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INTRODUCTION 

1996 ANNuAL REPORT 

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

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

representatives and is chaired by the Director of the 
UW-NPS Research Center. Research contracts are 
usually awarded by the middle of March. 

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

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

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

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

ix 



_) 



FEATURE ARTICLE 





RECENT DEBRIS-FLOW AND FLASH-FLOOD 

HISTORY OF NORTHEASTERN 

YELLOWSTONE NATIONAL PARK 

JOSHUA D. LANDIS +GRANT A. MEYER 

MIDDLEBURY COLLEGE + MIDDLEBURY + VT 

INTRODUCTION 

An understanding of the ecological health of stream 
systems and riparian areas in Yellowstone National 
Park (YNP) requires knowledge of their response to 
climatic and hydrological influences; intrinsic 
factors such as relief and geological materials are 
important influences as well (e.g., O'Hara and 
Meyer 1995). Recent studies of southwestern (Ely 
et al. 1993) and midwestern U.S. rivers (Knox 
1993) have shown that relatively minor climatic 
changes in the late Holocene are associated with 
large fluctuations in flood magnitude and frequency. 
In small, steep drainage basins of northeastern YNP 
(Figure 1), Meyer et al. (1992, 1995) associated 
increased fire-related debris-flow activity with 
decadal to millennial-scale cycles of drought over 
the Holocene. Observations of modem events 
indicate that debris-flow and flash floods are also 
produced in the absence of fire in this rugged 
mountainous region, primarily by intense summer 
thunderstorm precipitation. Although a correlation 
between drought severity and fire magnitude in 
Yellowstone is clear (Balling et al. 1992a, 1992b), 
the relationship hypothesized by Meyer et al. (1992, 
1995) between warm, drought-prone climatic 
episodes and debris-flow activity in this region 
requires further investigation. Therefore, we use 
relatively high-resolution lichenometric and tree
ring dating methods to construct a 250-year history 
of major hydrologic events in small, steep tributary 
basins of Soda Butte Creek in northeastern 
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Figure 1. Map of the study area in northeastern YNP showing 
deposit locations on alluvial fans in the Soda Butte Creek valley. 

Yellowstone. This period spans the transition from 
the generally cooler global climate of the Little Ice 
Age to the present (e.g., Grove 1988). Although 
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the Little Ice Age was not uniformly cold in either a 
spatial or temporal sense (Jones and Bradley 1995), 
and YNP climate is not well known in the earlier 
part of this interval, trends toward increasing 
summer temperatures and decreasing winter 
precipitation in YNP over the last -100 yr are 
consistent with this transition (Balling et al. 1992a). 

+ STUDY AREA 

The Soda Butte Creek valley is a glacial 
trough cut in Eocene andesitic volcaniclastic rocks 
underlain by paleozoic carbonate rocks. The 
exposed, friable volcaniiclastic bedrock on the upper 
valley walls is capable of generating abundant, rapid 
runoff for producing debris flows and flash floods, 
and weathers rapidly to produce abundant fme 
sediments conducive to debris flows (e.g., Pierson 
and Costa 1987). Vegetation covering middle and 
lower basin slopes consists mostly of mixed
coniferous forest dominated by lodgepole pine 
(Pinus contorta), with lesser Douglas fir 
(Pseudotsuga menziesil) and Engelmann spruce 
(Picea engelmannii). Devegetation by large stand
replacing forest fires may have promoted some 
debris flows in the earlier part of the study period, 
but little evidence exists for major fires in the last 
-120 years in this area (Barrett 1994). Thin 
colluvium, an absence of headscarps on slopes, and 
deeply incised channels in source basins suggest that 
debris flows occur primarily from bulking of 
sediment in erosive flows (Meyer et al. 1995) rather 
than en masse regolith failures as is often observed 
in other areas (e.g., Ellen and Fleming 1987). 
Flash floods result in basins where available 
sediment is insufficient to produce a transition from 
streamflow to debris flow, but similarly require 
intense precipitation. 

Regolith failures do initiate debris flows in 
the study area, e.g., on Silver Creek near the 
Northeast Entrance of YNP, where till in a lateral 
moraine in the upper basin failed following melting 
of a heavy snowpack and moderate rainfall on June 
17, 1996. Thick remnant glacial deposits are 
uncommon on the upper slopes of northeastern YNP 
(Pierce 1974), however, and intense convective
storm precipitation on steep exposed bedrock is 
likely responsible for most debris-flow activity. 
Antecedent precipitation and wet climatic conditions 
are not prerequisites for debris flows. For example, 
debris flows and flash floods were generated in 

many small tributaries of middle Soda Butte Creek 
by a single intense thunderstorm in late June 1988, 
during the driest summer on record in YNP (Balling 
et al. 1992b). 

Most alluvial fans along Soda Butte Creek 

are fed by basins of < 4 km2 with high relief and 
drainage density, and have radial lengths of 0.3-0.9 
km and slopes of 3 o -15 °. Incised channels are 
common on these fans (O'Hara and Meyer 1995). 
Bouldery debris-flow deposits are common near 
fanheads; they are also found on medial to distal 
fans bordering incised channels and at intersection 
points where channels emerge on the fan surface. 
Boulder bars from flash floods lie in channels or 
accompany sheetflood gravel deposits below 
intersection points. 

Yellowstone precipitation is characterized 
by two regimes: (1) a strong winter precipitation 
maximum that is dominant in high elevations of 
northeastern YNP, and (2) a summer precipitation 
maximum with more localized intense thunderstorms 
in the lower and drier valleys of the northern park 
(Despain 1987; Whitlock and Bartlein 1993). The 
study area in northeastern YNP is thus characterized 
by both general, widespread snowfall in the cool
season maximum and localized intense rain in the 
summer (Trewartha 1981). Dry summers in the 
mountains of northeastern YNP result when the 
eastern subtropical Pacific high-pressure' system is 
displaced north and east, with anticyclonic dry air 
flow dominating local weather patterns (Whitlock 
and Bartlein 1993). This pattern allows intense 
insolation as well, so dry summers are typically very 
warm (Douglas and Stockton 1975). Nonetheless, 
YNP is susceptible to intrusions of summer moisture 
through the Columbia River and Snake River Plains 
(Whitlock and Bartlein 1993). 

+ METHODS 

DEBRIS-FLOW AND FLASH-FLOOD 
DEPOSITS 

Debris-flow and flood deposits were 
identified by characteristic morphologic and 
sedimentologic properties (e.g., Costa 1988). 
Debris-flow deposits in the study area typically 
feature steep, bouldery, matrix-poor lobe fronts and 
levees. These substrates are particularly suitable for 
lichen colonization. Debris-flow deposits and 



bouldery flash-flood facies are not always easily 
differentiated, but the latter show greater sorting and 
imbrication and contain no muddy matrix. Both 
types of deposits may be produced by a single 
thunderstorm-runoff event. The · sampled deposits 
are dominated by debris-flow facies; less than 10% 
of 156 deposits were identified as flood deposits. 
Therefore, we consider all deposits as a single group 
in examining the distribution of events over time. 
The magnitude of the event that emplaced a given 
deposit was classified as large, intermediate, or 
minor based on deposit area and the size of the 
largest clasts. 

LICHENOMETRIC DATING 

Lichens grow at a defmable rate on large 
clasts after emplacement of a deposit, and functions 
describing growth rate can be defmed where 
independent ages can be obtained on the time of 
deposition (Innes 1985a). Lichen specimens from 
four sites in the study area were identified as 
Rhizocarpon riparium, a species virtually identical 
to the more familiar R. geographicum commonly 
used in lichenometric studies; both are classified in 
the same Section, and may not be distinct species (S. 
Eversman, personal communication 1996). 
Therefore, following Innes (1983a), we refer to the 
sampled lichens as the "aggregate species" 
Rhizocarpon Section Rhizocarpon. 

Flood bars of known age along upper Soda 
Butte Creek, previously dated by historical records 
and dendrochronological study of large, even-aged 
conifer stands (Bingham and Meyer 1994; Simpson 
and Meyer 1995), were searched exhaustively for all 
of the larger lichens present. The greatest diameter 
of each single, ovoid thallus was measured with dial 
calipers to the nearest 0.25 mm. We then calc~lated 

the average diameter of the largest five thalli (d5) as 
an index of substrate age. These flood bars served 
as primary (hereafter referred to as "group A") 
calibration sites; additional calibration sites ("group 
B" sites) were established by tree-ring dating of 
debris-flow deposits within the study area (e.g., 
Hupp et al. 1987). 

Two potential sources of error arise in our 
application of lichenometry, however: (1) 
Anomalously large lichens, formed by fusion of 
adjacent individuals (Jahns 1973) or preservation of 
a thallus on a transported clast (Innes 1983b), may 
yield erroneously old age estimates. We rejected 
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lichens as anomalously large where the ratio of d 5 

to the single largest thallus measurement was more 
than 2 standard deviations below the mean of all 
such ratios (e.g., Innes 1983b). (2) The probability 
of finding the largest possible lichen is related to the 
area searched (Innes 1984). This problem required 
consideration of the size distribution in lichen 
populations. Lichen thalli are subject to 
microclimatic control of growth rate, and the chance 
of finding the largest lichen (that which has grown 
under optimal conditions) increases with the size of 
the area searched (Innes 1985b). The size of the 
largest thallus should also be related to the number 
of thalli present at a site; i.e., on two deposits of the 
same age, the larger deposit with the greater total 
number of thalli will also have a larger maximum 
thallus size. 

To defme the differences in lichen ds 
measurements that result from sampling different 
deposit sizes, we employed a statistical resampling 
method. Using nine large deposits, we randomly 
drew subsamples of 5, 10, 20, 30, and 40 
measurements (where possible) from each large 
sample of measured diameters (n = 34 to 100). We 
then averaged the largest five measurements in each 
subsample (Figure 2). A total of 100 iterations were 
performed for each subsample size, and results were 
averaged. A logarithmically increasing function was 
found to_ best fit the relationship between sample 

size and ds measurements. Samples were corrected 
to the median sample size (n = 15) to minimize data 
alteration, using a correction ratio derived from the 
log function: 
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Figure 2. Statistical resampling results from a single lichen 
measuremen!_site. A logarithmic function f defines the predicted 

increase in ds values with increasing sample size; this functin 
was used to calculate site-specific correction ratios /[15]/ /[n]. 
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correction ratio = f[d .5] 15//[d S]n (1) 

Correction ratios for n = 5, 10, 15, etc., derived 
from each of the nine sites used for resampling were 
plotted as a function of n and fit with a 

logarithmically decreasing curve (r2=0.944) 

(Figure 3). From this curve, a ds correction 
function was derived: 

C = U*(1.232 - 0.196*logn) (2) 

where C is the corrected d .5 measure and U is the 

uncorrected d .5 measure. This function thus 

estimates the dependence of d .5 on sample size, and 
was applied to all samples to correct for sample size 
effects. The function also indicates that the 

difference between ds values increases rapidly as 
sample size declines below about eight, suggesting 
that sample sizes smaller than this may result in 
large errors in age estimates. Samples with fewer 
than eight lichen measurements were therefore 
discarded. 
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Figure 3. The correction function, a decreasing logarithmic curve that 
integratea the reaulta from 9 atatiatical rcaampling aitea and predicta the 

beat-fit correction ratio /[15]//[n] for ally lichen sample size n. Thia 

correction function wu uaed to modify d .5 measurement. of all depoaita 
to account for variationa in lichen aample aize. 

+ RESULTS 

After correcting for anomalously large 
lichen and sample size, growth of Section 
Rhizocarpon lichens in northeastern YNP was found 

to be nearly linear (r2=0.987; n= 12) from 30 to at 
least 200 years ago, and is described by the 
regression equation: 

ds = 0.172t + 4.177 (3) 

where ds is given in millimeters and t is age in 
years before 1996. A positive y-intercept indicates 
a rapid initial growth phase prior to 30 years ago 
that is typical of lichens (Hale 1973). 
Measurements from a tree-ring dated -1969 deposit 
and the conspicuous absence of thalli on 1988 
deposits support this conclusion. These 
observations also indicate a colonization period of 
10-20 years for Section Rhizocarpon lichens in 
northeastern YNP. 

The growth curve regression formed the 
basis for a linear calibration curve for estimating the 
age of deposits from lichen measurements (Figure 
4): 
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Figure 4. Rhizocarpon Section Rhizocarpon lichen linear 

calibration curve, which predicts deposit age of from the d 
value of the lichen sample corrected for sample size. Dotted gray 
lines are 95% confidence limits, Data suggest a colonization 
period of 10-20 years, followed by an initial rapid growth phase 
(dashed curve) and a subsequent linear growth phase. See text 
for a description of calibration site categories. 

t = 5.145atc(dS)- 22.955 (4) 



with r2=0.987 and n= 12. The regression has 95% 
confidence limits of about ± 14 years. This 
calibration function was applied to all lichen sample 
data. The oldest deposits sampled, however, were 
estimated to be over 600 years old, well beyond the 
oldest calibration date of -200 yr. Extension of the 
function this far prior to the calibration period is 
unwarranted, because long-term growth rates may 
decline with time in a curvilinear or sigmoidal 
fashion (Hale 1973; Innes 1985a). Therefore, only 
dates for those events within the last 250 years are 
reported. 

Because an event often produces multiple 
deposit lobes on a fan, deposits dated to within 
about 14 years of one another on a given fan were 
possibly emplaced in the same event. Frequently, 
we found events to have been dated within 1-4 years 
of one another; events 5-14 years of one another 
were uncommon. Where these deposits were 
adjacent or on the same fan, their ages were 
averaged and considered as a single event. Ages of 
adjacent deposits that showed clear inset 
morphostratigraphic relationships consistent with 
their ages were left unmodified. In a single 
instance, deposit morphostratigraphy contradicted 
the age relationship indicated by lichenometric 
dates; the ages of these deposits were averaged. 

DEBRIS-FLOW AND FLASH-FLOOD 
HISTORY 

A histogram showing the frequency of 
debris-flow and flash-flood events from 1750 to 
-1930 shows an apparent trend of increasing 
activity toward the present (Figure 5). This trend is 
most likely due to erosion and burial of older 
deposits over time; only a relatively few large 
deposits older than about 1800 remain preserved. 
Punctuating the overall trend are several periods of 
increased activity, indicated by a relative peak in the 
number of events as well as a larger magnitude of 
events. Intervals of greatest debris-flow and flash
flood activity are 1810-1820, 1860-1870, and 1910-
1930, with lesser increases from 1840-1850 and 
1890-1900. The decline in frequency and 
magnitude of events from 1930 through 1970 is 
likely real, as deposits of this young age should be 
well preserved. 
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Fi&ure .5. Biatoaram of debria-ftow and ftalb-ftood eveota compared to 
local and regional climate recorda; teo-year perioda of areatat 
activity are lhaded. Climate recorda are from Fritta and Sbao (199.5), 
a deodroc:limatic recolllllruction of warm and dry deriatioDII for the 
northern High Plaina, with white diamonda marking yean of peak 
warmth and drought; Meko (1995), a deodroc:limatic: recolllllrudion of 
drought epiaodea lor eutern Mf and WY, with white diamonda 
indicating yean of widespread Great Plaine drought; Douglaa and 
Stockton (1975), a dendroclimatic recolllllrudion for the YNP area, 
with greatest departures from the in.IJtnamental record mean plotted 
for eac:h llea80n; and the in.IJtnamental record of average May
September temperatures Cor the Yellowstone Drainage climate 
division. 

+ DISCUSSION 

In regions where debris flows are initiated 
by saturation-induced en masse failures of regolith, 
a general correlation between wetter climatic 
conditions and debris flow frequency is expected. 
However, if debris flows and flash floods in 
northeastern YNP are initiated primarily by intense 
thunderstorm precipitation, and only locally by 
saturation-induced failures, then understanding the 
relationship of debris-flow frequency to climatic 
changes is more difficult. A single intense rainfall 
event in an otherwise dry period may produce major 
debris flow activity. Unfortunately, detailed local 
precipitation records necessary to reveal such events 
are available only for the period after 1948 as daily 
totals at the Cooke City and Northeast Entrance 
stations. Because even these data overlap only a 
brief part of the debris-flow record that shows little 
variability, we are limited to general comparisons 
with average climatic conditions in regional 
instrumental records from 1895 to present (e.g., 
Balling et al. 1992a, 1992b), and dendroclimatic 
reconstructions for earlier periods (Douglas and 
Stockton 1975; Fritts and Shao 1995; Meko 1995). 
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Instrumental climate data from the 
Yellowstone Drainage climate division, which 
covers the northern -3/4 of Yellowstone and a 
smaller area on the northeast, include mean monthly 
temperature and total monthly precipitation for 1895 
to the present. To investigate the effect of warmth 
on debris-flow generation through convective 
storms, temperatures for the main thunderstorm 
season (May-September) were averaged and 
compared to the debris-flow record (Figure 5). 
Unusually warm late spring-summer weather in 
1897, 1900, and 1919 corresponds with general 
peaks in debris-flow activity; however, similar 
warm seasons in 1937 and 1940 saw no unusual 
debris-flow activity, perhaps because the extended 
regional drought of the 1930s depleted land-based 
moisture sources for convective-storm precipitation. 
June of 1988 was the warmest June on record, and 
produced a debris-flow and flash-flood event of 
intermediate scale, but the warmest May-September 
season on record (in 1994) did not produce any 
observed events. The pronounced cooling trend in 
May-September weather of 1900-1910 also 
corresponds with a relative minimum in debris-flow 
activity, but large debris flows dated to within the 
1910-1920 interval may have occurred during the 
notably cool and wet period of 1905-1917. 

The dendroclimatic record of Douglas and 
Stockton (1975) for the Yellowstone area shows that 
intervals of major debris-flow activity between 
1810-1820 and 1860-1870 coincide with some of the 
warmest spring-summer conditions between 1750 
and 1974 (Figure 5). In agreement with 
instrumental data, however, this tree-ring record 
indicates general cool conditions and no 
precipitation anomalies for the period of 1910-1930, 
when debris-flow activity is high; the very warm 
summer of 1919 is the only exception. It should be 
noted that a major flood occurred on the mainstem 
of Soda Butte Creek in June 1918 (an unusually 
warm month) due to prolonged rain on melting snow 
(Bingham and Meyer 1994), and debris flow activity 
within the 1910-1930 period may have occurred in 
association with that . event. There is no clear 
depositional or geomorphic evidence, however, 
linking debris flow or flood deposits on small 
tributaries to the 1918 flood bars which are 
prominent on the lower mainstem of Soda Butte 
Creek. Debris-flow and flash-flood activity was 
also relatively low in the unusually wet winter and 
spring weather of 1872-1890, suggesting that 
saturation from snowmelt or spring rains is not an 

important antecedent condition for debris-·flow 
initiation in northeastern YNP; however, a major 
flood occurred on mainstem Soda Butte Creek 
during the early part of this interval (Simpson and 
Meyer 1995). 

Increased debris-flow and flash-flood 
activity in northeastern YNP in the periods 1810-
1820 and 1860-1870 (and perhaps -1750-1770 and 
-1925-1935) occurred during periods of drought on 
a broad regional scale, as indicated by 
dendroclimatic records from the northern High 
Plains (Fritts and Shao 1995; Meko 1995) (Figure 
5). The 1950s drought, although prominent in YNP 
instrumental records and regional tree-ring data, 
does not correspond to a pulse of debris-flow 
activity. 

Changes in the overall frequency and 
magnitude of debris flows over the period of record 
are difficult to interpret, given the trend of 
increasing preservation that is expectable (Schumm 
1991). Large-magnitude debris flows appear to be 
more common from 1800 to 1870 than in subsequent 
years. Numerous anomalous periods in Douglas and 
Stockton's (1975) YNP dendroclimatic 
reconstructions over this period suggest a highly 
variable climate. It is also possible that greater 
sediment production and storage in basins prior to 
this time during the colder climate of the Little Ice 
Age led to more available sediment for generation of 
large debris flows. Some large debris flows may 
also have been related to forest fires within this 
period. The reduced frequency and magnitude of 
debris flows from 1940-1970 is unlikely to be an 
artifact of sampling bias or preservation, and may 
relate to the generally cool to moderate late spring
summer temperatures of that period. 

+ CONCLUSIONS 

Overall, there appears to be some 
correspondence between warm, drought-prone 
periods and heightened debris-flow and flash-flood 
activity over the last 250 years in northeastern YNP, 
but details of the climate-hydrological process 
relationship cannot be resolved by these data. 
Intense summer thunderstorms are clearly important 
in debris-flow generation, but the time resolution of 
the debris-flow record is coarse relative to the short 
duration of these storms. The relationship between 
convective-storm intensity and general climatic 



conditions in the YNP region also needs further 
investigation. Also, large debris flows in at least 
some basins are associated with saturated regolith or 
high pore pressure conditions promoted by a 
generally wet climate, mostly where till, landslide 
deposits, or weak, clay-rich bedrock (e.g., 
Cambrian shales) are present on steep slopes. 
Church and Miles (1987) encountered similar 
uncertainties in their study of meteorological 
antecedents to debris flows in southwestern British 
Columbia. Nonetheless, it seems reasonable to 
suggest that if current trends toward warmer summer 
temperatures and increased drought severity 
continue in the YNP area (Balling et al. 1992a, 
1992b), debris-flow and flash-flood activity will 
likely increase as well, in part due to increased 
magnitude and intensity of forest fires. An 
additional hypothesis is that major debris-flow 
events may be most likely to occur when very warm 
late spring-summer weather follows generally wet 
conditions, providing both abundant land-based 
moisture and thermal energy for convective storms 
in this interior continental region. 
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• ABSTRACT 

Bioelectrical impedance analysis (BIA) is a 
tool used to provide a measure of body water 
content and total body fat in an organism. Recently, 
researchers have validated BIA against tritiated 
water techniques in the laboratory and proposed it as 
a fast, non-invasive method for assessing body 
condition in free-ranging black bears. In the present 
study, we field tested BIA as a plausible tool for 
investigating body fat utilization during hibernation 
by three black bear populations in the Rocky 
Mountains. Body fat content in the fall ranged from 
a mean of about 39% for a group of large, lactating 
females down to about 29% by two groups of bears 
consisting of males and mostly non-lactating 
females. Daily rates of body fat use were greater 
for the larger, lactating female group than either of 
the other two groups. Although the fat data 
determined by BIA appear useful in terms of trends 
and relative changes, many of the absolute values 
are inconsistent and perhaps inaccurate. Because 
BIA is so sensitive to a variety of factors typical of 
field conditions, we recommend it not be used as the 
sole source for assessing body condition of large 
animals such as black bears. 

• INTRODUCTION 

Black bears (Ursus americanus) exhibit a 
profoundly unique overwintering strategy. These 
animals remain in a mild state of hypothermia 
without violent shivering or thermogenesis 
associated with periodic arousal typical of small 
mammal hibernators (Nelson, 1973). Protein is a 
major energy substrate utilized by small mammals 
during arousal from hibernation, however, bears 
may conserve lean tissue by avoiding gluconeogenic 
shivering and rely more heavily upon fat reserves. 
Additionally, female black bears give birth to cubs 
during midwinter and may require greater fat stores 
to provide energy for cub development. 

Although the body composition of bears, 
specifically the percent of body lipid, has been 
determined on captive bears fed artificial diets, we 
have little information about the composition and 
utilization of fat stores in the free-ranging, 
hibernating bear. Certainly, the reported RQ values 
and triglyceride concentrations in plasma of captive 
bears tell us that fat is the primary substrate of 
energy production (Nelson, 1973). However, it is 
not known how much fat is accumulated for 
hibernation and if additional fat is required by 
lactating bears under natural conditions. The 
knowledge of fat requirements as a nutrient to 
lactating and non-lactating female as well as male 
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bears is important for understanding winter survival 
of these animals and to formulate management 
decisions based upon spring emergence conditions. 

Traditionally, bear biologists have 
depended upon measurements of morphometry, 
visual scores, and blood indices to assess the body 
condition of bears in the wild (Hellgren et al, 1989, 
1993; Cattet, 1990). But, these indicators have not 
been validated and often prove inaccurate or 
imprecise. Recently, bioelectrical impedance 
analysis (BIA) has been used as a rapid, noninvasive 
method effective for determining body composition 
of captive bears (Farley and Robbins, 1994). While 
this method was credited to estimate body fat on 
captive bears with a high degree of certainty (r = 
. 993), no studies have reported its reliable use on 
field populations of free ranging bears under 
inclement climatic and difficult topographic 
conditions. The purpose of this study was to: 1) 
field test the BIA technique to determine if 
consistent and realistic values of body fat could be 
obtained 2) use the BIA method to determine the 
extent of fat utilization by overwintering bears and 
3) test the hypothesis that lactating female bears 
have higher fat demands than non-lactating female 
and male bears. 

+ METHODS 

BIA measures the resis~ce and reactance 
of a weak electrical current passed through the body. 
The empiric nature of the relation between resistance 
and reactance measured by BIA and body 
composition has led Farley and Robbins (1994) to 
the development of equations that translate the raw 
data from captive black bears into liters of body 
water, kilograms of fat-free mass and fat mass. 
These equations were employed in the present field 
study to estimate body condition of hibernating 
black bears. In a preliminary visit with Farley and 
Robbins, we were instructed on the proper 
placement of leads and use of the BIA in order to 
insure consistency between their laboratory and this 
field assessment of body fat of bears. 

Body fat was measured on 3 groups of 
bears from 3 localities .with differing vegetation and 
topographic conditions. Six lactating female bears 
with an average body mass of 106 kg were 
monitored starting in early November from the 
Uncompahgre Plateau in west central Colorado. 
Eight adult female bears (2 lactating) with an 
average body mass of 64.7 kg were monitored in 
Middle Park in north-central Colorado starting the 
last weekend in November. Four females and one 
male with an average body mass of 61.9 kg were 

monitored in the Snowy Range mountains from 
southeastern Wyoming starting in mid February. 
Extrapolated body mass back to fall values for the 
Snowy Range bears was 74 kg. 

Bears were anesthetized using Telazol (1 
ml/100 Kg) or Ketamine Hydrochloride/Xylazine 
Hydrochloride (200 mg Ketamine and 50 mg 
Xylazine mL"1

) administered with either a jab-stick 
or dart gun while in the den. The bears were 
removed from the den, weighed using a digital load 
scale (200 gm accuracy), and were placed upon a 
Therma-Rest pad and plastic tarp for appropriate 
positioning in preparation for BIA as directed by 
Farley and Robbins (1994). The BIA instrument 
consists of a hand-held RJL Systems model 101-Q 
impedance meter and two pairs of dual electrical 
leads quipped with alligator clips. One set of leads 
was attached to either side of the upper lip behind 
the canines while the second set was attached to 1", 
20-gauge vacutainer needles inserted into the fat 
deposits 2 em on either side of the base of the tail. 
The greatest care was taken to maintain consistency 
of bear positioning and lead placement, and all 
measurements of resistance and reactance were taken 
twice to insure precision. Resistance values along 
with measurements of snout-tail length and body 
mass were used to calculate total body water and 
total body fat from formulas presented by Farley 
and Robbins (1994). Statistical analysis w 
conducted using a paired t-test of values fro bears 
measured in early and late winter. 
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Figure 1. Percent body fat of black bears during early and late 
winter in the Uncompahgre Plateau, Colorado. Vertical lines 
represent 2 SEM. 



35 

~ 30 

u.... 
>- 25 
0 
0 20 
()) 

~ 15 

w 
0 10 
0:: 
w 
0.. 

MIDDLE PARK 
NOVEMBER-APRIL 114 DAYS 

EARLY LATE 

Figure 2. Percent body fat of 8 female black bears during early 
and late winter in Middle Park, Colorado. Vertcallines represent 
2SEM. 
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Figure 3. Percent body fat of 4 female and 1 male black bears 
during mid to late winter in the Snowy Range mountains, 
Wyoming. Vertical lines represent 2 SEM. 

+ RESULTS 

Several useful trends are evident in the data 
despite the fact that some of the absolute values 
remain ambiguous and inconsistent. Average body 
fat content in November was 38.6% and 29% on the 
Uncompahgre Plateau and Middle Park bears 
respectively (Fig. 1 and Fig. 2). Snowy Range 
bears had 25.1% body fat in February (Fig. 3) 
which extrapolates to a fall value of about 33%. 
Average daily body weight loss was 194, 142 and 
97 gm/day for bears in the Uncompahgre Plateau, 
Snowy Range and Middle Park respectively. Daily 
fat loss was highest for bears on the Uncompahgre 
Plateau (163.2 gm/day) which included the greatest 
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number of lactating females and the largest bears 
while daily fat loss by the Snowy Range (95.3 
gm/day) and Middle Park (85.3 gm/day) bears was 
very similar (Fig. 4). 

E 
~ 
>-
<( 
0 
0:: 
w 
0.. 
1-
(/) 

0 
_J 

1-
<( 
u.... 

160 

160 

140 

120 

100 

60 

60 

40 

20 

DAILY FAT LOSS 

UNCOMPAHGRE 
PLATEAU 

SNOWY 
RANGE 

MIDDLE 
PARK 

Figure 4. Daily fat loss (gm/day) by black bears from the 
Uncompahgre Plateau, Middle Park and Snowy Range 
mountains. Vertical lines represent 2 SEM. 

+ DISCUSSION 

The use of BIA as a field method for 
determining body fat has positive attributes. It is 
light, easy to operate, and is inexpensive. Many 
laboratory and clinical studies have been conducted 
to validate the reliability of this instrument by 
comparing values against other accepted methods 
such as total body potassium, anthropometric 
methods and isotope dilution to determine total body 
fat for patients under clinical care (Roubenoff, 
1996; Suzuki et al, 1996 Brummer et al., 1992; 
Young and Sinha, 1992). However, there are an 
equal number of studies that report BIA to be 
unsatisfactory by either under or over estimating 
body fat stores (Wagner et al. 1997; Oppliger et al., 
1992; Fulco et al., 1992). Farley and Robbins 
(1994) found a close correlation between estimated 
fat derived from tritiated water dilution for black 
bears. However, their study was conducted under 
laboratory conditions without the many variables 
faced by field studies such as irregular terrain and 
animals with minor injuries. 

Body fat estimated from Farley and 
Robbins (1994) study of captive bears was about 
31 % of their body mass during the fall. This value 
is below the only other reported body fat content of 
bears (45%) determined by Lundberg et al (1976), 
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also on captive bears. These studies represent the 
basis upon which biologists have estimated energy 
use, time of emergence, cub production and spring 
mortality by bears exposed to varying field 
conditions. Until now, there has not been a study to 
provide direct estimates of fat content of free 
ranging black bears. 

The data from our study appear useful in 
terms of trends and patterns. For example, the 
average of all bears sampled . in the fall was close to 
that extrapolated from Farley & Robbins (1994) 
with a fat content of 34.1% which decreased to 
22.2% in the early spring. Absolute fat content (% 
fat x body mass) was reduced an average of 48% for 
all bears tested. These figures are lower than those 
previously reported in tritiated water experiments on 
captive bears, but show a proportionately similar 
loss of fat during hibernation (Lundberg, 1976). 
The Uncompahgre Plateau, during the year sampled, 
had abundant food availability as acorn, (Quercus 
gambelil) and pinion (Pinus edulis) nuts and can be 

considered rich in energy compared to the other 
study areas. The high fall fat values of bears from 
the Uncompahgre Plateau (39%) reflect this 
difference in food quality compared to bears from 
the other two areas (average fall body fat of 31 %). 
Additionally, the daily fat loss of 163 gm/day for 
the Uncompahgre Plateau population is about 45% 
greater than the average of the other two groups of 
bears. The higher fat utilization may be a function 
of the greater body mass of these bears but it may 
also be a result of the additional demands for energy 
and water placed on the lactating females by nursing 
cubs. Values from this study are close to those 
predicted by Maxwell et al. (1998) who used 
metabolic models of black bears under conditions of 
open exposed dens (150 gm fat/day) and partially 
closed dens (138 gm fat/day). 

However, several inconsistencies in the 
data collected from these field populations cause 
reason for concern. It is suspected that in several 
instances body fat was overestimated by BIA. Three 
bears in the Middle Park study area and one in each 

Table 1. Rates of body weight and fat loss. Percent weight loss accounted for by fat loss. Total fat loss over a standardized 130 day 
winter. Values represent individual bears in the Uncompahgre Plateau, Middle Park and Snowy Range mountains . Values in bold 
type depict questionable readings. 

Bear Body Mass Body Fat %Body Mass 
# Loss/Day Loss/Day Lost Accounted 

(g/Day) (g/Day) For By Fat 
Loss 

Middle Park 190 126.7 67 53 
146 69.2 61.5 89 
562 105.9 126.9 119 
158 84.1 54.9 65 
179 153.9 126.1 82 
159 67.6 63.9 94 
101 76.8 83.3 108 
154 88.6 99 111 

MEAN(SEM) 96.6(10.7) 85.3(10.3) 90.1(8 .2) 

Uncompahgre 1550 189 88.6 47 
Plateau 

1770 180.5 122.3 68 
1900 248 176.5 72 
1992 209.3 166.7 79 
1160 191.1 225.7 118 
1840 150 124.8 83 

MEAN{SEM) 195.8(16.1) 163.2(18.9) 84(8.9) 

Snowy Range 39 204.4 194.2 95 
37 69.7 76.5 101 
12 91.7 47.3 52 
40 175.6 66.8 38 
10 165.9 91.5 55 

MEAN(SEM) 141.5(23) 95.3(25.5) 68.2(12.5) 



of the other sites were shown to lose more body fat 
in weight than they lost in total body mass (Table 
1). The overestimates in this data set suggest that 
BIA is not a totally reliable tool for estimating 
absolute body fat when used under field conditions. 
Despite the extreme care taken to properly use the 
instrumentation as directed by Farley and Robbins 
(1994), its sensitivities to a variety of factors such as 
moisture on the fur, cuts in the skin and consistent 
body contour, reduce its reliability as a single tool 
to measure body fat on free-ranging bears. 
Therefore, we cannot recommend that BIA be used 
alone for assessing body fat in wild bears under field 
conditions but to be used in concert with other 
methods such as morphometric measurements and 
depth of fat depots. 
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+ ABSTRACT 

The Morrison Project is a multidisciplinary 
effort to interpret the ancient ecosystem that was 
present in the Western Interior of the United States 
during deposition of the Upper Jurassic Morrison 
Formation. The project began in June of 1994 and 
the first two years of research (1994-95, 1995-96) 
were devoted primarily to identifying problems and 
gathering information that would form the basis for 
later interpretations. Efforts during the fmal year 
(1996-97) were directed toward resolving remaining 
problems or conflicting findings and synthesizing 
the various research endeavors into a reconstruction 
of the Late Jurassic ecosystem. 

During the 1996 summer field season, the 
Morrison Formation was studied in detail at selected 
areas in the central and northern parts of the 
Western Interior including eastern Utah, northern 
Colorado, Wyoming, and Montana. 

Stratigraphically, significant progress was 
made. At Dinosaur National Monument, it was 
determined that the lower contact of the formation 
may be a simple depositional contact rather than an 
unconformity as previous workers had thought 
although there is good evidence that this contact is 
indeed unconformity farther south on the Colorado 
Plateau where, in places, the Morrison rests directly 

on strata as old as the Entrada Sandstone of Middle 
Jurassic (middle Callovian) age. 

A series of paleosols with locally abundant 
termite nests were found in the middle of the 
formation, just above the Salt Wash Member, and 
appear to represent a hiatus or at least a brief period 
of slowing in sedimentation rates. This is interpreted 
as a sequence boundary that probably has important 
implications for regional correlations and 
understanding varying sedimentation processes in 
the depositional basin. 

The precise stratigraphic position and 
nature of the upper contact was studied in 
considerable detail throughout the central and 
northern parts of the Western Interior and the 
contact appears to be a regional unconformity 
representing a time span of roughly 16 my (million 
years) or more. Some beds, previously assigned to 
Lower Cretaceous formations, were found to be Late 
Jurassic in age and thus are properly included in the 
Morrison Formation. Work in the type area of the 
Morrison and Ralston Creek Formations just west of 
Denver demonstrates that both of these formations 
correlate with the entire Morrison Formation farther 
west in most parts of the Colorado Plateau or farther 
north in Wyoming. The charophytes and osctacqdes 
also support our correlations into Wyoming and 
Montana that were based largely on physical 
stratigraphy. They demonstrate that the upper 



Morrison contact there is stratigraphically higher 
than many previous workers had thought. The 
calcretes that occur either in the uppermost beds of 
the Morrison and in the lowermost beds of Lower 
Cretaceous formations were originally thought to 
have formed entirely by underground processes. 
However, recent studies suggest that at least some of 
the calcretes were intermittently exposed at the 
surface. 

Sedimentologic studies of the paleosols 
indicate that the terrain was wetter nearer fluvial 
channels and became drier farther away in the 
overbank floodplains between the fluvial channels. 

Palynological studies (that is, studies 
primarily of spores, pollen, and dinoflagellates) 
resulted in detailed dating of much of the Morrison 
Formation. The research showed that the bulk of the 
formation is Kimmeridgian in age and the uppermost 
beds of the formation are Tithonian in age. The 
spores and pollen suggest that the lowest beds in the 
formation (Windy Hill Member) appear to be 
Kimmeridgian in age although a conclusive age 
determination for these beds awaits age 
determinations from dinoflagellates. These detailed 
age determinations allow us to compare the 
Morrison ecosystem with the global Late Jurassic 
environment. In contrast to previous investigations, 
the formation was found to contain a surprisingly 
rich and diverse fossil flora. The palynological 
research also revealed that the flora was much more 
diverse in the Late Jurassic Western Interior than 
previously had been thought. 

Research on charophytes (green algae) and 
ostracodes (crustaceans) resulted in age 
determinations that correspond closely with those 
obtained from the palynomorphs. Other conclusions 
derived from these micro-organisms suggest that 
standing bodies of water in which strata in the 
middle of the formation were deposited were 
somewhat brackish whereas the water bodies that 
were present during deposition of the lower and 
upper beds largely consisted of fresh water. More 
salinity-tolerant genera existed in northern Colorado 
and northeastern Utah than farther south or north, 
which might also reflect the nature of water bodies 
in these areas. These organisms also suggest a 
gradual cooling of the climate during Morrison 
deposition. 

Studies of trace fossils that can be related to 
specific organisms demonstrate that horseshoe crabs, 
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crayfish, termites, soil-dwelling bees, dermistid 
beetles, caddisflies, ants, earthworms, nematodes, 
and other organisms were common in the Morrison 
ecosystem. Assemblages of these traces along with 
studies of paleosols can be used to define the 
position of the ancient water table with respect to 
the land surface. This gives a rough idea of soil 
moisture as well as whether or not permanent water 
existed at shallow depths and was therefore available 
to the plant community. 

Some of the bivalves show annual growth 
bands whereas others do not. Perhaps those lacking 
these types of bands lived where equable conditions 
persisted throughout the year. The annual banding 
supports the interpretation of seasonality in the 
ecosystem that is suggested by other studies. 

Studies of the vertebrates reveal that a wide 
variety of animals including dinosaurs, mammals, 
lizards, sphenodonts, choristodeirans, salamanders, 
snakes, small crocodilians, turtles, fish, lungfish, 
and frogs inhabited the Morrison ecosystem. With 
the recent discovery and recovery of a new member 
of the Family Allosauridae from Dinosaur National 
Monument, we now know of at least three genera of 
these theropods that existed within the Morrison 
animal community. 

Samples from carbonate rocks (mostly 
limestone) were collected during the summer field 
season for analyses of stable isotopes and are 
undergoing laboratory preparation and analysis. 
Stable isotopes yield information on the ancient 
climate, plant community structure, weather 
patterns, storm tracks, temperature, trophic levels, 
and eating habits of the vertebrate land animal. A 
tentative conclusion based on preliminary data is 
that the amount of carbon dioxide in the atmosphere 
was appreciably higher than today. Because this is a 
"greenhouse" gas, it may have been responsible for 
the warmer global climate during the Jurassic Period 
as compared with today's climate, although we do 
not yet know why the carbon dioxide levels were so 
high during the Late Jurassic. Detailed studies of 
paleosols in the Fruita Paleontological Area (FP A) 
of western Colorado and elsewhere in the Western 
Interior suggest that the Morrison climate was at 
least seasonally dry. Detailed sedimentologic studies 
are underway in the FP A and should lead to an 
improved understanding of Morrison sedimentation 
in a relatively small area that could have important 
implications for the overall project interpretations. 
Other studies of freshwater limestone beds indicate a 
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variety of life forms including charophytes, 
ostracodes, snails, fish, sponges, stromatolites, and 
fish lived in Morrison lakes and will likewise shed 
light on this aspect of the Morrison ecosystem. 

Research by 40Ar/39Ar isotopic dating 
methodologies on altered volcanic ash deposits in 
the Morrison indicates that the formation was 
deposited during an approximately 8 million year 
time span from about 155 to 147 Ma (Ma = Milli
annums = million years before the present). More 
samples were collected to better date the formation 
and to gain an understanding of the nature of the 
unconformities at the base and top of the Morrison. 
Tentative conclusions are that the time span 
represented by the K-1 unconformity at the top of 
the Morrison was approximately 16 my in duration 
but may be more or less depending on the locality. 
Geochemical studies of mineral grains recovered 
from Morrison bentonite beds (the altered volcanic 
ash deposits) indicate that the volcanoes that 
furnished the ash were rhyolitic in composition. 
This is consistent with the origin of the ash deposits 
in a volcanic belt above a subduction zone that 
extended along the west coast of North America 
during the Late Jurassic. The composition of certain 
mineral grains recovered from the bentonite beds 
and the known predominantly westerly to 
southwesterly winds over the Colorado Plateau 
region during the Late Jurassic suggest that most of 
the volcanoes that furnished the Morrison ash were 
in California, western Nevada, and western Arizona. 

+ BACKGROUND 

The Morrison Formation 1s distributed 
throughout much of the Western Interior 
physiographic province of the United States and is 
one of science's best windows into the world of 
dinosaurs and nonmarine Mesozoic ecosystems. 
Because of its varied environments, rich fossil 
deposits, extensive rock exposures, and broad 
geographic distribution, the formation offers an 
outstanding opportunity for a multi-park, 
interdisciplinary approach to the evolution of 
environments, habitats, communities, and climate 
through some 8 million years of Earth history. The 
formation covers some 700,000 square miles in the 
Western Interior (Figs. 1, 2) and is world renowned 
for its rich concentration of dinosaur remains, with 
more than 100 dinosaur quarries identified to date 
and new ones discovered yearly. The formation also 

contains locally abundant and diverse fossil plant 
and other animal communities that were 
contemporaries of the dinosaurs and that shed light 
onto the nature of the Late Jurassic ecosystem. 
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Figure 1.-The Morrison depositional basin in the 
Western Interior of the United States and southern 
Canada. Also shown are National Park Service units 
that contain significant exposures of the Morrison 
Formation. 
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The outline of the Morrison depositional basin is 
modified from: 
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Figure 2.-The age of the Morrison Formation in 
northeastern Utah. Compiled from Kowallis and 
others (1991) and B.J. Kowallis (written 
communication, 1994). 

The Morrison Formation has significant 
exposures in many units within the Western Interior 
of the United States. These include Arches National 
Park (ARCH), Bighorn National Recreation Area 
(BIHO), Black Canyon of the Gunnison National 
Monument (BLCA), Capitol Reef National Park 
(CARE), Colorado National Monument (COLO), 
Curecanti National Recreation Area (CURE), 
Dinosaur National Monument (DINO), Glacier 
National Park (GLAC), Glen Canyon National 
Recreation Area (GLCA), Hovenweep National 
Monument (HOVE), and Yellowstone National Park 
(YELL). In addition, the formation is not exposed at 
the surface but is present beneath approximately 
10 other National Park Service units in the Western 
Interior. 
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The Morrison Formation Extinct 
Ecosystems Project, hereafter called the Morrison 
Project, began on June 1 of 1994. The project is a 
multidisciplinary and multiinstitutional endeavor 
designed to determine the nature, distribution, and 
evolution of the ancient ecosystems that existed in 
the Western Interior of the United States during the 
Late Jurassic Epoch when the Morrison Formation 
and related rocks were deposited. 

The information obtained from the research 
can be used to suggest appropriate resource 
management actions. The project will also provide 
an improved understanding of the geological and 
paleontological history of NPS units and better 
information for interpretive programs and 
publications. 

An expanded summary of progress, 
products, and interpretations by the individual 
investigators are available upon request from C.E. 
Turner. Because the research is continuing, any 
interpretations must be considered tentative and 
subject to revision after additional research has been 
accomplished . 

+ CONCLUSIONS 

The Morrison Project is a multidisciplinary 
effort designed to investigate the nature and 
evolution of environments, habitats, communities, 
and climate in and near many National Park Service 
units in the Western Interior of the United States 
through some 8 million years of Earth history when 
the Morrison Formation of Late Jurassic age was 
deposited. The project was devoted primarily to 
gathering information that would form the basis for 
later interpretations. Hence, scientific interpretations 
concerning the ancient Morrison ecosystem are 
tentative in this report because of the recency of the 
research. The Morrison Formation was studied 
mostly in Utah, Colorado, Wyoming, and Montana 
but also to some extent in Arizona and New Mexico 
to provide a more accurate regional framework and 
to collect samples that might require long 
preparation time in the laboratory. Included here are 
brief discussions of interpretations according to 
major subspecialty categories. The last names of the 
researchers most involved in the specific topics are 
enclosed in brackets. 
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STRATIGRAPHY AND SEDIMENTOLOGY 

Regional stratigraphic and sedimentologic 
studies [Turner and Peterson] demonstrate that strata 
deposited in relatively dry environments are fairly 
common in the Morrison Formation in the southern 
and central parts of the Western Interior. These 
include extensive evaporite deposits (chiefly 
gypsum) in the lowermost part of the formation in 
Utah and Colorado and locally in eastern Wyoming; 
large eolian dune field deposits (erg deposits) at or 
near the Four Comers area; small eolian sandstone 
beds scattered through Arizona, Utah, Colorado, 
and extending as far north as northern Wyoming; 
and the rather extensive alkaline, saline lake deposits 
of ancient Lake T' oo' dichi' in the eastern part of the 
Colorado Plateau. Studies of the paleosols in the 
overbank floodplain areas [Demko] also suggest dry 
climates. Farther north in west-central Montana, 
extensive coal beds in the upper part of the 
Morrison suggest deposition there was in a more 
humid climate than existed farther south. 

Fluvial and overbank architectural styles 
[Demko, Newell] are suggestive of seasonally wet
dry precipitation-discharge regimes. Floodplain 
paleosols in the Morrison Formation are associated 
with each of the fluvial deposits. Thin floodplain 
paleosols in the Morrison Formation, like the 
channel and overbank architectural styles, are 
indicative of at least periodic dryness. 

Two sequence-bounding paleosols (or 
paleosol complexes) have been identified in the 
Morrison Formation and represent significant 
diastems in the part of the formation where they 
occur. The first is immediately above the Salt Wash 
Member (within the lower part of the Brushy Basin 
Member). This paleosol complex marks a change in 
fluvial style from low- to high-sinuosity planform 
patterns. Some contemporaneous erosion is 
associated with this horizon in the Dinosaur 
National Monument area. The climatic implication 
of this paleosol is no different from those of the 
other calcic paleosols in the Salt Wash and Brushy 
Basin Members and is only differentiated by its 
greater development and regional extent. The second 
sequence-bounding paleosol complex is at the top of 
the Brushy Basin Member, at its boundary with 
overlying Lower Cretaceous deposits. This paleosol 
represents a long period of exposure and 
pedogenesis ( > 5 my) and possibly the overprinting 
of different climatic regimes (wetter upon drier). 
This interval is also typically overprinted by later 

calcretization associated with early diagenesis during 
deposition of overlying Lower Cretaceous deposits. 
These two paleosols are interpreted to mark the tops 
of two aggradational sequences that comprise 
Morrison deposition. 

The calcretes in the uppermost part of the 
Morrison Formation and in the lowermost part of 
the Lower Cretaceous Burro Canyon Formation are 
being studied petrographically and can be classified 
as mostly alpha type calcretes [Skipp]. That is, they 
consist largely of a dense micrite to microcrystalline 
groundmass that contains peloids, nodules, 
circumgranular cracks, floating grains (both detrital 
and authigenic}, coated grains, coated fractures, and 
complex arrays of micro- to macro-fractures. In 
addition to the microcrystalline textures, some 
coarse recrystallized textures were observed in 
samples collected in Salt Valley anticline near 
Arches National Park, Utah. Very few biogenic 
textures were observed. There are suggestions of 
subaerial exposure on several of the surfaces within 
some of the calcretes, suggesting that the calcretes 
formed at shallow depths in the sediment package 
and that they may have formed locally at the surface 
or were exposed briefly by subaerial erosion 
processes. Additional studies are underway that will 
characterize the calcretes further and, hopefully, will 
provide more information pertaining to the 
paleoclimatic conditions that governed their 
formation. 

PALEONTOLOGY 

The terrestrial facies of the Morrison is 
fossiliferous in all areas where the formation is 
sufficiently exposed to allow a reasonable chance of 
encountering the fossils [Engelmann]. However, 
there is a variation in the geographic and 
stratigraphic distribution of some types of fossils. 
Both of these observations have important 
implications for resource management in the parks 
and monuments that contain outcrops of the 
Morrison Formation. In addition, Morrison faunas 
are diverse, including fossils of vertebrates, 
invertebrates, and traces of both, and plant fossils of 
various types. In some of the study areas, 
invertebrate trace fossils, including the burrows of 
crayfish, termites, ants, beetles, and other insects, 
were found to be abundant, particularly within the 
upper Salt Wash and lower Brushy Basin Members. 
This horizon may be explained by modeling 
Morrison sedimentation in that area as accumulation 



in a tectonically-controlled depositional basin with 
climatic and ecological controls. 

Based on comparative studies of the 
mammalian faunas of the Morrison, [Englemann] 
there is some geographic variation. Mammal faunas 
from the Fruita Paleontological Area near Colorado 
National Monument and from Dinosaur National 
Monument lack docodonts, which is typical for 
Morrison faunas west of the Rocky Mountains. This 
lack of docodonts contrasts with the presence of 
them from even small samples of Morrison 
mammalian fossils east of the Rockies. This may be 
explained by the presence of a divide separating the 
Morrison into eastern and western geographic 
subareas, an interpretation that may be suggested by 
other stratigraphic evidence. 

Illegal collecting of fossils within the Park 
Service units studied does not appear to have been 
intensive, in contrast to the evidence of extensive 
collecting on State and Federal lands adjacent to the 
Park Service lands [Engelmann]. This makes the 
interpretation of observations on fossil occurrences 
somewhat problematic. In particular, the apparent 
scarcity of silicified wood in the vicinity of Arches 
National Park and Colorado National Monument 
relative to occurrences at Dinosaur National 
Monument may be the result of intensive collecting 
by rock hounds. 

Preliminary work indicates that the 
dominant group of theropod dinosaurs from the 
Morrison Formation belong to the Family 
Allosauridae [Chure]. A new and relatively 
primitive allosaurid from the Salt Wash Member 
that was recently excavated at Dinosaur National 
Monument ts currently being studied. 
Reexamination of the original material of 
Saurophaginax (originally Saurophagus) from the 
uppermost Morrison ·of western Oklahoma has 
established that it is genetically separate from 
Allosaurus. Thus, at least three genera from Family 
Allosauridae (the new Salt Wash primitive 
allosaurid, Allosaurus, and Saurophaginax) existed 
during the Late Jurassic in the Western Interior of 
the United States. 

Taphonomic analysis on the bivalve 
assemblage preserved in the Quarry Sandstone Bed 
at Dinosaur National Monument demonstrates that 
the shells occur in current-stable orientations, 
locally with imbricated stacking, in troughs of mid
channel bars within the ancient stream bed [Good]. 
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The shells are well sorted by size; however, 
fragmentation and abrasion are minimal. These 
features indicate a transported assemblage that bas 
not been moved very far from the original life 
habitat (probably less than a few kilometers, at 
most). The shell form of the bivalves indicate they 
inhabited a fast velocity, small fluvial system. The 
abundance of the specimens suggests that a nearby 
upstream optimum habitat for unionid bivalves 
provided shells from the dead and decayed members 
of the population. Only a few articulated specimens 
have been found and they are generally not in life 
position, suggesting they were transported, buried, 
and unable to reestablish life functions. The 
disarticulated valves, which dominate the bivalve 
assemblages, require days to weeks of postmortem 
decay of the ligament to disjoin the valves, 
suggesting that the fauna represents a transported 
death assemblage. The unique dispersal mechanism 
employed by unionacean bivalves permits 
documentation of paleodrainage confluence patterns, 
which will enhance understanding the 
paleogeography of the Morrison basin. 

Paleoecological interpretations comparing 
the ostracode and charophyte genera with their 
modem counterparts suggest mostly nonmarine 
environments, although the salinity could have been 
slightly higher in several beds, perhaps to about 16 
parts per thousand in some cases [Schudack] . An 
analysis of the spatial distribution of both ostracodes 
and charophytes suggests close but complex 
biogeographic relationships between North America 
and Europe during the Late Jurassic. 

The wide variety of palynomorphs suggests 
that much of the Morrison depositional basin 
contained a highly diverse mesic flora during much 
or most of Morrison time [Litwin]. 

The integration of ichnological (i.e., trace 
fossil) information [Hasiotis] combined with 
paleontological, sedimentological, paleopedological, 
and geochemical data, produces a more holistic 
reconstruction of the paleoecological settings during 
Morrison times. Though some contradictions do 
exist between different sources of data, the results 
are still meaningful. In general, the traces reflect the 
sedimentological pattern of a drier climatic setting in 
the lower Morrison to a slightly more seasonally wet 
climatic setting at the end of Morrison deposition. 
ne interpretations deduced from the trace fossils 
corroborates many of the interpretations from the 
molluscs, pollen, and plants that suggest there were 
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periods of seasonally ample rainfall during 
deposition of portions of the Morrison Formation. 
The trace fossils, along with the carbonate paleosols 
and geochemical analysis, support a seasonally wet
dry climatic setting for most of the Morrison, but 
differs in that the traces (especially the rhizoliths 
and crayfish) show slightly higher precipitation than 
what might be expected. The diversity of 
invertebrate and vertebrate body fossils and trace 
fossils (e.g. invertebrates) suggests that the overall 
sedimentologic and paleoenvironmental landscapes 
had to sustain climates analogous or roughly 
analogous to today's savannah of the southern 
African continent. The larger vertebrates probably 
migrated latitudinally between conterminous 
landscapes shaped by different depositional systems. 

STABLE ISOTOPE GEOCHEMISTRY 

Many fossil materials retain their carbon 
and oxygen stable isotopic compositions through 
geologic time. A suite of materials from the 
Morrison Formation (fossil soil nodules, plant 
materials, eggshells, teeth, lake sediments) have 
been analyzed [Ekart and Cerling] to determine 
patterns in the distribution of isotopes. Focus during 
the last year was on carbonate nodules from 
paleosols (fossil soils) in the Brushy Basin Member 
of the Morrison Formation. The isotopic data are 
evidence of a rain shadow operating in much of the 
Western Interior during the Late Jurassic, which is 
consistent with paleogeographic reconstructions that 
place the Morrison landscape east of a 
Mesocordilleran mountain range. 

AGE DETERMINATIONS 

Research on the relative age of the 
Morrison Formation based on studies of 
palynomorphs (spores, pollen, and dinoflagellates) 
[Litwin] and calcareous microfossils (charophytes 
and ostracodes) [Schudack] has established a much 
more refined relative age for the formation. It is 
now clear that all of the Morrison Formation and 
related beds are entirely Late Jurassic in age and 
were deposited during the latest Oxfordian(?), 
Kimmeridgian, and early Tithonian Ages. None of 
the microfossil evidence corroborates previously 
published accounts proposing an Early Cretaceous 
age for some of these beds. 

Isotopic dating of altered volcanic ash beds 
in the The Morrison Formation in Utah and 
Colorado [Kowallis and Christiansen] yielded 

numerical ages in terms of millions of years before 
the present (Ma). The Brushy Basin Member at the 
top of the formation gives single-crystal, laser
fusion and step-heating, plateau 40Ar/39Ar ages on 
sanidine that range between 147.8 Ma at the top of 
the member and 150.2 Ma at the base of the 
member. The Tidwell Member at the base of the 
formation contains one datable ash bed about 3 m 
(10 ft) above the J-5 unconformity that has been 
found in at least two widely separated localities. 
This bed has been dated using 40Ar/39Ar dating of 
sanidine and gives ages ranging between 154.75 and 
154.87 Ma. The Morrison Formation, therefore, 
ranges in age from about 147 to 155 Ma. By 
comparison with recent standard geologic time 
scales that attempt to calibrate the relative time scale 
based upon fossils with isotopic dates, the Morrison 
Formation and related beds are entirely Late Jurassic 
in age. 

The field work for the Morrison Extinct 
Ecosystem Project has ended and efforts currently 
underway are devoted to further laboratory 
determinations and examinations and to synthesizing 
the results of the research effort. A workshop among 
the project participants was held in April, 1996, in 
Denver for the primary purpose of evaluating the 
progress thus far and to focus the remaining field 
and laboratory studies toward specific or remaining 
problems to ensure that the project goals are 
attained. Participants were asked to prepare 
presentations of their data so that we could 
collectively evaluate where the group was reaching 
agreement (convergence) and where remaining 
controversies (points of divergence) remained. This 
report is largely a summary of research thus far 
accomplished, with the current but preliminary 
status of knowledge and interpretations that have 
been generated up to the date of this report by the 
project participants. 
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+ INTRODUCTION 

The submersed plant community in Jackson 
Lake is an important resource in Grand Teton 
National Park for both terrestrial and aquatic 
organisms. Since the early 1900's, Jackson Lake 
has been influenced by a series of drawdowns of 
varying magnitude that influenced the composition 
and extent of the macrophyte community in the 
littoral zone. While many physical conditions have 
been linked to macrophyte growth and distribution 
in lakes (e.g., light, sediments, nutrients, slope) 
recent work suggests that the magnitude and timing 
of water level fluctuations may be the most 
important factor regulating macrophyte community 
processes at shallower depths in regulated reservoirs 
(Brewer and Parker 1990; Gasith and Gafny 1990; 
Rerslett 1984, 1987). 

Because of the importance of the aquatic 
plant community in Jackson Lake as a food source 
and shelter for wildlife (waterfowl, fish, 
invertebrates, mammals), the factors affecting 
growth and recovery after disturbance have received 
periodic attention since the late 1960's (Hayden 
1969; Brewer 1986; Brewer and Rerslett 1987; 
Brewer and Parker 1990; Brewer and Thompson 
1994). Initial work on plant community dynamics 
in Jackson Lake bas shown that the aquatic plant 
community in Jackson Lake has been exposed to a 

varied disturbance regime that has impacted 
recolonization, species diversity and peak biomass 
development. Because the extent of littoral habitat 
suitable for macrophyte growth in regulated lakes 
depends on the timing and magnitude of seasonal 
and long-term drawdowns, drawdown schedules 
and resulting fluctuating water levels may be 
selecting for a plant community characterized by 
low diversity and patchy distribution. Peak 
production under such conditions in Jackson Lake 
tends to be shifted into deeper waters (Brewer and 
Parker 1990; Brewer and Thompson 1994). 
Furthermore, clonal, weedy species with reduced 
value for wildlife (e.g., Elodea canadensis, 
Myriophyllum sibericum) have enhanced 
opportunities for dispersal under such a disturbance 
regime and are favored when maximum drawdown 
occurs during the period of peak standing crop. 

While historical records describing 
changing patterns of macrophyte distribution are 
available for Jackson Lake, few data are available to 
evaluate the influence of fluctuating water levels on 
the seed bed, and the potential for recruitment after 
disturbance from this source. The objective for our 
work was to establish protocols and collect 
preliminary data on the potential for recruiting 
macrophytes from the littoral seed bank by 
measuring germination of seeds from lake 
sediments. 
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+ METHODS 

SEDIMENT COLLECTION 

Lake bed sediments were collected from 
shallow shelf and sheltered bay habitats in the area 
of Third Creek drainage. This site was chosen 
based on previous data on macrophyte diversity. 
Using an Ekman dredge, muds were coilected from 
four depth intervals (0-2m, 2-4m, 4-6m, and 6-Sm) 
along two transect lines. After collection, samples 
were carefully filtered (to avoid loss of seeds) 
through coarse screen to remove excess water and 
organic debris. Samples were placed in labeled 
containers for storage. 

Samples for measuring germination were 
prepared separately for each transect at each depth 
interval. Each separate sample was mixed well and 
large pebbles and plant material were removed by 
sieving through a large bore screen. The sample 
was then allowed to settle so that excess water could 
be decanted off. All decanting was done through a 
fine sieve to avoid seed loss. Each composite 
sample was subdivided, and transferred to 1 gallon 
Ziplock baggies for cool storage. 

EXPERIMENTAL DESIGN 

A flow-through aquatic system equipped 
with both inflow and outflow pipes was set up to 
simulate germination at three different depths and at 
fluctuating water levels. Separate tanks were used 
for each depth (10, 20 and 30 em deep), and for the 
fluctuating water level treatment (10- 30 em). Once 
samples were in place, screens were placed over 
each tank to avoid litter fall. 

Containers (30 x 10 x 10 em) were 
prepared for planting by dividing them into two 
sections (15 x 10 x lOcm). Each subsection was 
first filled with 750 cm3 of peat moss; then, each 
received 250 cm3 of lake sediment. Thus, each 
planting container contained replicate samples from 
each depth class (one .from each original transect). 
Four planting containers (representing the four 
collection depths of 0-2m, 2-4m, 4-6m, and 6-Sm) 
were placed in each experimental tank. Control 
containers contained only 750 cm3 of peat ~oss. 
The containers were submersed very slowly into the 
tanks to avoid disturbing the sediments and mixing 
the samples. Once a week for the duration of the 
experiment, the water level in the drawdown tank 

was lowered by 5 em. Water levels were maintained 
at constant levels in the remaining three tanks. Data 
on water level, water temperature, and seedling 
emergence (number and type/species) were recorded 
2 - 3 times per week. Once per week, containers 
with sediment samples were rotated to minimize 
any affects associated with position in the tank. 

SEEDLING COUNTS 

Planting containers were removed 
individually from each tank to count seedlings. As 
seedlings emerged, they were marked with a colored 
tooth pick and numbered flag. When they were 
large enough for identification, seedlings were 
removed. Every other week, the sediment was tilled 
to bring new seeds to the surface and break up any 
algal crusts on the surface. 

+ RESULTS AND DISCUSSION 

For the duration of the experiments, no 
seedlings emerged from the control containers. 
Very few seedlings were germinated from sediments 
collected from depths of less than 4 m (Table 1). It 
is likely that most of the seeds falling into such 
shallow waters were terrestrial in origin. The 
greatest germination occurred from samples 
collected at depths greater than 6 m from the Third 
Creek area. By late August and early September, 
much of the region covered by shallow water in June 
and July was dewatered due to drawdown. Thus, 
seeds maturing during these months tend to fall and 
accumulate in deeper water. 

Table 1. Germination during July 12 - August 5, 
1997 of aquatic macrophyte seedlings collected from 
4 depth classes in Jackson Lake. 

Depth of Sediment Total# of Seedlings 
Collection Germinated 

0-2m 157 
2-4m 51 
4-6 m 547 
6-8 m 1142 

In general, there was little difference in the 
number of seedlings germinating as a function of 



water depth during our experiments (Table 2). This 
result is somewhat surprising. We expected 
germination rates to be lowest in the treatment with 
only 10 em of water. It is possible that some of the 
seedlings that germinated were terrestrial plants, 
thus artificially inflating our germination results. 
Further analysis is underway on these data. 

Table 2. Germination of aquatic macrophyte 
seedlings as a function of depth of water during July 
12- August 5, 1997. 

Depth during Total # of Seedlings 
Germination Germinated 

Fluctuating 479 
10cm 499 
20cm 445 
30cm 474 

During the germination experiment, 
seedlings from 10 species germinated (Table 3). 
Seedlings of Sparganium sp. were most common. 
This genera is typical of marsh habitats and is 
usually emergent in shallow water. Limnosella 
aquatica, an amphibious annual, and Eleocharis 
acicularis, a perennial emergent species, also were 
very well represented in the seed bank near Third 
Creek. The truly submergent macrophytes (Elodea 
canadensis, Potamogeton pectinatus, and 
Potamogeton pusillus) were not abundant in the seed 
bank, though they are some of the most common 
macrophytes in the lake. This suggests they may 
reproduce more commonly through vegetative 
means, and the seed bank is not as important for 
recruitment. 

RECOMMENDATIONS FOR FUTURE STUDIES 

The preliminary data collected during this 
study suggest that the seed bank in the southeastern 
portion Jackson lake may play a relatively small role 
in macrophyte recruitment compared to recruitment 
from vegetative tissues (e.g., rhizomes, turions, 
roots, stem fragments). Data from other habitat 
types and locations in Jackson Lake are needed to 
develop a more complete understanding of 
recruitment patterns from the seed bank. 
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Table 3. Number of macrophyte seedlings 
germinated from seeds from July 12 - August 22, 
1997. 

Species 

Eleocharis acicularis (l.)R.&.S. 
Elodea canadensis Michx. 
Limnosella aquatica L. 
Sparganium sp. 
Potamogeton pectinatus L. 
Potamogeton pusillus L. 
Unknown 1 
Unknown 2 
Unknown 3 
Unknown 4 

#seedlings 

91 
6 

191 
1819 

11 
61 

148 
216 
115 
187 

Building on the historical data available for 
macrophyte distribution, the following areas deserve 
future consideration as we begin to evaluate trophic 
linkages in this system: 1) patterns of macrophyte 
community development, 2) community productivity 
in terms of growth, photosynthesis, and seasonal 
biomass production, 3) niche dynamics in light of an 
unpredictable disturbance regime related to water 
level drawdowns, 4) differential responses of plants 
propagating by fragmentation versus seeds under 
different disturbance regimes; and 5) trophic and 
nutrient linkages between the aquatic macrophyte 
community and consumers in the greater lake 
ecosystem. 
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MONITORING BREEDING BIRD POPULATIONS 

IN GRAND TETON NATIONAL PARK 

MARTIN L. CODY+ DEPARTMENT OF BIOLOGY 

UNIVERSITY OF CALIFORNIA + LOS ANGELES 

+ GOALS 

This report covers year 2 of a three year 
project, 1995-1997 inclusive, to instigate a 
permanent program of monitoring landbird species 
composition and densities in a variety of 
representative habitats within Grand Teton National 
Park (GTNP). Habitats range from grassland and 
sagebrush on the valley floor of Jackson Hole 
(around 1900 m) through a range of scrub, 
woodland, and tall foothill forest vegetation types to 
montane sites of subalpine fir and tundra (ca. 3000 
m). The monitoring program is intended to provide 
data on year-to-year fluctuations in breeding bird 
species and densities, and document longer-term 
changes (if any) in the local avifauna of resident and 
migratory species. The data base will document 
variability in size of breeding populations among 
years, local shifts in distribution and abundance over 
habitat types, and potentially form an information 
source on which management and conservation 
decisions might be based. 

+ THE 1996 SEASON 

In 1996 a) selection of monitoring sites and 
their mapping and characterization was completed, 
and b) census methodology and protocols were 
established in final form. 

Table 1 lists the final selection of 30 
monitoring sites to be used in the study; it includes a 
brief description of location and habitat, year of 

NPS I TABLE 1 I 1996 Censua Reoul,. : 

FINAL SITE SELECTION; 30 SITES; 1996 Tot. o-.. 
I S?? . (Pr/Ha) 

I Si te No.me HMbi lllt Yr. E..ub . Elev 

I WolfRaocb G rued meadow 1994 2().15 10 1.99 
2 h ck..ooo LU:e JW>Ction Gns.t· ii<dxo meadow 1992 2053 15 1.97 
3 Elk Refu.., Wet meadow 1994 1895 26 4.57 
4 Jock..ooo LU:e Juoction Grua-u xebrush 1966 2043 8 2 . 3 ~ 

58 An telooe Ftwo S.ae bum 1995 2000 14 1.52 
5U Antel""" Flw Saae unburned 1995 2000 lJ 2. 43 

6 Jack..ooo Hole Aiti>Ort Tal l sagebrush 1992 1956 lJ 5 .09 
7 Two-ocean la.l:e R.d . Forb-meadow 1993 2 158 27 5.-'0 
8 Trianale X A<l>ea· IICnJb 1996 2090 24 8.04 
9 RKOISa.U:e R. Bo<lom Dry willow nato 1992 2003 21 7 .65 

10 Jack..ooo Hole Juoction Wd. w;uow nau 1966 2().19 24 13.82 
lOS RMNP Onahu Ck Wet w;Uow nato 1885 2450 t8 5.81 

tON GNP Coonaa Ck Wetw;Uow nw 1996 2636 J2 6 .88 
ll O•bow bend Willow·uom 1992 2040 J2 9 .58 

12 Ellc Raocb WO/Il Low aspen woodland 1968 2 109 30 7 .53 

lJ Ellc itaDeh East Mid ...-woodland 1968 2152 21 8.20 
14 Cow LU:e Tall aspen woodland 1968 2091 29 10.07 
15 Sorea.d Creelc Cottonwooda 1992 2085 29 9 .88 
16 Scbwabacber Landin& Couonwooda 1992 1988 40 11.28 
17 Graruto Canvon mouth Lodrepolo-aspen wdla 1995 1965 26 ll.-16 
t8 Timbered lo. Moraine Lodgepolo-spruco 1994 2060 18 7.89 
19 AMK itaDeh Lod2eoole oine foreoc 1991 2055 28 1.56 
20 Tan art Lalco bum Succeuional lod2eoole 1995 2090 22 6 .44 

21 Si2D&I Mountain Lodaeoolo-fir fortill 1992 2258 23 4.71 

22 S!>lluldinr Bav Dourlu fir fO<Ut 1995 2121 27 8.54 
23 lizard CAd: LodKepolo-spi\ICO-fir 1992 2195 23 1.37 
24 Bndlcv Lake Spruce-fir foreot 1995 2180 31 6 .10 
25 JODIIY Lake Spruce-fir foreat 1992 2197 26 a.tt 
26 UPOOr Grarute Ca.ayoa Spruce fortill 1994 236S 16 6.44 
11 Rmdczvoua Mountain Subalp. fir· limber pi.De 1994 2970 16 5.51 
28 Codv Bowl Arc:tic-alpiDc tundra 1994 2900 13 0 .47 

29 Heron Poad/Swu Uc Waterfowl oooda 1995 2052 19 
30 Blacktail Pooda Aerial forar . survcv 1996 2040 6 15 indiv . 

establishment, elevation, and 1996 results in 
summary form. In this list, maximum use has been 
made of sites which have a prior history of breeding 
bird data from previous census work. For example, 
site #s 10 and 11 were initially surveyed in the 
1950's by G. Salt, the three aspen sites (#s 12-14) 
were utilized by D. Flack in the 1960's, site #'s 4 
and 10 have been surveyed intermittently by M. 
Cody .since 1966, and overall some 16 sites were 
established prior to 1994. The last three new sites 
were established in 1996: site #s 8 and 30 in GTNP, 
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and site #lOS in Glacier National Park (GNP). A 
summary of populational trends and within-site 
species interactions, using these sites for which a 
more extensive time series is available, was recently 
published (Cody 1996). 

The site actually lists 33 sites, as site #5 is 
tallied as two sections, one burned and one 
unburned (Antelope Flats bum 1994), and site #10, 
the Willow Flats site in GTNP, is duplicated (site #s 
lOS, lON) in both Rocky Mountain National Park 
RMNP) and GNP. Apart from the Willows 
outgroup sites in RMNP and GNP, all census sites 
are within GTNP with the exceptions of site #s 3 
(Elk Refuge) and 28 (Cody Bowl), which are 
immediately adjacent to GTNP. 

The great majority of the monitoring sites 
in Table 1 are around 5 ha in size and produce 
census results in terms of the number of breeding 
bird species present and their densities, expressed as 
prlha. Notable exceptions are a few sites in open 
habitat (e.g. grasslands) that are larger, up to 10 ha 
in extent, a waterfowl survey (site #29) that 
produces data on breeding species but not densities, 
and an aerial foragers survey (site #30) that 
produces species numbers but only relative 
densities. 

Censuses are conducted with the aid of a 
site map, on which conspicuous topographic and 
other natural feature are represented, the site 
markers located, and the census transects and pause 
points indicated. A summary description of the 
vegetation and floristics of each sites has been 
completed (see e.g. 1995 Annual Report). 

THE BREEDING BIRD SPECIES 

The sites in Table 1 form the basis of the 
permanent monitoring program, and amongst them 
they cover virtually all habitat types within the park, 
encompass a full aerial coverage N -S and E-W, and 
contact all major elements of the avifuana. 

To date, 135 bird species have been 
recorded in the censuses (Table 2; 5 additional 
species were added in 1977). Not all of these 
species are recorded each year (e.g., 130/135 
species in 1996), and some species are rare or 
otherwise sporadic as breeding species in our 
region; several additional species, known to breed 
locally, may be encountered in future censuses. The 
censuses do not purport to record accurate breeding 

densities for several sorts of guilds, including 
raptors, waterfowl, larger species (e.g. Sandhill 
crane, grouse), the notoriously errant fringillids, 
and aerial foragers (swallows), but for the remaining 
passerine terrestrial foragers, they do. 

TABLE 2 

GRAND TETON NATIONAL PAJUC ).40NITORING SITES SPECIES UST 1996 

PELECANIDAE 
WlUc. Peli.,.,. PtiLcruuu trvrhrorl>w•cluu 

ARDE!DAE 
Great Bh .. Heroa 

GRUlDAE 
S&Adhill c.....,. 

ANATIDAE 

8ra.Na C'l'JACJtiUIUU 
Mallard 
G..tw.ll 

CUuwoo.. Teal 

AM.I discorr 

R..i.o~·aeckocl Duck Ayrlrva coiiMU 
Lcucr Scaup 

Coaunoa Mergouuer 
Coramon Goldeneye 

Virrinja Rail RaJI&U llmicoiD 

Sora 

CHARADRilDAE 
IGideer 

Willd 
SCOLOPACIDAE 

Spaued Sandpiper Aaiti.s maculari~:~ 
Wiboa 's phalarope PhiDropou tricolcr 

Commoa Snil"'~ 
I.ARIDAE 

frankl ia'sGull 
Califomia Gull 

ACCfPITRIDAE 
Golde4 Eaal• 

Northern Hamor 
Re.J-c.ilocl Hawk Buuo ·amait:trvis 
Swai.ruoft's Hawk: 
Ooprey 

Sharp-obinnocl Hawk Accipitn- JtriaJ&U 

Cooper'• Hawk At:cipitu<o<>~ 

Northern Goshawk 
FALCONIDAE 

Amcricat~ Ku&rcl Ftl}cotintumcvlu.t 

Pro.irie Falcon Falco maicanw 
PHASIANIDAE 

Ruffed Grouse 

Blue Grou.M 
Sage Grouoe 

COLUMBIDAE 

STRJG!DAE 

G,...t Homed Owl 
Locr-c.uocl Owl A.lio OIIU 

CAPRL'IULG!DAE 

TROCH!UDAE 

Ruroua hu.mminrbird 
ALCE.NIOAE 

Bolted K.inrfisber 
PICIDAE 

Nortbetn Flicker Colaptu awrai&U 
w;u;......,.,·, Sapouc\:er 

Rocl-noped S"""""kor 
Dowuy Woodoeckcr 
Hairy Woodoeckor Plcoida ..;Uo,&U 

Block-b. Woodpocb• 

w ....... wooc~r-
Oliv-'docl flycalehcr 
S.y'J Pboebe 

Hammoocl' s FlycalCber 
En<pid<>Nu traillii 

Weotera Flyca~Cbor 
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HIRUNDINIDA£ 

TRoOSw•llow Tadr)oci-• bia>IM 
Viol«·rreca~low TodrvciALrG riWJI<us;,., 
R.ouxb·winred Swt.llow SUIIldoPUrY% lcrriP<IVW 
Cliff Swt.l"""' Hinuodotrll'riooltDia 
Ban. Swe.llow Hinuttlo n.utiCG 

S..U: Swt.l"""' /Uporia ripatia 
COR VIDA£ 

Stcller'aJay Cwuoolino 1t<I1Lrl 
GBvJa:r /'erisonau CDNJdLtUU 
c~.o.n:·. Nu~encker N~fr•xa tolwNU""" 
Blaclc-Oilled Man>i. /'lcapic:a 
"-ricaD Crow c,.....,,..,~ 

CoiDIDOII Rav., C,_ COI"'U 

PA.IUDA£ 

Blaclc-caooodChic:lcadee l'uw 01ricapiU1U 
Mooml&i.a Chiicb.l.o l'anu 1ambt!U 

CERllliDAE 

8f'OWIICreeper CCJ~Ua amni~ 
SITI1DAE 

While-br. Nuthaldo Sino coroliMIISU 
Rod-Oreo.sl.edNUihalc.b Sino CIJN!odeltiU 

TROGLODYTIDAE 

ManbW""' CurtKilonu pal-"s 
RDc.Jcw,... Sa/pi..co oi>lol4tu 
H.,....w,... TroriDtJvru~ 

MUSCJCAPIDA£ 
SylviiD.t.e Golda><rowDed Kil>rl« Re1wbu IQiriJpG 

Rubv<r. Kil>rl« Re1wbu c:aleNiwliJ 
TwdiD.t.e Mooml&i.a Bluobird Si4Ji4~ 

Tow-.d'a Solillift MvodDra IDWtUeNil 
Veery Clll/wuw {lueucnu 
Hennit Tb.Nsh Clll/wuw xwn01wz 
Swaiuoa' 1 'Thnah COINuw WIIWWIU 

American RobiG Twrd>u mirNJJoriwz 
MIMIDAE 

Gny Catbird DwntJuU.O caroliMNi.J 
Sare Tbruher Oreo.scop~u ""'""'""' 

MOTACIWDA£ 

Water Pipit Aluhwz .rpiNJlena 
CINCLIDAE 

American Dipper CindJUmaiC'D.Itw.s 
BOMBYCIWDAE 

C..UrWuwir>g &>mbyciU.O crdronun 
STURNlDAE 

European StarliDr Srurnwz tN/JarU 
VIREONIDA£ 

Solitary Vireo Vireo solitari.u 

Wublior Vireo \lirro rillNI 
EMBERJZIDA£ 
Puulina.e OBnr~I'OWl>Cd Wubler Vnmi ...::Jra rdtua 

Yellow·r. Wotbler DeNif'04·co C'OI"''#WJJD 

Yellow Wubler !Nrodroica pctedria 
MxG illivny 'a Wotbler --~romit tolM i~i 

Wilaoo'a Warbler Wilso,.;a pwi/14 

Northern W otenbrw.b ~iur"W.. NJ'WlbortJ«tUis 

Cornmoo Y elloW\hro&l C«><Mvpisrridrtu 
American Rodatart S60p/V1JIO ,.,.,/ri/14 

Emberizinae Black ·bcooded G mobeak l'heuriC'UII'W~Iu.s 

l..uWi BWlticf Ptu~n1·"" """""""" 
o ...... .....;led Towbeo l'lpiloCitl4,....,.... 
V eoper Spurow PO<Xtr'l'a _L_rami fllw 

Sovi.DD&h SDUtOW fas.scrC'IJlw s4Niwt'd.LfUi.J 

Soor SI)&ITOW M<wpi:;o melodia 

l.ir>col.o ' a Spurow M<l41pi:;o li•coWI 

Fox Spurow P4Ss~r~lUJ WDnu 
Lan: Spam>w Cltondora r""""""C'UI 
CIUooint SDOJTOW Spire/41 PQJ '""" 

Clav<t>IO<ed Sponow Spi;:eU.O pollid4 

Brewer' • Spanow SDi;:eU.O hrtwei 
O..t-.,yed lUDCO Ju•co hwmll.U. 
White-cr. _,yow ZoAOlridrio leucophrw , ICTERJDAE 
Bobolink DolidrolrY% oryrjYOnu 

w 011m1 M eadowl&rlc Sr1U'JU!U.0NgleCJIJ 
Y ellow-beodod Blackbird XJuuiw>«rHuUwz :uut~iw>«rHuUwz 
Red·wir>red Blaclcbird At<IDiwz ~•i«wz 
Brewer' Bloclcbird !uplwJfKJ ~lwz 

BtOWD·b.ded Cowbird Molo<hn. 01no 
Commoo GI"'ICkk. Qwucal.ou qwisa.l4 

THR.AUPIDAE 
w....,,Tanarw I'INJJtiQ b.do>icitllt<2 

FRJNGILUDAE 
PiDe lriolcia CaNiwU. pi•KJ 
Ame.ricaa Goldtmch CardwU.rrilru 
Red Crooabill l.lWIJ cuMrwtrtl 
White-ow. Crooabi II l..Dzi<Jiewcop<en~ 

PiDe Groat-lc Pifl.icolo ntuclLO/or 

Roov Fi.Dch Ltucoslicu tuerOd 

Cauitl ' a Fi.oeb Ct~'POdtJau ca.sJillii 

Houoe Fincb Car,odtJnu maiazn~U 
Everuor Gmobeak CottOlhrtuUtU wrpnTifiW 

To D•te: 140 specie:. 
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The largest numbers of breeding species 
have been recorded in aspens and cottonwoods (up 
to 40 spp.; site #16: Schwabacher cottonwoods), are 
somewhat lower in the tall, mixed conifer forests, 
and are lower elsewhere. The highest densities are 
found in willows, aspens and cottonwoods (e.g., 
Willows, site #10: 13.82 breeding pr.ha), fall in the 
general range of 5-8 pr/ba in the conifers, and 2-5 
prlha in grassland and sagebrush. 

WILLOWS CENSUSES 

Four sites are established in willow scrub: 
the long-term Willow Flats site (#10) and the more 
recently initiated Dry Willows site (#9) in GTNP, 
and the two outgroup willows sites, in RMNP and 
GNP respectively. Site #9 is also the locus of the 
two-exclosure experiment that was begun in fall 
1996. Table 3 gives 1996 census results for these 
four willows sites; numbers in the table represent 
breeding density in prlha; zeros indicate that a 
species has been recorded breeding at the site, but 
was not breeding there in 1996. 

TA BLE J. Breed.i.or Bird Species of Wi llow• Sites 
COO NS A CK WILLOW FLATS RKO WI LLOWS ONAHU CK 

SPECI ES CPRIHA) GN P 1996 GTN P 1996 GTNP 1996 RM NP 1996 
Necta.ri•ores: 
Calliope hummiAr 0. 18 0.00 
Rufous hlllnminr 0.10 
B rood·t.ailed humminrbird 0.05 0.00 0.23 
foli11.11< ir6ecti•ores: 
Y ellowthroat 0 .60 2.70 0.50 0.05 
Yellow warbler 1. 80 2.70 1.67 0.00 
Wilsoo'a warbler 0.05 1. 17 0.00 1.72 
N. Wat.erthruoh 0.55 0.00 
MacGilliv,.y's w , 0. 15 0. 11 
Orani<Kr. warbler 0.15 0.00 
Am. redstart 0. 10 
Wublinr vireo 0.04 0.03 0.00 
Emberizines: 
Sa vaanah llpOITOW 0.08 O.DJ 0.00 0.05 
v~·!pUT'O"' 0.00 
Clay-colored roarrow 0.00 
Brewer' • sparrow 0.00 
CJUppiDr ilpOITOW 0 .08 
Whi~t><r. llpOITOW 0 .09 0.80 0 .83 0.29 
Son• SI>&ITOW 0.48 1.53 1.42 0.08 
Lincoln's st>&ttOW 0.25 0.92 0.42 1.88 
Fol SI>&ITOW 0.20 0.80 0.33 0. 14 
Greeo·t.ailed towbce 0.00 
Black-'-dcd ~~ 0.00 0.00 
Dark -<:)'ed junco 0.00 
Casain'• linch 0.00 
Pine lriolcia 0.00 
Am. roldlincb 0.05 
fhcalch<r.o : 
Willow Oycatcbcr 0.31 0.61 0.35 0.27 
Dusky n yea~cbcr 0.38 0. 19 
Aerial ron.xers: 
T""' swt.llow o.os 0.25 0. 11 0.00 
Rouab-w. swo.llow o.os 0.00 0.04 
Violet· rr. swallow 0.05 0. 15 
Cliff swt.llow 0.25 0.00 
S..U: swt.llow 0.25 
Bam swo.llow 0.03 0.00 
Waterbirds: 
Great blue beroo 0.01 0 .0 1 0.00 
Bl._wiDred teal 0.01 
Mallard 0.04 
Gadwo.ll 0.30 
Bufflehead 0.00 
Kiognsh ... 0 .1 0 
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TABLE 3 (cool) 
Virvinia n.il 0.00 
Sot11 o.os 0. 13 
American coot 0 .00 
s.,;,., 0.38 0.31 0.33 O. IS 
Manhwrm 0.14 0.00 
Red·winr. blbird 0.3S 
lncid<:ntals: 
S&Ddhill ct1111e 0.00 
Kildeer 0.04 
Mouminr dovo 0 .00 
IUvm 0. 10 0. 10 0. 10 0. 10 
Am. crow 0. 10 o.os 
Black-billed man>io 0. 15 0.00 
Gt11Y 'ay 0.02 0 .01 0. 12 
Nor1hcm nicker 0.00 0.13 
Rod-breuled sacouckcr 0.00 
Dowuv woodpker O. IS 
Black-<:aooed cb.ickadee 0.01 0.08 0.00 
Robin O.IS 0.00 0.42 0.23 
Vecrv 0.23 
Swaiuoo' I lhrush 0.00 0.00 
Mouoto.in bluebird 0.04 0.00 
Catbird O.IS 
Codat wuwinr O.o3 0.00 
a~·· blackbird 0.04 
Br. bead. cowbird 0 .20 0.31 0. 17 0.23 
Manh hawk o.os 
Rod-lailed hawk 0.01 
Swaiuoo' s hawk 0.00 0.01 
American keotrel 0.06 
TOT. SPP.: 32.00 25 .00 28.00 18.00 
PRIHA: 7.09 13.83 7.80 S.99 
No. Soo. denaitv>O. IO(,.; N) 16.00 18.00 IS.OO 11.00 
Total d..,.ity of Soo. N 6. 11 13.48 6. 19 S.46 
N's Prooortioo of lOt. deruilY 0.86 0.97 0.78 0.91 

In general, species numbers decline N-S, 
and total bird density is highest in the central 
(GTNP) site. For those species with densities > 
0.1 prlha (boldface in the Table), GTNP Willow 
Flats has the highest count, and the highest breeding 
density. Species with > 0.1 pr/ha constitute from 
78% to 98% of the site total breeding density. Ten 
of these core species occur in common in at least 
three of four sites, and an additional four at two 
sites. Thus there is, despite a rather large number of 
incidental species that vary over sites, a good deal of 
concurrence among the censuses. 

Despite similarities, there are clear 
differences related to site geographic position and 
vegetational characteristics. Some species increase 
in abundance from S to N (Northern Waterthrush, 
MacGillivray's Warbler, American Redstart, Gray 
Catbird, Veery, and Snipe); others decrease in 
abundance from S to N (Broad-tailed hummingbird, 
Wilson's Warbler, Lincoln's Sparrow), other species 
are relatively constant over the geographical area, 
are highest in abundance at the central (GTNP) site, 
or show variation not apparently related to 
geographical position. 
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Brucellosis is a bacterial disease of cattle that 
has become established in elk and bison of the Greater 
Yellowstone Area. It causes elk and bison to abort and 
has the potential to be transmitted back to domestic 
cattle, which are now free of the disease. In this study 
we examined how long healthy bovine fetuses, as 
surrogates for aborted bison or elk fetuses, remained in 
the environment and could be available for contact by 
elk, bison, and cattle. Healthy bovine fetus carcasses 
were placed on state elk feedgrounds, the National Elk 
Refuge, and Grand Teton National Park to simulate an 
elk or bison aborted fetus. Fetuses were monitored 
until they disappeared due to scavenging. Fetuses took 
26 hr on average to disappear from the National Elk 
Refuge, 46 hr at state elk feedgrounds, and 61 hr at 
Grand Teton National Park. Ninety percent of the 
fetuses could be expected to disappear from the 
National Elk Refuge within 60 hr (2.5 days); from state 
elk feedgrounds within 105 hr (4.4 days); and from 
Grand Teton National Park within 140 hr (5.8 days). 
Analysis of covariance showed that there was a 
significant difference in fetal disappearance rates 

depending on habitat type and site of placement. The 
dominant scavengers at all locations were coyotes 
(Canis latrans), but ravens (Corvus corax), magpies 

(Pica pica), bald eagles (Haliaeetus leucocephalus) and 
golden eagles (Aquila chrysaetos) also frequently 
participated in scavenging. We found that aborted 
fetuses could potentially serve as a source of bacterial 
infection for several days. This study will be expanded 
to include greater numbers in the coming season. 

+ INTRODUCTION 

Bovine brucellosis is an important disease of 
domestic and wild animals and occasionally of humans. 
There is much debate, disagreement, and controversy 
about this disease and its impacts in the Greater 
Yellowstone Ecosystem. The debate has become 
highly political and has implications for management of 
wildlife and livestock of the region. 

A brucellosis outbreak occurred on a cattle 
ranch in Fremont County, Wyoming in 1988. The 
cattle herd had documented contact with both elk 
(Cervus elaphus nelsom) and bison (Bison bison). A 
USDA brucellosis epidemiologist could not identify a 
bovine source for the outbreak, and a federal judge 
ruled that the outbreak had a wildlife source (Parker 
Land & Cattle Company, Inc. v U.S., 796 F. Supp. 
477, 488 [D. Wyo. 1992]). In this case, because the 
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wildlife species responsible could not be determined, 
the accountable agency could not be determined. Still, 
the decision has implications for wildlife management 
agencies which could be held liable in the future for 
allowing the disease to be transmitted from wildlife to 
livestock. 

In animals, the disease is transmitted by 
ingestion of Brucella abortus from contaminated 
fetuses, placentas, and associated fluids (Nicoletti, 
1986). Bison of Yellowstone National Parle have been 
known to be infected with brucellosis since 1917 (Katz, 
1941; McCorquodale and DiGiacomo, 1985). More 
recently, brucellosis was diagnosed in bison of Grand 
Teton National Parle (Williams et al., 1993). Bison 
experimentally infected with B. abortus abort, but the 
frequency of abortion in free-ranging bison is not 
known (Davis et al., 1990; Williams et al., 1997). 
Brucellosis caused abortion, retained placenta, and 
endometritis in a bison cow as well as epididymitis in a 
bison bull in Teton County, Wyoming. Additionally, 
76% of the bison tested from this herd were 
serologically positive for brucellosis (Williams et al., 
1993). Furthermore, it has been documented that 
brucellosis can spread from artificially infected bison to 
cattle when held in common paddocks (Davis et al., 
1990). Still, the risks of transmission in a free-ranging 
situation are unknown. 

While brucellosis in bison receives more 
media attention, a greater number of elk are actually 
infected with B. abortus. The disease affects elk herds 
that winter on feedgrounds in western Wyoming 
(Thome et al., 1978a; Thome et al., 1979). The elk of 
Yellowstone National Parle and the National Elk Refuge 
in Jackson, Wyoming have been known to be infected 
since the 1930's (Rush, 1932; Thome et al., 1978b). 
There are 23 feedgrounds in western Wyoming, where 
approximately 25,000 elk are fed. Brucellosis has been 
documented in elk on 18 of these feedgrounds and is 
assumed to be present on the remaining untested 
feedgrounds (Herriges et al., 1992; Thome et al., 
1991). Seroprevelance in adult cow elk is as high as 
50% on some feedgrounds (Herriges et al., 1989). 
Abortion rate among naturally exposed naive elk is 
about 50%, and highly infected herds may loose 12% 
of their reproductive potential (Thome et al., 1991). 

Infected elk may co-mingle with cattle on 
summer ranges, during migrations, and occasionally 
may be in close contact with cattle on cattle winter 
feedlines (Thome et al., 1979). Experimentally 
infected elk can transmit brucellosis to susceptible cattle 
when they are confined together under conditions of 

prolonged close contact (Thome et al., 1979), although 
the risk in a free-ranging situation is unknown. 

The chances of brucellosis being transmitted 
from elk or bison to cattle under realistic field 
conditions have not been established. An important 
technique for evaluation of this question is through 
computer modeling. However, before reliable models 
for multispecies brucellosis problems can be developed, 
specific information is needed. One important gap in 
available data is the time over which an aborted fetus 
can setve as a source of B. abortus to other animals. A 
major factor limiting infectivity of an aborted fetus is 
how quickly it is scavenged and removed from the 
environment. 

The primary objective of this study was to 
determine how long an aborted fetus may remain in the 
environment at various sites in northwestern Wyoming, 
specifically: state elk feedgrounds (SFs), the National 
Elk Refuge (NER), and Grand Teton National Park 
(GTNP). 

+ METHODS 

Healthy bovine fetus carcasses weighing 2-
26.8 kg were obtained from Monfort slaughter house 
near Greeley, Colorado and from Packerland slaughter 
house in Gering, Nebraska. Arrangements with 
veterinary inspectors at the slaughter houses were made 
to obtain 30-50 fetuses each year over the course of 
several weeks. Because fetal blood is quite valuable, 
these fetuses were purchased after blood had been 
removed. Each fetus came from cows serologically 
negative for Brucella antibodies. Additionally, all 
cows had passed the veterinary inspection and were 
deemed suitable for human consumption. All fetuses 
were handled with rubber gloves to avoid getting 
human scent on them. Fetuses were placed into plastic 
bags, weighed, and frozen until used. 

The first field study was conducted in 
February and March of 1996 and 1997 to correspond 
with the time that most Brucella induced abortions in 
elk and bison are believed to occur. The study sites 
were four of the state of Wyoming elk feedgrounds 
(Camp Creek, South Parle, Horse Creek, and Grey's 
River) and the NER in 1996 and six state feed grounds 
(Camp Creek, Horse Creek, Dog Creek, Fish Creek, 
Patrol Cabin, and Grey's River) and the NER in 1997. 



To mimic an actual elk or bison abortion, each 
fetus was thawed and removed from the plastic bag at a 
site chosen to be a place where elk (or bison on the 
NER) congregate. Fetuses were placed in separate 
locations generally at least a kilometer apart. Two 
fetuses were placed at each SFs (except Fish Creek 
which had four); one was introduced to the SF in the 
morning and one in the evening (Fish Creek bad three 
placed in the morning and one in the evening). In 
1996, seven fetuses were placed on the NER over a 2 
day period; three in the morning and four in the 
evening. In 1997, nine fetuses were placed on the NER 
over a 3 day period; five in the morning and four in the 
evening. 

When possible, fetuses were monitored at a 
distance with binoculars and spotting scopes for several 
hours after being placed on the site. Fetuses were then 
examined with binoculars on a 4 to 12 hr basis. When 
the fetus could no longer be visualized remotely, we 
approached the area on foot until we were close enough 
to confirm presence or absence of the fetus. We also 
attempted to document the species involved in 
scavenging the fetus by remote visualization and by 
scats and footprints found at the site. Additionally, the 
area was carefully examined to make sure that the fetus 
was not dragged out of sight. We continued to monitor 
fetuses until they were completely scavenged. 

In May of 1996 and 1997 we carried out a 
similar study in Grand Teton National Park using 15 
fetuses each year. We monitored them as previously 
described. Fetuses were placed on or near areas where 
there was potential contact between cattle and bison 
and/or elk on legislatively authorized cattle grazing 
allotments and driveways. Fetuses were placed at least 
2 km apart during this study. The general habitat type 
(grassland, sagebrush, or forest) was recorded. 

Disappearance times were defined as the time 
from placement of the fetus until the time when it was 
confirmed to be gone. In some cases, fetus may have 
disappeared several hours before disappearance was 
documented. Data were analyzed by the mean 
disappearance rates for. SFs, the NER, and GTNP. 
Additionally, disappearance rates were described using 
a probability distribution assuming an exponential 
distribution. This distribution will be verified with a 
goodness of fit test when additional data are collected in 
the coming year. Also, an analysis of covariance 
(AN COY A) using the SAS statistical package was used 
to determine if there were differences between sites 
(alpha= .05). The ANCOV A considered habitat type 
and fetal weights as covariates. 
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+ REsULTS 

Many of the bovine fetuses obtained were 
larger than elk fetuses at the appropriate stage in 
gestation. We were concerned that this could bias our 
results, but the ANCOV A showed that fetal weights did 
not significantly impact how quickly they disappeared 
(p= .20; Ho:weight has an impact). 

Coyotes were the dominant scavenger at all 
locations both years. In 1996 bald eagles, golden 
eagles and ravens consumed two entire fetuses on SFs 
and participated in scavenging a third. In 1997, bald 
eagles and ravens consumed one fetus on a SF; bald 
eagles, ravens and coyotes also shared in eating a fetus 
on the NER. Ravens often participated in eating parts 

of fetuses in all three locations, though coyotes were 
usually the final scavenger. In 1997 the species of 
scavenger was not determined on a fetus at GTNP that 
was scavenged and parts of the remains carried up a 
tree. Both years bear tracks were found near (within 
0.5 km) a fetus, but no direct evidence of bear 
scavenging was noted. Black-billed magpies were often 
the first species to scavenge, though they did not 
usually consume significant portions of the fetus. In 
1996 one fetus on GTNP appeared to be consumed 
entirely by elk and bison after being initially fed upon 
by ravens. 

We also documented elk and bison orally 
contacting fetuses on several occasions. On SFs, we 
documented elk making many contacts with fetuses. In 
1996 one fetus was contacted by over 100 elk and 
another by over 150 elk. In 1997, 47 elk were seen 
contacting one fetus, another one was contacted at least 
21 times (on this fetus one elk was seen vigorously 
licking the fetus- it even appeared to chew on the bide), 
another fetus was contacted by at least 20 elk, but well 
over 100 elk passed very near it. Several fetuses were 
contacted by fewer elk- or were closely approached 
without being contacted. We were unable to monitor 
most of the fetuses at the NER closely enough to 
document contacts by elk. In 1997 no bison were 
observed directly contacting fetuses, though several 
times they were seen within 200 m. As previously 
mentioned, we believe that one fetus was eaten by elk 
and bison in GTNP in 1996. Moose were often seen 
within 0.5 km of fetuses. In one case on a SF, five 
moose bedded around a fetus, the closest moose bedded 
less than 3 m from the fetus, and moose tracks and 
moose pellets were right around the fetus. Thus it is 
quite likely that some moose contacted this fetus. 
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Mean time for a fetus to disappear was 26 hr 
at the NER, 46 hr at the SFs, and 61 hr at GTNP. 
Assuming an exponential distribution, we estimated that 
90% of the fetuses disappear within 60 hr (2.5 days) 
from the NER, from SFs within 105 hr (4.4 days) and 
from GTNP within 140 hr (5.8 days). 

The ANCOV A revealed significant 
differences in disappearance time of fetuses at the three 
sites (p=.0073). There was a significant difference in 
disappearance time between SFs and NER (p=.0164). 
The difference between the NER and GTNP borders on 
significance (p= .0564), and there was no significant 
difference between SFs and GTNP (p=. 7650). Habitat 
type also made a significant difference in bow quickly 
fetuses were scavenged (p =. 0001) with fetuses 
disappearing fastest on grasslands, followed by forests, 
and remaining longest in sagebrush. 

+ DISCUSSION 

There were significant differences in fetal 
disappearance time among our study sites. Thus, it 
may be necessary that each site be considered 
independently when evaluating the dynamics of 
brucellosis transmission. Different management 
schemes may be needed at each of the sites. Additional 
data may clarify if this is truly the case. 

At all three sites, coyotes were the primary 
scavenger. Therefore, it was not surprising that fetuses 
at the NER disappeared faster. The NER is 10,000 ha 
with a postwbelping coyote density of 1.5/ square km 
(Camenzind, 1978). Coyotes at this location are 
completely protected. The NER is large enough for 
many coyotes to spend their entire lives within its 
boundaries. The SFs on the other band are much 
smaller. Coyotes are generally protected on SFs, but 
they may be shot and trapped on the surrounding lands. 
This may reduce the coyote population on the SFs and 
also may make them more wary of human activity. 
Thus, coyotes may not approach fetuses as quickly on 
SFs which always have some degree of human activity 
during the winter. At GTNP coyotes are also 
protected, but coyote densities are probably lower than 
on the NER. Also, the variety of habitat types found at 
GlNP may prevent the fetuses from being removed as 
quickly as at the NER. 

Removal time for fetuses was longer than 
expected. This information is important for 
understanding the risks of interspecific transmission. In 

GTNP 10% of the bovine fetuses (as surrogates for elk 
or bison abortions) could be expected to remain in the 
environment for longer than 140 hr (5.8 days). Thus, 
there is the potential for an aborted fetus to serve as a 
source of infection for several days. Another important 
factor is bacterial availability and survival time on a 
fetus. We are currently gathering data on survival as 
part of a separate study. Our preliminary results to date 
indicate that the bacteria can survive in high numbers 
longer than the fetus will remain in the environment. 

It also appears that the type of habitat in which 
an abortion occurs may have a significant impact on 
bow quickly the fetus is scavenged. We believe that 
fetuses disappear more quickly on grasslands because 
they are more visible, both from the air and from the 
ground. In forests, visibility from the air is reduced, 
perhaps affecting avian scavenging. Visibility of 
fetuses in sagebrush may be lowest, increasing time 
required for scavenging. Avian scavengers were 
usually the first to arrive, thus visibility may be more 
important than scent in determining bow quickly a fetus 
disappears. This is especially true if coyotes are 
attracted to areas of avian activity. Because fetuses 
disappear at different rates in different habitats it may 
be important to determine if abortions are more likely 
to occur in one habitat type over another. 

Our observations of moose feeding near 
fetuses and in one case bedding down next to one and 
probably contacting it are very interesting. The moose 
which bedded around the fetus may have done so to 
protect it. Perhaps they did not recognize that it was a 
bovine fetus. In any case, if moose display this same 
reaction upon finding a brucellosis infected elk or bison 
fetus it should be fatal (Dieterich, 1981). 

A potential problem with this study is that 
bovine fetuses may not be realistic surrogates for elk 
and bison fetuses. It is possible that scavengers prefer 
elk and bison fetuses and might avoid bovine fetuses, at 
least initially. The reverse may also be true- scavengers 
may prefer bovine fetuses. It is also possible that some 
human scent in the area would deter coyote scavenging. 
Our data from the NER suggest that this is not a 
problem. 

Our data support the suggestion that abortions 
among elk and bison are relatively rare. Aborted 
fetuses on SFs are seldom found. The feeder at the 
Horse Creek SF bas been feeding there for 17 yr and in 
that time bas only found two elk fetuses (H. 
Schwartzman pers. com.). Prior to this work we 
believed the reasons that fetuses were found so rarely 



was that they were scavenged quickly. However, this 
research suggests that fetuses aren't scavenged 
immediately at least at SFs and GTNP. If elk 
commonly aborted, more fetuses likely would be found 
each year. On the other hand, most feedgrounds have 
elk bedding areas which are only rarely visited by 
feeders. If elk tend to abort in these areas, fetuses are 
unlikely to be found regardless of bow long they 
remain in the environment. At GTNP, even though 
fetuses may be present for relatively long periods after 
being aborted, the chances of them being found and 
reported are still quite low because of the varied terrain 
and habitats and large area involved. 

This study also documented elk and bison 
contacting bovine fetuses. Many of the elk on SFs 
were observed closely and seen to sniff and lick the 
fetus. This confirmed that elk and bison contact a fetus 
providing a mechanism for transmission of disease if 
the fetus is contagious. We also documented one fetus 
which was probably eaten by elk and/or bison. We 
found no evidence of any scavenger large enough to 
consume the fetus at this site, yet there were both elk 
and bison hoof prints and feces near the site of fetus 
placement. Additionally, we documented both elk and 
bison contacting this fetus prior to its disappearance. 
We have observed captive elk consuming their own 
fetus after an abortion. We can not tell from this study 
if elk or bison would contact conspecific fetuses at the 
rate observed here. It may be a strange odor or site of a 
bovine fetus which attracted the elk and bison, and they 
may tend to ignore conspecific abortions. However, 
elk have been observed to investigate conspecific 
abortions (E.T. Thome, pers. com.). 
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+ INTRODUCTION 

During the last decade, many approaches to 
biodiversity analysis have relied on the use of GIS 
(Geographic Information Systems) and remotely 
sensed data to categorize habitats, and then predict 
species assemblages expected to be found in those 
habitats. For example, Gap analysis uses 
predictions based on knowledge of the geographical 
limits of a species' distribution, ecological limiting 
factors, and habitat preferences (Scott et al. 1993). 
The goal of Gap analysis is to compare locations of 
plant and animal habitats to those of existing 
preserves, thereby identifying geographical gaps in 
habitat and/or species protection. One problem with 
this approach to conservation planning is that Gap 
analysis has not been extensively tested to determine 
the accuracy of its predictions (Flather et al. 1995). 

Thus, an important parallel approach to 
Gap analysis, which we describe here, involves 
assessing statistical relationships between species 
distribution patterns and remotely sensed habitat 

types. For the past several years, we have used 
plants and butterflies as taxonomic test groups to 
examine these relationships. Because the plant 
species with dominant cover play a major role in 
determining the spectral reflectance patterns 
recorded by multispectral scanners, we felt that it 
was imperative to test the relationship between the 
remotely sensed habitat types and the plant 
community. Butterfly species were chosen because 
they are moderately host-specific insects, and their 
diversity may be correlated with underlying plant 
diversity. We have found that many of the butterfly 
and plant species of montane meadow communities 
show significant differences in distribution among 
remotely sensed habitat types (Debinski 1996, 
Jakubauskas et al. 1996). 

Here, we pose the question whether 
species-habitat relationships (based on remotely 
sensed habitat categorization of montane meadows) 
in one part of the Greater Yellowstone Ecosystem 
will hold in another area of the ecosystem. The 
long-term goal of our research is to use known 
species-habitat relationships to predict species 
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distribution patterns in unsurveyed sites. The test of 
geographic limits of species-habitat relationships is 
the first step in our analysis. More extensive data 
will be collected during 1997-1998, allowing for a 
more rigorous comparisons. 

+ STUDY AREA 

The study areas for this research project 
included a 32,000 ha. area in the Gallatin and 
Madison Ranges (hereafter referred to as the 
Gallatins) and a similar size area in Grand Teton 
National Park (hereafter referred to as the Tetons). 
Meadow habitat types within the ecosystem range 
from hydric willow (Salix spp.) and sedge (Cara 
spp.) meadows to high-altitude tundra and rock 
meadows (Knight, 1994). The Greater Yellowstone 
Ecosystem was chosen because it is one of the 
largest intact ecosystems in the continental U.S., 
and species/habitat relationships were therefore 
expected to be less affected by human disturbance. 

+ METHODS 

The methodology for this study was directed 
toward producing maps of spectrally distinct 
meadow vegetation classes similar to those produced 
for Gap analysis. Landsat Thematic Mapper (TM) 
data are being used for vegetation mapping in the 
majority of state Gap analysis projects. TM data 
records reflected light in six spectral bands (blue, 
green, red, near-infrared, and two mid infrared), 
with spatial resolution of 30 m and on a scale of 0-
255 (0 indicates no light reflected by the object and 
255 is maximum separation). The red and infrared 
bands of TM data have been found to be particularly 
useful for vegetation mapping. 

Satellite data of the study areas were 
converted from brightness values to units of 
radiance (mW/cm2/sr/um) (Markham and Barker 
1986) and georeferenced to a Universal Transverse 
Mercator (UTM) coordinate system. To identify 
areas with similar spectral reflectance 
characteristics, an iterative euclidean distance 
clustering algorithm was applied to create 
preliminary spectrally distinct classes. Spectral 
classes were identified and assigned to a specific 
vegetation (or non-vegetation) class with the aid of 
aerial photos, U.S. Forest Service stand survey 
maps, and personal knowledge of the study area. 

Non-vegetated areas (e.g., water bodies, roads, 
developed areas) were not included in the final 
vegetation map. In the Gallatins, the meadow classes 
were defined along an apparent moisture gradient 
from wet sedge meadow (M 1) to dry grassland with 
sagebrush (M6). In the south (Tetons), the meadows 
were characterized from M1-M7 because the driest 
meadow was slightly different from those in the 
north. The M4 meadow type was discarded in the 
Tetons because it was found to represent pasture 
land. Thus, the classes correspond between the 
north and the south except for M7 meadow which 
was absent in the north and the M4 meadow which 
was absent in the south. 

Since 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 1 ha (approximately 11 
TM pixels). To facilitate location of study sites 
during fieldwork, the map was plotted on 
translucent Mylar, allowing overlays onto 1:24,000 
topographic maps of the study region. We 
inventoried five spatially distinct examples of each 
of the M1-M6 habitats in the Gallatins in 1993-95 
and five spatially distinct examples of M1-M3 and 
M5-M7 habitats in the Tetons in 1996 (total sites = 
60). Sample sites were located in the field with the 
aid of aerial photography, 1:24,000 USGS 
topographic maps, a global positioning device, and 
compass readings from identifiable landmarks. 

SPECIES AND HABITAT CHARACTERIZATION 
IN SAMPLE SITES 

Meadow vegetation was surveyed in 20 x 
20 m plots. The Gallatins were surveyed in 1995 
and the Tetons were surveyed in 1996. Each plot 
was surveyed for total coverage on a per species 
basis for all grasses, forbs, and shrubs. Plant 
taxonomy followed Dom (1984). Species cover was 
determined by visually estimating the sum of the 
greatest spread of foliage for each species in each 
plot (Daubenmire 1959). In cases where species 
identification was problematic due to the seasonal 
sampling time or taxonomic difficulties, species 
were lumped by genus to calculate a total cover for 
the genus rather than the species. 

Presence/absence data were collected for 
butterflies in the Gallatins during 1993 and 1995 
and in the Tetons in 1996. Butterflies were 
surveyed on sunny days from 1000-1630 hrs. 
employing previously developed methods (Debinski 



and Brossard 1992). Taxonomy followed Scott 
(1986). Surveys were conducted for 20 min. periods 
by netting and releasing in 50 x 50 m plots. 
Surveys were repeated a minimum of three times at 
each site in the Gallatins. In the Tetons, surveys 
were conducted for 30 minutes, but replicated only 
twice due to a limited field season. Stepwise 
discriminant analysis of the butterfly data was 
conducted by using a modified presence/absence 
matrix that weighted the number of species 
occurrences relative to the number of times a site 
was surveyed. Each species/site combination was 
scored as pij = lllj/Dj, where llljj is the number of 
occurrences for species i, and 11j is the total number 
of samples taken at site j. 

+ RESULTS 

Analysis of the grass, forb, and shrub cover 
data revealed similarities in the major genera, but 
large differences in species distribution patterns 
between the Gallatins and the Tetons. There were 
also major differences among meadow types within 
each region. Vegetation characterizing M 1 and M2 
meadows in both areas included Carex spp. and 
]uncus spp. and there was often some standing 
water. M1 meadows in the Tetons were dominated 
bay Salix spp. M2 meadows in both areas had a 
high cover of Poa spp. M3 meadows in the 
Gallatins were characterized by high cover of Salix 
spp. and Fragaria spp. and tended to be located near 
streams; in the Tetons, Poa pratensis and Artemesia 
tridentata were more common. M4 meadows were 
only surveyed in the Gallatins. They were of 
medium moisture with Stipa richardsonii, Bromus 
spp., and mixed herbaceous vegetation (e.g., 
Potentilla spp., Lupinus argenteus, Geum trijlorum, 
and Geranium spp.). M5 meadows in both the 
Gallatins and Tetons had a mixture of Artemesia 
tridentata, Agropyron spp., and mixed herbaceous 
vegetation. M6 meadows in both areas were 
characteristically xeric, rocky, and dominated by 
Artemesia trident at a, Festuca spp., and bare 
ground. In the Gallatins, this meadow type tended 
to occur on south-facing slopes, whereas in the 
Tetons, it was found on large, open flats. M7 
meadows were only found in the Tetons on highly 
eroded, steep slopes. The major cover species were 
Agropyron spp. and Artemesia tridentata. 

Overall, the 30 sites sampled in the 
Gallatins yielded 193 total plant species, whereas 
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160 species were found in the Tetons. For each of 
the meadow types that were in common (M 1, M2, 
M3, M5, M6), there were a larger number of plant 
species found in the Tetons (Table 1). It was 
difficult to conduct statistical analyses of the plant 
communities due to the fact that while genera were 
often similar, most of the species were different by 
M-type in the Gallatins versus the Tetons. For 
example, Ml 'sin both the Gallatins and the Tetons 
had Scirpus sp., Carex sp., Salix sp., and Poa sp. 
comprising a major portion of the coverage. 
However, the species differed between the areas and 
the species with the highest cover also differed 
between areas. 

Table 1. Comparison of total species richneaa of gnsses, 
shrubs, and forbs by meadow type between the Gallatins and the 
Tet.ons. Meadow types range from M1 (hydric) to M7 (xeric). 
The M4 class did not exist in the Tetons and the M7 class did 
not exist in the Gallatins, so the species richness in each of these 
categories is a blank. 

Meadow Type Tetons (1996) Gallatins (1995) 

M1 48 27 
M2 69 39 
M3 85 36 
M4 34 
MS 88 35 
M6 53 29 
M7 72 

Total 160 193 

A total of 42 butterfly species were 
observed during the surveys in the Gallatins and the 
Tetons. However, only 28 (67 %) of these species 
were seen in both sites (Table 2). Approximately 
one-third of the butterfly species in both sites 
showed significant differences in distribution among 
remotely sensed habitats, but less than half of these 
were the same species in both the north and the 
south (Plebejus saepiolus, Boloria selene, 
Euphydryas gillettii, and Coenonympha inornata). 
In the remaining cases, two species of the same 
genus often showed up as significant, but one 
species would show up in the Gallatins and another 
species of that same genus was significant in the 
Tetons. For example, Colias interior was 
significantly related to dry meadows in the Tetons, 
but Colias eurytheme was the species found to be 
correlated with medium moisture meadows in the 
Gallatins. Comparing M -types, we found that M3 
meadows had the highest species richness and the 
highest similarity in species composition between 
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the Gallatins and the Tetons. All meadows showed 
a Jaccard's similarity index for butterfly species 
between the Gallatins and Tetons of approximately 
40% (M1: 0.39, M2: 0.39, M3: 0.44, M4: 0.395, 
and M6: 0.382). 

Table 2. Comparison of the butterfly species observed during 
1993-1996 in the Gallati01 and Grand Teton National Parka. 
Meadow types surveyed range from M1 (hydric) to M7 (xeric) .. 

Species Grand Teto01 

Pamassius clodius X 
Pamassius phoebus X 
Papilio zelicaon X 
Papilio glaucus X 
Papilio eurymedon X 
Pieris occidentalis X 
Pieris napi X 
Colias interior X 
Anlhocharis sara X 
Euchloe ausonia X 
Harkenclenus titus X 
Lycaena cupreus X 
Gaeides xanthoides X 
Lycaena heteronea X 
Lycaena helloides X 
Epidemia nivalis X 
Plebejus saepiolus X 
Plebejus icarioides X 
Plebejus acmon X 
Plebejus glandon X 
Plebejus melissa X 
Glaucopsyche lygdamus X 
Glaucopsyche piasus X 
Limenitis weidemeyerii X 
Nympha/is milberti X 
Charidryas palla X 
Phyciodes tharos X 
Phyciodes campestris X 
Euphydryas gillettii X 
Euphydryas editha X 
Boloria selene X 
Boloria epithore X 
Speyeria callippe X 
Speyeria egleis X 
Speyeria atlantis X 
Speyeria hydaspe X 
Speyeria monnonia X 
Speyeria cybele X 
Coenonympha haydenii X 
Coenonympha inomata X 
Cercyonis oetus X 
Erebia epipsodea X 
Pieris protodice 
Colias eurytheme 
Colias philodice 
Colias pelidne 
Lycaena mariposa 
Euphilotes enoptes 
Vanessa cardui 
Poly gonia faunus 
Boloria frigga 

Y ellowatonc 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Oeneis uhlerl 
Vanessa atalanta 
Nymphalis vau-album 
Vanessa annabella 

+ DISCUSSION 

X 
X 
X 
X 

The comparisons of the two areas (Gallatins 
versus the Tetons) showed a moderate level of 
species similarity in both the plant and the butterfly 
community. However, the comparisons are 
confounded by the fact that the data were collected 
in different years. The implication is that some 
plant species could have been less visible, or certain 
butterfly species might not have been observed due 
to phenological differences in emergence time. 
Plant identification was also better in 1996 than in 
earlier years because of lumping of certain genera 
(Bromus, Asters, Poa spp.}, although this lumping 
was taken into consideration in the calculation of 
total plant species richness (i.e., Teton plant data 
were lumped accordingly in Table 1). Overall the 
data indicate that there is considerable diversity 
within each site and between areas. In comparisons 
on a species basis, it is obvious that genera with 
high coverage values (Festuca, Artemesia, Carex, 
Salix) in the Gallatins also had high coverage in the 
Tetons. However, for Carex and Salix spp., it may 
be different species within the genus that are 
dominant. 

Some of the differences between butterfly 
communities in the Gallatins relative to the Tetons 
may be explained by a shorter sampling period in 
the southern sites. If we had had a longer field 
season in the Tetons, the similarity of the species 
lists would probably have been higher. For 
example, we probably missed seeing early-emerging 
species such as Anthocarus sara in the Tetons 
because we were not present to sample in the early 
summer season. However, given the fact that both 
sites had the same number of species despite a 
shorter sampling time in the Tetons, one would 
expect that if both sites were sampled with equal 
effort, species richness would be higher in the 
Tetons. 

In summary, the species similarity of the 
butterfly communities within meadow types and 
between regions is approximately 40%. The 
similarity of the plant community is probably within 
the same range as the butterflies, but we could not 
calculate a similarity coefficient from our data. It is 



not surprising that there are some differences, 
because the two areas are 120 miles apart, and the 
meadows in the Gallatins tend to be smaller in size 
than the Tetons. M3 meadows showed the highest 
species diversity in both areas and both taxonomic 
groups. The Teton meadows supported a higher 
diversity of plants and may support a higher 
diversity of butterfly species. Fieldwork in 1997 
and 1998 will allow us to examine these differences 
more closely because we will sample both areas each 
year. 
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BEHAVIOR OF RIVER OTTERS IN THE 

OXBOW BEND VICINITY, 

GRAND TETON NATIONAL PARK 

JOSEPH G. HALL+ DEPARTMENT OF BIOLOGY 

SAN FRANCISCO STATE UNIVERSITY+ CA 

+ OBJECTIVES AND METHODS 

The 1996 project was a continuation of the 
study begun in 1995 - to obtain information on 
movements, sociability, and activity patterns of 
river otters in the Oxbow region of the Snake River 
within Grand Teton National Park. Particular 
emphasis was on nocturnal patterns as documented 
by automatic cameras activated by buried treadle
switches in places otters were known to frequent, 
such as latrines, resting sites and feeding sites. 
Daytime activity was monitored both by the cameras 
and by routine canoe patrols. Field work was 
carried out July 5- August 5. 

+ RESULTS 

A strong social bond was observed in 
otters. Of 16 encounters (both direct and indirect) 
only one lone otter was noted. The remainder 
consisted of from two to six animals, the average 
size being 3.6 individuals. The typical group was 
one adult and one or more juveniles. 

For reasons unknown to me, the 1996 
summer season was considerably less productive 
than the previous year. The camera equipment was 
substantially improved in 1996 and hours of 

monitoring were increased from 1,200 to 1, 700. 
Yet only three otter visits were recorded at two 
sites. Perhaps part of the problem could be 
accounted for by increased "vandalism" by other 
animals. On three occasions cameras were disabled 
by being knocked over, presumably by curious 
moose. On another occasion a camera was disabled, 
apparently by a coyote which knocked the camera 
over and gnawed into a battery compartment. The 
final disabled camera resulted from an otter digging 
up the buried treadle switch. Fortunately, no 
evidence of human interference was noted. Due to a 
combination of reasons, the "cost" per photograph 
rose from 120 monitor-hours in 1995 to 566 in 
1996, almost a five-fold ratio! 

As expected, animals other than otters 
occasionally triggered the cameras. A coyote 
stepped on the treadle one night and a long-tailed 
weasel did the same on another night. No nighttime 
visits were recorded for otters. All three otter visits 
occurred by day: 0833, 1345, and 1945. (Figure 1) 
Although the sample size remains quite small, the 
cumulative records for 1995 and 1996 suggest that 

. otter activity is about evenly divided between day 
and night. A larger sample size should yield a ratio 
in which one would have more confidence. 
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METAPOPULATIONS OF MONTANE AND LONG-TAILED 
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+ 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 based upon lens 
weight (Gourley and Jannett, 1975). 

In October, 1996 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 of M. longicaudus. They 
were also obtained at 20 additional sites ranging as 
far south as four miles south of 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 12 sites, 
including Beaver Creek, Moose, Colter Bay, Signal 
Mountain, and the Research Station at the AMK 
Ranch. Other 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 an overdose of anesthetic. 



Blood and lungs were removed and frozen, and the 
blood was shipped to CDC, Atlanta, Georgia 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 nine populations of Microtus 
montanus monitored with standard protocols in 
October, 1995 and again in October, 1996, there 
were generally lower numbers of voles in 1996 than 
in 1995. In two of the structured samples, there 
were no M. montanus and in the seven other 
samples the numbers of specimens ranged from one 
to only 34. Numbers of voles showed disparate 
changes: one site yielded no specimens in either 
year; numbers increased at three sites by 26%, 
1100%, and 82%, numbers decreased at five sites 
by 84%, 100%, 92%, and 56%. There was no 
pattern in the change of numbers of voles among 
sites with primary habitat, peripheral to primary 
habitat, or with secondary habitat. 

Fall breeding by Microtus montanus was 
evidenced by lactating and recently lactating 
females, but there was only one pregnant female. 
Of the 10 sites monitored for M. montanus where 
voles were obtained in October, 1996, one or more 
parous females were secured at each of seven sites, 
and each of five of these sites had at least one 
female recently or still lactating. Neither of the sites 
where M. longicaudus predominate over M. 
montanus had a parous M. montanus in the 
respective sample. Among the seven sites with 
parous females, the operational sex ratios (OSR) 
(males:females) of reproductively active and 
recently active male voles to parous females ranged 
from 0:1 to 1:4.3. The percentage of females still 
reproductively active in the seven sites with parous 
female(s) ranged from 0% to 100%. Based on initial 
determinations of reproductive condition, there was 
no obvious relationship between the OSR and the 
percentage of parous females still or recently 
lactating. However, the site with the greatest 
increase in vole numbers since 1995 had the only 
pregnant female secured in October. Additionally, 
this site had an OSR of 1: 1, and all parous females 
were still reproductively active. 
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Numbers of Microtus longicaudus were 
characteristically low at the two sites where they had 
been monitored. As is usual for this species in 
northern Jackson Hole in October, breeding had 
ceased at this time. 

HANTAVIRUS AND PLAGUE 

For hantavirus, blood was examined 
serologically from 820 specimens in July and 504 
specimens in October. The survey included 13 
rodent species, two species of weasels, one species 
of bat, and at least two species of shrews (Table 1). 

Table 1. Species, sample sizes, and occurrences of hantavirua upon 

serology in 1996. 

Sessions 

Species July96 October96 

n n+% n n+% 

Sora palu.stris 2 0 

Sor~ spp. 6 0 11 0 

Myoti.s luci.fugu.s 20 0 

Mu.stela enninea 8 0 I 0 

M. frenatll 1 0 

Spermophilu.s armatus 60 0 

Tamias amoenu.s 42 0 28 0 

T. minimus 2 0 6 

T amiascriurus hud.sonicu.s 6 0 

Thomomys tlllpoides 8 0 

Zapu.s princeps 19 0 

Oethrionomys gapperi 14 0 21 0 

Microtus longicaudu.s 31 0 43 0 

M. montanus 68 11 (16.2) 240 I.S (6.3) 

M. pennsylvanicu.s 113 13 (11.5) 38 7 (18.4) 

Phenacomys intermedius .s 0 3 0 

Neotoma cinerea 1 0 

Peromyscu.s maniculatus 414 l.S (3.6) 113 I (0. 9) 

Subtotals 820 39 (4.8) 504 23 (4.6) 

Totals 1324 62 (4. 7) 

n =sample size 

n + = number of positives 

% = percent positive in respective sample 
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The efficacy of the ELISA test for hantavirus in 
carnivores, bats, and shrews is problematic. The 
same three species tested positive for hantavirus in 
1996 as in previous years: Peromyscus maniculatus, 
Microtus mont anus, and M. pennsylvanicus. 

In July, 15 of 414 (3.6%) deermice 
(Peromyscus maniculatus) tested positive for 
hantavirus. Specimens which tested positive were 
all secured in and around human habitation at four 
disparate locations (Table 2). The incidence ranged 
from 2.2% to 16.2%, the highest being at buildings 
at Beaver Creek. There were 11 of 68 (16.2 %) 
Microtus montanus and 13 of 113 (11.5%) M. 
pennsylvanicus which tested positive. 

Table 2. Numbers of Peromyscus maniculatus and the incidence 

of hantavirus in July at sites with buildings. 

Sites Year 

1995 1996 

AMK 25 22 

Moose Boys Ranch 15 

Moose 11 44 

Beaver Creek (BC) 2/17 11/68 

(11.8%) (16.2%) 

Barn N. ofBC 1/15 

(6.7%) 

Highlands 1/11 2179 

(9.0%) (2.5%) 

Lupine Meadows 8 

S. Jenny Lake 7 

Signal Mountain 8 

Sacred Heart Chapel 4 

Brinkerhoff 6 

Moran, S. of 4 15 

entrance 

Moran, N. of 3 14 

entrance 

Colter Bay 1110 19 

(10.0%) 

Table 2. (continued) 

Sites Year 
1995 1996 

Flagg Ranch 1/12 8 

(8.3%) 

Elk Ranch Barn 40 

Smith property 2 

White Grass Ranch 1/45 

(2.2%) 

Totals 5/141 15/371 

(3.5%) (4.0%) 

Sites where hantavirus-positive Microtus 
specimens were obtained included four locations 
where positive specimens were trapped previously 
and four sites where positive specimens had not been 
previously identified. Of the four new sites, two 
were sampled in October which had been sampled in 
both 1994 and 1995 for Microtus. The other two 
new sites were sampled in July for Peromyscus 
maniculatus and had also been sampled in 1995. 

In October, one specimen of Peromyscus 
maniculatus from a sagebrush community tested 
positive. In addition, 15 of 240 (6.3%) Microtus 
montanus, and 7 of 38 (18.4%) M. pennsylvanicus 
tested positive. 

Of the 16 specimens of Peromyscus 
maniculatus which tested positive for hantavirus, 
only four to six were reproductively active adults 
(upon initial determination); the rest were subadults. 
Of the 24 specimen of Microtus spp. which tested 
positive, 17 (71%) were adults. 

PCR examination of the lungs of 
serologically hantavirus-positive specimens from 
1994 showed the strain to be similar to the Prospect 
Hill strain. Tests of subsequent material have not 
yet been done. 

Tests for plague in 1996 preliminarily 
showed a positive incidence of< 1.0% in voles. 



+ DISCUSSION 

The numbers of Microtus montanus in 
components of the overall metapopulation showed 
disparate trends between 1995 and 1996. This was 
expected in population segments with generally low 
numbers of individuals. Fall numbers of voles and 
fall breeding had both been slightly more extensive 
in 1995 than in 1996. This correlation of increasing 
fall breeding and population numbers is typical of 
the increase phase of population growth among 
microtine rodents (Krebs and Myers, 1974). The 
low numbers of voles were not conducive to 
showing such a pattern. This study provided little 
additional support in 1996 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 finding 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 commmunication), 
which is of considerable significance to human 
health. The incidence of Peromyscus maniculatus 
testing positive for hantavirus was low in the total 
sample. However, the positive specimens were 
widely distributed and all but one were near or in 
human habitation. 

A large percentage of the Peromyscus 
maniculatus positive for hantavirus in July were 
subadults. This profile contradicts the emerging 
pattern that there is a higher incidence among adults 
(Douglass et al. 1996; this study, 1994-1996). The 
significance of this discrepancy is unknown. 

In 1996 there was again a distinct pattern of 
foci for the occurrence of hantavirus among voles, 
both Microtus montanus and M. pennsylvanicus. 
All specimens which tested positive in 1994 and 
1995 came from only five sites. Four of these sites 
yielded positive specimens in 1996, and the one 
which did not, had a very small sample size (n=4). 
But, in addition, positive specimens were obtained 
at four new sites, including two sites associated with 
buildings. 
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Specimens are currently being analyzed for 
age and statistical tests are pending. However, there 
was a small increase in each of various measures 
indicative of hantavirus incidence in 1996 over 
previous years, specifically: 

1. Overall incidence in all three species in October, 
1994-1996 (Peromyscus maniculatus: 0%, 0%, 0.9%; 

Microtus montanus: 1.4%, 1.4%, 6.3%; 
M. pennsylvanicus: 5.6%, 2.6%, 18.4%). 

2. Overall incidence in all three species in July from 
1995 to 1996 (P. maniculatus: 3.1 %, 3.6%; 

M. montanus: 1.7%, 16.2%; 
M. pennsylvanicus: 1.3%, 11.5%). 

3. For P. maniculatus at sites associated with buildings, 
there was a higher incidence at any one site (from 
11.8% to 16.2%, both at Beaver Creek buildings). 

4. For P. maniculatus, there was a higher percentage of 
subadults among positive mice in July, 1996 than in 
July, 1995. 

5. For P. maniculatus, the first site (other than those 
associated with buildings) with a positive specimen; 
for Microtus spp., there was an increase from five to 
nine animals in the total number of sites with positive 
specimens. 

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

SPECIMEN DEPOSITION 

Specimens trapped are in the collections of 
the 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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+ ABSTRACT 

Male sagebrush crickets ( Cyphoderris 
strepitans) permit females to engage in an unusual 
form of sexual cannibalism during copulation: 
females feed on males' fleshy hind wings and ingest 
haemolymph oozing from the wounds they inflict. 
These wounds are not fatal, and normally only a 
portion of the hind wings are eaten at any one 
mating, so that mated males are not precluded from 
mating again. However, non-virgin males have 
fewer resources to offer females than do virgin 
males, such that females should be selected to 
preferentially mate with virgin males. Because 
previous work has indicated a lack of pre-copulatory 
female choice, we tested the hypothesis that females 
accept matings with non-vtrgm males, but 
discriminate against them afterwards by re-mating 
sooner than they otherwise would after matings with 
virgin males. If the last male to copulate with a 
female prior to egg laying does in fact sire the 
majority of her offspring, then such post-copulatory 
behavior would constitute a form of female choice. 
To test this, we experimentally manipulated both 
female diet (high protein vs. low protein), and the 
female's ability to feed on males' wings during 
mating. We predicted that females prevented from 
wing feeding and held on a low protein diet would 
remate sooner than females allowed to wing feed 
and held on a high protein diet. We measured the 
amount of time males spent calling in mating trials, 
and the time to first and second mountings and 

matings for each female. Our results reveal an 
effect of wing treatment on the time to first mating. 
Low protein females mated with winged males 
significantly more readily than they did with de
winged males. Female diet also had a significant 
effect on the time to first mounting. Females fed 
only lettuce (low protein) mounted males sooner 
than females provisioned with apple and a bee pollen 
supplement (high protein), indicating that a female's 
overall nutrient intake may determine her propensity 
to mate regardless of the mating status of the male 
she is paired with. No effect of diet or wing 
treatment was found for time to second mounting or 
mating. 

INTRODUCTION 

The extent to which females retain the 
ability to determine which males sire their offspring 
through subtle, post-copulatory mechanisms is 
currently receiving a great deal of interest (Eberhard 
1996). As we begin to expand our view of female 
choice mechanisms, it is becoming increasingly 
apparent that many mating systems that in the past 
have been viewed as completely under the control of 
male-male competition processes, are in fact at least 
partially influenced by female behaviors as well. 
Mating systems which are characterized by high 
degrees of male investment have provided 
researchers with excellent systems with which to 
investigate female choice, relative to systems in 



58 

which males donate little more than sperm 
(Thornhill & Alcock 1983). For this reason, insect 
mating systems that involve male-donated, courtship 
food gifts offer a powerful model system with which 
to satisfy the two criteria necessary to show adaptive 
female choice: i) establishing a consistent female 
preference for certain male traits, and ii) showing 
that females increase their reproductive success 
through their mating preferences. 

Courtship food gifts can take the form of 
nuptial prey items (Thornhill 1976), glandular 
secretions (Alexander 1961), and male body parts 
(Alexander & Otte 1967; Sakaluk et al. 1987). One 
especially noteworthy species in this regard is the 
sagebrush cricket, Cyphodenis strepitans. In this 
species, males offer females a spermatophylax, a 
large gelatinous adjunct to the spermatophore that is 
consumed by the female after mating. In addition, 
males also permit females to engage in an unusual 
form of sexual cannibalism during copulation: 
females feed on males' fleshy hind wings and ingest 
haemolymph oozing from the wounds they inflict 
(Dodson et al. 1983). These wounds are not fatal, 
and normally only a portion of the hind wings are 
eaten at any one mating, so that mated males are not 
precluded from mating again. However, non-virgin 
males have fewer resources to offer than virgin 
males, such that females should be selected to 
preferentially mate with virgin males (Dodson et al. 
1983). 

Previous studies have shown that virgin 
males do indeed secure significantly more matings 
than do non-virgin males, based on their relative 
abundance in the population (Morris et al. 1989; 
Snedden 1996). However, the degree to which 
female choice contributes to this effect remains 
unclear. Females do not appear to actively reject 
non-virgins as might have been expected (Snedden 
& Sakaluk 1992). Studies to date suggest that 
females do not differentiate among virgin and non
virgin males based on qualitative differences in 
males' songs (Snedden pers. comm.), nor do they 
appear to discriminate against non-virgin males after 
pair formation (Snedden & Sakaluk 1992). A 
female's ability to feed on a male's hind wings and 
dismount prior to transfer of the spermatophore, 
might in fact obviate any advantage to females of 
pre-copulatory mate choice (Snedden & Sakaluk 
1992). 

One alternative that has not been 
investigated in this species is that females select the 

sire of their offspring after mating. Post-copulatory 
female choice can be manifest in a number of 
different ways. For example, female scorpionflies 
(Harpobittacus nigriceps) effectively choose males 
who are able to provide them with the largest nuptial 
prey items by entering a period of non-receptivity 
and egg-laying immediately after they mate with 
these males (Thornhill 1983). This 'cryptic' form 
of mate choice might explain the presence of male 
wing investment in C. strepitans. Females may 
accept matings with non-vtrgm males, but 
discriminate against them afterwards by re-mating 
sooner than they otherwise would after matings with 
virgin males, and/or by delaying egg laying. 

The objective of the proposed research was 
to test the hypothesis that male courtship feeding, 
and sexual cannibalism in particular, are maintained 
through a post-copulatory female mating preference 
of males capable of supplying females with the 
highest material investment. Specifically, we 
predicted that females experimentally prevented 
from wing feeding would remate significantly 
sooner than females allowed to feed freely, resulting 
in cryptic female choice of investing males. In 
addition, we predicted that if overall female nutrient 
intake is more important to a female's mating and 
remating behavior than are nutrients derived through 
sexual cannibalism, then females fed a low protein 
diet of lettuce should remate more quickly than 
females fed a high protein diet of apple and bee 
pollen supplements, regardless of the mating status 
of their mates. 

+ METHODS 

This study was conducted at the University 
of Wyoming-National Park Service Research 
Center, the site of previous studies (Snedden & 
Sakaluk 1992; Eggert & Sakaluk 1994; Sakaluk et 
al. 1995). Male and female crickets were collected 
early in the breeding season (May-June) from 
populations within Grand Teton National Park, and 
transported to the field station. Crickets were 
maintained according to standard procedures 
(Snedden & Sakaluk 1992; Eggert & Sakaluk 
1994). Females were randomly assigned to one of 
four experimental treatments: 

1) females permitted to feed on hind wings and 
maintained on a low protein diet; 



2) females permitted to feed on hind wings and 
maintained on a high protein diet; 

3) females prevented from wing feeding and 
maintained on a low protein diet; 

4) females prevented from wing feeding and 
maintained on a high protein diet. 

Males paired with females of groups three 
and four had their hind-wings surgically removed 48 
hours prior to the beginning of their mating trials to 
preclude wing feeding by females. 

Experimental pairs were established early 
in the evening when the crickets become sexually 
active, and their mating behavior recorded over the 
following 10 hours using a combination of time
lapse video photography and direct observation. 
Matings were staged in specially constructed, 
Plexiglas viewing chambers divided into four equal 
compartments. Throughout direct observations of 
mating trials, or upon review of the video 
recordings, we determined the number of 5 minute 
intervals in which a male called, the number of 
times males were mounted by females, and the 
number of mounts leading to successful copulation. 

Males and females were weighed before 
and after mating trials. The sum of female weight 
gain and male weight loss, divided by two, was used 
as a crude measure of the benefits gained by females 
through wing feeding. This measure controls for 
incidental weight loss through defecation and 
metabolic activity. 

After females of all four groups 
experienced initial copulations, they were given an 
opportunity to remate with an unmanipulated virgin 
male on each subsequent night until re-mating 
occured or the season ended. The inter-copulatory 
interval was then used as a measure of a female's 
willingness to remate. In order to best evaluate a 
female's propensity to mate and remate, we 
measured both the time .at which the female first 
mounted the male, and the time at which the female 
actually mated with the male. Mounting reflects a 
females readiness to mate, and can be used as a 
measure of a female's propensity to mate even if the 
male fails to transfer a spermatophore. In two 
treatments, we failed to secure an adequate sample 
of actual matings (i.e. spermatophore transfers), but 
were able to obtain data on the time at which 
females were willing to mount males, even if the 
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copulatory act was not completed. 

If female post -copulatory behavior is 
predicated on the level of male nutrient investment 
and/or the level of overall female nutrient load, then 
females permitted to feed freely on males' hind 
wings and/or supplied a high protein diet, should 
remain unreceptive to subsequent mating attempts 
for significantly longer periods than females 
prevented from feeding on males' hind wings and/or 
supplied with a low protein diet. Moreover, the 
extent to which male investment (wing material) and 
overall diet differentially contribute to female 
nutrition should be reflected in the mass gained by 
females when one or the other avenue of 
consumption is prevented. If wing treatment has a 
greater effect on female body mass than diet 
manipulation or vice versa, this should be reflected 
in the length of the period over which females 
remain unreceptive. 

+ RESULTS 

CALLING ACTIVITY OF WINGED AND 
DE-WINGED MALES 

Treated (de-winged) males did not call 
significantly less than untreated males (ANOV A 
F=0.18, p>O.OS). According to the 5-minute 
interval sampling protocol, treated males called on 
average 60 % of the night (n=28), whereas 
unmanipulated males called 63 % of the night 
(n=83). Therefore, differential male mating success 
cannot be attributed to a lowered calling ability 
resulting from the surgical removal of males' 
hindwings. 

TIME TO MOUNTNG AND REMOUNTING 

Analysis of variance was used to compare 
treatments with respect to the time taken by the 
female to first mount a male, and the time after an 
initial mating at which the female remounted a new 
male (see Table 1). Although the data for both of 
these variables were not normally distributed, log
transformed values were normally distributed and 
hence were used in all analyses. Diet manipulation 
had a significant main effect on time to first mount 
(ANOVA, F=4.51, p=0.0401), but the effect of 
wing treatment was marginally short of statistical 
significance (ANOVA, F=3.00, p=0.0913); there 
was no significant interaction between the two main 
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Table 1. Mean time to mounting (log1o transformed) for female Cyphoderris strepitans. Diet had 
a significant effect on female propensity to mount males (p < 0.05), but there was no significant 
effect of wing treatment (P > 0.05). 

Wing Diet Time (hr.) to 
treatment treatment 1st mount 

Intact Low 0.466 

Intact High 0.774 

Removed Low 0.708 

Removed High 1.113 

effects. Planned contrasts failed to reveal the source 
of the differences between treatments. However, 
consistent with the trend found for time to first 
mating (see below), females held on a high protein 
diet appeared more reluctant to mate than females 
held on a low protein diet within both wing 
treatments. Further study should reveal whether 
these differences are real. 

There were no significant differences across 
treatments in the time after initial matings at which 
females remounted new partners. However, low 
protein females did remount more readily than high 
protein females within the intact wing treatment. 
Unfortunately, reduced sample sizes in analyses 
involving remountings and rematings make 
interpretation of these results difficult. 

TIME TO MATING AND REMATING 

Although a previous study found no 
evidence of female pre-copulatory discrimination 
against males lacking hind wings (Eggert & Sakaluk 
1994), we observed a strong mating bias against 
males whose wings had been experimentally 
removed (see below). Because of this bias, we 
obtained a small sample of completed matings in the 
two treatments involving wingless males. 
Therefore, we used time-failure analysis to compare 
treatments because this analsyis permits the 

(n=12) 

(n=14) 

(n=ll) 

(n=6) 

Time (hr.) to 
2nd mount 

0.557 (n=ll) 

0.729 (n=l3) 

1.078 (n=5) 

0.905 (n=3) 

inclusion of censored observations (observations in 
which no mating occurred). As Figure 1. 
illustrates, the analysis revealed significant 
differences across treatments in the time taken by 
females to complete first matings ( '1.,

2 
= 10.26, 

p=0.0165). Pairwise comparisons were made using 
planned contrasts between treatments within i) 
dietary regimes and ii) wing treatments. Within 
both dietary regimes, females paired with wingless 
males took much longer to mate than those paired 
with winged males, but the difference was 
significant only for females held on the low-protein 
diet ( '1.,

2 
= 6.98, p=0.0082). Within both wing 

treatments, there was no difference between low
protein females and high-protein females in time to 
first mating, but there was a tendency for females 
paired with winged males to mate sooner when held 
on the low-protein diet ( '1.,

2 
= 2.86, p=0.09). 

Time failure analysis was also employed to compare 
treatments with respect to the time taken by females 
to remate. The analysis revealed no significant 
differences across treatments ( 'X 

2 
= 4.45, 

p=0.2169), thereby precluding pairwise 
comparisons. However, because some females 
never completed an initial mating, these females 
were necessarily excluded from the analysis of 
rematings. The reduced sample sizes make it 
difficult to draw any firm conclusions. 
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Figure 1. Time to first mating for females held on 
different diets (high protein = Protein + , low 
protein = Protein-) and either allowed to feed on 
females' wings (Wing +) or precluded from doing 
so (Wing-). 

+ DISCUSSION 

Previous studies have suggested that 
females do not discriminate among males during 
courtship based on a male's wing status (Snedden & 
Sakaluk: 1992; Eggert & Sakaluk: 1994). Indeed, 
pre-copulatory mate discrimination under natural 
conditions would appear to be a very costly and 
inefficient mating strategy for female sagebrush 
crickets. In the field, a female is required to locate 
a calling male by walking several meters to his 
calling perch, often under extremely low 
temperatures. Given this cost to females, and 
considering the material gain she can receive even 
from a non-virgin male, convenience polyandry 
(Thornhill & Alcock 1983) would seem more likely 
than outright mate rejection under natural 
conditions. Despite this, we found that females are 
significantly more reluctant to mate with males 
whose wings have been experimentally removed. 

Interestingly, a preference for males with 
intact wings was not evidenced in our analysis of 
the time to first ·mounting. Apparently, while 
females are discriminating with respect to who they 
will accept spermatophores from, they mount males 
without regard to their wing status. This result is 
consistent with that of a previous study (Eggert & 
Sakaluk 1994}, in which wingless males were 
mounted as quickly as their winged counterparts, 
but transferred significantly fewer spermatophores. 
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The implication here is that a female's willingness to 
mount is not influenced by wing status, but in order 
to retain a female long enough to transfer a 
spermatophore, a male must possess sufficient hind 
wing material. This interpretation is further 
complicated by evidence showing that males with 
wing material can secure females with a pinching 
device known as the gin trap, and apparently force 
copulation upon them (Sakaluk et al. 1995). 

The evidence for pre-copulatory female 
choice does not preclude a role for post-copulatory 
mechanisms of discrimination. However, the 
existence of pre-copulatory mating discrimination · 
makes it extremely difficult to identify potential 
differences in the remating propensity of females. 
Because of the bias against males lacking hind 
wings, we were left with small sample sizes in both 
treatments involving these males. A female's 
unwillingness to mate the first time with a wingless 
male makes any analysis of her willingness to mate a 
second time impossible. 

The most compelling result from this study 
arose from our manipulation of female diet. Our 
results suggest that females lacking in protein mate 
more readily than do females held on a high protein 
diet, regardless of the mating status of the male they 
are paired with. While these differences are not 
significant in all instances, they are consistent with 
the idea that overall female nutrient load affects 
mate choice and perhaps remating propensity. 
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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-a Transparency Average 
Phosphorus TSI 

ppb TSI ppb TSI m TSI 

June 49.8 52.6 

July 31.7 44.5 

August 10.7 38.7 

October 11.3 38.3 

Lake average for 
sampling period 25.9 43.5 

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 114 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 
(fable 2). 

The overall average TSI values indicated in 
Table 2 are 37.3 at the surface and 48.4 at 22 

2.1 

2.6 

1.2 

0.6 

1.6 

34.8 2.7 46.7 44.7 

34.7 3.1 43.5 40.9 

31.0 4.9 37.3 35.7 

25.2 6.3 33.7 32.4 

31.4 4.3 40.3 38.4 

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 

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-96 10 38 0.7 28 4.5 38 34.7 

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-96 10 38 3.9 44 4.5 38 40.0 

5-0ct-96 23 50 1.0 31 5.5 35 38.7 

Average 106 65.8 3.5 41.5 4.5 38.0 48.4 
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Figure 1. Carlson's model for Jackson Lake in East Spalding 
Bay off of South Landing at the surface (sample site 8) 

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 run off? 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 studies are 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 ~gil, 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. 
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Figure 2 . Carlson's model for Jackson Lake in East Spalding 
Bay off of South Landing at 22m (samle site 8) 

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 but Jackson Lake's residence time is 
approximately 2 years. In spite of this, the Larsen
Mercier model shown in Figure 4 yielded a trophic 
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-llm in October. 
D.O. profiles show the oxygen content of the lake 
decreasing between June and August, and increasing 
again in October. 
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Table 3: Inflow Total Phosphorus Compared to Indicators of Productivity 

Inflow Total Chlorophyll-a Transparency In-lake Total 
Phosphorus 

(ug/1) (ppb) 

June 260 

July 10 

August 10 

·October 26 

VO LLENWE IDER 'S MODEL 
P hos ph oro us l oadi ng Oiogrom 

1000 .------- - ----------, 
Hypct·cutro p h ie . --· a -------Eu<ropni;._.-

------ - ---- -- · a 614196 ; 

2.1 

2.6 

1.2 

0.6 

I· 
I 

i 

100 -------- __ _ - Mcsotrophic - .
1 

. 

r------- -------- ------ - . 0 71'!0/96 ; • r---------- _____ __ - Oliliotrophic: I A 3121 ,.96 : : 

: 0 1017196 : i 
--- ; 10 L--- ---

I ~-------------~ 
0 .01 0.1 I 0 100 

Hydraulic re si den c e tim e (ye a rs ) 

Figure 3: Vollenweider' s Model for Jackson Lake 

l -

10 ; 

-;rJ..,I996 I: 
-tt- Au§« 1996 . 

-..0.1d>:rl996! 

)) ~ ! I t 

35 ; 
; j 

~ ~ ~ ~ D 

Te~roture ("Q 

Figur e 5: Jackson Lake Water Temperature Profiles; Monthly Averages June-October 1996 

Jackson Lake Nitrogen Phosphorus Ratios 

Total nitrogen and phosphorus 
measurements were taken in East Spalding Bay and 
from the lake near Waterfall Canyon in June, July, 
and August (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. 

Phosphorus 
(m) (mg/1) 

2.7 49.8 

3.1 31.7 

4.9 10.7 

6.3 11.3 
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Figure 6: Jackson Lake Dissolved Oxygen Profi les; Monthly Averages June-October 1996 

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

Date Depth Total Total N:P Ratio Limiting 
Nitrogen Phos. (IfN:P > 7.2, Nutrient 

(meters) (mg/1) (mg/1) Phos. is limiting) 

East Spalding 5-Jun 22 0.107 0.14 0.76 Nitrogen 
Bay 

20-Jul 22 0.285 0.25 1.14 Nitrogen 

16-Aug 0 0.258 0.01 26 Phosphorus 

16-Aug 22 0.44 0.01 44 Phosphorus 

Off Waterfall 5-Jun 50 0.295 0.01 30 Phosphorus 
Canyon 

20-Jul 50 0.7 0.01 70 Phosphorus 

16-Aug 50 0.51 0.01 51 Phosphorus 
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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 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 11 cleaned II 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 level. 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 back country 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 have the greatest 
number of climbing accidents, but when scaled for 
climbing activity, Storm Point and Mt. Owen have 



the greatest number of accidents. Cascade Canyon 
bas 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. Fifty-seven 
percent of men who experience accidents on 
climbing trips also fall during the descent. Two 
accidents involving only men were situations 
associated with getting stuck and falls 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. 
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+ 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 
incidents were recorded, most likely due to the fact 
that recreational activities were a low priority in a 
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country experiencing a depression and 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) 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 information. 

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 defined 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 
ground 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; 

• Illness: any physiological compromise 
experienced by an individual in the 
backcountry, including altitude-related illnesses 
(e.g., Acute Mountain Sickness}, myocardial 
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infarction, hypothermia, dehydration, and 
bums; 

• Lightning: any injury that can be attributed to 
lightning; 

• Stuck: any situation where an 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 insufficient 
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. 

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. 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). 
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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. 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 
Figure2. 
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Several important observations are noted in 
Figure 2. The highest accident rates generally 
occurred during the 1970's, especially for the 
categories which resulted in most accidents, Fall on 
Rock and Fall on Snow. Accidents caused by 
Rockfall or Icefall were most prevalent in the 
1960's, indicating that perhaps many of the 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 
suggest that climbers with minimal mountain 
experience are becoming more bold 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 the decades, scaled for backcounty activity. As 
displayed in the figure, from 1950 though the 



1970'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 %. 

0.60% 

0.50'!{, 

0.10% 

0.00% 

Figura 3.. Accident Rat. by Decades, 
Scaled for Backcountry Activity 

1950's 1960'1 1970's 1980'1 1990's 

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. 
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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 at 
Symmetry Spire (39), followed by Mt. Moran (20), 
the Exum Practice Rocks (15), Baxter's Pinnacle 
(14), and Storm Point (13). The elevated 
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 

Rgure 4. Total Number of Accident lnddents by Location, 1950-1996 (426 total) 
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Symmetry Spire from the Northern Climbing Area 
experiences the second greatest number of accident 
incidents in the Teton Range when accidents 
i!tcidents 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 5 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. 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 the areas. 

Figure .5. Number of Incident. in the Most Popular Climbing Areas. 
19.5G-1996 (33.5 toCal) 

As indicated in Figure 5, 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 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 6 shows the total (unsealed) number of 
backcountry incidents in canyons from 1950 through 
1996. 

As indicated in figure 6, Cascade Canyon 
experienced the greatest number of non-climbing 
incidents, followed by Paintbrush Canyon, Gamet 
Canyon, and Granite Canyon. This arrangement 
occured both for the actual number of incidents and 
when incident numbers were scaled for activity 
during each decade, suggesting that more accidents 
occur with greater number of individuals, regardless 
of the decade. Finally, most non-climbing 
backcountry incidents occurred in the 1970's. 



Figure 6. Number of Non-Climbing Backco~mtry Incidents, 
1950-1996 (165 tolal) 
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Other Areas = Alaska Basin, Stewart Draw, · Surprise Lake 
Trail, Vahalla Canyon, Valley Trail, and Whitegrass Road 
Northern Canyons = Leigh Canyon, Moose Basin, Moran 
Canyon, Owl Canyon, and Waterfall Canyon 

Figure 7 depicts 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. For 
example, Cascade Canyon experienced 120 accident 
incidents since 1950, but it also received the most 
attention with respect to numbers of individuals 
(about 1000 people per day). This situation is 
accounted for by scaling for backcountry activity 
specific to the areas. 
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FiMufe 7. Number of Incidents in the Most Popular Canyons, 
1950-1996 (142 tolal) 
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Figure 7 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 
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people visit the canyon, there is a relatively high 
chance that they will ex~rience an accident. In the 
case of Cascade Canyon, the high number of 
accident incidents (70) is 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. 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 8 demonstrates the 
categories which comprised the fatalities. 

As indicated in the figure 8, falls on rock 
and on snow resulted in the greatest number of 
fatalities, followed by avalanches, illnesses, and 
falls during rappel. 

FiMufe 8. Fatality Synopsis (90 total) 
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315% 



74 

Most people who died from falls on rock 
are 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 were the result of exhaustion and/or poor 
judgment by those that were involved. 

Figure 9 shows fatality rates associated 
with the various accident codes. 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 9. Fatality Rates for Accident Codes, 1950-1996 

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 rate, since as backcountry use 
increases, the number of accidents tend 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 is 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 still a large number per 
season. 

Accident Categories from 1994 through 1996 

Figure 10 indicates that currently most 
accidents result from falls on snow, followed by 
falls on rock. 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 ~as the current trend exhibited. 
Although difficult to prove, this may suggest that 
climate (such as heavy snowfall years) may play a 
role in determining the most prevalent type of 
accident. 

Figure 10. Accident SUIIIID&IYbY Category, 
1994-1996 (64 total) 
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If we combine this information 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 problem. 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 11 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. Although the Grand Teton and 
Middle Teton experienced the greatest number of 
accident incidents, when climbing activity in each 
area was taken into account, Storm Point, Albright 
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 
available. 

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). 
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Figure 11. Nwnber of Incidents in Climbing Aleas, 
1994-1996 ( 43 total) 

il il 
l. l. 

t J 

Figure 12 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. 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. 

Figure 12. Nwnbcr ofNon-Ciimbing Accident Incidents. 
1994-1996 (21 total) 
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A Gender Accident Profile 
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Figure 13 shows a breakdown of accidents 
by category and gender. 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 approximately 6 to 1 
(for instance, the Fall Siding category roughly 
maintains that proportion). If the gender of a person 
makes no difference in the type of accident that is 
experienced, then the other accident 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 getting stuck. 
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Figure 13. Accident Categories by Gender, 
1994-1996 ( 62 total) 
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... ABSTRACT 

In 1994 and 1995, a high abundant winter 
snowfall at higher elevations appeared to result in 
long distance movement patterns by yellow-bellied 
marmot (Marmotajlaviventris) over snow to lower, 
snowfree elevations where food was more available. 
As the snow melted and food became abundant, the 
marmots return to higher altitudes. In 1996, we 
continued to investigate the potential for migrational 
movements, by studying two study sites at different 
elevations in the North Fork of Cascade Canyon. 
Four marmots at each site were implanted with 
intraperitoneal tracking transmitters. Of eight 
marmots that were equipped with intraperitoneal 
transmitters, six demonstrated significant 
movements of greater than 0.5 km, one did not, and 
one most likely died as a result of predation before 
any movement could be observed. Of the six that 
demonstrated significant movements within the 
canyon, only one moved distances greater than 1 
km. Marmots, after emerging from hibernation, 
migrated down canyon to snowfree areas as they 
become available. With progressive snow melt, 
most marmots move upward to higher elevations, 
but not to the extent originally expected. Instead, 
they moved to the first available habitat where food 
was obtainable, and other (dominant) marmots 
accepted their presence. This movement is exhibited 
in both males and females, yearlings and adults, and 

melanistic and normal colored marmots. 

+ INTRODUCTION 

Heavy snowfall may result in high 
mortality of marmots which are forced to remain 
within their burrows for longer than normal periods 
and who do not have access to food on the snow
covered surface. To increase survival, these animals 
may travel across the snow to open areas to feed in a 
communal area and move back to their respective 
home ranges as snow melt progresses. 

In 1994, and then again in 1995, while 
investigating melanism (black fur coloration) in the 
yellow-bellied marmot (Marmora jlaviventris) of 
Grand Teton National Park, we observed that 
abundant winter snowfall at higher elevations 
appeared to cause marmots to move substantial 
distances over snow to lower, snowfree elevations 
where food was more available (Montopoli et ai 
1997; Montopoli et al. 1996). As the snow melted 
and food became abundant, the marmots appeared to 
return to higher altitudes. These observations were 
unique and contrary to previously published 
accounts of marmot behavior. To further document 
these observations we implanted telemetry 
transmitters to track marmots from early spring to 
late fall. 



In 1995, three locations where long 
distance movement suggestive of migrational travel 
were selected for an initial observational study 
(Lower Garnet Trail, Lower Death Canyon, and 
North Fork of Cascade Canyon). The total number 
of observed marmots were tabulated in these 
snowfree locations just below snowline, and then 
again several weeks after the snow had melted in the 
general area. Based on data presented in Table 1, 
we conducted a simple proportion hypothesis test 
which indicated that a proportionately greater 
number of marmots were observed in snowfree areas 
just below snowline than in other adjacent areas 
within the canyon after snowmelt (z = 5.33; P < 
0.0000). 

Table 1. Marmot Counts in Snowfree Areas Just Below Snowline 
and Several Weeks After Snow Had Melted from the Area 

Lower Garnet Lower Death NF Cascade 

Trail Canyon Canyon 

Areas Just Be low Snowline 16 20 33 

Areas After Snow Had Melted 4 8 7 

Total 20 28 40 

Total 

69 

19 

88 

To further investigate a potential 
migrational activity, and to document specific 
movements, we captured and implanted 
intraperitoneal tracking transmitters in marmots that 
were located in snowfree areas just below snowline 
early in the summer season, 1996. We hypothesized 
that these statistically higher populated areas were 
composed of nonresidents which would disperse 
back to their respective home range sites as snow 
progressively melted. 

+ METHODS 

In late May, 1996, the North Fork of 
Cascade Canyon was selected as the study area. 
Biweekly trips were made into the North Fork to 
evaluate snow conditions, the emergence of marmots 
from hibernation, and any marmot "gatherings" in 
common, snowfree areas below the snowline. 

In order to best document any potential 
migrational movements up the canyon during snow 
melt, we selected two study sites within the North 
Fork of Cascade Canyon: one in the lower canyon 
(near the Cascade Forks), and one in the upper 
canyon (at Solitude Lake). These sites were located 
about 3 km apart and at different elevations (lower 
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canyon site: 2,450m; upper canyon site: 2, 750m). 
Transmitters were implanted in four marmots at each 
site. 

On June 20, 1996, the first site in the lower 
canyon became snowfree, which was approximately 
1 km north-northwest of the Cascade Canyon Forks. 
On June 22, two marmots (Ll and L2) were 
captured and equipped with intraperitoneal 
Advanced Telemetry Systems (ATS) model tracking 
transmitters. On June 23 and 29, two other 
marmots (L3 and L4) were captured and equipped 
with transmitters (see Table 2 for specifics). 
Marmots were anesthetized using Ketamine 
Hydrochloride (0.2mg/kg) and surgery was 
performed in the field employing aseptic techniques. 

Table 2. A Summary of Marmots Captured in the Lower North Fork of 
Cascade Canyon 

Marmot Capture Relative Gender Skin Frequency 
Date Age Pelage (MHz) 

L1 June 22 Adult Female Melanistic 150.832 
L2 June 22 Yearling Male Normal 150.893 
L3 June 23 Adult Male Normal 150.913 
L4 June 29 Adult Male Normal 110.871 

All lower canyon marmots were 
subsequent! y located at least once a week and their 
movements documented. Trips were also made to 
Solitude Lake (upper North Fork of Cascade 
Canyon) to evaluate snow conditions, the emergence 
of marmots from hibernation, and any marmot 
occurrences. 

On July 3, the Solitude Lake area was 
completely snow-covered, and no signs of marmots, 
including tracks or scat, were observed. On July 10 
for the first time, numerous marmot tracks were 
observed leading to the Solitude Lake area from 
below (east). No marmots or tracks were observed 
at the lake. On July 11, marmots and numerous 
tracks were first observed at the lake, which was 
characterized by a few open patches of bare ground 
(personal comments, Helen Larson). 

On July 21, four marmots were captured in 
the vicinity of Solitude Lake and implanted with 
intraperitoneal ATS tracking transmitters. Two 
trapsites were utilized. The first three marmots 
(Ul, U2, and U3) were captured at the first trapsite, 
located at the Surprise Lake outlet, about lOOm from 
the shore at the south end of the lake. The last 
marmot (U4) was trapped at the second trapsite, 



80 

located at the northeast comer of the lake, about 
50m from the shore (see Table 3 for specifics). 
Table 3 provides a summary of the information 
pertinent to those marmots. 

Table 3. A Summary of Marmots Captured in the Solitude Lake Area 

Marmot Capture Relative Gender Skin Frequency 
Date Age Pelage (MHz) 

U1 July 21 Adult Female Melanistic 150.933 
U2 July 21 Adult Female Normal 150.794 
U3 July 21 Yearling Female Melanistic 150.814 
U4 July 21 Adult Female Normal 150.852 

Through August, all marmots at the 
Solitude Lake area and in the lower canyon were 
located at least once a week and their movements 
documented. Three trips were made in September 
(about 10 days apart}, with the last on September 
26. At this time, due to heavy snowfall and 
accumulated, deep snow, we felt that the marmots 
had began hibernating. Their locations were 
documented, and no subsequent trips were made in 
1996. In early May, 1997, we plan to locate all 
marmots prior to their emergence from hibernation, 
to substantiate if these animals move from their 
winter hibernation sites down the canyon to open 
feeding areas. 

+ RESULTS 

The following is a brief summary of 
movements for each marmot after their capture and 
implantation (see the Appendix for topographical 
maps with detailed information for each marmot): 

• Ll was a melanistic female which remained in 
an area immediately to the north of where she 
was trapped. On one occasion (July 8), she was 
found 400m north of the trapsite. Her last 
known location was lOOm north of the trapsite 
(September 26). Her boundary of travel was in 
the shape of a north-south oriented "V"' with 
the bottom of the V located at the trapsite. The 
dimensions of the V were 400m long (north
south) by 300m wide (at the top of the V). 

• L2 was a normal colored male which relocated 
to an area 700m to the north of the trapsite that 
also was snowfree. He remained there for the 
duration of the summer, but in late July, 
exhibited a movement back towards the trapsite. 
At this site, which was 500m north of the 
trapsite, he died from predation, suggested by 

the presence of pelage remains and a nicked 
transmitter suggestive of an American marten 
(Martes americana) (September 25). His 
boundary of travel was somewhat oval, about 
250m by lOOm, with the longitudinal axis 
oriented east-west. 

• L3 was a normal colored male which remained 
in an area about 50m northwest of the trapsite. 
We believe he also died as a result of predation 
suggested by the presence of pelage remains in 
the area (June 29). 

• L4 was a normal colored male which moved 
approximately 900m to the north-northwest of 
the trapsite and remained there for the duration 
of the summer. His last known location was 
found on July 22, about 850km north-northwest 
of the trap site. Thereafter, no signals were 
heard either as a result of transmitter failure or 
movement out of the canyon. His boundary of 
travel was oval, about 400m by lOOm, with the 
longitudinal axis oriented north-south. 

• U 1 was a melanistic female which moved about 
650m west of the trapsite, but ranged along the 
entire south end of the lake during the summer. 
Her last known location was about 500m west 
of the trapsite (September 25). Her boundary of 
travel was oval, about 650m by 200m, with the 
longitudinal axis oriented east-west. 

• U2 was a normal colored female which moved 
about 650m west of the trapsite and remained 
mostly in this area to the southwest of the lake 
shore. She returned to the vicinity of the 
trapsite in August, where she was observed on 
August 11 and 17. Her last known location was 
about 550m west of the trapsite (September 25). 
Her boundary of travel was oval, about 650m 
by 200m, with the longitudinal axis oriented 
east-west. 

• U3 was a melanistic female which moved about 
600m west of the trapsite, and remained in this 
area throughout the summer. Her last known 
location was about 500m west of the trapsite 
(September 25). Her boundary of travel was 
very restricted: she was always encountered in 
this vicinity (500-600m west of the trapsite). 

• U4 was a normal colored female which initially 
moved about 1 km northwest of the trapsite at 
the northeast comer of the lake, and mostly 
remained in that area. However, she was 
observed in the vicinity of the trapsite on 
August 1 and September 4. She was last 
observed on September 14, about 1 km to the 
west of the trapsite. We feel that she may have 



moved over the ridge to the west into another 
canyon; however, we were not able to 
investigate this in September, 1996, but plan to 
do so in May, 1997. Her boundary of travel 
was in the shape of an east-west oriented "V" 
with the bottom of the V located at the trapsite. 
The dimensions of the V were llan long (east
west) by SOOm wide (at the top of the V). 

+ DISCUSSION 

We decided a priori to consider distances in 
excess of 400m from the initial trapsite to indicate a 
significant migratory movement. However, we 
expected to commonly observe movements in excess 
of 1 kilometer. 

Of eight marmots that were equipped with 
intraperitoneal transmitters, six (L2, IA, U1, U2, 
U3, and U4) demonstrated significant migratory 
movements, one (L1) did not, and one (L3) most 
likely died as a result of predation before any 
movement could be observed. Of the six that 
demonstrated significant migratory movements, only 
one (U4) exhibited movements involving distances 
of 1 km or more. 

Based on our telemetry tracking 
observations, we feel that marmots, after emerging 
from hibernation, do migrate to, and congregate 
communally in, snowfree areas as they become 
available. As the snow melts, most marmots move 
upward to higher elevations, but not to the extent 
that we originally hypothesized. Instead, they move 
to the first available habitat where food is 
obtainable, and they establish a territory with other 
residents or new immigrants. This movement is 
exhibited in both males and females, yearlings and 
adults, and melanistic and normal colored marmots. 

An alternative situation that we considered 
was that marmots migrate in the fall to lower 
elevations where they "communally" hibernate in 
areas that become snowfree early in the spring of the 
following year; then, as the snow melts, they move 
to higher elevations. The evidence strongly suggests 
that this is not the case, because a minimum of O.Sm 
of snow had accumulated at these higher locations 
when marmots were last located in late September, 
1996. We feel that marmots hibernate at these 
higher elevations, and migrate over snow to the 
lower, snowfree areas when they emerge from 
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hibernation in the spring. The planned survey in 
May, 1997 to document locations of overwintering 
telemetered marmots will further support this claim. 

Although an abundance of literature has 
investigated the social structure of marmot colonies, 
where gender, social status, age, and other 
considerations physically define the main colony and 
any satellite colonies, our results suggest that early 
in the season this structure is limited, if it exists at 
all. Marmots do congregate in snowfree areas, and 
as the snow melts, they move into areas where the 
social structure emerges. This activity may help 
explain how genetic traits such as melanism may 
originate in a single location and yet be dispersed 
throughout an entire range. 

Two of the eight marmots died as a result 
of predation. This fact suggests that marmots are an 
important food base for many predators, including 
hawks, eagles, mustelids (such as the pine marten), 
coyotes, bears, and other mammals (Armitage, 
1982). Although marmot predation is not often 
observed and documented, it nevertheless is 
common (personal observations by authors, and 
personal communications with Daniel Blumstein, 
University of Kansas). 

Our study was limited in its sample size, 
however, the fact that six of eight marmots exhibited 
substantial movements back up the canyon as snow 
melts strongly suggest that marmots do travel 
considerable distances as a survival strategy. Future 
studies following this population is imperative to 
verify this claim. 

In early May, 1997, marmot hibernation 
sites will be located, and marmot movements from 
these locations will be monitored after these animals 
emerge from hibernation. The additional 
movements early in the spring/summer should 
further validate our findings from 1996. The 
marmots will then be trapped in late summer and the 
transmitters surgically removed. 
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+ OBJECTIVES 

Multiannual fluctuations in population 
density ("cycles") of small rodents have been known 
since antiquity (Elton 1942). Numerous hypotheses 
have been proposed to explain this phenomenon (for 
reviews see Finerty 1980, Taitt and Krebs 1985). 
However, none of these hypotheses, alone or in 
combination, has been able to explain the causality 
of cycles. 

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

+ METHODS 

In 1996 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. 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 

The amount of snowfall and the water 
content of the snow were both above normal in early 
1996. By the time the 1996 spring study period 
began, the ground was heavily saturated from the 
meltwater. Ordinarily, May is the wettest month in 
Grand Teton National Park; in late May of 1996 the 
rainfall was exceptionally heavy. Consequently, 
some of the study areas remained under water for 
the duration of the entire spring study period. 
Others drained well, however, a few hours of rain 
would be sufficient to completely inundate a 
meadow. 

In the spring of 1996, Microtus montanus 
began breeding relatively late. Although late 
breeding can, indeed, retard population growth for a 
given year, in the spring of 1996 there was an 
indication that factors conducive to population 
growth were also present. To start with, there was 
abundant winter sign, indicating that a relatively 
large population had been present during the winter 
of 1995-96 and, consequently, a relatively large 
cohort would initiate breeding in the spring of 1996. 
Furthermore, the litter sizes were uncommonly large 
(an 18% increase over the sizes of the first litter 
recorded during the spring study period in 1995). 
For Microtus mont anus, the first litter is always the 
smallest (Negus and Pinter 1965); based on size 
alone the first litter of the year in the spring of 1996 
could readily have been mlstaken for a second litter. 
However, none of the females was lactating, 
indicating they were all pregnant with their first 
litter. 

In Microtus montanus the first litter of the 
season grows and matures quickly and invariably 
breeds in the year of its birth (Pinter 1986, 1988; 
Negus, Berger and Pinter 1992). Since the first 
litters were inordinately large in 1996 there was 
every indication .that population density in 1996 
should rise above the 1995 levels. However, the 
spring of 1996 was also inordinately wet; heavy 
precipitation in May has been correlated with 
population declines in Microtus montanus in Grand 
Teton National Park (Pinter 1988). 

The exceptional wetness of the spring 
seemed, indeed, to have taken a considerable toll on 
the Microtus montanus population. By the end of 
the summer study period it became clear that the 
population density of Microtus montanus was lower 
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in 1996 than it had been at a comparable point in 
1995. Furthermore, the summer of 1996 was 
exceptionally dry; the extent of the dryness of the 
vegetation was reflected in the litter sizes observed 
in individual study areas: females from the wettest 
study areas (i.e., from plots having the greenest 
vegetation) produced the largest litter sizes; 
conversely, females from the driest sites produced 
the smallest litters. 

Regardless of the characteristics of individual study 
sites by the end of the summer study period, all 
cohorts remained reproductively active and even 
third cohort females were approaching sexual 
maturity. This was an indication that in 1996 the 
third cohort would breed in the year of its birth, 
resulting in continued population growth into late 
summer and early fall. 

+ CONCLUSIONS 

The data from the 1996 study period 
underscore once again that climate plays a 
significant role in the population dynamics of 
Microtus mont anus. The late onset of breeding on a 
population-wide basis could be correlated with a 
decline in population density, and the phenology of 
plants could be correlated with productivity (litter 
size) of the vole population. 
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+ INTRODUCTION 

In the course of data collection for studies 
examining plant-animal species interactions within 
ecological communities, many various and diverse 
types of field data are collected. However, one such 
class of field data which are seldom systematically 
collected and reported is that of the natural 
flowering phenology of a particular plant 
community. These flowering phenology data 
describe the time sequence of flowering (initiation, 
duration, termination) for all of the plant species 
occurring in that community. The dearth of such 
data is suprising in light of its importance for the 
testing of models describing the factors influencing 
timing of plant reproduction events within 
communities and for investigating the possible 
evolutionary selection pressures which may have 
acted to modify plant phenologies. Limited sets of 
flowering phenology data have been presented for 
only a few scattered commnities, including tall-grass 
prairie (Anderson and Schelfhout, 1980); dry, 
tropical forest (Frankie, Baker, and Opler, 1974); 
spring woodlands (Schemske et al., 1978); Canadian 
marshes/bogs (Pojar, 1974); and subalpine meadow 
(Holway and Ward, 1965). These reports have 
consisted of limited data sets collected for narrowly 
explicit studies. The present report summarizes the 
results of a flowering phenology survey of selected 
communities within the Grand Teton National Park 
ecosystem for the first half of the flowering season 
(June -July) of 1996. 

MATERIALS AND METHODS 

The flowering status of species within each 
examined community was determined by direct 
observation while hiking a fixed path through each 
community at approximately 5-day intervals. The 
flowering status of each species was scored as: 1) 
first flowers noted, 2) early flowering, 3) peak 
flowering, 4) late flowering, and 5) last flowers 
noted. The following communities were examined: 

(1) A riparian canyonside: Paintbrush 
canyon from Leigh Lake (6880') to the switchbacks 
at 8560'. This area represented both Conifer Forest 
and Subalpine Meadow, 

(2) Conifer Forest/Sagebrush Scrub 
ecotone: the area surrounding the University of 
Wyoming/National Park Service Research Center 
(AMK Ranch), 

(3) Sagebrush Scrub: Sagebrush flats along 
the road south of Signal Mountain (connecting with 
RKO Road). 

+ RESULTS 

The results of the community flowering phenology 
surveys are summarized in Tables 1-3. For each 
date indicated, the flowering status of tabulated 
species is recorded as: 

1-first flowers observed 
2-early flowering 
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3-peak flowering 
4-late flowering 
5-last flowers observed 

DISCUSSION 

Before the data presented in this report can 
be critically and usefully analyzed, the 
corresponding community flowering phenology data 
for the remainder (second halt) of the flowering 
season (July-September) must be collected. 

When compared with anecdotal flowering 
phenology reports for Grand Teton National Park 
(Craighead, 1994), the present data suggest that the 
initiation of the1996 flowering season was delayed 
by approximately 5 weeks. This was most likely 
due to an uncommonly high snowfall and late winter 
storms during the 1995-1996 season. However, by 
mid-June, the flowering phenology was consistent 
with reported dates (Craighead, 1994). This 
observation suggests that an extended winter has the 
effect of "telescoping" the early flowering season 
timing into a shorted interval, rather than shifting 
the entire season to later flowering dates. By mid 
season (mid-June), physiological mechanisms have 
"reset" flowering phenology back to a standard, 
"normal" schedule. 
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Tablo 1 

_,..,.._. _1_(C_oo~~~-~ ----

Dote: 6/1 614 616 6111 6117 6r.~ 711 1n 

S..uaria loarifoiW. M..at . u Willcl. 

o ... , 611 614 6t6 6111 6117 6!ll 111 1n 

Frili1Lori& pudica (l'\anll) Sprea1. 

Ho1W...Iloo1Lo ...Uflon (Nua.) T. &<G. 

Viol& o.....n;..,. PunA 

Spit- bonclifo1i.o N!aa 

Moboclia "''""'(L<>dl .) G. DoG 

Vao:::i.D.iwn ICOpUlu.al l...eib . OJ. Co¥. 

Mi~o rr-o:ili• (Hook.) G.....,. vor. G...:ilio 

Ant.;, bolboellii Horncao. 

fnaeriaveec:aL 

FritaU&ria~ 

Amolaocb.ior &hufol.i.a (Nwt.) Nua:. e:t Roem-

~~ll'lOCl.&li.sLvu. subulifen. 

Poeooti1Lo trocilio Do.11L ex Hoole. 

Trifoliwnloocipoo 1\. Nolo. 

Aro-io &laue& (PunA) IW. 

Pbacclia boc«opbylla PunA 

Cbo<iopon tcodlo (h11.u) DC. 

Cu<iUcja li.o.o.tii folia Beollo. 

lpo<DC>p<U 'URI..., (l"unno) c;,..,, [Gilia •u~rocaJ 

EriOIOGWD umboiJa.cwD Tomoy 

Goyopbytwa di"'-m T. ac G. 

ee...ou,.., vel..;.,.., Do.lrl. ot Hoole. 

Collomi.o liocorio !"lulL 

Valari..,.odulial"lua. uT. &<G. 

Achillea <DillcfoliWDL 
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Table 2 

FLORAL PHENOLOGY: Conifer Woo.JI.,J/SuO.Ipinc !loi...Jow 

Loc.otioa: t..•,bt...h/Pwul>nul!C...yoa 

Cloycoaioi&DC<&OI ... I'I&nhvu. l...lno:«>lola 

loaiccn u~ w .... 

Kalmio <DicropeyUa (Hooi:.) Heller 

VacciniWD ""'~ Doocl. u Tor'"y 

!Uboo .,;..,.,.. ... _ Punll 

Valo.ti.oGo odulia Nu.a. u T. &. G. 

Hycitoployllum top;wum Dou1l. •• llen&ll. 

FritiUaria pudi<;o (Pun!>) Spnar. 

Calypoo bulbooo (L) ow.. 

Aruic.aconlifolioHooi:. 

BoJ~ IOjia.aLa (Punll) Null. 

Anbia bolbocllii Homc:OL 

Maboaia r.pau (lio<ll.) 0 . Doa 

Meazjcoia fcrruri- SccMch 

Date: 

CutiUcja anru.oQfoli.a (NulL) G. Doa [Cutillcja chrotDOOO I 

Roouoculua eochacbolu:io Sclllecbc. 

AAccru.ariof>C<<OOMHoolc. 

614 

Oea>&lia occideou.li.a (Hon>ecn.) DC. vat.,..,....,..,.. .. (Rydb.) Priori• 

Podi<ularia bnctoou Bench. 

T'lWicttUm (endJeri E.o~relm.. ex Ony 

Fncari.a"'..:..L 

Erysimum <bcir>n&.boidca L 

Loa>&lium lri .. .........., (Punll) C...h. 4< Ro .. 

At'- Nbn (Aj&oa) Willd. 

Coll.i.a..W pcrvino .. UDdl . 

Viola nuU&lli~ ?unb. 

AAccru.ario d.iOX><J>b.a (N"".) T. 4< G. 

6112 61"'...3 

1'•blc J 

FLORAL PHENOLOGY: So,cbrwll ocn.b 

l..ocoboa: s- R.KO R.ood. JOUdl of Sirn-J Mountoia 

Dotk~" co,ywJ-eiU On:coe 

V.ol.o~PI&nla 

l'lol.o P"?"Nd ICcU. vv. """"'• (Wato.) B...U. 

Cl.ryro""' ~ldta PIAnola vat. l.JJA<.oldta 

Fririll4ri. pwlic. (l'unla) s.,.....r. 

u-.u;..,.. .,..J,/1"""' (Nua.) Coull. 4< Ro.. 

c..u;..,u. pon;fl-a l.iDdl. 

url>opNor-tlGb""" N"". 

O.tp;.;Ai- •wralli""""' Priu.l u Walpen 

kabis loolbo.llil Hofl>Cat. 

Mai<IN"-- sullat""' (L) LiA.Ic [SmiiaciM sr<llara 1 

~ll«iQ i.iU.tJnrim"' NuCL 

CastilkttJ C"WWid::ii GR:IC:Ilm.. 

Fritil.lori4 a.rropwpWYG Nuct. 

L.Mpi~UU sai""' P\a.nh. 

PvnhU. rrid.<NGIG (Punb) DC. 

Coi.IDnWJ li-ru N wt. 

Zi1o&<...u pcAiculdt.u (Nun.) Wats. 

c;.,..,. rriftcn- Punh 

Crrpi..s arra.b.a.rbd HeUet 

£riscro• gl.obciL.s Nwt. 

Erio&o'"~'" ~IWwm Torrey 

£riopJryll""'l<uvu""'PI&nla 

Doto: 6/1 6/S 6Jil 61:0 6r.6 

Low.,- portion uf rood- U..c uf RKO Rood jW>Cti.>n 

BaU-+oiusasinGJa (l'l&nh) Null. 

Microu..V rraci!is (Hool<.) c,...,.. u WaJpc,. 

lJsho.sf'<""W" rwkraU Door!. u Lchm. 

FragorilllCtOIIL 

L..omosi..,. """' (W .... ) Coulc. &. Ro.. 

11lol4~sco;lll 

c-p..u..,.. p<Wurre Nuu. 

,lolaiGNn-..,. sullat"'" (L) l.inl: [SmilaciM srdldta I 

~~l'l&nhvat • .Upitw~Hooi:. 

l-is GllfTJGIG (Punb) Gnuoc 

Alli""' hrnizry~ Wau • 

.Vur occiJco~aJU {Nwt.) T. &. G. 

At"'m. g/a.uca {Punll) R£(. 

~rruJJifld4Poirec 

Ad&ilu. ,..;llifoli- L 

u"""'h"' s~colriON>Us M....,.. 
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+ INTRODUCTION 

Babesia microti, a parasitic protozoan, is 
endemic in the Microtus montanus of Grand Teton 
National Park. It is transmitted by the tick Ixodes 
eastoni and reproduces in the erythrocytes of its vole 
host. 

A second protozoan parasite, Hepatozoon 
sp., which is widespread in small mammals in 
Europe, is also found in reptiles throughout the 
world. The record of Hepatozoon in North 
American small mammals is not extensive. 

Hepatozoon, unlike Babesia, may be a 
two-host or a three-host parasite. Also unlike 
Babesia, for which the intermediate host is always a 
tick, the intermediate host of Hepatozoon may be a 
tick, a mite, a flea, or a mosquito. The method of 
transmission by the vector also differs in the two 
parasites. Babesia is transmitted in the tick's saliva 
when it bites, whereas Hepatozoon infection 
requires the vertebrate host to ingest a vector. 

In our 1996 studies, we sought more data on 
these two parasites. The objectives for 1996 
focused on Hepatozoon: to sample specific 
populations of M. mont anus, in which we have 
previously documented Hepatozoon infections; to 

determine whether differences exist in the infection 
rates at different study sites in the park; and to 
search for any additional vectors of Hepatozoon sp. 
infections in M. montanus by exaD11Dlng 
ectoparasites. These studies contributed to our 
long-term objectives of documenting the effects and 
cost of parasitism on M. montanus populations. 

+ METHODS 

All animals were trapped at sites within the 
boundaries of Grand Teton National Park using 
Sherman live-traps. The permit to collect small 
mammals in Grand Teton National Park was granted 
to A. J. Pinter. Upon removal from the traps, voles 
were killed by overanesthesia, then a 25 gauge 
needle was inserted into the left ventricle of the 
heart, and blood was collected in a heparinized 
tuberculin syringe. The blood was transferred to a 
micro-centrifuge tube. Several slides of peripheral 
blood smears were made from this blood. Slides 
were fixed in methanol and stained with 
Wrights-Giemsa stain. The peripheral blood smears 
were examined for the presence of Babesia, 
Hepatozoon, and other parasites. 

The spleen, liver, and lungs were removed. 
Impression and squash smears of the organs were 



96 

made and examined for the presence of parasites, 
especially for the schizonts of Hepatozoon, with a 
light microscope equipped with 15X oculars and a 
100X oil objective. 

Fleas were collected from the live-trapped 
animals, both before and after overanesthesia, 
whenever they were detected. They were either 
squashed and examined with a light microscope for 
the presence of oocysts, or they were placed in 70% 
ethanol and later sent for identification to Dr. 
Robert E. Lewis at Iowa State University. 

+ RESULTS AND DISCUSSION 

Table 1 shows the results of trapping for 
1988 through 1996. The extremes of infection rate 
for Babesia microti occurred in 1996 when there 
was a low of 16.7% in the spring and in 1995 when 
the high of 100% was recorded in the spring. 
Except for 1996, the spring rate of infection was 
always higher than that of the summer. This finding 
is consistent with Ixodes eastoni' s being a nest tick 
(personal communication, Richard G. Robbins) and 
M. montanus' living in the same nest until spring, 
with no dispersal occurring until the onset of the 
spring snowmelt and the breeding season. 

Table 1. Incidence of Babesia microli and Hepatozoon ap. in Microtus 
montanus 

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

1996 Spring 18 3 3 16.7 16.7 
Summer 19 14 0 73.7 0 

1995 Spring 19 19 0 100.0 0 
Summer 31 13 0 41.9 0 

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

1991 Spring 23 17 4 73 .9 17.4 
Summer 74 19 5 25.7 6.8 

1990 Spring 16 9 0 56.3 0 
Summer 58 19 5 32.8 8.6 

1989 Spring 35 16 12 45.7 34.3 
Summer 34 13 1 38.2 2.9 

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

Samples of Babesia-infected blood were 
given to Yolanda Peck, a biology graduate student at 
the University of Nebraska at Omaha, for work-up 

and subsequent sequence analysis of the 16S-like 
rRNA gene of the parasite. Working with the 
guidance of Dr. Bruce Chase, Biology Department, 
University of Nebraska at Omaha, she sequenced the 
gene, and analysis of the results is in progress 
(personal communication, Dr. Bruce Chase; Peck 
and Chase, 1997). 

Originally, Babesia was thought to be 
restricted to small mammals; however, in 1970 the 
first human cases were diagnosed in residents of 
Nantucket Island, Massachusetts (Western et al, 
1970). In the United States, human babesiosis is 
caused primarily by B. microti but also by a recently 
recognized, as yet unspeciated, organism designated 
WA-1 (Thomford et al., 1994). As humans insert 
themselves into places where they have historically 
been present little, they sometimes contract new 
diseases, and the proximity of humans to ticks in 
Grand Teton National Park suggests that the status 
of babesiosis in small mammals of the park should 
be monitored. 

Hepatozoon sp. is the other endoparasite of 
M. montanus that we continued to study in 1996. 
The infection rates for 1996 and previous collection 
years are displayed in Table 1. Rates of infection of 
M. montanus with Hepatozoon are characteristically 
lower than with B. microti; in 1994 and 1995 we 
found no Hepatozoon infections at all in either the 
spring or the summer. 

Hepatozoon sp. infections have been found in 
M. montanus from 8 study sites. Since some sites 
appeared to have a higher infection rate than other 
sites, one of the goals for 1996 was to determine 
whether this observation could be more thoroughly 
documented with more data. Unfortunately, for the 
third consecutive year we found too few animals 
infected with Hepatozoon to accomplish this goal. 

Since the inception of our studies, we have 
photographed as many stages in the life cycle of 
Hepatozoon as possible. This year we report the 
discovery in M. montanus of monozoic and dizoic 
cysts, two little known features of the life cycle of 
Hepatozoon. First described in reptiles by Landau 
et al.in 1972 (Desser, 1990), these cysts are latent 
forms that are infective when the host in ingested by 
a predator. Thus, they constitute a second mode of 
transmission to a vertebrate besides the better known 
route by ingestion of an infected invertebrate. 
Microtus montanus may harbor monozoic cysts, 
dizoic cysts, and schizonts. Figures 1-3 show dizoic 



cysts; Figure 4 shows a mono:zoic cyst. For 
comparison, Figures 7 and 8 show several 
mero:zoites from a ruptured schizont. They are not 
as slender as mero:zoites previously encountered. 
We do not know whether this difference reflects 
their developmental stage, the length of time free 
from the schizont, species differences, or some other 
factor. Figures 5 and 6 show vermicules from a 
preparation in which their motility was observed 
prior to fixation and staining. They, too, are less 
slender than vermicules observed previously. 

From 1989 through 1995, five flea species, 
collected as intact specimens from M. mont anus, 
were identified by Dr. Robert Lewis: Megahothris 
abantis, Me. asio megacolpus, Aetheca wagneri, 
Peromyscopsylla selenis and Hystrichopsylla dippiei 
dippiei. He also identified one of the two host fleas 
as Me. abantis. In 1996 a sixth species, 
Peromyscopsylla hesperomys, was collected from 2 
different voles and identified by Dr. Lewis. 

We presented many of our recent fmdings at 
the annual meeting of the American Society of 
Parasitologists in June, 1997, in Nashville, 
Tennessee. The title of our paper was "Hepatozoon 
sp. Infections in Three Newly Recognized North 
American Mammalian Hosts (Microtus mont anus, 
Mi. pennsylvanicus, 1homomys talpoides) and the 
flea Megabothris abantis Identified as an 
Invertebrate Host in Mi. montanus Infections." 
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Figures 1-3. Dizoic cysts in lung squashes. Figure 4. Monozoic cyst from a lung squash. Figures S-6. 
Vermicules from lung squashes. Figures 7-8. Merozoites from a ruptured schizont in a lung squash. All 
preparations were stained with Wrights-Giemsa stain. X 1,600. 
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+ INTRODUCTION 

Fieldwork on this project m 1996 
concentrated again on the primary long-term 
objective of adding to the species inventory and 
associated data of the broad area previously defmed 
(McKnight, K.H. and M.- Moser, 1993), using the 
same collecting, laboratory, and herbarium methods. 
Our studies again concentrated on the genus 
Cortinarius. Our chief concern during the short 
period of field work this summer was directed 
toward obtaining additional data, particularly 
illustrations, for species we had found previously in 
the vicinity of the parks. 

.. DATA 

Although the weather was mostly 
unfavorable for mushroom fruiting we were 
remarkably successful, largely resulting from our 
knowledge of favorable collecting areas gained over 
many years of study in the Parks and surrounding 
areas. This is highly significant inasmuch as many 
mushroom species fruit at very irregular, often 
widely separated intervals. A good example is 
Lactarius olympianus Hesler & A.H. Smith (1979) 
which we collected at Lake Butte in 1964 and which 
we had not seen in the area since then until 1994 
(although Hesler & Smith reported one collection 
from Wyoming and many collections from northern 
Idaho, Colorado, and Washington). Our 1964 and 
1994 material was not satisfactory for illustration. 

This summer (1996) we found this species in 
excellent condition at Sand Point on the West side 
of Yellowstone Lake (Fig. 1). Superficially, it may 
be confused in the field with L. deliciosus (Fries) 
S.F. Gray var. deliciosus which we also illustrated 
from collections made in Wyoming this summer 
(Fig. 2), and from material collected in Florenville, 
Belgium on November 3, 1975 (Fig. 3). Our 
illustrations show subtle but significant differences 
in the orange colors of fresh specimens of the two 
taxa as described by Hesler and Smith (1979). 

Other collections from the same Wyoming 
locality appear to be Cortinarius delibutus Fries and 
a similar, perhaps undescribed species, both of 
which need additional study to further strengthen 
species concepts . 

From Turpin Meadows, outside the Parks, 
we also found and illustrated Cortinarius laniger 
Fries, C. umbilicatus Karsten, Lactarius 
scrobiculatus (Scop. ex Fries) Persoon, L. deliciosus 
Fries, and a questionable Cortinarius caninus. All 
of these are significant records of visual data which 
are essential in mushroom taxonomy. 
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+ ABSTRACT 

This study will investigate the effects of 
wildlife ungulate herbivory, principally of elk and 
moose, upon riparian and stream habitats within the 
Greater Yellowstone Ecosystem, which encompasses 
both the Grand Teton National Park and the 
Yellowstone National Park. The emphasis of the 
research will concern how these effects express 
themselves within the aquatic macroinvertebrate 
community. Sampling conducted in August and 
October of 1996 revealed that sites subject to 
moderate and minimal herbivore use contain greater 
quantities of allochthonous material and a more 
diverse macroinvertebrate trophic structure than 
streams incurring heavy herbivore use. 

+ INTRODUCTION 

That wildlife herbivory exerts some 
influence within the Greater Yellowstone Ecosystem 
finds at least ostensible support by simply driving 
through the area and observing any of the several 
exclosures which have been established within the 
parks. The relatively dense presence of, for 
instance, willow and aspen shrubs within these 
exclosures stands in marked contrast to the often 
complete absence of such vegetation immediately 
outside of the exclosures. Where shrubs still persist 
outside the exclosures, herbivory has reduced 

significantly their cover and height. For willows in 
particular, one study in Yellowstone has shown that 
shrubs within the exclosures possess mostly adult 
branches, whereas outside the exclosures shoots 
exist largely in the juvenile stage, though the author 
concludes that willows may be subject to long 
periods of severe browsing without being eliminated 
from an area (Despain 1989). Similarly, within the 
Grand Teton Park, a report recently completed by 
the University of Wyoming, found that several areas 
along the Snake River have incurred losses of 
vegetative cover as a consequence of browsing, most 
notably by elk and moose during the winter months 
(Smith et. al. 1994). 

This study will test the general hypothesis 
that the effects of wildlife herbivory within riparian 
areas will alter the species composition and trophic 
structure of the aquatic macroinvertebrate 
community. For the sake of clarity it may be 
helpful to organize the various hypotheses to be 
tested into four broad categories: 

Ho1: Riparian conditions do not differ significantly 
among sites subject to different intensities of 
herbivore use. Individual null hypotheses include 
tests comparing streambank stability, forage 
utilization, canopy cover, and insulation. 

lfo2: Stream substrate conditions do not differ 
significantly among sites subject to different 
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intensities of herbivore use. Null hypotheses 
include comparisons of substrate composition, 
velocity, degree of embeddedness, periphyton 
(AFDM and chlorophyll a), and benthic organic 
matter. 

Ho3: Stream water quality variables do not differ 
significantly among sites subject to different 
intensities of herbivore use. Null hypotheses 
include comparisons of alkalinity, hardness, DO, 
temperature, TSS, chlorophyll a, nutrients (N and 
P), and sulfate. 

Ho4: Macroinvertebrate communities do not differ 
among sites subject to different intensities of 
herbivore use. Null hypotheses include comparisons 
of density of collective and individual taxa, 
richness, evenness, biotic indices (e.g., Tolerance 
Quotient, Shannon-Weaver), and the relative 
proportions and densities of functional feeding 
groups. 

These hypotheses have been selected on the 
grounds that previous studies have shown a 
relationship between some of these environmental 
variables and either herbivory or the 
macroinvertebrate community. From a review of 
this literature, there appear to be at least four 
principal mechanisms by which the effects of 
herbivory might influence the aquatic insect 
community. First, with the reduction or elimination 
of riparian canopy, a stream receives greater 
quantities of light which may translate into higher 
primary and secondary productivity (Murphy et. al. 
1981, Hawkins et. al. 1982, Wesche 1987, Li et. al. 
1994) and larger temperature fluctuations, the latter 
of which may induce physiological stress in some 
macroinvertebrates (Bisson and Davis 1976, DeWalt 
and Stewart 1995). Second, the removal of riparian 
vegetation and the compaction of soil may result in 
higher sediment loads which may alter the 
inhabitability of substratum by affecting water 
movement, food quantity and quality, oxygen 
availability, and interstitial spacing (Minshall 1984, 
Lenat et. al. 1981). Third, the reduction in canopy, 
accompanied perhaps 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. Scrapers, for instance, may replace 
shredders as the predominant functional feeding 
group (Minshall 1983, Dudgeon 1988, though see 
Murphy et. al. 1981). Finally, aside from the 
effects associated with the removal of vegetation, 

the activity of herbivores in riparian areas may 
influence stream ecosystems through the deposition 
of wastes and the trampling of stream banks (Myers 
and Swanson 1995). Among other consequences, 
this may reduce velocity and thus render the stream 
less or more hospitable for certain insect species 
(Minshall and Minshall1977). 

The purpose of this study will be to identify 
the effects of wildlife ungulate grazing on the 
aquatic macroinvertebrate community directly 
through the use of diversity indices and indirectly 
through the measurement of some of the 
environmental factors which may influence the 
insect population. The study methods, therefore, 
have been designed such that some sort of 
relationship can be established among the 
environmental variables, the macroinvertebrate 
community structure, and wildife herbivory. 

The significance of the proposed work is 
fivefold: 

i) Though aquatic insects have been 
collected on a fairly regular basis within 
certain streams of the Greater Yellowstone 
area, the information which could be 
gleaned from these samples seems perhaps 
inaccessible to park officials, most of 
whom are not entomologists. Further, 
there have been few attempts to correlate 
the species diversity and trophic 
organization of the insect communities to 
the environmental conditions, such as 
herbivore use, of the streams from which 
the samples were collected. The data from 
this work thus will improve our 
understanding of the aquatic insect 
populations within the two parks. 

ii) The effects of wildlife herbivory on 
riparian areas and watersheds have received 
only anecdotal or incidental attention on the 
literature (Schepers ad Francis 1982). 
Moreover, just one published study has 
directly examined the relationship between 
livestock herbivory and aquatic insects 
(Rinne 1988), while no studies are available 
on the influence of wildlife herbivory on 
stream insects. 

iii) The results from the study will 
contribute to the debate on the terrestrial 
and aquatic factors responsible f~r 



structuring the aquatic insect community. 
Specifically, the study will address the 
validity of the River Continuum Concept, 
an hypothesis concerning the relationship 
between stream and terrestrial habitats 
which has received both support (Minshall 
1983) and criticism (e.g., Hawkins et. al. 
1982, Statmer and Rigler 1986, Townsend 
1989) in the literature. 

iv) Given that livestock grazing constitutes 
the most ubiquitous land practice in the 
eleven western states, it is important to gain 
a better understanding of how grazing and 
browsing activities affect riparian areas, not 
only in terms of the possible effects on the 
aquatic insects, but also in relation to the 
productivity of game fish populations 
which rely on the insects as primary source 
of food. 

v) Lastly, the findings from the study will 
address the broader issue of whether and by 
what means the wildlife management 
paradigm of the Park Service, which has 
undergone substantial revisions over the 
years, affects riparian and stream areas 
within the Grand Teton and Yellowstone 
National Parks. That is, does the manner 
in which the Park Service manages the elk 
and moose populations influence the 
condition of riparian and stream habitats 
within the two parks? 

To elaborate on the fifth point, the Park 
Service presently manages the Greater Yellowstone 
Ecosystem under the natural regulation paradigm, a 
largely laissez-faire form of management which 
holds that most undisturbed wildlife populations 
exist in an equilibrium with their environment, with 
conceivably either acting as a positive or negative 
feedback upon the other. Proponents of this 
management scheme generally consider the amount 
of winter forage to be the most significant element 
involved in the regulation of ungulate populations 
(Coughenour and Singer 1991). The corollary to 
these suppositions is that the wildlife will not 
permanently alter the conditions of its environment 
beyond some equilibrium state (for dissent to the 
equilibrium component of this view see Boyce 
1989). 

Chadde and Kay (1991) and Beetle (1979) 
examined various tree-shrub communities within 
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Yellowstone and Jackson Hole and found that, in 
apparent contradiction to the natural regulation 
paradigm, elk browsing had eliminated or reduced 
the presence of some plant species such as willow 
and aspen, the loss of which, they submit, explains 
the decline of beaver, white-tailed deer, native trout 
species, and even grizzly bears. Chadde and Kay 
(1991) concluded that the population of elk within 
the Greater Yellowstone Ecosystem has come to 
exceed historical levels (due to human interference), 
and thus the natural regulation paradigm has little 
relevance for present conditions in the two parks. 
Houston (1982), though, examined the condition of 
vegetation within Yellowstone and asserted from a 
review of this data that the elk population seemingly 
falls within the natural carrying capacity of the park. 
The study attributed the loss of aspen to the 
suppression of fire and claimed that the intense 
browsing of some plant communities results from a 
natural interaction between herbivores and plants 
(Caughley 1976). 

It is important to stress that this study will 
not provide results with which to evaluate the 
legitimacy of the natural regulation paradigm. 
Rather the study will concern how wildlife 
herbivory affects riparian and stream habitats, 
irrespective of whether such browsing is considered 
a natural consequence of herbivore-plant interactions 
or an unnatural result of a mismanaged elk herd. 
Ultimately, the findings from this study should 
prove interesting to researchers on either side of the 
issue. 

+ METHODS 

SITE SELECTION 

Three general categories, each comprising 
three streams, will be used to distinguish the 
different grazing and browsing intensities among the 
sites; no/minimal herbivore use, moderate herbivore 
use, and heavy herbivore use. Nine first-order 
streams have been identified as exhibiting similar 
substrate composition (cobble/rock), natural 
disturbance regimes (very high flows during spring 
snow melt), alkalinity and hardness (low alkalinity 
and soft water), and bank soil composition (suitable 
for shrub growth). The flow rates of the streams 
differ and thus the sites have been stratified for the 
sake of statistical analysis according to this variable, 
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albeit imperfectly, since it proved infeasible to 
match stream flows precisely (fable 1). 

Table 1. Streams identified as differing in extent of herbivore 
use. 

Minimal Moderate Heavy 

Flow Herbivore Use Herbivore Use Herbivore Use 

Cache Creek Coffman Creek, Flat Creek 
Low Bridger-Teton Grand Teton National Elk 

Forest Park Refuge 

Lake Creek, Little Granite Blacktail Deer 
Medium Grand Teton Creek, Bridger- Creek, 

Park Teton Forest Yellowstone 
Park 

Cottonwood Granite Creek Soda Butte 
High Creek, Grand Grand Teton Creek, 

Teton Park Park Yellowstone 
Park 

The quantitative evaluation of grazing and 
browsing intensity is generally characterized by the 
presence of comparatively dense, unforaged riparian 
vegetation indicative of minimal browsing activity. 
The three moderately browsed 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 
exhibit a uniform horizontal graze line which rises 
from 3 to 6 feet in height. The shrubs of the heavily 
grazed streams have been browsed to a height of less 
than one foot and are far less abundant than those at 
the minimally or moderately browsed sites. Along 
considerable portions of the heavily browsed 
streams, some species of riparian vegetation have 
been removed completely or persist exclusively in a 
late succession phase, that is, denuded of shrubs 
with only mature trees lining the banks. In 
addition, archival photographic evidence from the 
late 1800s exists for two of the heavily grazed sites 
in Yellowstone which will afford a temporal 
comparison of riparian conditions. 

MACROINVERTEBRATE SAMPLING 

Macroinvertebrate samples will be collected 
with a modified Hess sampler as described by 
Mackay and Kalff (1969). Nine samples were 
collected in August and October of 1996 from riffle 
areas within each of the nine streams. Sampling will 
be repeated at the same times in 1997. Identification 
will be performed to the lowest possible taxonomic 
level. 

Diversity indices, including the Shannon
Weaver Index, similarity coefficients, and Tolerance 
Quotients, will be used to compare the 
macroinvertebrate communities. In addition, the 
macroinvertebrates will be partitioned according to 
functional feeding categories (i.e., percent of 
samples comprised of shredders, scrapers, collector
gatherers, collector-filterers, and predators) as 
established by Merritt and Cummins(1984). 

ENVIRONMENTAL VARIABLES 

Within each control and treatment reach, a 
series of transects will be placed at regular intervals 
(about 3m) along the sampling area for the 
evaluation of riparian and stream variables in 
accordance with the methods of Platts et.al. (1987) 
and Platts and Nelson (1985). The environmental 
variables to be measured include percent of pools, 
substrate composition, embeddedness, bank 
stability, canopy, channel width:depth, and 
streamside forage use. Also, benthic core samples 
will be collected in immediate proximity to the 
insect samples so as to determine the amount of 
benthic organic matter (Hawkins et. al. 1982). 

Water quality measurements will be taken 
along with each macroinvertebrate sample and 
processed according to Standard Methods (APHA 
1995). Velocity will be measured using a current 
meter at each macroinvertebrate sampling site. 
Algal standing crops will be evaluated through the 
placement of artificial glass substrates into riffle 
areas as described by Meier et. al. (1983), which 
will be analyzed for ash-free dry matter, chlorophyll 
a, and composition of algal species. 

STATISTICS 

Parametric and nonparametric statistics will 
be used in the evaluation of the continuous and 
noncontinuous data, respectively. Multivariate 
analyses (PCA and DCA) will be performed to 
differentiate the sites based on physical, chemical, 
and biotic variables. In addition, Canonical 
Correlation Analysis will be used to relate the 
distribution of the environmental variables to the 
biotic variables (Neter, 1990). 



+ PRELIMINARY RESULTS 

In August and October of 1996, benthos 
and water samples were collected from all nine sites. 
The macroinvertebrates from these samples have 
been isolated from the benthos debris but not yet 
completely identified to genus or species level. 
Nonetheless, it appears evident from an initial 
survey of the samples that the three streams subject 
to heavy herbivore utilization support an insect 
assemblage dominated by ephemeropterans, an order 
for which the majority of species belong to the 
functional feeding groups of scrapers or collector
gatherers. The moderately grazed streams and the 
control streams seem to harbor a greater diversity of 
species, particularly of trichopterans and tipulids, 
and to support a more diverse trophic structure. The 
trichopterans in fact comprise the majority of 
species, both by biomass and numbers, within the 
control streams and constitute a much larger 
component of the benthic community within the 
moderately grazed streams than at the heavily grazed 
sites. The densities of insects appear to be rather 
uniform among the different browsing treatments 
with greater numbers possibly existing at two of the 
moderately browsed sites. In terms of available 
food resources, the chlorophyll a and biomass of 
periphyton collected from glass slides from the 
heavily grazed sites do not differ significantly from 
that of the moderately grazed sites or even the 
control sites (p> .1, ANOVA). Within the heavily 
grazed streams, however, woody debris and leaf 
material are for the most part absent from benthic 
core samples, whereas within the moderately and 
lightly grazed sites allochthonous matter forms a 
substantial component of the benthic material. 
These observations suggest that wildlife herbivory, 
by altering the condition of riparian vegetation, also 
affects the composition of the aquatic biota. 

+ CONCLUSION 

The principal question to be addressed in 
this study is whether the effects of wildlife 
herbivory within riparian areas influence the 
structure of the aquatic macroinvertebrate 
community. The research entails measuring both 
riparian and in-stream variables in an attempt to 
quantify the effects of herbivory with the purpose of 
relating these effects to the indices used to 
characterize the aquatic insects. If the research 
goals of this proposal are fulfilled, the study will 
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succeed in contributing to an understanding of 
stream ecology and wildlife management and lead to 
an appreciation of how these two spheres interact 
within the Greater Yellowstone Ecosystem. 
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+ INTRODUCTION 

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. In forest ecosystems, the 
decomposition of coarse woody debris, woody 
roots, twigs, leaves and micro-organisms is a 
primary source of this organic matter. 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 most 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. Ecosystems develop under 
conditions that are constantly changing, but which 
remain within some range of natural variability. At 
present, national forest managers are uncertain as to 
the quantity of CWO 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 exist which help 
characterize the range of natural variability with 
regard to CWO in lodgepole pine forests, and it is 
therefore difficult to assess current timber harvesting 
practices in terms of how much CWO should be left 
at each site. We began a pilot study in late summer 
1995 to begin to address this deficiency. A larger 
study of broader scope is planned for an additional 
two to three years, beginning this year, in 1996. 
This research will attempt to measure specific 
processes which include the distribution, 
decomposition, combustion by natural fires, and 
removal of CWO. 

The specific objectives of our study 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 CWO 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 CWO under natural conditions. 

STUDY AREA 

Research sites for this project are located in 
lodgepole pine forests of central and southern 
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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 for the Yellowstone study 
were selected based on two important criteria: a 
chronosequence of post-fire ages ranging for 7 - 150 
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 stands were sampled this year to 
compliment the stands sampled in 1995. Clearcuts 
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 similar enough to make 
reasonable comparisons regarding biomass and cover 
estimates. 

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 (Mg/ha) 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 
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 
(Pinus contorta var, latifolia) stands in the Medicine 
Bow National Forest, where timber harvesting has 
oceurred 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. 

+ RESULTS AND DISCUSSION 

Initial estimates of CWD biomass in the 
two s~tudy areas indicate that almost twice as much 
CWD may remain following intense fires than that 
which remains following clearcutting. However, 
much of the larger amount of CWD remaining 
following fires is attributed to the large number of 
dead-standing trees which are not consumed during 
fires, but are killed and eventually fall to the 
ground. In fact, there were no differences in 
downed woody material of any size class 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 may contain higher 
amounts of fine 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. 

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. 

Additional field work will be conducted 
during the summer of 1997 to complete the data sets 
from which to base the comparisons, and to increase 
the spatial extent and replication of the samples. 
Also, prior to that time, we will design a new 
sampling strategy to be implemented during the 
summer of 1997, which will address our second 
objective by quantifying the amount of wood 



consumed by fires of varying intensities, as well as 
the amount of old wood which is converted to 
charcoal but is still present on the forest floor. 
These estimates will allow for more accurate 
predictions of the amounts of CWD which remain 
following natural fires in lodgepole pine forests. 

With regard to our third 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 
which, using the digitized maps, will model the 
dynamics of CWD following disturbances such as 
fire and timber harvesting over the course of decades 
to centuries. These results will be reported when 
completed. 
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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 (Powells 
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 
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? 

+ METHODS 

We addressed the first question (broad-scale 
patterns of distribution and abundance) by sampling 
distances of 1 · - 17 km along 18 foot trails 
distributed throughout the burned portions of the 
subalpine plateaus within Yellowstone National Park 
(Table 1a). We counted the number of aspen 
seedlings within 2 meters on either side of the trail, 
and also recorded details of elevation, aspect, slope, 
and fire severity (unburned, lethal [stand-replacing] 
burn, or non-lethal burn in 1988) for each 10 - 500 -
meter segment of the trail. The trailside data were 
analyzed using logistic regression and ANOV A, 
which enabled us to develop predictions of aspen 
seedling occurrence and density as functions of bum 
status (burned vs unburned), elevation, substrate, 
topographic position, and geographic location within 
the park (Reed et al. 1997a). We also established 
small permanent plots 20 meters off the trail every 
few kilometers, and measured aspen seedling 
density, height, and basal diameter within these 
plots. The plots will be re-measured annually for at 
least the next 2 years to document survival and 
growth under a range of conditions of elevation, 
topographic position, substrate, and browsing 
intensity. Finally, we flew over the subalpine 
plateaus of southern, western, and central 
Yellowstone National Park in September, 1996, and 
mapped the locations of all visible adult aspen stands 
(conspicuous at that time of year because of yellow 
leaves) that could be potential parents of the 
seedlings. 

For the second question, we excavated 
aspen seedlings and associated ramets at five study 
areas across the subalpine plateaus of Yellowstone 
National Park (Table lb). At two of these study 
areas, we completely removed 20 individuals by 
carefully excavating along the roots. These 
sampled individuals were measured in the field 
(stem length, maximum root length and depth, 
number of ramets), then returned to the lab where 
they were dried and weights of roots and shoots 
determined. In the other three study areas, we 
mapped all of the aspen stems within an area of 50 -
300m2

• We then partially excavated each stem to 
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detect physical connections between stems (ramets), 
but did not remove plants from the ground. For 
each stem we determined age (from bud scale scars) 
and number of ramets, and we collected a small leaf 
sample for genetic analysis (Reed et al. 1997b). 

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 (Table lc), 
we fenced 13 small plots (100- 500 m~ to exclude 
ungulates, by means of double-stranded wire 
attached to standing fire-killed trees. In each plot 
we mapped 12 - 24 aspen seedlings (to allow re
measurement of the same plants in future years) and 
measured plant height, basal diameter, age, and 
number of leaves in late August, 1996. These plants 
will be re-measured annually for at least the next 
two years to detect responses to the experimental 
treatments. Experimental treatments at each of the 
three locations included: clipping of aspen plants to 
simulate elk browsing (3 plots); removal of 
lodgepole pine and herbaceous plants within 1 meter 
of the measured aspen plants by means of cutting 
and herbicide, to remove potential plant competitors 
(3 plots); clipping plus removal of competitors (3 
plots); and no clipping or competitor removal (3 
plots). In the 13th plot we pruned several individual 
aspen seedlings and removed local competitors to 
see if we could induce growth into tree form (most 
of the aspen seedlings are now growing in a shrub
like form, with several branches arising low on the 
main stem and a maximum height of only 0.5 - 1.0 
meter). 

To investigate the genetic structure of the 
aspen seedling populations (question #4), we 
collected small discs from young leaves at the five 
locations where seedling morphology and population 
structure were sampled (Table lb) and in the 
permanent plots associated with the trailside surveys 
(Table la). We also collected leaf discs from 
several adult aspen clones representing possible seed 
sources of the aspen seedlings on the subalpine 
plateaus. These adult clones were located around 
the margins of the Yellowstone Plateau, or in 
unusual habitats upon the plateau (cliffs, talus 
slopes, and lake shores having a southern exposure). 
The leaf samples were returned to the laboratory and 
analyzed by means of RAPD -- a "DNA 
fingerprinting" technique (Tuskan et al. 1996). 
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Table 1. Locations of aspen seedling study areas in Yellowstone National Park (see-text for details). 

a. Trailside surveys 

Cascade/Grebe/Wolf Lake 
Cygnet Lakes 
Two Ocean Plateau 
Two Ocean Plateau spur 
Lewis River Channel 
Pitchstone Plateau 

b. Momhology and population structure 

Riddle Lake 
Shoshone Lake 
Mount Homes 
Heart lake 
Mallard Creek 
Mallard Lake 

near Mallard Creek trailhead (excavation) 
near Old Faithful water treatment plant (excavation) 
near Fern Cascades (mapping and excavation) 
near western end of Old Fountain Trail (mapping) 
near Lewis Lake (mapping) 

c. Mechanisms of persistence or extimation 

Fern Cascades 
Little Firebote Meadows 
Outlet Creek 
Trail Creek 
Summit Lake 
Harlequin Lake 

Fountain site: near western end of Old Fountain trail (low elevation ... within pre-
1988 range of aspen) 

Fern site: near Fern Cascades (mid elevation . .. outside pre-1988 range of aspen) 
Lewis site: near Heart Lake trailhead (high elevation .. . outside pre-1988 range of 

aspen) 

+ RESULTS 

Analysis of the trailside aspen seedling data 
revealed that aspen seedlings were present only in 
areas that had burned in 1988. Within burned areas, 
the best predictors of aspen seedling presence and 
abundance were: elevation (higher probability of 
presence and higher density at lower elevations), 
distance to nearest adult aspen (higher probability 
and density at shorter distances), geographic region 
of the park (highest probability and density in the 
south-central and southwestern regions), and the 
interaction between elevation and distance. Using 
these relationships and the geographic data-bases 
within a GIS environment (GRASS), we developed a 
map of Yellowstone National Park showing 
predicted seedling densities throughout the burned 
areas (Reed et al. 1997a), and will test these 
predictions with additional trailside surveys during 
subsequent field seasons. 

Within the five study areas where aspen 
seedling morphology and population structure was 
examined (Table 1b), the majority of stems (58%) 
had originated in 1989 or 1990 (Reed et al. 1997b). 
The proportion of stems originating in each year 
from 1989 to 1996 decreased in an approximately 
negative exponential curve. Most stems were 
individual genets; we found few physical 
connections between -stems (12 out of 157 sampled 
stems), and genetic analysis showed distinctive 
genotypes in most individuals. Mean maximum root 
length ranged from 31 - 122 em. The plants were 
shallowly rooted, with mean maximum root depths 
of 13 - 29 em. Total plant weights were 1.8 - 6.2 
grams, and the mean proportion of plant biomass 
allocated to roots ranged from 33-43 %. 

We measured the plants · within the 
experimental plots (Table 1c) in late August, 1996, 
but will not perform analyses on these data until the 
plants are re-sampled in 1997. Genetic samples 
were collected, but analyses are not yet complete. 



+ DISCUSSION 

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

The results of this current study have 
verified some earlier ideas about the aspen seedlings 
that became established after the 1988 Yellowstone 
fires, e.g., that seedlings are restricted to burned 
areas, that they are most abundant in the west
central and southwestern portions of the park, and 
that most germinated within the first two years after 
the fires (Romme et al. 1997). However, the more 
detailed observations and analyses that we completed 
in 1996 have revised some of those earlier ideas. 
For example, we found that a low level of seedling 
establishment probably continued for several years 
after the fires rather than being confined to the first 
two years (cf. Kay 1993), that few of the new aspen 
genets have produced ramets, and that seedling 
density is significantly correlated with elevation and 
distance to potential seed source as well as 
geographic region. 

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

It may be many years before we have final 
answers to these questions. However, 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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+ INTRODUCTION 

The Yellowstone region has been divided 
into geovegetation regions based on characteristics 
of the vegetation, climate, and geology (Despain, 
1990). The Northern Range or Yellowstone-Lamar 
valleys features open Douglas-fir parkland, summer
wet conditions, and substrates composed of glacial 
debris and sedimentary and granitic material. The 
Central Plateau is an area of lodgepole forest, 
relatively dry summers, and infertile rhyolite soils. 
The Absaroka region consists of mixed conifer 
forest, relatively dry summers, and andesitic and 
sedimentary rock types. The environmental history 
of the geovegetation regions, as revealed from a 
network of pollen and charcoal records, has been 
equally distinctive (Whitlock, 1993; Whitlock and 
Bartlein, 1993; Whitlock et al., 1994, 1995). The 
Northern Range experienced wetter-than-present 
summers in the early Holocene between 10 and 7 ka 
(ka = 1000 14C years before present) as a result of 
intensified monsoonal circulation. The development 
of Douglas-fir parkland there has occurred with 
drying in the late Holocene. The paleoecologic 
record shows few fires in the early Holocene and 
increased burning in the last 7000 years as the 
climate became drier (Millspaugh, in prep.). In the 
Central Plateau, areas of rhyolite supported 
lodgepole-pine forest for the last 10,000 years with 
little change. Charcoal data from this region 
indicate that fires were most frequent in the early 

Holocene between 10 and 7 ka, when southern and 
central Yellowstone National Park (YNP) and Grand 
Teton National Park (GTNP) were warmer and drier 
than at present. Fire frequency has decreased in the 
last few millennia with the onset of present-day cool 
conditions (Millspaugh, in prep.; Whitlock and 
Millspaugh, in press). Despite these changes in 
Holocene climate and fire regime the vegetation of 
the Central Plateau remained a lodgepole pine 
forest, presumably because of the infertile soils. 

The long-term fire history of the Absaroka 
region is not well known, although some 
information is available on the vegetation and 
climate history. The andesitic soils support a dense 
forest of spruce, fir, and pine today that features 
some of the oldest trees in the YNP. 
Dendrochronologic evidence suggest long fire return 
intervals (up to 400 yrs) and severe stan(! 
replacement events characterize the present-day fire 
regime (Barrett, 1994). Like the Central Plateau, 
the Absaroka region lies in the summer-dry area 
(Despain, 1987), and paleoecologic data suggest that 
it also experienced greatest summer drought in the 
early Holocene, ca. 10-7 ka. When summers were 
warmest, the pollen data show an increase in fire
adapted species, such as Douglas fir and lodgepole 
pine. As the climate became cooler and more humid 
in the late Holocene, mesophytic species like 
Engelmann spruce, subalpine fir, and whitebark pine 
increased in abundance (Whitlock, 1993; Baker, 
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1976). In this report, we describe the 
paleoenvironmental record of Trail Lake (Lat. 
44°18', Long. 110°10', elev. 2362 m) in the 
Absaroka region of southern YNP to examine the 
long-term fire history associated with the 
vegetational and inferred climatic changes. We 
hypothesize that both the vegetation and fire history 
at Trail Lake should show a strong response to 
changes in regional climate, in contrast with the 
Central Plateau where the long-term climate-fire 
linkage is well-expressed but the climate-vegetation 
interactions are weakly developed (Whitlock and 
Millspaugh, in press; Millspaugh, in prep.). 

Trail Lake was chosen for this study for 
several reasons: First, it is located in spruce-fir
whitebark pine forest on glacial deposits of andesitic 
origin. Second, the vegetation and climate history 
of this region is reasonably well-known from pollen 
data at Buckbean Fen (Baker, 1976), Mariposa Lake 
(Whitlock, 1993), and Cub Creek Pond 
(Waddington and Wright, 1974). Third, the site 
was burned in 1988, and charcoal samples collected 
in October 1988 allow us to calibrate the prehistoric 
record. The calibration of charcoal abundance with 
known fire events has been an essential step in our 
reconstruction of past fires (Millspaugh and 
Whitlock, 1995; Whitlock and Millspaugh, 1996; 
Whitlock et al., 1997). Fourth, Trail Lake lies in 
an area that has been regularly burned by fires 
originating from the south and southwest. The site 
will provide new information on the frequency of 
such fires in the past. 

+ METHODS 

In August 1996, a 10.03-m-long sediment 
core was retrieved from Trail Lake using a modified 
Livinstone piston corer from an anchored platform. 
The core was taken in the center of the lake where 
the water depth was 3.22 m. The core was extruded 
in the field wrapped in cellophane and foil and 
transported back to the laboratory where it was 
refrigerated. A 20-cm-long surface core was 
obtained at the same location to obtain the mud
water interface. This core was extruded vertically 
and sampled at 1-cm intervals in the field. 

Pollen samples were processed with 
standard methods (Faegri et . al., 1989). Known 
quantities of Lycopodium spores were added to each 
sample in order to achieve a ratio of ca. 3: 1 fossil 
pollen to Lycopodium spike for calculation of pollen 

concentration. Pollen residues were examined at 
magnifications of 400 and 1000X, and a minimum 
of 300 terrestrial pollen grains and fern spores were 
counted for 36 samples distributed throughout the 
core. The pollen stratigraphy with this sampling 
interval is generalized, and the density of samples 
will be increased when radiocarbon dates are 
available (see below). 

Pollen identifications were based on 
comparison with the reference collection of modem 
pollen at the University of Oregon and published 
atlases (e.g., McAndrews et al., 1973; Moore and 
Webb, 1978). Pollen grains that could not be 
identified with the available reference materials were 
listed as Unknown. Grains that were degraded 
beyond recognition or obscured were listed as 
Indeterminate. Haploxylon-type Pinus grains were 
assigned to P. albicaulis (whitebark pine) and P. 
jlexilis (limber pine), and Diploxylon-type Pinus 
was attributed toP. contorta (lodgepole pine) based 
on modem phytogeography. Pinus pollen that 
lacked a distal membrane and were listed as Pinus 
Undifferentiated. Terrestrial pollen data were 
expressed as percentages of total terrestrial 
(nonaquatic) pollen and spores counted at each level. 
Aquatic taxa were presented as a percentage of all 
pollen and spores. 

The fire history reconstruction was based 
on an analysis of macroscopic charcoal particles 
( > 125 p.m diameter) in contiguous samples (See 
Millspaugh and Whitlock, 1995; Long et al., in 
review for rationale). We chose a sampling interval 
of 1 em, which prior experience has shown 
represents a deposition of time of ca. 10 years in 
small Yellowstone lakes. With this sampling 
interval, we will be able to document fire 
occurrences at decadal-to-millennial time resolution. 
Fire events in this study means one or more fires 
occurring within or near the watershed in a 
particular decade. 

Subsamples of 5 cm3 for charcoal analysis 
were taken from each 1-cm interval and 
disaggregated in a solution of dilute sodium 
hexametaphosphate for 24 hr. Macroscopic charcoal 
particles were analyzed because they are not 
transported long distances from a fire (Patterson et 
al. 1987; Clark 1990; Whitlock and Millspaugh 
1996). Whitlock and Millspaugh (1996), for 
example, found that macroscopic charcoal particles 
(> 125JLm in diameter) were abundant in lakes that 
lay within a 10 km radius of the 1988 Yellowstone 



fires but were scarce at greater distances. Sediment 
samples were gently washed through nested 
sedimentologic screens (mesh sizes of 125 and 250 
J.Lm diameter}, and particles were tallied under a 
stereomicroscope. Charcoal counts were presented 
as charcoal concentration. 

When radiocarbon dates become available 
charcoal concentration data will be converted to 
charcoal accumulation rates (pieces/cm2/yr}, and the 
record will be decomposed into charcoal background 
and charcoal peaks. Background levels provide 
information on changes in woody fuel biomass and 
charcoal delivery and deposition through time. The 
peaks represent fire events, and their frequency 
allows an estimation of the number fire 
events/millennia (Long et al., in review). 

Sediment magnetism has been used to infer 
changes in the clastic input to a lake (Thompson and 
Oldfield 1986; Rummery et al., 1979). Fires 
remove the organic layer of soils, which can 
destabilize slopes (Swanson 1981}, and heat soils, 
which can increase the formation of paramagnetic 
minerals (Thompson and Oldfield 1986); both 
processes may increase the magnetic susceptibility of 
sediments deposited in a lake. Variations in runoff, 
streamflow, and mass movement unrelated to fire 
can also produce a change in the magnetic 
susceptibility of sediments. Magnetic susceptibility 
readings were taken on an 8-cm3 subsample from 
each 1-cm interval before the charcoal analysis was 
performed. Electromagnetic units (emu/cm3

) will be 
divided by sample deposition time (yr/cm) to 
calculate magnetic susceptibility influx 
(emu/cm2/yr). The resulting data will be 
decomposed in the same way as the charcoal 
accumulation rates. 

The % organic and carbonate content of the 
core was determined using weight-loss on ignition 
methods described by Dean (1974). Samples were 
taken at 10- and 20-cm intervals in the core. 

+ PRELIMINARY RESULTS AND 
DISCUSSION 

LITHOLOGIC HISTORY 

The core stratigraphy is shown in Figure 1. 
The upper 8.61 m (3.22-11.83 m depth) consisted of 
fine detritus gytlja (11-35% organics and <5% 
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Figure 1. Stratigraphy of the Trail Lake core. Note deths are 
measured from water surface. 

carbonates). The most organic sediments (35% 
organic content) were found in the upper meter of 
the core (Fig. 2). Magnetic susceptibility readings 
are generally low in this interval, implying little 
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Figure 2. Charcoal concentration (number of particles/em'), and 
organic and carbonate content based on weight-loss on ignition 
(Dean, 1974). 

input of clastic material. From 5.90 to 11.83 m 
depth the sediments contain decimeter-thick intervals 
with finely laminated layers of pure diatoms. At 
11.83-11.84 and 12.24-12.25 m are two volcanic 
ash layers. These tephra occur in a part of the core 
where the organic content is declining from ca. 20% 
to 10%, which suggests that they are from late
glacial eruptions of Glacier Peak. These eruptions 
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have been dated at ca. 11.8 kyr in other lakes in the 
YNP/GTNP region (Whitlock, 1993). Between the 
ash layers are a series of distinctive 1-mm-thick light 
and dark layers, which appear to be varves. A total 
of 256 laminae couplets were counted, which 
suggests that the two eruptions were ca. 256 years 
apart. Below the second ash, the laminations 
continue (187 couplets) to a depth of 12.68 m. 
From 12.68-13.25 m are thick layers of inorganic 
( <4% organics; <2% carbonates) clay, silt, and 
fine sand. Magnetic susceptibility measurements are 
extremely high in this interval. 

The inorganic layers at the base of the core 
were probably deposited at the end of the last 
glaciation, when minerogenic material was 
introduced from glacial meltwater and solifluction. 
High magnetic susceptibility values suggest 
considerable input of clastic material in late-glacial 
time. The laminations between and below the two 
late-glacial ash layers may represent a time when 
Trail Lake and Yellowstone Lake were part of a 
large proglacial lake system and the water depth at 
the coring site was much deeper than at present. 
Similar evidence of a proglaciallake has been noted 
in lakes marginal to Yellowstone Lake (Baker, 
1976; Sherrod, 1979). As late-Pleistocene ice 
receded, water levels dropped and the two basin 
became isolated. Trail Lake was no longer deep 
enough to preserve annual laminations, and 
laminated sediment was replaced by fine detritus 
gyjjta. Based on comparison with other records in 
the region, the gyttja was deposited during the 
Holocene when the lake production was high and the 
slopes were covered by forest. Layers of diatom 
activity in the lower half of the gyttja unit suggest 
brief episodes of high algal production, that seem to 
be associated with the early Holocene warm, dry 
period. 

CHRONOLOGY 

Five charcoal samples have been submitted 
for accelerator mass spectrometry (AMS) at the 
University of Arizona in order to establish a 
chronology for the record. These age 
determinations are not available at the time of this 
report, which limits our ability to interpret the 
records and reconstruct the environmental history. 
For that reason, the results and discussion should be 
considered preliminary and somewhat speculative. 
Using the age of the Glacier Peak ash (11.8 ka at 
12.24 m), the lowest depth of gyttja as the 
beginning of the Holocene (10 ka at 11.15 m), and 

the mud-water interface (0 ka at 3.22 m), we can 
develop crude age-vs-depth relations for the core. 
The late-glacial period (10-14 ka?) refers to the 
assemblages before 11.15 m depth, the early 
Holocene (10-5 ka) is assigned to a depth of 11.15-
5.90 m, and the late-Holocene (5 ka to present) 
extends from 5.90-3.22 m (the mud-water 
interface). 

VEGETATION HISTORY 

The Trail Lake pollen record differs from 
others in the Absaroka region of southern YNP and 
GTNP, and without a radiocarbon-age chronology 
the differences are difficult to evaluate. Prior to the 
deposition of the Glacier Peak ash (ca. 11.8 ka), the 
pollen record is dominated by high percentages of 
Pinus, including P. contorta-type and P. albicaulis
type. Pollen of Picea (spruce), Abies (fir), 
Juniperus-type Guniper), Salix (willow), Betula 
(birch), and P. tremuloides (quaking aspen) are also 
present in significant amounts (Fig. 3). The 

Oep!h (m) below 0101or surface 

Figure 3. Pollen percentage data for selected taxa. Age estimates 
are based on the aaaignmcnt of the ash to the erution of Glacier 
Peak at ll.8 ka (Whitlock, 1993) and the increase in organic 
content of the core representing the beginning of the Holocene 
(10 ka). 



presence of trace amounts of Pseudotsuga (Douglas 
fir) pollen in the late-glacial period is surprising, but 
it is noted at Cub Creek Pond (Waddington and 
Wright, 1974) and Buckbean Fen (Baker, 1976). 
The Trail Lake record quite likely indicates the local 
occurrence of Douglas fir in small numbers, because 
the pollen is not dispersed long distances (Whitlock, 
1993). Douglas fir grows today on the Promontory 
between the Southeast and South arms of 
Yellowstone Lake, but it is uncommon in southern 
YNP. The non-arboreal component in the late
glacial period is dominated by Artemisia (sagebrush 
or wormwood), Gramineae (grass) , Asteraceae 
(composites), and Chenopodiineae (saltbush), 
although their percentages are low and no taxa 
indicate alpine conditions. 

The vegetation at this time was probably an 
open pine forest with lodgepole pine, whitebark 
pine, Engelmann spruce, subalpine fir, common 
juniper, and some Douglas fir. There is no evidence 
of tundra during this interval, unlike contemporary 
assemblages in the region. Birch, willow, and aspen 
probably grew in mesic and riparian sequences. 
Overall, the vegetation matches surface sample data 
from high-elevation forests in the vicinity of Trail 
Lake (Whitlock, 1993), with spruce, fir, and 
whitebark pine growing in the coldest most humid 
areas, and lodgepole pine favoring disturbed sites. 
Douglas fir may have grown in sunny protected 
areas. 

Between the 11.8 ka and the beginning of 
the Holocene, the pollen assemblages feature high 
percentages · of Pinus contorta-type and P. 
albicaulis-type. Picea, Abies, Betula, Salix, and 
Populus are present in lower percentages than before 
and the non-arboreal components also decreases. 
Pseudotsuga and Quercus (oak, which was probably 
blown from distant sources) are present in trace 
amounts, as is Arceuthobium (mistletoe). The 
pollen data suggest that the forest was similar to that 
of the present-day mixed pine, spruce, fir forest 
around the lake. Pinus contorta was abundant in 
areas of disturbance. The decrease in wet-ground 
indicators suggest a less boggy landscape than at the 
beginning of late-glacial time. 

The early Holocene is marked by decreased 
percentages of Pinus albicaulis-type pollen and a 
predominance of P. contorta-type. Juniperus-type, 
Alnus (alder), Arceuthobium percentages are slightly 
higher than before, and Pseudotsuga and Quercus 
are present consistently. The absence of mesophytic 
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conifers and the abundance of lodgepole pine and 
juniper (referred to Juniperus communis) suggests 
that this was the warmest driest period in the record, 
but the registration of drought is weaker than in 
other nearby records. In the upper part of the 
record (above 6 m depth), slightly increased 
percentages of Pinus albicaulis-type, Picea, and 
Abies in the late Holocene suggest a return to cool, 
humid conditions. Chenopodiineae decreases, while 
Salix increases, indicating the loss of dry sites and 
an expansion of wetlands around the lake. The 
onset of cool humid conditions marks the transition 
to modem climate and the establishment of the 
present-day vegetation. 

The record is distinctive from others in the 
Absaroka region (Whitlock, 1993) in several ways. 
First, it lacks both a period of tundra prior to the 
deposition of Glacier Peak ash and a period of 
spruce parkland just after the deposition of the ash. 
Both of these periods are very striking in most of the 
pollen records from the southern YNP /GTNP. It is 
possible that we did not retrieve the complete late
glacial record at Trail Lake, and a tundra pollen 
assemblage would have been present in deeper 
sediments. Even so, the lack of evidence of a 
spruce parkland during or just after deposition of the 
Glacier Peak cannot be attributed to missing record 
and raises some intriguing questions: Did spruce 
parkland develop in the Trail Lake area a few 
millennia! before it appeared at other sites? Or, was 
this vegetation period missing or expressed 
differently at Trail Lake? 

Second, the steady appearance of Pinus 
contorta-type and Pseudotsuga pollen in the late
glacial suggests that Trail Lake may have been an 
early center of colonization for temperate taxa. 
Perhaps the protected valleys of the upper 
Yellowstone drainage provided suitable shelter for 
these taxa early on in the deglacial transition. A 
third difference between Trail Lake and other 
records in the Absaroka region is the relatively weak 
expression of early Holocene warm/dry conditions. 
At sites in southern YNP /GTNP, increased 
percentages of Pinus contorta-type, Pseudotsuga, 
and sometimes Populus pollen imply an expansion 
of xerophytic species and an increase in disturbance 
in the early Holocene. This signal is muted at Trail 
Lake, where the vegetation history has been fairly 
complacent for the last 11,000 years. 
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FIREIDSTORY 

The Trail Lake charcoal record will be 
analyzed in more detail when charcoal accumulation 
rate data are available. Charcoal concentration and 
magnetic susceptibility data, however, show trends 
that seem to be signficant. Background levels of 
charcoal are generally low in the late-glacial period, 
increase abruptly. at 11.80 m depth to a maximum in 
the early Holocene, and decrease in the late 
Holocene. Two intervals of low charcoal 
concentrations are also noted between 11.80-10.70 
m and 8. 70-8.00 m depth. The magnetic 
susceptibility record shows that values were high in 
the late-glacial, low in the early Holocene (when 
charcoal concentration is high), high from 8.00-6.60 
m depth (when charcoal concentration is high), and 
generally low in the late Holocene (when charcoal 
concentration is low). 

The charcoal and magnetic susceptilibity 
records suggest changes in the amount of burnable 
biomass and the delivery of charcoal by airborne 
fall-out, streams, and slopewash processes through 
time (Fig. 3). The trends generally track the pollen 
changes, which implies that fire occurrence was 
strongly controlled by vegetation and climate on 
millennia! time scales. During the late-glacial 
period of cool humid conditions and open subalpine 
vegetation, fires were probably infrequent and 
produced little charcoal. With increased warming, 
the forest became more closed and fire incidence 
increased. The expansion of lodgepole pine in the 
early Holocene marks the time of greatest charcoal 
concentration, suggesting considerable burning in 
the watershed. The low background levels of 
magnetic susceptibility in the early Holocene implies 
that most of the charcoal was from airborne fall-out 
as opposed to secondary charcoal introduced from 
erosion in non-fire years. The decline in 
background charcoal fits the pollen changes toward 
more mesophytic taxa. Apparently, the late 
Holocene featured less burning as a result of cooler 
more humid conditions. 

Charcoal peaks in the concentration data 
imply fire events throughout the record. The 
closely spaced peaks in the early Holocene suggest a 
short fire return interval during the period of 
greatest summer drought. In the late Holocene, 
peaks become more widely spaced indicating fewer 
fires with the establishment of cool conditions. 
Several of the charcoal peaks correlate with peaks in 
magnetic susceptibility data. This coincidence 

suggests that the fire event occurred locally in the 
watershed and was severe enough to cause mass
wasting or increase run-off (Meyer et al., 1995). 
When a chronology is available these data will be 
used to calculate local fire frequency and identify 
trends in background charcoal. 

+ CONCLUSIONS 

Our understanding of the climate, 
vegetation, and fire history in Yellowstone National 
Park and Grand Teton National Park is based on a 
series of paleoecologic sites located along 
environmental gradients. Variations in climate and 
vegetation are inferred from pollen and plant
macrofossil records that span the last 14,000 yr and 
also from a comparison of the paleoecologic record 
with independent estimates of past climate change. 
Information on fire frequency in YNP/GTNP comes 
from historical and dendrochronologic records (e.g., 
Romme, 1982; Barrett, 1994) and the analysis of 
charcoal deposited in the sediments of lakes (e.g., 
Millspaugh and Whitlock, 1995). These data allow 
us to identify the sequence of climatic changes that 
has shaped fire regimes since the last ice age; they 
also disclose the response of forest communities to 
variations in disturbance regime. Comparison of 
YNP/GTNP records with other areas of the West 
suggests that regional variations in vegetation and 
climate are a consequence of large-scale changes in 
the climate system that affected all of North America 
(Barnosky et al., 1987; Thompson et al., 1993). In 
YNP/GTNP as elsewhere, the present forest 
associations have developed only in the last few 
millennia with the establishment of cool humid 
conditions (Baker 1983; Beiswenger, 
1991;Whitlock, 1993). The pollen data from Trail 
Lake do not reflect the variations in vegetation and 
climate as well as other records from the Absaroka 
region, and the explanation for this is not yet clear. 
The location of the site may have protected it from 
climatic extremes and thus allowed early 
colonization of conifers after deglaciation as well as 
mitigated the effects of early Holocene drought. 

Although the interpretation of the Trail 
Lake fire history is preliminary, the abundance of 
charcoal in the record of the last ca. 12 kyr indicates 
that fire has been an important disturbance 
mechanism in this region for millennia. The 
variable nature of the charcoal record argues against 
a long-term fire cycle. On the contrary, charcoal 
records from Trail and other lakes suggest that the 



fire frequency has been nonstationary and changed 
continuously in response to varying climate 
conditions. 

Examination of fire on multiple time scales 
through the comparison of dendrochronologic and 
lake-sediment records will improve our ability to 
study the response of subalpine forests to climate 
changes in the next century. In addition to changes 
in species ranges and extirpations, a probable effect 
of global warming will be an increase in the 
incidence of large fires (Sandenburgh et al., 1987; 
Price and Rind, 1994; Balling et al., 1992). Fire 
frequency, size, and severity, more than other 
ecological processes, will be directly and 
immediately affected by changes in temperature and 
effective moisture (Overpeck et al., 1990). 
Subalpine forests have been targeted as especially 
vulnerable to future climate changes (Bartlein et al. , 
1997; Romme and Turner, 1991), but the 
mechanisms causing their decline bear further 
investigation. 
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