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+ PROJECT SUMMARY 

The crystalline rocks that form the core of 
the Teton Range are part of the Wyoming Province, 
which is one of the oldest portions of North America. 
Study of the basement of the Tetons, coupled with the 
results of ongoing research in similar-aged rocks 
exposed elsewhere in Wyoming, will provide 
information on how the crust evolved in the early 
Earth in general and in the Wyoming province in 
particular. In 1999 the project involved two weeks of 
fieldwork in Grand Teton National Park and regions 
to the east, including the Gros Ventre Range, deep 
canyons of the Buffalo Fork River near Togwotee 
Pass, and outcrops of basement near Dubois, 
Wyoming. The main goals of the fieldwork were to 
complete the sampling of key units in Grand Teton 
National Park, and to determine whether or not the 
next nearest outcrops of basement (Gros Ventre, 
Togwotee Pass and Dubois regions) share the early 
geologic history preserved in the rocks of Teton 
National Park. This field work involved four faculty 
members from UW and a graduate student, who is 
doing the study as part of her MS thesis. Several 
months of laboratory analysis at UW have 
characterized the rocks through thin section, stained 
slabs, and whole rock geochemical and Nd, Sr, and 
Ph isotopic methods and produced preliminary U-Pb 
dates. The principal results from this year's efforts 
are that the Teton basement rocks consist of large 
proportions of juvenile crust, the majority of the 
rocks formed over a relatively narrow time span from 
- 2.74 to 2.68 Ga, they were deformed at about 2.67 
Ga, and that rocks exposed in the Buffalo Fork River 

to the east are shallow level equivalents to the deep 
rocks exposed in the Tetons. Based on these 
observations and measurements, we hypothesize that 
the basement rocks of the Tetons formed in an off
shore, island arc setting between 2.74-2 .68 Ga, and 
they were accreted to the Wyoming province at about 
2.67 Ga. Post-tectonic intrusion of distinctive 
peraluminous granites in both the Teton's (Mt. Owens 
quartz monzonite) and elsewhere in the Wyoming 
province at 2.55 Ga strengthens our interpretation of 
a shared history after 2. 67 Ga. If this model for the 
basement rocks in the Teton ' s holds up, it will be the 
first case of crustal growth by lateral accretion for the 
Archean Wyoming province, and one of the earliest 
examples of plate tectonics style crustal growth 
documented from anywhere in the world. Plate 
tectonic growth has dominated the Earth ' s evolution 
from -2 .5 Ga to the present, but it is unclear whether 
or not analogous processes operated before 2.5 Ga. 

+ SUMMARY OF FIELD WORK 

During the fieldwork we used available 
geologic maps from the US Geologic Survey to locate 
key areas for study (Love et al., 1992). We 
resampled the augen gneiss, and verified field 
relations between the major units exposed within 
Teton National Park. We were also fortunate to fmd 
and collect a sample of pegmatitic, partial melt that 
formed during metamorphism. Zircons from this 
sample will give us a direct age on the timing of 
metamorphism and deformation. Much of our 
fieldwork, however, focussed on exposures of 
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basement east of the Park. We spent two days in the 
Gros Ventre Range, two days in the Buffalo Fork 
River gorge, and a week north of Dubois in eroded 
foothills of the Absaroka Range. The rocks exposed 
in the Buffalo Fork gorge were particularly 
enlightening, as they included ultramafic rocks, Fe 
formation containing the Fe-amphibole grunerite, and 
pelitic to dacitic supracrustal rocks. This assemblage 
is typical of an ocean floor that has been subsequently 
metamorphosed, and we interpret these rocks to be 
remnants of the ocean basin that existed between the 
basement rocks of the Tetons and the rest of the 
Wyoming province. The basement rocks farther east, 
exposed near Dubois, do not appear to be related to 
the basement in the Tetons, lending further evidence 
to our exotic block model for the Tetons. 

+ ANALYTICAL RESULTS 

Nd-Sr isotopes: 

The rocks from the Tetons show a range of 
Nd isotope values, with =- Nd ranging from + 3 (which 
is nearly a mantle value at this time) to more than -7, 
which would be more typical of crustal rocks (Fig. 1 ). 
This variation is best seen in the range in Nd model 
ages, a measure of the time at which the REEs in the 
rock were extracted from a mantle reservoir. The 
youngest rock, the Mt. Owen granite has a low J Nd 

and Nd model age of 3.6 Ga, indicating that its source 
area contained significant amounts of old crust. The 
granite is peraluminous and both the old N d model 
age and the rock composition are consistent with a 
source that included metasediments derived from the 
Archean crust of the Wyoming Province. 
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Figure 1: Variation of = Nd for rocks from the Tetons at 2.54 
Ga, the age of the Mt. Owen granodiorite. 

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

+ GEOCHRONOLOGY 

We have preliminary U-Pb dates from three 
of the dominant rock types exposed in the Park. The 
distinctive, alkali feldspar megacrystic, augen gneiss 
(WAG of Love et al., 1992) yielded zircon with a 
range of ages that we interpret to indicate 
involvement of older crust, at least as old as 2. 79 Ga, 
in an igneous rock that crystallized at about 2. 7 4 Ga. 
This augen gneiss is either interlayered with or 
intrudes the complex layered gneiss that is the most 
widespread basement rock in the Park. Based on the 
U-Pb data from the augen gneiss, we interpret the age 
of the layered gneiss to be 2:2.74 Ga. Zircon from the 
Webb Canyon gneiss, a unit that intrudes both the 
layered and augen gneisses, are interpreted to indicate 
an age of 2.68 Ga or younger. The zircon systematics 
of the Webb canyon and augen gneisses are complex 
and will require additional work to determine their 
ages accurately. The Rendezvous metagabbro, (Fig 
2) on the other hand, yielded magmatic zircon with 
relatively simple U-Pb systematics and analyses 
resulted in an age of crystallization of 2692 ± 8 Ma 
(or 2.69 Ga). 
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+ SIGNIFICANCE 

Our initial work on the Tetons has shown the 
that the age of the last penetrative deformation in the 
Archean rocks of the Tetons is synchronous with the 
intrusion of the Webb Canyon gneiss, which has been 
interpreted to be younger than 2. 7 Ga (Zartman and 
Reed, 1998). This age is considerably younger than 
the last penetrative deformation in the Bighorn 
Mountains but is similar to the age of the last 
penetrative deformation in the Wind River Range 
(Frost et al. , 1998), the Seminoe and Ferris 
Mountains (Bowers and Chamberlain, 1993 ), and the 
northern Laramie Range. This suggests that in the 
time period of ca. 2.6-2.7 Ga an active orogenic belt 
extended across the southern margin of the Wyoming 
province. Although the basement in the Tetons 
appears to share a similar deformation age to those in 
the Wind Rivers, the isotopic compositions of the 
gneisses from the Tetons are distinctly different from 
those in the Wind River Range . The Tetons contain 
rocks that have had a much shorter crustal history 
than similar-looking gneisses in the Wind Rivers. It 
is possible that layered gneisses with the young Nd 
model ages in the Tetons are part of an accreted 
terrane. If so, this is the first evidence that exotic 
terranes were accreted to the margin of the Wyoming 
Craton in the Archean. Results from our work so far 
have been reported in the 1999 Joint Conference on 
Geology and Mineralization of Wyoming and 
surrounding regions (Cornia 1999) and are in the 
process of being written up in Mary Cornia' s MS 
thesis. 

Future Plans: 

The results from our Teton studies have 
already had a major impact on our understanding of 
the evolution of the Wyoming province. It has 
allowed us to put together a model suggesting that the 
southern portion of the Wyoming province was an 
active orogenic margin during the period of 2.6 to 2.8 
billion years ago. Much of this orogenic belt was 
developed on the old margin of the Wyoming 
province, but it is possible that some of the Tetons 
represent an accreted terrane. We were awarded a 
three year grant from NSF in Feb. 2000 to continue 
our study of the Wyoming Province to test this model. 
This grant seeks to study the Precambrian outcrops in 
the Tetons, Wind River Range, Seminoe-Ferris 
Mountains, and northern Laramie Range to see if we 
can constrain the age of this orogenic belt. We plan 
significant further work in the Tetons to see if we can 
map the limits of the possible accreted terrane. 

87 

+ LITERATURE CITED 

Bowers, N.E. , and Chamberlain, K.R. 1993. New 
structural and geochronological constraints 
on an Archean shear zone in the central 
Wyoming Province, Ferris Mountains, 
Carbon County, Wyoming: GSA Abstracts 
with Programs, v. 25, p. A47. 

Cornia, M. 1999. Precambrian geology, 
geochemistry, and geochronology of the 
Teton Range, Wyoming: Programs and 
Abstracts for the 1999 Joint Conference on 
Geology and Mineralization of Wyoming 
and surrounding regions, Wyoming State 
Geological Survey, Dept. of Geology and 
Geophysics, Univ. of Wyoming, and 
Wyoming Geological Association, p. 7-8. 

Frost, C.D. , Frost, B.R. , Chamberlain, K.R., and 
Hulsebosch, T.P. 1998. The Late Archean 
history of the Wyoming Province as 
recorded by granitic magmatism in the Wind 
River Range, Wyoming: Precambrian 
Research, v. 89, p. 145-173. 

Hildebrandt, P.K. 1989. Petrology, 
thermobarometry and geochemistry of the 
Archean layered gneiss, Teton Range, 
Wyoming. unpub Master's thesis, Colorado 
State University. Fort Collins, CO, United 
States. 

Love, J.D., Reed, J.C., and Christiansen, A.C. 1992. 
Geologic map of Grand Teton National 
Park, Teton County, Wyoming: U.S . 
Geological Survey Misc. Investigation 
Series, Map I-2031 

Zartman, R.E. and Reed, J.C. 1998. Zircon 
geochronology of the Webb Canyon Gneiss 
and the Mount Owen quartz monzonite, 
Teton Range, Wyoming: Significance to 
dating Late Archean Metamorphism in the 
Wyoming Craton: The Mountain Geologist, 
v. 35, no. 2, p. 71-77 ~ 



GTNP BREEDING BIRD MONITORING PROJECT: 

THE 1999 SEASON 

+ 
M.L. CODY + DEPARTMENT OF BIOLOGY 

UNIVERSITY OF CALIFORNIA + LOS ANGELES 

+ OVERVIEW: GTNP BREEDING BIRD 
MONITORING PROJECT: 

1. Following initial independent work by M. L. 
Cody and 3y funding from NPS, we have 
instigated a scheme for long-term monitoring of 
breeding land bird populations in a wide variety 
of habitats representative of the northern 
Rockies and the Greater Yellowstone 
Ecosystem (GYE). Census sites are located 
almost entirely within Grand Teton National 
Park, where a broad range of representative 
vegetation types is accessible within close 
geographic proximity. 

2. Some 30 monitoring sites are established within 
and adjacent to the park in pristine habitat. 
Sites range from the Jackson Hole lowlands to 
subalpine and alpine sites, from meadow, 
sagebrush and marshland, through willow 
scrub, cottonwood and aspen woodlands, to 
lodgepole pine and spruce-frr forests. Some 
sites have a monitoring history of> 30 y; others 
were established in the mid-1990's. 

3. The location and accessibility of the study sites 
permits all to be regularly and repeatedly 
censused during the short ( 6-week) breeding 
season. Census sites are standardized in area 
(5-1 0 ha in size) and mapped in detail 
(topographic features, vegetation). Census 
schedules, turung, and methodological 
protocols will be established and maintained, 
providing for strictly controlled inter-site and 
inter-year comparisons in breeding bird 
populations, species composition, and densities. 

4. To evaluate the local versus more regional 
nature of inter-year variation in bird densities, 
one widespread habitat (willows) is replicated 
and censused at locations outside GTNP, in the 
northern Rockies (Glacier National Park) and 
central Rockies (Rocky Mountain National 
Park). 

5. The project entails only modest costs (e.g. for 
transportation), but the projected benefits to 
science, specifically to resource management, 
will continue to accumulate as the data base is 
expanded in future years. As no comparable 
data base or monitoring scheme exists for the 
region, the value of the GTNP is apparent, and 
ensuring its continuance is of critical 
importance. 

+ 1999 SEASON: COVERAGE AND 

PARTICIPANTS 

Participants. Seven persons* participated in 
the 1999 census effort, although pre-season attempts 
to engage a large body of participants were made. 

*Martin L. Cody & Greg Schrott, Dept. 
Organismic Biology, Ecology & Evolution, UCLA 
Mary Ann Harlow, UW-NPS Research Station 
Matt Killebrew & Sue Wolff, Moose, WY 
Susan Patla, Wyoming Game and Fish Dept, Jackson, 
WY 
Ron Steffens, Southwestern Oregon Community 
College, Coos Bay, OR 

Site Coverage. Nineteen of the 30 
monitoring sites were assessed in 1999. Coverage 
was continued on those sites with the longest 



monitoring history, which in some cases covers 
several decades; coverage also spanned the full 
habitat range of GTNP' s monitoring sites (see table 
below). 

The last column of the above table indicates 
the sites to which we have assigned priority for the 
2000 season; the selection is a compromise between 
unbroken continuity at important "flagship" sites and 
the advantage of extending coverage of less routinely 
censused areas. It is envisaged that, in order to cover 
this list of priorities, we will again need the 
assistance of a number of volunteers; attempts to 
elicit interest in the monitoring program among the 
capable and active birders of Jackson Hole will 
continue. 
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The 1999 Censuses. The list of breeding 
species at the monitoring sites was extended to 150, 
with the inclusion of White-winged Crossbill at Site 
27: Rendezvous Mountain spruce-flr. Overall, 
breeding densities were much like those of 1998, as 
illustrated in the following 15 summary figures. 
Detailed analyses of warblers and emberizine 
sparrows in Site 10: Jackson Lake Junction Wet 
willows was published P. Keddy & E. Wieber (eds), 
Ecological Assembly Rules, Cambridge Univ. Press 
1999. Several of the lodgepole pine monitoring sites 
are a part of G. Shrott's dissertation research which is 
currently in the writing stage. 

COVERAGE OF GTNP BREEDING BIRD MONITORING SITES, 1966-2000 

Tot Yr 2000 

Site/Census ' d 66 91 92 93 94 95 96 97 98 99 Who Yrs priorities 

1:WolfRch 1 1 1 1 1 1 6 1 
2:JLJ Sedge 1 1 1 1 1 1 1 1 mlc 7 1 

3:Elk Refuge 1 1 1 1 1 1 spat 5 1 

4:JLJ Gr-sage 1 1 1 1 1 1 1 1 1 1 mlc 9 1 

5: Ant.Flats 1 1 1 1 ron 3 1 

6: Airpt Sage 1 1 1 1 1 1 6 1 

7: 20L Meadow I 1 1 1 1 1 1 1 gs 6 

8:Triangle X 1 1 2 

9: RKO 1 1 1 1 1 1 1 mlc 6 1 

10:JLJ Will 1 1 1 1 1 1 1 1 1 1 mlc 9 1 

11: Oxbow 1 1 1 1 1 1 1 mlc 6 1 

12: Elk Rch W 1 1 1 1 1 1 1 7 1 

13 : Elk Rch E 1 1 1 1 1 1 1 1 8 1 

14: Cow Lk 1 1 1 1 1 1 1 1 ron 7 

15: Spread Ck 1 1 1 1 1 1 1 7 1 

16: Schwabch 1 1 1 1 1 1 1 matt/sue 6 

17: L. Granite 

I 
1 1 1 3 

18: Timbered Is 1 1 1 1 1 1 ron 5 

19: AMK 1 1 1 1 1 1 1 1 gs 7 1 

20: TaggartLk 1 1 1 1 1 5 1 

21 : Signal Mt 1 1 1 1 1 1 1 1 gs 7 

22: Spaulding 1 1 1 3 

23: LizardCk 1 1 1 1 1 1 6 1 

24: Bradley 1 1 1 1 4 1 

25 :JennyLk 1 1 1 1 1 1 1 matt/sue 6 1 

26:GranSpruce 

I 
1 1 1 1 1 matt/sue 4 

2 7 :Rendezvous 1 1 1 1 1 matt/sue 4 

28 :CodyBowl 1 1 1 1 1 matt/sue 4 

29:HeronLk 1 1 1 1 maryann 3 

30:Blacktail 1 1 1 matt/sue 2 

Total Sites: 5 2 12 17 24 28 30 30 15 19 Ave: 5.7 Tot: 17 
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+ INTRODUCTION 

Streams are important landscape features 
because they provide an avenue for nitrogen loss 
from a watershed to downstream ecosystems and 
eventually the ocean; however, in-stream processes 
can control nutrient transport and export (e.g. Burns 
1998). Nitrogen is an important element because it 
limits rates of primary production in many terrestrial 
and aquatic ecosystems. Alteration of the forms, 
timing, and concentration of nutrients is a central 
property of lotic systems (Fisher et al. 1998). 
Understanding controls on both transport and 
retention are central to predicting how streams 
influence nutrient loss from watersheds (Hedin et al. 
1995, Likens and Bormann 1995, Burns 1998) and 
nutrient loading to downstream ecosystems (Howarth 
et al. 1996). With increased global nutrient loading 
from atmospheric sources and fertilizers, streams 
may play an important role in the retention, 
transformation and export of nutrients from the 
upland landscape. 

We know little about what controls nutrient 
uptake and transport in streams. There are many 
studies that show effects of hydrologic, biologic, and 
geomorphic influences on nutrient transport, but 
rarely have all aspects been considered in the same 
study. One potentially important geomorphic control 
is transient storage. Transient storage is water that is 
separated from the main channel flow and therefore, 
moves downstream more slowly than water in the 
main stream channel, which should facilitate nutrient 
uptake. Transient storage has been suggested to play 

an important role in nutrient retention in streams 
from both theoretical (Mulholland and DeAngelis 
2000) and empirical perspectives (Valett et al. 1996, 
Mulholland et al. 1997). Additionally no studies have 
linked whole stream measures of metabolism with 
stream nutrient uptake, though we expect that greater 
C fixation or respiration will cause higher demand for 
nutrients. 

The objective of our study was to relate 
nutrient uptake with geomorphic and whole stream 
metabolism in 8 streams in Grand Teton National 
Park. 

+ STUDY SITES 

We chose 8 streams within GTNP that 
ranged in size water chemistry and morphology 
(Table 1 ). Six streams were in the eastern part of the 
park and had sedimentary watersheds while 2 
(Moose Rd. Creek, N. Moran Bay Creek) were on 
the Teton Range. 

+ METHODS 

To measure nitrogen transport and retention 
in streams, we used short-term (1-3 hours) additions 
of nitrate and ammonium in conjunction with a 
conservative tracer as described in the Stream Solute 
Workshop (1990) and Webster and Ehrman (1996). 
Briefly, after collecting background samples of 
stream solute concentrations, a release solution of a 
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TABLE 1. Study site parameters for 8 streams studied Summer 99 (high and low value in bold). 
Stream Q Width Velocity Kl/K2 GPP ~g Comm. NH4 N03 Total N 

(L/s) (m) (rnlmin) 0 2/m /d Resp. mg (ug/1) (ug/1) uptake 
01/m2/d (ue/m2/d) 

46.2 4.1 12.1 0.21 Pilgrim Cr. #1 
6.9 0.13 Pilgrim Cr. #2 12.2 2.5 
12.8 0.30 Ditch Creek 231.7 5.8 

Two Ocean Cr. 144 4.1 17.7 0.18 
Lizard Cr. 25 2.5 5.6 0.22 

117.5 5.4 12.4 0.14 Bailey Cr. 
11.2 0.05 Moose Rd. Cr. 34.5 2.2 

N. Moran Bay 9 0.8 4.7 0.15 

conservative tracer (Cl as NaCl) and a nutrient (N as 
ammonium or nitrate) was pumped steadily into the 
stream. Chloride concentration was measured 
continuously as an increase in conductivity using a 
conductivity meter. When chloride concentration was 
constant over time at the downstream end of the 1 00-
m study reach, 2 replicate water samples were taken 
at each of 8 sites spaced along the study reach. 
Samples were analyzed for nutrient concentrations in 
the laboratory. Mean nutrient concentrations at each 
site were divided by chloride concentrations to 
correct for nutrient decreases caused by downstream 
increases in discharge rather than nutrient uptake. 
Nutrient uptake lengths were calculated as the inverse 
of the slope obtained by regressing log 
(nutrient/chloride) vs. distance downstream from 
release site (Stream Solute Workshop 1990, Newbold 
1981). We considered both uptake length of nutrient 
and the uptake velocity of nutrient uptake as our 
dependent variables. Uptake velocity corrects for the 
effect of velocity and depth which are primary 
determinants of nutrient uptake length (Butturini and 
Sabater 1998, Hall and Bernhardt unpublished data). 

We measured transient storage zone size by 
adding a conservative tracer to the stream concurrent 
with the nutrient additions as described above. We 
used chloride (as NaCl) as the conservative tracer 
because it is non-toxic and easy to detect in 
streamwater using conductivity meters. Cl 
concentrations were increased 10 mg Cl!L. The time 
series of conductivity measurements from 
downstream were compared to output of a one
dimensional advection, dispersion, and transient 
storage model (e.g. Bencala and Walters 1983, 
D'Angelo et al. 1993). Output parameters are k1 

(1 /min), the rate at which water enters transient 
storage, and k2, the rate at which water leaves 
transient storage. Relative size of the transient 
storage zone (k1/k2) can be considered as the amount 

0.24 0.97 0.5 0 1.2 
0.12 1.59 0.5 0 1.0 

1.86 6.45 2.2 0 21.1 
1.37 8.77 3.3 9.9 27.3 

0.46 4.10 0.9 5.5 3.7 
2.28 2.69 1.6 5.2 11.5 
0.11 6.05 10.4 91 11.0 
0.32 5.76 1.8 43 3.4 

of time water spends in transient storage relative to 
the amount of time water spends in the channel. 

Whole-stream metabolism measurements 
were made by measuring oxygen concentrations at 5-
min intervals at the top and bottom of each study 
reach using Hydrolab recording oxygen meters. We 
calculated instantaneous metabolism based on 
differences in oxygen concentrations (upstream vs. 
downstream) while accounting for the reaeration flux 
of oxygen with the atmosphere (Marzolf et al. 1994). 
By integrating these measurements during a 
continuous 36-h period, we estimated community 
respiration and gross primary productivity. We 
estimated the reaeration coefficient by adding sulfur 
hexafluoride (SF6) , a non-reactive, non-toxic gas that 
is useful for tracer applications in water. We 
performed the trace gas addition concurrently with 
one of the nutrient additions and use the conservative 
salt tracer to correct for dilution of the gas by 
groundwater influx. Reaeration coefficients for 
oxygen were calculated according to W anninkhof et 
al. ( 1990) and metabolism calculations were based on 
Marzolf et al. ( 1994) using the corrected measure of 
oxygen flux via reaeration (Young and Huryn 1998, 
Marzolf et al. 1998). 

+ RESULTS AND DISCUSSION 

The 8 streams varied widely in physical and 
biological attributes (Table 1 ), particularly gross 
primary production and community respiration which 
varied 20-fold and 9-fold respectively, suggesting 
that biological processes varied strongly despite the 
close proximity of these streams. Transient storage 
varied about 6-fold, though the values were low 
relative to some other western montane streams 
(Valett et al, 1996). Ammonium uptake velocity was 
higher than nitrate in all streams, which was expected 



because reducing nitrate uses more energy than 
taking up ammonium (Fig.l ). 
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Figure I. Relationships between transient storage (k,lk1) 

and NH4 or N03 uptake velocity for 8 streams in Grand 
Teton National Park. 

Ammonium and nitrate uptake velocity were 
weakly related to transient storage, which explained 
about 50% of the variation in each. A much better 
predictor of uptake velocities was gross primary 
productivity. Respiration appeared to not be a 
useful predictor of either ammonium or nitrate uptake 
velocity (Fig 2). However, when considered 
together, GPP and CR can explain 87% of nitrate 
uptake velocity by using multiple regression. 
Interestingly, CR does explain ammonium uptake 
velocities, but only when considered with nitrate 
concentrations (R2=0.83), because streams with high 
nitrate had low ammonium demand. We presume that 
high nitrate concentrations alleviates demand for 
ammonium, which is a pattern observed at Hubbard 
Brook, NH. 

The production/respiration ratios were 
strongly related to the ratio of nitrate uptake velocity 
and ammonium uptake velocity (Fig 3). This pattern 
shows that streams with high production (i.e. 
autotrophic algae) are removing nitrate, while 
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streams with high respiration (i.e. heterotrophic 
bacteria) are removing ammonium. Algae are likely 
to be poorer competitors for ammonium than nitrate 
and therefore use of nitrate are likely. This fmding 
suggests that the type of organisms in a stream (algae 
vs heterotrophic bacteria) may fundamentally cycle 
nitrogen differently . 
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Figure 2. Relationships between metabolism and nutrient uptake 
in 8 streams in Grand Teton National Park. 
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Figure 3. Relationship of production/respiration vs nitrate uptake 
velocity I ammonium uptake velocity. 

These data are the first to statistically link 
whole-stream estimates of metabolism with nutrient 
cycling (Mulholland et al. 1997 used only 2 streams), 
and we show that biotic processes can explain nearly 
all of the variation in nutrient uptake. Although 
streams move nutrients from one ecosystem to 
another, one of their fundamental properties is to alter 
the timing and form of nutrient delivery. Our study 
shows that biotic processes within the stream are 
likely responsible for N uptake and retention. We 
suggest that alteration of biotic assemblages would 
then alter nutrient transport. Our future research for 
this study will add more streams to this study and 
examine patterns of nutrient limitation (nitrogen vs 
phosphorus) in each stream. We also are examining 
nitrogen concentrations along stream gradients to 
estimate how streams are net removers of nitrate. 
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+ ABSTRACT: 

Back bears hibernating through the winter at 
near normal body temperatures (34 °C) have limited 
muscle disuse atrophy. Bears in their natural dens 
were fitted with a foot torque plate assembly to 
measure ankle dorsiflexion in response to 
supramaximal stimulation. Bears lost only 22% of 
their strength over a 130 day denning period which 
compares to a predicted 90% strength loss over the 
same period by humans either confmed to bed rest or 
in a weightless environment. Additionally, six out of 
8 muscle twitch parameters altered by muscle atrophy 
were unchanged by prolonged confmement. 
Understanding strength retention over an extended 
period of inactivity by bears has far reaching 
implications for human medicine and space travel. 

+ INTRODUCTION 

Inactivity in humans, whether from confmed 
bed rest, weightlessness or limb immobilization, leads 

to skeletal muscle atrophy. Studies on animal models 
to characterize disuse and/or starvation induced 
muscle atrophy have shown: 1) reductions in muscle 
cell (fiber) numbers and size, 2) reductions in ratio of 
slow oxidative to fast glycolytic fibers, and 3) 
decreases in myofibrillar protein contents. These 
changes ultimately result in both a loss of muscle tone 
and impaired strength. The black bear may be a 
paradox. These animals remain within their winter 
den for 5 to 7 months at a near normal body 
te~p~rature (about 34°C). It is believed that during 
this trme bears do not eat, drink, urinate, defecate or 
show appreciable activity. We have found that 
hibernating bears have elevated blood cortisol levels 
while in their dens (Harlow et al., 1990), but have low 
serum urea-creatinine ratios (Nelson, et al. , 1984 ), 
suggesting that protein may be conserved during the 
winter. Our recent studies have confirmed this 
speculation by demonstrating that, in spite of 
prolonged starvation and confinement, overwinterin.g 
bears do not exhibit appreciable skeletal muscle 
atrophy. We have taken muscle biopsies from denned 



bears during early and late winter to monitor changes 
in muscle morphology, protein content and protein 
turnover. Remarkably, these bears, under natural 
winter conditions, have no loss of skeletal muscle 
fiber number or size. Additionally, some muscles 
maintain their protein content and oxidative capacity 
while others show only a marginal (14%) reduction in 
oxidative fiber ratio and protein (about 6-10%) 
content (Tinker, et al. , 1998). Our data on protein 
turnover even suggest that this protein conservation 
may increase as the winter progresses (unpublished 
data). In contrast, studies examining healthy patients 
after 1-6 weeks of muscle unloading or bed rest have 
shown muscle atrophy rates of 2-3% per week in 
whole muscle or fiber cross sectional area ( Adams, et 
al. , 1994). If a similar percentage of protein loss 
(about 0.4% per day) were to occur in bears, it would 
extrapolate to a reduction in excess of 50% over the 
winter. What makes this comparison even more 
remarkable is that, unlike human studies where 
patients receive nutrient intake, overwintering bears 
are in a state of starvation. Indeed, bears have an 
extraordinary capacity to hydrolyze urea and 
reaminate the nitrogen back into amino acids and 
consequent protein synthesis which may account for 
their high protein retention during the denning period 
(Nelson, et al. , 1995). 

A loss of muscle mass and protein is the 
major cause of decreased strength (Widrick et al. , 
1998). In spite of their confmement within a den, 
black bears are capable of rapid and sustained 
muscular activity when disturbed at any time during 
the winter. In view of our findings that bears do not 
appear to show typical signs of disuse atrophy and 
can exhibit locomotor prowess, we tested the critical 
hypothesis that bears, after prolonged starvation and 
immobility, retain muscle strength. 

+ METHODS 

To test the above hypothesis, we monitored 
hind leg strength of bears during late fall , just after 
denning, and again during early spring prior to 
emergence from their dens. Muscle strength was 
measured using modified non-invasive force 
assessment techniques previously validated and 
employed in a clinical setting on humans to diagnose 
neuromuscular disorders, track weakness due to 
disease progression and evaluate efficacy of 
prescribed therapy (Sigg, et al. , 1998). This technique 
allowed for a quantitative in vivo assessment of 
strength in bears with high reliability and quantitative 
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capacity by measuring muscle contraction in response 
to supramaxirnal nerve stimulation (Brass, et al. , 
1990). 

Adult bears (N=6) were captured using 2 x 
1.5 x 1.5 m woven metal cage traps during the 
summer of 1998 in Middle Park Colorado ( 40° 5 N 
105° 55 W) elevation 2400m and fitted with 
radiotelemetry collars (ATS, 150-160 MHz range). 
These bears were tracked to their dens by snowshoe 
in November/December and again in March/ April 
1998-99 with an average of 130 days between 
sampling. The dens were excavated and bears 
anesthetized with Telazol (7 .0 mg/kg) administered 
by a spring-operated jab pole. Bears were removed 
from their den, weighed to the nearest 1 00 gm on a 
digital load scale (Dyna Link model MSI 7200), 
placed on a dry Therrnarest pad and covered with a 
wool blanket. Body fat and lean body mass were 
calculated from resistance values obtained through 
the bear using a RJL model 101 Q Bioelectrical 
Impedance Analyzer and equations previously 
validated on bears. The study bears were then rolled 
onto their side for measurement of muscle strength on 
the same leg during fall and spring using a strict 
protocol to insure comparison over this inactive 
winter period. 

A 
r. 

Figure 1. Tbe force assessment muscle strength measurement 
system Components consists of A) stabilizing metal brace that holds 
tbe leg of tbe bear in a secure horizontal position, B) a fuot plate with 
force ttansducer that detects the evoked torque produced by the 
electrically stimulated hbialis anterior, C) hardware devices for nerve 
stimulation, signal amplification, and signal conditioning, D) a 
computer for stimulus delivery and equipped with data acquisition 
software for recording, analyzing, and displaying all signals 
simultaneously, and E) battery power source. Stimuli were delivered 
to tbe common perineal nerve. Deformation of the fuot plate 
assembly produced a strain gauge output proportional to the muscle 
induced torque from the tibialis anterior which was then amplified. 

A rigid brace was secured to the bear' s leg 
in a position which confined movement of ankle 
dorsiflexion (Figure 1 ). The foot was positioned such 
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that the axis of rotation of the ankle joint 
approximated that of the footplate. The common 
perineal nerve was stimulated supramaximally (with 
DC pulses of 0.5ms duration at a current of 10 
milliamps and voltages varying between 1 00-250V) 
with surface silver/silver chloride electrodes 
positioned above the head of the fibula. The resulting 
torque on the footplate, from contraction of the 
tibialis anterior muscle, transferred force to an 
aluminum bar located below the plate instrumented 
with two strain gauges in a Wheatstone bridge 
configuration (Figure 1). A torque versus time graph 
was generated (Figure 2) as were numeric analyses of 
8 additional parameters characterizing the contractive 
response. The test protocol was composed of two 
sections: 1) the ankle position was adjustable (in 10° 
increments) to 40° in either the plantarflexed or 
dorsiflexed direction (relative to a neutral ankle 
position) to fmd the optimal length of the muscle at 
which an evoked twitch attained maximal torque (ie. 
length-tension relationship) followed by, 2) maximal 
torque and contraction characteristics recorded in 
response to single and multiple pulses (double, triple 
and quadruple pulses with 5 msec interpulse 
intervals). 

Figure 2. Graphically displayed are the muscle torque 
waveform (above) and, on an expanded time-scale, a 
q~ple pulse stimuli (below). Numerically ~lay~ are 
the peak torque, and the adjustable controllers. Tune 0 ts the 
time of stimulation. The actual display sbown is oftbe torque 
generated by the tibialis anterior muscle of a bear during the 
late winter. 

Rectal temperatures were measured with 
alcohol thermometers and Atkins needle 
thermocouple probes (model 396K) were inserted 
deep into the muscles immediately after measuring 
strength in both the fall and spring. Interestingly, 
bears exhibit regional heterothermia with leg 
temperatures approximately 2° C lower than rectal 
temperature (Table 1). A temperature coefficient 
(Q 10) of 3.33 was determined on muscle contraction 

by measuring force of contraction and other 
parameters on the muscle at hibernation temperatures 
and then again at elevated temperatures of the muscle 
induced by wrapping the ankle with catalytic heat 
pads. 

Table 1. Muscle and rectal temperature (0 C) of6 be:us in the fall and spring talcc:n at the den site. 
Numbc:r in pOII'el1thesis is I SEM. Asterisk identifies significant difference from fall values at 
P<.OS. 

FALL 
SPRING 

+ RESULTS 

During the 130 days of hibernation, this 
group of bears lost approximately 24% of their body 
mass, of which the majority was fat (Table 2). There 
was only a 14% loss in lean body mass; comprised of 
bone, water, carbohydrate and protein material. Of 
the lean tissue reduction (Table 2) only a small 
fraction, about 1. 7 kg, would be represented by 
protein loss from skeletal muscle, visceral smooth 
muscle, albumin and extracellular protein matrix. 

Table 2. Body mass. body fat and lean tissue (Kg) changes as well as percent loss from fall to 
spring by 6 be:li'S overwintering within their natural dens. Number in parenthesis is 1 SEM. 
Asterisks identifv sil!nilicant difference from fall values at P< 05 

Bod_yMass Bodv Fat Lean Tissue 
FALL(Kg) 76.8 (5 .5) 24.8 (2.5) SI.9(.J.2) 

SPRI;>;G IK~l •58.5 (.J.OJ .14.2 (1.9) •o~.J . I ().2) 
K~ loss 18.3_{_1.9) 10.7_11.0) 7.8 (0.9) 
~.Loss 23.7 (1 .7) 44.0 (4.7) I.J.3(U) 

Strength was concomitantly retained in 
skeletal muscle. There was a progressive increase in 
peak torque force of the tibialis anterior in response 
to double, triple and quadruple pulse stimuli (Figure 
3A). Additionally, there was only a 20-32% loss of 
strength in response to double, triple and quadruple 
pulses given at the beginning and end of the 130 days 
of den confmement. Importantly, the muscle 
temperature was significantly lower in the late winter 
tests compared to early winter monitoring on 5 of 6 
bears (Table 1 ). Muscle temperature of one bear was 
higher in the later winter, perhaps due to its higher 
muscular activity in the den just prior to testing. As 
expected, temperature has an influence on peak twitch 
tension and time course parameters of twitch 
responses in humans and other animals (Iaizzo and 
Poppele, 1990). The temperature coefficient 
calculated on muscle activity of bears was consistent 
with that of other studies (Davies, et al., 1982). By 
compensating for this muscle temperature decrease or 
elevation from early to late winter, the actual loss of 
strength was only 8-23% from double to quadruple 
pulse stimuli, reflective of the retention of protein and 
muscle fiber integrity by overwintering bears. This 
was further exemplified by unaltered values of six of 



the eight characteristics of muscle contraction after 
temperature compensation over the 130 days of 
confinement. Only peak rate of twitch development 
and peak rate of decay exhibited noticeable 
alterations during the winter, which may suggest 
some modifications of muscle fiber type ratios over 
this period (Table 3). 

T:.~bk ) . Isometric twitch propcrt1c:s ofth.: ttbialis antenor m response to quadruple pulse st imul i 
to the perineal nerves of 6 bc:us test eel at thei r dc:n sites in the fa ll and again in the spring. 
:\umhc:rs 10 r'IJrcnthcsu lTC I SE~t. Ash.:risks identify si~m ficJnt difTerc:nce from fall VJlucs :11 

P< 05 

FALL SPRING 
NO 

TEMPERATURE Q1o ADJUSTED 
COM PENSATION 

ContrJCII~om Time (sec} .09\3 (.0060) . I 023 (.0060) .0900 ( 0\ \Ol 

Half-Rcb~ation Time: (s) . 1006 (.0\07) . \ 213 (.0143\ . \0-ll ( 0\-1\l 

tblf- ~l:.t,lm:JI Dur;JIIOn fs ) .1626 (.0120) .1?08(.019 1) .16-16 ( fl!I Ol 

Tunc To Pc:1L.: Dcvd~Jprnc:nt (s) 0160( .0022) .01 801-0036) .OJOJ (.UI5Sl 

Time To Peak Oc:tl\' Ul . 1290(.0 128) ' 1722 (.0\00) . \-167 (.01?'11 

Peak Rah: of D..:vcloomcnt (~m,· ) 8.-198 (0.878) '-1 .6S-10(.8-15-I) '5 .J 56 (0 SI-IJ ) 

Peak Rate a[ D.:cly (N,,; ) .• . 123 (0.5960) •-2.J060 (.5936) ' ·2.757 (0.59')0) 

Latc:ncv T u Onset ( s) .OJJ (0.001)) .0522 (.Oi lS\ .0)\0 ( 0! 10) 

+ DISCUSSION 

Immobility in humans results in a rapid and 
marked loss of strength. For example, muscle force 
assessed in lower limb extensor and flexor muscles of 
humans, under clinical conditions, exhibit about 0.7% 
loss of strength per day as a result of limb unloading, 
bed rest and space flight (Dudley, et al. , 1989). Based 
upon these rates recorded for humans, it would be 
predicted that bears, after 130 days of inactivity 
would have about a 90% loss of strength with 
severely impaired locomotor ability. On the contrary, 
bears lost less than 25% strength and were highly 
mobile when disturbed during the winter. 
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Figure 3. (A) Peak torque force (Nm) of the tibialis anterior in response to a double. triple 
and quadruple pulse stimuli to the perineal nerve for 6 bears tested at their den site in the 
fall and again in the spring. Grey bar.; depict bears in the fall at an average muscle 
temperature of 32.8° C. Red bar.; represent spring bears at an average muscle temperature 
of 31.5" C while green bars represent spring bears adjusted for an average temperature 
difference of 1.3" C (a temperature coefficient of 3.33). Vertical lines are I SEM. (B) 
Peak torque force (Nm) of ankle dorsiflexion in healthy humans using a similar apparatus 
and protocol to the one in this study . The blue bar represents measured strength at a 
muscle temperature of 34.2° C. The yellow bar is the predicted strength at a leg 
temperature of 31.5° C if influenced strictly by a temperature effect while the purple bar is 
the predicted strength of humans after 130 days of atrophy at 0.7% strength loss per day . 
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What would account for the retention of 
muscle mass and strength by inactive bears? Of 
course there is the reduction in metabolic demands as 
a result of lower body temperature . However, bears 
enter only mild hypothermia with body core 
temperatures just 4 ° C below that of active humans 
(Table 1 ). As an example, humans tested on an 
apparatus similar to that used in this study have 
strength values of about 0.75 Nm (Quinlan, et aL , 
1989) for ankle dorsiflexor twitch at a muscle 
temperature of 34.2° C (Figure 3B). This value is 
very close to that predicted for bears at a similar 
temperature. It would be expected that strength in 
humans would drop to only 0.54 Nm at a muscle 
temperature comparable to that of spring hibernating 
bears (31.5° C) if solely influenced by a temperature 
effect (Figure 3B). However, if strength loss due to 
atrophy continues at 0.7% per day, a peak torque 
force of only 0.0675 Nm would be expected after 130 
days of inactivity (Figure 3B). Bears retained values 
around 0.4 Nm under these conditions. Therefore, 
temperature related metabolic depression can account 
for only a portion (about 20%) of the overall strength 
retention observed in overwintering bears . Alternate 
avenues must also be used, such as conservation of 
protein nitrogen through urea hydrolysis (Nelson, et 
al., 197 5) and use of labile protein reserves like 
visceral smooth muscle and extracellular matrix. But, 
loss of contractile protein appears to explain only 
about two thirds of the strength loss of bed rest 
patients (Berg, et aL , 1997). Among candidates to 
explain the remaining loss of strength are alterations 
in neural drive (McComas, 1994) and force
generating capacity of muscle (Berg and Tesch, 
1996). These properties may be retained by bears 
through subtle muscle stimulation to elicit shivering 
and isometric contraction throughout the winter. We 
are presently directing our efforts on investigating 
muscle activity in hibernating bears to understand 
cellular mechanisms of force generation and neural 
enervation as well as focusing attention on alternate 
sources of labile protein reserves. The force retention 
by bears denned at near nmmal body temperatures for 
over 130 days is most striking when considering that 
this is also a period without food intake. Discerning 
these processes in hibernating bears promises to have 
long reaching impact in studies of muscle disorders, 
prolonged bed rest, and sports medicine, as well as 
antigravity and long distance space travel by humans . 
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The purpose of this investigation was to look 
for and determine the future utility of searching for 
Early Holocene (6000-12,000 year old) archaeological 
sites in Grand Teton National Park. Our previous 
proposal to GTNP stated that the evidence for an Early 
Holocene human occupation of Jackson Hole was 
extremely limited, but that this could be a function of 
investigators not having looked hard enough in the 
appropriate places. Part of our research was designed 
to determine where appropriate places' to focus our 
research might be, while the remainder of our study 
involved looking in these appropriate places. We 
conducted these two tasks primarily on the valley floor, 
rather than the mountains, as we did not expect sites of 
this age to be preserved in extremely steep and active 
terrain. 

+ TASKS ACCOMPLISHED 

Based on what little is known of Jackson Hole 
Holocene (post-glacial) geology we searched for sites in 
three major areas: south of Jackson Lake, from Burnt 
Ridge east to the Snake River, along Pacific Creek, and 
in southern Jackson Hole, between Blacktail Butte and 
Kelly Warm Spring. As time allowed, some other areas 
were examined as well. We choose these areas based 
on two criteria: the probability of the exposed land 
surface being of sufficient age and sufficiently little 
erosion to preserve early Holocene artifacts, and the 
probability that cut banks might expose early Holocene 
deposits in profile. The former criteria led us to the 
area between the Snake River and Burnt Ridge as this 
area, the "potholes" region, preserves landscape 
features associated with the fmal glaciation of Jackson 

Hole and therefore has not been significantly modified 
(by erosion, deposition or glaciation) for the past 
11,000 years. 

The surveys were conducted by 2-4 
archaeologists spaced about 20 meters apart. This is 
too far apart for an accurate recovery of isolated 
artifacts, but it is sufficient to locate major 
concentrations of archaeological debris. Visibility in 
many areas was less than desirable due to sagebrush 
and grass cover but we directed our search to those 
areas where the ground surface was exposed, and, since 
we were especially interested in looking for buried 
sites, to those areas where erosion, stream cuts, roads, 
etc. might have exposed subsurface material. Table 1 
summarizes the tasks accomplished, a narrative of 
which follows. 

Jenny Lake and Moran Quads 

Potholes region and west. We surveyed a path 
through the potholes region about 114 to 112 mile east of 
Burnt Ridge as well as the southern tip of the ridge and 
a path along the east face of the Ridge, just east of the 
tree line. This survey recovered no prehistoric sites, 
although a pre-1900 cabin and associated corral were 
located (see Figure 1). A few pieces of FCR (fire
cracked rock) were found at 48TE408. The historic 
cabin and all other new sites mentioned in this report 
will be formally documented by Mr. Alan 
Bartholomew. 

As shown in figures 2 and 3, we walked three 
other transects in this area, one along the upper (oldest) 
Snake River Terrace north of Deadman's Bar (in two 
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Table 1: Fieldwork Summary 
University of Wyoming/Grand Teton National Park Science Center Early Holocene Project 
Robert Kelly, Charles Reher, Alan Bartholomew, Clint Crago 
July, 1999 

Study Area 

Pacific Creek 

Ditch Creek/East Blacktail Butte 

Cow Lake 

Burnt Ridge and Potholes 

Timbered Island 

East of Hedrick Pond 
Snake River Terraces 
(Above Deadman's Bar) 
Leigh Lake 

South Blacktail Butte 

Two Ocean Lake 
Kelly Warm Springs 

BlackTail Ponds 
Moose Ponds 
Jenny Lake 
Berry Creek 
Lower Snake River Terraces 
(Deadman's Bar to Bar BC Ranch) 

Transect 
Distance 

9.6km 

6.4 

5.6 

11.2 

1.6 

0.4 
9.6 

4.8 

0.8 

24 
6.7 

pieces) and two other short ones around two prominent 
potholes. A few isolated pieces of debitage were noted 
on three points along the terrace (of the survey section 
shown in Figure 2); additionally, we found a low swale 
filled with loess containing a paleosol about 1.5 m 
below the surface. This paleosol was not sampled as 
the probability of it containing sufficient carbon for 
dating is very low. No artifacts were found around the 
potholes. 

Charcoal lense sample from highest terrace (probably 
too small for dating, but exposure is worth revisiting) 
on east side; second sample taken from lowest terrace 
along east side of river near old homestead/irrigated 
field site 
Soil samples taken from 2 buried paleosols, no artifacts 
observed; known historic trash scatters were revisited, 1 
new historic trash scatter located 
Historic corral located; protohistoric/historic tipi rings 
located around Cow Lake 
Auger tested four pothole bottoms, no archaeological 
remains or paleosols observed; revisited rock alignment 
site; early historic cabin/corral located 
Revisited Albert Sesenbach grave; no archaeological 
remains located 
Site recorded by Wright not observable 
2 isolates/small lithic scatters located 

Auger test on east side of lake; 2 site revisits, 2 new 
boulder shelters sites located 
Auger test oflithic scatter located previously-no buried 
material observed. 
Auger test ofWright site at mouth oflake; 2 site revisits 
Site revisits and auger test; auger did not reveal any 
deeper deposits than already known from test pit 

Site revisit 
Site revisit 
Site revisit 
2 site revisits, 3 new sites discovered, as yet unrecorded 
Several isolates; 3 new sites that new recording. 

A few isolated flakes were found in the Cow 
Lake survey (Figure 3); more importantly, we 
discovered an extensive historic site around the edges 
of Cow Lake. This site, which was recorded before we 
left the field, consists of a number of stone circles or 
rings and an historic trash scatter. A cursory 
examination of the historic trash points to a 1920s 
occupation, but the stone rings suggest a Native 
American, not European presence. This site was 
recorded in more detail by Bartholomew and Crago. 



We also put several auger holes into the 
bottoms of potholes (Figures 1 and 2). Auger hole 1 
showed gravels to 80 em, where the deposits shifted to 
clays, becoming progressively more sandy until they 
switched to gravels in clay at 190 em. We could not 
penetrate further. 

Auger hole 2 (two efforts) was only able to 
penetrate to about 50 em, through gravels in aeolian 
loam. 

Auger hole 3 contained clay with no gravel 
from the surface to about 60 em; the deposit shifted to 
sand at this point with increasingly less clay, then to a 
solid clay saturated with water and containing organic 
stains at 150 em. There was a return to dry sand at 180 
em; this sand continued to 240 em, the limit of our 
auger probe. This pothole was the largest that we 
sampled, and the lack of gravel is most likely a product 
of the fact that the sides of the hole--the source of the 
colluvium in the other auger holes--are far from the 
center. In addition, this pothole ' s base showed signs of 
containing water at some time in the year (as indicated 
by the deep but dry bison footprints) . This was also the 
topographically lowest pothole that we sampled. We 
did not core the sides of the bottom of this pothole, but 
if we did, we would probably have encountered 
considerably more gravels. 

Auger hole 4 is again in a smaller pothole, one 
near a pothole containing standing water; it contained 
the gravels in a loamy matrix as above in the first 60 
em, then clay until11 0 em; sand, mixed with or resting 
on top of an impenetrable gravel layer was encountered 
at 130 em. 

At this point is it difficult to prove, but it is 
possible, that the clay layers in these potholes reflect 
higher water tables and thus may reflect Pleistocene 
accumulations. Defmite dates (we located no material 
that could be dated) are needed to test this hypothesis. 
If true, however, then it means that the entire Holocene 
occupation of the potholes region would be contained 
in, at most, some 30-60 em of the loamy gravel above 
the clays. In the areas between the potholes, there is no 
soil development, and so, outside the bottoms of the 
potholes, the entire prehistoric sequence would rest on 
the ground surface. Wright's fieldnotes indicate that he 
did locate a site 'on a ridge between two potholes ' (of 
which there are quite a few in this area) but the site was 
neither recorded nor its location noted as the 
investigators did not bring their maps due to inclement 
weather. 

We revisited a site at an odd rock structure at 
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the north edge of the potholes, near Teton Park Road, 
composed of a linear arrangement of cobbles with at 
least three stone cairns. This site has not yet been 
assigned a number. We also surveyed the terraces 
along lower Pacific Creek on both sides of Highway 
287 (Figure 4), including terrain on the Moran, 
Whetstone Mountain and Davis Hill quads. We 
revisited site 48TE439, at the confluence of the Snake 
River and Pacific Creek, finding only a single flake . 
Along the lowest terrace on the east side of Pacific 
Creek we located a cutbank containing a buried layer of 
burnt material about 3 5 em below the modem ground 
surface and about 2-4 em in thickness; this layer 
extended for nearly 100 m. Several samples of this 
material was extracted for radiocarbon dating. A 
sample submitted for dating returned an age of 1340 ± 
60 B.P. C3C/ 12C = -25.0 o/oo, estimated; Calibrated to 
1335 to 1165 B.P.; Beta lab number 134065). No 
prehistoric material was seen on this section of the 
transect, although there is a considerable amount of 
historic trash here, some quite late (post-1950s ). We 
also surveyed the terraces along the creek draining from 
Two Ocean Lake just above where that creek joins 
Pacific Creek. No archaeological remains were found 
here, but a stream cut containing multiple layers of 
possibly burned material was noted and a sample of one 
of the lenses taken; this may not contain sufficient 
carbon for a date, however. The very late Holocene 
date on the deposit in this cutbank also suggests that if 
Early Holocene materials are to be located in this area, 
they are almost certainly deeply buried. 

We then revisited three of Wright's sites, 
48TE357 at the outlet of Two Ocean Lake on the north 
side of the drainage, and 48TE471 and 48TE472, on 
knolls to the east (Figure 5). We were able to locate a 
few flakes at each location, but no evidence of 
substantial deposit. At 48TE357 some fire-cracked 
rock and flakes were seen on the slope leading down to 
the creek that drains Two Ocean lake and while this 
suggested the possibility of a buried deposit, an auger 
probe showed no signs of buried deposit. 

Finally, we revisited site 48TE441 , to the 
Hedrick Pond (Figure 6), but we were unable to locate 
any archaeological remains. 

Leigh Lake. We also surveyed the outlet of 
Leigh Lake, revisiting a known site, 48TE629, fmding a 
small scatter of flakes on both sides of the outlet 
(Figure 7). Additionally, we located three erratics, two 
on the west and one on the east side of the outlet that 
had a few flakes at their bases. We also checked the 
large boulder on Boulder Island, fmding only a single 
flake eroding from the slope to the south ofthe boulder, 
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on the edge of the island. We surveyed the western side 
of the southern arm of Leigh Lake. Visibility was not 
good and we surveyed the area primarily by checking 
the soil around tree throws. Curious about the 
underlying stratigraphy we put a single hand auger test 
in. We found that the top 30 em contains colluvium 
(coming from the hills lope to the west) and, below that, 
a thick layer of sand, more than 1 meter in thickness. 
We suspect that this sand is Pleistocene in age as it 
would have been deposited along a beach when the lake 
was at a higher level, or as a large sand bar along a 
river. This means that the entire potentially 12,000 year 
prehistory of the region is contained in the upper 30 em 

Jenny Lake We revisited site 48TE576, the 
Jenny Lake Campground site, and saw several small 
likely hearths eroding from the surface along with 
several flakes. 

Shadow Mountain Quad 

Kelly Warm Springs. This site, 48TE449, was mapped 
and tested earlier in the summer by Mr. Bartholomew. 
A 50 x 50 em test pit was excavated to a depth of 95 
em, and cultural material was found to a depth of 40 
em. We augured to a depth of slightly more than 1 m 
before encountering impenetrable gravel but found no 
further evidence of occupation than that recovered in 
the test pit. 

Moose Quad 

South BlackTail Butte. We revisited site 
48TE400 (and the locality just to the south discovered 
by Reher's survey team previously) which was recorded 
previously in the summer. This site sits on what 
seemed to be a thick deposit of loess and we were 
curious as to whether there was any buried occupation 
there as well. Two auger holes placed into this site 
show that the loess deposit here is deep--in excess of 
two meters--but no evidence of a buried occupation was 
found. 

Ditch Creek. We surveyed the immediate 
edges of Ditch Creek to the east and west of Mormon 
Row looking specifically for buried paleosols (Figure 
8). We located a nice exposure containing two buried 
paleosols, one about 40 em below the surface and 
another about 7 5 below. Samples were taken from each 
of these for dating. An auger test about 25 meters from 
the creek's cutbank, however, was not able to recover 
unambiguous evidence of these two soils. Further work 
will be needed to determine if these soils extend beyond 
the immediate confines of the creek channel. No 

archaeological material was found in these buried soils. 
These soils are more or less observable right to the 
point where the survey ceased (where an irrigation pipe 
crosses Ditch Creek). We~t of Mormon Road the 
modem soil rests directly on Pleistocene cobbles for 
nearly a half mile, but then a loess deposit appears with 
one possible buried soil in evidence (these cutbanks 
were not as carefully examined as those to the east of 
Mormon Row). 

The two paleosol samples returned ages of 
3240 ± 40 B.P. e3C/2C = -24.9 o/oo; Calibrated to 
3560 to 3375 B.P.; Beta lab number 134063) and an 
age of 1220 ± 40 B.P. (13Cl2C = -25.4 o/oo; Calibrated 
to 1260 to 1055 B.P.; Beta lab number 134064). 
Because the loess deposit that encompasses these soils 
appears to sit on a Pleistocene gravel deposit, it is 
unlikely that there are any Early Holocene deposits (and 
hence archaeological sites) to be found in the area east 
of Blacktail Butte. 

Another buried paleosol was seen about 1.75 
below ground surface in a loess profile near the base of 
Blacktail Butte (Figure 8); this paleosol has a lower 
probability of being datable, but we were unable to 
sample it as bison prevented our return. 

We also revisited site 48TE403, on the north 
side of Ditch Creek just west of the road that crosses 
over Ditch Creek (Figure 8). We were unable to locate 
any archaeological material at this locality. 

Timbered Island. We walked a short transect 
through the southern part of Timbered Island (Figure 9) 
as geologic maps indicated that this section of the 
feature is a loess deposit. Heavily forested, visibility 
was zero throughout most of this transect. An old two
track road runs up the cut at the south end of Timbered 
Island and provided some erosional cuts, but no 
archaeological remains were seen here. We revisited the 
Sesenbach grave and found it in good condition. 

BlackTail Ponds Site. We revisited site 
48TE405, fmding a few flakes. This site was heavily 
disturbed by the construction of the overlook in the 
past. 

Snake River Terrace. We surveyed a 4 mile 
section of the Snake River Terraces, on the west side of 
the Snake River, from a short ways down river from 
Deadman's Barto a short distance north ofthe Bar-B-C 
Ranch (see Figure 1 0). Conducted by 4 archaeologists, 
we were able to survey both the upper terrace as well as 
the lower terraces. Several isolated fmds were made as 
well as several historic dumps/homesteads. One site 



consisted of a scatter of frre-cracked rock and quartzite 
flakes. An isolated obsidian biface tip was also found, 
which represented the only retouched stone artifact 
found in the entire 10 day survey. 

+ UPLANDS 

We hiked/surveyed up the Berry Creek Trail 
(Figure 11) and Berry Creek Cutoff--a total of about 15 
miles. We were able to quickly relocate two of 
Wright's sites (48TE580 and 48TE581), the only ones 
that time and weather permitted us to visit. We then 
located three new locations along the trail (we were not 
surveying off the trail) that need further investigation. 
The approximate position of these localities are: 
N4876158, E0516424; N4875193 , E0518512 ; 
N4871919, E0522943. 

+ CONCLUSIONS AND 
RECOMMENDATIONS 

1. The density of archaeological debris on 
the floor of Jackson Hole, at least in those areas 
surveyed, is extremely light. Given the abundance of 
large fauna and the fish resources of the Snake River, 
this is quite surprising. At the moment, we can offer no 
definitive explanation. It is possible that some sites are 
eluding us due to plant cover. But, we intentionally 
targeted areas that were not heavily vegetated and/or 
eroded. We also examined tree throw, and the backdirt 
of burrowing animals, fmding nothing. 

Recommendation: Conduct surface surveys in 
the spring and fall , when plant cover will be less. 

2. Previous research demonstrates that in 
contrast to the area to the south of Jackson Lake, there 
is a considerable archaeological record on the natural 
shores of Jackson Lake. These are, of course, normally 
underwater. 

Recommendation: Given the paucity of 
archaeological remains elsewhere, should the lake ever 
be drawn down again, it is essential that archaeological 
research be conducted at that time on the known sites. 

3. We were both able and unable to 
relocate some of the sites recorded by Wright. It is 
possible that plant cover was responsible in many cases, 
but this was not true for all cases. It is possible that 
Wright made complete surface collections, as we know 
he did in some cases, and that nothing, quite literally 
remains of the site. It is also possible that the sites are 
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incorrectly located on the maps . 

Recommendation: Wright ' s site locations 
need to be checked, frrst against whatever descriptive 
locational data exist, to see if they agree with the map 
location, and secondly through site revisits. Essential to 
this will be some idea of whether surface collections 
were made, and, if so, their extent. Subsurface testing, 
or shovel testing in areas of limited visibility may also 
be required. Some information may still be held by 
Wright personally. Attempts by Mr. Bartholomew to 
contact Professor Wright at SUNY, Albany have been 
to no avail (including contacting Professor Wright' s 
department Chair). An official inquiry by the NPS may 
prove more productive than that of a graduate student's 
request. 

4. The Jeimy Lake Campground site . This site 
requires rather constant maintenance. 

Recommendation: new features such as hearths 
should be excavated and the soil kept for possible 
radiocarbon dates. Flakes should be mapped as they 
arise. The suggestion was made in the field that a useful 
exercise could be to ' seed ' the areas along the pathways 
with manufactured flakes or artifacts and then monitor 
the site to see if they are pocketed by tourists or if they 
are turned in to a park ranger. These ' artifacts ' could 
be marked with an invisible ink only observable under 
ultraviolet light so that they could not be confused with 
prehistoric debris in the future. Such an exercise could 
tell us how likely it is that prehistoric artifacts will be 
unlawfully removed from the park. 

5. The uplands. It is clear that Wright's survey 
probably located sites as they are made visible largely 
by footpaths . Our very cursory search came up with 
three new sites along the Berry Creek Trail. Most of 
the sites known from the uplands have not been tested 
(a few tested by Bender [1983] being the only 
exception); in addition, those that have been dated were 
almost all dated by obsidian hydration in the late 1970s. 
We know more about this technique now and recognize 

that many of the dates made in the technique 's early 
dates of development may be in error. 

Recommendation: Further survey along 
established trails and, especially, in heavily used 
camping areas are needed to locate other sites. As noted 
above, the known sites need to be revisited and perhaps 
tested for carbon that could be submitted for AMS 
radiocarbon dates. Additionally, a more intensive 
obsidian hydration dating program could be undertaken 
using modem protocols. 
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6. Finally, we do not know enough about the 
post-Pleistocene geomorphology of GTNP. There 
appears to be very little potential for uncovering Early 
Holocene archaeology in that part of the southern 
Jackson Hole that lies within the Parks boundaries. 

Recommendation: Conduct a Holocene 
geomorphological study of the Park. 

THE EARLY HOLOCENE IN GRAND TETON 
NATIONAL PARK 

Previous research suggests that the earliest 
evidence of occupation in the Park is that of the 'Cody 
Complex', a hunting and gathering occupation some 
9000 years old. Evidence of occupation before this 
date is scanty at best; a few Folsom spear points 
( 10,000- 10,800 years old) have been found outside the 
Park' s boundaries, and Connor (1998) illustrates a 
fragment of a biface that could be a Clovis point 
( 10,900 - 11,200 years old) but the flaking pattern on 
this piece suggests it is not Clovis. 

The park contains a complicated record of 
glaciation, but for our purposes, this record is not 
highly significant since the park was generally free of 
ice by 14,000 BP-before humans were probably even 
present in North America. We know that some parts of 
Jackson Hole have seen massive post-glacial 
deposition-in places, especially around Jackson Lake, 
e.g., the Willow Flats area, Early Holocene deposits are 
70-100 feet below the surface. Yet, in other places, 
such as the Potholes region, the ground surface has not 
been modified much since the last glacial advance, the 
Jackson Lake Phase of the Pinedale glaciation. Our 
research this summer suggests that the area around 
Pacific Creek may contain some deeply (but not too 
deeply) buried deposits . Alternatively, it could be that 
all Early Holocene material was eroded from this 
drainage during the arid, Altithermal climatic interval 
(10,000-6000 BP). The south end of the Park has seen 
loess deposition in places, as noted in the Ditch Creek 
profiles and the auger holes at the BlackTail Butte site. 
Early Holocene material here may also be buried, 
although not to the extent that it is in the Willow Flats 
area. On the other hand, all Early Holocene deposits in 
this region, as well as the Pacific Creek drainage, may 
have been removed during the arid Altithermal Interval. 
This means that the potholes region is an area that holds 
some of the best promise for revealing Early Holocene 
sites--either buried sites or surface sites. To date, 
however, this most promising area has not provided 
significant results. 

Not only is there no Early Holocene material 
here, there is almost no prehistoric archaeology at all . 
This is extremely puzzling. It is possible that when 
people occupied Jackson Hole, that occupation focused 
entirely on the now-inundated lakeshores. But, is seems 
likely that the Snake River would also have been as 
attractive as the lake, and the areas away from the lake 
and the river should have been attractive as hunting 
areas. Using the area between the lake and river as a 
hunting zone should have resulted in numerous small 
sites, or a low density but more or less continuous 
scatter of archaeological remains. But we see no 
evidence for either pattern. Although further survey is 
needed to clarify this, it seems unlikely that either 
vegetation (that might obscure surface visibility) or 
deposition could account for this pattern. Our final 
recommendation is that we are not yet prepared to erect 
a tombstone over a search for the Early Holocene 
archaeology in GTNP. 
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Figure 3. 
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Figure 5. 

Figure 6. 
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Figure 7. 



115 

~~ . 

. . ·--~~ .~~- --~ :: .. . -----\~~ - . ·-

Surface 

Paleosol2, 3240 B.P. 

Figure 8. 



116 

Figure 9. 
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SPATIAL DISTRIBUTION OF LARGE WOODY DEBRIS 

ON THE SNAKE RIVER, GRAND TETON NATIONAL PARK 
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+ INTRODUCTION 

Large woody debris (LWD) plays a key role 
in controlling the ecology and geomorphology of 
streams. Woody debris traps coarse particulate or
ganic matter and sediments (Andersen and Sedell, 
1979; Bilby and Likens, 1980; Marston, 1982); pro
vides habitat for aquatic insects (Angermeier and 
Karr, 1984; Benke et a/., 1985); and provides cover 
in pools and slow water areas (Bisson et a/., 1982, 
1987; Tschaplinski and Hartman, 1983; Fausch and 
Northcote, 1992). The role of wood in affecting 
stream morphology is dependent on the size of the 
stream (Bilby and Ward, 1989). In smaller streams, 
woody debris can create step pool sequences (Beede, 
1972, 1985; Marston, 1982), increase pool area 
(Murphy and Hall, 1981; Ralph eta/., 1994), andre
duce sediment transport (Bilby, 1984). Nakamura 
and Swanson (1993) noted that the importance of 
woody debris to the morphology of first order 
streams can be limited by the size of the debris, 
which is often large enough to bridge the channel 
and not interact with the flow. Woody debris plays a 
larger role when it enters the channel bottom, where 
it can divert flow and affect erosion and deposition. 

The scale issues raised by Bilby and Ward 
(1989) and Nakamura and Swanson (1993) are 
critical to understanding the role of woody debris. To 
date, L WD has not been adequately studied at 
watershed scales in larger rivers. In fact, there is 
little understanding of the relationship between 
L WD and the geomorphic pattern of the river 
channel (Piegay and Marston, 1998; Piegay and 
Gumell, 1997; Piegay, 1993). The purpose of this 

study is to document the distribution of L WD jams 
on the Snake River in Grand Teton National Park, 
Wyoming in order to understand the effects of L WD 
on channel morphology in large river systems. 

+ STUDY AREA 

Our study area encompassed the Snake 
River from Jackson Lake to Moose, Wyoming 
(Figure 1). This section, approximately 42.0 km 
(26.1 mi) in length, lies entirely within Grand Teton 
National Park. The area was further divided into five 
reaches (Marston 1992). Channel unit type, bankfull 
water-depth, size distribution of streambed particles, 
channel gradient, floodplain width and total sinuosity 
were used to distinguish the sections (Table 1 ). 
Reach 1 extends 6.7 km from Jackson Lake Dam to 
Pacific Creek. This reach is characterized by a low 
gradient, single channel dominated by pools with 
fine-sized particles. Reach 2 continues from Pacific 
Creek to Sagebrush Island. This is a 6.53 km 
segment characterized by pronounced braiding 
among mid-channel bars with a stream bed 
dominated by coarse gravel and small cobbles. The 
third reach extends 10.41 km from Sagebrush Island 
to Deadman's Bar in a single channel dominated by 
a small cobble substrate. Reach 4 continues from 
Deadman's Bar to Frustration Ponds. This 6.18 km 
section is a predominantly braided pattern. Lastly, 
reach 5 extends 11.91 km from Frustration Ponds to 
Moose in a steep-gradient, compound channel. 
Major tributaries entering the Snake River within the 
study area are Pacific Creek, Buffalo Fork, and 
Spread Creek. 
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Figure I. The Snake River study area. 
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The 100-year floodplain of the Snake River 
between the dam and Moose covers an area of 31.9 
square kilometers (7883 acres). This area was unaf
fected by the 1988 fires. Floodplain vegetation 
within the study area is dominated by blue spruce 
(Picea pungens), narrowleaf cottonwood (Populus 
angustifolia), lodgepole pine (Pinus contorta), and 
mountain alder (Alnus incana). 

+ METHODS 

We performed the field portion of this study 
in June 1999. During this time the Snake River was 
at or near bankfull depth with streamflows varying 
from around 4000 cfs at Moran, Wyoming to 12,000 
cfs at Moose, Wyoming. We collected data from the 
main channel and adjacent river banks and channel 
bars only. Side channels were excluded from the 
scope of this study. 

We performed detailed measurements on 41 
in-channel L WD accumulations at ten locations. We 
defmed L WD as any woody debris greater than 1 0 
em in diameter and 1 m in length lying entirely 
within the main channel at bankfull depth. L WD 
jams or accumulations were defined as two or more 
pieces of LWD. We measured the length and width 
of all major axes within these accumulations and re
corded the number of pieces, number of rootwads, 
predominant orientation (parallel or perpendicular to 
stream), predominant species, and decay class 
(Grette 1985). In addition, we noted any LWD 
pieces containing beaver-cut markings. 

All main channel L WD accumulations 
within the study reaches were mapped using a Ma
gellan Nav Pro 6000 global positioning system and 
1:24,000 USGS quadrangles. For each accumulation 
we recorded the following parameters: ( 1) Number 
of LWD pieces within the jam classified as single 
(1), double (2-3), multiple (4-10) or extensive (>10); 
(2) Percentage of the bankfull channel width the jam 
occupied recorded in five categories; 0-5%, 5%-
20%, 20%-40%, 40%-60%, >60%; (3) Decay class 
based on the presence/absence of green or dead nee
dles, bark and primary/secondary limbs (Grette, 
1985); ( 4) Orientation relative to the thalweg. 

To determine the potential for large woody 
debris recruitment, we mapped and recorded several 
streamside vegetation and bank geomorphology 
variables. Bank measurements included counts of all 
fallen and tilted trees (> 10 degrees) within 5 m of the 
bankfull mark. To determine the extent of bank ero
sion, the height of the bank cut was recorded in 5 
classes; 0-14.9crn, 15cm-29.9crn, 30cm-59.9crn, 
60cm-89.9cm and >90cm and exposed roots noted. 
Beaver activity including lodge building and tree 
cutting were also recorded. 

As part of our preliminary analysis, we used 
linear regression to examine the relationships be
tween L WD jam size (area or number of pieces) and 
debris jam composition (age of pieces, presence of 
root wads, etc.). We then used Chi-square goodness 



of fit tests to explore the relationship between the 
composition of L WD accumulations and their posi
tion along the study reach (Cox I996). We also 
compared the distribution of L WD jams throughout 
the study reaches using Chi-square tests. 

RESULTS 

For the 4I in-channel jams measured, the 
total number of L WD pieces ranged from 3 to 75, 
with a mean of I2. Jam sizes ranged from I8.36 m2 

to 693 m2
, averaging I65 m2

• All jams contained at 
least one rootwad. The species composition of the 
L WD was evenly distributed between spruce and 
cottonwood. 

Because of its extreme size (693 m2 with 75 
pieces) relative to all other jams, one jam was ex
cluded from regression analyses. Regression analysis 
revealed a strong relationship (r2 =0.542, p<O.OOI) 
between the number of L WD pieces and the number 
of rootwads within our measured jams (Figure 2). A 
strong relationship (r2 =0.683, p<O.OO I) was also 
identified between the total number of pieces within 
the measured jam and the total size of the jam (Fig
ure 3). There was also a relationship (r =0.499, 
p<O.OO 1) between the number of rootwads and the 
total size of the measured jam. 
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More than 500 occurrences of in-channel 
L WD were identified on the 42.0 km long study sec
tion (Table 2), 23% of which were L WD jams (2 or 
more pieces). Chi-square tests revealed significant 
differences (p<O.OOI) in the number of debris be
tween study reaches. Reach 2 had the highest num-
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her of L WD in all categories while Reach I had the 
least. Over 85% of all jams contained at least one 
rootwad. Essentially all accumulations were oriented 
parallel to the thalweg; the exceptions were mostly 
located in pools. 
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Table 2. Total number or LWD pieces by n•cb and accumulatioa type. 

Reach Single Double Multiple Extensive Total Reach Total per 

(1 pc.) (2-3 pes.) (4-10 (> 10 . Length km 

pes.) pes.) (km) 

1 0 0 0 0 0 6.97 0.00 

2 162 27 34 21 244 6.53 37.37 

3 95 13 6 6 120 10.41 11 .53 

4 41 8 2 4 55 6.18 8.90 

5 110 7 9 11 137 11 .91 11 .50 

Total 408 55 51 42 556 42.00 13.24 

Fallen and tilted trees along the banks were 
primarily blue spruce. Most downed and tilted trees 
resulted from bank undercutting. We found beaver
cut trees almost exclusively in cottonwood stands. 

Initial analysis comparing geomorphology 
(Marston I992) to L WD distributions revealed in
creases in L WD accumulations as the frequency of 
riflles/rapids increased, and as the frequency of 
fallen/tilted trees increased. The size of L WD jams 
was highest where channel shifting was minimal. 

+ DISCUSSION 

All of the L WD jams measured and more 
than 85% of L WD recorded contained at least one 
rootwad, indicating the importance of these struc
tures in L WD jam formation. The rootwad provides 
a foundation and acts as an anchor for developing 
jams. Bank undercutting provides the primary re
cruitment method for L WD rootwads, with SOil\«( 

rootwads entering the system through in-flowing 
tributaries. Unlike wood recruited through bank ero
sion, beaver-cut wood lacks the structure needed to 
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serve as a foundation for subsequent L WD jam for
mation. Since bank undercutting is needed for the 
recruitment of these rootwads, we can expect L WD 
jams to increase in areas with high bank erosion. 

Jackson Lake Dam plays an important role 
in L WD distribution, preventing L WD from entering 
the system from Jackson Lake. We would, therefore, 
expect L WD jams to increase as the distance from 
the dam increases. Initial Chi-square tests reveal sig
nificant differences in the size and number of L WD 
jams between reaches, however debris jams do not 
increase with downstream distance as expected. In 
fact, reach 2 had the highest number of total accumu
lations. This suggests other factors must play a role 
in L WD distribution. Areas of high bank erosion 
and tributary inflows increase L WD recruitment into 
the system. However, these variables cannot predict 
the spatial distribution of jams. Transport by stream
flow as well as by geomorphic factors, such as chan
nel unit type, sinuosity, bankfull depth and width 
may all be significant in determining L WD loca
tions. Initial analyses indicate channel shifting may 
play an important role in size and location of jams. 
Without channel shifting LWD accumulations in
crease in size because L WD transport over time is 
concentrated. 

Data from the June 1999 study period indi
cate that streamside vegetation recruitment and chan
nel morphology play a significant role in L WD jam 
size and distribution. Rootwads are a necessary 
component in initiating jam fonnation, while stream
side vegetation and tributaries provide the debris 
needed. Further analyses are needed to determine 
the relationships of between debris jam distribution 
and stream channel morphology. 
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+ INTRODUCTION 

Studies that investigate community 
relationships among mammals typically require large 
temporal and areal scales (Krebs et al. 1995; Estes 
1996; Terborgh et al. 1999). Despite the difficulties 
presented by larger scales, such studies are valuable 
to decision-makers (Sinclair 1991; Smith et al. 1999). 
Understanding abundance, distribution, habitat 
choice, and ecological interactions of mammalian 
species can promote management decisions that 
benefit overall ecosystem health. Monitoring 
programs that build an ecological model of the 
landscape, and assess the trends in relation to biotic 
and abiotic changes, are essential to adaptive 
management, yet are seldom a standard part of 
management activities (Sinclair 1991; Noss and 
Cooperrider 1994; Lancia et al. 1996; Noss et al. 
1996). Indeed, a conservation plan requires a long
term obligation to standardized ecological monitoring 
so that actions can be adjusted according to new 
information (N oss et al. 1996). 

Over the long term, this standardized 
monitoring plan will provide information on small 
and medium-sized mammals that will ( 1) assess 
species use of habitat, (2) monitor changes in species 
composition as a result of environmental change, (3) 
produce predictive models of small and medium
sized mammal distribution based on vegetation type, 
and (4) analyze the impact of wolf (Canis lupus) 
colonization on the mammal (and plant) community. 
Such standardized monitoring techniques for 

mammal communities have not been done in the 
Greater Yellowstone Ecosystem. 

The abundance and diversity of mammals 
can be greatly affected by a number of factors. These 
include plant productivity (Hunter and Price 1994; 
Krebs et al. 1995; Polis and Strong 1996), climate 
(Pinter 1996; Hoogland 1995; Post et al. 1999), 
natural disturbance (Pickett and White 1985), disease 
(Dobson and May 1986), and expected or unexpected 
environmental change (Lancia et al. 1996; Thompson 
et al. 1998). 

Changes in numbers of large predators also 
affect the mammal community (Erlinge et al. 1984; 
1988; Soule et al. 1988; McLaren and Peterson 1994; 
Krebs et al. 1995; Estes 1996; Terborgh et al. 1997; 
1999; Crooks and Soule 1999; Henke and Bryant 
1999). There is a growing body of experimental 
evidence indicating that top carnivores act as 
keystone species (see review by Terborgh et al. 
1999), and the recent reintroduction of wolves to 
Yellowstone National Park may impact the plants and 
animals of the overall region. A long-term ecological 
research program that analyzes such interactions is 
"imperative" in the Greater Yellowstone Ecosystem 
(Smith et al. 1999, p. 121). 

For example, the recent recolonization of 
wolves in the northern Midwest has restricted the 
distance that beavers (Castor canadensis) forage 
from aquatic habitats, and that reduces the impact of 
beaver on plant associations (Naiman et al. 1994, 



Pollock et al. 1995). The presence of wolves on Isle 
Royale, Michigan has also produced compelling 
evidence of a trophic cascade (McLaren and Peterson 
1994; Messier 1994 ). Similarly, the re-establishment 
ofwolveshasbeenfollowed by declines in caribou 
(Rangifer tarandus), moose (Alces alces), elk 
( Cervus elephus ), deer ( Odocoileus hemionus ), and 
coyotes (Canis latrans) (Bergerud 1988; Messier and 
Crete 1985; Hatter and Janz 1994; Crabtree and 
Sheldon 1999). Because there are known linkages 
among moose, microbes, and soil nutrients, the 
impact of predation affects abundance, diversity, and 
biomass of plants and animals on Isle Royale (Pastor 
et al. 1988; McClaren and Peterson 1994). 

While the terms keystone species and top
down vs. bottom-up interactions may be slightly 
inelegant, and contentious as to matter of degree, it is 
crucial to try to understand the role of large 
carnivores in ecosystem health. If top predators play 
a role in maintaining the integrity of ecological 
communities, then managing them successfully will 
be critical. On the other hand, failure to understand 
the role of top predators, and to manage them 
accordingly, can result in distorted ecological 
interactions that will jeopardize biodiversity. 

+ METHODS 

Vegetation types in Grand Teton National 
Park (GTNP) followed the maps created by Debinski 
et al. (1996). Non-forested meadow classes, 
representing a distinct xeric-to-mesic gradient were 
identified in accordance with Debinski ( 1996). This 
gradient ranged from sedge meadow (M 1) to dry 
grassland with sagebrush (M6). In addition, we 
identified forested plots predominantly consisting of 
lodgepole pine. During the summer we sampled 
plots representing the lodgepole pine forest and M 1, 
M2, M3 and M6 meadow types. We sampled five 
different habitat types at the same altitude with one 
replicate in each habitat type. Next year we plan to 
expand to seven habitat types with two replicates at 
each site. The habitats we sampled in 1999 included 
lodgepole pine, dry sage, mixed grasses and forbs, 
sedge-grass damp meadow, and sedge-grass swamp. 

We followed the standard capture-recapture 
techniques for small mammals (e.g. mice and voles, 
see Clark and Stromberg 1987) using folding 
Sherman traps that are 22.5 em long and 7.5 by 7.5 
em wide. We marked rodents with ear tags 
purchased from National Band and Tag. This method 
was tested and all tags were retained on captive 
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animals during a three-week trial. Bait was rolled 
oats that were coated with molasses. 

We trapped a site continuously until 
recaptures roughly equal new captures. For this 
reason, the sampled area was considered a closed 
population ( Caughley 1977; Lancia et al. 1996; 
Thompson et al. 1998). Abundance was calculated 
with several estimators, including Jolly Seber 
(Caughley 1977) and a regression slope based on 
capture per unit effort (Caughley 1977). In the 
future, we will employ program CAPTURE as well 
(White et al. 1982). Number of trap-nights was 
adjusted for sprung traps via the technique of 
Beauvais and Buskirk ( 1999). 

The Jolly Seber method requires calculation 
of a population estimate on each successive night of 
trapping, but it offers no explicit solution for 
population samples that differ among the first and 
last trapping occasions (Caughley 1977). Rate of 
change between two occasions can be calculated by 
the method used in Bailey's triple catch analysis 
(Caughley 1977), but that method is designed for 
cases where individuals are born during the 
experiment, and our trapping occasions were only 
separated by one night. We therefore eliminated any 
estimates that were less than the actual number of 
individual animals trapped, and we reported the range 
and standard error of estimates. 

The standard grid size was 1 hectare with 
two replicate grids at a site. Traps within a grid were 
spaced every 1 0 meters (121 traps per 1 ha grid) . The 
population size associated with a grid is a function of 
two known factors (grid area and perimeter) and two 
unknown factors (boundary strip-width and true 
animal density) (Otis et al. 1978). So, when sample 
size allows, data for each grid are analyzed as a series 
of nested grids to address the issue of boundary strip
width and make the population estimate more 
accurate (Otis et al. 1978; Lancia et al. 1996). 

Species not easily seen or trapped were 
estimated via an index thought to be correlated with 
abundance (Lancia et al. 1996). For example, 
northern pocket gopher ( Thomomys talpoides) were 
indexed by counting mounds within a 1 ha grid, and 
badgers (Taxidae taxus) by number of fresh digs 
(presence of fresh sub-soil on the mound that is not 
yet hardened by sun). Observers counted all sign 
within transects 100 m long and 5 meters until the 
entire one hectare grid was surveyed. 
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+ RESULTS AND DISCUSSION 

We began trapping with Sherman traps on 
22 July, 1999, with a one hectare plot in dry sage 
(M6-Debinski et al. 1996) and a one hectare plot in 
lodgepole pine. The sage brush plot is located on 
Two Ocean Creek Road near the turn-off from 
Pacific Creek Road, and the UTMs are E 5407 54 and 
N 857228. The lodgepole pine plot is located near 
Pacific Creek Road after the road changes from 
asphalt to gravel, and the UTMs are E 538872 and N 
856774. Both plots were trapped through 1 August 
1999. 

On the dry sage plot (M6), we captured a 
total of 11 different Peromyscous maniculatus and 
four different Micro tis spp. We suspect that three 
were M. montanus and one was M. pennsylvannicus, 
based on observations by A. Pinter that those two 
species have a different shape to their rumps. The 
method of determining species in the field, however, 
has not yet been verified, but we will test that 
technique next year with A. Pinter. P. maniculatus 
is a generalist found in a range of habitats except in 
very wet areas (Nowak 1991). M. montanus is 
generally found in drier habitats than M. 
pennsylvanicus (Nowak 1991 ). 

In total, there were 1369 trap-nights, 15 
captures and 15 recaptures. So trapping success was 
2.2%. All recaptures were of P. maniculatus. One 
male Microtis was found with fresh wounds on its 
hips and lower back. The wounds were in the region 
of the subcaudal scent glands, which may indicate a 
fight with another Micro tis. Sex ratio of captured 
adult P. maniculatus was 2 females and 4 males. 

Using Jolly Seber (Caughley 1977), we 
calculated an estimate of 17.5 P. maniculatus per 
hectare in dry sage habitat with a standard error of 
19.3. Using the data to calculate a regression slope 
with capture of new animals per unit effort we 
calculated a population of 12 P. maniculatus per 
hectare of dry sage with a standard error of 1.16 (p:S 
0.1 0). The last two nights of trapping produced 6 
recaptures of P. maniculatus, but no new captures 
(over the trapping, there were 11 different deer mice 
captured). So, although sample-size is low, the 
regression and Jolly-Seber estimates seem to be a 
reasonable population estimate for P. maniculatus in 
the dry sage grid. Nowak ( 1991) reported that 
population densities for P. maniculatus range from 1 
to 25 per ha. 

We captured one adult male 4 times and a 
female and a juvenile female 7 times. Based on this 

small sample of locations, the adult male covered 
1000 m2 and the female covered 524 m2

. Nowak 
(1991) reported that home ranges can vary from .04 
ha to 4 ha per individual and that the average is 1 ha 
for males and 0.6 ha for females. 

When walking the one hectare plot to search 
for sign, we established the following data for 
indices: 30 pocket gopher winter casts, 15 fresh 
pocket gopher mounds, 166 mouse/vole holes, 60 
piles of elk scat, 3 piles of deer scat, 1 moose scat, 1 
bison (Bison bison) scat, 8 badger holes, 40 ant hills, 
1 coyote scat, 25 carnivore scrapes at holes, and 2 
ground squirrel holes. 

On the lodgepole pine plot, we captured 13 
different Clethrionomys gapperi, 2 different Microtis 
longicaudus, and 5 different Eutamius amoenus. 
Both C. gapperi and E. amoenus are typically found 
in cold forests and woodlands (Nowak 1991). Of the 
adult C. gapperi we captured, 2 were females and 7 
were males. 

In total, there were 1179 trap-nights, 20 
captures and 9 recaptures on the lodgepole pine plot. 
So, trapping success was 3.8%. Ofthe 13 C. gapperi 
captured, only 4 individuals were recaptured a total 
of 8 times. The low number of recaptures meant we 
could not estimate population numbers of C. gapperi 
by either Jolly Seber or with a regression slope (we 
tested the regression slope up top:=: 0.2). One of the 
five E. amoenus was recaptured. Densities of C. 
gapperi fluctuate widely from season to season and 
year to year and range from 2 to 7 4 per ha (Nowak 
1991). 

When walking the one hectare plot to search 
for sign, we recorded the following data: 4 red 
squirrel (Tamiasciurus hudsonicus) middens, 13 large 
ungulate beds, 1 pocket gopher winter cast, 5 fresh 
pocket gopher mounds, 31 piles of elk scat, 8 piles of 
moose scat, 1 deer scat, 1 coyote scat, and 1 pine 
marten (Martes americana) scat. 

From 4 August to 20 August, we trapped an 
area of mixed grasses and forbs, classed as an M3 by 
Debinski et al. ( 1996). The plot is located near 
Lozier hill and the UTMs are E 538750 and N 
856400. In total, there were 2010 trap-nights with 47 
individuals captured and 29 recaptures. Trapping 
success was therefore 3.8%. By species, we captured 
21 Microtis (we believe 8 M. montanus and 13 M. 
pennsyvannicus) with 7 individuals recaptured 11 
times. We captured 21 Peromyscous maniculatus 
with 7 individuals recaptured 15 times. Three 
Thomomys talpoides were captured, with one 
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recapture, and 2 Zapus princeps were captured (both 
recaptured once). 

Of the captured adult Microtis, 4 were 
females (2 lactating) and 6 were males. Of the 
captured adult P. maniculatus, 1 was a male and 9 
were females ( 4 lactating). No populations of 
Microtis or P. maniculatus could be estimated via 
regression (testing up to p::S0.2). Using the Jolly 
Seber model, we estimated a population of 55 
Microtis (S.E. =67) on the 1 ha grid. The Jolly Seber 
model estimated a population of 24 P. maniculatus 
(S.E. = 19) on the same grid. Combining the capture
recapture data for both Microtis and P. maniculatus, 
we estimated a population of 93 small rodents (S.E. = 
77). With a small sample size of 4 captures, two 
adult female P. maniculatus used an area of 50 m2 

and 2,400 m2
• 

Microtis densities vary greatly from year to 
year, and M. pennsylvanicus may cycle every three or 
four years (Nowak 1991). Normal densities forM. 
pennsylvanicus are between 3 7 and 11 7 per ha, but 
may reach 1000 per ha (Nowak 1991). Pinter (pers. 
com.) suggests that M. montanus is dominant over M. 
pennsylvanicus, and M. pennsylvanicus only reaches 
high numbers when M. montanus is low (Nowak 
1991 ). 

When walking the one hectare plot of mixed 
grasses and forbs, we recorded the following data: 
462 fresh pocket gopher mounds, 93 pocket gopher 
winter-casts, 283 mouse/vole holes, 101 vole 
runways, 2 vole nests, 134 piles of elk scat, 2 deer 
scat, 2 coyote scat, 1 elk bed, and 3 anthills. 

From 4 August until 12 August, we trapped 
a grid located in a sedge-grass damp meadow 
(classified as an M2 by Debinski et al. 1996). In 
total, there were 1085 trap-nights with 64 captures 
and 24 recaptures of Micro tis. So, trap success was 
8.8%. Of the 64 Micro tis, we believe that 54 were M. 
pennsylvanicus and 10 were M. montanus (pending 
the upcoming tests of the method to differentiate the 
species) . Fifteen of the 54 M. pennsylvanicus and 3 
of the 10 M. montanus were recaptured during the 
trapping session. Of captured adults, 23 were 
females ( 12 lactating) and 17 were males. 

Using the Jolly Seber model we estimate 
two population sizes for Microtis on the 1 ha grid 
located in the grass-sedge damp meadow. The low 
estimate was 69 individuals (S.E. = 48) and the high 
was 136 individuals (S.E. = 124). Because we 
captured 64 individuals and only recaptured 18 of 
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those animals, we place more confidence in the 
higher estimate. 

When walking the 1 ha plot of grass-sedge 
damp meadow, we recorded the following data: 24 
vole holes, 12 vole runways, 2 vole nests, 9 moose 
scats, 2 elk scats, 1 deer scat, 1 coyote scat, 1 fox 
scat, 1 pocket gopher winter-cast, and 1 anthill. The 
lack of scat and vole holes may be misleading if one 
is looking across different habitat types, as the 
wetness of this grid will eliminate scat more rapidly 
than in drier areas. And, although there were few 
holes deeper than the length of a finger, there are a 
myriad of ways to get beneath patches of moss. 

From 15 August until 23 August, we trapped 
a 1 ha grid located in a sedge-grass swamp, classified 
as M1 by Debinski et al. (1996). In total, there were 
1190 trap-nights, and 4 7 individual Microtis (we 
believe all M. pennsylvanicus) were captured with 14 
individuals recaptured a total of 32 times . So, in this 
habitat, trap success was 6.6%. 

Using the Jolly Seber model we estimate 
two population sizes for Microtis on the 1 ha grid 
located in the grass-sedge swamp. The low estimate 
was 61 individuals (S.E. = 46) and the high was 78 
individuals (S.E. = 66). Of the captured Microtis , 20 
were adult females and 15 of those 20 were lactating. 
Fifteen captured animals were adult males, and 12 
were juveniles (9 male and 3 female). Two adult 
animals were captured 5 times. The area used by the 
adult female was 400 m2 while the adult male 
covered 1 008m2

. 

When walking the 1 ha plot of grass-sedge 
swamp, we recorded the following data: 2 moose 
beds, 1 coyote scat, 6 vole nests, and 16 vole holes. 
From these preliminary data, there appear to be 
distinct species associated with vegetation type. For 
example, red backed vole and chipmunks were 
trapped only in lodgepole pine plots. In addition, 
sign representing red squirrels and pine marten were 
unique to this area. Only meadow voles and 
mountain voles were found in the two most mesic 
meadows (M1 and M2). The highest rodent density 
of all plots was in the M2 meadow with 136 microtus 
sp I ha followed by the M1 meadow with 78 microtus 
sp I ha. The greatest rodent diversity was found in 
the M3 meadow where trapping revealed deer mice, 
meadow and mountain voles, pocket gophers and 
jumping mice with estimates of 55 microtus sp I ha 
and 24 peromyscus I ha. The xeric M6 meadow only 
presented trapping success for a single species, the 
deer mouse at a density of between 12-17 I ha. 
However, sign for badgers and bison were unique 
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only to this area. Elk sign was greatest in the M3 
followed by M6 and lodgepole pine plots, but absent 
from view in the M 1 and M2 meadows. Moose sign 
was highest in the M2 plot followed by the lodgepole 
pine and M1 plots. Pocket gopher sign was most 
abundant in the M3 meadow followed by the M6 and 
lodgepole pine plots and were absent from the mesic 
M 1 and M2 meadows. From this data, presence or 
absence and relative abundance of small mammals 
can be predicted based upon vegetation type. 

In year 2000, we will expand our efforts, 
trapping 7 habitat types with 2 replicates in each 
type. The 1999 data will be beneficial, but only in 
the context of repeated sampling over time to 
demonstrate trends that can be correlated with 
environmental changes. 
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+ OBJECTIVES 

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

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

+ METHODS 

Microtus montanus were live trapped at two 
times of the year: the second half of May (spring study 
period) and mid-July to mid-August (summer study 
period). Animals were killed with an overdose of 
Metofane as soon as possible after capture. Animals 
were aged using weight, total length and pelage 
characteristics. The digestive tract and the liver were 
examined for the presence of parasites. Reproductive 
organs, the spleen and the adrenal glands were collected 

from all animals and preserved in Lillie's buffered 
ne~tral 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 stze 
determination. In these areas, traps were not set in a 
regular pattern; rather, they were placed only in 
locati~ns showing recent vole activity (cuttings, 
droppmgs). 

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. 
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+ RESULTS AND DISCUSSION 

Microtus montanus had overwintered at rather 
high densities in all of the study areas. There were 
numerous holes in the mats of dead grass and numerous 
winter runways. Furthermore, runways in use in the 
spring of 1999 were deeply rutted, indicating heavy 
current use. During the spring study period all females 
were pregnant with their frrst litter. Reproduction had 
begun during the second half of May, which was 
approximately three weeks later than in 1998. A 
noteworthy exception to this was one study site where, 
as in 1998, reproduction began almost two weeks 
earlier than in all the other study sites. This site, 
however, always has a much warmer microclimate, with 
earlier snowmelt and no seasonal flooding due either to 
snowmelt or to heavy May precipitation. Grass also 
starts growing here earlier than at any other study site. 
The delay in spring reproduction was doubtless due to 
the exceptionally heavy snowpack in the spring of 
1999, since the unusually heavy snow cover had 
delayed vegetative growth in all study areas. This 
situation was reversed rapidly with the arrival and 
persistence of much higher temperatures in the third 
week of May. Nevertheless, the delay (by 3 weeks) in 
the onset of the breeding season in 1999 (as compared 
to 1998) would have significant repercussions on 
population densities in 1999. Such late onset meant 
that one less litter would be produced by M. montanus 
in 1999. Although the size of the frrst litters in 1999 
was significantly larger than that recorded for the frrst 
litters in 1998, the higher litter sizes would not 
compensate entirely for the decrease in the number of 
litters produced in 1999. 

As expected, population densities of M. 
montanus during the summer study period were lower 
than those recorded for 1998. Indeed, at the beginning 
of the summer study period, females produced as part 
of the first litter of 1999 were only now pregnant with 
their first litter. In other words, these animals were just 
now beginning to enter the breeding population - a 
significant delay in their contribution to population 
numbers (Pinter 1986, 1988). Furthermore, these frrst
time breeders constituted 50% of all breeding females 
in the summer of 1999. In M. montanus the frrst litters 
are significantly smaller than the successive litters 
(Negus and Pinter 1965; Negus, Berger and Pinter 
1992). Consequently, the overall mean litter size for 
the breeding population of 1999 was also lower than 
that seen in 1998. The combination of a late onset of 
reproduction, a reduced and delayed recruitment of the 
young of the year into the breeding population, and a 
lower mean litter size all contributed to the reduced 

population levels in 1999. 

In 1998 the population cycle at one of the 
study sites had become desynchronized from all of the 
others. This asynchrony continued into 1999; while the 
asynchronous population nearly doubled its density, the 
synchronous populations all showed a decline in 
density. In spite of this asynchrony, however, all 
populations still maintained their cyclic character. 

The increase in density of the asynchronous 
population also had repercussions on populations of 
Microtus pennsy lvanicus in the area. M. 
pennsylvanicus invaded this study site in 1998 when the 
population of M. montanus collapsed. In 1999, the 
rebounding of theM. montanus population resulted in a 
disappearance of M. pennsylvanicus from this site. 
This phenomenon has been observed in previous years: 
population dynamics of M. montanus can influence the 
local distribution of M. pennsylvanicus. 

Another unusual phenomenon, observed in 
1998, recurred in 1999. There was no parasitism of any 
of the animals by cuterebrid flies. This was an 
unexpected finding since the vegetation was unusually 
short by the end of the study period, a situation that in 
the past had been correlated with the incidence of 
cuterebrid parasitism (Pinter, Watkins and Moshier 
1997). 

+ CONCLUSIONS 

Although there was asynchrony among study 
sites in the population dynamics of Microtus montanus, 
all populations retained their cyclicity. The asynchrony 
could not be correlated with any parameters of the 
microhabitat or the microclimate. Nevertheless, 
reproduction itself was clearly influenced not only by 
overall climatic features but also by microchmatic 
differences. The continued asynchrony by one of the 
populations is an extremely valuable feature since it can 
help in the identification of factors that control 
population dynamics in M. montanus. 

+ ACKNOWLEDGEMENTS 

I gratefully acknowledge the availability of the 
facilities at the University of Wyoming-National Park 
Service Research Center and the enthusiastic support of 
the Research Center staff without which it would have 
been impossible to accomplish this work. I am 
particularly grateful to the Steering Committee of the 



UW -NPS Research Center and to the National Park 
Service for their cognizance of the fact that the 
understanding of microtine cycles can be gained only 
from long-term studies. 

+ LITERATURE CITED 

Elton, C.S. 1942. Voles, mice and lemmings. 
Clarendon Press, Oxford. 496 pp. 

Finerty, J.P. 1980. The Population Ecology of Cycles 
in Small Mammals. Mathematic Theory and 
Biological Fact. Yale Univ. Press, New 
Haven. 234 pp. 

Hudson, P.J., A.P. Dobson and D. Newborn. 1998. 
Prevention of population cycles by parasite 
removal. Science, 282: 2256-2258. 

Negus, N.C., P.J. Berger, and A.J. Pinter. 1992. 
Phenotypic plasticity of the montane vole 
(Microtus montanus) in unpredictable 
environments. Can. J. Zool. 70:2121-2124. 

Negus, N.C. and A.J. Pinter. 1965. Litter sizes of 
Microtus montanus in the laboratory. J. 
Mammal. 46: 434-437. 

133 

Pinter, A.J. 1986. Population dynamics and litter size 
of the montane vole, Microtus montanus. Can 
J. Zoo!. 64:1487-1490. 

Pinter, A.J. 1988. Multiannual fluctuations in 
precipitation and population dynamics of the 
montane vole, Microtus montanus. Can. J. 
Zool. 66:2128-2132. 

Pinter, A.J., R.A. Watkins and S.E.Moshier. 1997. 
Incidence of myiasis in Microtus montanus: 
role of population density and habitat. 77th 
Ann. Mtg. of the Arner. Soc. Mammal. 
Oklahoma State Univ., Stillwater, OK, 14-18 
June. 

Taitt, M.J. and C.J . Krebs. 1985. Population dynamics 
and cycles In: Biology of New World 
Microtus. · R.H. Tamarin, ed. Spec. Publ. Amr. 
Soc. Mannual. 8:567-620. 



MALE MANIPULATION OF FEMALE RECEPTIVITY IN 

SAGEBRUSH CRICKETS 

+ 
CARIE B . WEDDLE + RACHEL L. A VERY + PAMELA L. BRADY 

JOHN K. SAKALUK + JASON H. TRULLINGER+ SCOTT K . SAKALUK 

BEHAVIOR, ECOLOGY, EVOLUTION AND SYSTEMATICS SECTION 

DEPARTMENT OF BIOLOGICAL SCIENCES 

ILLINOIS STATE UNIVERSITY+ NORMAL 

+ ABSTRACT 

Male sagebrush crickets, Cyphoderris 
strepitans, offer an unusual nuptial food gift to 
females during copulation: females are permitted to 
feed on the hind wings of males and ingest 
hemolymph that flows from the resulting wounds. A 
previous study of this species showed that females 
experimentally precluded from wing feeding during 
initial copulations were more receptive to subsequent 
matings than females allowed to obtain a full blood 
meal during initial copulations (Johnson et al. 1999). 
The present study was designed to test the hypothesis 
that hormonal substances contained in the 
hemolymph of males and ingested by females during 
copulation function to decrease female receptivity to 
further matings, and thereby constitute male 
manipulation. We tested this hypothesis by allowing 
females to ingest one of the following substances 
prior to experimental parrmgs: adult male 
hemolymph, adult female hemolymph, or insect 
Ringer's solution. Experimental females were given 
the opportunity to mate 24 hours after treatments 
were established and latency to mating was used as a 
measure of female receptivity. There was no 
significant difference in latency to mating across 
treatments. The lack of a difference could be due to a 
decay in the activity of putative hormonal substances 
over the 24-hour period separating hemolymph 
delivery and mating trials. In addition, the 
simultaneous act of wing-feeding combined with 

intitial copulation may provide a behavioral primer 
that triggers any effect on female receptivity. 

+ INTRODUCTION 

Sexual conflicts between males and females 
may arise in decisions concerning the use of sperm 
for fertilizations, particularly when females mate with 
more than one male. While it is always in a male's 
best interests to have all of his sperm utilized, 
females may benefit by being selective of potential 
sires for their offspring. In many insects, females 
have more control over reproduction than do males, 
because they not only control the transfer of sperm 
during copulation, but may also exhibit post
copulatory mechanisms that determine whether 
stored sperm are actually used in fertilizations 
(Thornhill and Alcock 1983; Sakaluk 1984). Such 
cryptic female choice is in direct evolutionary 
conflict with the reproductive strategy of males, 
whose fitness is maximized only when fertilizations 
result from their gametic investment. 

Counter strategies in males to ensure 
fertilization include mate guarding, mate 
sequestering, multiple or forced copulation, or the use 
of specific anti-receptivity devices (e.g. mating 
plugs) or anti-receptivity substances (Andersson and 
Iwasa 1996; Sakaluk et al. 1995). The use of anti
receptivity substances such as hormones, in which 
chemical substances are transferred from the male to 



the female during copulation, has been reported for 
several species of insects (Eberhard 1996). Juvenile 
hormone has been shown to be an important factor in 
the physiological control of female receptivity 
(Englemann 1970). Shirk et al. (1980) showed that 
male Cecropia silkmoths transfer large quantities of 
juvenile hormone to females in their ejaculate during 
copulation. Exogenous application of juvenile 
hormone to female leafroller moths (Platynota 
stultana) induced a switch from virgin to mated (non
receptive) behavior, and consequently, females 
ceased production of their sexual-signaling 
pheromones (Webster and Carde 1984). 

Male sagebrush crickets, Cyphoderris 
strepitans, offer an unusual nuptial food gift to 
females during copulation: females are permitted to 
feed on the fleshy hind wings of males and ingest 
hemolymph that flows from the wounds they inflict. 
The wounds are not fatal and females usually only 
consume a portion of the hind wings, so that males 
are not precluded from mating again (Dodson et al. 
1983). In a recent study by Johnson et al. (1999), 
female C. strepitans were given the opportunity to 
mate with males subjected to one of two 
experimental manipulations: 1) males with intact 
hind wings in which copulatory wing feeding was 
possible and 2) males whose wings had been 
surgically removed so that no copulatory wing 
feeding was possible. Females were then given the 
opportunity to remate with untreated, virgin males 
(hind wings intact). The results of this study revealed 
that females who were prevented from feeding on the 
wings of their initial mate remated significantly 
sooner than females who were free to feed during 
their initial mating. 

Johnson et al. (1999) concluded that 
differential nutrient acqmsttlon via copulatory 
feeding may give rise to cryptic mate choice in which 
females use deficiencies in the original male (i.e. lack 
of nuptial food gift) as a cue to seek additional 
matings from males who may offer a greater 
nutritional investment. Alternatively, the results 
could be taken as evidence of male manipulation, in 
which females allowed to wing feed during initial 
matings ingest specific chemical substances 
contained in male hemolymph that act to decrease 
their receptivity to further matings (Johnson et al. 
1999). 

The current study was designed to test the 
hypothesis that hormonal substances contained in the 
hemolymph of males and ingested by females during 
copulation may function as a manipulative strategy of 
males to decrease female receptivity to further 
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matings. To test this hypothesis, females captured 
early in the breeding season (May-June 1999) were 
fed either hemolymph obtained from adult males, 
hemolymph obtained from adult females, or insect 
Ringer's solution. The "male manipulation" 
hypothesis predicts that ingestion of adult male 
hemolymph should increase female latency to 
copulation relative to that of females who are allowed 
to ingest the hemolymph of adult females or insect 
Ringer's solution. 

+ METHODS 

The study was conducted at the University 
of Wyoming-National Park Service Research Center, 
where previous studies of this species have been 
conducted (Snedden and Sakaluk 1992; Eggert and 
Sakaluk 1994; Sakaluk et al. 1995). Early in the 
breeding season (mid May), adult males and adult 
females were collected from several populations 
within Grand Teton National Park and transported to 
the field station. Experimental subjects were 
maintained at the field station according to standard 
procedures (Snedden and Sakaluk 1992; Eggert and 
Sakaluk 1994). All males used in the experiment 
were virgins, as indicated by intact hind wings. The 
mating status of females was unknown. 

Females were randomly assigned to one of 
three experimental treatments: 
1) Females allowed to consume 20 J..Ll of hemolymph 
obtained from adult males (N = 16); 2) Females 
allowed to consume 20J..Ll of hemolymph obtained 
from adult females (N = 16); 3) Females allowed to 
consume 20 J..Ll of insect Ringer's solution (N = 17). 

Females were assigned to experimental 
treatments the evening following their capture and 
paired with virgin males in mating trials 24 hours 
after treatment delivery. Experimental pairs were 
placed into specially constructed Plexiglas viewing 
chambers divided into two equal compartments ( 1 0 x 
6.8 x 4.4 em). Each compartment was equipped with 
a calling perch in the form of a short stick. Pairs 
were established early in the evening when the 
crickets normally become sexually active and mating 
behaviors were monitored over the next 12 hours 
using time-lapse video recording and direct 
observation. No food or water was provided during 
mating trials. 

Upon review of the video recordings, the 
following measures of female receptivity were 
recorded relative to the start of the trial: 
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1) Time at which females first mounted males and 
total number of mounts; 
2) Time at which successful copulation occurred 
(indicated by transfer of the spermatophore). 

An ANOV A was used to compare latency of 
females to mount males across treatments. 
Nonparametric failure-time analysis was used in 
comparisons of time to mating. Failure-time analysis 
provides a method for accommodating censored data, 
such as observations in which an event may not have 
occurred before the end of the study (Fox 1993). 
Data such as these are often mistakenly omitted from 
subsequent analysis, which can lead to highly biased 
comparisons (Fox 1993). 

Hemolymph was extracted from males by 
severing one of the hind wings and drawing 
hemolymph from the wound using a micro
hematocrit capillary tube. Extraction of hemolymph 
from adult females involved making a small incision 
in the cuticle of the pronotum and then, using the 
same technique, suctioning hemolymph from the 
wound once it began to bleed. Wounds caused by 
these procedures normally heal very rapidly and the 
insects were observed to recover fully from their 
operations. None of the males used to obtain 
hemolymph were used in mating trials. All 
treatments were presented on a small piece of iceberg 
lettuce and time of treatment ingestion was recorded 
using time-lapse video photography. 

+ RESULTS 

The results of our study show no significant 
difference in female receptivity across treatments. 
Mean latency to successful copulation (Fig. 1) was 
not significantly different across treatments (Failure
time analysis: x2=0.273, P =0.872). Total number of 
female mounts (Fig. 2) also did not differ 
significantly across treatments (Kruskal-Wallis test: 
H2 =2.732, P=0.256). For all treatments, latency to 
mating was not related to time of treatment 
consumption (all P > 0.05). 
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Figure 1: Time to initial mating in minutes for females in each treatment group. 
There was no significant difference in latency to mating across treatments. 
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Figure 2: Number of female mounts (median ± interquartile range) for 
each treatment. There was no significant difference in the number of 
female mounts across treatments . 

+ DISCUSSION 

Female receptivity was not affected by 
ingestion of male hemolymph prior to mating. These 
results are inconsistent with the male manipulation 
hypothesis and in apparent contradiction of the 
results of Johnson et al. (1999). A possible factor 
not accounted for in our experimental protocol is the 
possibility that putative hormonal substances in male 
hemolymph may have degraded over the 24-hour 
period between treatment presentation and 
subsequent mating trials. However, no relationship 
was found between time of treatment ingestion and 
latency to mating. 

Alternatively, it may be that any effect of 
male hemolymph on the subsequent receptivity of 
females is primed by copulation per se, or the receipt 
of sperm or other substances in males' ejaculates. In 
the study by Johnson et al. (1999), females were first 
mated to a de-winged male before they were given 
the opportunity to mate with an unmanipulated male. 
In May-June 2000, we plan to test this possibility by 
establishing treatment regimes simultaneously with 
initial copulations. Females will be mated with a 
virgin male whose hind wings have been removed to 
prevent wing feeding, and treatments will be offered 
immediately after successful copulation. Subsequent 
mating trials will be established 1 hour after 
treatment ingestion to control for any time-limited 
effectiveness of hemolymph consumption on female 
receptivity. 
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+ EXECUTIVE SUMMARY 

The purpose of this study is to evaluate the 
trophic state of five lakes in southern Yellowstone 
National Park in order to detennine if the human 
activity in the local area is having a negative 
environmental impact and possibly increasing the 
eutrophication rate. While some previous analyses 
have been done on these lakes, this study is intended 
to be a preliminary trophic state evaluation to which 
future analyses can be compared. 

The five lakes sampled are Shoshone Lake, 
Lewis Lake, Heart Lake, Riddle Lake, and Duck 
Lake. Each lake, with the exceptions of Riddle Lake 
and Duck Lake, was sampled at several locations. 
These samples were taken during the months of June 
through August of 1999 by Woodruff Miller and 
Dave Anderson of the BYU Civil & Environmental 
Engineering Department. 

The Carlson Trophic State Index, the 
Vollenweider Model, and the Larsen-Mercier Model 
were used to determine the trophic state of the lakes 
at each sampling location. The laboratory results 
were plotted on the applicable model. The Carlson 
Model requires measurements of the total phosphorus 
concentration, total chlorophyll-a concentration, and 
transparency. The Vollenweider Model requires the 
total inflowing phosphorus concentration and the 
hydraulic residence time. Finally, the Larsen
Mercier Model utilizes the mean inflowing 
phosphorus concentration and a phosphorus retention 

coefficient. (See the Models section of the complete 
report for further explanations.) 

As would be expected, the trophic state of 
the lakes varied from month to month. Generally the 
lakes bordered between the oligotrophic and 
mesotrophic states. Shoshone Lake is classified as 
slightly oligotrophic while Lewis Lake and Heart 
Lake are classified as slightly mesotrophic . Riddle 
Lake is classified as mesotrophic and Duck Lake 
borders on the slightly oligotrophic and slightly 
mesotrophic state classification. The results are 
summarized in the table given below. 

Nitrogen was also measured in the samples 
so as to detennine the nitrogen-phosphorus ratio (N :P 
ratio) in the lakes. This was done to detennine if 
nitrogen or phosphorus was the limiting nutrient in 
algal growth. Every sample from all five lakes is 
phosphorus limited except the August sample of 
Shoshone Lake at DeLacy Creek (northeast side) and 
the July sample of Lewis Lake at Lewis River 
(middle north side). 

This trophic state evaluation is meant to be a 
preliminary study to which future studies can be 
compared. Further sampling of the lakes and 
tributaries at different times and different locations 
will be necessary in the future. Complete 40 page 
reports of these trophic state classifications have been 
sent to the Yellowstone Center for Resources at 
Mammoth and to the Snake Ranger District at the 
South Entrance. 
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The chlorophyll-a analyses were conducted 
at the Pacific Northwest Regional Laboratories of the 
Bureau of Reclamation in Boise, Idaho. We wish to 
express our thanks to them for their gratuitous work 
and contribution to this project. We also wish to 
thank the Utah State Health Department, Division of 
Laboratory Services for partially supporting the 

Summary of Trophic Classifications of Sampling Sites 

Location 
Shoshone Lake 

DeLacy Creek (Northeast Side) 
Shoshone Creek (West Side) 
Near Outlet (Southeast Side) 

Shoshone Lake Average 
Lewis Lake 

Dogshead Creek (Northeast Side) 
Lewis River (Middle North Side) 
Boat Dock Near Outlet (South Side) 

Lewis Lake Average 
Heart Lake 

Witch Creek (Northwest Side) 
Witch Creek (Southwest Side) 

Heart Lake Average 
Riddle Lake 

North Side 
Duck Lake 

East Side 

analyses of the samples. Finally, we appreciate the 
interest and fmancial contribution from the 
Yellowstone Center for Resources who partially 
supported this research project in conjunction with 
the Brigham Young University Civil and 
Environmental Engineering Department. 

Classification 

Meso trophic 
Slightly Oligotrophic 
Border of Oligotrophic & Mesotrophic 

Slightly Oligotrophic 

Meso trophic 
Slightly Mesotrophic 
Border of Oligotrophic & Mesotrophic 

Slightly Mesotrophic 

Slightly Oligotrophic 
Slightly Mesotrophic 

Slightly Mesotrophic 

Mesotrophic 

Border of Oligotrophic & Mesotrophic 
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+ INTRODUCTION 

The 1988 Yellowstone fires created a 
strikingly heterogeneous pattern of severely burned, 
lightly burned, and unburned forests across a large 
portion of Yellowstone's subalpine Plateau (Turner et 
al. 1994). Equally striking has been the variation in 
post-fire tree seedling density throughout the burned 
forests. In 1999 we initiated a 3-year study of post
fire succession, with three principal objectives: 

( 1) to document the variation in post-fire tree 
sapling density and to map the spatial 
patterns of sapling density 

(2) to explain the causes of the variation in post
fire sapling density 

(3) to explore the consequences of variable 
post-fire sapling density for ecosystem 
processes, specifically aboveground net 
primary productivity (ANPP) and leaf area 
index (LAI). 

We addressed the first objective by 
obtaining new, high-resolution aerial photographs of 
the entire park, sampling a number ground-truth 
points, and generating a map of sapling density within 

all of the areas that burned in 1988. For the second 
objective, we will test three hypotheses about causes 
of pattern by generating a predicted map of sapling 
density in a GIS environment (based on the 
hypotheses) and comparing the patterns generated by 
the predicted map with actual patterns documented in 
our empirical map produced from the aerial photos. 
The three hypotheses about causes of pattern were 
derived from our previous work (Turner et al. 1997) 
which showed that residual vegetation that survived 
the fire was the principal source of biotic cover in the 
first decade after fire. The most important biotic 
residual for tree establishment was lodgepole pine 
seeds that survived in the burned canopy, especially 
within serotinous cones (Tinker et al. 1994 ). The 
three hypotheses that we will test in this second 
objective are: 

(a) Where pre-fire serotiny was high, high
density stands have developed after the fires . 
Fire size and severity make little difference 
in this situation. 

(b) Where pre-fire serotiny was low, fire 
severity largely determines post-fire sapling 
density. Moderate-density stands have 
developed in areas of severe surface fire , 
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while low-density stands have developed in 
areas of crown fire (because of greater seed 
mortality in crown fires). 

(c) Where pre-fire serotiny was zero, patch size 
largely determines post-fire sapling density. 
Low-density stands have developed in small 
burn patches (because of seed dispersal from 
adjacent unburned areas), while "non-forest" 
stands have developed in large burn patches. 
By "non-forest," we mean stands that were 
forested before the fire but that now have < 
100 saplings I ha. 

For the third objective, we focused on ANPP 
and LAI, because these are indicators of overall 
ecosystem function. ANPP is highly correlated with 
total energy flow in the system, and provides the base 
of the food web. LAI is strongly correlated with 
primary productivity and transpiration rate. 

+ METHODS 

For the first objective, we obtained new 
GPS-controlled aerial photos ( 1 :30,000 color 
infrared) of the entire Park in August, 1998. During 
the winter, we processed the photos to create a 
preliminary map of sapling density. During the 1999 
field season we tested the predictions of the 
preliminary map in 88 stands distributed throughout 
the areas burned in 1988. In each of the 88 stands 
(each ca. 1 ha in extent), we measured sapling density 
in a belt transect, and also collected data for the third 
objective (below). Our findings led us to develop a 
new map of sapling density using objective 
classification methods (described in Results below). 

For the second objective, we plan to predict 
sapling density in a large number of locations, based 
on our GIS coverages of % serotiny, elevation, and 
1988 burn patterns. We will then compare these 
predictions with actual sapling density as revealed by 
our fmal map derived from the aerial photos. 

For the third objective, we harvested 
lodgepole pine saplings in five stands and determined 
ANPP and LAI using techniques of dimension 
analysis (Reed et al. 1999). From these samples we 
developed regression equations to predict ANPP and 
LAI from sapling basal diameter and height. We also 
developed regressions between % cover (based on 
visual estimates) and ANPP and LAI for herbaceous 
species. Using these regressions we estimated total 
ANPP and LAI in all 88 stands sampled for testing 

the aerial photo interpretation (described above). 
Finally, we scaled up to the entire landscape by 
predicting ANPP and LAI in all burned patches on 
the basis of our measured relationship between 
sapling density and total stand ANPP and LAI. 

+ RESULTS 

.The preliminary map, based on visual 
interpretation of the aerial photos, was useful in 
identifying areas for field sampling. However, it 
failed to capture the degree of complexity that 
actually existed on the ground. Our field 
measurements revealed that post-fire sapling density 
ranged from < 10 to > 500,000 sterns/ha - some six 
orders of magnitude! Sapling density may vary 10 to 
100-fold over distances of only hundreds of meters. 
Because the preliminary map was judged inadequate 
to characterize the fine-scale heterogeneity that exists 
on the ground, we are in the process of developing a 
new map by means of supervised classification, using 
the 88 sampled stands as a training set. This new 
classification is still in progress. 

The testing of hypothesized causes of the 
observed variation in sapling density (objective #2) 
has not yet been completed, but will be pending 
completion of the final density map based on the 
aerial photos (objective #1). 

For the third objective, we found that ANPP 
was closely related to sapling density (positive 
correlation), but the herbaceous productivity declined 
with sapling density (78% of the total ANPP in the 
stands with 1000 sterns/ha or less and 5-16% in 
stands with >25,000 sterns/ha) . The ratio of 
herbaceous to tree ANPP varied over four orders of 
magnitude. Additional analyses are in progress. 

+ DISCUSSION 

The 1988 Yellowstone fires created a 
remarkably heterogeneous landscape. Post-fire 
sapling density varies over six orders of magnitude, 
within a very fme-grained pattern. Highest density is 
found in areas where pre-fire serotiny was high, and 
lowest density is found in large burned patches where 
none of the trees that burned had serotinous cones. 
To date, little thinning of the pine saplings that 
germinated after 1988 has taken place, even in very 
dense stands. 



Parameters of ecosystem function, viz. 
ANPP and LAI, are strongly correlated with post-fire 
sapling density. Overall, recovery of ecosystem 
function (as measured by ANPP and LAI) has been 
very rapid. Indeed, ANPP and LAI in high-density 
stands are within or nearly within the range reported 
for mature pine forests Reed et al. (1999). 

+ ACKNOWLEDGMENTS 

We thank our 1999 summer field crew for 
their hard work and diligence. We also thank Dr. 
Frank Scarpace, University of Wisconsin, for 
assistance in obtaining and interpreting the aerial 
photos. This research was funded by the National 
Science Foundation. Housing and logistical support 
were provided by the University of Wyoming -
National Park Service Research Center. The 
Yellowstone Center for Resources and the 
Yellowstone Ranger Division furnished assistance 
throughout the field season. 

145 

+ LITERATURE CITED 

Reed, R. A., M. E. Finley, W. H. Romme, and M. G. 
Turner. 1999. Aboveground net primary 
production and leaf-area index in early 
postfrre vegetation in Yellowstone National 
Park. Ecosystems 2:88-94. 

Tinker, D.B., W.H. Romme, W.W. Hargrove, R.H. 
Gardner, and M.G. Turner. 1994. 
Landscape-scale heterogeneity in lodgepole 
pine serotiny. Canadian Journal of Forest 
Research 24:897-903. 

Turner, M.G., W. W. Hargrove, R. H. Gardner, and 
W. H. Romme. 1994. Effects of fire on 
landscape heterogreneity in Yellowstone 
National Park, Wyoming. Journal of 
Vegetation Science 5:731-742. 

Turner, M.G., W. H. Romme, R. H. Gardner, and W. 
W. Hargrove. 1997. Effects of frre size and 
pattern on early succession in Yellowstone 
National Park. Ecological Monographs 
67:411-433. 





GREATER YELLOWSTONE ECOSYSTEM 

+ 





FURTHER INFORMATION ON ECTOMYCORRHIZAL 

MACROFUNGI IN THE GREATER YELLOWSTONE AREA 

+ 
JOE F. AMMIRATI+ M . T. SEIDL+ P. B . MATHENY 

DEPARTMENT OF BOTANY+ UNIVERSITY OF WASHINGTON 

SEATTLE 

MEINHARD MOSER 
LEOPOLD-FRANZENS-UNIVERSIT AT INNSBRUCK 

lNSTITUT FOR MIKROBIOLOGIE (N. F.) 

INNSBRUCK + AUSTRIA 

BRADLEY R. KROPP + BIOLOGY DEPARTMENT 

UTAH STATE UNIVERSITY+ LOGAN 

Mushroom collecting in the Greater 
Yellowstone Area was relatively poor during the 
summer of 1999 due to a cool early season followed 
by dry weather during the summer. It was perhaps 
the poorest year of a long term study of Cortinarius, 
which Meinhard Moser and the late Vera and Kent 
McKnight began in earnest in the early 1980s; later 
joined by Joe Ammirati. None-the-less during the 
season Meinhard Moser was able to paint more than 
forty-five species for the monograph we are preparing 
on the Cortinarii of this region. At the end of the 
season, in late August, some good collections of 
Cortinarii were made at Sandpoint on Yellowstone 
Lake, and Lilypad Lake in Yellowstone National 
Park. 

In 1999 we collected in Grand Teton 
National Park (Taggart Lake, Steamboat Mountain, 
Reid Mountain, Berol Lodge), Rockefeller Memorial 
Parkway (Grassy Lake), and Yellowstone National 
Park (Lewis Lake, Sandpoint on Yellowstone Lake, 
Lilypad Lake) as well as Bridger-Teton National 
Forest (Two Oceans Mountain, Lost Lake, Turpin 
Meadow, Fourmile Meadow, Flagstaff Road, 

Togwotee Lodge) and Shoshone National Forest 
(Deception Creek, Togwotee Pass, Brooks Lake, 
Wind River Spring). 

By comparison, the 1997 season was 
moderately good in some areas but poor in others. 
None-the-less we found some interesting Cortinarii in 
1997 including several new species, Cortinarius 
citriolens Ammirati & Moser, C. calojanthinus 
Moser & Ammirati, C. pseudovariegatus Moser, C. 
variosimilis Moser & Ammirati, C. infractus var. 
flavus Moser, and C. sannio Moser, and several new 
records including C. superbus A. H. Smith (see 
Moser and Ammirati, 1999). Over the years, many 
Cortinarii have been collected that will be the subject 
of several papers in the near future . One of us, 
Michelle Seidl (2000) published on phylogenetic 
relationships in Cortinarius , subgenus Myxacium, 
which includes a number of taxa collected in the 
Greater Yellowstone Area in previous years. 

In 1999 two of us, Brandon Matheny and 
Bradley Kropp, especially collected species of 
Inocybe, a common ectomycorrhizal genus found 
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throughout the Rocky Mountains and elsewhere. A 
number of Inocybes were collected and identified 
from the region, with several collections still to be 
determined to species. Those identified to date 
include Inocybe agardhii (Lund) Orton, I. dulcamara 
(Pers.) Kumm., I. jlavella P. Karsten, I. geophylla 
(Sow. :Fr.) Kumm. var. geophylla, I. geophylla var. 
lilacina (Peck) Gillet I. jacobi KUhner (Illustrated), I. 
lacera (Fr.:Fr.) Kumm var. lacera, /. lacera var. 
rachodes (J. Favre) Kuyp., /. lanuginosa (Bull.:Fr.) 
Kurnm. , /. leiocephala Stuntz, /. leptophylla Atk. , I. 
leucoblema KUhner (Illustrated), I mytiliodora Stangl 
& Vauras (Illustrated), recently described from 
Europe and a first report of this species from North 
America, /. nitidiuscula (Britz.) Sacc., /. 
obscurobadia (J. Favre) Grund & Stuntz, I. rimosa 
(Bull.: Fr.) Kumm., /. subcarpta Bours. & KUhner 
(Illustrated), and /. terrigena (Fr.) Kuyp. Some of 
these taxa are reported on in a paper by Mathney and 
Kropp (2001) . 
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Fig. 1 lnocybe jacobi 

Fig. 2 lnocybe leucoblema 

Fig. 3 lnocybe mytiliodora 

Fig. 4 lnocybe subcarpta 
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+ OBJECTIVE OF RESEARCH 

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

+ PROGRESS SUMMARY 

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

explicit models are being developed for six meadow 
types using a GIS to stratify the study area by 
topography and geology. We have sampled for three 
years in two regions of the ecosystem: the northern part 
of the ecosystem, hereafter termed the Gallatin study 
area, included the Gallatin National Forest and 
northwestern portion of Yellowstone National Park; the 
southern part of the ecosystem, hereafter termed Teton 
study area, included Grand Teton National Park. 
Twenty-five sample sites were located in the Tetons 
and thirty sample sites were located in the Gallatins 
during 1997 and 1998. Birds, butterflies, and plants 
were surveyed at each of the sites. Details of the 
sampling methodology and data analysis are noted 
below. 

During the summer of 1999, we mounted a 
field campaign that will allow us to test the 
predictability of our models within each region. We 
visited new sites of each meadow type in each sampling 
area for collection of bird, butterfly, and plant data. 
This field season focused on extensive rather than 
intensive data collection (i.e., we visited many new 
sites, but collected data less frequently at each site). In 
1999, 40 new sites were added in the Tetons (8 of each 
meadow type) and 34 new sites were added in the 
Gallatins (5-6 in each meadow type). 

Two Master's theses have been 
produced as a direct result of this research (Saveraid 
and Borgognone ). 
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+ ACCOMPLISHMENTS AND 

RESEARCH RESULTS 

Meadow Map Production 

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

dates, cloud cover, and availability. 

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

An Iterative Self-Organizing Data Analysis 
(ISODAT A) clustering algorithm was applied to each 
six-band image file to identify spectrally similar pixels. 
Thirty to fifty initial clusters were specified for the 
ISODAT A clustering, producing a map of spectral 
classes. Each spectral class was then identified and 
assigned to an information class representing a 
vegetation type. Based on spectral similarity, and 
visual interpretation of the classes with the assistance of 
aerial photography and knowledge of the study area, 
the spectral classes were combined to create a five
class map of coniferous forest, water, developed lands, 
deciduous forest, and non-forested (meadow) 
vegetation. This five-class map was then recoded to a 
binary map of meadow/non-meadow, and used to mask 
the six-band image file, producing a new image file 
containing data only for meadow areas. ISODA T A 
clustering was again applied to the masked data to 
identify spectral differences in the meadow class only, 
producing a final map of distinct meadow classes. Six 
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non-forested meadow classes, representing a distinct 
xeric-to-hydric gradient from sedge meadow (M 1) to 
dry grassland with sagebrush (M6) were identified and 
mapped. FRAGST A TS computer program is being 
used to analyze landscape differences in meadow size 
distance to next meadow of the same type, and type of 
adjacent habitat between sampling areas. These 
landscape-level parameters may have significant effects 
on species distribution at a particular point in the 
ecosystem 

Selection of Sampling Sites 

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

We had originally intended to stratify 
meadows by size classes, but this was not possible 
because several of the M-types did not exist within a 
broad range of sizes. However, we did stratify by 
northern and southern portion of the ecosystem. There 
were some problems associated with the M4 
classification in the Teton study area. Field 
investigations in late May indicated that areas mapped 
as M4 meadow types were in fact groves of aspen 
(Populus tremuloides) with dense herbaceous 
understories. These groves were not identifiable as 
such on the satellite imagery. Since the focus of this 
research was on non-forested montane meadows, and 
there is no close corollary to these groves in the 
Gallatin study area (aspen is nearly nonexistent in that 
area), the M4 type was eliminated from the Teton study 
area, and sampling proceeded in the remaining five 
meadow types. Thus we established 55 sampling sites 
for 1997 and 1998 (two study areas, six habitat types, 
five replicates per habitat type (except for M4's in 
Tetons)). See maps from year 1 progress report for 
details of site locations. In 1999 we established 8 new 
sites in the Tetons per mtype (total of 40 sites) and 5-6 
new sites in the Galla tins ( 6 of all mtypes except M3 
and M4, which had 5 new sites; total of34 new sites). 
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Establishment of Sampling Sites 

A single point was established at each of the 
sample sites. This point was located in an area 
reasonably typical (not anomalous) for each particular 
meadow, and in smaller meadow polygons was located 
near the center of the meadow so as to avoid edge 
effects. This point is the northwest comer of the 20 x 
20 m plot used for botanical and biomass sampling. 
All 20 x 20 m plots were laid along cardinal directions 
for consistency. The 20 x 20 m plot was then 
established using four steps: a) The southwest comer 
was established by measuring 20m due south from the 
northwest comer. b) The approximate location of the 
southeast comer was then located by measuring 20 m 
due east from the southwest comer. c) Triangulation 
was used to insure that the plot was square, and the 
southeast comer was located correctly. A hypotenuse 
of 28.3 m was measured from the northwest comer to 
the southeast. The southeast comer was established 
where the hypotenuse met the 20 m measurement from 
step two. d) The approximate location of the northeast 
comer was located by measuring 20 m due north from 
the southeast comer. Once again, triangulation was 
used to insure that the plot was square. The northeast 
comer was established at the point 20 m from the 
southeast comer and 20 m from the northwest comer. 
A 100 x 100 m plot was overlaid upon the 20 x 20 m 
plot, using the NW comer of the smaller plot as the 
center point. One of the four 50 x 50 m quadrants 
within the 100 x 100 m area was randomly selected to 
be used as the butterfly survey plot. Bird surveys were 
conducted in a 50 m radius circular plots using the 
midpoint of the 1 00 x 100 m plot and flags were used 
to mark edges of the circular plot in at least 3 of the 
cardinal directions. Observers surveying birds stood 
just off the center of the 100 x 100 m point, to avoid 
trampling the plants in the vegetation plots. 

Each of the fifty-five 20 m by 20 m plots 
sampled was marked to facilitate relocation of plots in 
subsequent years. The northwest comer of each plot is 
marked with a 1.25 m steel or wooden post. All four 
comers of each plot were marked with a 0.3 m piece of 
buried steel rebar, which can be relocated with a metal 
detector. Because each plot was permanent and can be 
relocated, data can be used to track individual plants 
and species over time. A permanent and repeatable 
technique helps to insure that year to year species 
changes are indeed due to shifts in plant community 
composition rather than sampling error. The park 
service required that we remove the marker posts after 
the summer of 1999, so all of the posts have now been 
removed. 

Biophysical and spectral field sampling 

Biomass measurements were made in July for 
both Teton and Gallatin study areas. Measurements 
were scheduled to be coincident with satellite overpass 
days when possible. For each plot, three 0.20x0.50 m 
(0.1 m2

) quadrants were spaced at 10.0 m intervals 
along the northern edge of each 20x20 m plot. All 
aboveground green photosynthetically active 
vegetation within each quadrant was clipped, sorted by 
life fonn/category (grasses, forbs , and shrubs), placed 
in paper bags, and immediately weighed in the field 
using spring scales to the nearest 1.0 gram to determine 
"wet" weight. In the lab, bags were dried in a 
laboratory oven at 1 00° F for 48 hours, and weighed 
again to determine "dry" weight and percent moisture 
by life form. 

Spectral reflectance readings were taken using 
an Analytical Spectral Devices (ASD) 
spectroradiometer, recording electromagnetic energy 
reflected by the surface over the range 0.3265 -1 .05533 
m (visible and near-infrared light) in 512 discrete 
spectral bands. Measurements were taken for each of 
the twenty 1x1 m quadrants used for botanical 
assessment. Ten spectroradiometer scans per quadrant 
were acquired and internally averaged by the system to 
determine spectral reflectance. All sites were sampled 
between 0900 and 1550 hours local solar time. A 
white reference calibration reading was made at the 
start of each plot to normalize all reflectance values to 
a common standard. Sites in Teton study area were 
sampled during the period July 2-7 (coincident with 
SPOT satellite image acquisition) and on July 20-23 
for the Gallatin study area. SPOT multispectral 
satellite imagery were acquired by the SPOT satellite 
on July 12 for both Teton and Gallatin study sites, 
August 23 for Teton, and August 28 for Gallatin. 
Excessive cloud cover over both study sites during 
May, June, and September for both study areas in 1998 
precluded satellite image acquisition for spring and late 
fall seasons. Satellite data acquisitions in 1998 were 
near-anniversary dates with data acquired for 1997, 
facilitating interannual comparison of vegetation 
condition and development. 

Vegetation Sampling Techniques 

Twenty 1m2 quadrants were located 
systematically within each 20 x 20 m plot. The 
quadrants were arranged in four belt transects of five 
quadrants each. All belt transects ran west to east, and 
quadrates were 4 m apart. Field measuring tapes were 
laid in a grid-like fashion to insure correct locations of 
transects and quadrants. The first transect was located 



along the line between the northwest and northeast 
corners of the 20 x 20 m plot. The second, third and 
fourth transects were respectively located 5 m, 1 0 m, 
and 15 m south of the first transect. Along each 
transect, the northwest corner of the 1 m2 quadrants 
were located at 3 m, 7m, 11 m, and 15 m from the east 
edge of the 20 x 20 m plot. The nested sampling 
design allows for detailed data collection within the 20 
x 20 m plot, and the systematic layout insures that the 
quadrants are relocatable and sampling can be 
accurately repeated in subsequent years. 

For each 1 m2 
, the aerial percent cover of all 

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

All plants were identified to species in the 
field or given appropriate field names. Voucher 
specimens were collected for all species so that 
accurate identifications could be made. Species that 
were difficult to identify are being reviewed by 
botanists at the University of Kansas Herbarium where 
the vouchers will be housed. After the 1 m2 plots were 
sampled, the entire 20 x 20 m plot and the 1 00 x 100 m 
plot were sampled for cover. This sampling provides 
us with data at 3 scales and with the middle scale (20 x 
20 m), being of the actual pixel size of the remote 
sensing. 

Species and Habitat Characterization in Sample Sites: 
birds and butterflies 

Abundance data were collected for butterflies 
and birds in each of the sampling sites. Birds were 
surveyed between 0530-1030 hrs using point counts in 
1 00 m diameter circular plots. Two observers were 
present for each 15 min survey. One point count was 
conducted at each site. Butterflies were surveyed 
between 0930-1630 hrs by two people netting for 20 
minutes in each 50 x 50 m plot. Each butterfly was 
placed in a glassine envelope and at the end of the 
survey all individuals of each species were tallied and 
most were released. A subset of butterflies were taken 
as voucher specimens. In 1999, bird data were 
collected at each of the 1997-1998 and the 1999 sites 
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on two dates (during June 1-July 16) in the Galla tins 
and the Tetons. Butterfly data were collected on two 
dates (during June 22-Aug. 8) in each region. Data 
collections in each of the two areas (Gallatin vs. Teton 
study area) alternated every two weeks to ensure that 
species with phenologically different emergence times 
or activity periods would be included in both data sets. 
All specimens were identified to species in the field or 
given appropriate field names. Voucher specimens of 
butterflies were collected so that accurate 
identifications could be made. Species that are difficult 
to identify are being reviewed by Steve Kohler, an 
authority on Montana lepidopterans. Voucher 
specimens are housed at Iowa State University. 

Quality control 

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

+ RESULTS 

Plant Community 

Data from the 1998 field season were entered 
into a database and all measures of quality control were 
performed during the winter of 1998-1999. Results 
from the summer of 1999 are not yet available. 
Although there were differences between the Gallatins 
and the Teton sites, meadow types were generally fairly 
consistent in the composition by dominant species with 
M 1 and M2s being dominated by Salix spp and Car ex 
rostrata. M3 and M4 types were dominated by Poa 
pratensis and Artemisia tridentata, and M5 and M6 
types being dominated by Festuca idahoensis and 
Artemisia tridentata. 
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Bird Community 

We surveyed bird communities for three years 
using point counts. Overall, there were major 
differences in the bird community between regions. 
For example, there was 59% similarity between the 
Gallatins and the Tetons in 1997 and only 47% 
similarity in 1998. Results from Fisher's Exact tests 
comparing species composition between the Gallatins 
and Tetons indicated that all 5 meadow types were 
significantly different between regions in both years 
(p<0.05). Species composition was also compared 
between regions using a Kappa statistic. Three of 5 
meadow types were statistically different between study 
areas in both years, but two of the meadow types had 
changed significance from the previous year. Our 
results indicate that similarity is not high between bird 
communities in the Gallatins and the Tetons, and it is 
difficult to use data from one of the study areas to 
predict the communities found in the 5 meadow types 
at the other area. Species composition in the most 
hydric meadow type was the only data set that could be 
accurately predicted in both study areas. 

We also compared the accuracy of 
predicting the occurrence of a subset of 11 bird 
species in montane meadows using a combination of 
remotely sensed, landscape, and habitat data 
(Saveraid et al, in review). Meadow type, as 
determined from the remotely sensed data, was highly 
correlated with abundances of six of the 11 bird 
species. Abundances of generalist species were not 
strongly correlated with landscape variables or 
meadow type. However, abundances of six more 
specialized species were highly correlated with 
meadow type and landscape variables such as percent 
cover of willow (Salix spp. ), graminoid, woody 
vegetation, sagebrush (Artemisia spp.), and graminoid 
and shrub bic:>mass. The results from our study 
indicate that remotely sensed data are applicable for 
estimating potential habitats for bird species in the 
different types of montane meadows. However, for 
fine-scale information about species in specific sites 
or areas, we recommend the use of additional 
landscape and habitat data collected in the field. 

Butterfly Community 

Eighty-two species were found across both 
sampling areas during 1997 and 1998, and the species 
similarity between the two areas was 65%. Using 
species abundance data for each meadow type, 
canonical discriminant analysis and regression tree 
analysis were used to identify species that were 
important in distinguishing among meadow types. 

Fourteen species were important in distinguishing 
among meadow types in the Tetons and seven were 
important in distinguishing meadow types in the 
Galla tins ( 6 of the 7 species were common to both 
lists). These 14 species could be used to clearly 
separate each of the five meadow communities for both 
sampling areas. Our models of species-habitat 
relationships were then tested with canonical 
discriminant analysis and discriminant analysis (i.e. , 
species data from the Gallatins were used to build a 
model that was tested on Teton data and vice versa) . 
Predictability was not high using five habitat classes. 
However, if we collapsed the meadows into three 
classes rather than five , meadow type was up to 67% 
predictable overall. Meadow types at the two extremes 
of the gradient were 90-100% predictable while the 
mesic (middle gradient) meadow type was less easily 
predicted. Finally, butterfly species abundance and 
distribution were used to test predictability of meadow 
type in each region. Meadow type was predicted with a 
92-96% accuracy in the Tetons (Borgognone et al. 
1999), but the success rate was much lower in the 
Gallatins. We hypothesize that the small size of the 
meadows in the Gallatin ecosytem (see below) is 
making predictability much more difficult as compared 
to the Teton ecosystem. 

FRAGSTATS analysis 

FRAGST ATS spatial analysis program was 
applied to the Arclnfo GIS coverage of meadow habitat 
classifications to calculate parameters such as meadow 
size, distance to next meadow of the same type, and 
average distance to all meadows of a specific type . 
Preliminary results show that meadows in the Tetons 
are 1 0 times larger on average than meadows in the 
Gallatins (132.8 ha versus 12.9 ha) and that landscape 
context may have significant effects on bird and 
butterfly species distribution patterns (possibly 
explaining some of the differences between the 
sampling regions). 

Wetlands 

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



+ PRESENTATIONS 

1999 Debinski, D.M., M.G. Borgognone, M.E. 
Jakubauskas, and K. Kindscher. (poster) 
Testing the predictability of species-habitat 
relationships in a butterfly community. 
Predicting Species Occurrences: Issues of 
scale and accuracy, Snowbird, UT, Oct. 18-
22. 

1999 Saveraid, E. H., D.M. Debinski, M.E. 
Jakubauskas, and K. Kindscher. (poster) 
The accuracy of using satellite imagery to 
predict meadow types and bird communities 
in the Greater Yellowstone Ecosystem. 
Predicting Species Occurrences: Issues of 
scale and accuracy, Snowbird, UT, Oct. 18-
22 . 

1999 Debinski, D.M. The science of global climate 
change: a symposium on the state-of-the
science. Sponsored by the Center for Global 
and Regional Environmental Research and 
the Iowa Division of the United Nations 
Association - USA. Iowa City, lA, March 
5. 

1999 Debinski, D.M., M.E. Jakubauskas, and K. 
Kindscher. Modeling spatial and temporal 
dynamics of montane meadows and 
biodiversity in the Greater Yellowstone 
Ecosystem. U.S. EPA Ecological Indicators 
meeting, San Francisco, CA, April 6-9 
(published abstract). 

1999 Jakubauskas, M.E., D.M. Debinski, and K. 

1998 

Kindscher. Montane meadows as indicators 
of environmental change. U.S. EPA 
Ecological Indicators meeting, San Francisco, 
CA, April 6-9. (published abstract). 

Debinski, D.M, M.E. Jakubauskas, and K. 
Kindscher. Modeling spatial and temporal 
dynamics of montane meadows and 
biodiversity in the Greater Yellowstone 
Ecosystem U.S. EPA Ecological Indicators 
meeting, Las Vegas, NV, Feb. 2-5 (published 
abstract). 
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1998 Debinski, D.M, E.H. Saveraid, M.E. 
Jakubauskas, and K. Kindscher. (poster) 
Butterfly species richness relative to 
landscape context in montane meadows. 
Thirteenth Annual Conference of the 
International Association of Landscape 
Ecologists, East Lansing, Ml, March 17-21 
(published abstract). 

1998 Debinski, D.M., E.H. Saveraid, M.E. 
Jakubauskas, and K. Kindscher. Landscape 
effects on butterfly community structure. 
Ecological Society of America Annual 
meeting, Baltimore, MD, Aug 2-6 
(published abstract) . 

1998 Jakubauskas, M.E., K. Kindscher, and D.M. 
Debinski. Relationships between biophysical 
factors and spectral reflectance patterns of 
Greater Yellowstone montane meadows. 
Association of American Geographers 
Annual Meeting, Boston, MA, Mar. 25-29 
(published abstract). 

1997 Debinski, D.M. and E. Saveraid. 
The influence of patch size and landscape 
context on butterfly diversity in montane 
meadows of the Greater Yellowstone 
Ecosystem. Society of Conservation Biology 
meeting, symposium entitled: 
Considerations of Reserve Design: Core 
Reserves, Buffer Zones, and Connecting 
Habitat. June 6-9, Victoria, B.C. (published 
abstract). 

1997 Kindscher, K., A. Fraser, M. Jakubauskas, 
and D.M. Debinski. Vegetation differences in 
remotely-sensed wetlands of the Grand Teton 
National Park. Society of Wetland Scientists, 
Bozeman, MT, June 1-6 (published abstract). 

+ FuTURE ACTIVITIES 

Our work is approximately three-quarters 
completed at this point. 

Analysis of spectral data is continuing along 
several thrusts. Close-range hyperspectral radiometer 
data are being analyzed to determine relationships 
between biomass and spectral reflectance in montane 
meadows. Toward this end, we are exploring the use 
of derivative analysis to separate the relative 



158 

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

Data for birds and butterflies for both 1997 
and 1998 have been entered and verified. Bird data for 
1999 are entered and verified. Plant and butterfly data 
for 1999 are currently being entered and should be 
completed by the end of December. Quality control of 
the data will follow. Data summaries and statistics 
comparing meadow types will be conducted this winter. 
In addition, a data matrix of species and functional and 

ecological traits is being compiled. 

The fmal year of the grant will be spent 
primarily on data analysis and writing of manuscripts. 
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+ INTRODUCTION 

The Greater Yellowstone Ecosystem (GYE) 
may support the densest populations of elk in North 
America, and a diverse community of large carnivores 
that prey on elk. From 1984 to 1996, the Jackson elk 
herd doubled in size exceeding its winter population 
objective of 11 ,000 elk by nearly 7,000 animals (Smith 
and Anderson 1998). In and adjacent to Grand Teton 
National Park (GTNP), mortality of neonatal elk 
averaged 15% annually during 1990-1992 (Smith and 
Anderson 1996). Predation by black bears and coyotes, 
when calves were less than 4 weeks of age, caused 68% 
of neonatal mortality. Calves killed by mountain lions 
were more than 4 months old. Except for hunting, 
predation was the largest source of mortality of radio
collared elk from birth through adulthood. 

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

and Fish Department 1995). The Wyoming Game and 
Fish Commission, which compensates cattle producers 
for losses due to grizzly predation, initiated a study in 
1994 to quantify the proportion of cattle losses in the 
East SA due to grizzly predation. One grizzly bear 
documented killing cattle each year, was captured and 
euthanized in GTNP in 1996. 

Grizzly bears are opportunistic omnivores that 
consume both plant and animal foods (Blanchard et al. 
1992). Grizzly bear predation on elk calves less than 4 
weeks of age was the primary cause of mortality of 
calves and a major factor regulating the size of 
Yellowstone National Park's northern elk herd (Singer 
et al. 1997). Smith and Anderson ( 1996) found no 
evidence of grizzly predation on Jackson elk during 
1990-1992. However, mid-summer calf: cow ratios of 
elk in the Spread Creek area of eastern GTNP declined 
after 1993. We initiated this study in 1997 to compare 
causes of elk calf mortality in the grizzly-occupied East 
SA and the relatively grizzly-free area ofGTNP west of 
the Snake River (West SA). The objectives were to : 
determine: 1) if grizzly bears were preying on elk 
calves, 2) whether such mortality was compensatory or 
additive to other sources of mortality, 3) if changes in 
neonatal mortality altered the harvestable surplus of elk 
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from the Jackson elk herd for hunters, and 4) any 
influence of environmental factors, and physiological 
status on survival of elk neonates. 

+ STUDY AREA 

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

+ METHODS 

Calf Capture and Marking 

Calves were captured from a Hiller 12-E 
helicopter contracted by Hawkins and Powers Aviation 
of Greybull, Wyoming. Although capture of calves by 
investigators on foot and horseback has been used in 
some studies, newborn elk calves are most efficiently 
located and captured from helicopter (M. Schlegel, 
Idaho Department of Fish and Game, pers. comm., 
Singer et al. 1997, Smith and Anderson 1996). We 
searched known calving locations within the two study 
areas and located parturient female elk and their 
newborn calves. When we spotted a bedded calf, we 
landed the helicopter as close as was safely possible, 
then stalked, captured, blindfolded, and hobbled the 
calf. We weighed, sexed, aged (Johnson 1951), and 
examined each calf for general physical condition. 
Blood was drawn from a sample of calves to compare 
physiological indices of calves that survived and died. 
Total handling time was 5-10 minutes. 

Calves were fitted with ear tag transmitters 
(Advanced Telemetry Systems, Inc., Insanti, MN). The 
transmitters remained silent while the calves were alive 
and active. When a transmitter remained immobile for 
> 3 hours, a mortality switch initiated transmission of a 
continuous pulse signal. The transmitters donated to 

the study by Wyoming Game and Fish Department in 
1997 were on just 4 frequencies. Consequently, 10-12 
transmitters were deployed on each frequency in 1997. 
Additional transmitters on 6 frequencies were 
purchased in 1998 and 8 frequencies in 1999. Thus, 
transmitters were deployed on 10 frequencies in 1998 
and 12 frequencies in 1999. 

Radio Transmitter Monitoring and Mortality 
Investigation 

The transmitters fitted to elk calves were 
monitored from 4 ground-based fixed towers mounted 
with twin 12 element yagi antennas . The calves were 
monitored at approximately 12-hour intervals from birth 
to 15 July and at 24 hour intervals thereafter through 
August. During fixed wing telemetry flights for 
radiotracking adult elk and grizzly bears, we monitored 
calf frequencies in areas beyond the reception range of 
our ground-based towers. 

When a mortality signal was detected, 
investigators located and assessed the disposition of the 
calf as soon as possible (on average it took 2.3 days to 
locate each carcass in 1997, 0.5 days in 1998, and 1.0 
days in 1999). At mortality sites, standard forensic 
procedures were followed to determine presence of 
predators or scavengers (Singer et al. 1997, Smith and 
Anderson 1996). A thorough search of the transmitter's 
location was conducted to fmd evidence of predator 
hair, feathers , tracks and scat, evidence of struggle and 
location of attack, and all remains of the carcass. Field 
necropsies were performed on partially consumed 
carcasses. Hair samples were identified to species 
based on color, texture, and scale patterns of the 
medulla and cuticle (Moore et al. 1974). Tissue 
samples were collected and sent to the Wyoming State 
Veterinary Lab for diagnostic tests to evaluate animal 
condition and disease status. Intact carcasses were 
frozen and sent to Wyoming State Veterinary Lab for 
necropsy and diagnostic tests. 

Grizzly Bear Distribution 

To document presence of bears in both the 
West SA and the East SA, we constructed 12 hair 
collection corrals (HCCs) in which cattle blood was 
used as a nonreward bait (Table 1). The HCCs 
consisted of a single strand of barbed wire encircling 4-
6 trees with a center tree in the middle. The barbed wire 
was stapled 20-22 inches above the ground on the 
outside perimeter of the trees. Poles were wired 
horizontally above the barbed wire to prevent ungulates 
from entering the HCCs and insure that bears would 
enter beneath the barbed wire. A 1-gallon milk jug, 
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nearly filled with blood, was suspended by rope 
between 2 trees over the center of a HCC, beyond the 
reach of a tall bear. The Wyoming Game and Fish 
Department ( 1996) determined that cattle blood was the 
best attractant to lure bears into the HCCs. Jugs of 
cattle blood were replaced with fresh blood every 3 
weeks. 
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Gramtc , and l 1rnbctt:d bland cona \s and for the 11 -• ttk pr-nod f) I Ma y for t il coml1 
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UH ( rrck E.ast Blad. bc-ar 6-29.7-13 , 7- 20 l .l. l 

WallacrDra"' 6- 1.6-9.7-20 5. 1. 3 
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Ten HCCs were constructed in late May 1997 
and monitored once a week for 7 weeks from the last 
week of May through the second week of July in 1997. 
Two additional corrals were constructed the second 
week of July and also monitored for 7 weeks. In 1998 
and 1999, all12 HCCs were monitored weekly during 
June and July. Additionally, 7 of the HCCS (Murie's 
Ridge, Timbered Island, Death Canyon, Granite Creek, 
Wolf Ridge, Wallace Draw, and Mary's Lake) were 
monitored through September or first week of October 
1998 to gather additional information on bear 
occurrence during late summer. In 1999, 3 corrals 
(Death, Granite, and Timbered Island) were monitored 
31 May through 20 September, and the remaining 12 
corrals were monitored only through July. 

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

Hair Collection Corrals 

During 1997-1999, a total of558 hair samples 
were collected from bears at the 12 HCCs, including 
550 from black bears and 8 from grizzly bears. Over the 
3 years, black bear hair was sampled throughout both 
study areas (Table 1 ). No samples of grizzly bear hair 
were collected at HHCs in 1997, 3 samples in 1998, 
and 5 samples in 1999. These limited data suggested . 
that grizzly bears occurred in both study areas, but to a 
far lesser extent than black bears (Table 2). However, 
the reliability of HHCs for measuring the presence or 
relative spatial abundance of bear species is uncertain. 
Radiocollared grizzlies were known to have frequented 
the East SA during our monitoring period all 3 years of 
this study. Calves were killed each year by grizzlies in 
the East SA, yet visits by grizzly bears to HCCs in the 
East SA numbered zero in 1997, just 1 in 1998, and 1 in 
1999. Some grizzly bears likely avoid entering HCCs . 
There may also be error in identifying species of bear 
with microscopic techniques. Current efforts to 
estimate size of grizzly bear populations from hair 
samples at HCCs use DNA microsatellite technology 
(Woods 1994, Wyoming Game and Fish Department 
1996). It is also uncertain if we have achieved an 
optimum density ofHCCs to attract grizzly bears in the 
two study areas. However, some patterns emerged 
regarding relative occurrence of black bears, such as 
higher levels ofblack bear use ofHCCs in the West SA 
(Table 2). 
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Calf Mortality 

During 3 field seasons, we captured and radio 
eartagged 154 elk calves during 26 May--13 June 1997-
1999. We captured 64 calves (37 males, 27 females) in 
the East SA and 90 (39 males, 51 females) in the West 
SA. One female in the West SA cast its transmitter 
before 31 July 1998. Forty-two ofthe remaining 153 
neonates (27 .5%) died during the 3 years between birth 
and 31 July, compared to 22 of 145 (15.2% during 
1990-1992). Predation accounted for 32 of 42 (76%) 
mortalities during 1997-1999. Six calves were killed by 
grizzly bears, 5 in eastern GTNP in the East SA and 1 
near the Snake River in the West SA. Black and grizzly 
bears killed 23 of32 neonates taken by predators during 
1997-1999. Two neonates were also killed by mountain 
lions during 1997-1999. Accidental deaths increased 
from 1 during 1990-1992 to 4 during 1997-1999. Six 
calves died from disease during each of the studies. No 
other calves died through September of each year 
except one calf that was killed in an automobile 
collision in August 1998. Analyses of serum samples 
are not yet completed to evaluate immunocompetence 
and physiological status of calves. 

Through this research, we seek to promote 
informed decision making by wildlife managers and 
land managers regarding the conservation and 
management of expanding populations of large 
carnivores and their prey. A manuscript of this 
investigation is in preparation for publication in the 
Journal of Wildlife Management. 
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