecosystem, hereafter termed the 
Gallatin study area, included the Gallatin National 
Forest and northwestern portion of Yellowstone 
National Park; the southern part of the ecosystem, 
hereafter termed Teton study area, included Grand 
Teton National Park. Twenty-five sample sites were 
located in the Tetons and thirty sample sites were 
located in the Gallatins. Birds, butterflies, and plants 
were surveyed at each of the sites. Details of the 
sampling methodology and data analysis are noted 
below. 
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ACCO~L~NTSAND 

RESEARCH REsuLTS 

MEADOW MAP PRODUCTION 

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

Data were converted from brightness values 
to units of radiance (mW/crn2/sr/um) and then 
reflectance. Data were further normalized for 
differential illumination effects by performing a 
topographic normalization procedure, using the OEM 
data re-sampled to 20 m. All satellite imagery were 
georeferenced to a Universal Transverse Mercator 
(UTM) coordinate system with a pixel size of 20m. 
The three-band multispectral data for the summer and 
fall dates for each area (Teton and Gallatin) were then 
combined into a six-band data file for each study 
area. 

An Iterative Self-Organizing Data Analysis 
(ISODATA) clustering algorithm was applied to each 
six-band image tile to identify spectrally similar 
pixels. Thirty to fifty initial clusters were specified 
for the ISODATA clustering, producing a map of 
spectral classes. Each spectral class was then 
identified and assigned to an information class 
representing a vegetation type. Based on spectral 
similarity, and visual interpretation of the classes with 
the assistance of aerial photography and knowledge of 
the study area, the spectral classes were combined to 
create a five-class map of coniferous forest, water, 
developed lands, deciduous forest, and non-forested 
(meadow) vegetation. This five-class map was then 
recoded to a binary map of meadow/non-meadow, 
and used to mask the six-band image rue, producing a 

new image tile containing data only for meadow 
areas. ISODAT A clustering was again applied to the 
masked data to identify spectral differences in the 
meadow class only, producing a final map of distinct 
meadow classes. Six non-forested meadow classes 
representing a distinct xeric-to-hydric gradient fro~ 
sedge meadow (M1) to dry grassland with sagebrush 
(M6) were identified and mapped. FRAGSTATS 
~mputer p~ogram is being used to analyze landscape 
differences m meadow size, distance to next meadow 
of the same type, and type of adjacent habitat 
between sampling areas. These landscape-level 
parameters may have significant effects on species 
distribution at a particular point in the ecosystem. 

SELECTION OF SAMPLING SITES 

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

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



ESTABLISHMENT OF SAMPLING SITES 

A single point was established at each of the 
fifty-five sample sites. This point was located in an 
area reasonably typical (not anomalous) for each 
particular meadow, and in smaller meadow polygons 
was located near the center of the meadow so as to 
avoid edge effects. This point is the northwest comer 
of the 20 x 20 m plot used for botanical and biomass 
sampling. All 20 x 20 m plots were laid along 
cardinal directions for consistency. The 20 x 20 m 
plot was then established using four steps: First, the 
southwest comer was established by measuring 20 m 
due south from the northwest comer, second, the 
approximate location of the southeast comer was 
located by measuring 20 m due east from the 
southwest comer, third, triangulation was used to 
insure that the plot was square, and the southeast 
comer was located correctly. A hypotenuse of 28.3 
m was measured from the northwest comer to the 
southeast. The southeast comer was established 
where the hypotenuse met the 20 m measurement 
from step two. Finally, the approximate location of 
the northeast comer was located by measuring 20 m 
due north from the southeast comer. Once again, 
triangulation was used to insure that the plot was 
square. The northeast comer was established at the 
point 20 m from the southeast comer and 20 m from 
the northwest comer. A 100 x 100 m plot was 
overlaid upon the 20 x 20 m plot, using the NW 
comer of the smaller plot as the center point. One of 
the four 50 x 50 m quadrats within the 100 x 100 m 
area was randomly selected to be used as the butterfly 
survey plot. Bird surveys were conducted in a 50 m 
radius circular plots using the midpoint of the 100 x 
100 m plot and flags were used to mark edges of the 
circular plot in at least 3 of the cardinal directions. 
Observers surveying birds stood just off the center of 
the 100 x 100 m point, to avoid packing down the 
plants in the vegetation plots. 

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

BIOPHYSICAL AND SPECTRAL FIELD 
SAMPLING 
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Biomass measurements were made in July 
for both Teton and Gallatin study areas. 
Measurements were scheduled to be coincident with 
satellite overpass days when possible. For each plot, 
three 0.20x0.50 m (0.1 m2) quadrats were spaced at 
10.0 m intervals along the northern edge of each 
20x20 m plot. All aboveground green 
photosynthetically active vegetation within each 
quadrat was clipped, sorted by life form/category 
(grasses, forbs, and shrubs), placed in paper bags, 
and immediately weighed in the field using spring 
scales to the nearest 1.0 gram to determine "wet" 
weight. In the lab, bags were dried in a laboratory 
oven at 100 for 48 hours, and weighed again to 
determine "dry" weight and percent moisture by life 
form. 

Spectral reflectance readings were taken 
using an Analytical Spectral Devices (ASD) 
spectroradio-meter, recording electromagnetic energy 
reflected by the surface over the range 0.3265 -
1.05533 m (visible and near-infrared light) in 512 
discrete spectral bands. Measurements were taken 
for each of the twenty lxl m quadrats used for 
botanical assessment. Ten spectroradiometer scans 
per quadrat were acquired and internally averaged by 
the system to determine spectral reflectance. All sites 
were sampled between 0900 and 1550 hours local 
solar time. A white reference calibration reading was 
made at the start of each plot to normalize all 
reflectance values to a common standard. Sites in 
Teton study area were sampled during the period July 
3-5 (coincident with SPOT satellite image acquisition) 
and on July 8, 9, 14, 15, and 19 for the Gallatin 
study area. Poor weather in the Gallatin study area 
necessitated an extended sampling period, but a 
majority of sites were sampled on July 14, date of the 
SPOT satellite overpass for Gallatin, or July 15. 

VEGETATION SAMPLING TECHNIQUES 

Twenty 1m2 quadrats were located 
systematically within each 20 x 20 m plot. The 
quadrats were arranged in four belt transects of five 
quadrats each. All belt transects ran west to east, and 
quadrats were 4 m apart. Field measuring tapes were 
laid in a grid-like fashion to insure correct locations 
of transects and quadrats. The first transect was 
located along the line between the northwest and 
northeast comers of the 20 x 20 m plot. The second, 
third and fourth transects were respectively located 5 
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m, 10m, and 15m south of the first transect. Along 
each transect, the northwest comer of the 1 m2 

quadrats were located at 3 m, 7m, 11 m, and 15 m 
from the east edge of the 20 x 20 m plot. The nested 
sampling design allows for detailed data collection 
within the 20 x 20 m plot, and the systematic layout 
insures that the quadrats are relocatable and sampling 
can be accurately repeated in subsequent years. 

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

All plants were identified to species in the 
field or given appropriate field names. Voucher 
specimen were collected for all species so that 
accurate identifications could be made. Species that 
were difficult to identify are being reviewed by 
botanists at the University of Kansas Herbarium 
where the vouchers will be housed. After the 1 m2 

plots were sampled, the entire 20 x 20 m plot and the 
l 00 x 100 m plot were sampled for cover. This 
sampling provides us with data at 3 scales and with 
the middle scale (20 x 20 m), being of the actual 
pixel size of the remote sensing. 

SPECIES AND HABITAT CHARACTERIZATION 
IN SAMPLE SITES: BIRDS AND 
BUTIERFLIES 

Abundance data were collected for 
butterflies and birds in each of the sampling sites. 
Birds were surveyed between 0530-1030 hrs using 
point counts in 100 m diameter circular plots. Two 
observers were present for each 15 min survey. One 
point count was conducted at each site. Butterflies 
were surveyed between 0930-1630 hrs by two people 
netting for 20 minutes in each 50 x 50 m plot. Each 
butterfly was placed in a glassine envelope and at the 
end of the survey all individuals of each species were 
tallied and most were released. A subset of 
butterflies were taken as voucher specimens. Bird 
data were collected at each site on three dates (during 
June 1-July 17). Butterfly data were collected on 

four dates (during June 1 -Aug. 15) in each region. 
Data collections in each of the two areas (Gallatin vs. 
Teton study area) alternated every two weeks to 
ensure that species with phenologically different 
emergence times or activity periods would be 
included in both data sets. All specimens were 
identified to species in the field or given appropriate 
field names. Voucher specimens of butterflies were 
collected so that accurate identifications could be 
made. Species that are difficult to identify are being 
reviewed by Steve Kohler, an authority on Montana 
lepidopterans. Voucher specimens are housed at 
Iowa State University. 

QUALITY CONTROL 

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

During the past forty years, biologists have 
become increasingly concerned about the decline 
and disappearance of various amphibian species 
throughout the world (Wyman 1990, Wake 1991). 
An example of an amphibian decline in western 
North America is that of the Boreal Toad (Bufo 
boreas). A previously widespread and abundant 
species, the Boreal Toad has undergone large 
population declines and is now a candidate for 
threatened and endangered status in the eastern half 
of its range (Stebbins and Cohen 1995, Federal 
Register 1995). 

Decreases in Boreal Toad abundance and 
distribution have been observed in Colorado, 
eastern Wyoming, and eastern Utah (Com et al. 
1989). From 1971-82, eleven Boreal Toad 
populations disappeared from the West Elk 
Mountains of Colorado (Carey 1993). During this 
eleven-year period, numerous individuals were 
observed exhibiting symptoms of redleg, a well
documented disease in amphibians caused by the 
bacterium Aeromonas hydrophila (Russel 1898, 
Emerson and Norris 1905, Kulp and Borden 1942, 
Reed and Toner 1942, Dusi 1949, Hunsaker and 
Potter 1960, Hird et. al. 1981, Nyman 1986, Carey 
1993). This disease was considered responsible for 
the decline and ultimate extinction of these eleven 

toad populations. These extinctions led Carey to 
propose a hypothesis regarding the disease process 
which is stated as follows: (1) Some environmental 
factor or synergistic effects of more than one factor 
changes sufficiently to cause sublethal "stress;" (2) 
This stress directly causes suppression of the 
immune system, or indirectly causes 
immunosuppression by effecting elevated secretion 
of adrenal cortical hormones; (3) 
Immunosuppression, coupled with the apparent 
effect of cold body temperatures on the ability of 
immune systems of ectothermic animals to fight 
disease, leads to infection by Aeromonas or other 
infectious agents, and to subsequent death of 
individuals and extinction of populations. 

Another area where Boreal Toads have 
apparently declined is within the Greater 
Yellowstone Ecosystem (GYE). Field surveys 
during 1991 revealed Boreal Toads to be less 
widespread and less abundant than in the past, 
especially in the southern portion of the GYE 
(Peterson et al. 1992, Koch and Peterson 1995). 
This contradicts Carpenter's earlier description of 
Boreal Toads as being the most wide-spread 
amphibian in the Jackson Hole region ( 1953). 
During the 1991 field season, a interesting 
relationship was detected among toad breeding sites. 
At sites where toads were still breeding, there was 
an unusual water chemistry that included such 
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components as high conductivity and high acid 
neutralizing capacity (Peterson et. al. 1992); many 
of these breeding sites were also geothermally 
influenced. 

Various factors have been implicated in 
amphibian declines worldwide including ultraviolet 
radiation, drought, pollution, introduced species, 
acid precipitation, and habitat modification 
(Blaustein & Wake 1990; Phillips 1990; Wyman 
1990; Pechmann et. al. 1991). Drought in the late 
1980's and early 1990' s was responsible for 
reduced breeding success of Boreal Toads at some 
locations within the GYE (Bartelt, unpublished 
data) . However, drought does not appear to explain 
why Boreal Toads have declined in other portions of 
the GYE. Other unlikely causes for Boreal Toad 
declines within the GYE are acid precipitation, due 
to intermediate pH and/or adequate buffering 
capacity of most amphibian sites in the Rocky 
Mountains (Com 1992); introduced species like 
trout, because predatory fish have been shown to 
avoid consuming Bufo tadpoles under laboratory 
conditions, (Voris and Bacon, Brodie et.al. 1987); 
and habitat modification within the GYE does not 
appear extensive enough to explain the declines. 
Because redleg has been implicated in Boreal Toad 
declines elsewhere (Carey 1993), we suspect it may 
have contributed to declines within the GYE. 

Interestingly, a negative correlation between 
densities of A. hydrophila, a causative agent of 
redleg, and conductivity in freshwater environments 
has been described (Hazen et al. 1978). If this 
relationship were to be demonstrated within the 
GYE, it could help explain why toad populations 
appear to be persisting within these high 
conductivity/ geothermally influenced sites. 

Based on the observations that Boreal 
Toads appear to be primarily breeding in areas of 
high conductivity and that densities of A. hydrophila 
may decrease with conductivity, we expected to 
observe low densities of A. hydrophila within these 
high conductivity/geothermally influenced sites. 
Our hypothesis was that the low bacterial densities 
may reduce the risk of infection and outbreak of the 
disease. Our overall objective is to determine if 
Boreal Toads are protected from infection(s) with A. 
hydrophila by breeding in areas of high 
conductivity I geothermal influence. However, before 
we can address our overall objective, we needed to 
determine the relationships among toad breeding, 
water chemistry, and densities of A. hydrophila in 

the field. We conducted field studies during the 
summer of 1997 to address the following questions. 
After addressing these questions, we will conduct 
laboratory studies in 1998 to determine if Boreal 
Toads are protected from infection(s) with A. 
hydrophila by breeding in high 
conductivity/ geothermally influenced water. 

Questions 
(1997) 

1. What is the relationship between toad breeding 
and water chemistry? 

2. What is the relationship between bacterial 
density and water chemistry? 

3. What is the relationship between bacterial 
density and water column depth? 

4. Does water chemistry change with season? 

5. Does bacterial density change with season? 

6. What is the relationship between bacterial 
density and toad breeding? 

(A summary of the results to these questions 
can be found in Table 1). 

Finally, if we found low bacterial densities 
within our high conductivity study sites, we would 
conduct a series of laboratory investigations to 
determine if the components of the water are 
limiting bacterial growth. 

+ METHODS 

STUDY SPECIES 

The Boreal Toad (Bufo boreas boreas) is 
found throughout the western half of the North 
American continent, from southern Alaska south to 
northern New Mexico in the Rocky Mountains 
(Stebbins 1995). The boreal toad is widely 
distributed throughout both Yellowstone and Grand 
Teton National Parks, from the lowest elevations in 
both parks up to 2865m (9400 ft) near Togwotee 
Pass (historically) (Koch and Peterson 1995). A 
previously common and widespread species, the 
Boreal Toad appears to have declined in both 
distribution and abundance over much of its range 
in the Western United States, including the Greater 



Yellowstone Ecosystem. In Colorado, eastern 
Wyoming, and eastern Utah, this toad species could 
no longer be found at 85% of the sites in which it 
historically occurred (Comet al. 1989). 

STUDY SITES 

Over the past six years, about fifteen to 
twenty Boreal Toad breeding sites have been 
identified within the GYE. During the summer of 
1997, we sampled 12 breeding and 15 non-breeding 
sites (Table 2, Figure 1). We originally planned to 
sample an equal number of breeding and non
breeding sites, but flooding during the spring of 
1997, along with other factors, prevented this. The 
sampled toad breeding sites are located throughout 
the GYE. For each sampled breeding site, we 
selected a nearby amphibian site where toad 
breeding has not been detected. Some of the nearby 
amphibian sites were also chosen because toad 
breeding occurred there historically and is no longer 
occurring at that location. This sampling design 
allowed us to compare the water chemistry between 
known toad breeding sites to other amphibian sites 
where toad breeding does not occur. 

SAMPLING SCHEDULE 

We sampled the selected breeding and non
breeding sites at least once during the 1997 field 
season. We sampled a subset of eleven sites (five 
breeding and six non-breeding) additional times 
during the months of July and August. Eight of 
these sites were sampled two additional times and 
three sites were sampled one additional time. We 
collected these additional samples from the same 
location within each site that the initial samples 
were taken. This sampling scheme allowed us to 
observe differences in water chemistry and bacterial 
densities between breeding and non-breeding sites, 
and also allowed us to observe changes in bacterial 
density and water chemistry over the course of a 
breeding season. 

WATER SAMPLES 

Water samples for determining bacterial densities 
were collected using sterile, individually wrapped, 
120 ml polypropylene bottles. We collected three 
water samples near observed amphibian egg masses 
(if present) or where breeding activity is known to 
occur based on past observations. Samples were 
collected just below the water surface, from the 
middle of the water column, and just above the 
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bottom sediment. We used these samples to 
determine the mean bacterial density for each 
sampling site. Water samples were collected by 
first submerging the bottle and then removing the 
lid. Once the bottle was ftlled, the lid was replaced 
and the bottle was removed from the water column. 

We collected two additional water samples 
to be used for chemical analysis from the same 
location within each study site that the samples were 
collected for determining bacterial densities. We 
stored these samples in 250ml and 500ml 
polypropylene bottles at 4°C until sending them off 
for chemical analysis. The water samples stored in 
the 250ml bottles were analyzed for alkalinity, 
ammonia, chloride, nitrate, sulfate, and total 
phosphorus. The water samples stored in the 500ml 
bottles were analyzed for calcium, potassium, lead, 
magnesium, silica, aluminum, and sodium. 

WATER CHEMISTRY 

Water chemistry analyses were performed 
for samples from each study site. In the field, we 
used a Solomat portable pH, temperature, and 
conductivity meter (MPM 2000, Solomat 
Corporation, Connecticut) to determine pH, 
temperature, and conductivity at each sampling site. 
Unfiltered water samples (250ml bottle) were 
collected and stored at 4°C until they were taken to 
the Enviro H20 Lab, Pocatello Idaho. Unfiltered 
samples were analyzed for alkalinity, ammonia, 
chloride, nitrate, sulfate and total phosphorus. All 
samples were analyzed within two weeks of being 
collected following standard methods (APHA, 
1995). Filtered water samples (500ml) were 
preserved with 1ml of nitric acid and stored at 4°C 
until taken to the Laboratory for Environmental 
Geochemistry, Idaho State University, Pocatello 
Idaho. Bottles used here were washed with nitric 
acid and rinsed with deionized water prior to sample 
collection. Filtered samples were analyzed for the 
following components: calcium, potassium, lead, 
magnesium, silica, aluminum, and sodium. All 
samples were analyzed within six months of being 
collected following standard methods (APHA, 
1995). 

ISOLATION AND QUANTIFICATION OF 
Aeromonas hydrophila 

Approximately 200J..Ll of each water sample 
was placed directly onto a plate of Rimier Shotts 
medium (specifically designed for isolation of A. 
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hydrophila (Shotts and Rimier 1973)) with a 
micropipetter. We spread this water evenly over 
the agar surface using an L-shaped rod and 
turntable. An additional 30ml from each sample 
was filtered using a millipore filtering apparatus. 

Bacteria were captured on a 0.45 J.lm filter with a 
grid printed on the surface. We placed these 
filtered disks on the surface of an additional Rimier 
Shotts agar plate. The two inoculated plates from 
each sample were placed in a 37°C incubator for 20-
24 hours. After the incubation period, we counted 
bacterial colonies that appeared yellow (presumptive 
for A. hydrophila). From the number of bacterial 
colonies counted, we determined the colony forming 
units (CPU's) which is the number of bacteria/ml of 
water. 

DATA ANALYSIS 

We entered all our data into a spreadsheet 
program (Microsoft Excel) and then transferred it 
into SPSS for Windows 7.0 (SPSS Inc., Chicago 
IL.) or SYSTAT 6.0 student version (SPSS Inc., 
Chicago IL.). 

To determine which "general" factor(s) are 
correlated with breeding we ran a backwards 
stepwise logistic regression with conductivity, 
alkalinity, pH, and temperature. Only those factors 
with significance levels of 0.05 or less were kept 
after each step. Prior to statistical analysis, 
conductivity and alkalinity were log transformed to 
avoid possible problems with curvelinearity. To 
test for curvelinearity we initially ran a backwards 
stepwise logistic regression without transforming 
any of the variables. The -2 log likelihood values 
obtained from the logistic regression can be used to 
assess how well the model fit the data and if the 
relationships between data and the binary response 
variable were possibly curvelinear (Ramsey and 
Schafer 1997). Smaller -2 log likelihood values 
indicate the logistic regression model fit the data 
better and that the binary response variables are 
more likely to be related to the explanatory 
variables by a direct linear relationship, which is an 
assumption of the logistic regression model 
(Ramsey and Schafer). The backwards stepwise 
logistic regression, without any of the variables 
transformed, revealed a -2 log likelihood value of 
27.529. After log transforming both conductivity 
and alkalinity, we ran the logistic regression again. 
The -2 log likelihood value for this logistic 
regression was 25.334. This suggested that by log 
transforming both conductivity and alkalinity the 

model fit the data better. This also suggests that 
the relationship of breeding and non-breeding to 
conductivity and alkalinity was curvelinear. 
Therefore, we ran the backwards stepwise logistic 
regression with alkalinity and conductivity log 
transformed. 

Once the "general" factor(s) correlated 
with toad breeding were determined, we ran a 
logistic regression on the water chemistry variables 
known to be associated with the "general" water 
chemistry measurement(s). Not all of the water 
chemistry measurements were included in this 
analysis due to the concentrations of some of the 
variables in solution being below the detection limit 
of the analytical procedures. If the water chemistry 
variable(s) could not be detected by the analytical 
procedure(s) at a minimum of fifty percent of the 
study sites, they were removed from the analysis. 
Nitrate, ammonia, chloride, total phosphorus, 
aluminum, and lead were excluded from this and 
subsequent analyses because the concentrations of 
these ions were below the detection limit of the 
analytical procedure at over half the study sites. 
This left sulfate, silica, magnesium, calcium, and 
sodium as the only water chemistry variables 
included in these analyses. Any values included in 
the analyses that were still less than the detection 
limit of the analytical procedure were given a 
conservative estimate (e.g, < 10 mg/1 was estimated 
to be 9. 9mg/l) in order to perform the statistical 
procedures. 

To determine if the "general" factor(s) 
were highly correlated with mean CFU, we ran a 
backwards stepwise multiple regression on 
conductivity, alkalinity, pH, and temperature. Only 
those values with a significance level of 0. 05 or less 
were kept after each step. Prior to statistical 
analysis, conductivity and mean CFU were log 
transformed to obtain normality. Temperature and 
alkalinity met the normality assumptions and were 
entered into the analysis without transformation. 
Values of pH were converted to hydrogen ion 
concentrations prior to analysis and each hydrogen 
ion concentration was multiplied by 107 to be 
recognized by SPSS. Once the "general" factor(s) 
highly correlated with mean CFU were determined, 
we ran a multiple regression analysis with the water 
chemistry variables known to be associated with 
these "general" water chemistry measurement(s). 
Prior to statistical analyses, chloride, silica, 
magnesium, sodium, potassium, and calcium were 
each log(x + 1) transformed to obtain normality. 



To determine the relationship between 
bacterial density and water column depth we used 
block design analysis of variance. Mean CFU 
values were log transformed to obtain normality 
prior to statistical analysis. 

To determine whether bacterial density, 
temperature, pH, and conductivity vary significantly 
over the course of a breeding season, we used a 
repeated measures analysis of variance. 
Temperature met the assumptions of normality but, 
prior to statistical analysis, conductivity and mean 
CFU values were log transformed to obtain 
normality. Values of pH were converted to 
hydrogen ion concentrations prior to analysis and 
each hydrogen ion concentration was multiplied by 
107 to be recognized by SPSS. The Geisser
Greenhouse Correction was used for the repeated 
measures analysis of variance with pH to correct for 
unequal variance. Mean pH values were calculated 
by taking the log of the mean hydrogen ion 
concentration. 

Finally, to determine the relationship 
between toad breeding and bacterial density, we 
used a group comparison T test. Prior to statistical 
analysis, the mean CFU values were log 
transformed to obtain normality for the breeding 
and non-breeding sites. 

+ RESULTS 

A summary of the results for each question 
can be found in Table 1. 

Question 1- What is the relationship 
between toad breeding and water chemistry? 

The majority of the Boreal Toad breeding 
sites, sampled within the Greater Yellowstone 
Ecosystem, had measurements of conductivity that 
were significantly higher than non-breeding sites. 
From the results of the backwards stepwise logistic 
regression we found that conductivity was the only 
variable that produced a significant model (Table 
3). For each log unit increase in conductivity, the 
likelihood of a study site being a toad breeding site 
increased by a factor of 5. 89. The approximate 95% 
confidence interval for this log likelihood ratio is 
1.24 to 27.95. Toad breeding and non-breeding 
group membership as explained by conductivity is 
shown in Figure 2. This final model correctly 
classified 66.7% of the breeding sites and 86.7% of 
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the non-breeding sites sampled during the 1997 field 
season. 

Because conductivity is an indicator of the 
total number of ions in solution, we ran another 
logistic regression using only calcium, magnesium, 
potassium, sodium, silica, and sulfate as 
independent variables. We found that silica (Si) 
was the only variable remaining in the fmal model. 
For each unit increase in Si, the likelihood of a 
study site being a toad breeding site increased by a 
factor of 1.08. The 95% confidence interval for 
this log likelihood ratio is 0.96 to 1.23. This fmal 
model correctly classified only 33.3% of the 
breeding sites and 86.7% of the non-breeding sites 
sampled during the 1997 field season. 

Question 2- What is the relationship 
between bacterial density and water chemistry? 

We found that alkalinity, pH, and 
temperature were strongly and positively related to 
mean bacterial density. The results from the 
backwards stepwise multiple regression can be 
found in Table 4. Figure 3 shows the relationship 
between bacterial density and alkalinity and Figure 
4 shows the relationship between bacterial density 
and conductivity. 

Because alkalinity, pH and temperature 
were strongly related to mean CFU, we ran another 
multiple regression using pH, temperature and the 
two water chemistry variables most associated with 
alkalinity, calcium and magnesium. We found that 
all four contributed significantly and were each well 
below the cutoff to be removed in a stepwise 
fashion (Table 5). Therefore, this fmal model 
contains temperature, pH, calcium, and magnesium. 

Question 3 - What is the relationship 
between bacterial density and water column depth? 

Because developing toad tadpoles are 
commonly found at or near the bottom of 
freshwater habitats, we needed to determine if 
densities of Aeromonas hydrophila vary with water 
column depth. We found that the various levels of 
water column sampling had no effect on the density 
of bacteria measured. The water column samples 
collected from all the study sites revealed a median 
of 35 bacterialml with a range of 0 to 2630 just 
below the water surface, a median of 40 
bacterial/ml with a range of 3 to 2760 from the 
middle of the water column, and a median of 25 
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bacterialml with a range of 0 to 2845 just above the 
bottom sediment. The lognormal bacterial densities 
were tested against each other and the calculated F
ratio was 0.321 with a probability of 0.727. 

Question 4 - Does water chemistry change 
with season? 

Because Boreal Toads are known to breed 
anytime from May to July (Koch and Peterson 
1995) and even as late a August within the GYE 
(C.R. Peterson, unpublished data), we needed to 
determine if bacterial densities, water chemistry, 
and temperature varied significantly over the course 
of a single breeding season (May/June, July, 
August). 

We found that the mean on-site 
temperature measurements for the four breeding and 
four non-breeding sites were not significantly 
different with respect to the time of year that the 
measurements were taken. The results for the 
repeated measures ANOV A can be found in Table 
6. These results also indicate the four breeding and 
four non-breeding sites cannot be distinguished 
from each other by taking temperature 
measurements from the water. The mean on-site 
temperature measured for the four breeding sites 
sampled two additional times was 21.5 oc ± 7.32 
SD in May/June, 20.5 ± 7.90 oc in July, and 24.05 
+ 4.44 oc in August. For the four non-breeding 
sites the mean on-site temperature was 17.1 ± 7.49 
oc in May/June, 20.3 ± 1.41 oc in July, and 17.9 ± 

2.46 oc in August. The comparisons in 
temperature between the breeding and non-breed~g 
sites during the May/June and August samplmg 
period suggest a possible difference; however, the 
differences were not statistically significant. 

Measurements of pH did not significantly 
vary over the breeding season within the four 
breeding and non-breeding sites. The results for the 
repeated measures ANOV A with pH can be found 
in Table 7. The mean pH value for the four 
breeding sites sampled two additional times w~ 
8.60 in May/June, 7.80 in July, and 8.95 m 
August. For the four non-breeding sites the mean 
pH value was 6.83 in May/June, 7.62 in July, and 
8.26 in August. 

Measurements of conductivity did vary 
significantly over the breeding season within the 
four breeding and four non-breeding sites. The 
results for the repeated measures ANOV A with 

conductivity can be found in Table 8. However, a 
Tukey test was unable to reveal the source of those 
differences (Table 9). The results also indicate that 
the four breeding and four non-breeding sites cannot 
be distinguished from each other by taking 
conductivity measurements of the water. A 
graphical representation of the results can be found 
in Figure 5. For the four breeding sites sampled 
two additional times, the median conductivity value 

was 339 J.ls/cm with a range of 28.7 to 1071 in 

May/June, 432 J.ls/cm with a range of 76.6 to 1445 

in July, and 431 J.ls/cm with a range of 90.3 to 
1264 in August. For the four non-breeding sites the 

median conductivity value was 42.6 J.lslcm with a 

range of 15.9 to 138 in May/June, 58.2 J.ls/cm with 

a range of 20.8 to 206 in July, and 52.4 J.ls/cm with 
a range of 15.0 to 228 in August. 

Question 5 - Does bacterial density change 
with season? 

Densities of Aeromonas hydrophila did not 
significantly vary over the breeding season within 
the four breeding and four non-breeding sites. The 
results for the repeated measures ANOV A with 
bacterial density can be found in Table 10. 
However, it should be noted that bacterial densities 
at the South Entrance stream, below the horse 
corral, were measured at 273 bacterialml during 
June, increased to 2803 bacteria/ml during July, and 
decreased to 60 bacterialml during August. The 
results also indicate that the four breeding and four 
non-breeding sites cannot be distinguished from 
each other by taking measurements of bacterial 
density from the water. For the four breeding sites 
sampled two additional times, the median bacterial 
density was 83 bacterialml with a range of 15 to 
2700 during May /June, 828 bacterialml with a 
range of 35 to 2803 during July, and 51 bacteria/ml 
with a range of 10 to 427 during August. For the 
four non-breeding sites the median bacterial density 
was 13 bacterialml with a range of 3 to 92 during 
May/June, 28 bacterialml with a range of 7 to 47 
during July, and 18 bacteria/ml with a range of 8 to 
105 during August. 

Question 6 - What is the relationship 
between bacterial density and toad breeding? 

Given that the occurrence of toad breeding 
is associated with high conductivity, and that 
densities of Aeromonas hydrophila increase with 
conductivity and alkalinity, we wanted to determine 



if the occurrence of toad breeding is associated with 
bacterial density. The water samples collected for 
determining bacterial density at each study site 
revealed a median of about 83 bacterialmi with a 
range of 20 to 2700 for all the breeding sites and a 
median of about 33 bacterialmi with a range of 3 to 
2723 for all the non-breeding sites. The lognormal 
bacterial densities were tested against each other and 
the resulting T value was 1. 735 with a probability 
of 0.095. This indicates that the mean bacterial 
density measured at the toad breeding sites was not 
significantly different from the mean bacterial 
density measured at the non-breeding sites. 
However, it should be noted that Nez Perce Pond, a 

high conductivity (1185 J.ls/cm) non-breeding site, 
had a density of 2723 bacteria/mi. The next highest 
bacterial density measured at a non-breeding site 
was 128 bacterial/mi at pond 25. This is a 
difference of over 2500 bacteria/mi. If Nez Perce 
Pond is removed from the analysis, the median 
bacterial density is reduced from 33 bacterialmi to 
29 bacterial/ml with a range of 3 to 126 for the 
non-breeding sites. The resulting T is 1.586 with a 
probability of 0.024, indicating a significant 
difference. 

+ DISCUSSION 

During the past forty years, Boreal Toads 
appear to have declined in abundance and 
distribution throughout much of the Greater 
Yellowstone Ecosystem (Peterson et al. 1992). The 
results of this study demonstrate that the remaining 
Boreal Toad breeding sites, located within the GYE, 
can be distinguished from non-breeding sites by 
examining the conductivity of the water. This 
observed difference in conductivity between toad 
breeding and non-breeding sites is similar to 
observations made during the 1991 field season 
(Peterson et. al. 1992). Conductivity correctly 
classified 67% of the breeding sites (eight of 
twelve) sampled during 1997 with an overall 
accuracy of 78%. Each log unit increase in 
conductivity increased the likelihood of a study site 
being a toad breeding site by a factor of 5. 89. The 
only ion found to be significantly different between 
breeding and non-breeding sites in this study was 
silica. However, silica had a confidence interval 
around its odds ratio of 0.96 to 1.23 and could only 
correctly classify 33.3% of the breeding sites. 
Therefore, even though silica was the only variable 
remaining in the second logistic regression model, 
conductivity is a better predictor of toad breeding. 
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The logistic regression model with 
conductivity did not correctly classify four of the 
twelve toad breeding sites sampled during 1997. 
However, it should be noted that toad breeding 
could not be verified at McReynolds Reservoir 

(32.8 J.lsfcm) even though the breeding activities of 
Boreal Toads were detected at this study site in the 
early 1990's. The majority of the Boreal Toad 
tadpoles at the South Entrance stream below the 

horse corral (28.7 J.ls/cm) perished prior to 
metamorphosis due to infection and a substantial 

portion of the toad tadpoles at Pond 26 (152 J.ls/cm) 
perished shortly after hatching. This left Stamp 
Meadows, located on the Targhee National Forest, 
as the only low conductivity study site where Boreal 
Toads are known to breed successfully. Because 
three of the four toad breeding sites not correctly 
classified by the conductivity model had low tadpole 
survivorship, it may be more appropriate to label 
the eight toad breeding sites correctly classified by 
the conductivity model as successful breeding sites. 

Unfortunately, measurements of water 
chemistry at toad breeding sites from over forty 
years ago were not taken. These data would have 
been useful in determining whether Boreal Toad 
breeding sites have always been associated with 
high conductivity within the GYE. However, we 
do know that Boreal Toads historically bred at 
Lower Moose Pond within Grand Teton National 
Park, and near Togwotee Pass within Bridger Teton 
National Forest (Carpenter 1953, and field notes) . 
Boreal Toads were not detected at these two sites 
during the 1991 field season (Peterson et. al. 1992) 
or during the current study. During 1997, the level 
of conductivity measured at Lower Moose Pond was 

15.9 Jlslcm and the level of conductivity measured 

at Togwotee Pass Pond was 41.5 Jlslcm. Both of 
these sites have levels of conductivity that are 
substantially lower than most of the Boreal Toad 
breeding sites sampled during 1997 (Figure 2) . At 
present, we can only speculate as to whether Boreal 
Toads have only declined and disappeared from 
areas with low conductivity. 

We isolated and determined the 
concentration of A. hydrophila in the water for each 
of our study sites during 1997 because redleg has 
been implicated in Boreal Toad declines elsewhere 
(Carey 1993). Interestingly, a negative correlation 
between conductivity and densities of A. hydrophila 
in freshwater environments has been described 
(Hazen et al. 1978). From the results of our study, 
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we found A. hydrophila to be positively correlated 
with conductivity (Figure 4), and found that 
alkalinity, pH and temperature ec) significantly 
predicted bacterial density just as well as 
temperature, pH, alkalinity, and conductivity 
combined. This observation is just the opposite of 
what we expected. Based on a previous study 
(1978), we predicted low bacterial densities within 
our high conductivity breeding sites. Therefore, we 
rejected our original hypothesis that Boreal Toads 
might be protected from redleg by breeding in water 
with very low densities of bacteria and that the low 
bacterial densities might reduce the risk of infection 
and outbreak of disease. 

Because densities of A. hydrophila were 
positively correlated with conductivity, we needed 
to generate alternate hypotheses for how Boreal 
Toads could be protected from redleg within these 
high conductivity sites. One hypothesis is that the 
unusual water chemistry from the toad breeding 
sites may not allow A. hydrophila to "tum on" the 
virulence factors needed to successfully infect a 
host, even when an individual is immuno
compromised. Another hypothesis is that protection 
from redleg could be a product of the breeding sites 
being geothermally influenced. Sites which are 
geothermally influenced may maintain continuously 
higher temperatures than non-thermal sites and ~e 
less susceptible rapid changes in temperature. This 
could potentially reduce cold shock as an 
environmental stressor within these areas. 

Because Boreal Toad tadpoles are 
commonly found at or near the bottom of 
freshwater habitats, we needed to determine if 
bacterial densities vary consistently with water 
column depth. We found that densities A. 
hydrophila did not consistently vary with depth 
among all the breeding and non-breeding sites. If 
we had found densities of A. hydrophila to be 
consistently higher at a given depth among all the 
study sites, we would have needed to consider this 
when deciding the level of bacteria to use for our 
infection studies in 1998. 

During 1997 we found that densities of 
Aeromonas hydrophila did not significantly vary 
over the breeding season within the four breeding 
and non-breeding sites sampled two additional 
times. However, it is worth noting that the mean 
bacterial densities for the South Entrance stream 
below the horse corral were measured at 273 
bacterialml in June, increased to 2803 bacterialml 

in July, and decreased to 60 bacterialml during 
August. The South Entrance stream below the horse 
corral is the only breeding site currently found in 
Yellowstone with conductivity measurements below 

100f.1s/cm. The bacterial densities observed at this 
site in July are similar to the bacterial densities 
measured at study sites (breeding and non-breeding) 

with conductivity measurements greater than 400f..l 
s/cm. While sampling this study site in July, we 
observed approximately forty dead and decaying 
tadpoles. Some of these tadpoles could be identified 
as Bufo boreas, where others were identified as 
Columbia Spotted Frog (Rana luteiventris). The 
week prior to sampling this site in July, adult 
spotted frogs were apparently observed exhibiting 
symptoms similar to redleg (Debra Patla, personal 
communicaton). It is unknown whether A. 
hydrophila was responsible for this observed die-off 
in tadpoles and adult spotted frogs, because no 
swabs of the decaying tadpoles were taken due to 
the high probability of the causative agent being 
hidden by the growth of saprophytic fungi and 
bacteria. Also of interest, the temperature of the 
water at the time the dead tadpoles were found was 
10.7 °C. Because the immune systems of 
ectothermic animals are apparently temperature 
dependent, (Kluger 1979), this "cooler" water 
temperature may have suppressed the ability of the 
tadpoles immune systems to function properly and 
led to some type of infection, and ultimately death. 

Given that the majority the known Boreal 
Toad breeding sites in the GYE occur in areas with 
high conductivity and that densities of A. hydrophila 
were found to be positively correlated with 
conductivity, one might expect bacterial densities to 
be correlated with the occurrence of toad breeding. 
The results from this study found no significant 
difference in bacterial density between breeding and 
non-breeding sites. However, most of the observed 
variation in bacterial density for the non-breeding 
sites was driven by a high conductivity site known 
as Nez Perce Pond. This study site actually 
increased the mean bacterial density measured for 
the non-breeding sites by 178.6 bacterialml, and 
indicates that the levels of bacteria measured are 
more correlated with the chemical and physical 
(i.e., temperature) components of the water than 
with the presence of toad breeding. 

In summary, the results of this study 
verified that the remaining Boreal Toad breeding 
sites found in the Greater Yellowstone Ecosystem 
are predominantly found in areas with high 



conductivity in comparison to historical sites where 
toad breeding no longer occurs and other amphibian 
breeding sites where toad breeding has not been 
detected. Densities of Aeromonas hydrophila, a 
causative agent of redleg, were found to be 
positively correlated with conductivity, alkalinity, 
pH and temperature and are opposite than what we 
predicted. Because toad breeding has been shown 
to be associated with conductivity and densities of 
Aeromonas hydrophila increased with conductivity, 
we will test the effects of conductivity and bacterial 
density on the susceptibility of tadpoles to infection 
during 1998. We also plan to test the effect of 
temperature on the susceptibility of toad tadpoles to 
infection because many of the Boreal Toad breeding 
sites found in the GYE are also geothermally 
influenced. 
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Table 2. The location of study sites within the Greater Yellowstone Ecosystem sampled during 
1997. The number of each study site corresponds to the numbers displayed on the map (Figure 
1) and the circles on the map represent the study site location. 

Bridger 

Toad Targbee Teton Caribou 

Breeding Yellowstone Grand Teton National National National 
Site Site National Park National Park Forest Forest Forest Remarks 

1. Slide lake no X 

2. Slough Oeek pond no X 

3. Indianpooi yes X Historical? 
4. Lodge Creek- Pool3 no X 

5. Lodge Creek lagoon no X 

6. Harlequin lake no X 

7. Paint Pot Toad Pool yes X 

8. Nex Perce Pond . no X 

9. Tangled Oeek yes X 

10. South Fntrance thennal stream yes X 

11. South Entrance vernal pond yes X 

12 South Fntrance pennanent pond no X 

13. South Fntrance stream by corral yes X 

14. Pon:l25 no X 

15. Pond26 yes X 

16. Taggart lake Qnflow no X 

17. Lower Moose Pond no X Historical toad site 
18. Leigh Lake no X 

19. Ditch Creek yes X 

20. Togootee Pass Pond no X Historical toad breeding site 

21. Blackrock Oxbow yes X 

22 Staiq> Meadow yes X large (>50 adult) ~ulation 

23. McReynolds Reservoir yes X 

24. Moose Creek Cattail Pond no X 

25. North Leigh Mill Pond no X 

26. Tm Olp Creek Oxbow yes X 

27. Tm Olp Creek Pom no X 



93 

Table 3. Results for the backwards stepwise logistic regression of toad breeding verses temperature, 
conductivity, alkalinity, and pH. Each model represents a single step where one of the variables was removed. 
The final model ( 4) contains only conductivity. 

Variable Model Coefficient S.E. Wald df Sig. Odds Ratio 95%CI 

pH 1.0910 0.8425 1.6670 1 0.1953 2.9774 0.57-15.52 

Temperature -0.1674 0.1332 1.5788 1 0.2089 0.8459 0.65-1.09 
Conductivity t 1 4.2460 2.6692 2.5305 1 0.1117 69.8279 0.37-13064 

Alkalinityt -4.7912 3.0802 2.4196 1 0.1198 0.0083 0.00002-3.48 

Constant -5.4548 5.2275 1.0889 1 0.2967 

pH 0.7388 0.7634 0.9366 1 0.3332 2.0934 0.47-9.34 
Conductivityt 2.8516 2.0976 1.8481 1 0.1740 17.3158 0.28-1056 

Alkalinityt 
2 

-2.6219 2.1501 1.4870 1 0.2227 0.0727 0.001-4.92 

Constant -6.8043 4.9464 1.8922 1 0.1689 

Conductivityt 3.7829 1.8150 4.3439 1 0.0371 43.9418 4.30-448.3 
Alkalinityt 3 -2.9692 2.0521 2.0935 1 0.1479 0.0513 0.0009-2.87 

Constant -2.4219 2.0098 1.4520 1 0.2282 

Conductivityt 
4 (Final) 

1.7727 0.7948 4.9740 1 0.0257 5.8867 1.24-27.95 

Constant -3.9623 1.7467 5.1458 1 0.233 

t log transformed variable 

Table 4. Results for the backwards stepwise multiple regression of bacterial density verses 
temperature, alkalinity, pH and conductivity. Each model, beyond model 1, represents a step 
with one variable removed from the analysis. 

Sum of 

Variables Model Squares df 

Temperature, 1 Regression 11.070 4 

Alkalinity, pH*, Residual 7.722 22 

Conductivityt Total 18.792 26 

2 Regression 10.987 3 

Temperature, Residual 7.805 23 

Alkalinity, pH* Total 18.792 26 

* converted to hydrogen ion concentrations 
t log transformed variable 

Mean Adjusted 

Square R-square R Square F Sig 

2.762 0.589 0.514 7.885 0.00 

0.351 

3.662 0.585 0.53 10.792 0.00 

0.339 
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Table 5. Results for the backwards stepwise multiple regression of bacterial density verses 
temperature, magnesium, and calcium. .Each variable was below the cutoff to be removed 
from the model. Therefore, the final model contains all three variables. 

Sum of Mean Adjusted 

Variables Model Squares df Square R Square R Square F 
Temperature 1 Regression 13.493 4 3.373 0.718 0.667 14.007 

Magnesiumt Residual 5.298 22 0.241 
Calciumt Total 18.792 26 

pH* 

t log transformed variable. 
* converted to hydrogen ion concentration 

Table 6. Repeated measures analysis of variance for temperature. Breed 
represents the between effects and season represents the within effects. 

Sum of Mean 

Source Squares df Square F Sig. 

Breed 77.042 1 77.042 1.516 0.264 

Error 304.958 6 50.826 

Season 11.523 2 5.762 0.235 0.794 

Season *Breed 37.403 2 18.702 0.762 0.488 

Error 294.367 12 24.531 

Table 7. Repeated measures analysis of variance for pH. Breed 
represents the between effects and season represent the within effects. 
The Giesser-Greenhouse Correction was used to adjust for unequal 
Variance. 

Sum of 
Source Squares df Mean Square 
Breed 163.408 0.5325 306.864 
Error 224,075 3.195 70.133 
Season 222,625 1.065 209.022 
Season*Breed 254.435 1.065 238.888 
Error 336.403 6.39 52.641 

F 
4.376 

3.971 
4.548 

Sig. 
0.0( 

Sig. 
0.13 

0.089 
0.073 



Table 8. Repeated measures analysis of variance for conductivity. Breed 
represents the between effects and season represents the within effects. 

Sum of Mean 

Source Squares df Square F Sig. 

Breed 3.643 1 3.643 4.723 0.073 

Error 4.628 6 0.771 

Season 0.152 2 7.59£-02 5.583 0.019 

Season *Breed 4.01E-03 2 2.00£-03 0.147 0.864 

Error 0.163 12 1.36E-02 

Table 9 T k fi u ey test or repeate d 1 . f fi d measures anaLysis o variance or con uctlvlty. 
source Comparison Difference SE 

Within effects May/June vs August 0.123 0.058 

(non-breeding) May/June vs July 0.175 0.058 
July vs August 0.053 0.058 

Within effects May/June vs August 0.183 0.058 

(breeding) May/June vs July 0.189 0.058 
July vs August 0.005 0.058 

Table 10. Repeated measures analysis of variance for 
bacterial density. Breed represents the between effects 
and season represents the within effects. 

Sum of Mean 

Source Squares df Square F Sig. 

Breed 3.816 1 3.816 3.161 0.126 

Error 7.242 6 1.207 

Season 0.58 2 0.29 1.241 0.324 

Season *Breed 0.534 2 0.267 1.142 0.351 

Error 2.803 12 0.234 

q qo.os,I2,3 Conclusion 

2.11 3.77 J.L=J.L 

3.00 3.77 J.L=J.L 

0.91 3.77 J.L=J.L 

3.14 3.77 J.L=J.L 

3.24 3.77 J.l=J.L 

0.086 3.77 J.l=J.L 
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Figure 1. The location of 1997 sampling sites in the Greater Yellowstone Ecosystem. 
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Figure 2. Breeding and non-breeding group membership as demonstrated by 
conductivity. 
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Figure 3. The regression oflog(bacteria/ml) verses alkalinity. 
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Figure 5. Changes in conductivity during 1997 within the four breeding and non
breeding sites sampled two additional times. 
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+ ABSTRACT 

This study investigated the effects of 
reduced vegetation cover on stream ecosystems 
within the Greater Yellowstone Area. The emphasis 
of the research concerned whether these effects 
express themselves within the aquatic 
macro invertebrate community. Three general 
vegetation categories, each comprising three to four 
streams, were used to distinguish gradations of 
riparian vegetation: dense cover (control), moderate 
cover, and low cover. Within each site, five aquatic 
macroinvertebrate samples were collected from 
riffle areas with a Hess sampler. The organisms 
were identified to the lowest practicable taxonomic 
level and assigned to trophic groups on the basis of 
gut content analysis. Riparian and in-stream 
variables also were measured. Statistical analyses 
were performed to elicit significant differences in 
riparian, stream, and insect community indices 
among the streams and to relate the structure (i.e., 
density, diversity, trophic organization) of the insect 
assemblage to the riparian and stream variables. 
The analysis of the data yielded no statistically 
significant differences among the vegetation 
categories with respect to embeddedness, bank 
overhang, and several physicochemical indices of 
water quality. Similarly, macro invertebrate 
densities, biomass, and species richness did not 
differ among the categories. The trophic group 
analysis, however, revealed that the abundance and 

biomass indices of the scraper community were 
significantly greater within the low cover sites than 
within the other streams. Conversely, the indices of 
the shredder community were significantly higher 
within the control streams than within the other 
sites. It is proposed that a shift from allochthonous 
to autochthonous food resources, corresponding to 
the different vegetation gradients, accounted for 
these observations. Of critical importance is the fact 
that the nominally shredder genera were not 
excluded from or even reduced in abundance within 
the low cover streams, but rather seemed to have 
adapted to the decline in allochthonous matter by 
shifting their mode of food acquisition from 
shredding to gathering. The implications of such 
trophic generalism for understanding the structure 
and function of aquatic macroinvertebrate 
communities are discussed. 

+ INTRODUCTION 

This study investigated the effects of 
riparian vegetation cover on riparian and stream 
habitats within the Greater Yellowstone Ecosystem, 
which encompasses both the Grand Teton National 
Park and Yellowstone National Park. The emphasis 
of the research concerned how these effects express 
themselves within the aquatic macroinvertebrate 
community . 
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Three general vegetation categories were 
used to distinguish gradations of riparian vegetation: 
dense cover (control), moderate cover, and low 
cover. The sites classified as having moderate cover 
exhibited clear evidence of browsing in the form of 
a very distinct horizontal browse line. Given, 
however, the difficulty or impossibilty of 
determining whether the absence of riparian 
vegetation owes to intense ungulate browsing or 
other factors unrelated to browsing (e.g., climate, 
frre frequency), the low cover classification cannot 
be used as an accurate surrogate measure for the 
intensity of ungulate feeding. The study, 
nonetheless, offers insight into the effects of 
browsing on stream ecosystems, by establishing 
statistically significant associations between riparian 
vegetation cover and the aquatic macroinvertebrate 
community. 

The Effects of Riparian Alteration on Stream 
Ecosystems 

Several studies have addressed the 
influence of canopy reduction on aquatic 
macroinvertebrate communities . Li et al. (1994) 
observed that macroinvertebrate biomass increased 
with decreasing canopy and increasing algal 
biomass. Although data regarding the diversity of 
the macroinvertebrate community were not 
collected, Li et al. (Tait et al . 1994) hypothesize 
that the effects of livestock grazing in the forms of 
open canopy and higher siltation changed the 
macroinvertebrate composition toward species less 
palatable for trout. The authors also surmise that 
temperature played a greater role in altering 
macroinvertebrate diversity than siltation. 

In an examination of clear-cut riparian 
areas , Murphy et al . (1981) and Hawkins et al . 
(1982) concluded that these sites possessed higher 
abundance and diversity of macroinvertebrates than 
shaded sites. Murphy et al . (1981) found that i) the 
respiration associated with organic matter (a 
measure of food quality) was nearly three times 
greater in clear-cut areas, ii) the aufwuchs standing 
crops were twice as high in clear-cut sites, iii) the 
density of macroinvertebrates ranged from 1.5 to 
2.3 times greater in clear-cut sites, and iv) within 
riffle habitats, the biomass of macroinvertebrates 
was 2.3 times that of shaded sites. (Hawkins et al. 
1982) confrrmed these results noting higher amounts 
of aufwuchs and higher quality detritus (respiration 
rate and chlorophyll a content) within clear-cut 
sites. They also observed that abundances of 

macroinvertebrate guilds (collector-gatherers, 
filterers, shredders, and predators) were associated 
with different environmental variables depending on 
whether samples were taken from pool or riffle 
habitats. In a series of experiments with tray 
samples, the authors found that the number of taxa 
was highest in trays with no shading, faster 
currents, and the greatest proportion of sand. An 
analysis of communities in open and shaded sites 
revealed differences in dominance-diversity. The 
authors found that the absence of canopy increased 
the abundance of some of the dominant taxa found 
in shaded areas, thereby reducing species evenness. 

Murphy and Hill ( 1981) reported greater 
biomass, density, and species richness of predators 
within high-gradient streams located in clear-cut 
sites than in old growth and second growth forests. 
However, the enhancing effects of opening the 
canopy were tempered in low gradient streams by 
an increase in sedimentation. 

In the only study to examine the influence 
of livestock grazing on several indices of 
macroinvertebrate community structure (i.e., aside 
from biomass), Rinne (1988) found that grazed 
areas contained greater densities and biomass of 
macroinvertebrates. The variety of species identified 
in the grazed areas collectively exhibited higher 
tolerance quotients (a measure of sensitivity to 
pollution) than those species in ungrazed sites. 
Furthermore, ungrazed areas had higher Biotic 
Condition Index values (a measure of the quality of 
stream habitat) than grazed sites. 

Possible Mechanisms Involved in the 
Alteration of Stream Habitat 

Three environmental factors have been 
identified as the primary means through which 
riparian vegetation may structure macroinvertebrate 
communities: 

Increase of Insulation: 

With the reduction or elimination of 
canopy, the stream receives greater quantities of 
light which translate into higher primary 
productivity (Newbold et al. 1980, Murphy et al. 
1981, Hawkins et al. 1982, Behmer and Hawkins 
1986, Fuller et al. 1986, Wesche et al. 1987, 
Barmuta 1988, Hill and Knight 1988, Feminella et 
al. 1989, Lamberti et al. 1987, Carlson et al . 1990, 
DeNicola 1992, Dudgeon and Chan 1992, Steinman 



1992, Li et al. 1994) and higher temperatures 
(Platts and Nelson 1989). The impact of elevated 
temperature, however, may induce physiological 
stress in some macroinvertebrates (Bisson and Davis 
1976). Sweeney (1978, 1984), Vannote and 
Sweeney ( 1980), and DeWalt and Stewart (1994) 
found that increased temperatures shorten larval 
growth and development periods which may result 
in decreased adult size. Considering that the 
relationship between egg production and female dry 
weight appears linear for some species, higher 
temperatures may reduce macroinvertebrate 
fecundity, or conceivably improve it for warmer 
temperature species. 

If the thermal equilibrium hypothesis 
proposed by Vannote and Sweeney ( 1980) has 
validity, then it is possible that macroinvertebrate 
fecundity and ultimately community structure could 
change significantly in response to an increase or 
decrease in temperature. They suggest that species 
differ in their physiological responses to 
temperature such that different species may have 
different ranges of optimal temperatures. Deviations 
from this optimal range will adversely affect the 
development, growth, and fecundity of the species 
(Corkum 1978, Orbdlik et al. 1979, Sweeney et al. 
1986, Webb and Merritt 1987, Mundahl and Kraft 
1988, Rosillon 1988, Soderstrom 1988). In 
addition, during the winter, the absence of 
vegetation cover may cause temperatures to fall 
below pre-disturbance levels, thereby impairing 
larval development and growth or inducing 
mortality through the formation of anchor ice 
(Winegar 1977). A change in the temperature 
regime may also disrupt the structure of a 
community. Vannote ( 1973) examined 5 congeneric 
species of Ephemerella having similar ecosystem 
function and found that seasonal temperature 
patterns seemed to be the critical factor in 
maintaining the differential emergence times 
responsible for effective resource partitioning. 

Increase in Sedimentation/Siltation: 

The removal of riparian vegetation may 
result in higher sediment loads which may alter 
substratum conditions by affecting water movement, 
food quantity and quality, oxygen availability, and 
interstitial spacing (Egglishaw 1980, Minshall 1984, 
Rinne 1988, Cobb and Flanagan 1990, Gupta and 
Michael 1992, Richards et al. 1993). 
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Change in Allochthonous Material: 

A reduction in canopy followed in some 
cases by a shift in species composition of the 
riparian vegetation will affect the quantity and 
variety of allochthonous material which, in tum, 
may change the trophic structure of stream biota. 
With a decline in allochthonous material and a 
concomitant increase in authochthonous matter, 
scrapers, for instance, would replace shredders as 
the predominant functional group (Huryn and 
Wallace 1988, Richardson and Neill 1990, Stout et 
al. 1993, Tait et al. 1994, Morides et al. 1996, 
Friberg et al. 1997 and Mihuc 1997). Some studies 
have questioned the validity of applying functional 
feeding groups as an accurate means of 
characterizing the trophic nature of the aquatic 
macroinvertebrate community on the grounds that 
many species may exhibit generalist rather than 
specialist, or obligate, feeding behaviors (Mihuc 
and Minshall 1995, Mihuc and Mihuc 1995, Mihuc 
1997). Species, therefore, may be able to adapt to 
the elimination or limitation of one resource by 
shifting to another, thus obscuring any relationship 
between functional feeding groups and their food 
resources. 

Also, an absence or reduction of trees and 
shrubs will mean less woody debris in the stream 
which may improve (Murphy and Hall 1981) or 
reduce species diversity. 

+ METHODS 

Site Selection 

Three general vegetation categories, each 
comprising three to four streams, were used to 
distinguish gradations of riparian vegetation: dense 
cover (control), moderate cover, and low cover. 
Each site was classified based on the height of the 
riparian vegetation (see the following section for 
details). Though the difference between a moderate 
cover site and either a control or low cover site 
might seem evident from a visual evaluation of 
riparian vegetation in the field, the ecological 
significance of this difference in terms of its effects 
on the stream biota was unclear. Nevertheless, the 
three category design provided the opportunity to 
examine the gradient of effects possibly associated 
with different levels of riparian vegetation cover. 
An additional survey in the spring of 1997 led to the 
inclusion of two more sites for the summer and fall 
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sampling of 1997. Only one year of data, therefore, 
has been collected from these two sites (Table 1). 

Table 1. Coordinates and altitudes of study sites . 
Site Coordiutes CPSAIIlt•de Topocrapbic Map Vezetatie• 

(f .. t) Altitude (feet) C>tot~ 
lake(C) N 43'37.SS4' Caourol 

w llo"46.61 2' 6720 6400 

C:u:hc(C) N 43' 27.~' Control 
w 110' 43.944' 6690 6562 

Cottonwood (C) N 43' 42.595' CoGcrol 

w 110' 43.863' 6860 6688 

Bcar (C) N 45' 04.491' COIUIOI 

w 110' 37.876' 6600 NA 

Little Gr211itc (M) N 43' 19.079' Modcncc 

w 110'30.338' 6690 6562 Cover 

Gr.anitc (M) N 43 ' 36.2 17' Modcntc 

w 110'48.300' 6219 6356 Cover 

Coffrrw> (M) N 43' 37.045' Modcntc 

w 110' 47.289' 6460 6-125 Cover 

Flat (H) N 43' 32.960' Low 

w 110' 40.393' 6500 6480 Cover 

Deer (H) N 43' 57.259' Low 

w 110'35.399' 6812 6720 Cover 

Soda Bunc(H) N 45'00.183' Low 

W ll o"OI.817' 6880 7280 Cover 

Pebb1e(H) N 45'01.155' Low 

w 110' 03.280' 7900 8080 Cover 

NA• Not Avaalablc 

The streams differ in the magnitude of flow 
and thus, considering the potential importance of 
flow in influencing the stream biota and other 
variables of interest (Orth and Maughan 1983), the 
sites were stratified according to flow for the sake 
of inter-stream comparisons. The statistical analyses 
performed on the sites as stratified by flow are not 
presented here. Though the sites display a wide 
range of flows, there exists no consistent bias 
among the three categories for this variable. 

Another potentially important source of 
spatial variation among the sites relates to the 
riparian vegetation. Six of the streams possess a 
riparian community comprised predominantly of 
willow (Salix spp.), and very secondarily of alder 
(Alnus incana), dogwood (Comus stolonifera), and 
aspen (Populus tremuloides) while for five of the 
streams, Cottonwood Creek, Lake Creek, Bear 
Creek, Coffman Creek, and Flat Creek, the obverse 
applies with cottonwoods (Populus trichocarpa) or 
alder forming the predominant species. Of the 
latter, three belong to the control category, one to 
the moderate cover category, and one to the low 
cover category. Studies have demonstrated the 
varying influence of different plant species in 
providing food and habitat for the aquatic 
macroinvertebrates (Hynes 1970, Grubbs and 
Cummins 1996), and so the influence of riparian 
plant composition on the stream biota should not be 
discounted when considering the results. 

Three of the low cover streams are located 
within the Northern Winter Range of Yellowstone 
Park. One of two such ranges in the park, this area 
of 250,000 acres provides a winter habitat for 
approximately 17,000 elk (Varley and Brewster 
1992, John Mack and Roy Renkin, Yellowstone 
Center for Resources, personal communication). 
Riparian vegetation may experience heavy use 
during the winter months as snow cover and the 
relative unpalatability of grasses at this time make 
shrubs one of the few food resources available. 
Trampling of plants and soil compaction by elk 
herds may also play a role in reducing or 
eliminating riparian vegetation. These areas also 
receive use throughout the year from the moose 
population which numbers around 400 in the 
Northern Winter Range. The low cover site in the 
Grand Teton Park is located within the National Elk 
Refuge, an area of 26,000 acres that supports about 
10,000 elk during the winter, though primarily 
through the provision of hay by the Refuge (James 
Griffm, National Elk Refuge, personal 
communication). 

The control streams had comparatively tall, 
unforaged riparian vegetation that is indicative of 
minimal browsing activity. The assessment of 
browsing intensity was based on percent leader use 
and vegetation height. In general, the three 
moderate cover sites are characterized by riparian 
areas with shrubs lining most of the streams and 
with a few well-worn paths, formed by the wildlife, 
cutting through the banks. The shrubs generally 
exhibited a uniform horizontal browse line which 
rises to between 1-1.5 m in height. The low cover 
streams have far less canopy cover than shrubs at 
the control or moderate cover sites. Along one of 
the low cover streams, Flat Creek, much of the 
riparian vegetation has been removed completely or 
persists exclusively in a late succession phase, that 
is, denuded of shrubs with only mature trees lining 
the banks. It is important to note that the horizontal 
browse lines observed at the moderate and some 
low cover sites during the first year of the study 
became less uniform during the second year, with 
regrowth having occurred to an appreciable extent. 
Thus, the condition of the riparian vegetation would 
seem to vary considerably from year to year 
depending on a combination of climatic and 
browsing factors. 



Riparian Variables 

A reach of 150m was identified at each of 
the sites. The USGS recommends 150 m as a 
minimum length for performing macroinvertebrate 
studies (USGS 1993). Within the reach, a series of 
transects were placed at regular intervals (about 3m) 
along the sampling area for the evaluation of 
riparian variables in accordance with Platts et al. 
(1987) and Platts and Nelson (1985). 

Aquatic and stream morphological 
variables were measured at each transect (Table 2, 
Myers and Swanson 1995). 

Table 2. Riparian and instream variables. 

Variable Measurement 

substrate comoosilion I percentage of substrate that is silt. sand. mvel. oebblc, cobble 

cmbcddcdncso I percenta~e of substrate that is SUI'nlUIIded bv s:md or silt 

bonk stability I ocreenta!< of stoble banks 

anopy I perccntai!C of strnmside VCRetarion 

channel width:dcpth r:otio of wened width to •vera_l!C depth 

The condition of riparian vegetation also 
was assessed by measuring vegetation height, leader 
use, and vegetation overhang. These variables were 
measured along 6 randomly selected transects within 
the reach. Vegetation height was measured as the 
distance from the base of the plant to the highest 
leader. Leader utilization was estimated as the 
percentage of leader consumption for all plants 
intersected by the transect within 2 m of the stream. 
Vegetation overhang was measured from the 
streambank edge to the tip of the plant extending 
into the stream. 

Water Quality Measurements 

Water quality measurements and samples 
were collected from the first transect from which 
macroinvertebrate samples were collected. 
Dissolved oxygen (DO), pH, temperature, 
conductivity, and turbidity were measured with a 
portable Horiba Water Quality Checker U10. 
Alkalinity, hardness, total suspended solids 
(TSS), and chlorophyll a were measured in 
accordance with Standard Methods (APHA 
1992). 

The analysis of nutrients (N03, NH4 , 

Total P) was performed by Dr. Thomas Johengen 
at the Great Lakes Environmental Research 
Laboratory in Ann Arbor. 
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Autochthonous and Allochthonous Material 

Periphyton was measured from rocks 
collected within the transect from which the 
macroinvertebrate samples were taken. An effort 
was made to collect rocks of uniform size and shape 
so as to reduce variability among the samples, and 
thus the periphyton samples have not been 
randomnly selected. The rocks were scrubbed with 
a toothbrush within a plastic pan until its surface no 
longer felt slimey. During the scrubbing, the rock 
was occassionally rinsed with distilled water. The 
water which collected in the pan was placed into a 
dark 250 ml polyeurythane bottle. About 10 ml of 
saturated magnesium carbonate solution were added 
to the bottle as a preservative. 

The standing crop of periphyton was 
analyzed for ash-free dry matter (AFDM), 
chlorophyll a, and composition of algal species. The 
chlorophyll a analysis was performed in accordance 
with the procedures described in Standard Methods 
(APHA 1992). 

The AFDM of the periphyton was obtained 
by fJ.ltering between 5 and 10 ml of the periphyton 
through a Whatman .45 ~m glass fiber filter which 
had been preburned in a muffler furnace at 500°C 
for 20 minutes to account for any loss of mass 
associated with the heating process. The fJ.lter was 
placed in a drying oven at 55°C for 24 hours and 
then weighed. The fJ.lter was next placed in a 
muffler furnace at 500°C for 1 hour and then 
weighed again for AFDM. 

Allochthonous matter was measured from the 
benthos collected with the Hess sampler. After the 
macro invertebrates were removed from the benthos, 
the stream bed material was sieved using two 
different mesh sizes, 200 _ m and 1 mm, to separate 
fme particulate organic matter (FPO M) from coarse 
particulate organic matter (CPOM). The mesh size 
of the Hess sampler was 300 _ m and so this method 
likely underestimated the amount of allochthonous 
material in the 200 m to 1 mm size class. The 
material trapped in the sieves was placed in an 
aluminum tray of 4 em or 20 em in diameter, 
depending on the volume of the sample, which had 
been preburned in a muffler furnace at 500°C for 20 
minutes. The trays were transferred to a drying 
oven at 65°C for 24 hours and then weighed. The 
samples were placed into a muffler furnace where 
they were ashed at 500°C for 1 hour and then 
weighed again for AFDM. 
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Macroinvertebrate Sampling 

The macroinvertebrate samples were 
collected with a modified Hess sampler (. 08 m2

) as 
described by Mackay and Kalff (1969). Five 
samples were obtained from riffle areas within nine 
streams between August 4-9 and October 5-8 of 
1996 and again within eleven streams between July 
17-21 and October 3-7 of 1997. 

The macroinvertebrates were preserved in 
70% ethanol and transported to the University of 
Michigan where the organisms were hand-picked 
from the debris and preserved in 70% ethanol. 
Identification was performed to the lowest 
practicable taxonomic level, usually genus, using 
the keys of Merritt and Cummins ( 1996), Ward and 
Kondratieff (1992) and Wiederholm (1986). 

Several indices were selected to contrast the 
macroinvertebrate communities among the study 
sites; the density of all species, species diversity (as 
measured by the number of genera), the density and 
biomass of trophic groups (i.e., scrapers, collector
gatherers, predators, shredders, and filterers) , and 
the proportion of the density and biomass of trophic 
groups. The work of Mihuc and Minshall (1995) 
and Mihuc ( 1997), however, has questioned the 
validity of using functional feeding groups in light 
of the prevalence of generalist feeding strategies. 
The following procedure was developed to lend 
greater credibility to the trophic group assignments . 

For each genus or species at every site, a gut 
content analysis was performed on one individual of 
each approximate size class from each of the five 
stations. If the species occurred at fewer than all 
five stations, then depending on its distribution, one 
individual was selected from four stations (if it 
appeared at just four stations), two from three 
stations, three from two stations, or five from one 
station. If the species was distributed such that the 
above scheme could not be applied, then some 
combination of individuals from each of the stations 
was collected to total five individuals. Where the 
density of a species was equal to or less than five, 
all of the individuals were analyzed and any 
ostensible difference in size noted. An improvement 
to the accuracy of this method would involve 
determining the age of the instar through the 
measurement of head capsule width. This procedure 
would ensure a more precise association between 
the age of the species and its corresponding food 
source compared with grouping insects according to 

approximate size class, as was performed in this 
study. Such a thorough method, though, would have 
required a great expenditure of time. The method 
used, therefore, reflects a compromise between 
addressing the potential deficiencies of using 
functional feeding groups and the time required to 
perform the gut content analysis. 

Different size classes were examined as 
many species may alter their feeding behaviour at 
different stages of development (Gray and Ward 
1979, Fuller and Mackay 1981 , Sweeney and 
Vannote 1981, Li and Gregory 1989). For those 
genera having more than one size class at a site, it 
was common to fmd that only two size classes were 
present, usually a late instar and very early instar. 
Some of the genera (e.g., Baetidae Baetis, 
Nemouridae Zapada, Hydropsychidae Arctopsyche, 
Ryacophilidae Ryacophila) , though, differed in size 
from very early instars to late instars. This variation 
may result from a lack of synchronous development 
and growth or may stem from the presence of 
congeneric species with varying development 
patterns. 

The upper portion of the gut was removed 
from the thorax, placed on a slide containing a 
small droplet of water, and covered with a 
coverslip. The contents of the gut were examined 
under a Zeiss microscope at 400X in order to assign 
the insect to one of the five trophic groups. The 
following criteria were developed to perform this 
classification (Table 3). 

Table 3. Trophic group classifications . 

Tropllic G...,.p Gal Co.roal Aaalvsil 

Scnpcrs Alpec:omprise marc lhan ll% by ..,lumcof&ut-11 w;lh lhc 
remainder con.sislina of detrital m.aner. 

Collcctor-Galhcrers Alpe comprise lcsslhan ll% by wlumc of autc:oniCDII w;lh lho 
remainder con.sislinc or detrital maacr. 

Fillaas Filtcrcn '""' defined by r-tma mcchaaism reprcllaa or &Ill 
c:oniCIIU. 

The use of gut content analysis has not been 
standardized and thus the criteria presented in Table 
3 represent a provisional means of classifying 
insects to trophic groups. The relative proportions 
of algae and detritus were estimated from a 
randomly selected portion of the gut employing a 
whipple disc in the eyepiece of the microscope. The 
use of 33% as the proportion of algae in the gut 
separating the scrapers and collector-gatherers was 
determined from an estimate of the relative 
significance of this food source in the diet. The 
underlying assumption is that an insect which 



consumes at least one-third of its diet in the form of 
algae probably derives a significant portion of its 
nutritional requirements from algae, and that, 
moreover, the ingestion of algae is not merely 
incidental to the ingestion of detritus. Whether this 
proportion serves to accurately discriminate between 
scrapers and collector-gatherers seems doubtful and 
consequently it should be revised on the basis of 
additional research. Also, it should be noted that the 
use of trophic groups in this context refers 
exclusively to the type of material present in the gut 
and not to the feeding mechanism by which the 
material has been obtained. Thus, the term scrapers 
is misleading in that it implies a morphological 
adaptation for removing algae, whereas in this study 
it refers to the proponderance of authochthonous 
material in the gut. What seems clear from this 
discussion is that if the functional feeding group 
classifications are to be discarded, then some 
standardized means must be proposed for the sake 
of uniformity before any other method is adopted. 

For biomass measurements, the species 
belonging to each of the trophic groups were 
composited and placed on small circular aluminum 
trays (diameter of 3.2 em), which had been placed 
in an oven at 60°C for 24 hours prior to the analysis 
and then weighed on a Mettler H20 in order to 
account for any loss of mass from the drying 
process. The aluminum trays containing the trophic 
groups were placed in an oven at 55°C for 24 hours 
and then weighed again for the fmal biomass 
measurements. 

Statistical Methods 

The data were used to test the following 
hypthoseses : 

~1: Riparian conditions do not differ significantly 
between (among) the categories. Individual null 
hypotheses include comparisons of streambank 
stability, vegetative use, vegetation height, 
vegetation overhang, and leader utilization. 

~: Stream substrate conditions do not differ 
significantly between (among) the categories. Null 
hypotheses include comparisons of substrate 
composition and degree of embeddedness. 

~3: Stream water quality variables do not differ 
significantly between (among) the categories. 
Comparisons include alkalinity, hardness, DO, 
temperature, TSS, chlorophyll a, and nutrients (N 
and P). 
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Ho3: Authochthonous and allochthonous materials 
do not. differ significantly between (among) the 
categones. Null hypotheses include comparisons of 
periphyton, as measured by AFDM and chlorophyll 
a, and FPOM and CPOM. 

~5: Macro invertebrate communities do not differ 
significantly between (among) the categories. Null 
hypotheses include comparisons of density of 
collective taxa, species richness, and functional 
group density and biomass and relative proportions 
of density and biomass. 

The variables for these null hypotheses were 
analyzed for homogeniety of variances and 
normality. These tests revealed that most of the 
variables were neither homogeneous in variance nor 
normally distributed and thus a loglO(x + 1) 
transformation was applied. The proportional data 
(i:e., percentages of trophic group density and 
b10mass) were transformed with the arcsin(x)112 

function as recommended by Zar ( 1984). If the 
tr.ans.formations yielded homogeneous and normally 
distributed data, then a Tukey' s test was performed 
to elicit differences among the categories. 

Variables which were transformed without 
achievin~ homogenity of variances or normality 
were subJected to a bootstrap analysis. This method 
is an exact test which randomly resamples the data 
for. a specified number of repetitions and randomly 
assigns each data point to a site within a treatment 
i.e., it preserves the original sample design of th~ 
study. In an effort to discern whether any 
rel~tionships existed between the trophic group 
variables and some of the environmental factors 
regression models were developed by adding o; 
removing the environmental (independent) variables 
based on their statistical significance in the model 
(as defmed by the p value associated with the slope 
term of each variable). Pearson correlations were 
performed between the environmental variables to 
reveal collinearity among the variables. 

All of the statistical analyses were performed 
using SAS- v .12 for Windows (SAS Institute Inc., 
1996). 

+ RESULTS 

Chemical, Physical, and Biological Indices of 
Water Quality 

The chemical and physical measurements of 
water quality at each of the sites are presented in 
Tables 4 and 5. These data suggest that while the 
sites exhibited some variation in the physical and 
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chemical indices of water quality, no consistent 
expression of this variation was detected among the 
vegetation categories . The soft and moderately hard 

Table 4. Physicochemical measurements for August 1996. 

pH Conductivity Turbidity Dissolved Oxygen 

Site (SU) (mS/cm) (NTU) (mg/L) 
Lake (C) 8.3 80 0 9.7 
Cottonwood (C) 7.6 12 0 11.2 
Cache (C) 8.7 280 0 11.4 
Little Granite (M) 8.8 270 160 11.3 
Granite (M) 8.4 170 40 13.4 
Coffinan (M) 8.2 100 50 13.4 
Flat (H) 8.7 190 0 11.7 
Deer (H) 8.2 200 10 10.7 
Soda Butte (H) . 8.4 120 200 12.9 

Table 5. Physicochemical measurements for October 1996. 

pH Conductivity Turbidity Dissolved Oxygen 

Site (SU) (mS/cm) (NTU) (mg/L) 
Lake (C) 8.7 10 50 11.3 
Cottonwood (C) 7.3 0 0 10.6 
Cache (C) 9.4 30 90 14.2 
Little Granite (M) 9.1 30 0 13.7 
Granite (M) 8.9 20 10 12.5 
Coffinan (M) 9.2 40 20 13.6 
Flat (H) 9.6 20 20 12.6 
Deer(H) 9.0 10 120 14.0 
Soda Butte (H) 9.2 10 0 15.4 

Macroinvertebrate Data: Genera 

Genera: August 1996 

Perhaps the most immediately striking facet 
of the macroinvetebrate data concerns the 
uniformity of the composition of macroinvertebrate 
communities among the sites. Genera from the 
orders, Ephemeroptera, Plecoptera, Trichoptera, 
Coleoptera, and Diptera, comprise the majority of 
organisms for the sites. This fmding conforms to 
the general description of insect communities within 
Rocky Mountain streams off erred by Ward ( 1992) 
who states that 95% of the species in such streams 
are represented by these orders with the remainder 
usually consisting of odonates and hemipterans. 
Within each of the predominant orders, the sites 
bear a remarkable degree of similarity to one 
another with respect to the composition of genera. 
For the mayflies, the genera common to most of the 
sites include Baetidae Baetis, Ephemerellidae 
Drunella and Seratella, and Heptageniidae 
Cinygmula and Epeorus. The most prevalent genera 
of the stoneflies are Chloroperlidae Plumiperla and 
Sweltsa, Nemouridae Zapada, and Perlodidae 
Cultus and Skwala . The dipterans were represented 
within many of the sites by Simullidae Simulium and 

water streams, for instance, had a fairly even 
distribution among the three categories. 

Total Suspended Solids Alkalinity Hardness Temperature 

(mg/1) (mg CaC03/L) (mg CaC03/L) ("C) 
0.12 46 56 16.8 
0.14 10 16 17.3 
3.80 162 184 11.0 
2.16 154 188 13.8 
0.44 104 116 8.6 
1.25 94 82 9.6 
1.40 110 124 10.1 
3.40 54 56 16.9 
3.04 74 84 8.6 

Total Suspended Solids Alkalinity Hardness Temperature 

(mg/1) (mg CaCO~) (mg CaC03/L) ("C) 

0.34 48 52 13.2 
0.47 4 20 15.0 
4.50 176 172 6.0 
5.10 180 182 4.0 
1.80 110 112 5.2 
2.70 72 76 7.2 
1.42 120 120 12.0 
3.50 72 52 10.0 
3.46 110 96 5.0 

various genera of the Chironomidae including 
Orthocladiinae Cricotopus, Orthocladius, 
Eukeferiella, Diamesinae Diamesa, and the 
Chironominae Tanytarsini Micropsectra. The most 
common genera among the trichopterans were 
Glossosomatidae Glossosoma, Brachycentridae 
Brachycentrus, Hydropsychidae Arctopsyche, and 
Ryacophilidae Ryacophila. 

The uniformity of genera observed among the 
sites may stem from the equally marked degree of 
uniformity in the flow (or disturbance) regimes and 
substrate (or spatial heterogeniety) conditions 
prevailing at each of the sites. Both of these factors 
may have a deterministic influence in structuring the 
macroinvertebrate community (Towsend 1989, 
Townsend and Hildrew 1994). All of the sites, for 
instance, exhibit swift currents, rock and cobble 
substates, and a substantial increase of flow during 
spring snowmelt, in addition to the similarity of 
water quality indices dicsussed earlier. The genera 
common to the study sites all possess morphological 
traits, such as dorsoventral flattening, fusiliform 
shapes, elongated claws, grapples and hooks, or 
ballast, which may have evolved as adapatations to 
the periodic high flows and coarse substrate 
prevalent within Rocky Mountain streams. These 



factors singularly or in some combination may 
determine the species composition of the stream 
biota by serving as a filter for the wider range of 
species for which the habitat might otherwise have 
proven hospitable. 

The mean number of genera among the sites 
differed significantly between Deer Creek (mean, 
u=21.4) and both Soda Butte Creek (u= 15) and 
Coffman Creek (u= 14). The results from this 
analysis revealed no relationship between vegetation 
cover and the diversity of genera. 

Genera: October 1996 

In October, 1996, the composition of genera 
among the sites had not undergone any dramatic 
alteration from the August data. The principal 
changes observed across most of the sites included 
the decline in the prevalence of Brachycentrus and 
the appearance of Taenionema, Megarcys, and 
Brillia. 

The mean number of genera ranged from 
16.4 (Coffman Creek) to 25.2 (Flat Creek) with no 
significant differences detected among any of the 
sites. Once again, no relationship was identified 
between vegetation cover and species diversity for 
this sampling date. 

Genera: July 1997 

The aquatic macroinvertebrates collected 
from the nine sites in July, 1997, were very similar 
in the composition of genera to the August, 1996, 
data. 

The mean number of species of Cottonwood 
Creek (u=20) and Cache Creek (u=20.2) differed 
significantly from Soda Butte Creek (u= 12.4), 
otherwise no significant differences were detected. 
In the previous year, Deer Creek differed 
significantly from Soda Butte Creek and Coffman 
Creek in the mean number of genera. This shift 
between years may have resulted from the earlier 
collection of samples in the summer of 1997 or 
natural temporal variation within some of the study 
sites. 

Genera: October 1997 

The collection of samples in October, 1997, 
yielded a fauna very similar to the results obtained 
in October, 1996. As with the previous fall, 
Taenionema became one of the predominant genera 
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within several of the streams including the two new 
sites. The October, 1997, data also mirrored the 
previous year in the disappearance of any 
statistically significant differences among the sites 
for the mean number of species. 

Macroinvertebrate Data: Densities 

Macroinvertebrate Densities: August 1996 

A comparison of the mean densities among 
the sites revealed no statistically significant 
differences between the sites or vegetation 
categories. 

Macroinvertebrate Densities: October 1996 

The mean densities of macro invertebrates 
increased for eight of the nine sites in October, the 
exception being Flat Creek which, with the 
emergence of Simulium, exhibited a decline in mean 
abundance. The overall increase of mean densities 
in the fall resulted from the appearance of 
Taenionema and an increase in densities of genera 
present throughout most of the year, but for which 
abundances might have been lower in August due to 
spring emergence (e.g., Baetis, Hydropsyche). A 
comparison of mean densities revealed no 
significant differences among the sites or categories. 

Macroinvertebrate Densities: July 1997 

The mean densities for July, 1997, generally 
resemble those from August, 1996. A comparison 
of the means revealed no statistically significant 
differences among the sites or categories. 

Macroinvertebrate Densities: October 1997 

The mean densities of macroinvertebrates in 
October, 1997, deviate little from the results 
obtained in the fall of the previous year. A 
comparison of the mean densities among the sites 
revealed that Soda Butte Creek (u = 834 
organisms/.08 m2) and Cache Creek (u=728) 
differed significantly from Coffman Creek 
(u= 151), otherwise the sites possessed similar mean 
abundances. These results, and those from the other 
three sampling dates, therefore, failed to yield a 
relationship between the mean density of 
macro invertebrates and vegetation cover. 
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Macroinvertebrate Data: Trophic Groups 

Statistical analyses were performed to elicit 
differences between the vegetation categories for all 
five trophic groups. However, only the results 
concerning the scapers and shredders are presented 
below, as these were the only two groups which 
exhibited consistent differences between the 
categories. 

Trophic Groups: August 1996 

Statistical analyses of the means of the three 
categories revealed significant differences for all 
four of the indices pertaining to the scraper 
community. The low and moderate cover sites had 
higher means for the density and biomass indices 
than the control sites. The moderate cover sites 
possessed higher mean proportional abundance and 
biomass than the low cover streams. The higher 
scraper indices reported from the moderate and low 
cover streams resulted from the greater abundance 
of scraper -classified ephemeropterans collected 
from these sites. 

The vegetation categories exhibited 
significant differences for all four of the shredder 
indices. The control sites had higher means for each 
index than the low cover sites, and had significantly 
greater means of absolute abundance and 
proportional biomass than the moderate cover 
streams. The low cover streams possessed 
significantly fewer means for the absolute and 
proportional density and the absolute biomass of 
shredders than the moderate cover sites. These 
differences owed in large part to the distribution of 
shredder-classified ZLlpada among the sites, though 
Lepidostoma formed a critical component of the 
biomass index at Cottonwood Creek. 

Trophic Groups: October 1996 

The low cover streams collectively possessed 
nigher indices for the scrapers than both the control 
and moderate cover sites. The moderate cover 
streams had a greater mean proportion of scrapers 
than the control streams. These differences arose 
due to the greater abundance of scraper-classified 
ephemeropterans and the plecopteran, Taenionema, 
within the moderate and low cover streams. 

The four indices describing the shredder 
community were significantly higher within the 
control and moderate cover sites than the low cover 

sites (though a low cover site, Soda Butte Creek, 
had a higher absolute biomass of shredders than a 
control site, Cottonwood Creek). The proportional 
abundance of shredders was greater within the 
moderate cover sites than the control sites, though, 
obversely, the proportional biomass of shredders 
was higher within the control sites. The higher 
indices for the shredders were primarily attributable 
to the greater densities of shredder-classified 
ZLlpada within the control and moderate cover 
streams. The large sized Pteronarcys, however, 
comprised the majority of the shredder biomass 
within Lake Creek. 

Trophic Groups: July 1997 

The collective means for the absolute and 
proportional density of scrapers were greater within 
the low cover sites than both the control and 
moderate cover streams. The low cover streams 
possessed a higher abundance of scraper-classified 
ephemeropterans than the other sites. 

A comparison of the collective mean for the 
shredder indices revealed that the controls had the 
highest mean for all four indices. In addition, the 
absolute and proportional number of shredders were 
greater within the moderate than the low cover 
streams. The spatial distribution of shredder
classified ZLlpada and Lepidostoma explain the 
differences detected among the categories. 

Trophic Groups: October 1997 

The low cover streams collectively had 
higher means for all four of the scraper indices than 
the control and moderate cover sites. As with the 
comparisons discussed earlier, these differences 
owed to the greater abundance of scraper-classified 
ephemeropterans and the plecopteran, Taenionema. 

The mean absolute and proportional density 
of shredders were higher within the control and 
moderate cover streams than the low cover sites. 
The control sites collectively had a higher absolute 
and proportional biomass of shredders than the low 
cover sites. The control streams also had a higher 
mean for this index than the moderate cover sites 
but at a reduced level of significance (p= .052). In 
accordance with the earlier results, the shredder
classified ZLlpada was largely responsible for these 
differences among the categories, though Perlomyia 
comprised a substantial portion of the shredder 
community within Bear Creek. 



Autochthonous Organic Matter 

Periphyton: Chlorophyll~ 

For the periphyton samples collected in 
August, 1996, a comparison of the chlorophyll a 
concentrations between the vegetation categories 
revealed no significant differences. The statistical 
analysis of the chlorophyll a data from October, 
1996, indicated that the low cover sites exhibited 
higher chlorophyll a concentrations than the control 
and moderate cover streams. The results from 
October, 1997, showed that the control streams had 
lower concentrations than the moderate and low 
cover sites. 

Periphyton: Ash-Free-Dry-Matter (AFDM) 

Few statistically significant differences for 
AFDM were identified between the sites in August, 
1996, and a comparison of AFDM means between 
the vegetation categories elicited no significant 
differences. In October, 1996, the control sites 
collectively possessed a lower AFDM concentration 
than the moderate cover sites. For the results from 
both July and October, 1997, the moderate and low 
cover sites had higher mean AFDM concentrations 
than the control sites for both sampling dates in 
1997. 

Benthic Organic Matter (BOM): CPOM and 
FPOM 

The comparison between vegetation 
categories for August, 1996, revealed that the 
control and moderate cover sites had higher CPOM 
content than the low cover streams. For the October 
1996 data, the inter-category analysis showed that 
the control sites had higher CPOM than the 
moderate and low cover sites, and also that the 
moderate cover streams had higher CPOM values 
than the low cover sites. The inter-category analysis 
for the July 1997 data indicated that the control 
streams exhibited a higher mean CPOM than the 
moderate and low cover sites. The results from the 
inter-category comparisons in October, 1997, were 
identical to those of October, 1996, with the control 
streams collectively having the highest mean CPOM 
and the moderate cover sites exhibiting a higher 
mean CPOM than the low cover sites. The results 
from the FPOM analysis revealed no significant 
differences between the sites or vegetation 
categories. It had been erroneously presupposed that 
the locations with higher CPOM values also would 
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yield higher FPOM concentrations. Even if the 
process had not occurred on a local scale (i.e., 
within the collecting area of a Hess sampler), it had 
been expected that a reach scale effect would be 
observed. The absence of significant differences 
between the sites may result from the accumulation 
of FPOM within pools or runs rather than riffle 
areas. Further, the method of FPOM sampling may 
have proven an inferior substitute for the collection 
of benthic core samples which likely would have 
captured the distribution of both CPOM and FPOM 
with greater accuracy. 

Riparian and Instream Conditions 

Bank Overhang, Embeddedness, Channel 
Width: Depth, Substrate Composition, 
Stream Bank Alteration 

The extent to which streambank had been 
undercut varied only slightly among the sites. 
Cottonwood Creek had significantly less bank 
overhang than Cache Creek and Deer Creek, and 
Little Granite Creek had less bank overhang than 
Deer Creek. A comparison of means between 
categories revealed no statistically significant 
differences for this variable. Similarly, the degree 
of embeddedness, substrate composition, channel 
width:depth, and the index of stream bank alteration 
did not differ significantly between the streams. 

Vegetation Height 

The average height of riparian vegetation 
differed significantly among the sites. A Student
Newman-Keuls test classified the control and 
moderate cover streams within groups which had 
higher mean vegetation heights than the groups 
consisting of the low cover streams. The inter
category analysis confrrmed these results revealing 
that the control and moderate cover sites had taller 
vegetation than the low cover streams. The 
vegetation height of the control streams was higher 
than the moderate cover sites, but at a reduced level 
of significance (p= .067). 

Vegetation Overhang 

The average distance over which riparian 
vegetation extended horizontally from the bank edge 
to the stream surface differed signficantly among 
the sites. Consistent with the results above, the 
control and moderate cover sites were separated for 
the most part from the low cover streams in the 
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Tukey's analysis. The inter-category comparisons 
revealed that the control streams exhibited the 
greatest extent of vegetation overhang of the sites, 
while the overhang at the moderate cover sites 
exceeeded that of the low cover locations. 

Linear Modelling: Regressional and Correlation 
Analyses 

Correlation and Regression Analysis for the 
Scrapers 

The significant correlation which persisted 
throughout the sampling period between chlorophyll 
a and AFDM necessitated the use of partial 
correlation analyses between the scraper and these 
variables. The partial correlation analyses rendered 
many of the associations between the scrapers and 
the two measures of periphyton, chlorophyll a and 
AFDM statistically insignificant. The biomass of 
scrapers for October, 1996 (r=.72, p=.04) and 
1997 (r= .89, p= .003), exhibited a positive 
correlation with the concentration of chlorophyll a. 
The density of scrapers in October, 1996, was 
correlated negatively with vegetation overhang (r=
.85, p= .07). The positive association between 
scrapers and the amount of periphytic chlorophyll a 
confirmed the fmdings of Behmer and Hawkins 
(1986), Fuller et al. (1986), Barmuta (1988), and 
Carlson et al. (1990). The negative correlation 
between scrapers and vegetation overhang may have 
resulted from the reduction of periphyton, 
particularly the chlorophyll a component, caused by 
shading from the riparian vegetation. Scrapers may 
have avoided patches subject to shading in response 
to the relative decline of high quality periphyton, or 
in those cases where the riparian canopy might 
enclose the stream entirely, far fewer scrapers 
might populate the stream for lack of sufficient food 
resources. This supposition fmds support from 
several studies which have observed a negative 
association between scraper densities and shading 
(Lamberti et al. 1987, Dudgeon and Chan 1992). 

The identification of a significant 
correlation between scrapers and vegetation 
overhang implies that this relationship was 
expressed on a general level among the study sites. 
Nevertheless, inidvidual sites appear to have 
deviated from the general trend. The dense alder 
and willow stands lining the banks of Cache Creek, 
for instance, enveloped much of the stream and yet 
this site consistently harbored one of the most 
abundant scraper communities in terms of density 

and biomass. Thus, while a negative correlation 
may have prevailed among the sites between 
scrapers and vegetation overhang, departures from 
this relationship occurred, a fact which might 
explain the poor correlation between these two 
variables. 

The regression analyses yielded significant 
linear relationships between the scrapers and 
chlorophyll a, otherwise no significant relationship 
were found between the scrapers and the riparian 
and stream variables. The concentration of 
periphytic chlorophyll a explained in part the spatial 
variability of the number (R2 = .45, p= .047) and 
biomass (R2 = .62, p= .001) of scrapers in October, 
1996, but predicted only the biomass of scrapers in 
October, 1997 (R2 = .49, p= .02). 

Correlation and Regression Analyses for the 
Shredders 

The density (r = . 7 6, p = . 006) and biomass 
(r= .56, p= .07) of shredders were positively 
correlated with the quantity of CPOM in July, 
1997. The correlation analysis also revealed that the 
density of shredders was positively correlated with 
CPOM in October, 1997 (r= .56, p=.07). The 
riparian variables, vegetation overhang and height, 
were found to be positively correlated with the 
biomass of shredders in August, 1996 (vegetation 
overhang, r= .68, p= .04), and with the density 
(vegetation overhang, r= .72, p= .01; vegetation 
height, r = . 69, p = . 03) and biomass of shredders in 
July, 1997 (vegetation overhang, r= .76, p= .007). 
The riparian variables, however, were positively 
correlated with one another and therefore these 
assoc1at10ns were reevaluated with partial 
correlation analyses. Moreover, correlation analyses 
revealed significant positive associations between 
CPOM and vegetation height for October, 1997, 
and for both sampling dates in 1997. As a 
consequence, partial correlation analyses also were 
applied to the associations found between the 
shredders and CPOM. 

Partial correlation analysis between the 
shredders indices and CPOM (controlling for the 
riparian variables) eliminated the significance of the 
associations found in August, 1996, and July, 1997, 
but strenghtened the significance of the October, 
1997, correlation between shredder density and 
CPOM (r=.78, p= .05). 



In addition to the correlation analyses 
performed between the means of the shredder 
indices and the means of the riparian and stream 
variables among the sites, correlation analyses were 
applied within each site to determine whether 
factors of a more local scale might influence the 
distribution of shredders. A correlation analysis was 
performed, therefore, for each site between the 
quantity of CPOM and the density and biomass of 
shredders at each of the five stations. Though the 
sample size for this analysis was very small (n=5), 
several positive correlations were detected; Lake 
Creek, biomass, r= .87, p= .056; Bear Creek, 
biomass, r= .82, p= .09; Little Granite Creek, 
density, r= .90, p= .04; Flat Creek, biomass, 
r= .84, p= .08. Note, however, that most of these 
associations have a significance level of p > . 05. 

The two indices of the shredder 
community, biomass and abundance, were 
considered as dependent variables and the riparian 
and instream measurments as independent variables 
for the purpose of performing linear regressions. 
The riparian variables, vegetation overhang and 
height, and the instream variable, CPOM, were 
found to predict one of both of the shredder indices 
for three of the sampling dates (Table 6). The fact 
that of the eight linear regressions, five occurred 
within July, 1997, suggested the influence of some 
common broad scale factor. The more pervasive 
relationship between the shredder community and 
the environmental variables may relate to the higher 
flows recorded within each of the streams in the 
summer of 1997. 

Table 6. Regression models between shredders and riparian and 
stream variables. 

D~te Unnr :\lode! R1 D v~ue 
Aupc,l9_96 .. __ logiO(biamass) ~,OI~vegctuion~rltang) +_.m -~'~7__ 0.04 
August. 1996 _ logiO(densicy) • .117(•-egctation height)+ .542 0.37 0.10 . 
October,l996 .. log I ()(biomass)~ .143(vegctation height)+ .306. _ 0.-"1 O.o7 
July, 1997 logiO(dcnsicy) • .020(vegeution overh:lng) + .211 . -0.62 -. 0 01 · 
July, i99"7:·~- log10(bio~ss):..0217(~ur;;;overittng} +-:i4t- -0.60-- -o:oi · 
July, 199~ --- - logiO(dcnsily) ~ ,12-l(vegcution height)! :1!~- - ~ o:60 . 0.02 
July, _IJ.91 __ bg1Q(d:e~9)...:.~'!:'1(~~0-~_!..::.~~9 -~ ~~,_65- -~-0'~-~ 
Julv. 1997 be!Oibionuss) • .68S(CPOM'l + -.463 0.-10 0.04 

Though the seasonal and annual variation 
of CPOM within the sites did not exhibit any 
significant differences between sampling dates, the 
CPOM values for July, 1997, were the lowest of the 
four dates for ten of the streams. The higher flows, 
therefore, may have flushed some of the CPOM 
from the study reaches. The decline of CPOM may 
have enhanced the differences between the shredder 
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communities among the sites, for the abundance of 
shredders may have been scarcely affected within 
those streams where adequate quantities of CPOM 
persisted despite the higher flows. Another 
explanation concerns the modest increase of sample 
size realized from the inclusion of two additional 
sites in 1997 which may have improved the power 
of the regression models. A further possibility 
involves the increase of the shredder indices 
recorded within Cottonwood Creek for July, 1997, 
which reflected the collection of greater densities of 
LepidostoliUl immediately prior to emergence. The 
increase of shredder density and biomass within a 
site that also contained comparatively high 
quantities of CPOM improved the overall strength 
of the relationship between these variables. The 
latter two explanations, singularly or together, may 
present a more accurate understanding of these 
results, for the absence of significant annual 
variation in the shredder indices and CPOM values 
partially belies the validity of the first explanation. 

The correlations obtained from the within 
stream (i.e., inter-station) data and the one 
significant correlation, after the inclusion of partial 
variables, from the inter-site data all emerged from 
one of the fall sampling dates. The seasonal 
correlation between mean shredder abundance and 
mean quantity of CPOM among the sites stemmed 
either from the coincidence of the shredders' life 
cycles with the influx of fall leaf litter or from the 
close association between the streams which 
supported abundant populations of shredders 
throughout the year and the streams which received 
large amounts of allochthonous matter in the fall. 
These explanations cannot be disentangled from one 
another for the reason that they may involve 
mutually inclusive influences, that is, the influx of 
leaf matter in the fall not only may prove critical for 
the growth and development of certain genera, but 
also may provide sufficient food resources in the 
form of slower decaying refractory materials to 
sustain the shredder community from the early 
spring to late summer months. 

Moreover, the consequences of fall litter 
production may not be manifested to any discernible 
extent until some months later. Early instars of 
LepidostoliUl, for instance, may depend on fall leaf 
litter to fulfll the dietary requirements attendant with 
their rapid growth, and yet the size and possibly 
distribution of this genus make it a relatively 
inconspicuous member of the macroinvertebrate 
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community within riffle areas until the following 
winter or spring months. 

The seasonal appearance of significant 
correlations between shredders and CPOM within 
some of the sites may have reflected the influence of 
somewhat different factors than those mentioned 
above, though perhaps not so much differerent 
factors as factors operating on a smaller scale. The 
correlation between shredder biomass and CPOM 
observed at Lake Creek owed for the most part to 
the presence of Pteronarcys and its selection of 
patches within riffles containing large quantities of 
leaf material. Increases in CPOM and the shredder, 
Znpada, accounted for the correlations within the 
other sites. In sum, it appeared that the distribution 
of shredders in the fall corresponded with the 
distribution of allochthonous food resources, both 
on an inter-site and inter-station scale. 

+ DISCUSSION 

The composition of trophic groups between 
the sites and vegetation categories revealed that the 
control sites possessed significantly greater density 
and biomass indices of shredders than the moderate 
or low cover sites for most of the sampling dates. 
An analysis conducted to distinguish differences of 
riparian and stream variables among the sites and 
categories indicated that the control sites exhibited 
significantly higher vegetation overhang and height 
than many of the other streams. It also was found 
that the control sites had significantly more CPOM 
than the low cover sites in the summer and more 
CPOM than both the moderate and low cover sites 
in the fall. And fmally, correlation analyses showed 
that for some of the sampling dates, the abundance 
and biomass of shredders were associated positively 
with the quantity of CPOM, the latter of which, 
itself was correlated positively with the height of 
riparian vegetation. These results, considered in 
sum, suggest that the greater abundance of 
shreddders at the control sites owed to the greater 
abundance of CPOM and the greater height of 
riparian vegetation also recorded within the control 
sites. The moderate cover streams usually were 
placed between the control and low cover sites in 
terms of the indices relating to riparian vegetation, 
CPOM, and the shredder community. This finding 
lends additional credibility to the presupposition 
inherent in the sample design that the inclusion of 
the moderate cover sites might yield a gradient of 
effects which would strengthen the association 

between vegetation cover and the macroinvertebrate 
community. 

The fmding that the reduction of riparian 
vegetation may suppress shredder populations was 
not unexpected, as several studies have 
demonstrated a positive correlation between BOM 
and shredders (Stout et al. 1993, Morides 1996, 
though see Friberg 1997). Moreover, such a 
conclusion has an intuitive appeal, for it simply 
seems logical that a decline in riparian canopy 
would lead to a reduction in allochthonous material 
which, in turn, would depress the abundance of 
those oganisms dependent on this material as a food 
resource. And in a sense these initial hypotheses 
received validation from the results in that shredder 
populations did experience a decline in numbers and 
biomass within low cover sites. However, in 
another sense, these predictions proved erroneous, 
for the reason that the decline in shredder 
community failed to reflect the decline of genera 
classified under the functional feeding group scheme 
as shredders. 

The majority of the shredder community, 
with respect to densities if not always biomass, 
consisted of Znpada for all of the study sites. 
Merritt and Cummins ( 1996) classified this genus as 
a shredder and studies in the Greater Yellowstone 
Area, as elsewhere, largely have accepted the 
accuracy of this classification. The analysis of the 
gut contents of Znpada, though, revealed 
considerable variation of diet both between instars 
of different sizes and between instars of the same 
size from different sites. Independent of site and 
vegetation cover, the early to mid instars consumed 
primarily small fragments of detritus along with an 
incidental quantity of diatoms, that is, a diet 
indicative of a collector-gatherer. The fmding that 
the feeding behavior of early instars of Znpada 
apparently conforms more to that of a collector
gatherer than a shredder was not revelatory, for it 
has been widely acknowledged that the early instars 
of species may deviate from the feeding behaviour 
associated with the functional feeding group of later 
instars (e.g., in addition to Zapada, the study 
confirmed that some predaceous stoneflies feed 
largely on algae or deteritus as early instars). 

The spatial variation in the diets of 
similarly sized mid to late instars of Znpada may 
represent the more significant finding. The later 
instars of Znpada within the low cover sites 
continued to consume much of its diet in the form 



of detrital matter and algae, that is, persisted in 
feeding as a collector-gatherer, though the guts of a 
few individuals contained shredded leaf material. 
Within the control sites, conversely, most of the 
later instars of ZLlpada had shifted to a diet 
comprised primarily of leaves. The low cover sites 
did not possess significantly fewer densities of 
Zopada than the control or moderate cover streams 
for any of the sampling dates. Rather the proportion 
of shredder-classified ZLlpada differs signficantly 
between the low cover streams and the other sites. 
Zapada, therefore, appears capable of adapting its 
feeding behavior in response to the availability of 
food resources. In the absence of sufficient 
quantities of CPOM, ZLlpada can survive as a 
collector-gatherer, however, in the presence of 
adequate supplies of CPOM, it will exist as a 
shredder, at least in later instars. The assignment of 
this genus into the shredder functional feeding 
group would have obscured entirely this interesting 
relationship. 

These results and conclusions lend support 
to the work of Mihuc (1997), Mihuc and Mihuc 
( 1995), and Mihuc and Minshall (1996), which has 
postulated that the wide prevalence of generalist 
feeding behavior among the aquatic 
macroinvertebrates warrants a reevaluation of the 
use of functional feeding groups. Mihuc and 
Minshall ( 1996) found that streams which had been 
denuded of riparian vegetation as a consequence of 
the 1988 fire within Yellowstone supported densities 
of Zapada similar to streams which had been 
unaffected by the fire. The authors, however, did 
not perform gut content analysis to determine 
whether the organsisms had shifted their feeding 
behaviour or whether sufficient quantities of CPOM 
still existed within the streams. 

If some as yet indeterminate proportion of 
aquatic insects possesses the ability to shift their 
dietary intake in response to a limitation of food 
resources, then such flexibility would have 
implications for the influence of competition in 
structuring the macroinvertebrate community. The 
presence, for instance, of two or more species 
morphologically adapted to consume the same 
resource might occasion a competetive interaction 
over the efficiency with which these resources 
become translated into productivity gains. A 
conventional understanding of competition would 
predict that species occupying the same food niche 
would result either in coexistence, should the 
organisms prove equally capable of exploiting 
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resources, or in exclusion, should one species 
exhibit a competitive edge in some regard (e.g., in 
feeding, reproduction, mobility, territoriality, etc.). 
The prevalence of trophic generalists, however, 
would seem to dampen the effects of competition at 
least with respect to the exploitation of food 
resources, as species may react to a decline in the 
availability of one food resource by simply 
switching to another. A decrease of food availability 
might be realized through a host of mechansims 
from the defense of territories to greater efficiency 
of consumption. Competition for food resources, 
therefore, may exert only a slight influence within 
an ecosystem characterized by trophic generalism. 

The scraper group also displayed some 
association with vegetation cover. The low cover 
sites usually had greater abundance and biomass 
indices for the scrapers than the control and 
moderate cover streams. The low cover streams also 
had higher concentrations of AFDM and 
chlorophyll a than the control sites. Correlation 
analysis revealed a postive association between the 
density of scrapers and the concentration of 
periphytic chlorophyll a, and a negative association 
between scrapers and vegetation overhang. These 
results indicate that the scraper community within 
the low cover sites responded favorably to the 
presence of high quality periphyton. The negative 
assoc1at10n between scrapers and vegetation 
overhang provided a possible link between this 
fmding and vegetation cover. The reduction in 
riparian canopy may have increased the degree of 
insolation into the low cover streams and thereby 
promoted the productivity of algal and scraper 
communities. The failure, however, to detect a 
significant correlation between either chlorophyll a 
or AFDM and one of the riparian variables imparts 
a more conjectural foundation to this conclusion 
than the positive correlation between CPOM and 
vegetation height allowed for the shredders. 

+ CONCLUSION 

This study found that streams of varying 
vegetation cover exhibited no differences with 
respect to stream embeddedness, bank overhang, 
temperature, and the principal indices of water 
chemistry. The results, though, indicated that 
through the reduction of riparian vegetation with a 
commensurate reduction of CPOM and possible 
increase of periphyton, vegetation cover did 
influence the structure of the aquatic 
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macroinvertebrate community in terms not of 
species composition but of trophic status. The 
remarkable uniformity of species composition 
among the sites, irrespective of canopy cover, 
indicated that the redution in vegetation was not 
associated with the decline of any macroinvertebrate 
genera. Vegetation cover instead influenced the 
proportional and absolute extent of allochthonous 
and authochthonous material available to the aquatic 
insects, and thereby induced one of the principal 
shredders of these streams, Zapada, to undergo a 
change in its feeding behavior from that of a 
shredder to a collector-gatherer. Indeed, the 
populations of Zapada within the low cover sites 
attained a level of abundance comparable to the 
control streams, rather the difference between the 
vegetation categories lay in the proportion of mid to 
late instars classified as shredders. That the control 
and moderate cover sites contained greater 
quantities of CPOM than the low cover sites as a 
result of more extensive riparian vegetation likely 
accounted for the greater abundance of shredders 
within these streams. This conclusion was supported 
from the results of the regression and correlation 
analyses which revealed positive associations 
between shredders and either vegetation height or 
CPOM, both among the streams and among the 
stations within some of the streams. 
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+ ABSTRACT 

We combined remote sensing with field 
surveys to compare the status of aspen on 
Yellowstone National Parks' (YNP) northern range 
with adjacent areas in the Gallatin and Shoshone 
National Forests. Photographic enlargements from 
historic aerial photographs were paired with same 
scale enlargements of 1992 aerial photos to quantify 
the change in aspen and conifer canopy coverage in 
the study areas. In YNP aerial photographs from 
the years 1954 and 1992 were used to quantify 
change while photographs from 1958 and 1992 
were used in the Shoshone and Gallatin National 
Forests. Vegetation was classified as either aspen, 
conifer or steppe and changes in canopy coverage 
were calculated for the time period. The data are 
being aggregated by area and changes in YNP 
conditions are being compared to changes in the 
Gallatin and Shoshone National Forests. In the field 
2x30 meter transects provided data on aspen 
overstory density, size class, degree of browsing 
pressure on ramets, and bark stripping of mature 
trees. The field transects also provided information 
on the size and intensity of conifer encroachment in 
aspen stands. Aspen cores are being collected to 
provide age information. Our data set is not yet 
complete and the results must be considered 
preliminary but we are observing differences 

between YNP and the adjoining areas. Based on the 
diameter at breast height (dbh) measurements 
collected in the 1997 field season, aspen in the 
Clarks Fork of the Yellowstone and Sunlight basins 
(Shoshone National Forest) have a younger and 
more varied age class distribution than YNP' s 
northern range. Over 99% of overstory aspen 
measured in the YNP transects are in the largest 
size class _ ( > 20 em dbh), a significantly higher 
percentage than in either the Clarks Fork or 
Sunlight Basin areas. Mortality as measured by the 
ratio of dead to live aspen stems was greatest in the 
Clarks Fork area, where dead trees comprised 36% 
of the total number of aspen. Conifer 
encroachement is greater in the Shoshone National 
Forest than YNP but a large percentage of conifers 
in all study areas are in the smallest size class. 
Ramet densities averaged 4067-5730 shootslha in 
YNP and the Shoshone National Forest, comparable 
to other undisturbed stands in the Rocky Mountains. 
We present here results primarily from the 1997 
field season. The remaining field work is scheduled 
to be completed during the 1998 field season, 
including all of the work in the Gallatin National 
Forest. The full results will be available upon 
completion of data analysis and the integration of 
the remote sensing and field data. 
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.. INTRODUCTION 

Quaking aspen (Populus tremuloides) is an 
adaptable species that is the most widely distributed 
tree in North America. Aspen occurs but is not a 
dominant cover type in Yellowstone National Park 
(YNP) and the adjacent Shoshone and Gallatin 
National Forests. Despite its limited distribution in 
this area, aspen is considered an ecologically 
significant species. Aspen is one of the few 
deciduous species that inhabits the greater 
Yellowstone area. It provides habitat for numerous 
bird species, supports a variety of plant 
associations, and is used as browse by several 
ungulate species (Kay 1990, Romme et al. 1995, St. 
John 1995). Aspen is also prized for its fall foliage 
and aesthetic appeal, which is an important quality 
for the thousands of yearly visitors to YNP. 

In YNP, aspen principally occurs on the 
northern range which is the large elk wintering area 
in the valleys of the Yellowstone, Gardiner, and 
Lamar Rivers. Despain (1990) mapped YNP 
vegetation from 1: 15,840 scale color aerial photos 
and field surveys and estimated that aspen occupied 
approximately 2-3% of the northern range 
landscape. Aspen occurs in small stands on 
midslope benches and in strips along the 
conifer I steppe ecotone. Aspen are rare in the 
riparian zones of the Yellowstone and Lamar Rivers 
although it is present along the banks of smaller 
tributaries such as Geode Creek. 

Aspen has been declining in abundance on 
the northern range in this century and a debate has 
developed over the causes and consequences of this 
decline (Houston 1982, Kay 1990, Romme et 
al.1995, Tyers 1981). Much of this debate has 
revolved around factors thought to be contributing 
to the decline. These include the roles of ungulate 
browsing, fire suppression, climate fluctuation, and 
the market hunting era of the 1870's (Meagher and 
Houston in press, Romme et al. 1995). 

Although rare on the high plateaus 
immediately to the south of the northern range, 
aspen does occur as a nondominant cover type in 
the Gallatin and Shoshone National Forests to the 
north and east of YNP. This study is designed to 
obtain a more complete ecological picture of the 
status of aspen by contrasting conditions on the 
northern range with adjacent areas within the 
Gallatin and Shoshone National Forests. 

.. STUDY AREA 

There were several areas selected for this 
study. Within YNP, the study area is the northern 
range, the 100,000 hectare (ha) wintering grounds 
for the parks' largest elk herd (Houston 1982). 
That portion of the northern range which lies in the 
Gallatin National Forest is also included in the 
study. This includes areas of the Gardiner Ranger 
District from the park boundary extending 
northward to Dome Mountain. We chose two study 
areas within the Shoshone National Forest. The 
Sunlight Basin was selected since it is an important 
elk wintering area that is in close proximity to the 
northern range. The basin of the Clarks Fork of the 
Yellowstone River (above Sunlight Creek 
confluence) provides data in an area that is not 
heavily utilized by ungulates as winter range. 

Objectives 

The objectives of the study are the 
following: 

1.) Map changes in canopy coverage of aspen and 
conifers on randomly selected sites within the study 
areas. 

2.) Use the aerial photo data in conjunction with 
field surveys to compare vegetation status and 
change on YNP's northern range with similar areas 
in the Gallatin and Shoshone National Forests. 

3.) Attempt to determine the causes for any 
observed differences of aspen status or change 
between YNP and the adjacent National Forests. 

+ METHODS 

Aspen stands in YNP and the Shoshone 
National Forest were mapped from a set of 
1:24,000 color infrared (CIR) aerial photographs 
taken in 1988. These photographs were chosen 
because of the ease in which aspen can be 
differentiated from conifer in the CIR portion of the 
electromagnetic spectrum. A 1.0 x 1.5 em (240 
meter x 360 meter on the ground) rectangular grid 
was placed on each photo and each cell was 
identified as either containing or not containing 
aspen. A random selection of 100 northern range 
cells and 40 each from the Clarks Fork and the 



Sunlight Basin was made from only those grid cells 
containing aspen. These cells formed the basis of 
sampling aspen conditions in the study areas (the 
inventory and site selection for the Gallatin National 
Forest is still in progress). 

For the remote sensing portion of the 
study, historic aerial photographs were paired with 
1992 aerial photos to analyze change in aspen and 
conifer canopy coverage over time. In YNP, black 
and white photographs taken in 1954 were paired 
with a 1992 natural color set. In the Shoshone and 
Gallatin National Forests, 1958 black and white 
aerial photos were matched with 1992 natural color 
photos. The time periods were chosen by pairing 
the most recent photos with the most closely 
matched historic aerial photography set between 
YNP and the two National Forests. 

For each randomly chosen grid cell, 
photographic enlargements to 1 :5000 scale were 
obtained from both the 1954 (or 1958) and the 1992 
aerial photographs. A dot grid was placed over the 
chosen grid cell and vegetation cover was classified 
as conifer, aspen, or steppe using a mirror 
stereoscope. If any portion of the dot touched the 
canopy of an aspen or conifer it was counted as a 
"hit" of that vegetation type. Vegetation change 
was determined by comparing the number of 
canopy hits in the 1950's aerial photographs with 
the hits on the 1992 photographs. Average change 
per year was then calculated to allow comparison 
between YNP and the National Forests. 

Change per year in aspen coverage are 
being analyzed both statistically and geographically. 
The results are being grouped by study area and an 
Analysis of Variance (ANOVA) will be utilized 
along with Multiple Range Testing procedures to 
look for significant differences among groups. 
Maps will be developed showing the change in 
aspen cover by time period. 

In the field, 2 meter x 30 meter transects 
were conducted in each sampled stand, running 
from the edge of the stand toward the centroid. An 
aspen stand was defmed as a group of trees within 
30 meters of each other. Simply, if a tree was 
further than 30 meters from any other tree in the 
stand, it was not a part of that stand. Further, a 
stand was defmed as containing at least two living 
aspen trees. If the stand consisted of only two 
trees, the transect was located at the midpoint 
between them and extended toward each tree. If the 
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stand consisted of three or more trees, a random 
start direction was chosen and the transect was run 
from that edge towards the centroid. In the rare 
case that only one living aspen tree was included in 
the 2 x 30 meter transect, the transect was expanded 
(for tree counting only) to either 6 x 30 or 30 x 30 
meters so as to include at least one more living tree. 

Given the above criteria, each 240 x 360 
meter grid cell could potentially contain several 
aspen stands. If a cell contained multiple stands, 
one aspen stand was randomly chosen within the 
cell and a single transect was established. The 
following information was collected in each 
transect: 

1.) Elevation, topographic position, slope, and 
aspect were recorded for each site. The Universal 
Transverse Mercator (UTM) coordinates for the 
start of the transect was recorded. 

2.) The density and diameter at breast height (dbh) 
of aspen trees observed. An aspen tree was defmed 
as being greater than two meters tall and was 
further differentiated into "replacement" and "non
replacement" trees (Kay 1993). A replacement tree 
was greater than two meters tall but less than five 
em dbh. A non-replacement tree was greater than 
two meters tall and also greater than five em dbh. 

3.) The amount of bark stripping on aspen trees was 
measured. This was calculated as the percentage of 
black corky bark (characteristic of elk browsing) 
that occurred on the bottom two meters of the tree. 
The trees were visually inspected and bark stripping 
was classified as either low (0-33%), medium 
(34%-66%), or high (67%-100%) levels of damage. 

4.) We recorded the density of standing dead, 
recent dead (leaves still on tree), and fallen aspen in 
the transect. 

5.) We recorded the density and dbh of conifers in 
the transect. 

6.) We recorded the density of browsed, unbrowsed 
and dead ramets in the transect. Ramets were 
defmed as those aspen stems less than two meters 
tall. 

7.) To estimate the age, we used an increment borer 
to obtain two cores of stand dominant aspen in each 
transect. This was not always feasible since a large 
percentage of aspen greater than 20 em dbh in this 
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area are infected by heart rot and obtaining cores 
was not possible. The aspen were cored at a height 
of one meter. 

+ PROGRESSREPORT 

This study is still in progress and we are 
only presenting fmdings for a portion of our stated 
objectives, primarily results from the field transects. 
A full report will follow upon completion and 
analysis of data from the 1998 field season. 

An illustration of the historic aerial photo 
comparison is given in Figure 1. This site is 
located long the Lamar River (YNP) upstream from 
the Soda Butte Creek confluence. On this particular 
site, aspen canopy coverage declined 80% from 
1954 to 1992 (from a total of 54 canopy hits in 
1954 with the dot grid to 11 canopy hits in 1992). 
This site shows the greatest decline of all YNP sites 
analyzed to date and is included to illustrate how 
aerial photo pairs can be utilized to measure change 
over time. Full results of the aerial photo 
comparison will be available once ground truthing is 
completed in 1998. 

A total of 71 transects were established in 
the 1997 field season. These included 41 within 
YNP, 18 in the Sunlight Basin and 12 in the Clarks 
Fork area. In each transect, the dbh of each aspen 
and conifer was tallied. Table 1a illustrates the 
number of stems in each size class for the study 
areas. It shows that aspen stands in YNP have a 
greater percentage of overstory stems in the largest 
size class ( > 20 em dbh) than the Shoshone study 
areas. Table 1 b illustrates stand level data, 
specifically how many stands contain stems in each 
size class (note that since many stands contain more 
than one size class the percentages may exceed 
100%). The Clarks Fork area has a greater 
percentage of stands containing aspen in the smaller 
dbh classes than either YNP or the Sunlight basin. 

Figure 2 illustrates aspen stand composition 
and mortality in each of the study areas. The 
percentages are based on the total number of aspen 
and conifer stems counted in the transects. Our 
preliminary data set indicates that live aspen trees 
comprise less than 50% of the total stem count in 
aspen stands in both the Clarks Fork and Sunlight 
basin study areas. The Clarks Fork area also has 
the greatest percentage of standing dead stems 
(26%) in any study area. If one considers only 

aspen stems, standing dead trees comprise 36% (48 
dead out of 135 total stems) of the total in the 
Clarks Fork area. Considering only aspen stems, 
YNP contains 26% (50/194) standing dead aspen 
and the Sunlight basin contains 29.4% ( 481163). 
By comparison, Krebill found that dead standing 
aspen formed 42% of total stems in the Gros Vente 
River drainage in a 1972 study. 

Table 1a. 
Comparison of dbb Size Classes in the Northern Range, 

Clarks Fork and Sunlight Basins 

YNP 
Northern Clarks Sunlight 

Range Fork Basin 
Number Percent Number Percent Number Percent 

dbh (em) of sterns of sterns of sterns of sterns of sterns of sterns 
Aspen 

1-5 em 0 0 .0% 12 13 .8% 6 5.2% 
6-10 em 0 0.0% 23 27.4% 17 14.8% 

11-20 em 1 0.6% 24 27.6% 31 27.0% 
>20cm 173 99.4% 28 32.2% 61 53 .0% 

Conifer 
1-9cm 23 56.1% 47 95 .9% 137 86.7% 

10-20 em 4 9.8% 0 0 .0% 12 7.6% 
>20cm 14 34.2% 2 4 .1% 9 5.7% 

Table 1b 
Comparison of the Percentage of Aspen Stands 

Containin2 Stems in Various Size Classes 

YNP % of stands Clarks Fork % of Sunlight Basin % of 
with sterns in this stands with sterns stands with sterns 
size class in this size class in this size class 
(n=41 stands) (n= 12 stands) (n= 18 stands) 
Number Percent Number Percent Number Percent 

dbh (em) of stands of stands of stands of stands of stands of stands 
Aspen 

1-5 em 0 0 .0% 3 25 .0% 2 11.1% 
6-10 em 0 0.0% 5 41.7% 5 27.8% 

11-20 em 1 2.4% 8 66.7% 16 88.9% 
>20cm 41 100.0% 10 83 .3% 16 88.9% 

Conifer 
1-9cm 8 19.5% 4 33.3% 16 88.9% 

10-20 em 3 7.3% 0 0.0% 5 27 .8% 
>20cm 7 17.1% 2 16.7% 5 27 .8% 

Conifer encroachment into aspen stands is 
greatest in the Sunlight basin where 61 % of the total 
number of surveyed stands contained conifers. In 
comparison, 27% of YNP stands and 33% of Clarks 
Fork stands surveyed contained conifers. Care 
should be exercised when interpreting the graphs of 
Figure 2 regarding the conifer percentages. For 
example, in the Sunlight Basin conifers comprise 
49% of the total stem count but this percentage is 
greatly influenced by four stands (n= 18 stands) that 
were heavily invaded. These percentages may 
change significantly when the full data set is 
obtained. Considering only aspen stands that 



contain conifers, YNP has an average density of 
488 conifer stems per ha (SD = 263, n= 11 stands). 
In the Sunlight Basin conifer density averaged 1,562 
stemslha within invaded aspen stands (SD = 1 ,620, 
n= 11 stands). Based on the limited sample 
collected so far, the Clarks Fork area averaged 
2,041 conifer stems/ ha within invaded aspen stands 
(SD = 1,620, n=4). Referring to Table 1a, it can 
be seen that a large percentage of invading conifers 
are less than 10 em dbh in each of the study areas. 
Table 1 b gives a better indication of the 
encroachment of conifers on a per stand basis. The 
Sunlight basin has the highest percentages of conifer 
encroachment in each size category, especially in 
the smallest conifer class. 

Ramet densities were tallied in each of the 
transects with measurements ranging from 0 to 
20,000 shoots/hectare (Figure 3). YNP averaged 
4,067 ramets/ha (SD = 4,083), the Clarks Fork 
area averaged 5,730 rametslha (SD = 5,235) and 
the Sunlight basin averaged 5,375 rametslha (SD = 
5,959). By comparison, Schier (1975) found 
between 2,298 and 7,166 ramets per hectare while 
Bartos and Mueggler (1982) recorded densities from 
1,399-4,201 per hectare in a northern Utah study. 
Mueggler (1989) suggested that aspen stands with 
less than 1,235 ramets per hectare (500/acre) might 
have difficulty replacing themselves. 

Each ramet was further inspected for signs 
of browsing. The highest percentage of browsed 
ramets occurred within YNP where 89.6% (986 
browsed out of 1100 observed ramets in transects) 
showed evidence of browsing. The Sunlight Basin 
followed with 85.6% (523/611) and in the Clarks 
Fork 76.7% (247/322) had evidence of ungulate 
browsing. 

In the summer of 1998 we will conclude 
the field portion of the project, including all of the 
sampling within the Gallatin National Forest. The 
additional field work will provide both transect 
information and the necessary ground truthing for 
the temporal aerial photo comparison. Complete 
results from the aspen cores and the aerial photo 
change analysis will be presented upon completion 
of the field portion of the study and the integration 
of the data sets. We expect our results will provide 
a better understanding of aspen dynamics over a 
wide area of northern Yellowstone National Park 
and the surrounding National Forests. In addition it 
will provide geographically precis~ data as to where 
the most significant changes m aspen canopy 
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coverage have occurred. The results should be 
beneficial to resource managers to assist in the 
development of ecosystem based management plans. 
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Figure 2a 
Aspen Stand Composition and Mortality on the Northern 

Range of Yellowstone National Park, WY. 

Conifer (n=41 stands) 
15% 

Standing dead 
aspen 
19% 

~· 

- - - " 

Figure 2b 

Live aspen 
66% 

Aspen Stand Composition in the Clarks Fork of the 
Yellowstone River Basin, WY. 

Conifer 
27% 

Standing dead 
aspen 
26% 

(n=12 stands) 

Figure 2c 

Live aspen 
47% 

Aspen Stand Composition and Mortality in the Sunlight 
Basin, WY. 

Conifer 
49% 

(n=18 stands) 
Live aspen 
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Standing dead 
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INTRODUCTION 

The 1988 fires in Yellowstone National 
Park (YNP), Wyoming, affected > 250,000 ha, 
creating a striking mosaic of burn severities across 
the landscape which is likely to influence ecological 
processes for decades to come (Christensen et al. 
1989, Knight and Wallace 1989, Turner et al. 
1994). Substantial spatial heterogeneity in early 
post-frre succession has been observed in the decade 
since the frres, resulting largely from spatial 
variation in frre severity and in the availability of 
lodgepole pine (Pinus contorta var. latifolia) seeds 
in or near the burned area (Anderson and Romme 
1991, Tinker et al. 1994, Turner et al. 1997). Post
fire vegetation now includes pine stands ranging 
from relatively low to extremely high pine sapling 
density (ca 10,000 to nearly 100,000 stems ha-1

) as 
well as non-forest or marginally forested 
communities ( < 1000 saplings ha-1

) in some areas 
previously characterized by coniferous forest. 

We are interested in how the variability and 
spatial pattern of early post-frre successional 

vegetation across the Yellowstone landscape may 
influence ecosystem processes related to energy 
flow and biogeochemisty. We also are interested in 
how quickly these processes may return to their pre
disturbance characteristics. In this pilot study, we 
began to address these general questions by 
examining the variation in above-ground net 
primary production (ANPP), leaf area index (LAI) 
of tree (lodgepole pine) and herbaceous 
components, and rates of nitrogen mineralization 
and loss in successional stands 9 years after the 
frres. ANPP measures the cumulative new biomass 
generated over a given period of time, and is a 
fundamental ecosystem property often used to 
compare ecosystems (Carpenter 1998). Leaf area 
(typically expressed as leaf area index [LAI], i.e., 
leaf area per unit ground surface area) influences 
rates of two fundamental ecosystem processes -
primary productivity and transpiration -- and is 
commonly used in ecosystem models (e.g., Forest
BGC, Running and Coughlan 1988; FIRE-BGC, 
Keane et al. 1996). Disturbances cause reductions 
in leaf area that cause simultaneous reductions in 
transpiration and photosynthesis and increases in 



stream flow (Helvey et al. 1976, Gholz et al. 1985, 
Davis 1987, 1993, Keane et al. 1996). 

This study had three specific objectives. 
The first was to measure ANPP and LAI in stands 
representing a range of early post-fire vegetation 
structure. Our second objective was to compare our 
measured ANPP and LAI with values in the 
literature to determine how close these 9-year old 
post-fire stands in YNP have come to developing 
ANPP and LAI characteristic of mature coniferous 
forests. Thirdly, we measured nitrogen 
mineralization and nitrogen loss in stands 
representing a range of early post-fire vegetation 
structure. This was a pilot study (Reed et al., 
submitted), designed in part to test methods and 
hone our hypotheses for a research proposal to the 
National Science Foundation which we submitted in 
December, 1997 (and which was funded in June, 
1998). 

+ METHODS 

We measured ANPP and LAI in late July 
of 1997 at four sites, each ca. 1 ha in extent, in 
Yellowstone National Park. These four sites 
represented four contrasting types of early post-fire 
vegetation: (1) infertile non-forest (Pitchstone 
Plateau; lodgepole pine sapling density of 100 
stems/hectare), (2) fertile non-forest (Mount 
Washburn; sapling density of 1000 stems/hectare}, 
(3) low-density lodgepole pine (Pitchstone Plateau; 
sapling density of 20,100 stems/hectare), and (4) 
high-density lodgepole pine (Mount Haynes; sapling 
density of 62,800 stems/hectare). All four sites 
were fully stocked with trees at the time of the fires 
in 1988. The frres were stand-replacing at all four 
sites, so the trees for which we measured ANPP and 
LAI all germinated after 1988. 

We measured nitrogen mineralization 
during the growing season (May - August) at two 
sites: (1) high-density lodgepole pine (Mount 
Haynes; sapling density of 62,800 stems/hectare; 
the same site in which we measured ANPP and 
LAI}, and (2) infertile non-forest (Mallard Lake 
site; sapling density < 100 stemslha). We also 
collected water from nine first-order ephemeral 
streams flowing out of small watersheds 
representing contrasting types of vegetation: (1) 
non-forest developing after the 1988 frres, (2) low
density pine forest, developing after the 1988 frres, 
(3) early successional vegetation developing after 
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the 1996 Pelican frre, and ( 4) unburned forest 
having elevation, topography, and substrate similar 
to the burned watersheds. The stream water samples 
were taken late in the snowmelt period (early July}, 
to be analyzed for nitrate concentration. 

ANPP and LAI Measurements 

For field vegetation sampling, we 
established a 50 m transect through the approximate 
middle of each study site. We counted the number 
of post-frre lodgepole pine saplings within a 50 m x 
2 m belt transect along the central transect of the 
sampling area to determine tree density at the site. 
The 50-m transect was stratified into five 10-m 
intervals. · Within each interval, we located two 
0.25-m2 quadrats by choosing a distance along the 
transect at random, then choosing a distance (up to 
10 m) away from the transect at random on both the 
left and right sides. For herbaceous productivity, 
we clipped all non-tree above-ground biomass 
within each quadrat, and dried and weighed the 
material. We assumed that this mass represented 
peak season biomass for all species. 

For woody productivity, we randomly 
sampled 10 lodgepole pine saplings by selecting the 
closest sapling to the lower left-hand comer within 
each sampling quadrat, or if there were no saplings 
within the quadrat then the closest to that comer 
outside the quadrat. We measured the current 
year's increment in biomass in the 10 sampled trees 
using standard allometric techniques, computed an 
average for the 10, then multiplied the average 
value for each component of woody ANPP by the 
density of trees to obtain an estimate of woody 
ANPP per hectare. 

We developed relationships between LAI 
and dry weight for lodgepole pine saplings for one 
10-fascicle sample from each of two trees per site 
We averaged the two area/mass ratios derived for 
each site and averaged the ten total leaf mass 
samples (from the ten saplings collected per site for 
the ANPP measurements; new and old leaves 
calculated separately). The mean tree leaf mass (g) 
was multiplied by the mean area/mass ratio (cm2 g·1) 

and divided by 10,000 to obtain the mean leaf area 
per tree (m2 tree-1

), which was multiplied by site 
tree density to derive the leaf area per hectare. 
Herbaceous LAI was not measured because of the 
diversity of species, leaf shapes, and leaf area/mass 
relationships among the ground layer species. 
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Nitrogen Mineralization and Streamwater Nitrate 

We measured rates of nitrogen 
mineralization during the growing season by driving 
twenty 2-inch PVC tubes into the ground at each 
study site, and placing a resin bag at the base of the 
tube. During the 4-month period that the resin bag 
was in the tube, it sequestered nitrate and 
ammonium ions released within the soil core lying 
above it in the tube. At the end of the 4-month 
incubation period, we removed the resin bags and 
returned them to the laboratory for standard 
chemical analysis . 

Streamwater samples were frozen until they 
could be returned to a standard water chemistry lab 
for determination of nitrate concentrations. 

+ RESULTS 

ANPP and LAI 

Above-ground lodgepole pine sapling 
productivity was lowest in the infertile non-forest 
stand (0.002 Mg ha-1 yr-1), greater in the fertile non
forest stand (0.016 Mg ha-1 yr-1

), greater yet in the 
low-density pine stand (0.143 Mg ha-1 yr-1), and 
greatest in the high-density pine stand (3 .813 Mg 
ha-1 yr-1) (Table 1). Above-ground herbaceous 
productivity was approximately 0.20 Mg ha-1 yr-1 in 
the infertile non-forest and the high pine density 
stands and approximately 0. 70 Mg ha-1 yr-1 in both 
the fertile non-forest and low pine density stands 
(Table 1). Total (tree + herbaceous) above-ground 
ANPP was lowest in the infertile non-forest stand 
(- 0.25 Mg ha-1 yr-1

), comparable in the fertile non
forest and low-density pine stands ( -0.80 Mg ha-1 

yr-1
), and greatest in the high-density pine stand 

( -4.00 Mg ha-1 yr-1) (Table 1). Herbaceous species 
comprised 98-99% of the total above-ground ANPP 
in both non-forest stands, 83% in the low pine 
density stand, and 5% in the high-density pine stand 
(Table 1). 

Tree LAI was lowest (0.002) in the 
infertile non-forest stand, an order of magnitude 
greater (0.012) in the fertile non-forest stand, 
another order of magnitude greater (0.138) in the 
low-density pine stand, and still an order of 
magnitude greater (1. 82) in the high-density pine 
stand (Table 1). 

Table 1. Above-ground net primary production and leaf area 
index (measured in 1997) in four 9-year-old stands developing 
after the 1988 Yellowstone fires . Numbers are means, with 95% 
confidence interval in parentheses . 

-..- -..- TOial ............. -Tra - -.,......SNPP ...._ ..-
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) T,..LAI 
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Wcnilc"N-. 0.0011 0.2434 O.l4lS 0 .99 0.001 - (0.0001.0.003)) (0.1169-11.)700) (0.1177-G.ffi)) 
(Pi-) 

Falilc- 0.0164 0.7)74 0.75)7 0.91 0.011 - (0.00744015)) (0.30154.9731) (030194.9915) 
{loiLW.-.,.) 

t-.daui'Y 0.1411 0.7111 O.ISS1 0.1) O.lll 
p;..r...,. (O.OS6J.4.ll99) (0.]~1.0197) (0.4l09-11S96) 

(Pilduloac) 

Hi ....... 'Y ) .1134 0.1991 4.01)) o.os I.W 
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Nitrogen Mineralization and Streamwater Nitrate 

The nitrogen mineralization rate was higher 
in the non-forest site than in the high-density pine 
stand: 2.59 vs 1.23 mg N I kg soil /day (Table 2). 
Streamwater nitrate concentrations were extremely 
low (0.04 - 0.12 mg I 1) in all nine streams 
sampled, and there were no consistent patterns in 
nitrate concentration with respect to watershed 
vegetation. 

Site 

Hig!Hiensity lodgepole pine (Mt Haynes) 

Non-forest (Mallard Lake trail) 

+ DISCUSSION 

m_gN/kg soil/day 

1.23 

. 2.59 

This study documented substantial variation 
in ANPP and LAI in early post-fire successional 
vegetation. Total above-ground net primary 
productivity generally reflected variation in tree 
sapling density, although the difference in total 
ANPP between two of the stands (the fertile non
forest stand and the low-density pine stand) was not 
significant. ANPP in the tree component clearly 
increased as sapling density increased from the non
forest stands to the high-density pine stand. With 
each order of magnitude increase in sapling density 
we observed an order of magnitude increase in tree 
ANPP, until the step between the low- and high
density pine stands. Here, while the stem density 
increased by only a factor of 3, the tree ANPP 
increased by another order of magnitude. The 
exceptionally high tree ANPP in the high-density 
pine stand probably was due not only to the high 
density of saplings, but also to the greater average 



size of saplings and a longer growing season on this 
lowest elevation site. 

While tree ANPP generally followed the 
trend in sapling density, herbaceous ANPP showed 
no simple pattern. Herbaceous ANPP was 
comparable in the infertile non-forest and high
density pine stands, suggesting that, even under the 
intensively competitive environment presented by 
high pine densities, herbaceous productivity can be 
maintained at levels comparable to those exhibited 
in some other post-frre stands. Herbaceous ANPP 
was also comparable in the fertile non-forest stand 
and in the low-density pine stand, suggesting that a 
even a 20-fold increase in sapling density was not 
necessarily detrimental to the productivity of 
herbaceous species. This latter fmding also 
suggests that, during the early stages of succession, 
areas recovering as herbaceous vegetation can be as 
productive as areas recovering as forest . 

Not surprisingly, tree leaf area index 
followed closely the variation in tree sapling density 
among the four stands. With order of magnitude 
increases in sapling density we saw order of 
magnitude increases in tree LAI. What was 
surprising, however, was that leaf area and ANPP 
in the high-density pine stand had reached the lower 
range of values reported in the literature for similar 
mature coniferous forests (e.g., Pearson et al. 1984, 
1987, Binkley et al. 1995). This would indicate 
that at least some ecosystem processes (related to 
ANPP and LAI) in at least some of Yellowstone's 
young pine forests have recovered or nearly 
recovered to pre-frre conditions after only 9 years. 

The lower rate of nitrogen mineralization 
in the high-density pine stand compared with the 
non-forest site may be a consequence of more rapid 
nitrogen uptake by the vegetation in the high-density 
pine stand. Our ANPP measurements indicated that 
this was a very productive stand, potentially capable 
of absorbing nitrogen almost as quickly as it is 
released into the soil solution. In contrast, the non
forest stand had far lower plant biomass, and 
probably lower ANPP (though we did not measure 
it). Our fmdings with regard to nitrogen 
mineralization rates in two contrasting kinds of 
vegetation following the 1988 flres suggests that 
there may be important differences across the 
landscape in biogeochemical processes, but 
additional sampling is needed. 
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The extremely low nitrate concentrations in 
streamwater flowing out of burned watersheds was 
surprising. We expected to see a significant loss of 
nitrogen from the recently burned Pelican site (1 
year post-flre) and possibly from the watersheds 
burned in 1988 that still had relatively low biomass 
and ANPP (e.g. , non-forest and low-density pine 
stands). However, nitrate loss in all of the burned 
watersheds was not significantly different from loss 
in unburned watersheds, and nitrogen export was 
extremely low in all watersheds. Many of the 
substrates in Yellowstone have extremely low 
amounts of nitrogen, and vascular plants and 
microbes apparently have extremely efflcient 
mechanisms for capturing and sequestering 
nitrogen. Even a major disturbance, like the frres 
of 1988 or the Pelican flre in 1996, does not lead to 
large losses of this limiting nutrient. 
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+ INTRODUCTION 

An unexpected consequence of the 1988 
Yellowstone fires was the widespread establishment 
of seedlings of quaking aspen (Populus tremuloides) 
in the burned forests, including areas outside the 
previous range of aspen (Kay 1993, Romme et al. 
1997). Although aspen is the most widely 
distributed tree species in North America (Fowells 
1965), it is relatively uncommon and localized in 
distribution within Yellowstone National Park 
(Despain 1991). Most aspen stands in Yellowstone 
are found in the lower elevation landscapes in the 
northern portion of the park, and the species was 
absent -- prior to 1988 -- across most of the high 
plateaus that dominate the southern and central park 
area. Aspen in the Rocky Mountain region 
reproduces primarily by means of vegetative root 
sprouting. Although viable seeds are regularly 
produced, establishment of seedlings in the wild is 
apparently a rare event due to the limited tolerance 
of aspen seedlings for desiccation or competition 

(e.g., Pearson 1914, McDonough 1985). In the 
immediate aftermath of the 1988 Yellowstone fires, 
there was a brief "window of opportunity" for 
aspen seedling establishment, as a result of abundant 
aspen seed production, moist weather conditions in 
spring and summer, and bare mineral soil and 
reduced plant competition within extensive burned 
areas (Jelinski and Cheliak 1992, Romme et al. 
1997). 

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

+ METHODS 

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

We used an experimental approach to 
investigate mechanisms of persistence or extirpation 
of aspen seedlings (question #3). At each of three 
different locations within burned forests, we fenced 
13 small plots (100 - 500m2) to exclude ungulates, 
and mapped 12 - 24 aspen seedlings for which we 
measured plant height, basal diameter, age, and 
number of leaves in late August, 1996. 
Experimental treatments at each of the three 
locations included: clipping of aspen plants to 
simulate elk browsing, removal of lodgepole pine 
and herbaceous plants within 1 meter of the 
measured aspen plants, clipping plus removal of 
competitors, and no clipping or competitor removal 
(see our 1996 annual report for details). In 1997 
we re-sampled all of the aspen seedlings within the 
exclosures, and made repairs on the exclosures as 
needed. We also constructed three new exclosures 
at our Fern Cascades site, and applied nitrogen 
fertilizer to the aspen seedlings growing inside as a 
new experimental treatment. 

+ RESULTS 

Our annual report for 1996 presents results 
of our analysis of landscape-scale distribution and 

abundance in 1996. The primary purpose of re
sampling in 1997 was to detect patterns of mortality 
(significant decreases in abundance) or persistence 
within different portions of the Yellowstone 
landscape. Comparison of 1996 and 1997 data is 
not yet complete. However, a subjective impression 
based on walking the trails is that aspen seedling 
density may have decreased somewhat at the highest 
elevations but has remained roughly constant at the 
lower elevations. 

Analysis of the data collected from our 
exclosure plots is not yet complete. A subjective 
impression from working in the plots was that some 
of the aspen seedlings protected from browsing or 
artificial clipping were larger than the browsed or 
clipped individuals, but that differences were slight. 

+ DISCUSSION 

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

Two key questions remain unanswered: (1) 
Will the new aspen genets that established on the 
subalpine plateaus after the 1988 frres persist and 
effectively expand the range of aspen beyond what 
it was before 1988? Or will they succumb to 
ungulate browsing, competition from developing 
new stands of lodgepole pine, climatic constraints, 
or a combination of these factors, and gradually 
disappear from the Yellowstone landscape with no 
long-lasting ecological effects? (2) Where did the 
seeds come from that germinated to produce the 
aspen seedlings now growing outside the pre-1988 
range of the species? Do the parents have a tree-
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like morphology or are they shrubs? Do the 
seedlings and their parents represent a broad 
spectrum of genetic diversity, or a limited sample of 
genotypes? Will genetic makeup be an important 
predictor of the ultimate survival or extinction of 
individual aspen seedlings across the Yellowstone 
landscape? 

It may be many years before we have fmal 
answers to these questions. We plan to re-sample 
all of the trails, permanent trailside plots, and 
exclosure plots in 1998, and probably for several 
years thereafter. The long-term experimental plot 
studies and the genetic studies that we initiated in 
1996 will help us understand the structure and 
dynamics of the aspen seedling populations, as well 
as the ecological mechanisms (e.g. , ungulate 
browsing and plant competition) that will determine 
their eventual roles in the Yellowstone landscape. 
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