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PREFACE 

•rhe University of Wyoming-National Park · Service Research Center sponsors and 
supports sul:stantial and significant research in the biologic~ physical and 
social sciences which can best be done in National Park areas of Wyoming, 
Montana, North Dakota, South Dakota and Utah because of the unique features 
those areas ~ Administratively, the Research Center :is governed by a 
lG-member Steering Committee compooed of 5 University of Wyoming 
representatives· and 5 National Park Service representatives. The Dean of the 
Arts and Sciences College serves as Committee Chairperson. A faculty member 
of the University of W yarning is Director of the Research Center program and is 
administrator of the Research Center facilities. Also, the Director is an 
ex-officio member of the Steering Committee. The Research Center physical 
plant consists of laboratory, J.ibrary, living, seminar, shop and storage 
accommodations. Those facilities are normally operational from mid-May to 
mid-October. 

The Director annually calls for research proposals in early September from 
institutions and individuals requesting such notification. Included with this 
solicitation are 1) guidelines for proposal preparation, 2) housing and laboratory 
information, 3) Research Center operational policies, and 4) the Research 
Center operatiOnal calendar. Topics for research include 1) those research 
problems identified by Park personnel, and 2) research problems suggested by 
outside individuaJs on l:as:ic or applied proposals they consider to be timely and 
important and uniquely appropriate to the National Park areas of the five states 
concerned. While many of the research topics will be directed at solution to 
management p:-obl.ems and improvement of interpretation information, there will 
be a concerted effort to encourage and maintain support for a sutstantial basic 
research pr-ogram. Research pr~cts may extend beyond the exact lx>undaries of 
th~ Park areas to work on problems common to the Park lands and adjacent 
Jands. Limited funds are ava:ilable for support of meritorious research projects. 
Also, research studies may be funded by other institutions or by individuals. 

Investigator(s) submitting proposals to the Research Center shou1d be a faculty 
member of an academic institution or a full-time member of a governmental 
research institution. Scientific and fiscal accountability must be assigned to an 
academic or governmental research institution. Normally all proposals shoulP 
reach the Director no later than mid-November. The decisions of the Steering 
Committee concerning approval and where applicable, funding, are r:e1eased no 
later than early March. 
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DIRECTOR'S REPORT 

Fourty proi_:X)Sa].s were submitted to the Research Center for the 1985 season. 
rrwenty nine of these proi_:X)Sa].s submitted by .investigators from 17 institutions 
were approved rrable 1). Research support totalling $218,694 was awarded to 18 
pro~cts submitted by investigators from 10 i.nst.i.tutions. 

On June 6, 1985 the Research Center's area of responsibility was enlarged at 
the request of the National Park Service. The area now covers 5 states, Utah, 
Wyoming, Montana, and North and South Dakota. Specifically, thls .involves 
thirty one national park units covering CNer 9,000 s:;tuare miles. Since its 
.inception in 1953, 252 researchers representing 83 academic or research 
institutions have published 270 scientific articles cr reports b3sed on research 
conducted at the Center or the Biological Research Station. 

With respect to the Center's physical plant, the deteriorating 58 year o1d 
shingle roof of the Johnson Lodge and Garage continues as a ma:Pr threat to 
the .interior and integrity of that structure. Despite the efforts of Grand Teton 
National Park to have it repaired in 1985, constraints on their budget prevented 
correction of the problem. Unless this problem :is addressed by the National Park 
Service in 1986, serious leakage problems will. be occuring in that national 
architectural structure • 

. One ceiling circulation fan and three airtight fireplace heating units were 
installed with st.ainless steel chimney liners in the Johnson Lodge. These 
installations were made to (1) sharply reduce the ca;t of supplemental electric 
heat; (2) provide a more efficiently generated, even and comfortable 
termperature environment in the living quarters; and (3) eliminate a serious 
potential of destructive chimney fires. 

For the first time in the Jast 8 years the Center was unable to provide living 
and laboratory space for all investigators conducting tonaf.ide research within 
the Grand Teton area. This p:-oblem is expected to continue until the Lawrence 
House is made available under terms of the Center's Special Use agreement with 
the National Park Service. That house has not been lived in for 3-1/2 years and 
is suffering the effects of cl.a:rure in the . severe climatic envll:onment of the 
northern Jackson Hole area. Since occupying the AM K facilities, the Center has 
had to operate with two fewer living units than it ha.d at the o1d Research 
Station site. The priority need for sclution of the Lawrence House problem is 
second only to the Johnson Lodge roof. · 

During the course of the summer the Center served as hoot for a number of 
meetings. The first was the Governors Resource tour with 120 participants. This 
was followed by a meeting of the Western Regional Research Technical 
Committee <W-102), composed of Parasitology profes:;ors from 15 states. Next, 
50 representatives of the University Consortium For International Development 
met at the Center. Closing out the meeting ~hedule was the September annual 
meeting of the Wyoming REACT agencies. 
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RESEARCH PROJECT REPORTS 

·rhe following rroject reports have been p:-epared primarily for administrative 
use. The information reported is of a preliminary nature and may be ~ct to 
change as the investigations continue. Consequently, the information presented 
may not be used without written permisoi.on from the author(s). 
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BADLANDS NATIONAL PARK 

WHISENANT 





0 bj::ctives 

EFFECT OF FIRE ON MIXED-GRASS PLANT 
COMMUNTIIES IN BADLANDS NATIONAL PARK 

Steven G. Whisenant 
Botany and Range Science 
·Brigham Young University 

Provo, UT 

and 

Dan W. Uresk 
Rocky Mountain Forest & Range Experiment Station 

Rapid City, SD 

This research has the obj=ctive of determining the influence of fire on density 
and peak standing crop of the ma:Pr grass species of the Badlands National Park 
mixed-grass trairie. An important goal is to evaluate the [X)tential of prescribed 
fire for the control of Japanese brome (Bromus japonicus). 

Study Area and Methods 

This study was conducted on a mixed-grass p:a.me of the Badlands National 
Park in western South Dakota. Western wheat.gras:l was the dominant perennial 
plant species a.'1d Japanese l:rome was the codominant on the sb.ldy area. 
We:,i:ern wheatgrass tiller densities were rather consistent on untreated p1ots 
throughout the study. 

Thirty 5- by 5-m p1ots were EEtablished in a randomized oomplete block design 
with 3 replications and 10 treatments. Treatments established were: untreated; 
burned, April1983; burned, May 1983; burned, April1983 and 1984; burned, May 
1983 and 1984; clipped, Apri11983; clipped, May 1983; atrazine application (1.1 
kg a.i./ha), September 1983; burned, April 1983 and atrazine application, 
September 1983; and b.lrned, April1984. 

Tiller densities were determirprl in April and July of 1983, 1984, and 1985 using 
five placements of an 0.10 m quadrat placed on a permanently marked diagonal 
across each plot. Differences m tiller density among treatments were 
determined with analysis of variance. Standing crop5 wzre determined :in July 
1983, 1984, and 1985 using five placements of an 0.10 m quadrat in each plot. 
Differences in standing crop; among treatments were determined with analysis 
of variance. Orthogonal comparisons were made on nine previously selected 
con~ · 

The number of developed s=eds P=t" spikelet and P=t" ~t were determ:ined in 
July 1983, 1984, and 1985. Seed production per m was deterrn:ined by 
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multiplying reed production r::er p1ant times the number of plants per m 2• The 
Japanese brome seed reservoirs were de~rnined by collecting the surface litter 
and the top 3 em of sail in three 0.10 m quadrats from each plot. Mature and 
filled seeds were counted in each of these collections. Treatment differences 
were determined with analysis of variance at the 5% level of significance. Mean 
separations, when necessary, were conducted using Student-Newman-Keul's test. 

Results and Discussion 

Japanese brome tiller density and standing crop were significantly (P<0.05} 
reduced during the first year following either b.mring or atrazine application 
(Tables 1 and 2 ). However, during the second year, roth tiller density and 
standing crop increased to preburn levels. Burning resulted in greater reductions 
in Japanese brome densi:ties for at least two years following treatment than did 
clipping. This indicated that mortality resulted from the effects of heat rather 
than simply foliage removaL Atrazine applied as a preemergent herb:ic:irle 
significantly reduced Japanese brome tiller density and standing crop compared 
to the untreated plots (Tables 1 and 2}. 

The 1985 grow.ing season was unusually dry and Japanese brome seed 
germination was very low. This confounded interpretation of treatment 
responses. However, it was apparent that all of the previously burned plots had 
reduced Japanese brome densities. This reduction was proba.bly a result. of more 
xeric microenvironrnents created by the la:s of surface litter fallowing fires. 

Burning significantly increased western wheatgragl tiller density during the first 
growing s=ason (Tables 1 and 2). However, during the second growing s=ason, 
tiller density was reduced to untreated levels. Atrazine treatments significantly 
reduced western w heatgragl tiller density for the first year after application. 
Western wheatqrass standing crop was not significantly affected in 1983 or 1984 
by any of the treatments (Table 2). However, in 1985, western wheatgragl 
standing crop; were significantly increased on the 1984 burned plots and the 
atrazine applications. 

Spring burning significantly reduced Japanese brome s:ed production during the 
first two years after burning (Table 3} and was still significantly reduced in the 
second season after burning. The dry 1985 growing season greatly reduced 
standing crop; on all treatments. Seed production in 1985 was greatest · on the 
untreated plots (Table 3). Spring l:mning dramatically reduced the surface seed 
bank during the first two years after a fire (Tab1e 3}. The soil seed bank was 
not significantly affected during the first two years after burning in 1983. The 
reduced seed {reduction in 1985 reduced the sail seed bank on all plots, with 
the greatest reductions occurring on {X'eviously burned plots. 

Conclusions 

Spring b.mring .reduced Japanese brome density and standing crop for only one 
year. Western wheatgragl benefited from the Japanese brome reduction rut was 
reduced to preburn levels in the following season if snfficient precipitation 
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Table 1. Tiller densities (per m2) of Japanese brare and western . 
wheatgrass in July 1983, 1984 and 1985, after treating in 1983 
and/or 1984. Badlands _National Park, South Dakota . 

Contrast 

No treatment vs. 
1983 burning 

No treatrrent vs. 
1984 burning 

No treatrrent vs. 
double burning 
(1983 and 1984) 

1984 burning vs. 
double burning 
(1983 and 1984) 

No treatrrent vs. 
Atrazine 
(Sept. 1983) 

1983 clipping vs. 
1983 burning 

1983 burning vs. 
1984 burning 

1983 

2,360** 
908 

2,360* 
908 

April 1983 burning 
followed by Atrazine --
vs. Atrazine 

Atrazine vs. 
1984 burning 

1984 1985 

2,617NS 306* 
2,028 213 

2,617** 
23 

2,617** 
580 

23** 
580 

306** 
14 

306** 
81 

2,617** 306** 
19 23 

3,250* 
2,028 

327* 
213-

2,028** 213** 
23 14 

77NS 22 .. 5 19 23N 

Western wheatgrass 

1983 

295* 
427 

465NS 
427 

1984 

375NS 
264 

375** 
507 

375NS 
333 

507NS 
333 

375** 
95 

297NS 
264 

264** 
507 

95** 
507 

1985 

222* 
149 

222NS 
299 

222* 
153 

299* 
153 

222NS 
298 

230* 
149 

149* 
299 

163* 
298 

298NS 
299 

~s means the contrast. is not significant; * means significant at the 5% 
error level; . and ** means _significant at the 1% error level. All 
analyses of contrasts are within a column. 
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Table 2. Standing crops (g/m2) of Japanese brcma and western wheatgrass 
in July 1983, 1984 and 1985, after treating in 1983 and/or 1984. 
Badlands National Park, South Dakota • 

Contrast 

No treatment vs. 
1983 burning 

No treat::m2nt vs. 
1984 burning 

No treatment vs. 
double burning 
(1983 and 1984) 

1984 burning vs. 
double burning 
(1983 and 1984) 

No treatrrent vs. 
Atrazine 
(Sept. 1983) 

1983 clipping vs. 
1983 burning 

1983 burning vs. 
1984 burning 

1983 

April 1983 buming 
followed by Atrazine --
vs. Atrazine 

Atrazine vs. 
1984 burning 

Japanese hrcma 

1984 

74NS 
loo-

124NS 
100 

1985 . 

~s 

~s 

~s 

Western wheatgrass 

1983 1984 

88NS 106t-1S 
90 33 

106NS 
112 

106NS 
92 

11~s 
92 

106NS 
39 

33 
ll2NS 

39 
112NS 

1985 

~S rreans the contrast is not significant; * rreans significant at the 5% 
error level; and ** rreans significant at the 1% error level. All 
analyses of contrasts are within a species. 
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occurred. Preemergent applications of atraz.ine reduced Japanese brome density 
for two years and western wheatgras:; densit.y for one year. 

Carryover of Japanese brome seed in the seed hmk was sufficient to establish 
populations similar to untreated plots in the next generation following a spring 
fire if sufficient soil moisture was available. Since many of the seeds 
germinating in the fall are from the previous year's seed crop (Baskin and 
Baskin 1981), the J.offi of a single seed crop may not affect the next year's 
.[;X)pulation. No reductions in pa:;t-burned generations of Japanese brome were 
ol:served in this study until the dry 1985 growing ~n. Some Japanese brome 
seeds are destroyed by spring b.rrning rut the seed bank appears to have 
sufficient reserves to renew the population in the next generation. 

Spring burning, in this study, only significantly affected the generation of 
annual plants remg burned. Suh3equent generations were not significantly 
affected until a drier year was encountered. As a result, spring burning cannot 
be considered a suitable method of controlling Japanese brome in western 
wheatgrass communities. Atraz.ine has a carryover .influence on suh3equent 
generations for at least two years. Atrazine damage to western wheatgras:; was 
significant for only one year. Western wheatgrag; standing crop .increased during 
the second growing season after atraz.ine application. 

Literature Cited 

Baskin, J. M. and C. c. Baskin. 1981. Ecology of germination and flowering in 
the weedy winter annual grass Bromus japonicus. J. Range Manage. 
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ABUNDANCE AND DISTRIBUTION OF VASCULAR PLANTS 
IN THE BIGHORN CANYON NATIONAL RECREATION AREA 

Obj:ctives 

Dennis Knight 
George Jones 

Rich Myers 
Department of Botany 
University of Wyoming 

Laramie 

This study began in 1983 and, as originally proposed, has three phases: 

1. Floristic survey and herbarium development (1983-84); 

2. Vegetation analysis and clas=dfication (1984-85); and 

3. Conclusion of vegetation analysjs and preparation of a vegetation map 
(1985-86). 

This work js on s:=hedu1e. Justification for the study was to provide the Bighorn 
Canyon National Recreation Area (BCNRA) with basic vegetation information 
that could be helpful in re30urce management. Very little eco1ogical research 
has been conducted in the BCNRA. 

Progress R ep:rt 

Phase 1 has been completed, with approximately 500 plant specimens having 
bee..'1 identified, mounted, and deposited in the Herbarium at the Lovell Visitor 
Center. A 51-page report entitled, "Checklist of vascular plants for the Bighorn 
Canyon National Recreation Area," has been sent to the Superintendent and is 
available to other interested persons. A total of 73 families of vascular plants 
have been found thus far in the BCNRA, with 320 .genera and 656 taxa of 
s-pecific or sul:Epecific rank. In the Checklist, each species is coded to indicate 
abundance and habitat. Regional endemics are identified and the status of rare 
species is discussed. 

Phase 2 is on s:hedule. During the ?Umrner of 1984, data on species comp<:s.ition 
and soils were collected from 70 stands, each about 1-2 hectares in size. The 
stands were selected to represent the full range of vegetation types within the 
BC N R A. V egetatiDn sampling consisted of listing the species present in the 
stand, estimating frequency and cover of herbaceous species and shrub seedlings 
in 100, 20 by 50 em quadrats, and estimating shrub cover from 10, 40 m lines. 
We collected specimens of all unidentified species and will add these to the 
collection at the Lovell Visitor Center when they are :identified and mounted. 
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'Two soil pits were dug to a depth of approximately 1 m in each stand, and 
samples were collected from two depths. Slqpe, aspect, pooi.tion on slope, 
proximity to water, geologic sutstrate, and depth to rooting zone were noted. 

The influence of geologic sub3trate is especially awarent in the oouthem p:rrt 
of the recreation area, from Horseshoe Bend to the oouthern lx>undary. We 
identified a desert shrub type on river terraces and areas of Cretaceous marine 
shales. Sandstone formations support juniper and mountain mahogany vegetation 
types. Grassland vegetation, often with considerable sagebrush, occurs on a 
variety of sutstrates. Forests are found on the steep s:arp· face of East Pryor 
Mountain and are dominated by Douglas fir and rome limber pine. There are 
several stands of relatively young trees on the Mountain, apparently the result 
of recent fires. We measured the diameters of over 200 trees on 6 transects 
through these stands and took increment cores from 100 trees. These cores will 
be used to date the fires which created the younger stands of forest. 

Phase 3 was for data summarization and analysis, developing and completing the 
vegetation map, and preparation of the final report. All of our vegetation data 
have been stored on the U W computer and have been subjected to preliminary 
runs using ORDIFLEX -software developed by the ecology program at Cornell 
University for the pttrp)Se of su~cting large phytosociological data sets to 
gradient analysis. More work with this ooftware will be done in January and 
February before writing our report. During the winter of 1984-85, aerial photcs 
were used to develop a preliminary vegetation map for the BCNRA, and during 
the fallowing summer we checked the lx>undaries in the field during a 2 month 
period. The map has now been redrawn in ink on mylar, and various black and 
white, acetate-film symbols are being added oo that the distribution of each 
vegetation type is readily visilile. The following vegetation types are shown on 
the map when they occur over a sufficient area to be visible from the low-level 
aerial photographs: 

Juniper woodland 
Juniper-mountain mahogany woodland 
Limber pine-juniper woodland . 
Limber pine woodland 
Limber pine-Douglas fir woodland 
Douglas fir woodland 
Ponderosa pine-Douglas fir woodland 
Ponderosa pine woodland 
Riparian woodland 
Riparian shrub1and 
Riparian meadows 
A griculturalland 

Grassland 
Greasewcx::>d desert shrubland 
Saltbush desert shrubland 
Sagebrush desert shrubland 
Chugwater desert shrubland 
rug s:igebrush grassland 
Black sagebrush grassland 
M:ixed sagebrush grassland 
Foothill shrubland 
Creek woodland 
Mountain mahogany shrubland 
Bare rock and miscellaneous 

The vegetation map should be available by late Spring, 1986, as should our 
report summarizing what we have learned about the vegetation ecology of the 
BCNRA. 
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FISH, AMPHIBIAN, AND REPTILE INVENTORY FOR THE 
BIGHORN CANYON NATIONAL RECREATION AREA 
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Department of Zoalogy and Physiology 
University of Wyoming 

Laramie 

' · ' 

This sb.ldy was designed to inventory fish, amphibian, and reptile populations 
inhabiting the Bighorn Canyon National Recreation Area using standard sampling 
techniques and field ol:se.rvations in order to determine species compooi.tion, 
distribution, relative abundance, and habitat as30Cia.tions. 

Methods 

F:ish p::>pulations were sampled using electrofishing gear, seines, and minnow 
· traps. Sampling was concentrated in the perennial tributaries of Bighorn 

Canyon. Habitat measurements (wetted width, depth, temperature, discharge, 
sul:strate type, and quality of riparian habitat) were taken in streams where fish 
were captured. 

Because the ·wyoming Game and Fish Depart.ment and the Montana Department 
of F'ish, Wildlife, and Parks have sampled Yellowtail Reservoir extensively, no 
fish sampling was done on the reservoir during our 1985 fie1d season. Previously 
compiled data from these agencies were used to determine species compooi.tion 
and relative abundance of fishes in Yellowtail Reservoir. 

Techniques used for sampling arnphlbian and reptile populations included: 
transects ·and intensive searches conducted on foot; road transects (driven 
primarily at night); drift-fencing and pitfall traps; salamander and turtle traps 
set :in aquatic environments. 

Results 

Twenty-eight fish species were documented to occur wi~ the Recreation 
Area. Mo:,t species inhabited Yellowtail Reservoir. Sampling during the 1985 
field reason indicated that 4 species (brown trout, brook trout, longnose dace, 
longncse rucker) inhabited small coldwater tributaries entering the Bighorn 
Canyon; flathead chum were captured during ·seining in the Bighorn River. Four 
ca1d water streams contained trout. Seventeen fish species ·present are native to 
the area. Two fish species (plains killifish, sturgeon chub) are rare. The 
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abundance aE many game species has been affected by stocldng pr-ograms. 

Six amphibian speciES and thirteen reptile species have been found in the 
Recreation Area. Two species (plains spadefoot toad, pale milk snake) are rare. 
Rarity r;:robahly re3ults from the small area of suitable habitats within the 
Recreation Area. Wetland, riparian, and grassland habitat types had the highest 
diversity of herptile species. All herptile species present are native to the area. 

Management and Research Recommendations 

1. Maintain water quality and riparian zones associated with streams 
containing trout. 

2. Determine whether streams not containing fish have potential as trout 
streams or as "refugES" for rare or endangered native species. 

3. Discourage the introduction of exotic species. 

4. Survey the headwaters of the four trout strearris for the presence of 
native cutthroat trout. 

5. Protect riparian and wetland habitats because of their importance to 
terrestrial vertebrate species. 

6. Encourage the Bureau of Reclamation to manage water levels in 
Yellowtail Rffiervoir for the benefit of fish, amphibian, and reptile 
populations, especially in the spring when breeding activities occur. 

7. Minimize human impact on reptile, especially rattlesnake, populations. 
Encourage the reclamation of Jand on which bentonite mining has 
occurred. 

Summary 

A total aE 306 vertebrates species are known to occupy the Bighorn Canyon 
National Recreation Area: 28 fish, 6 amphibians, 13 reptiles, 212 birds, 4 7 
roam mals (Patterson et aL 1985). 

Literature Cited 

Patterson, C. T., S. H. Ander~n, and W. A. Hubert. 1985. A Bird and Mammal 
Inventory for the Bighorn Canyon National Recreation Area. U.S. F:ish and 
Wildl. Serv., Laramie, W Y. 
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THE EFFEC'rS OF FIRE ON VIRGIN NORTHERN MIXED GRASSLAND 
AT CUSTER NATIONAL MONUMENT 
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E.P.O. Biology Departmen~ Box 334 
University of Colorado 
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. ;...}.. . ~ 

Our second season of fie1d work at the Battlefjeld ended in July, 1985. During 
this second season, we resampled the 25 study plots we established m 1984 (see 
Eighth Annual Report). In the wildfire aE August, 1983, 20 of our study plots 
were burned (the experimental plots), and 5 were not (the control plots). The 
study plots are ~dicated in the sketch map, Figure 1. An excavation, 
approximately 1 m , was made by the amateur archeologists visiting the site. No 
further incidents of this sort are anticipated for the duration of the study. 

We sampled vegetation on all plots2 by means of vegetation transects and 
quadrats. All plot measured 20 X 20m • Transects on the plots were spaced 5 m 
apart, and sampling was carded out at 0.5 m intervals. At each sampling };cint 
we recorded species identification, height of the p1an~ and phenological state 
of the plant. If no living ·plants were presen~ this was noted. Twenty 50 X 50 
em quadrats were located inside the borders aE each p1ot at 4 m intervals. 
Within each quadrat, we recorded all species present, numbers aE individuals of 
each species, and a cover-soc.iability index number for each species. Litter, bare 
ground, and dead grass also were given cover values. All wocrly species were 
censused on all study plots. All living woody plants were identified to species, 
their total heights and canopy widths recorded, their phenological states and 
general health noted. As in the first year, each study p1ot was photographed 
from the coordillate stake which gave that plot its name. The camera was aimed 
diagonally acro.c:E the study plot in each case. On all 25 plots, two 0.2 m 
samples of above-ground vegetation were ~ as in 1985. Samples were 
processed at the C.U. laboratory. 

Several dozen photos of the Battlefield have been examined. They were taken 
through the years since the Battle (1876). We have rephotographed exactly 
several sites used in more recent ones which are commercially available. The 
study aE old photos has told us a great deal about the nablre of the Battlefield 
at the time oE the Battle and how :it. has changed since. We are condudillg that 
(1) the 1983 fire changed the appearance of the Battlefield from its pre-burn 
condition. We also feel that it may now be ~ like the condition of the 
Battlefield at the time aE the Battle in 1876 than it was prior to the 1983 fire. 
The Battlefjeld offers a fine example of Northern Mixed Grass Prairie, and its 
natural values, supplemental perhap; to its historic ones, should not be 
undervalued by the National Park Service. 

Our work of the checklist of the Monument .is p:ogressing. We have found over 
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one-hundred species, and we estimate that this represents at least 90% of the 
Monument's flora. The checklist (Figure 2) is to be considered tentative at 
present because all identifications have not been confirmed by the Herbarium 
staff at Montana State University where we are depositing our vouchers. 

This year we initiated a study of bird responses to the burn. There appears to 
be a strong correlation between vegetation structure and bird distributions. The 
fire decimated big sage (Artemisia tridentata). The only bird which occurred in 
any abundance on the burned areas was the Western Meadowlark. Brewer's 
Sparrows, Lark Sparrows, Lark b.mtings, and Grasshopper Sparrows all chcse 
unburned sites with dense stands of sagebrush. Because other workers have 
found sage bird communities to vary greatly from year to year, we will repeat 
the bird ob:iervations in 1986, the last year of the study. 
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Figure 2. Tentative checklist of the flora, Custer Battlefield National Monument 

Yucca glauca Yucca Agavaceae 
Rhus trilobata Skunkbrush Anacardiaceae 
M usineon divaricatum Apiaceae 
Toxicodendron rydbergii Poison Ivy Apocynaceae 
Ascepias speciosa Showy Milkweed Asclepidaceae 
Achillea millefolium Yarrow Asteraceae 
Antennaria corymbosa PU$ytoes Asteraceae 
Antennaria parvifolia Pussytoes Asteraceae 
Arnica sororia Asteraceae 
Artemisia cana Sweet Sage Asteraceae 
Artemisia frigida Pasture Sage Asteraceae 
Artemisia filifolia Silver worm wood Asteraceae 
Artemisia tridentata Big Sagebrush Asteraceae 
Aster scopulorum Asteraceae 
Centaura repens Star Thistle Asteraceae 
Cirsium arvense Canada Thistle Asteraceae 
Cirsium undu1atum Wavy-leaved Thistle Asteraceae 
Crepis occidentalis W. Ha wksbeard Asteraceae 
Echinacea angustifalia Purple Coneflower Asteraceae 
Erigeron bellidiastrum Daisy Fleabane Asteraceae 
Erigeron ochraleucus Asteraceae 
Grindelia sguarrcsa Gum weed Asteraceae 
HaplopaQEUS langinoous Asteraceae 
Helianthus ~ Sunflower Asteraceae 
Heterotheca villcsa Golden Aster Asteraceae 
Lactuca serrio1a Prickly Lettuce Asteraceae 
Lygodesrnia junca Skeleton Plant Asteraceae 
Machaeranthera pinnatif:irla Asteraceae 
Micrcser:is nutans False Dandelion Asteraceae 
Ratibida calumnifera Coneflower Asteraceae 
Senecio plattensis Groundsel Asteraceae 
Solidago nemoralis Goldenrod Asteraceae 
Taraxicum officinale Common Dandelion Asteraceae 
La22u1a redowski Beggers Tick Boraginaceae 
L:ithoopermum incisum Cleft Gram well Boraginareae 
Alyssumal.yssaides Al}l$Um Bras9caceae 
Alyssum desertorum Al}l$Uffi Bras9caceae 
Draba brachycarpa Brassicaceae 
Erysimum ?SJ?€1:Uffi W. Wallflower Brassjcaceae 
Lepidium perfaliatum Clasping Peppergraso Brassicaceae 
Lesquerella ludoviciana Bladderpod Brassicaceae 
Sisymbrium al.tissimum Tumbling Mustard Brassicaceae 
Thlaspi arvense Pennycres:; Brassi.caceae 
Corypanth~ Puncushion Cacb.ls Cactaceae 
Opuntia J?Olyacantha Prickly Pear Cactaceae 
Lonicera tatarica Honeysuckle Caprifoliaceae 
Symphori.carpa:; occidentalis Snow berry Caprifoliaceae 
Seratoides lanata Winterfat Chenopodiaceae 

-27-



Sarcobatus vermiculatu5 Greasewood . Chenopodiaceae 
Tradescantia bractata Spiderwort Commelinaceae 
Carex f:ilifolium Cyperaceae 
Scirpus acutus Bullrush Cyperaceae 
Eleagnus commutata Silver berry Eleagnaceae 
Shepherdia argentea Buffaloberry Eleagnaceae 
Euphorbia robusta Euphorhiaceae 
Astragalus aOOriginum Indian Milk Vetch Faba.ceae 
Astragalus agrestis Fabaceae 
Astragalus atropubescens Fabaceae 
Astragalus crassicarpus Faba.ceae 
Astragalus drummondii Fabaceae 
Astragalus hyalinus Fabaceae 
Glycyrriza leEidota Wild Licorice Faba.ceae 
Lupinus argenteous Lupine Fabaceae. 
Medicago sativa Alfalfa Fabaceae . 
Melilotus officinalis Yellow Sweet Clover Fabaceae 
Oxytrop:is sericea White Locoweed Faba.ceae 
Pe~moncanrudum Wt. Prairie Clover Fabaceae 
Pe~rnon I?U!Pureurn PL Prairie Clover Fabaceae 
Psoralea argo{2hylla Faba.ceae 
Psoralea esculenta Wild Turnip Fabaceae 
Psoralea tenuiflora Fabaceae 
Thermop?is rhombifalia Ga1den Banner Fabaceae 
Vicia americana American Vetch Faba.ceae 
Ribes aureum Wild Current Gra:sulariaceae 
Phacelia linearis Hydrophyllaceae 
Hyr;>ericum I?&foratum St. Johns Wort Hydrophyllaceae 
Allium textile Wild Onion Liliaceae 
Calochortus nuttallii Mariposa Lily Liliaceae 
Leuooadnum montanum Sand Lily Liliaceae 
Smilacina stellata Liliaceae 
Zigadenus venenoous Death Camas Liliaceae 
Linum perenne Blue Flax Linaceae 
Linum sulcatum Yellow Flax Linaceae 
SEhaeralcea coccinea Scarlet Mallow Malvaceae 
Fraxinus {?eiUlSY'lvanica Green Ash Oleaceae 
Epilobi.um ~ Onagraceae 
Gaura coccinea Scarlet Gaura Onagraceae 
Oenothera lacirriata Onagraceae 

. Oenothera alhicaulis Evening Primrose Onagraceae 
Plantago ;patagonica Plantaginaceae 
Agrcst.is hyernalis Tickl.egrass Poaceae 
AgroEyron dasystachyum Thickspike Wh. grass Poaceae 
AgroEyron desortorum Crested Wheatgrag:; Poaceae 
Agropyron re}?enS Quackgrass Poaceae 
AgroEyron srn.ithii w. Wheatgrag:; Poaceae 
Agropyron spicatum Bluebunch Wh. grass Poaceae 
Ar.istida Euq:>urea Purple Three-Awn Poaceae 
Bouteloua curtipendula Side Oats Grarna Poaceae 
Boute1oua gracilis Blue .Grarna Poaceae 
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Bromus inerrnis Smooth Brame Poaceae 
Bromus jap:m:icus Japanese Brame Poaceae 
Bromus tectorum Cheat Gras:; Poaceae 
Calamagrcstis inexpansa Northern Reed.gra$ Poaceae 
Calamovilfa longifoli.a Prairie Sandreed Poaceae 
Hordeum jubatum Foxtail Barley Poaceae 
Koo-..leria macrantha Junegrass Poaceae 
Poa compressa Canada BluegrruE Poaceae 
Poa juncifolia Poaceae 
Poa pratensis Kentucky Bluegrass Poaceae 
~comata Needle & Thread Grass Poaceae 
~ viridula Green Needl.egra$ Poaceae 
Triticum aestivum Wheat Poaceae 
Ca1lomia linearis Polemoniaceae 
Phlox hoodii Phlox Polemoniaceae 
Eriogonum pauciflorum Palygonaceae 
Rumex crispus Curly Dock Palygonaceae 
Delphini.tim nuttallianum Larkspur Ranunculaceae 
Rcsa arkansana Wild Rose Rosaceae 
Galium aparine Cleavers Rubiaceae 
Galium obtusurn Smooth Galium Rubiaceae 
Pop i)115 deltoides Plains Cottonwood Salicaceae 
Comandra urnbellata Bastard Toadflax Santalaceae 
Castilleja angustifalia Indian Paintbrush Scrophlariaceae 
Orthocarpus luteus Ow]s Clover Scrophulariaceae 
Penstemon albidus Penstemon Scrophulariaceae 
Pensternon eriantherus Scrophulariaceae 
Pensternon nitidus Scrophulariaceae 
Typha latifolia Cat Tail Typhaceae 
Viola nuttalli Nuttalls Violet Violaceae 
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AN ORAL HISTORY PROGRAM ON THE BATTLE OF LITTLE. BIGHORN 
FROM THE PERSPECTIVE OF THE INDIAN DESCENDANTS 

Objectives 

Royal G. Jackson 
College of Forestry 

Oregon State University 
Corvallis 

The general obj=ctive oE this research :is to develop an oral history pzogram on 
the Battle of Little Bighorn from the perspective of the Northern Cheyenne 
Indian descendants of this famous encounter with General George A. Custer and 
the U.S. 7th Cavalry. The specif.ic ob~ctives are: 

1. Complete oral history interviews with no less than 15 informants of the 
Northern Cheyenne Tribe, who shall be selected by the National Park 
Sexvice; · 

2. Transcribe all interviews in the form of typed manuscripts; and 

3. Develop a cross-referenced retrieval index system. 

An optional o~ctive :is to. provide training in oral history methodology for 
personnel identified by the National Park Service who might continue the 
program. 

Methods 

In August of 1985 a residence was EStahlished in National Park Service quarters 
at Custer Battlefield National Monument and the research was actively 
commenced. Several weeks were spent reviewing primary and secondary 
historical materiaJs in the Monument's reference library, where an office was 
provided. A preliminary interview format was constructed consisting of more 
than 50 questions centering on the Battle, Plains Indian culture, and the early 
reservation period. Initial contacts were made with individuals in the Crow and 
Cheyenne communities and extensive travel to the Northern Cheyenne 
Reservation (45 miles from the Battlefield) was carried out in order to become 
familiar with the physical environment as it. relates to the Custer battle. 
Assist:cince was provided by National Park Service persbnn~ as well as by 
individuals at Little Bighorn College on the Crow Reservation and Dull Knife 
Memorial College on the Cheyenne Reservation. Knowledgeable persons in :the 

.·private sector were also consulted, i.e., individuals ~ted with the retail 
outlets in the immediate envirOns, such as trading };OSts and other· businesses. 
The public library in nearby Hardin, Montana was also utilized for contemporary 
information about the Cheyenne. 
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After the initial familiarization period, key informants were sought oot in the 
Indian community. Particularly helpful was the Park Service's Indian Historian, 
Mardell Pl.a.infeather, who accompanied the investigator to Lame Deer to make 
contacts with potP_ntial :informants. A useful technique in oral history is to 
locate a local resident who is well known in the cOmmunity, is interested and 
knowledgeable in history, and is willing to serve as an intermediary between the 
investigator and the informants. Such an individual was encountered -Jim King, 
a descendant aE Brave Wa1£ who was a Battle participant-and he agreed to 
assist in the Project. Mr. King is widely known as the Cheyenne community's 
unofficial historian; he also has a small collection of historical artifacts, many 
of which relate to the Battle of Little Bjghorn. 

A list aE potential informants was gradually developed over the course of 
numerous meetings. The primary criterion was that the individual had to be a 
descendant aE a participant in the Battle. Between September 15th and October 
17th, fourteen informants located throughout the Northern Cheyenne 
Reservation were interviewed. A preliminary mterview was always carried out 
to determine the potential informant's eligibility for the study, his general level 
of English comprehension and knowledge of the Tribe's history, and to set the 
stage for the sub:;equent interview. 

Progress Toward 0 bjectives 

Obj:;ctive #1. To complete oral history interviews with no les3 than fifteen 
informants aE the Cheyenne Tribe, was almost accomplished. Fourteen P=I"SOns 
were interviewed. Objective #2. The transcription of all interviews, is presently 
underway. Eight of the fourteen have been transcribed and the auditing and 
editing of transcripts is in progress. All tapes will be transcribed and audited by 
March 1986. Objective # 3. The development of a cross-referenced retrieval 
index system, will be a simple matter once all tapes are transcribed. The 
Department .of Resource Recreation Management has adequate software to 
perform this task using the key words which will be :identified. 

Some Methodological Problems 

Considerable time and effort has been expended in identifying apd locating 
eligible and willing subjects for the study; general reluctance to participate was 
encountered by the investigator. This stemmed in part from ~e ·previous 
experience of the Indians with persons from outside the Reser:Vation who 
collected exte..S.ve data and sul:sequently published their findings. M:~y pointed 
out that whites had been coming to the Reservation since the Ba~ occurred 
in 1876 in order to interview Indians and "write l:x::>oks and make a Jot of 
money." They felt that the Indians from whom the information was obtained had 

· profited very little, while the writers had received handsome monetary rewards. 
Specifically mentioned were Dr. Thomas B. Marquis (Two Days A~ the Custer 
Battle, and many other publications} and George B. Grinnell <The Fighting 
Cheyennes and other lx>oks}. Ultimately, the payment of a small i!lformant fee 
overcame this methodological hurdle. ~ 
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A second problem stemmed from the general reluctance of some a1der 
informants, especially women, to converse m English with an outsider. 
Interpreters were used on ~veral occasions, but both the quality and quantity 
of information :is somewhat limited in using this procedure. Personal 
introductions by well-known community members such as Mr. Jim King, helped 
to overcome this ob5tacle. 

Preliminry Findings 

In spite of some difficulties, the interviewing is yielding oome interesting data 
regarding the Battle, from the perspective of the descendant. Since the 
Northern Cheyenne peop1e have continuously inhabiteed the region where thls 
historical event occurred, there has been a continuity over time between the 
peop1e, the landscape and the Battle's mythology. A few of the emergent 
themes deal with Custer's pr-evious relationship to the Cheyennes (he smoked 
the peace pipe then later attacked them); the reasons for the u.s. military 
debacle (the ooldiers were either drunk or committed Silicide); Custer's 
aspirations (he would get to be president .if he wiped out the Indians); and the 
lack of interest on the part of present day Indians m this conflict ("why can't 
the white man forget what's m the past?") Moot informants generally approve of 
the manner in which the National Park Service :is telling the Custer story at the 
Battlefield, but some have expressed a desire for a monument to the Cheyenne 
who fell in that struggle. 

Additional Data Ca1lection 

The focus of a second data collection period - approximately August 
15-0ctober 1, 1986 - will be the Busby-Lame Deer area and the Ashland area. 
Three individua1s have emerged, as a result of this field research, as being key 
informants with much potentially useful information. Bill Tall B~ Jim King, 
and Ted Rising Sun are important sources who have not been interviewed. 
Lengthy discussions have been carried out with two of these individuals, but 
neither has yet consented to an interview. There might be a pcssihility of 
bringing several of these individuals together at the BattJefield for a compooi.te 
interview. 

A second area of concentration would be Ashland and St. Labre School, which 
has had an oral history program under way for ~veral years. The Cathalic 
Church has shown SJme mterest in Preserving local history and it might be 
helpful in locating additional informants in that section of the Reservation 
(extreme eastern side of the Reservation). The ~ctive would be to interview 
three to five more mdi.viduq]s to further complement the hlstorical information 
aJready obtained. Gaining the cooperation of the three key informants might not 
be :rxssihle, but it warrants a serious effort. 

The investigator solicited and received the cooperation of Dull Knife Memorial 
College and the Northern Cheyenne Tribe. A memorandum of agreement 
detailing the project was submitted to and gained the official approval of the 
Tribal Co';fficil. The President of Dull Knife College, James Rowland, agreed to 
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facilitate the research through use of the College's facilities and through 
collaboration with the Native American Studies program. 

Copies of all tapes and transcripts will be placed in the College's library, and 
will constitute the beginning of their ccal history collect.ion. Thus, it :is hoped 
that these linkages will increase the investigator's effectiveness in attaining the 
research goals. 

Conclusions 

The preliminary findings indicate that there :is a body of orally-derived and 
transmitted knowledge relating to the Battle of Little Bighorn, which has been 
passed from generation to generation by the Northern Cheyenne people. While 
the specifics of the Battle have been s:>mewhat b1urred with the passage of 
time, there continues to be rome consistent themes regarding this extraordinary 
event and its relationship to the contemporary and historical people and places 
of the Little Bighorn region. 
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FORT LARAMIE NATIONAL HISTORIC srrE, WYOMING 

Charles E. Olmsted 
Javier M. Perez 
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Greeley 

The research underway has three principal o~ctives. The first of these is to 
expand the knowledge of the existing vegetation of the site. The site has almCht 
quadrupled in size (to 836 acres) and only p:rt.ions of the original site have 
been investigated (Oavjs, 1959; Johnson, 1978). The second objective is to 
develop an understanding of the historic vegetation of the area. National Park 
Service (NPS) plans for the interpretation of the site call for an historic time 
frame of the 1870's rut the diverse uses of the property over the past century 
have created vegetation distributions that are not congruent with that time 
period. The third objective is to develop a vegetation management plan for the 
site that will convert the existing vegetation into an approximation ·of the 
historical vegetation and provide guidelines for maintaining that appearance. 

Methods 

The analysis of existing vegetation types is being compiled through a 
combination of fie1d data collection and aerial photograph interpretation. 
Fallowing initial ground inventory, the site was divided into apparent vegetation 
types and line-intercept transects of the herbaceous vegetation were completed 
in each of the character:ist:ic types. These data are being analyzed on the basis 
of cover and frequency and will be used in conjunction with the aerial 
phot:OJraphs to develop a map of vegetation types/management units. In 
addition, surveys were taken on the site to identify species not encountered in 
the quantitative sampling. 

An understanding of the historic vegetation of the site :is being derived from 
the following: examination of the files and records available at Fort Laramie, a 
review of the early scientific literature from exploration in the region and 
current literature on the native vegetation of the region. 

The management p1an is being developed from ·a combination of sources which 
include the s:::ientific literature, land reclamation reports and NPS management 
efforts at the Scott's Bluff National M·onument. 
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Results and Conclusions 

While the field data and historic information are still being analyzed, several 
preliminry ob3ervations are pa=nihle. Moot of the site js now occupied by 
vegetation that was not characterlsti.c for the region. These sites that still 
resemble the native flora show changes in the density of some species. In moot 
cases, woody species are more abundant and forb:; are less abundant but the 
variance m forts could be accounted for by the very dry conditions of the last 
year. Some sites are considerably wetter than they would have been historically 
owing to seepage from onsite and adjacent irrigation ditches and canals. 

The local historical illformation .is inadequate to develop a target prescription 
on the basis of species composition. Most of the d:>servation of vegetation as 
revealed by the records at Fort Laramie was cursory. Mention js made of 
several individual species rut for the moot part, plants seem to have been 
noticed on the basis of utili.ty (cottonwood), showiness (blazing star) or 
tribulation (cactus). Old photographs taken in the area within twenty years of 
the desired time-frame do not · have high reso1ution hlt two conclusions can be 
drawn from them: herbaceous vegetation was very sparse in the area around the 
fort site and there were many fewer trees than exist at present. This is 
consistent with the expectation derived from historic records as the site had 
been continuously occupied for forty years by the 1870's. During much of this 
time there had been very high seasonal populations owing the central role Fort 
Laramie played in the westward movement of settlers and miners. Demands for 
firewood and forage for stock appear to have largely denuded the area around 
the fort. 

On the basis of the preliminary ohservations given above, several tentative 
conclusions may be drawn. 0 wing to the paucity of historic data, the 
management p1an will be developed on the h:lsis of the approximate native 
vegetation of similar sites in the region. Management constraints concerning 
erosion, control of weeds and community relations p:-eclude an exact recreation 
of the historic scene even if there were quantitative data sufficient to make it 
feasible. 'l'ree density should be reduced to the extent pox;ible. :n:. will be 
difficult to overcome the effect of seepage irrigation from outside the NPS 
boundaries Qeakage from the Fort Laramie Canal). Unless arrangements can be 
made to seal the canal, it will probably not be :r;xssihle to establish historically 
valid vegetation in the affected areas. 
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I' 

The ]ate-Quaternary vegetation history of the northern Rocky Mountains has 
thus far been inferred largely from isolated records. These data suggest that 
conifer forests were established early in p::stglacial time and were little 
modified thereafter. The similarity of early p::stglacial vegetation to modern 
communities over broad areas gives rise to two hypotheses: (1) that glacial 
refugia were close to the .ice margin, and (2) that vegetation ooon oolonized the 
deglaciated areas and has been only subtly affected by climatic perturbations 
since that time. 1t is the ·goal of this pco~ct to test these two hypotheses in 
the region of Grand Teton National Park. 

The research underway seeks to document the late-Quaternary vegetation of 
Jackson Hole and the Pinyon Peak Highlands in order to clarify the nature and 
compa;.i.tion of ice-age refugia, the rate and direction of p1ant migrap_ons 
fallowing g1acier retreat, and the long-term stability of p::stglacial communities 
in the park. Trus information will help to assess the rensitivity of the Park's 
communities to environmental change and will fill a critical gap in our 
understanding of the vegetational, climatic, and glacial history of the northern 
Rocky Mountains as a whale. · 

Central to the paleoreconstruction is a knowledge of the modern pollen rain and 
its relation to the present~y vegetation and climate. Accordingly, a final goal 
of the research is to study the pollen rain from different vegetation types and 
at a variety of elevations in the GTNP region. These results will be combined 
with those published from Yellowstone (Baker 1976) and the Snake River Plain 
(Davis 1983) to create a modern pollen network far western Wyoming and 
eastern Idaho. 

Methods 

A detailed discussion of the methods employed in this study is included in the 
propcsal and therefore will not be repeated here. Continuous pollen records 
from dated lake-sediment cores are the primary ·data base in this research. A 
transect of · Jakes ( Maripa;a, Emerald, and Divide Lakes) (Figure 1) along the 
path of ]ate-Pleistocene ice retreat were cored during a 10-day pack trip into 
Teton Wilderness. This expedition required five ~ple (including the ootfitter) 
and a total of 13 horses and mules to carry equipment and supplies. In addition 
to these sites, Lily Lake and Lily Lake Fen at the former ice margj.n were 
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Fig. 1. Nap E:--!cwing proposed study sites in northern Jackson Hole ar:d. 
the Pinyon Pea~ Highla~ds and the southern limit of the Yellowstone 
ice field in late Wisco~sin time. 
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cored. Cores were obtained with a Livingstone piston sampler from an anchored 
floating platform, where they were extruded and wrapped. Descriptions of 
sediments and local vegetation were made at each site. 

As part of the data analysis, r;x::ill.en percentages, r;x::ill.en IDflux, and the 
occurrence of plant macrofossils are being used to trace the arrival of 
particular tree species to each site and to interpret the development of forest 
within the deg:laciated area. Radiocarbon age-determinations and 
tephrochronology are providing a chronalogic framework to help correlate r;x::ill.en 
profiles between sites. 

Many pollen-rain sb.ldi.es have suffered from the fact that different types of 
sites (e.g. lake sediments, soil, moe; polsters) are sampled and compared, even 
though their p:illen:-krapping characteristics vary greatly. In the current p~ct, 
only Jake surface sediments were collected oo that a more precise comparison 
will be pos;jble with the fo:lOil record obtained from Jake cores. Surface 
sediments were sampled from 22 lakes at different elevations in the vicinity of 
GTNP. Care was taken to select Jakes that were awroxi.mately the same size as 
those in the f0$il. sb.ldy, and in each case short cores were taken with a 
Hongve sampler from an inflatable raft in the deepest part of the lake. Local 
vegetation was noted, along with the topographic and geologic s:tting. 

Results 

A description of the fossil cores and the results of preliminary analyses are 
given in Table 1. Cares have been sampled for fXlll..en analysis and for analysis 
of the organic and carl::x:>nate content of the s:di.ment. The latter data provide 
information on the past rroductivity of a Jake and on the volume of sediment 
required for radiocarlxm dating. Ash layers have been sul::sampled and sent to 
the u.s. Geological Survey (Denver) for identification. The bottommost sediment 
at each site has been sent to the U.S. Geological Survey (Menlo Park) for 
radiocarlx>n dating. These dates will help determine the age of each site and 
thus a minimum age for deglaciation. Laroratory preparation of the fossil r;x::ill.en 
from all cores will be completed in January. Palynologic identification of the 
Lily Lake Fen samples is currently underway. Eveiy stratigraphic level examined 
thus far contains abundant and well-preserved fX)ll.en. 

Analysis of modern pollen samples is only preliminary, but it offers several 
. insights that will be useful :in mterpreting the fceill. record: 

1. Pine (Pinus) does indeed blanket the landscape with pollen, and its 
abundance in the pollen rain far exceeds that of any other taxon. 
Lodgepole pine contributes more fX)ll.en than other pine species, even 
when the latter are more abundant in the local vegetation. Pine pollen 
in values greater than 45%, however, were found only when pine was 
present locally. 

2. Dou~fir (Pseudotsuga) r;x::ill.en, even in small amounts, is a good 
indicator of the lower forest zone and steppe. This conifer is a poor 
producer and disperser of fX)ll.en, which ~lains the amence of its 
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pollen in the upper forest zones. 

3. When ~ruce (Picea) accounts for 4% or more of the pollen sum, the tree 
is p:-esent 1Dcally. The same is true of fir (Abies} in values greater than 
2%. Despite the apparent dominance of subalpine fir over spruce in the 
vegetation at many sites, spruce is an overall better pollen contributor. 

4. Grass {Gramineae), which grows at all elevations, accounts for more than 
5% of the pollen rain only in the steppe and alpine zones, where its 
representation is not overwhelmed by conifer pollen. Its pollen .is aJso 
abundant when riparian species are present at the site. 

5. ArterrUsia is another large contributor to the pollen rain of the region, 
although interpretation of its pollen distribution is unclear.. Pallen 
morphology shows little change among samples from different elevations, 
an otservation which suggests that most of the pollen, even at high 
elevations, is from A. tridentata rather than from herbaceous species. 

6. Populus, a rare taxon in most pollen records, is locally abundant in the 
pollen rain from the aspen parkland and cottonwood-covered river 
bottoms. n:. should be a useful indicator of these environments in the 
£0$il record as we1L Other indicator taxa are Selaginella densa and 
Cheil.anthes, which appear only in samples from steppe vegetation. Pallen 
of Phlox, GiJia, Palygonum bistortoides-type, and a yet unknown type 
were found consistently in high-elevation spectra. lf these pollen types 
occur in additional samples, they will be considered useful indicators of 
high-elevation vegetation. 

Conclusions 

·The completeness of the fa:sil records seems ag:rured by the presence of two 
volcanic ashes at each site. The lower ash . .is attributed to a late-glacial 
eruption of Glacier Peak in the W ash.ington Cascades, ca. 11,200 yr B.P .; the 
upper-most ash is probably from the eruption of Mt. Mazama in south western 
Oregon, ca. 6700 yr B.P. (Mehringer et al. 1984; Sarna-Wo:Pcki et al. 1983). In 
addition, a radiocarbon date of 16,040 + 220 yr B.P. and by 11,200 yr B.P. the 
Pinyon Peak Highlands were generally free of glacial ice. lf this chronology is 
correct, deglaciation was earJier than in other parts of the Rocky Mountains. 

The modern pollen rain from the GTNP reg.ion shows a reasonably good 
correlation with the modern vegetation and elevation. Further analysis of these 
data should point to useful modern analogs in the reconstruction of past 
vegetation. 
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PARASITES OF RUMINANTS IN THE JACKSON HOLE AREA: 
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A knowledge of current prevalence and intensity aE lungworm infections in elk. 
and domestic ruminants sharing the sa.me range would be useful to wildlife 
managers, ranchers, forest service personnel and others. 

Limited epidemiological studies aE the interaction of hosts and their p:rrasites 
and the p:s=;ihiliti.es aE cra:a-transmjg;ion from wild to domestic ruminants or 
from domestic to wild ruminants have been conducted in Georgia (Davidson, et 
al., 1981) and on a simiJar scale in rome other states but not in Wyoming. 

Objectives 

1. A continuation of the study aE prevalence of Dictyocaulus sp. lungworm 
in elk in Teton and Yellowstone National Parks throughout the various 
seasons of the year. 

2. Initiate research aE the prevelence of Dictyocaulus sp. in cattle sharing 
ranges, usually summer ranges, with elk. 

3. Analyze genera of nematodes recovered from vegetation taken from the 
cat:t.1e-elk ranges. Isa1ate Dictyocaulus sp. from the vegetation or from 
e1k and cattle feces. · 

4. Continue studies of trichostrongylid nematodes in cattle in the areas 
adjacent to the national parks or forest service land where 
Dictyocaulosis has been a problem during the past few years. 

Spring months are the time aE heavy contamination of vegetation by Jungworm 
larvae but spring-like conditions are encountered at hlqher elevations in the 
Rocky Mountains where infective larvae aE stomach or .intestinal worms as well 
as lungworm Jarvae may be important potentiators aE disease much later in the 
season thar1 at lower elevations. 
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Methodology 

Lungworm larvae will be isolated from elk fecal material by a rapid, 
pellet-washing technique previously developed by the writer at the UW-NPS 
Research Center. Lungworm larvae will be isolated from cattle feces by the 
Bae"Lmann funnel technique. 

Previously (1975-1982) we have not .isolated the larvae of Dictyocaulus on 
vegetation within the Teton Park area north of the Jackson Hole Elk Refuge. 
Larvae hctve been found around the fecal material of elk along the Giboon River 
ar-ea in Yellowstone Park. However, in that area, the elk feed within the sa me 
general area throughout most of the year. The biotic potential of the lungworm 
larvae oc "infection pressure" along the Giboon Meadows may be similar to that 
of the elk refuge during the spring months. However, in two small grass 
collections, infective Jarvae have not been found on the l:efuge vegetation. Such 
work should re continued. Vegetation from areas on elk-cattle ranges (mainly 
Forest Service permit areas of Teton-Fremont Counties) should aJso be checked 
for the presence of the infective larvae. Vegetation will be "Baermannized" and 
the parasitic larvae s=parated from the free-living larvae by adjusting the pH of 
the Baermann fluid to 2-2.5. 

Previously, we have obtained fecal samples from elk in Yellowstone (Giblx>n 
River area) but a limited number of elk fecal samples should re collected from 
the Lamar River herd during late May or June. 

Fecal samples from cattle in Teton County and adjacent areas will be analyzed 
by the Baermann technique (.isolation of larval forms from vegetation or fecal 
mat.eriaD in order to see whether lx>vids are carrying lungworm at the same or 
different times of the year than elk. The oovids could be infected and act as 
carriers of Dictyocaulus and therewith pcs.ing problems for the elk and/or the 
elk may be reservoirs of infection for the bovids. 

Previous work 

From research results gathered during the past 10 years, the present 
investigators have shown the time of infection and re-infection of e1k annually 
by Dictyocaulus sp. lungworm (Bergstrom, 1975). In gener~ the data published 
in 1975 resemble those of Worley and Barrett, (1964) who worked with the 
Lamar River elk in Yellowstone National Park. The reason for predictable 
annual infections aE elk in the Tetons and in Yellowstone Park herds has not 
yet been shown. 

Results 

May 1985, Elk, Teton National Park. (West of Snake River, South of 
Signal Mt.) 

Feces from forty-two elk, mostly mature, lactating cows, were checked by 
Baermann funnel analyses for the prevalence of Dictyocaulus viviparus=CD. 
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had wenD. Results indicate a prevalence of 73% in 1985 or slightly lower than 
the 84% positive recorded in 1984. Since the spring weather had been mild, 
many of the female wapiti did not show severe spring stre:E as in 1984 but 
apparently carried moderate numbers of Jungworms since the larvae per gram 
numbers in fecal samples ranged from 0.3 to 190, mean 28. No large btills we..re 
sampled and calving had not taken place. Many cows were ready to calve. 

May, 1985 Elk, Gilibon River Meadows, Yellowstone National Park 

Twenty fresh fecal samples from alx>ut 60 head of elk were collected from 
Gibbon Meadows north of Madison Junction during the forenoon (8:00 to 11:00 
a.m.). Seventy-five percent of the cows represented by the fecal samples were 
pcsi.tive for Dictyocaulus lungworm larvae with 0.02 to 90, mean 22 larvae/gram 
feces. 

Summer, Au~ 1985, Teton National Park 

As · ill past years, the prevalence of e1k p::S.tive for ·Dictyocaulus lungworm 
dropped markedly from spring to and during the summer months. By early August 
the Jactation stress is apparently diminished and the physical condition of 
lactating and non-lactating cows has visibly improved. By Au~ 41% of the 
lactating cows were pcsi.tive for lungworm with a mean of 5.8 Dictyocaulus sp. 
larvae r:er g of feces. 

Summer 1985, Gibbon Meadows elk, Yellowstone National Park 

Feces from three buTis and three cows were analyzed with one bull and one cow 
pcsi.tive for 1ungworms. Numbers of larvae per gram feces in the I_X:Sitive 
animals were very low (0.3 larvae/g). 

FalL 1985, Gilibon River elk (Dr. Worley's results) 

Fecal samples from 10 head of elk (both sexes) were collected Oct. 29. One, or 
10% was p::sitive for lungworm. 

Epidemiologic Surveys for Gastromtestinal and 1ungworms :in Cattle; 
· 1985, Fremont and Teton Counties. 

Glen Taylor Ranch, . Gras Ventre River area, Tetons. 

Yearling heifers on dry range: Low numbers of tapeworm eggs per gram of feces 
were found. Very low numbers of stomach and intestinal worm eggs were noted 
(Q-4 eggs per gram feces). On the same ranch, yearling steers, previously 
treated with an anthelmintic drug, Oct., 1984, and grazing a lush, irrigated 
meadow by the ranch buildings had a range of 6 to 348, mean 161 e.p.g. feces. 
One abomasal and one intestinal worm species were noted. Calves of three to 
four and one-half months of age. had abomasal and intestinal worm eggs 
numbering zero to 14, mean 8 e.p.g. The steers carried clini.cal numbers of 
worms but the heifers and the calves did not. 

Dictyocaulus lungworm larvae were found in two of 14 yearling heifers (14% 
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oositive) on a ranch near the Snake River al:x:>ut 10 mil.es northwest of Jackson. 
The clinical signs, with 40 to 60% of the heifers coughing, agreed with the lab 
resUlts and indicated the early stages aE .infection with the Dictyocaulus sp. 
lungworm. The rancher and his veterinarian were alerted. 

Two ether ranchffi in Teton County and two ranches in Fremont County were 
checked via fecal sampling. No clinical numbers of eggs of roundworms were 
noted on these ranches. The new anthelmintic drug, Ivermectin, was found to 
control moot gastrointestinal worms but did not kill Nematodirus sp. or 
Strongyloides sp. in cattle and the anthel.mitic was quite expensive. 

Summary and Conclusions 

More epidemiologic research with bovine herds and their parasites has been 
accomplished in Teton and Fremont Counties during the summers of 1984 and 
1985 than during the previous 5 years of such research over the state of 
Wyoming. The minor ccsts of living as well as the continually improving 
laboratory facilities at the U.W.-N.P.S. Research Center permit increased 
research efforts within the field of wil.dlife and domestic animal parasitology. 
The writer can only hope that a similar research facility, plus housing, might be 
developed in the northeastern and southwestern areas of Wyoming. 
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SYNTHESIS AND ANALYSIS OF DATA ON THE JACKSON ELK HERD 

0 bjecti.ves 

Mark s. Boyce 
Department aE Zoology and Physiology 

University .of Wyoming 
Laramie 

... . · 

The p:incipal ob~ctive of this research js to compile, synthesize, and evaluate 
available data on the ecology and management aE the Jackson e1k herd. When 

· the analysis has reen completed, . I will offer my interpretation of management 
implications that may be deduced from these da.ta, and offer directions for 
future research to best enhance management . for the elk herd. Initiative and 
funding for this research came from the Jackson Hole Cooperative Elk Studies 
Group, which determines management direction .for the Jackson elk herd. 

Methcxis 

This study does not entail field work or collection of new data, but involves a 
compilation and analysis of existing information. Considerable data relating to 
the ecology and management aE the Jackson elk herd exist in files and reports 
of the 4 agencies res{X>nsible far its managemen~ i.e., the Wyoming Game and 
Fish Department; U.S. National Park Service, Grand Teton National Park; U.S. 
Fish and Wildlife Service, National Elk Refuge; and u.s. Fore:;t Service, 
Bridger-Teton National Forest. During the spring and summer of 1985 I visited 
officES of these agencies and compiled data relevant for my analysis. Activities 
this fall and winter have focused on organization and statistical analysis of 
these data. 

Results 

Extensive data on the Jackson elk herd have been collected annually since the 
establishment of the National Elk Refuge in 1912, generating a nearly 
overwhelming quantity of information. To mention but a portion of the dat,a 
base, . some of the information that I have been studying includes (1) details of 
hunter harvest over a large number of years as determined by check stations 
and mail. surveys, (2) track counts aE elk migrating acros:; road transects during 
autumn and early winter, (3) annual counts aE elk clas:;ified by sex and age on 
the National Elk Refuge and Gros Ventre feedgrounds, (4) mortality of e1k on . 
the National .Elk Refuge, (5) quantities of feed provided for elk on the National 

. Elk Refuge, ( 6) ear tag recoveries of e1k marked from the Jackson elk herd and 
surrounding herds, (7) trend counts of elk summering in Grand Teton National 
Park, and . (8) land-use changES in the Teton valley including road construction, 
development, livestock grazing and timbering. 
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A ma:Pr direction for my analysis of this large data set has been to condense 
complex patterns into formats that are readily interpretable and therefore of 
greater value for management. For example, the track oount data include tens 
of thousands of otservations which vary spatially, within and among years, and 
~ covariance with several independent variabl.es, including hunter harvest 
and 91owfa1L Comprehending such an enormous txxly of information requires 
distillation into a few key parameters of interest. My approach here has been to 
employ multivariate procedures, including multidimensional scaling, multiple 
regression, principal components analysis, and canonical correlation. 

·rhe ob~ctive behind this multivariate statistical analysis is actually to simplify, 
rather than to oomplicate the interpretation of the results. For example, my 
analysis of track oounts suggests that snowfall plays a maj:>r role determining 
not only the timing of migration from summer to winter ranges, but also the 
relative fraction of elk using various migration routes. During mild autumns, a 
greater rroport.ion of e1k. migrate acrcm transects within Grand Teton National 
Park, whereas heavy snowfall appears to force more elk to migrate acrcm 
Highway 26/287 east of the Park. Another majJr factor determining migration 
patterns is the spatial dib--tribution of hunter harvest during previous years. 
These patterns are certainly not transparent from the original data, but 
multivariate analysis permits an interpretable summary of numerous interacting 
variables. 

Conclusions 

Since data analysis is still. ill progress, it is inappropriate to suggest conclusions 
at this time. · Many of the suggestions of Anderson (1958) and Cme (1969) 
regarding fX>pu1ation ecology of the Jackson elk herd appear to be supported by 
statistical analysis of data. However, since thooe early studies numerous changes 
have occurred m the .population structure, migration pattern and distribution of 
elk in Jackson Hole. Scheduled oomp1etion for this p:-o~ct is 1 July 1986. 
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DISTRffiUTION AND COMPOsrriON OF SUBSTRATE IN THE LITTORAL ZONE IN 
JACKSON LAKE, GRAND TETON NA'I'IONAL PARK, ·wYOMNG 

Carol Brewer 
Michael Parker 

Department of Zoology and Physiology 
University of Wyoming 

Laramie 

Introduction and 0 bjectives 

The comp<E.tion of sediments varies roth horizontally and vertically in a lake. 
The distribution of sediment types jg . re1ated not only to basin geomorphology, 
but also to the effect of turbulent water as it moves substrate particles in the 
littoral zone. Definite patterns of erosion and depooi.tion in Jakes have been 
described by many limnalogists (e.g., Hutchinson, 1957; Spence, 1982; Keddy, 
1982, 1983, 1984). Sedimentation and the quality of sediments as a nutrient 
source affect the ability of macrophytes to colonize and persist in the littoral 
habitat. The ability to root in a particular area jg directly re1ated to the extent 
which a sul:::btrate can anchor the potentially large plants (Spence, 1982). On 
erosional shores, suspended sediments abrade rooted plants and may cause 
damage and l::reakage. On the ct:her hand, the macrophyte community stabilizes 
bottom sediments and their presence leads to increased water clarity as 
particulates settle out due to reduced water currents within plant beds. 

Since the .re1ationsh.ip between plants and sediments is well known, our objective 
was to measure the distribution and compooi.tion of the sediments in the littoral 
zone of the Jake. Then we could re1ate the distribution of sul:strate to the 
d:i.stribution we had measured for macrophytes in the littoral zone. 

Methods and Results 

Due to an unusual drawdown during the summer of 1985, much of the littoral 
zone that . was under water during the survey in 1983 was expcsed. So, we were 
able to · more easily measure the compooi.tion of suOOtrate on transects originally 
used for measuring the cover of submerged macrophytes (Figure 1). 

The original transects were relocated by referring to USGS topographic map:; we 
had marked in 1983 and by looking at photographs taken at each transect 
location. A transect line was placed as cl.a:e to the original location as 
possible. Usually, the transect still extended for several meters below the 
water's surface. · Twenty quadrats were systematically a.g;igned to the transects. 
Percent cover for six categories of suOOtrate was measured on each transects 
with Daubenm.:ier frames. The suOOtrate categories were based upon size {Table 
1). 
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Table 1. Table oE SuOOtrate Sizes. 

NAME OF 
CA'rEGORY CATEGORY SIZE OF PARTICLES 

1 SILT < lmm 

2 SAND lmm to Smm 

3 SMALL GRAVEL O.Scm to 3cm 

4 LARGE GRAVEL 3cm to 6cm 

5 ROCK 6cm to 30cm 

6 BOULDER > 30cm 
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Measurements were made first on the quadrats located above the water line. 
Then any quadrats located below the water line were measured by SCUBA 
divers. we found that visibility could be maintained if the divers began 
measuring percent cover in the deepest water and moved towards shallower 
water. Also this method for measurement helped the divers stay a little warmer 
because they moved from colder into warmer water. 

Data were recorded on waterproof writing ooards with grease pencils as 
otse:rvations were made by divers. Then these data, along with other relevant 
observations, were recorded onto field data sheets after the dive was 
completed. At each transect the following information was recorded: percent 
cover aE each size of substrate; presence of plants; a photograph of the 
location was taken; the site was located on a USGS topographic map; and length 
of the transect (the length to reach a depth of 30 feet varied). Re1ationsh:ip3 
between all the sub:rt:rate and physical variables were determined with the 
Pearson Correlation analysis using SPSS (Nie, et aL, 1975) and the resu1ts are 
presented in Table 2. Depth expl.ains more of the variation in percent cover for 
all types of sul:Gtrate, overall, than either the slope of the littoral zone or 
ex:pamre to water movement. 

Analysis of variance {ANOVA) was used to determine relationship; between 
sub3trate cover and a variety of physical varia.hles. The treatments for this 
analysis are depth, slope and habitat type and these treatments were used to 
test whethe.r substrate cover varied. The BMDP statistical software programs 
P1 Vand P2V (Dixon et al., 1985) were used to run the analysis of variance. The 
results are sum mari.zed in Table 3. The mean values far percent cover for each 
sui:Btrate type are separated most clearly by depth and slope. Expa:rure did not 
reveal much about the distribution of sediment types in the littoral zone. 

Conclusions 

Currently, the data for substrate composition are being used to clarify the 
distribution of macrophytes measured during the summer of 1983. The results 
from our three seasons of field and laooratory work are being synthesized far 
the final report to be published during the Spring of 1986. 
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Table 2. Results of the correlation analysis between sul::Etrate var:i.abl.Bs and 
physical variables. The fL~ value denotes R (the correlation 
coefficient) and the second valne is the significance of the 
correlation. NS indicates not significant at p ~ .05. 

suss·rRATE SLOPE OF THE EXPOSURE DEPTH 
CATEGORY TRANsgcT 

SlLT -.26, .001 -.30, .001 .54, .001 

SAND NS -.13, .05 .18, .01 

SMALL GRAVEL .17, .05 NS -.52, .001 

LARGE GRAVEL NS .21, .01 -.29, .001 

ROCK .27, .001 .46, .001 -.23, .001 

BOULDER -.16, .05 NS -.29, .001 
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Table 3. Sum mary statistics of the analysis of Variance for the sul:Etrate data. 
The null hypothesis tested is that the means for sul:strate cover .in 
each treatment are equaL The alternate hypothesis is that the means 
for the sul:strate cover .in each treatment are not ~ 

SUBS'rRAT.E DEPTH EXPOSURE SLOPE 
CATEGORY df = 4,140 df = 2,142 df = 5,139 

SILT *** *** *** 

SAND NS NS NS 

SMALL GRAVEL *** NS NS 

LARGE GRAVEL *** ** * 

ROCK ** *** *** 

BOULDER NS NS ** 

* ~.05; ** PS_.01; *** ~.001 
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THE CENOZOIC UPLIFrr HISTORY OF THE TETON RANGE: CALIBRATION AND 
APPLICATION OF FlSSION-'rRACK GEOTHERMOMETRY 

Obj:etives 

Douglas W. Burbank 
Susan M. Roberts 

Department of Geological Sciences 
University of Southern California 

Los Angeles 

The 'I'eton Range has experienced at least two :pulses of uplift during the 
Cenozoic era. The earliest uplift, around SQ-60 Myr. ago, was associated with 
the Laramide Orogeny, and it produced an unknown amount of uplift of the 
ancestral Teton-Gros Ventre Range. The more recent uplift is a Plio-Pleistocene 
phenomena, in which several thousand meters of uplift can be documented 
through offsets of jsochronous strata. During these :pulses of uplift, the range 
has been differentially warped, such that the center of the range has been 
uplifted to a ·greater extent than the northern and oouthern terminations of the 
ra.."'lge. This differential uplift can be easily delineated by tracing the 
Precambrian-Cambrian unconformity along the axis of the range as it ascends 
from either end towards its highest -point in the center. 

This geologic framework provides an excellent setting in which to use 
fission-track dating to evaluate the thermal and uplift history of the range. In 
addition, because of the good oontrol on the amount of differential uplift of the 
central portion of the range versus its northern and southern ends, this setting 
provides an opportunity to evaluate the accuracy of the f:issi.on-track method as 
a tool for assessing uplift. The ob~ctives of this research . are, therefore, 
. t wo-fo1rl. First, fission-track dating of apatite and zircon separates will be used 
to a.s3eSS the thermal and uplift history of the range. Second, the fission-track 
results will be used to asses; the reliability of the method in discri.m.inating 

·differential amounts of uplift within a relatively restricted area. 

Methods 

Apatite has an annealing temperature of approximately 10Q-200°C, whereas 
zircon has an annealing temperature of approximately 200°C. At temperatures 
below these limits, these minerals will retain their fission-tracks for 
geologically long periods of time~ When a mountain mas.:; is uplifted and cooled, 
first the ziicon and later the apatite cool through these temperature thresholds 
and begin to retain their fission-tracks. Therefore, dates on these minerals 
reveal when they passed through these annealing temperatures. Given certain 
a£Eumptions about the local geothermal gradien~ these dates of annealing can 

. yield data on uplift rates. 

Two methcx:ls are commonly used. In-the first, zircons and apatites are separated 
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from indiVidual rock samples collected along the length of the range. Dates on 
these provide a thermal history which can then be interpreted in terms of 
uplift. A more direct assessment of uplift can be obtained by using "relief 
sections''. In this method, samples are collected as to yield large vertical 
elevation differences between the adjacent samples. Following dating, ages 
affiOCiated with various heights can be directly translated into an uplift history. 
Both approaches were~ in this study. 

Results 

During the summer of 1985, approximately 250 kilograms of samples were _ 
co11ected from 25 sites. The maprity of these were collected within several 
hundred meters of the valley oottom m a traverse running from the base of M t. 
Moran in the north to PhiJ.l..if:s Canyon in the oouth. Two relief sections were 
collected. One traversed the southeast face of Buck Mountain and provided a 
relief section of alx>ut 1500 m. The second was along the east face of Mt. 
Moran and provides a vertical relief of approximately 1700 m. In addition, 
samples were co11ected from bedrock exposures in easily accessible p::lrt.ions of 
the Gras Ventre Range. Because .if: was not known which rock types would yield 
the most suitable apatite and zircon for this study, granites, gneis3es, and 
diabases were collected at numerous different sites. In addition, where the 
Precambrian-Cambrian of conformity was encountered, samples were collected 
from the Flathead Sandstone. Although this :rock contains detrital minerals, if it 
has been heated sufficiently (above the annealing temperatures), it could aJso 
yield useful age information. These samples are presently in the process of 
being crushed, separated, mounted, polished, etched, and irradiated. Age 
determinations will not be available from them until Spring, 1986. We anticipate 
that these initial results will enable us to identify these lithologies which are 
best suited for fission-track studies and will allow us to focus our future 
collecting efforts on areas likely to yield the most useful data. :It. .is oor intent 
to expand the grid of sampling roth farther north along the range front and to 
the west into the interior of the range. 

Conclusions 

A study has reen initiated to assess the Cenozoic uplift history of the outrange. 
This history will be based on annealing dates for zircon and apatite minerals 
collected along the length, breadth, and height of the range. The anticipated 
results should aid us not only m interpreting the deformational history of the 
range, but also should permit an assessment of the resolution of the 
fission-track method in a well controlled geological context. 
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Objectives 

SURVEY OF THE BAT SPECIES AND THEIR 
HABITArr USE IN GRAND TETON .NATIONAL PARK 

David L. Genter 
Lee H. Metzgar 

Department of Zoology 
University of Montana 

Miffioula 

i ~ ... 

Until recently, little attention has been directed to the bat fauna of GTNP • . The 
role of bats in ecosystems :is more significant than prevk>usly thought. Also, the 
public's awareness of bats is growing and as part of routine interpretive needs, 
the NPS must have factual .information on all animals in the Park. 

A baseline survey was conducted to determine species compa;ition, distribution, 
abundance, and habitat use of bats in Grand Teton National Park, Wyoming. The 
principal ob~ctives are: 

1. Obtain information on species occurrence and distribution within the 
Park; 

2. Assess the population status for bat species present; 

3. Identify rare species in the Park and identify management needs to 
ensure the viability of these species in GTNP; and 

4. Evaluate potential conflicts with human activities. 

Methods 

Field studies were conducted fro~n 20 May to 14 September 1985 in GrrNP. Bats 
were surveyed primarily with ultrasonic monitoring EqUipment capable of 
detecting and recording high frequency echolocation calls. Flying bats were 
monitored along transects with a batmonitor . and a broadband capacitance 
microphone (Simmons et a1.. 1979). Recordings were later analyzed with · a 
zero-crossing P=riod meter and a Nicola digital a:;cillcscope. For further details 
on field or laooratory procedures on the use of echolocation calls, see Fenton 
and Bell (1981). 

Transects were run in all habitat types throughout GTNP. They were typically 
2-4 km long, depending upon terrain and vegetative cover. Each samp1ed site 
was characterized by habitat Oacustrine, riparian, forest, meadow, 
sagebrus~d), vegetation, and structure. Temperature, wind speed, cloud 
cover, and precipitation were recorded each night. Heavy wind and rain limited 
the . effectiveness of the monitoring ~pment and estimates of activity under 
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tl1ese conditions· may be low. 

Mist nets were used to capture ba.ts to determine age, sex, reproductive status 
and to obtain study specimens. A .410 shotgun was used at two locations 
unsuitable for use of nets. Numerous b.rildings and other man-made structures 
were surveyed for b3.t roosts. Park personnel and concessionaires were 
contacted to evaluate conflicts with human activities. I was interested in how 
these people viewed the bats and what control methods, if any, were used • 

.Results 

Seven~ of ba.ts were detected during the study. The most common~ 
was Myotis luc.ifugus, the little brown tat. This species was found in all 
habitats surveyed. Lasi.onycteris noctivagans, the silver-haired tat, was second 
but was more restricted in its habitat use. Other species detected in order of 
abundance are: Eptesicus fuscus, the big brown tat;~- volans, the long-legged 
m yotis; Lasiurus cinereus, the hoary bat; M. evotis, the long-eared myotis; and 
one detection of Plecotus townsendii, Townsend's big-€ared tat. Figure 1 lists 
the species detected and their relative abundance in each of the habitat types 
surveyed. 

A comparison of time spent by bats in each of the sampled habitats showed that 
M. lucifugus was found foraging more frequently over lakes than over the other 
habitats (Chi Square= 47.20, p < .005). L. noctivagans preferred foraging above 
the forests more than the other habitat types (Chi Square = 18.43, p < .01). 
Lasi.urus and M. ·vo1ans were detected :in the lacustrine and riparian habitats 
only. E. fuscUS was found over lakes, open fields, and forest. 

Preliminary analyses indicate that the highest level of bat activity .is over the 
lacustrine habitat. Foraging over the water and beaches accounted for an 
average of 68 bat passes per hour of monitoring time. Riparian and forest 
habitats averaged 26 and 18 passes per hour, respectively. This oompares with 
an aveage of less than 6 passes per hour in the coastal forests of Oregon (D. 
Thomas, pers. comm.). Sagebrush-grassland habitat averaged J.e.so than 4 passes 
per hour (see Figure 1). 

M. 1ucifugus used b.rildings throughout GTNP as maternity roosts. Most were 
small group:> of 10-20 bats but some of the older buildings with well established 
colonies had up to several hundred females and young. Several dozen male 
Eptesicus were also found in these roosts • .!:!_. evotis was found in one abcmdoned 
building at Antelope Flats. The d:her bats in GTNP are either saxicolous or 
arooreaL 

Con elusions 

'l'h.is inventory reveals a comparatively diverse bat fauna in GTNP. Numerous old 
buildings provide abundant roosting habitat for the little brown bat, which 
reaches its highest densities m developed areas. The big brown tat was found 
only in developed areas, roosting in low densities along with the little brown 
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M. LUCIFUGUS A 0 R 0 0 
L. NOCTIVAGANS 0 R N A 0 
E. FUSCUS 0 R N R R 
M. VOLANS R 0 N N R 
M. EVOTIS R R R N N 
L. CINEREUS R 0 N R R 
P. TOWNSENOII N N R N N 

A -- Abundant 

0 -- Occassional 

R -- Rare 

N -- Not Detected 

Figure 1. Bat species and their relative abundance 
in habitats surveyed. 
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bat. Dead snags throughout the Park provide unlimited roosting habitat for 
silver-haired, long-legged, and male little brown l::ats. However, rocky 
sul::Gt:strate with the proper expa:rure is not evenly distributed and may limit the 
distribution of sax:icolous species such as the long-€ared myotis and Townsend's 
big-eared tat in GTNP. The hoary bat is closely asoociated with the cottonwood 
riparian habitat and is most abundant .in the south end of the Park. 

The problem of bats roosting in bJildings is an old one and likely will never be 
solved. B;:tt-proofing is the only safe and effective way to exclude bats from 
buildings. In rome cases this may be ca:tly and unnecessary. A well .informed 
public, aware aE the role of bats in nature and their beneficia] insectivorous 
habits, will be more tolerant aE these shy creatures. The use of toxicants should 
be prohibited .in all situations as they have been p:-oven to be more harmful to 
human occupants than to the bats (see Greenhall. 1982 for a discussion). A 
reasonable and ccst-effective approach to bat management .is the construction 
of bat houses. These st:rucb.lres allow bats to inhabit develoPed areas and 
provide insect control without the problems of them. occupying buildings. 
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Obj:cti.ves 

SOCIAL lliTERACTIONS, MOVEMENTS AND ACTIVITY 
OF RNER OTTERS IN GRAND TETON NATIONAL PARK 

Joseph G. Hall 
California Academy of Sciences 

San Francisco 

There are several goals of the river otter proj=ct. One .is a59?93ing year-to-year 
variations in population densities, primarily in the Jackson Lake Dam to 
Deadman's Bar section of the Snake River. Another .is evaluation of habitat 
preferences on this section. A third ~cti.ve .is documenting behavioral 
reactions among otters and between otters and other species living in . the 
riparian ·habitat. Finally, I wish to obtain a picb.lre of the summer activity-cycle 
on a 2 4-hour basis. 

Methods 

Direct ob:lervation of the otters continues to be the ma:Pr way information is 
gathered in all phases of the sb.ldy. Ohservations from canoe appear les3 
disruptive than those made on foot. Since none of the animals are marked, 
population estimates are not ab5alute. Season-to-season fluctuations are 
inferred, based on the number of iridi.viduals seen per hour afield. Boatmen 
conducting tours from Pacific Creek to Deadman's Bar have contributed l:oth to 
estimates of population density and to analysis of habitat preference by marking 
on · sketch maps where otters are ~en. These sites are matched with a master 
map depicting distribution of habitats roentified from aerial photcs. Variations 
in diurnal activity are detected by direct otservation but nocturnal activity 
must be inferred by indirect means. For the past two seasons, inexpensive 
time-recording cameras acb.lated by treadle-switches bJried along otter trails 
have been tEed. The method of continuous monitoring of a prime site by a 
dawn-to-dusk team of ol::servers p::-oved part.:icularly productive, revealing facts 
about daytime activity and intra- and inter-specific behavior. 

Results 

In the June 18 to July 24 period, otters were oOOerved for a total of slightly 
less than eight hours during slightly more than 71 fie1d hours, an efficiency of 
11%. Since the efficiency was awroximately 12% the previous season, the 
population density in the Oxoow area .is presumed to be about the same. At 
least two separate family group:; of three and four .individuals are known to 
have frequented this area with some regularit.y. Th.is year, for the first time, I 
vias given information on how many hours OOa.tmen were afloat. However, · the 
data for two successive years must be availahl.e for comparison since the "field 
strategy'' of boat tours is quite different from my ·own. 
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Results of habitat-preference appeared remarkably similar to tha:;e of 1984. The 
least available category, log jam-beaver lodge, was most favored and the most 
available, gravel beach, was sixth choice. Intermediate choices vlere coniferous 
slope, grassy bench, gravel slope and coniferous bench and duplicated the order 
shown .in 1984 almost exactly. 

On July 22, the beaver lodge at the Old Research Station was monitored from 
6:20 a.m. to 8:45 p.m. The site was a mcst fortunate choice, especially for 
behavioral otservations, as it was the center for otter activity for the entire 14 
hours. New ob3ervations: two family-grou};S cxx=up.ied the lodge simultaneously, 
once for four hours; at least one, po:Eibly two beaver also occupied the lodge 
for part of this period although they may have been in separate chambers. 
Coyotes, beavers and otters exhibited cautious tolerance of each other, beaver 
and otters sometimes making sham rushes at each other and otters doing so at 
coyotes. Beavers occasionally tail-slapped in response to approach of coyotes 
but not to otters. Tentative conclusions corroborated: otter family groups are 
cohesive units even when cla:;e enough to other groups to mingle freely; an 
extended "siesta .. occurs in the afternoon. 

Four camera sets were operated for a total of 28 camera-nights. These recorded 
seven otter-passages, of which four were 1egipl.e and, fortuitously, a fifth was 
otserved directly. The times of these events were: 6:00 p.m., 8:30 p.m., 8:30 
p.m., 3:00 a.m. and 5:00 a.m. These records suggest around-the-d.ock activity 
oot are, of course, too small a sample to be very informative. 

Conclusions 

Success in ol::se.rvillg otters was similar to that of 1984 and the population level 
.is inferred to be comparable in the Oxbow study area. For the second 
consecutive season, log jams and beaver lodges proved to be the key river shore 
habitat. Less favored habitats held their previous ranks consistently. Although 
the dividends aE a typical aU-day vigil certainly cannot be expected to be as 
high as they were on July 22, the method unquestionably should be exploited in 
future studies. The potential of the nocblrnal activity monitors was amply 
demonstrated bJt the coverage, both in space and time, must be doubled or 
tripled in order to yield statistically adequate samples. 
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0 bject:ives 

LIFE HISTORY. STRATEGIES OF THE MONTANE VOLE, 
MICROTUS MONTANUS 

Frederick J. Jannett, Jr. 
Department of Biology 

'l'he Science Museum of Minnesota 
St. Paul 

Emphasis in microtine rodent biology has historically been placed on population 
regulation and the fX)pulation cycle. Until recently, little attention has been 
directed to behavior and sociality in microtine rodents, but work on the 
sociobi.o1ogy of the montane vole (Jannett., 1978, 1980, 1981, 1982, 1984) is 
serving to integrate various aspects of the bi.o1ogy of this species so that its 
life history characterist.k:s can be interpreted in an evolutionary framework. 
Work undertaken in 1984 continues previously initiated surveys of various 
topics, such as synchrony of population events in different populations, 
survivorship, scent gland development, patterns of cranial and dental variation, 
population trends in a sy mpa.tric species of vole (~. longicaudus), and 
reproduction in a primary predator, the shorttail weasel (Mustela erminea). 

Methods 

Microtus rnontanus were trapped in five populations in late May. In addition to 
the four sites sampled near Moran which had been sampled in spring, 1984, a 
fifth r;x:>pulation ill the southern end of the valley on the National Elk Refuge 
was trapped. Inasmuch as snow mel.t~ff there is considerably earlier than at 
Moran, it .is expected that morphometric patterns there may be very different 
than at Moran (Jannett, in prep.). In October, seven sample lines and two 
gridded areas were done, each of which replicated samples made in 1971-77, 
1982-84. Additionally, one transect line, two gridded areas, and three isolated 
grassy patches were trapped; some of these were at sites sampled occasionally 

. in previous years (1971-1977); others were new sites. Most samples were run for 
only two days so that impact on the respective f.Ppulations would oo minimized. 
Eyes were removed for age determination upon lens weight (Gourley and 
Jann~ 1975). As in previous years, a trap line for shorttail weasels was set 
over a very wide area and three populations of Microtus longicaudus were 
sampled in October. A small series (n=8) of live M. longicaudus was obtained for 
a collaoorative proj=ct with researchers at the Institute of Zoology, Academy of 
Sciences, Leningrad. 

Results 

Microtus montanus: Population levels of this species in May and October were 
lower than in the respective months in 1984. Vales were part:icularl.y scarce at 
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the Elk Refuge site where only nine were obtained. 

In October, although there were generally fewer voles than there had been in 
1984, the various sites differed in density. As .in all previous years, the main 
study grid had the most voles. Small :isolated grasgy areas generally had few 
voles. 

One or: more females, each of which was pregnant and/or lactating, were found 
in each of five sites. Each of nine sites yielded one or more parous (adult) 
females no longer reproductively active. One site yielded no adul± female. 

One cr more males with scrotal testes were found at each of only three sites. 
Inasmuch as one of these sites yielded no adult female, no correlation between 
the percentage of females still lactating and/or pregnant and the operational 
sex ratio could be found, as had been in 1983 and 1984. Figure 1 merely depicts 
the relation between :percentage of parous females still reproductively active 
and the percentage of adult males among all adults, regardless of the condition 
of ·testes. 

Material for studies of age structure and morphometric patterns has not yet 
been analysed. 

Microtus J.ongicaudus: Numbers of voles at three sites remained similar to these 
in rrevious years despite declines in the number of !!_. montanus. 

Mustela ~minea: Two males were caught incidental to vale trapping and one 
was taken .in the samp1e line. No female was obtained in 1985. 

Conclusions 

Krel:s and Myers (1974) concluded that there is a general pattern in rnicrotine 
demography in which breeding ceases earlier in years of very high density. 
Making short-term samples of M. montanus in proximate populations within a 
few weeks in October, 1983 and again in October, 1984 demonstrated that 
variability in the length of the breeding season can occur in the same year at 
high densities and that it is correlated with the q:>erational sex ratio. Again, in 
1985, sampling a number of populations showed the "breeding season" to be of 
variable duration. The lack of correlation at the lower densities between 
indicators of the operational sex ratio and continued breeding could be due to 
decreased contact between reprOductively active adults (Jannett., 1984a). 
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:INVENTORY OF AND REHABILITATION RECOMMENDATIONS FOR srrES 
DISTURBED BY MODERN MAN'S ACTlVITIES 

Objectives 

IN GRAND TETON NATIONAL PARK 

E. Durant McArthur 
Stephen B. Monsen 

Shrub Sciences Laboratory 
Intermountain Research Station 

USDA Forest Service 
Provo, UT 

A. Clyde Blauer 
Division of Life Sciences 

Snow College 
Ephraim, UT 

Thls study has four principal o~ctives. The first was to locate and map the 
majJr areas in the Grand Teton National Park and the Rockefeller Memorial 
Parkway that have been disturbed or altered from their natural condition by 
modern man's activities. We were particularly concerned with those lands added 
to the Park in 1950 and up to the :t:resent. 

The s=cond obj:ctive was to document the nature and extent of the disturbance 
at each site, including date of disturbance and the histor:ical context in which 
the disturbances occurred. 

The · third objective was to evaluate disturbed sites for cultural resource 
significance, whether or not artificial measures are needed to restore the sites 
to acceptable natural conditions, and how well they have progressed toward 
satisfactory restoration since they were disturbed. 

The final obj=ctive was to develop general guidelines and site specific plans for 
restoring or rehabilitating disturbed sites using information from the s:::ientific 
and applied management literature and information that can be obtained from 
the disturbed sites themselves as to expected rates of natural recovery and the _ 
effectiveness of artificial measures that have been used previously. 

Methods 

A preliminary survey was made of the Grand Teton National Park and the 
Rockefeller Parkway to identify disturbed areas and to select those for sb.Idy. 
Consultation with Park personnel (MarShall Gingery, AE&. Superintendent; 
Robert Wood, Resources Management Specialist; Pete Hayden,. Biologjst; and 
William Barmore, Research Biologist) aided materially in making the final site 
selections. 
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Sixteen areas ~.vere reJected for study. Eleven of these areas had been used for 
farming or ranching and had rec¢ved considerable disturbance. The remaining 
five areas, relatively undisturbed by modern man, · were selected for comparative 
purpc:6€S to show the contrast between vegetation on the disturbed sites versus 
the more nab.lral plant communities of the undisturbed sites. The disturbed sites 
were selected to represent various degrees of disturbance and length of time 
since disturbance. 

The sixteen study areas were plotted on topographic and orthophoto 
quadrangular map:;, aerial photographs and on the 1968 1:62500 scale Geological 
Survey map of Grand Teton National Park. 

Information on the history of the study sites was obtained from land status map3 
and from .interviews with pertinent Park personnel and former land owners • 

.Each study area was subdivided into five or more fairly equal sections 
depending on the size of the area. A line of 50 m length was established by 
random starting p:llnts and random direction .in five of the sections of each 
sb.ldy area. In study areas with more than five sections, five sections were 
randomly selected for study. The vegetation along the lines was analyzed by 
using a one meter &JUare quadrat which was laid on alternate sides of the tape 
every 5 m starting at 0 m. Thus, 10 quadrats were "read" for each line. The 
number of individuals of each species within the quadrat was recorded. For 
rhizomatous species, 10 meter square samples from cl.a3ed stands were sampled 
by counting each stem. A visual estimate of the area of the quadrat covered by 
the canopy of the species was also made (Daubenmire 1959). The fallow.ing seven 
cover classes were used: o-1%, 1-5%, 5-25%, 25-50%, 5Q-75%, 75-95%, and 
95-100%. The species were identified and cl.as3ed as annuals, biennials, or 
perennials and whether they were native to the Park, native to North America, 
or alien following Hitchcock et al. {1955-1969), Cronquist et aL (1972-1984), and 
Shaw (1976). The cover classes of litter, rock, bare ground and cryptogams were 
recorded along with the asi_)eC't., slope, and direction of each line. 
Representative photographs were taken of the vegetation of each study site. 
The plant data will be analyzed for each species for the following 
characteristics: relative density, percent cover, relative dominance, frequency, 
and importance value (Cox 1967). Growth form (annual, biennial, perennial), and 
life form (herb, shrub, tree) have been recorded. Similarities will be determined 
first by pairwise group comparison tests (Woolf 1968), and then by cluster 
analysis (Ruzika 1958; Sokal and Sneath 1963). 

Soil data from each site will be treated in the same manner, i.e. subjected to 
pairwise comparison and to clru:,"ter analysis. 

In addition to data collection we made a reconna.:isxmce trip to each site to 
determine poosihl e rehabilitation options. 

Results 

Quantative analyses have not been made, but the data .is organized so that task 
can be accomplished. On a qualitative bases, the data .is organized and :is being 
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provided to Grand Teton National Park officials simultaneously with this rep:rt. 
our 16 sites (Table 1) range in size from about 30 acres to well over 2,000 
acres and support from 8 to 74 species. Sites had as low as 2.1 percent to as 
high as 56.2 percent introduced plants. We inventoried and collected 215 species 
of vascular plants on our study sites including 42 grasses, all perennial and 78.6 
percent native; 11 grasslike species, all perennial and native; 146 forts, 16.0 
percent annual, 4.2 percent biennial, 5.6 percent biennial-perennial; 74.3 
percent :[erennial, and 84.7 percent native; 15 native shrul:s; and one native 
tree. Herbarium specimens are deposited in the herbaria of Snow College and 
the Shrub Sciences Laboratory. We collected seven taxa that are new records 
for Grand Teton National Park (Table 2). ·we ob:ierved, but did not collect, 
another plant, intermediate wheatgrass (Agropyron intermedium) on rome o1d hay 
fields, most notably the Cottonwood Creek hayfie1d. Finding thls species in the 
Park area is not unexpected (Beetle 1977). Of these eight new plants, three are 
not native. The analysis of our synecological data will provide the basis for an 
exami.riation on s=condary succe:sion in Jackson Hole to publish in a 'scientific 
purnal article. 

soils for each site were located in the "Soil Survey of Teton County, Wyoming, 
Grand Teton National Park Area" (Young et aL 1982). Soil samples were 
collected from each study site and will be analyzed for phCGphorus-bicarbonate 
extraction (Olsen et aL 1954); cation exchange capacity, potassium, calcium, 
and magnesium-ammonium acetate extraction (Schallenberger et aL 
l945);calcium carbonate-e o2 evolution, pressure calcimeter (Black 1965); iron, 
zinc, copper, and manganese-modified D.P.T.A. extraction (Lindsay et al. 1978); 
pH-saturated paste (Schofield et al. 19 55); total nitrogen-micro K j2.1dahl 
(Bremner et al. 1960); texture-Bouyoucoo hydrometer (Bouyoucoo et aL 1926); 
percent gravel-sieve (American Society for Testing Materials 1961). 

We have drafted a p1an for Grand Teton National Park officia1s to consider in 
possible rehabilitation treatments of the disturbed study sites. This plant, 
including alternative treatments, was provided simultaneously with this report. 

Conclusions 

The data collected, when completely analyzed, will show rates of secondary 
succession in several big sagebrush communities and a krlgepole pine community 
in Jackson Hale. Procedures are available to return disturbed communities to 
:more nab.lral states, but some of those procedures may not be acceptable in the 
National Park setting. Two ancillary documents provide support .for these 
conclusions and were provid~ to Grand Teton National Park officials. 
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Table 2. New species found at Grand Teton National Park, Summer 198S. 

Collection II 138 

Collection /!ISS 

Collection 11174 

Collection 11212 

Collections 11228 
and 244 

Collection 11280 

Collection 1/362 

Centaurea montana L. (mountain bluet). Alien from 
Europe growing in old ditch near disturbed lodgepole 
area, 3-Rivers Ranch. 13 July (not listed in Shaw 
1976. Keyed out in Bailey's "Manual of Cultivated 
Plants", Bailey 1949). 

Alisma gramineum Gmel. var. angustissimum (D.C.) 
Hendricks (water-plaintain). Growing on exposed bed 
of Jackson Lake in mud. North of Leek's Marina. lS 
July. (Note listed in Shaw 1976. Keyed out in 
Hitchcock et al. 1955-1969). 

Sanchus uliginosus Bieb. (sow thistle). Roadside 
weed along Gros Ventre Rd. in south end of Mormon 
Row. Alien from Europe. 25 July. (Not listed in 
Shaw. Keyed out in Hitchcock et al. 1955-1969). 

Astragalus convallarius Greene (timber poisonvetch). 
From former dry farm area now reverted to sagebrush. 
North side of section 35 next to Clark Moulton's Dry 
Farm. 26 July. (Not listed in Shaw 1976. Keyed out 
in Hitchcock et al. 1955-1969. 

Chrysothamnus viscidiflorus (Hook.) Nutt. ssp. 
puberulus Hall and Clements (hairy low rabbitbrush). 
Sagebrush flat in section 34 of Mormon Row. 29 
July. (Not listed in Shaw 1976. Keyed out in 
McArthur et al. 1979). 

Rumex occidentalis Wats. (western dock). 
Grass/sedge meadow of Buffal~ Pasture in Jackson 
Wildlife Park, National Environmental Study Area. 
(Not listed in Shaw 1976, keyed out in Hitchcock et 
al. 1955-1969). 

Lepidium virginicum 
Hitchcock (Virginia 
forest, Huckleberry 
Parkway. 16 August. 
out in Hitchcock et 
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L. var. pubescens (Greene) C. L. 
pepperweed). Lodgepole pine 
Hot Springs, Rockefeller 

(Not listed in Shaw 1976, keyed 
al. 1955-1969). 
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TAXONOMY AND ECOLOGY OF ECTOMYCORRHIZAL MACRo
FUNGI OF GRAND TETON NATIONAL PARK 

Obj:ctives 

Kent H. McKnight 
Bi.osystematics and Beneficial Insects Institute 

· Agricultural Research Service 
U.S. Department of Agriculture 

Beltsville, MD 

Kimball T. Harper 
Brigham Young University 

Provo, UT 

and 

Karl B. McKnight 
St. Lawrence University 

Canton, NY 

The research underway is directed toward 3 primary obj=ctives. The first is to. 
inventory and document the presence of the species of macrofungi growing in 
Grand Teton National Park and environs. Detailed descriptions are written for 
new and uncommon species. A second obj=ctive is to appraise the role of 
macrofungi in the Park ecosystem and the third is to prepare keys, illustrations, 
and descriptions for as many speciES as ~e. 

Methodology and Results 

No field studies were carried out in the Parks during 1985 but significant 
progreg3 was made toward Obj=cti.ves 1 and 2 above through continued work on 
previously collected specimens and · data in two areas: 

1. Taxonomic work on collections made earlier included use of thin-Jayer 
chromatography, SEM, and modern statistical analyses. Critical study of species 
of the ectornycorrhizal genus Cortinarius Fr. · Subgenus Leprocybe Mos. are 
reported in a manuscript now in preparation which will be the first report on 
Leprocybe for North America. Previously species of this subgenus have been 
included in Section Telamonia or Inaloma of Cortinarius or in the genus 
Gymnopilus. 

The following species oE Cotinarius Subgen. Leprocybe not previously rePOrted 
from Wyoming are added to the species inventory of the area: C. callisteus Fr., 
~· flavobaS3lis ined., ~· snbalpinus ined., ~· zinziberatus Fr. var. longjpes ined. 
Cortina.rius renidens . Fr. was found to be the same fungus as that reported .by 
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American authors as Gymnopilus terrestris Hesler. 

This subgenus of Cortinarius contains the highly toxic and dangerous C. 
orellanus (Fr.) which, although not yet reported from the Park area, is to be 
expected there as it has been found in the Uinta Mts. of Utah and Wyoming and 
from the Pacific Northvlest. Other Leprocybes p:.-eviousl.y reported from the 
study area .include Cortinarius ahsii McKn., ~- gentilis (Fr.) Fr., and ~
raphanoides (Fr.) Fr., making a total of 12 from the study area. 

2. Further analysis of fungus tissue Cation Exchange Capacity ( C EC) used 
the same methodology as in the previous :report (McKnigh~ Harper, & McKnight, 
1985). The preliminary results of mineral and C"EC analyses for &ills and fungi 
suggested that differences in mineral cation uptake between species of fungi 
were due to differences in cell wall CEC. To establish that the CEC 
differences between fungal species which we had noted were not due simply to 
C E C differences in the affiOC:i.ated soils, additional fungus specimens of each of 
the 18 species were analyzed, these havmg been taken from different sites. 
Although the s=cond set of analyses are not all completed the results to date do 
not show a significant difference in fungal cell wall CEC values in samples of 
the same species from two different sails. This lends support to the hypothesis 
that CEC is a species characteristic not strongly modified by local environment. 

Wacquant (1977), Woodward, Harper, · and Tiedemann (1984), and others have 
established that vascular p1ant root selectivity in cation atsorpti.on is governed 
by rootlet CEC. Inasmuch as rootlets are frequently encased in mycorrhizal 
fungal hyphae, our data demonstrating that fungal cell-wall C EC is a species 
characteristic and not a function of local soil conditions suggests a fundamental 
explanation of the mechanism of selective . mineral uptake by plants. This leads 
to the further suggestion that one could propagate tissue of a selection of 
ectomycorrhizal fungal species and through use of sterile cultures for tree 
seedlings form known mycorrhizal partnership; that are able to optimize uptake 
of spec:ific ions. 
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Obj?ctives 

ACOUSTIC BEHAVIOUR ll~ CYPHODERRJS STREPITANS 

Glenn K. Morris 
Department of Zoology and Erindale College 

University of Toronto 
Ontario 

Cyphoderris strepitans, is a primitive arthopteran which survives only in the 
mountains of Wyoming and CalDrado (Morris and Gwynne 1978). The males rub 
their forewings together to pr-oduce a calling song. This stridulation is presumed 
to function, as in other acoustic Orthoptera, in attracting conspecific fema1es 
for mating and in maintaining a broadcast territory around each singer. 

Because oE the unusual mating habits of this species, which involve the female 
feeding upon and wounding the male's hind wings (Dodson 1984), a male's history 
can be determined by inspection. This has allowed assessment of male mating 
success in fie1d populations. We have discovered that once a male of C. 
strepitans has mated, he becomes much 1£$ likely to experience a second 
mating (Morris 1982). The breeding population rapjdly develop:; two classes of 
males, virgin and non-virgin, one c£ which is doing very much better than the 
other at mating. Since males provide females with a sul::stantial nuptial food 
gift, a spermatophylax, in addition to the underwing mater:i.al, and since mated 
males may be compromlsed in the quantity and quality of their sul::sequent gifts, 
selection should have favoured females that identify and p:rir preferentially with 
virgin males. The ma:Pr objective of our current research is to discover the 
function oE male calling song in virgin male mating success. 

We can erect several hypothEEeS as to the role of the calling song in the 
differential mating success of virgin and once-mated males. The simplest 
pa:sihility is that males sing · sul:stantially J.egs after having mated (Hypothesis 
1). Another mechanism could involve females exercising active choice 
(Hypoot:hesis 2): since it is reasonable to expect that wounding of the 
underwings will affect the physical structure of the song generated by the 
ovedy.ing forewings, females cou1d choose to asEOciate with a preferred partner 
by responding only to physical features of the song diagnostic of virgins. lt. is 
also necessary to consider a song diagnostic of virgins. It is also necessary to 
consider a third hypothesis: that male interactions, for example, the aggreSsive 
displacement of rivals from sites favouring access to females, could be the basis 
of the ob3erved differential male success, with females consorting passively. 

Another and more general obj=ctive of o.rr research is to discover ma:Pr · 
features in the mating system of _f.. · .strepitans. The exact location of the 
overwintering b.rrrows of these insects remains a mystery, but one reasonable 
pos:rlbility js that the burrows are clumped together in particularly suitable soU 
habitat. If females mate on emergence, then males might maximize their mating 
opportunities by establishing singing territories as near as pa:sihle to burrow 



aggregations. Under these conditions one would expect to ol:serve that mating 
events are geographically clumped. Since Cyphoderris adults undergo little net 
displacement on a given nigh~ finding a male with freshly wounded wings or a 
female with an attached spermatophore can be taken to reveal the site of a 
mating as effectively as actual interception of a copulating pair. In 1985 we 
attempted to locate and map the sites of fi.e1d matings. 

To summarize, we had three specific obj=ctives in 1985: in a singing activity 
experiment we tested hypothesis 1: whether virgin mating success is correlated 
with greater singing activity by virgins. In a phonotactic study we attempted to 
test hypothesis by demonstrating a) that females are attracted to male calling 
song and b) that females so attracted will discriminate in favour of virgin over 
non-virgin song. In a field distribution sb.ldy we · mapped the geographical 
distribution of freshly-wounded, i.e. just mated, males. 

Methods 

Singing activity experiment 

Beginning May 20, 1985, adult males of ~· strepitans were collected from 
habitat near Deadman's Bar in Grand Teton National Park. (They were not taken 
from the sb.ldy area, see below). These males were classified according to the 
state of their metathoracic wings: unwounded, freshly wounded, and with old 
wing wounds. Four individuals were selected in each category for a total of 12 
insects; the;e were caged individually and their singing activity monitored over 
the succeeding four nights. Each of 12 electret microphones was connected to a 
custom built microprocessor unit (Cade and Wyatt 1984); this device transferred 
data to a teletype. 'J:ihe microprocessor censused each microphone for input at 
intervals of 4 s, summed all active .intervals to determine total singing time, and 
caused the teletype to print singing activity :in decimal hours every 15 mins. At 
the completion of four nights of monitoring, a new complement of insects was 
collected in the field. 

Phonotactic experiment 

Adult females were collected from habitat :in the vicinity of Deadman's Bar (but 
not from the sb.ldy area, see below) on reveral nights during the course of the 
reproductive season. These were maintained at the Center and ultimately 
transported to Toronto, Canada, where they were tested for phonot~ctic 
responsivenESS in a series of playback trials. Two speakers \vere placed 120 em 
apart, facing each other. Six petri dishes, each containing a female, were lined 
across the arena diameter EqUi.distant from the speakers. The dish lids were 
removed and p1ayback of male oong begun from one of the speakers selected at 
random. Playback oontinued for 30 min or until all insects had walked from the 
_petri dish to cross the arena circumference. The point of each .individual's exit 
was noted as was latency to locomotion and the total time spent .in walking. 

Field distribution study 

At the Deadman's Bar site, a rectangular area of about 1.2 hectares was marked 
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by stakes and searched systematically on each night of the peak breeding season 
(May 22 - May 28). Searching began about 2200 hr, 30 min after normal singing 
activity was underway. The locations of adult females and of males with freshly 
wounded wings were marked with dated surveyor flags. On the final night (May 
28), a more comprehensive census was completed: the locations of adult virgin 
males, adult non-virgin males with o1d wounds and of nymphs were flagged in 
addition to these of the adult females and newly wounded adult males. 

Results 

Singing activity experiment 

The incidence of stridulation in the three classes of males is presented in Table 
1. These data were transformed by long (X + 1) and subjected to a one-way 
analysis of variance. Bartlett's test (2 df) sul:Rantiated that the sample 
variances of the transformed data were suitably . homogenous (Chi--s:}Uare = 
2.895; 0.1 < p < 0.25). At the 5% level we were unable to reyct the null 
hypothesis that the population means for the three classes of males (unwounded, 
recently wounded and past wounded) are identical. But the probability of an F 
value this high (F = 2.75) under the null hypothesis is only 7.5%. 

Phonotactic experiment 

Of the 37 females tested for phonotactic responsiveness to conspecific calling 
song, 21 (approximately 60%) had sperm in their spermatheca and had therefore 
mated p:ior to capture. The pattern of exits of these mated females from the 
arena is depicted in Figure 1; it does not differ significantly from that to be 
expected under a null hypothesis of no acoustic effect. Corrected for 
continuity, df=l, chi--s:}Uare = 0.95, (0.25 < p < 0.50). The exit pattern of the 
remaining 16 unmated and therefore presumably sexually receptive females is 
presented in Figure 2. Once again the exits occur without regard to the . 
location of the speaker. Chi--s:}Uare = 0.38, df=l, (0.5 < p < 0. 75). A 
sul:stantially higher proportion of mated than unmated females failed to exit 
during these trials. 

Field distribution study 

Only a preliminary examination of these data has been carried out. Figure 3 is a 
map aE the locations where males with freshly wounded wings were discovered 
during the 7 nights that incorporate peak breeding activity. There was no 
dramatic clumping of mating sites within the sb.Idy area such as one might 
expect iE emerging receptive females were confined to a limited region. 

ConclusiDns 

With regard to the singing activity experiment, we are very close to 
establishing a significant relationship between mating history and stridulation 
incidence. Such a result. would l::e consistent with hypothesis 1. The phonotacti.c 
experiment allows us to conclude that females with stored sperm exh.:ibit. no 
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Figure 1. Exit distribution of rna. ted g_. strepi tans females. 

Figure 2. Exit distribution of UI1ffi3.ted C. strepi tans females . 
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attraction to the calling ::nng of a conspecific male. This is consistent with the 
behaviour of some other acoustic Orthopt.era, e.g. Orchelimum gladiator (Morris 
et a1.. 1975): once mated, the female's phonotactic response is extingUished. 
However the lack of phonotactic response by unmated _f.. strepitans females is 
puzzling. Even with a protracted 30 min presentation of calling oong, 16 mature 
females which Jacked sperm showed no tendency to approach the song of a 
calling male. This unexpected result is not in accordance with the behaviour of 
other acoustic Orthopt.era. Given this rutcome il:. was cf. course not p:s:;ible to 
compare female preference for virgin over non-virgin song and to address 
hypothesis 2. The observed distribution of matings obtained in the field 
distibution study does not awear consistent with the hypothesis that females 
emerge and mate from clumped · overwintering l:m:rows. 
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Objectives 

THERMOPHlLIC AND PATHOGENIC AMOEBAE 
FROM HOT SPRINGS IN WYOMING 

William D. O'Dell 
Department of Biology 
University of Nebraska 

Omaha 

and 

Robert F. Ramaley 
Department of Bk>chemlstry 

University of Nebraska Medical Center 
Omaha 

The long range goal of this research :is to document the occurrence of 
pathogenic amoebae in thermal habitats that have been altered or disturbed by 
human activity. Immediate goals for this year included the development of 
reliable methods of detection for use in the fie1d, the determination of the 
incidence and p:-evalence of thermophilic Naegleria in selected hot springs of 
Wyoming, and the investigation of };X)t:ential natural sources of Naegleria. In 
addition, we initiated a cooperative project with Dr. A. J. Pinter to document 
the endoparasites of small mammals of the Grand Teton National Park. 

Methods 

The research .is divided into two distinct phases. The first phase is the 
collection of samples, isolation . and the preliminary identification of 
thermophilic/pathogenic Naegleria. •rhe second phase :is the more conventional 
laroratory sb.ldi.es to characterize the .isolates and to perform microbiological 
and biochemical studies on these .isolates of particular interest. Only a summary 
of the methods will be .included here since a more detailed description may be 
found in the· propaxll. 

The primary study site was the Huck:1eberry Hot Springs located just north of 
the Grand Teton National Park. The site consists of several springs that flow 
into Polecat creek. Additional sites included commercially deve1Dped spdngs 
such as Astoria Hot Springs and Granite Hot Springs as well as the undeveloped 
Kelly Warm Springs. 

Isolation of Naegleria was accomplished by fil.teriilg water samples and placing 
the filters on the surface of non-nutrient agar plates that had been spread with 
a suspension of bacteria used as a food source. The plates were incubated at 
45C and ohserved daily for the presence of amoeba plaques. When plaques 
appeared, a piece of agar with the amoebae was removed and transferred· to a 
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tissue culture flask C'Ont.aini.ng 3.0 mL of sterile dist:illed water. These flasks 
were incubated at 37 C and ob:ierved at 2, 4 and 24 hours for the presence of 
flagellates. The flasks permitted ol:servation of the morphology of the amoebae 
and the determ.ination of the presence of flagellates without the need for 
preparing slides. 1t. also serves well as a convenient transport container. 
Amoebae r-,olated at 45C and forming flagellates at 37C are considered to be 
Naegleria. Soil and algal mat samples were treated in the same manner except 
that appropriate dilutions were made in sterile dist:illed water before spreading 
aliquots directly on the bacteria-seeded agar plates (2). 

The isolates were initially identified on the 1:Bsis of accepted morpha1ogical 
criteria. However, amoebae that appear morpha1ogically ident:ical, frequently 
demonstrate very diverse physi.ological and biochemical characteristics. 
Differences in some of these characteristics may be sufficient to recognize 
distinct strains or in some · instances different species. Characterization of 
isoenzyme patterns is a widely used technique for the specific mentification of 
these amoebae (1). This analysis also }'?ermits us to compare cor new .isolates 
with other isolates from many sources. This method of biochemical 
fingerprinting will tell us if the isolates are unique or if they are part of a 
coomopolitan species rustribution. 

A number of .isolates have already been successfully adapted to various axenic 
(bacteria-free media as a first step in the characterization of the isoenzymes. 
The cells were harvested from the axenic media and divided into two samples. 
One $IDple was frozen for storage to maintain the strain while the other 
sample was lysed and then frozen until use in the isoem zyme analysis. The final 
identification by :isoemzyme analysis should be completed in the Spring of 1986. 

During the summer of 1985 we examined the intestinal contents of six animals, 
five Microtus montanus and one gopher, that were live trapped as part of a 
continuing study of small mammal populations in the Grand Teton National Park 
conducted by Dr. A. J. Pinter. The intestines were preserved in 10% formalin 
and the contents examined by phase contrast microscopy in wet mount 
preparations. 

Results 

A summary of the preliminary :identification of the .isa1ates based on 
morpha1ogical characteristics is shown in Table 1. Naegleria is the moot 
frequently encountered genus in water samples where it accounted for 71% of a 
total of 158 i.salates and in soil samples where it represented 42% of a total of 
98 isolates. With the exception of the samples taken from an unnamed spring on 
Polecat Creek, the newly described thermophilic amoeba.e, Willaertia magna was 
isolated only from soil samples in the United States. Species of Acanthamoeba, 
Hartmannella and Echinoamoeba were jga]ated primarily from soil samples or 
from water samples at lower temperatures. No amoeba.e were jga]ated from the 
swimming ~ at Astori...a Hot Springs or from Kelly Warm Springs. 

Initial examination of the intestinal contents of the voles and gopher failed to 
demonstrate any parasites. However, suh:iequent examination of the intestinal 
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Table 1. Amoeba :isolates from hot springs. 

Temp 
Site (C) Naegleria Vahlkampfia Willaertia 

Huckleberry Hot Springs 
Swimmi1g Pool 31 6 <1 <1 
Art.ific:ial Pool 40 21 <1 <1 
Creek 35-39* 17 1 <1 
Runoff Channel 45-46* 29 <1 <1 
Sail/Art.ific:ial Pool 2 2 <1 
Soil/Runoff Channel 30 1 7 

Granite Hot Springs 
Sediment Pool 40 1 <1 <1 
Swimming Pool 37 <1 <1 <1 
Runoff Channel 36-37* 4 1 <1 

Polecat Creek Springs 
Unknown Spring 44 5 . 3 1 
Art.ific:ial Pool # 1 41 3 7 1 
Art.ific:ial Pool # 2 34 4 4 1 
Creek 21 <1 <l 
Campground Springs 45 3 <l <1 
Campground Runoff 

Channel 44 9 <1 <1 
Campground Artificial 

Pool 43 10 <1 <1 
Soil/ Campground 

Artificial Pool 9 4 8 

*Data combined from two samples 
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muca:ae, revealed a heavy infection of Giardia sp. as well as an .isol_X)tClll in two 
of the voles and in the gopher. Careful re-examination of the .intestinal 
contents failed to show either trophozoites or cysts of Giardia. 

Conclusions 

We · have modified ~"ti.ng methods (1) to develop a relatively fast and simple 
technique for the field isolation and identification of thermophilic amoebae. 
When this method is applied to water and soil samples from hot springs, 
Naegleria sp. are the moot frequently .isolated amoebae. Specific identification 
of the isolates by .isoenzyme analysis will allow us to .identify pathogens and to 
determine the potential of human e.xpcsure to these organisms. 

More study will be necessary to determine the significance of the presence of 
Giardia in vales and gophers to both humans and to populations of these small 
mammals. · 
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Objectives 

ANALYSIS OF THE RELATIONSHIP BETWEEN 
NATURAL DISTURBANCE AND VEGETATION PATTERNS 

lN CASCADE CANYON, GRAND TETON NATIONAL PARK 

Robin Patten 
Department of Botany 

· University of Wyoming 
Laramie 

The steep-walled valleys of the Tetons are su~ct. to frequent · natural 
disturbances, including avalanches, rockfall, and debris flow. The vegetation 
patterns of these valleys are a function of these disturbance events, with the 
distribution of the community types being controlled by both environmental 
factors and the disturbance regime. This pro~ct. will analyze the relationship 
between disturbances and vegetation patterns in order to determine how the 
type, frequency, and magnitude of . disturbance affects vegetaqon. This 
information should lead to an understanding of how vegetation patterns are 
created and how they change through time. 

The research is designed to create a dynamic computer model of vegetation 
patterns in the Teton valleys, predicting changes in the vegetation pattern 
through time. This should determine whether the landscape is stable, constantly 
changing, or if it exists in a shifting ~m which maintains a certain 
amount of coverage by each vegetation type. 

The sum mer of 1985 was used to gather enough information to create a rough 
mod~ to be refined in later stages. Three goals were set: (1) to map and 
classify vegetation, (2) to describe and locate disturbances, and (3) to determine 
what environmental factors need to be considered in the model. In general, the 
summer work succeeded in meeting these goals. 

Methods 

After general reconnaissance of the rnapr Teton valleys, it was decided to limit 
detailed research to Cascade Canyon, an area representative of the vegetation 
patterns found in other valleys. Vegetation data were initially collected through 
detailed mapping of small areas and subsequent sampling using a line intercept 
techrllque to_ find species coverage. This method proved to be too slow and site 
specific and failed to provide the broad analysis needed to model a large area. 

The same .ideas were then applied on a broader ~ale. A l.es3 detailed map was 
sketched for the four mile east-~est portion of Cascade Canyon running from 
the mouth to the mail) fork. This map located mapr ·vegetation types and areas 
of disturbance in the valley. The apparent vegetation communities were then 
sampled using a Braun-Blanquet -<1932) cover-abundance scale to record the 
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species coverage. Environmental factors including topography, available 
mcristure, and sul:strate quality were recorded at each site. A total of 
one-hundred and twelve sites were sampled. 

These da.ta are now being analyzed in order to produce the desired modeL The 
first step will be to classify the vegetation into community types, a process 
done with the aid of computer packages such as BMDP and SYSTAT. Secondly, 
environmental fa~LOrs will be used to cluster sites into environmental types. The 
vegetation com muniti.es, environmental site types, and disturbances will be 
correlated and mapped. This should determine the relationship between the 
disturbance regime and the existing vegetation pattern, leading to a static 
model which will represent the existing vegetation in a highly cllsturbed area. 

Results and Conclnsions 

Preliminary results indicate a direct relationship between the disturbance 
regime and the present vegetation pattern. In order to create a dynamic model 
showing how this p3.ttern changes through time, more research needs to be done. 
The summer aE 1986 will be used to determine the frequency of occurrence for 
different disturbance types and to obtain information on the rate of vegetation 
succession fallowing disturbance. These data will be built. into the dynamic 
model that shows changes in vegetation through time. 
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EFFECTS OF ENVIRONMEN1rAL VARIABLES ON SOME PHYSIOLOGICAL 
RESPONSES OF MICROTUS MONTANUS UNDER NATURAL CONDITIONS 

Objectives 

Aelita J. Pinter 
Department of Biological Sciences 

University of New Orleans 

Cyclic fluctuations ill the population density of microtine rodents have been 
known since antiquity. However, factors responsible for this phenomenon are not 
known. 

The obj=cti.ves of this long term study are e:Eentiall.y three-fold. First, to 
characterize those environmental variables that might affect Microtus montanus 
in different seasons of the year. Second, to record the growth, maturation and 
reproductive activity of the voles under natural conditions. Third, to determine 
the maturational as well as the s=asonal pelage changes of these rOdents. The 
data resulting from the execution of the above obj=ctives would ~ correlated 
in an attempt to determine the causes underlying th._e multiannual fluctuations in 
the population density of these microtine rodents in Grand Teton National Park. 

Methods 

Microtus montanus were livetrapped and sacrificed as scx::m as pcs3ihle after 
capture. Age EStimation for all animals was based on weight, total length, and 
pelage characteristics. Reproductive organs, the spleen, and the adrenal glands 
were collecL~ from the animals and preserved in· Lillie's buffered neutral 
formalin for further histological study. Flat skins were prepared from all -, 
animaJs. All tissues are currently being proce:Eed at the Department of 
Biological Sciences, University of New Orleans. 

In 1985 fie1d ob3ervations in Grand Teton National Park were carried out over 
two study periods: a spring study period (during the second half of May) and a 
summer study period (rnid~uly to mid-August). 

Results 

Probably the most significant finding was the discovery of a correlation 
between litter size in one year and population dynamics in · the -next. The 
exb--tence of .multiannual cycles in PJpulation density of Microtus montanus had 
been documented earlier. However, it was now discovered that litter size also 
exhibits multiannual cycles. The cycles in litter size, however, precede the 
cycles in population density by one year. Since the population density cycle 
tracks litter size cycles by one year, it was concluded that in any given year it 
is p-¥Sihle to predict population dynamics for the ensuing year. 1t. must be 
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emphasized that what can be predicted is the direction of the population 
density trend (an mcrease or decrease) for the following year. What cannot be 
predicted is the actual density that will be achieved. However, this .is to be 
expected. If litter size could predict the actual density, this would imply that 
all other factors (e.g., disease, predation, food quality and quantity) do not 
affect p:>pu1ation dynamics of these rodents. Common ~nse dictates that th.is .is 
obviously not tbe case. F'urthermore, ill this 17-year study there were two cases 
when rredictions made by litter size in one year did not materialize in the ·next. 
Although the prec.ise reasons behind these two exceptions are not entirely clear, 
it appears that each of the two exceptions was caused by a different factor. 
Det_;ills of these ol::servations have been submitted for publication. 

As usual, weasels ( M uste1a frenata and M uste1a erminea) entered the unbaited 
traps that had been set for Microtus. The population density of weasels in 1985 
was high, essentially the same as in the summer of 1984. 

A white spotted [X>Cket gopher (Thomomys talfoi.des) was once again trapped in 
the summer of 1985. This mutation was discovered in 1982. Three more mutant 
animaJs had been trapped in 1983, although none were obtained in 1984. The 
spotted pocket gopher of 1985 (a subadult) was trapped seven meters from the 
site that had yielded a mutant animal earlier. 

A cooperative study of the endopa.rasites of small rodents in Grand Teton 
National Park was initiated with Dr. William O'Dell. (University of Nebraska -
Omaha) in the summer of 1985. 

Conclusions 

In the montane vole, Microtus montanus, m ultiannual fluctuations are exhibited 
by both, population density and litter size. The fhlctuations in litter size 
precede the fluctuations in population density by one year. Consequently, litter 
size can be used as a predictor of the direction <increase or decrease) of 
p:>pulation dynamics in the ensuing year. It. .is hoped that these ol::servations will 
be useful .in p:rrts of the world where attempts are made to predict p:>pu1ation 
dynamics of these rodents in order to avert the tremendously high economic 
laEes they can cause. 
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MOUNTAIN PINE BEETLE INFESTATION: 
CYCLING AND SUCCESSION IN LODGEPOLE PINE FORESTS 

. 0 bjectives 

W. H. Romme 
Department of. Biology 

Fort Lewis College 
Durango, CO 

J. B. Yavitt 
D. H. Knight 

Department of Botany 
University of Wyoming 

Laramie 

J. Fedders 
Department of Biology 

West Virginia University 
Morgantown 

This work began in 1980 with the obj=ctive aE studying the effects of mountain 
pine beetle outbreaks in Yellowstone and Grand Teton National Parks and the 
surrounding area. The immediate effects of outbreaks · on stand structure have 
been documented (Roe and Amman 1970, Amman and Cole 1980), but little is 
known about long-term influences on ecosystem processes such as primary 
productivity, material cycling, and succession. Thus, our research deals with the 
effects of beetle outbreaks on (1) rates aE growth in surviving trees and total 
stand productivity, (2) dead woody fuels and fire risk, (3) forest succession, and 
(4) nutrient cycling. 

Methods 

To examine tree growth and stand productivity following an outbreak, we 
examined a chronosequence of ten stands affected by a mapr beetle outbreak 
from 1 - 20 years ago. We col1ected increment cores from surviving canopy, 
sub-canopy, and understory trees and measured mean ·annual ring width before 
and after the outbreak. We a1so sampled the density of the stands using belt 
transects and rnulHpl ied the annual bole volume increments of indivhlual trees 
(calculated from radius increments and heights) by the density of trees of 
various size categories to EStiinate total stand frOducti.vity before and after the 
outbreak. 

We used two approaches for examining changes in dead woody fuels. In the first 
approach, we sampled fuels in the above-mentioned chronosequence of ten 
Stands using the planar-intercept method (Brown 1974). Cf'he second approach 
involved simulating the addition and lcm of dead woody fuels through 
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beetle-caused mortality, background litter fall, and decomposition. 

Effects aE outbreaks on nutrient cylcing were measured through the use of 36 
tube-tension lysimeters (Parizek and Lane 1970) established in 1980 in two 
stands near West Yellowstone. We collected leachate during the snowmelt 
periods aE 1981, 1982, 1983, and 1984 and measured elemental concentrations in 
our laboratory in Laramie. 'l'hese data will be used with our stand-level 
hydrologic model for lodgepole pine forests (already developed} to estimate the 
magnitude of nutrient km associated with beetle ootbreaks. 

Results 

We have completed all of our data collection, and have finished all of the 
analyses except those with the 1ysimeter data. Preliminary results were 
presented in our progress reports for 1982 and 1983 published in the U W-NPS 
Research Center Annual Reports. We have now summarized our final conclusions 
on the effects of the beetles on tree growth and stand productivity in a paper 
to be published in April, 1986, in The American Naturalist (Romme et al. in 
press). We are presently preparing a manuscript on the effects of beetle 
outbreaks on fuels and fire hazard, which we plan to submit to an appropriate 
purnal in 1986. Once this p:iper is accepted for publication, we will assemble 
the two published papers along with some unpublished data, map:>, etc., into our 
final report to the U W-NPS Research Center. 

Conclusions 

Mountain pine beetle outbreaks dramatically alter stand structure and 
accelerate natural forest succession by selectively killing a large fraction of 
canopy trees, thus releasing understory trees from suppression. Total stand 
productivity decreases for arout 5 years, but usually returns to pre-outbreak 
levels or higher within 10- 15 years. Total dead woody fuel mass increases for 
at least 20 years after an outbreak, but nearly all of this increase is in the 
form of large tree boles which do not jgnite readily nor burn completely in most 
fires. Therefore, the overall effect of beetle ootbreaks on fire risk may be 
slight during the first 20 years, despite the very visible increase in large fuels. 
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EX OTIC PLANTS OF' 
NORTHERN ROCKY MOUNTAIN ENVIRONMENTAL ZONES 

Introduction 

Bryant Woods 
Tad Weaver 

Biology Department 
Montana State University 

Bozeman 

The Rocky Mountain· exotic p1ant pro~ct .is designed to determine (1) what 
exotics are capable of :invading disturbed sites :in mapr vegetational 
(environmental} zones of the Northern Rocky Mountains and (2) whether they 
are capable of invading near~ax cla:;ed vegetation in these zones. As an 
accessory activity we are determining (3) what natives are :invading the same 
d:isturbed zones since we hope to find, among them, species likely to be 
succe3Sful. on these sites and therefore species that might competitively exclude 
exotic :invaders. A second acce:sory p:ro~ct of interest to managers, but with 
lEss immediate scientific value, was designed to (4) record the present 
distribution of mapr weeds along roadsides of Grand Teton National Park as 
they were recorded in Glacier during 1983-84. 

Methods 

To determine the invasion capacities of exotic plants we have sampled majJr 
vegetation zones for exotics (and invading natives) (1) in constantly disturbed 
zones betweP_n high ways and adjacent ditches, (2) in heavily disturbed, but 
presently succeeding, sites acre&B the ditch, (3) in deforested, but otherwise 
little d:isturbed, sites between the road cut and adjacent near-climax vegetation, 
and (4) in the adjacent near~ax vegetation itself. These zones represent the 
range of d:isturbance types found in most habitats. We have studied zone 
(habitat series and type) invasio~uscept.ihility at roadsi.te sites because 
disturbed microsites suitable for establishment of invading species are available. 
We are studying invasion of native vegetation at adjacent sites because 
competitive effects there will be exhibited on a oockground of similar 
environmental conditions and .seed availability, i.e. the oockground conditions 
are well controlled. 

To record the present distribution of weed species in Grand Teton National Park 
we listed those exotics present at paints located at one-mile intervaJs along all 
mapr roads in the park. A comparable pro~ conducted .by C. Key and D. Lang 
in Glacier invOlved making species lists at paints spaced at l/3 m.ile intervaJs 
along mapr roads of that park. 
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Results 

We now have data on exotic invasion of disturbed and undisturbed sites in four 
of the six mapr environmental zones (.including eleven habitat types) listed in 
Table 1 and need more data from three regionally important types indicated 
there. The 57 sites sampled in 1984 and the 50 sites sampled in 1985 represent 
the Abies, Thuja - Tsuga, and Festuca zones well. In 1986 we hope to sample 
fifty or more additional stands representing the Tundra, Pseudotsuga forests, 
and Agropyron grasslands needed to support statements about exotic invasion in 
the region. To that end we have taken reconais:;ance trips along roads of Teton, 
Yellowstone, Glacier and intervening areas. 

Preliminary data suggest that our study will finally recognize the four groups of 
exotic species (Table 2). The :fust group occupies relatively warm-dry 
Festuca-Populus sites and further study is needed to determine its adaption to 
Agropyron grasslands of the foothills as well. The second appears in warm sites, 
wet or dry, and it seems likely that sampling to date may have adequately 
outlined its distribution. The distribution of species of the third moist forest 
zone .is r;robably well deliniated. A fourth group appears to be localized in the 
Abies zone but further sampling is required to determine its capacity to invade 
lower Pseudotsuga and higher Tundra zones. 

The capacity of the species which enter a zone to invade undisturbed 
vegetation .is indicated by the presence of the plant in undisturbed sites 
adjacent to infested roadside sites. Aggressiveness maps for 36 species 
appearing in Weaver and Woods (1985) include most but not all species we 
expect to identify in the Northern Rockies. Study of these· tables suggest that, 
at least in Glacier, introduced pasture grasses, Chrysanthemum leucanthemum, 
Euphorbia escula, and Centaurea maculosa are invaders deserving tight 
management. At the other extreme, species like Hordeum jubatum, Plantago 
lancealata, Pantago maj;?r and Veronica officinale are of little concern since 
they are apparently restricted to constantly disturbed sites. Incorporation of 
data from other areas and vegetation zones will permit us to appropriately 
magnify or temper our initial impressions of the aggressiveness of individual 
species. lt will also help us to identify invaders not yet in a region (e.g. Teton 
or Glacier), but likely to invade a zone there when they arrive. 

Exotic species might be controlled by quarantine; by continual elimination via 
cultivation, grazing or herbicide spraying; or by competition. lf we assume that 
the native invaders are also entering disturbed sites a list of maj::>r invaders 
may indicate species w hi.ch might be seeded as exotic-excluding competitors. 
Table 3 provides a preliminary list of the moot aggressive native invaders 
corresponding to each of the four exotic groups listed above. 

Conclusions 

Sampling conducted during the summer of 1984 in Glacier National Park showed 
that a sampling of "natural experiments" can tell us in what environmental 
zones mapr exotics can survive and whether they can invade native vegetation 
there. 
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Table .1. Progress in a sampling of: major veg~tation zones needed to 
forcast the exotic invasion of: s1te appearing in major 
environments of the Northern Rocky .Moimtairis. 

Vegetation zone 

Tundra 

Abies lasiocarpa 

Tsuga heterophylla 
and Thuja plica~ 

Pseudotsuga menziesii 

Festuca grasslands 

Artemisia tridentata 

Artemisia arbuscula 

. 3 Agropyron sp1caturn 

Habitat .. types studied and .location 1 ' 2 ' 3 

none, plann]<I for Glacier and The Beartooth 
Plateau 

Arnica cordifolia2 yaccinium scopariu2
1 Xerophyllum tenax, Clintonia uniflora 

Clintonia ~flora1 and Oplopanax 
horridum 

none, planned for Yellowstone 3 , .Glacier3 , 
and intervening areas 

F 'dahoe . . 2 estuca 1 nsls-Agropyron can1um 1 Festuca scabrella-Festuca idahoensis 

F 'dahoe . 2 estuca 1 ns1s 

. 2 Agropyron sp1catum 

lvegetation of Glacier National Park sampled in 1984. 

lvegetation of Grand Teton National Park sampled in 1985. 
3vegetation of Glacier National Park, Yellawstone National Park and 
intervening areas to be sampled in 1986. 
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Table 2. ID=atioo and agre9siveness of major eJtOtic plants in Glacier Natiooal Park. 
'lt'.e plant list: runs fran general invaders, to those rrost: cx::mron in grasslands, 
grasslands and dry forests, warm grasslands and forests, cool-dry forests only, ani 
warm rroist forests ooly. The environments were indicated by clinax camunities; 
additional data on plant relationships to degree of disturbance appear in ~ndix 
Tables 1-37. Tabular records give the highest recorded values of constancy (P) arrl 
cover (C) for each sp!Cies in each envirornrental t"(£:e. 

Species Envii'O'nlrentaltype 
Festuca Populus 

Aqrostis alba 
Brcuus inermis 
Centaurea ma.cu 
Cerastium vulgar 
Dactylis glater 

~lilotus alba 
Phleurn pratense 
Plantago major 
Poa ccmpressa 
Poa pratens is 

Ta:-:ncac..nn offic 
Tragopogon dubi 
Trifolium hybr 
Trif~lium prat. 
T:'i:oli'..!n ~roc 

AOTCOV'r'On reoen 
~ui;t'.lS of~i 
Al yssum alyss 
~i·:::ac;c sati.v 
Arabis glabra 

Ci::siurn arve 
Hor=e'..!!!l jubat~ 
Linaria 'r..llgaris 
Verbasc..Im thap 

Cirsium canaden 
Linaria dalmat 
Phalaris arund 
Rt..""t"eX acetosa 
Artemisia at:si 

Crrysanthemum leu 
Cirsium vulgaris 
Plantago lane 
Sile!:e -::-..:.c..1balis 

Trifolbm acrra 
Trifolium ret:ens 
Hvoeric..::n c:eti~r 
VerbaSC'..mt -of fie 

l 

i 

p c p c 

3 3 
6 2 
9 17 
4 0 
4 1 

1 0 
9 2 
4 0 
8 2 
8 4 

8 1 
4 0 
2 0 
1 0 
7 2 

9 
4 
8 
0 
1 

0 
10 

5 
10 

9 

10 
1 
6 
3 

10 

1 0 \ 0 
9 1 10 
5 0 1 
0 0 l , 

0 0 L 

3 1 9 
1 0 1 
2 1 0 
2 0 1 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
1 0 3 
0 0 0 
0 0 0 

9 
0 
5 
0 
0 

0 
7 
1 
6 
5 

12 
0 
1 
0 
3 

0 
4 
0 
0 
0 

2 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Abies-xero Abies-clin Tsuga-clin Thuha-oolo 
p c p c p c p c 

5 0 7 1 9 5 6 3 
8 8 10 6 6 7 5 10 
3 0 3 0 2 0 6 4 
2 0 0 0 4 0 0 0 
3 0 4 0 8 4 4 0 

1 0 0 0 0 0 2 0 
9 10 10 9 7 2 9 7 
2 0 7 2 8 15 7 3 
8 0 7 0 1 0 8 2 
7 4 7 3 9 13 9 4 

9 8 10 4 1 12 9 5 
4 0 2 0 0 0 4 9 
8 4 9 8 1 1 9 3 
6 6 2 0 7 5 9 3 
8 2 8 3 7 1 7 5 

0 0 0 0 0 0 0 0 
2 0 1 0 0 0 3 0 
0 0 0 0 0 0 0 0 
0 0 0 il 0 0 0 0 
2 0 1 0 0 0 0 0 

0 0 0 0 4 0 1 () 

0 0 0 0 0 0 1 0 
0 0 0 0 1 0 1 0 
0 0 0 0 1 0 6 2 

1 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 0 
1 0 0 0 0 0 0 0 

0 0 1 0 0 0 3 0 

0 0 2 1 7 5 9 6 
0 0 2 0 2 0 7 0 
0 0 1 0 4 1 l 0 
0 0 3 0 0 0 3 0 

0 0 2 0 4 0 3 0 
8 2 8 2 1.() 13 9 5 
0 0 0 0 l 0 0 4 0 
0 0 0 0 2 l 1 0 

Environrrent.al zones are indicated by climax ccmrunities (Pfister et al 1977 arrl 
~ggler and Stewart 1980) OCC'..:pying them. Festuca scabreLla-Fest:'.lca idahoensis, 
Pooulus trenuloide~. Abies lasiocaroa-Xeroohvllum tenax, Abies lasiocaroa-<:lintonia 
'.mi.flora, Tsuga heterophylla~lintcnia ilniflora, and 'nluja plicata~lopanax 
oorridum. Alpine ani drier grassland zones are to l:::e added. 

2 
Tabled constancy values (P) give t..'1e number of sites (out of ten) in t.l-te type in 

·Nhi::h t.."le plant was found and cover values give the highest percent cover recorded b 
any disturbance zone. Less corxiensed s'l.liTII'aries useful for exa'lti.ning the capacity of 
the exotics to canpete with natives in open or closed stands appear in a~ix tables. 
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~~le 3. ~ative s~ies mos~ aggr7ssiv7iy invading ~lac~er National Park.roadsi~es 1 

~ six envLronmental zones. SpecLes WLth broad altLtudLnal ranges are l~sted f~rst 
conifer forests. The and followed by those only found in grasslands and moister 

presence of each s~:eci3s is dictated both by a percent constancy figure (P} and a 
~rcent cover (C) figure • 

SpeCies environmental type 
Festuca 

Achillea mi11ef 
Agra!?~'"!"on can rr.. 
AgratJYrcn spic 
Anapha 1 is marg 
Antennaria rose 

ll.ster laevis 
carex spp 
Epilobium angust 
Epilobium pani 
Festuca idaho 

Festuca scab 
·Fragaria virg 
Rosa sop . 

gropyron can a. A 
As ter spp 

raniurn vise Ge 
Lu 'pinus arge 
Lupinus seri 
~nstem::m conf 
Potentilla grac 

Potentilla fruti 
E::!U i seturn arve 
A:..'l: i ca latifol 
Pinus contorta 

Cir::aea alpina 
Alnus sinu 
Geum macr 
Rubus parvi 
Salix spp 

p c 

9 1 
2 0 
5 2 
1 0 
4 0 

1 0 
3 0 
l 0 
0 0 
9 3 

6 0 
6 l 
8 3 
5 l 
6 1 

4 1 
1 0 
6 6 
6 0 
6 1 

5 l 
l 1 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 I 

Pop.llus 
p c 

10 2 
9 l 
l 0 
0 0 
0 0 

0 0 
3 2 
0 0 
1 0 
0 0 

1 0 
6 0 
4 1 
3 0 
8 4 

4 l 
5 3 
4 1 
3 0 
5 1 

1 0 
5 4 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
l 0 

Abies-Xero 
p c 

10 4 
6 3 
1 0 
4 0 
5 1 

7 3 
6 2 
4 0 
0 0 
2 0 

2 0 
5 1 
1 0 
3 0 
2 0 

l 0 
0 0 
5 2 
5 4 
4 0 

1 0 
0 0 
1 0 
2 6 

2 0 
4 0 
0 0 
0 0 
3 0 

I 

Abies-clin 
p 

9 
2 
l 
9 
1 

6 
3 
1 
6 
4 

3 
9 
0 
0 
0 

0 
0 
0 
0 
0 

1. 
0 
1 
1 

1 
0 
0 
2 
3 

c 

3 
1 
0 
2 
0 

5 
1 
0 
0 
1 

1 
4 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
2 

0 
0 
0 
l 
0 

Tsuga-clin 
p c · 

7 1 
0 0 
0 0 
7 1 
0 0 

5 2 
4 1 
0 0 
0 0 
0 0 

0 0 
10 5 
1 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
5 l 
0 0 
0 0 

8 1 
l 1 
7 9 
4 2 
l 0 

\ 

I 

Thuja-oplo 
p 

6 
1 
1 
8 
2 

2 
4 
3 
1 
1 

5 
7 
1 
0 
0 

0 
0 
0 
0 
0 

0 
2 
0 
2 

0 
2 
0 
3 
6 

c 

1 
0 
0 
0 
0 

1 
1 
0 
0 
0 

4 
3 
0 
0 
0 

0 
0 
0 
0 
0 

0 
l I 
0 
1 

0 
9 
0 
2 
1 

I 

I 
I 

1 The roadside zone described here included the shoulder aild both ditch slopes. These 
descriptions are suppbrted by tables si~lar to the exotic species tables appearing 
in appendix tables, but which are not presented here. 

2
Envirornrental zones are· indicated by clirrax carmunities Pfister et al. ~-977 and 

Mueggler and Stewart 1980), occupying then: Festuca scabrella-Festuca idahoensis, 
Po-pulus treruloides, Abies lasiocarpa-Xer~hyllum tenax, Abies lasiocarpa-clintonia 
uniflora, Tsuga heterophylla-clintonia uniflora and Thuja plicata-Qplopanax horridum. 

3 
Constancy is the ntJilt)er of sites studied (out of 10) at which the species was 

found. Cover tells the average percent of the ground covered by that species in that . 
site type; it rray appear lON if a species has high cover at a site familiar to the 
reader but absent from other sites in the type. 
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Sampling during 1985 in Grand ·reton National Park was concentrated in similar 
environmental zones since the most used (best roaded) parts of both Teton and 
Glacier National Parks are m the Abies-Festuca zone. W int:ertime analysis of 
the resultant data will better demonstrate (1) the variety of invading exotics, 
(2) their performance in a greater variety of related habitat types, and (3) the 
degree to which p1ants present in one part of the regmn haven't yet reached 
another. 

Sampling planned for the summer of 1986 will extend our conclusions to 
vegetation important in Teton, Glacier, and Yellowstone, but inaccessible to our 
sampling design. To find road sites suitable for the estimation of exotic plant 
effects in the extensive areas of the Tundra, Pseudotsuga, and Agropyron zones 
of the parks and the regmn they represent, we need additional samples roth 
from the alpine of Glacier and the Beartooth Plateau and the upper foot:hills of 
Yellowstone and similar areas between Yellowstone and Glacier. 

Literature Cited 

Weaver, T. and B. Woods. 1985. The exotic flora of Glacier National Park: a 
preliminary atlas. MSU Biology Report #37. MT State Univ., Bozeman, 
597171. 66 pp. 
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Jewel Cave National Monument (hence referred to as JECA) occupies 516 ha on 
the southwestern edge of the Limestone Plateau area of the Black Hills (Custer 
Co., South Dakota). Underlain by the resistant Pahasa.pa limestone 
(Mississippian), it is characterized by steep topography and deep canyons, with 
elevations ranging from roughly 1550 to 1750 m above sea leveL Ponderosa pine 
forest dominates the landscape. Much of the forest was logged at least once 
prior to b:ililg .incorporated into the Monument during a US Forest 
Service-National Park Service land swap in the early 1960's. Roughly one 
quarter section (the "old area") was p:rrt of the original Monument and has not 
been logged. 

Prior to 1985, studies of the vegetation and flora at JECA were limited to 
small projects by seasonal staff; this pr-oject was carried out to satisfy the need 
for more thorough baseline information. The primary objectives were two: to 
compile a flora (a list of vascular p1ants) of JECA, and to map plant 
communities pr-esent at the time of the sb.ldy. As well as serving as a baseline 
for resource management, this information will be useful for above-ground 
interpretation. Other benefits from the project .include an herbarium for the 
Monument, a wildflower checklist for visitor use, and several specific 
recommendations for management of the Monument's vegetation and flora. 

Methods 

The Flora Collecting began in early May and continued through early 
September, 1985. Specimens were pressed and dried, and habitat information was 
recorded for each. All specimens were identified at the Rocky Mountain 
Herbarium, University of Wyom.i'1g (hence referred to as the R M ). Collection 
data were entered into a microcomputer database from which checklists and 
herbarium Jabe1s were generated. Specimens were mounted and placed in the 
Monument herbarium,. with duplicates on file at the RM. Specimens collected by 
previous workers at JECA were examined, and annotated and remounted when 
necessary. 

Abnormally low rainfall hampered floristic work. Normally-common species were . 
rare or al:sent, and many individuals were dwarfed and did not flower. However, 
specimens already in the Monume.nt herbarium (175 taxa) helped compensate for 
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I;X>Qr collecting conditions. 

'I'he Vegetation As a first step in vegetation mapping, vegetation units were 
dc~limited on an aerial photograph and modif:ied through ground reconnaisance 
without sampling. Quantitative analysis was carried out in August. Three stands 
(when available) of each plant community type were sampled using quadrats 
located according to a stratified random dESign. Depending on the size of the 
stand, 10 to 20 quadrats were sampled. Nested quadrats of 50 s;I m, 12.5 s:.I m, 
and 200 9:I em were used to sample trees, shrubs and herl::s respectively. 
Circumference at breast height was recorded for trees (at least 40 ern in 
circumference) and saplings (at least 1 m tall) were counted by species. Cover 
class was noted for shrub species, and presence/absence was recorded for 
herbaceous taxa. Cover class was recorded for the entire herbaceious 
component as well. 

Forest communities were characterized using basal area of the tree component, 
tree density, average DB H, sapling density and dominant shrub/herb associates. 
Grassland and shrub1and communities were classified l::E.sed on dominant species 
as determined by frequency of occurrence. Drought conditions had little effect 
on vegetation sampling due to the predominance of forest/shrub associations in 
the rvtonument. Grassland cbrninants were easily recognized from dead material 
from the previous year. 

In addition to quantitatively-characterized plant communities, communities too 
limited in extent to be sampled are .included on the vegetation map. The 
locations of noxious weeds also are marked. An overlay of soil units 
accompanies the map (soils .information was obtained from the Soil. Conservation 
Service in Custer). No useful information, either written or oral, concerning 
logg.ing patterns in the Monument was found. Presence/al:sence of large stumps 
(from timber harvest) and small stumps (from thinning) was noted for each 
quadrat in hopes of obtaining s::>me :insight into logging hlstory. 

Results 

The Flora Considering that most of JECA is forested with pondera:a pine, the 
flora is surprisingly diverse, cons:isting of 393 taxa in 65 farn.ilies. Much of the 
div~""Sity is attributable to . plant communities of limited extent, such as 
grasslands, deciduous wocxllands in canyon oottoms (birch, aspen and lx>xelder) 
and palustrine com1nuniti.es around springs and seep;. The flora mcludes six taxa 
listed as rare in South Dakota by the South Dakota Natural Heritage Pr<XJram 
(Hautcooper et al. 1985). 

Forty-eight species at JECA are known to be exotic (introduced); of these, 
leafy spurge (Euphorbia esula), Canada thistle (Cirsium arvense) and field 
bindweed (Convolvulus arvensis) are considered noxious weeds in Custer Co. 
Leafy spurge is locally common at Chokecherry Spring; .individuals are 
occasionally found elsewhere. Canada thistle is scattered throughout the 
Monument near springs, seeps and culverts. Field bindweed occurs around the 
Visitor Center prrking lot and sporadically on other disturbed sites. 
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The Vegetation JECA is extensively forested with ponderosa pine (Pinus 
fOilderooa). Four pine associations were recognized. 

The p:mderosa pine-ninebark association is restricted to steep north-facing 
slopes. It .is characterized by dense stands of relatively small pine trees. Sapling 
density .is very high and stands aE doghair are common. Ninebark (Physocarpus 
monogynous) dominates the understory, often to the exclusion of other species • 

. Herbaceous groundcover .is sparse to al::sent. At JECA the ponderooa 
pine-ninebark association correlates well with Vanocker soils, which are alfJsols 
with very thin E horizons si.lggestive of relatively recent development (see 
discussion in Conclusions). 

The {X)nderosa pine-snowberry association occurs on east- and w&-t-facing 
slopes, gentle south-facing slopes and on near level upland topography such as 
ridgetop:; and benches. lt. intergrades with the ponderosa pine-little bluestem 
assoc:i.ation. Stands are closed to somewhat open with relatively large individual 
trees. Doghair stands are common, but overall, saplings are J.esc:; dense than in 
the J;X)nderosa pine-ninebark association. The oorninant understory species .is 
snowberry (Symophoricarpos sp.*). Herreceous g:roundcover ranges from al:sent 
to almost complete . in areas transitional to ponderooa pine-litt.le bluestem and 
graffiland communities. Grassy openings are common. This community occurs on 
Vanacker, Sawdust and Paunsagunt soils, and is more strongly correlated with 
slope and aspect than· ooil type. 

The J;X)nderosa pine-little bluestem association character:ist.ically consists of 
somewhat open to very open stands of pine with relatively large .individual 
trees. Sapling densities are lOw although doghair stands do occur. Little 
bluestem (Andropogon scoparius) .is the dominant understory species, and 
skunkbush (Rhus triloba.ta) is the most frequently encountered shrub. This 
association correlates well with the SawdW:>t soil, an entisol character:ist.ic of 
steep routh-facing slopes. The occurrence of entisals under forest vegetation in 
the JE C A ·area has suggested that these sites have not been forested long 
enough for the development of alEisals (D. Hoeft pers. comm.). 

The I;X)nderooa pine-gooseberry association is represented by only one mappable 
stand, in the .oottom of Hell Canyon. The stand is closed and conta.ii1s 
moderately large trees. Sapling density is low. Goa:;eberry (Ribes 
oxyacanthoides) is the most frequent a.930C.iate, but chokecherry <PriiilUS 
virginiana) and common juniper (Juniperus communis) also are com man. 

The unlogged J;X)rtion of JECA (the old area) is vegetated mainly with p:>nderosa 
pine-snow berry_ forest. ll:. differs from. corresponding stands in the remainder of 

*It .is not clear whether this .is Syrnphoricarpos albus or ~- occidentalis (which 
are clifierentiated by flower morphology) because snowbery did not bloom on 
upland sites due to drought conditions. Pinus pondercsa-~. occidentalis is a very 
common pine a330Ciation in the Black Hills (Thilenius 1971), suggesting that the 
upland snowberry at JECA is S. occidentalis. A year of normal precipitation 
should resolve the prob1em. 
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the ~1 onument in that trees average larger and sapling density :is much higher. 
However, the old area probably is not extensive enough for comparisons to be 
valid. Cut stumps were found in all forest stands except those in the a1d area. 
Most were v1ell on the way to decomposition (as determined by the kick te3t), 
making it impax;ihl e to determine relative age. 

Two grassland types occur at JECA. The western wheatgrass-blue grama 
association .is best developed on the alluvial Cordeston-Winetti soil complex in 
the oottom of Hell Canyon near its confluence with Litho:Jraph Canyon. Th.is 
corn munity also occurs on gentle topography in openings in pondera:;a 
pine-g}owberry forest. On steeper slopes and ridgetop:;, little bluestem is 
dominant. Both western w heatgrass-blue gram a and .little bluestern com rnunities 
show evidence of pine invasion .in the form of fX)nderosa pine saplings and 
seedlings. 

Shrub1ands are uncommon at JECA. Snowberry (Symphor.i.carpcs albus) thickets 
occur in the l:ottoms of canyons. Mountain maho:Jany (Cercocarpus .montanus), 
which .is abundant on the Minnekahta limestone less than 35 km to the west, 
occurs only sporadically. 

Conclusions 

JE C A .is vegetated predominantly with ponderosa pine forest, but the 
occurrence of small stands of other communities contributes to a surprising 
diversity of plant llie (393 taxa in 516 ha). Resource management should be 
aimed at preserving this diversity, as well as at maintaining ponderosa pine 
corn munities irt their natural states .. 

Because many of the plant com muniti.es and corresponding species at JE C A 
occur- oril y .in one to several sites aE limited extent, care should be taken to 
protect these sites from disturbance. Such sites . include springs and seeps, 
grass1ands .in the bottom of Hell Canyon, the canyon l:ottom and adjacent lower 
north-facing slope along the north boundary and canyon and ravine oottoms in 
general. Grazing is a threat at this time, for the Monument .is not completely 
fenced off from surrounding lands. Cattle occasionally escape from nearby USFS 
allotments and enter the Monument. During August, 1985, a small (probably less 
than 20 head) herd remained in the Hell Canyon area for several weeks. During 
that time, the grassland vegetation was cropped to hear ground level and the 
vegetation around Prairie Dog Spring was heavily grazed and trampled. 
Construction of a fence to keep out errant cattle is strongly recommended. 

Every effort should be made to eliminate leafy spurge from Chokecherry Spring. 
Because the stand is sm~ mechanical methods may be a reasonable alternative 
to herbicide treatment, which could affect native vegetation. Canada thistle, 
represented by small stands at springs and seep:;, should be eliminated as welL 
Fie1d bindweed f:OSeS little threat to native vegetation at JECA, smce it. occurs 
only on disturbed sites. 

Fire suppression in the Black Hills during white settlement times is thought to 
have led to the expansion of pine communities at the expense of grasslands 
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(Progu1ske and Sowe111974). Bock and Bock (1984) showed that periodic burning 
can eliminate pine seedlings from grasslands and pine savannahs, and thus 
maintain these vegetation types. A burning program at JECA could be used 
toward achieving the following goals: 

reduction of pine invasion, thus maintaining grassland communities; 
opening up of ponderosa pine communities by increasing the area of grassy 

openings in ,PJnderosa pine-snowberry communities and expanding the 
area occupied by ponderosa pine-little bluestem communities; 

reduction of understory cover and accumulated dead material in J;X>nderosa 
pine-ninebark communities; 

reduction of doghair. 

The topic of natural · ponderosa pine forest conditions :is controversiaL 
Vegetation changes roth in space and time in response to factors such as roil 
type, aspect, climatic change, history (chance) and many others. While fire 
suppression undoubtedly has oontributed to expansion of pine forest in the Black 
Hills, soils information from the JECA area suggests that the trend is 
independent of human activity to some degree. The presence of non-forest and 
relatively-young forest soils (such as the Sawdust and Vanocker) under sizeable 
stands of pine (often with many individuals well over 100 years old) indicates 
that the forests developed re1atively recently, but before the arrival of the 
white man {D. Hoeft _pers. comm.). In other words, pine forest expansion in the 
Black Hills may be in part a natural phenomenon. 

A reasomtble oo~ctive far p:>nderosa pine management at JE C A would be to 
maintain a mosaic for ponderosa pine communities through periodic burning of 
some stands, and thinning and removal of accumulated dead material where 
leve1s are unsafe for burning. A fire history study :is needed to estimate a 
sUitable periodicity for burning. Stands should be sampled before as well as 
after bums, as the data collected far this mapping proj:ct may be . too general 
to detect certain vegetation changes. 
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1. Determination of daily and s:asonal movements of elk ( Cervus el.aphus). 

2. Identification Of vegetation and physiographic characteristics of habitats 
and/or habitat complexes used for feeding, cover, mating, and calving. 

3. Determination of seasonal and yearlong range. 

4. Identification of actual or :[X)tential damage to park resources (including 
strucbJres, vegetation, and other animals) that could be attributed to 
introduction of elk. 

5. Description of daily and seasonal activity and behavior p3.ttems of elk. 

6. Description of elk p::>pulation changes during the study, and prediction of 
elk carrying capacity for each unit of Theodore Re>a:levelt National Park 
(TRNP). 

Methods 

Oh3ervation - Completely randomized selection of e1k for observation has 
proven difficult, especially in summer when activity .is largely nocturnal or 
crepuscular and heavy use aE hardwood draws occurs. The strategy of choosing 
a radio cOllared animal as a ''target11 then ~g the first e1k group 
encountered w hil:e searching for the target appears to be adequate. The 
difficulty in locating and maintaining visual contact with elk in summer has 
forced us to deviate from a standardized observation length and number of 
animals, but correlatiOn analysis indicates that summing . sequential data from 
several animals into 2-h blocks reduces autocorrela~n to nonsign:i:ficant levels. 

Radiotelemetry- Three approaches have been utilized. A hand-held antenna is · 
empl.Dyed in locating elk for observation and in determining seasonal home 
ranges for radio collared animaJs. Night movements and use areas have been 
investigated using antennas mounted on 5-m towers. The use -of two 
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tower-receiver systems (the maximum number available due to limited equipment 
and r:ersonnelJ does not allow precise triangulation rut does allow us to make 
general assessments oE night movements and use areas. Aerial relocation has 
been used on three occasions to obtain fixes on radio collared elk that left 
TRNP. 

Vegetation measurement - Permanent transects of 20 m (woodland vegetation 
types) or 30 m (open types) were established and marked using metal stakes. 
Measurements in wooded types include ground coveragz by species (Daubenmire 
plots) at 1-m intervals, counts oE shrub ~ms in 1-m plots at 3-m intervals, 
and counts of trees and saplings in a 6Q-m strip. Use of forage <2 m in height 
.is assessed visually by species (Q-20% = light; 2Q-50% = moderate; >50% = heavy) 
in each stratum. Open vegetation types are a~ using microp1ots for ground 
stratum plants and a line-intercept for shrul::s. · 

Fecal analysis- Feces and pl.ant reference materials callected in TRNP will. be 
sent · to the Food Habits Laboratory, Washington State University, where 
microh:istologica;L techniques will. be used to obtain frequency of occurrence of 
plant items in the feces. 

Results 

(1) Determination of daily and seasonal movements of elk. 

Elk seasonal movements in summer, autumn, and early winter were monitored via 
relocation of radiocallared animals and sightings aE uncollared animals on lQ-15 
days ~ month during June - November 1985. After release, a minimum of three 
elk left TRNP. Remaining animals concentrated .in the routheast corner of the 
Park during summer and early autumn rut most moved to the central park area 
in September (Figure 1). Elk were dispersed in small group3 in summer but 
coalesced into a single large group by early autumn. 

Daily movements were investigated using diurnal otservation and nocturnal radio 
relocation. Daily movement Oinear distance between early morning and dusk 
locations) varL~ from < 1 - 5 km. Night movements showed a similar pattern. 
Home ranges, based on diurnal relocations, for radio collared animals averaged 
4,400 ha in sum mer and 8, 700 ha in autumn (Table 1). 

Ol:servations will be continued in spring and summer 1986 and supp1emented 
with a trail survey of pellet group:~ in summer 1986 to determine yearl.Dng 
distribution in the South Unit of TRNP after the first year of elk presence. 

(2) Identification of elk habitat use in TRNP. 

Ol:servations of elk (80-100 h per season) indicate hardwood draws provide 
important summer cover and juniper breaks co1d weather cover. Agropyron 
srnithii - ~ viri.du1a grass1ands. a.nd hardwood draws dominated by Flaximus 
pennsylvanica were important feeding areas in summer. Mating activities this 
year were concentrated on upland grassland and adjacent breaks. Most calving 
evidently occurred in hardwood draws. Availability of surface water had an 
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Fig. 1. Radio relocations of elk in 
TRNP, l985. 
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Table 1. 

Elk 

1 

2 

3 

Summer (mid-Uune- mid-September) and autumn (mid-September
mid-November) home ranges (ha) for three radiocallared elk in 
TRNP. 

Sex Summer Autumn 

Relocations Size Relocations Size 

Male a 27 8700 

Female 27 4400 27 8700 

Female 24 ' 4100 27 8700 

a Occupied area 5 km south of Park lx>undary. 
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important influence on summer distribution. 

(3) DeternU,nation of diets. 

Observation of feeding elk indicated ground stratum plants were the dominant 
summer-autumn food items. Shrul:::s and low trees were important in summer. 
Fecal pellets were collected during autumn and early winter. This mate~ 
along with fecal collections in late winter, spring, and summer 1986, will be 
analyzed to determine the contribution of specific plant fr.ems to seasonal diets. 

(4) Identification of damage to Park resources. 

Two rets (high e1k use and low/no use) of permanent vegetation transects were 
established in hardwood draws and Juniper (Juniperus scopulorum) woodland. 
Additional transects will be e5tablished in cottonwood (Populus deltoi.des) and 
sagebrush (Artemes.ia tridentata) types. Transects established in 1985 and tha:)e 
established in 1983 for a bison (B:ison bison) sb.ldy in TRNP will be monitored 
during summer 1986 for changes attributable to e1k use. 

Ob3ervations of interactions between e1k and other ungulates in the Park 
indicate elk are dominant to mule deer (Odocaileus hemionus) and suoordinant to 
horses and bison. Displacements oE one species by another have been no more 
than local and temporary. Too few data are available to assess longterm effects 
of elk reintroduction on distribution or fX>pu1ation structure in the ungulate 
complex in 'l'RNP. Fecal samples from horses and deer (0. hemionus and 0. 
virginianus) are ~g ~cted to obtain an index of diet:arY overlap with elk:-
(5) Determination of daily and seasonal activity. 

Activ~ty (feeding, resting, social, interspecific interactions, other) of all elk 
visible was noted at 5-min intervals during 1-6 h ob:iervation periods in sum mer 
and autumn 1985. Diurnal feeding was more pronounced on cool than on warm 
days. Social interactions peaked during the September rut. Late winter, spring, 
and early summer activity data will be collected in 1986. 

Data collected in summer 1985 (99 otservation hours on 34 days including 13,452 
activity notes) indicated that 8Q-100 h of activity ol:servation per season is a 
feasible goal. Elk associations aie sufficiently fluid that use of radio coTiared 
animals to locate e1k for ol:servation allowed us to samp1e a reasonab1e 
percentage of the herd with minimal biases towards specific individuals or 
age/sex clag:;es. 

(6) Description .of elk fX>pulation changes and carrying capacity. 

Population clag:;ificat.ions during the rut indicated that few, if any, animaJs 
re1eased in 1985 died during the :fust 6 months in the Park. Survival of calves 
to autumn was good, and cow-calf rat.ia3 were characteristic of a healthy herd 
(Table 2). · 

Estimates. of elk carrying capacity will be made after diet has been determined 
frOm fecal analysis and supplemental vegetation work .is completed in 1986. 
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Table 2. Population structure of elk in Theodore Roosevelt National Park, 
March and September 1985. 

Date Males Females Calves Unknown 

March 7 38 1 1 
(Transplant) 

September 
In Park 8 37 16 · 

Outside Park 1 1 1 
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The research underway has the following objectives: 

1. Evaluate the water distribution within these two park areas; 

2. Determine the effects of ~uman impact upon the natural hydrologiC 
system; 

3. Document any detrimental effects to the water quality; 

4. Document any instances in which the cave environment is adversely 
affected by the quality or quantity of the water present; and 

5. Provide options to present water use practices, if necessary. 

Methods 

The ob~ctives of the research are being accomplished in three, overlapping 
phases which were outlined in the propa3a.l. Phase I involves compilation of the 
available Wonnation on the caves' location, geology and hydrology and 
corr~Jation of that Wormation with the surface tof)ography and the location of 

. all surface hydrologic and artificial features. The goal of Phase I is to compile 
available information that is currently scattered in various files and individual 
records and memories. 

Phase n is as complete as :p-ffiihle a chemical characterization of the surface 
and Sl1.b3urface waters in the two areas. This phase involves chemical analyses 
of ma:Pr cation and anion species, selected trace elements, synthetic organic 
compounds and/or natural and anthropogenic isotopic species in the waters. 

Phase m is an investigation of infiltration of surface waters into the caves. 
Correlation of the chemistries of surface and sutsurface waters are yielding 
some information in this phase but the maj:>r tool is dye trace studies. 

The details of all three phases are available in the pro~ and will not be 
repeated here. We anticipate that Phase I will be largely completed by the end 
of the first year and that the resulting rna};S will need only updating in the 
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prop::sed second and third years. Phases li and m will extend through the entire · 
pro:]= ct. 

Results 

A sirJnificant change occurred in our research p1an when Marsha Davis was 
offered employment as a seasonal empl.Dyee at Jewel Cave over the past 
sum mer. This allowed Marsha to be in the area full time for three months and 
greatly increased her access to ooth caves. Marsha's stay at Jewel Cave 
significantly .increased the amount of work we were able to accomplish within 
t;he context of the study. 

'I•he compilation of data under Phase I is well underway. Marsha was able to 
obtain information on the cave map:;, inventories and engineering drawings of 
various facilities at the two caves. This information is currently being redrafted 
to a corn man ~ale for direct comparison. The search of the various information 
sources have identified a few gap:; in the available information. We were unable 
to find any good map:; of the resurgent springs which are the outlets of the 
hydrologic systems. We therefore are mapping the springs as part of this 
pro~ct. Figure 1 .is the map we have prepared of the resurgence of Beaver 
Creek at Buffalo Gap. A very complex pattern of resurgences was found which 
will have a profound impact on any dye traces to this spring. Note the different 
temperatures of the various rise paints. This data indicated that several 
different flow paths emerge in this one rise area. 

Phase li is well ahead of ochedule. During the first half of this study we have 
analyzed: (1) 2 w aw sam~ f<:>r v~tile synthetic organic compounds, (2) 2 
water samples for · C and C isotopiC analyses, and (3) 61 water samples for 
maj::>r and selected minor and trace cations and anionS. We have only begun our 
interpretation of the chemical analyses and the following ob3ervations are very 
preliminary. 

The two analyses for synthetic . organic compounds were made on the public 
water supplies of Wind and Jewel Caves to test for immediate health threats. 
Both anaJ:yses were, happily, negative. The two :isotopic analyses were made on 
direct samples of 1j9f two ~· water supply wells. The two wells yielded 
remarkable similar C and C data which indicate short, probably 1e:s than 
3D-year residence time for the groundwater's. 

Figure 2 .iJ.illstrates the ma:Pr cation compositions from the water analyses. The 
initial ol::servation .is that the waters in the two cave areas are fundamentally 
different with the waters from Jewel Cave distinctly more magnesian than the 
waters from Wind Cave. The waters from Wind are the caJcium dominated 
compositions to be expected from the d:issa1ution of limestone and dolDmite. The 
waters from Jewel Cave contain more magne3ium than can be explained by the 
simple disso1ution of dolomite or calcite. Either the dissolution process js 

considerably more complex and/or additional phases are involved. 

There are suggestions that the nitrate and ooron data may prove to be useful 
indicators of surface contamination rut final interpretation of these results will 
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require additional data. 

Phase m has been successfully started. We initiated our first dye trace under 
Phase min September. Rhodamine WT, a fluorescent dye, was literally flushed 
down the toilets at Jewel Cave. Figure 3 shows a small part of our data from 

· drip3 and poo1s in Jewel Cave. One "pulse" of dye has been detected in the New 
Wet Area-West and two "pulses" of dye have been detected in the New Wet 
Area-East. These results are typical of several areaS within the cave. These 
results pr-ovide direct evidence that effluent from the Monument's sewage 
system is .reaching the cave. 

Concltsions 

l1:. is clear at this stage that the surface development at the Park and Monument 
are affecting the caves' . hydrologic system. The efforts at both facilities to 
improve and upgrade the sewer systems are · very important and should be 
continued and accelerated. Although not yet documented, runoff from parking 

· J.pts etc., will probably also p:ove to be a probl.em requiring attention. 
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Objectives 

WHITE PELICAN REPRODUCTION IN 'l'HE MOLLY :ISLANDS 
BREEDING COLONY, YELLOWSTONE NATIONAL PARK 

Kenneth L. Diem 
Department aE Zoology and Physiology 

University of Wyoming 
Laramie 

Compared to d:her North American White Pelican, Pe1ecanus eryt:hrorhynchos, 
breeding colonies, the Mally Islands Colony is a minor colony consisting of 
400-600 adults (Lier and Behle, 1966; Diem and Condon, 1967; Sloan, 1973; 
Diem, 1976). Despite its small size, the colony is un:ique for these reasons: 1) it 
is the only White Pelican breeding colony in a national park; 2) the location of. 
the colony at an elevation of 7, 733 ft (2,35 7 m) is the highest recorded for any 
breeding colony of the species; 3) discovered in 1890, the colony has had 
variable surveillance since 1917, with relatively intense monitoring since 1965; 
4) the breeding population is composed of birds from roth coasts of North 
America; and 5) the colony's nesting sites on the two Mally Js1ands change 
frequently with no predictable pattern. In addition, a cumulative sul::strate uplift 
along the north shore of Yellowstone Lake appears to have sign:if.icantly raised 
the stab1e water level of the oouthern arms of the lake. Consequently, the 
ma:Pr ob~ctive of this proj=ct is to continue monitoring changes in the 
reproductive success aE the Molly Islands White Pelican colony and to continue 
studies of the factors influencing those changes. 

Procedures 

Nesting and fledgling censuses continue to be taken from a ooat 10Q-200 ft from 
shore. Because landing in the colony would be too much of a destructive 
disturbance, clutch data cannot be collected. Some el::rors in nest counting 
probably occur, however, the fledgling censuses are very accurate. 

Results 

Nesting and fledging counts for the · Mally Islands White Pelican colony for the 
period 1977 through 1985 are summarued in Table 1. A . very mild, late spring 
and early sum mer created a very favorable breeding environment. The breeding 
seaOOn extended over a Jonger than normal peribCi On July· 3 around 50% of the 
young bir~ were l/3 - 1/2 grown while 5-10% ·were just hatched· or still in eggs 
being incubated. On August 10 the degree of this accelerated, as well as, 
disbursed breeding activity was further evident with aro\ind 5% of the young 
aJready able to fly while about the same number were still downy. .As a result, 
an all-time record of 650 young pelicans was established. Because of the 
relatively late devel.oped young, it was estimated that a minimum of 62~30 
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pelicans would fledge from the Molly Islands in 1985. Based on carcass counts, 
prefledging mortality of juvenile pelicans was at least 7%. 

'I'he same general breeding conditions prevailed for the Double-crESted 
Cormorants and the California GUlls. The much advanced development made it 
impa:sible to obtain an accurate nest count for any of these waterbirds. By the 
time of the fledging count, the young California gulls had left and the adult and 
young Cormorants were so intermingled that a fledging count for thooe two 
species was equally impos=;ihle. There was no evidence of any Caspian Tern 
breeding in 1985. Only 2 adults were oh:ierved and these were seen during the 
nesting survey. 
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ENVIRONMENTAL ASSESSMENT O'F HEAVY METAL CONTAMINATION 
IN YELLOWSTONE NATIONAL PARK 

Objectives 

Stephen Klein 
Civil and Environmental Eng.ineering 

University of Colorado 
Boulder 

~ .. '-

The sources, concentrations and biological effects of heavy metals .in aquatic 
ecosystems are topics of concern to re30urce managers and environmental 
researchers as well as the layman. Numerous studies have shown toxic re5ponses 
.in aquat.iq biota and man due to the discharge of heavy metals into the aquatic 
environment. The high automobile traffic densities in National Parks .increase 
the p±ential for heavy metal contamination of roadside waters which may 
result in adverse ecological and human impacts. 

The · obj:=ctive of this study is to determine the extent and effect of 
anthropogenic heavy metal contamination in the roadside waters of Yellowstone 
National Park. Specific ob~ctives which provide a basis for aSP€SS'ing the 
contamination and it's significance to the health of the aquatic ~m and 
the Park visitor include: 

1. Determination of metal (Pb, Cd, Ni, Cu and Zn) concentrations in lakes 
and streams by analysis of water, sediment and biota; 

2. Establish transport distances of heavy metals from their source to· their 
fate; ' 

3. Assess bi.oaccumulation within f<X>dchains and health implications of fish 
consumption in the sb.ldy areas; and 

4. Examine historical patterns of heavy metal accumulation in lake 
sediments. 

The first year of the 3t:udy was spent surveying the Park's water and biota 
contamination to locate areas of maximum potential impact. The second year's 
efforts have been to make a detailed study of heavy metal dynamics and impact 
in the areas shown to be most severly contaminated by human activity. 

Methodology 

Field sampling techniques during the summer of 1985 remained the same as the 
previous year, however, based on the first year's results, sa.mpling emphasis at 
the thirty-five stream and lake sites ·was changed. Parkwide sampling of water 
was r:erformed on a monthly basis to compare the influence . of wet and dry 
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years on metal concentration in the water. Several areas in the Park that 
showed the highest contamination are Bridge Bay Marina, Scaup Lake, Sylvan 
Lake and Lewis Lake. Unforbmate.ly, lack of time and resources allowed for the 
definition of metal contamination in only one of these areas. Although Bridge 
Bay showed extre mely high sediment contamination in one spot, it was 
restricted to the Marina. Scaup Lake also showed significant contamination but 
is too small and nonproductive to support. fish and is thus a minor resource. 
Sylvan Lake showed moderate levels of sediment and water contamination and 
was of interest smce it. is the headwater of Clear Creek, a mapr cutthroat 
trout spawning stream. Lewis Lake showed the most widespread contamination 
of water and serliment in the Park. · 

Lewis Lake was selected for the more detailed study for several reasons, while 
Sylvan Lake received secondary emphasis. Of the areas, Lewis Lake is the 
largest contaminated water OOdy where consumptive fish use is permitted. 
Additionally, Lewis Lake would also be a good model macrocoom to study heavy 
metals since it is representative oE Park waters being low in alkalinity, hardness 
and is oligotrophic. To determine the extent of metal contamination in Lewis 
Lake, water samples and aoout thirty-five sediment cores were collected on a 
grid of 550 meter spacing. To help assess the bi.ological impact, ten tissue 
samples each of Utah chum, lake trout and l:a:'Own trout were also collected. 
water, trout and sucker samples were collected at Sylvan Lake. 

Results 

'I·he cadmium and lead concentrations in the four areas of interest all exceeded 
Envionmental Protection Agency Water Quality Criteria for the protection of 
cladocerans and salmonid fish. In Lewis Lake water, the Criteria were exceeded 
by factors of at least five and as much as thirty. At none of the study sites in 
the Park were the Criteria for zinc, copper or nickel exceeded. Sediment cores 
from Lewis Lake, Sylvan Lake and Bridge Bay all showed similar lead 
contamination profiles. Figure 1 is a representative core profile from Lewis 
Lake and shows the increased concentration of lead and cadmium in the more 
recent rediments. Lead enrichment factors, the concentration of lead in recent 
versus older sediments, were as high as eight in Lewis Lake. The uneven SfE.tial 
distribution of lead and cadmium found in Lewis Lake sediments can be 
explained through a combination of transport and chemical procesc:;es occuring in 
the Lake. Analysis of biological samples is not yet· complete so the impact of 
this contamination is not known. 

The majJr source of heavy metal contamination in the Park appears to be 
automobiles. Based on gasoline sales in the Park, the estimated emission of lead 
during the summer visitation months is currently ten kilograms per day. 
Considering that two decades ago nearly all cru:s used leaded gasoline, that 
gasoline lead concentrations were twice as high as they are now and that gas 
mileage was lower: then, lead em.issions were probably at least five times 
greater than today. The persistence oE lead emitted during past decades is seen 
in the lake sediments. 
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Figure 1. Lead and cadmium sediment contamination profiles in a 
Lewis Lake core, shCJ.Ning recent increases in contamination. 
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Conclusions 

Significant increases of lead and cadmium contamination in Lewis Lake as well 
as other areas in the Park have occured .in the Jast forty years and may be 
attributed to automobile and ooat use. Although the concentrations of lead and 
cadmium are low and of no hazard for human consumption, they do exceed the 
recommended concentrations for sensitive aquatic biota and are potentially 
toxic to them. The sediment in parts of Lewis Lake can be classified as "highly 
polluted" based on other researchers bioaffiays with similar sediments. The 
accumulation of heavy metals .in the Lake's sediments over the years now 
represent a significant potential source of contaminants for the. water column 
and the foodchain. Whether sediment bound metals are getting into the fish at 
this time is unknown and concluSions regarding biotic impact cannot be made 
until further analysis is completed. 
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RIPARIAN VEGETATION OF THE NORTHERN RANGE, YELLOWSTONE 
NATIONAL PARK; CLASSIFICATION, SUCCESSION, AND 

ENVIRONMENTAL RELATIONSHIPS 

0 bjecti.ves 

Robert D. Pfister 
Stephen V. C<X>per 

Montana Fore:,--t and ·conservatiOn Experiment Station 
University of Montana 

Missoula 

.. :.:. 

The primary ob~ctive of the 1985 fi.el.d season was to acquire a sufficient 
numbP...r of wetland vegetation samples (plots) from across the range of 
environments rresent on the northern range (elk winter range) of Yellowstone 
National Park (YNP) to permit community and gradient analysis of these 
wetlands. These plots will contribute toward our first product, a wetlands 
community type classification suitable for management applications such as 
vegetation mapping and interpretation. · 

Two Equally important obj=ctives, but ones-necessarily temPorally fOllowing the 
above objective, are. (1) elucidation of the causal factors and/or · quantification 
of the associated environmental factors for each vegetation type, (2) illustration 
of the relationsh.ifs among vegetation types along environmental gradients and 
the most probable successional pathways retween successional stages. Such 
basic knowledge about these wetlands is necessary to their sound management. 
Wildland managers have a fundamental interest in predicting roth short- and 
long-term vegetation trends because of the importance of vegetation to animal 
populations. 

Methods 

Methodology ouilined relow is directed to achieving· only the above-stated first 
year study , goaJs. · Examining calor aerial photoo in conjunction with a 
topogiaphic map with the northern range delineated we rioted {X)t.ential wetlands 
throughout the geographical extent of the area. Sampling of these selected 
areas was also non-random, choosing Sites ·for their accessibility and maximum 
diversity of communities (and environments) in a circumscribed area. 

Plots were located in plant communities judged homogeneous, largely on the 
basis of dominance · by ]ayers. ·Sample plot size (50 m) confoims to that 
commonly employed in wetland studies where environmental gradients are steep. 
Daubenmire's (1959) cover classes were used to estimate canopy coverage by 
~- Abiotic site variables recorded included elevation, slope, as~ parent 
material, soil conditions (part.icularly organic horizon nature and depth), and 
depth and distance to water. Observations were made on animal (ungulate) use 
and disturbance (current and hist:orica1). Second phase sampling will include 
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those factors most probably correlated with wetland community types, especia1ly 
water chemistry (pH, conductivity, redox potential, water co1or (spectral 
absorbtion), certain nutrients) and water table seasonal fluctuations. 

Species canopy coverage EStimates enable us to key each plot through existing 
regional (Mattson (1984) Sa1fatara Plateau of YNP, Youngblood and others 
(1985) eastern Idaho-western Wyoming, Pierce (1985) west-central Montana) as 
well as national wetJand classifications (Cowardi.n and others (1979). These 
classifications and associated descriptions represent state-of-knowledge of 
regional wetlands ecology. If our plots key to described types and the ecological 
conditions match, then we could progress rap.idly to the sb.ldy's next phase. 
whether or not our plot..s fit published classifications our data will be processed 
through PH YSIS, an :interactive computer program far constructing association 
tables and computing similarity values and duster analyses, DECORANA, a 
program producing simultaneous species and sample ordinations, and TWINSPAN, 
a divisive t:clythetic clustering algorithm. 

Preliminary Results 

This sb.ldy is currently at the descriptive-class:if:icatory stage. Two hundred 
reconnaissance level plots were sampled in the 1985 field season. Referencing 
our p1Dts to the national wetlands-deepwater classification of Cowardin and 
others (1979) all would be included in the Palustrine System (most inclusive 
level), which treats all nontidal wetlands dominated by trees, shruts, persistent 
emergents, and emergent memes cr lichens. At the cl.a$ leve4 describing the 
general appearance oE the habi.tq.t :in terms of either dom.inant life farm of the 
vegetation or sul:Etrate physiography and composition, lack of definivive warding 
in the key did not permit unambiguous identification. However, roughly 2% of 
the plots were categorized as Forested Wetland, 12% as Scrutrshrub Wetland, 
and the remaining 86% as Emergent Wetland. Finer distinctions in life form are 
ree6gnized at the subclass level. Within the Forested Wetland class only the 
BroadLeaved Deciduous subclass was sampled. Needle-leaved Evergreen Forested 
Wetlands are represented rut should be adequately handled in a recent forest 
habitat types classification (Steele and others 1983). Within Scrub-shrub Wetland 
all samples were described by the Broad-leaved Deciduous subclass. The 
Emergent Wetland class .is divided into subc"l.a$es; (1) Persisten~ dominated by 
species that remain standing until the beginning of next season, and (2) 
Nonpersistent, dominated by plants falling to the sub3trate or below the water 
surface. Without second season sampling we can only estimate, based on species' 
morphological characteristics, that 90% or more of sb.ldy area Emergent 
Wetlands are Persistent. 

The taxonomic category subordinate to subclass, dominance type, :is determined 
and named on the basis of dominant plant species, that .is, the species that has 
control over the community and .is usually also predominant. Assessing 
dominance on coverage class and life form we identified at least 56 dominance 
types (see appendix A). However, four of these types, Carex rootrata, C. 
rootrata-C. aguatilis, and Juncus balticus, are represented by more than 80 
p1Dts, leaving less than 120 plots scattered acroso 52 dominance types. Thus, at 
this time many dominance types are represented by a single plot. 
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Referencing plots to a national cJag:;jfication offers little .insight into speciEic 
ecological charac+-...eristics and processes such as provided in regional 
classifications. There were 74, 26, and 13 percent no-fits (plots not keying to a 
described type) respectively, employing the classifications of Mattson (1984), 
Yow1gblcx:xl and others (1985), and Pierce (1985}. A no-fit designation can be 
reached at several taxonomic levels, the series, habitat type (community type}, 
or phase. Mattson's Salfatara Plateau clag:;iftcation produced the most no-fits 
(regardless aE taxonomic level) because (1) it was fine-tuned to a very limited · 
and environmentally somewhat different area that lacked the diversity of the 
northern range, (2) the Solfatara Plateau is more removed from sources of a 
weedy flora and man has not tried to manage vegetation, thus disturbance types 
are Jacking, (3) the key was narrowly worded at all levels thus not 
accommodating variations in coverages of certain crucial species. 

No-fits generated by the classification of Youngblood and others (1985) were 
confined to our communities with persistent standing water, high degree of 
seasonal watertable flux, or Salix spp. or weedy species dominance. Youngblood 
and others state explicitly that moot emergent communities were beyond their 
scope. However, this approach would neglect some of the most extensive, 
productive, and important aE the northern range's wetlands. 

Though Pierce's (1985) work centers on a geographically removed area, 
west-central Montana, fewer no-fits were found than with other regional 
systems. This result points up the broad range and ecological amplitude of many 
of the wetland species, numerous ones being circumboreal. In fact, many 
northern range wetland communities have been more completely described 
(vegetation and apparent eco1ogical re1ationsh.ip3) in r:eports regarding the 
prairie I_:X)thales region of North Dakota (Stewart and Kantrud 1972) than they 
have been .in publications for the areas immediately surrounding the northern 
range. Concurrent work .in the Montana Riparian Cooperative during the coming 
year will provide the opportuity to compare northern range communities with 
92verallocations in Montana. 

In terms of classical vegetation type categories we have inventoried 
environments as diverse as those with soils remaining dry through most of the 
growing ~n, supporting range type communities dominated by Potentilla 
frut.icooa and Art:enUsia cana to tha:;e dominated by floating and quaking sedge 
(Carex spp.) mats (fens)t()those growing in thermal spring overflow waters. 
Most of the communities were gram.inaid dominated (appendix A) and would be 
described as wet to moist meadows to marshes. Qualifying a.S swamp were sites 
with Salix spp., Betula g1andulcsa, or B. occidentalis dominant. More than half 
the plots had weedy or increaser species present and some plots were dominated 
(to the virtual exclusion of all. other species) by introduced and,/weedy !?pecies 
(for example Scholochloa festucacea, Poa pratensis, and Phleum pratense).· Some 
of these communities were p1anted long ago as [)a.It of a management program 
to raise forage and show no evidence of replacement by native species through 
successional processes. 

The dissemination of this weedy flora is a continuing and pervasive result of 
wildlife · movements and disblrbance. In addition, heavy ungulate use has . kept 
Salix spp. populations hedged to heights generally not exceeding these of the 
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graminoid layer: few plants produce catkins. It is not known if this intensity of 
browsing is detrimental to these willow populations. 

Conclusions 

We anticipate being abl.e to reduce the diversity of community types (dominance 
types) to significantly fewer "site types" based on the sim..ilarity in their 
environments. Relatively recent findings in wetlands research indicates that the 
first species to colonize a site can preempt this site from competitor species 
SluallY suited to the site. Identification of donUnant species with similar 
ecol.ogical amplitudes through species and community ordinations .is our 
immediate objective. 'fhis analysis will result in a preliminary classification to 
be field tested in the summer of 1986. 
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Appendix A 

D.istribution of dominance types by class and suJ::x:::1as5 of the Palustrine system 
according to the national wetlands classification of Cowardin and others (1979). 
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Class=Farest; Subclass=Broadl.eaved Deciduous: 
Dominance Types: Populus tremuloides, Populus angustifolia 

. Class=Scrub-scrub; Subclass=Broadleaved Deciduous: 
Dominance rrypes: Alnus .incana, Betula glandulosa, Betula occidentalis, Salix 
wolfii, S. geyeriana, S. bebbiana, S. commutata, S. myrtillifolia, S. candida, 
s. lemmonii, Potentilla fruticc:sa, Artemisia cana 

Class= Emergent; Subclasses= Persistent and Nonpex:s:ist:ent: 
Dominance Types: Scirpus acutus, Typha Jatifolia, S. acutus-Tr.iglochln 
maritimum, Carex rostrata, C. rostrata-Carex aquatilis, C. rootrata-Carex 
si.mulata, C. ra::,-·trata-Scha1ochloa festucaces, C. rostrata-Carex atherodes, 
c. aquatilis, c. si.mulata, C. atherodes, C. simulata-Juncus balt.icus, C. 
aquat.ilis-J. ba1ticus, C. aquat.i.lis-Carex lanuginc:sa, C. aquat.i.lis-C. simulata, 
Carex vesicaria, C arex lasiocarpa, C arex Januginosa, Carex praegracilis, 
Carex nebrascensis, Carex unilateralis-Poa palusb:is, Juncus ba1ticus, J. 
balt.icus-Bromus inermis, Poa palusb:is, Bromus inermis, Phleum pratense, 
Agrostis alba, A. alba-'I'rifolium repens, A. alba.-Apocynum canabi.um, 
Beckmannia syzigachne-Glyceria striata, Deschampna cespitooa, Eleocharis 
palustris, E1eocharis p3.uciflora, Eleocharis IOStellata, Eleocharis acicularis, 
E. acicu:laris-Senecio hydrophilus, Equisetum Jaevigatum, Equisetum 
var.iegab.lr, Calamagrostis inexpansa, Aster chilensis, Trifolium repens, 
Helianthus nuttallii. 
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FIRE AND LANDSCAPE DYNAMICS IN YELLOWSTONE NATIONAL PARK 

Objectives 

William H. Romme 
Department aE Bio1ogy 

Fort. Lewis College 
Durango, CO 

Don G. Despain 
. Research Office 

Yellowstone National Park 
Wyoming 

Trus study is an investigation of long-term patch dynamics in the mosaic of 
forest com muniti.es covering the. subalpine p1ateaus of Yellowstone Park. Our 
specific ~ctives are the following: 

1. We will map the present forest mosaic of a 600,00D-ha area, showing the 
age (number aE years since the last destructive fire) and successional 
stage of each more-or-less homogeneous patch of forest; 

2. Usng this map, we will measure the area of each patch created by past 
fires, determine the size distribution of patches, and estimate the 
frequency and predictability of formation of patches of each size; and 

3. We will reconstruct the changes during the last 20D-300 years in 
individual forest stands and in the entire landscape mosaic, and use these 
reconstructions to answer the following questions: 
a. Has the Yellowstone landscape been characterized by 

quasi-equilibrium conditions, in which the proportion of the total area 
covered by early, middle, and late successional stages and the 
diversity of plant communities represented have remained more-or-le.::B 
constant, or have these parameters fl.ucb.lated greatly in the last 
20D-300 years? 

b. If we find that the entire landscape has been in a state of EqUilibrium 
(which we may not find),. then what is the minimum land area 
necessary for landscape dynamics to approach this condition, i.e., to 
what extent could the Park be divided into isolated subunits without 
these subunits looing the quasi-equilibrium state? 

c. How ha.ve the proportions of forest successional stages varied over 
time in units of the Park that have special ecological interest, such 

. as elk summer range, grizzly bear habitat, or the watershed of 
Y ellowsf:one J_,ake? 

The information gained from this research hopefully will shed some light on 
current theoretical '' questions regarding the · prevalence of EqUilibrium vs. 
nonEqUilibrium conditions in nab.rral ecooystems (White 1979, Shugart and West 
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1981, Rom me and Knight 1982). lt. may also be useful in interpreting and 
managing recent ecological changes in Yellowstone Park. The pro~ has been 
funded by the National Science Foundation (Grant No. BSR-8408181). We 
collected field data in the summers of 1984 and 1985, and expect to complete 
the research in 1987. 

Methods 

Mapping of the forest mosaic .is being done by two teams of four persons each 
(mostly undergraduate and graduate students). Fairly oomogeneous p:itches are 
located in the field using cover-type map:; prepared by D. G. Despain from 
aerial photographs. In each stand, the teams ca11ect increment cores from 
dominant trees and wedges from fire-scarred relicts (where available) to be used 
in determining stand age and f:ire history (Arno and Sneck 1977). They also 
~ctively classify the stand into one of six successional stages (Despain 
1977). The cores and f:ire-scar wedges are returned to the laboratory for 
analysis. Once the map has been completed, we will reconstruct the forest 
mosaics that existed at various times in the past using methods described in 
Rom me (1982). 

Results 

We began our field work in August_. 1984, with an intensive training session for 
the field workers. Each team was then assigned a specific area .in which to 
work, and by summer's end we had sampled approximately 100 stands. In 1985 
we sampled another 250 stands. We are presently analyzing the data .in the 
laboratory. 

Conclusions 

No conclusions are pa=Bible at this time. 
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0 bject.ives 

YELLOWSTONE LAKE: 
AN EVALUATION OF PATTERNS IN PRODUCTNITY 

W. H. Romme 
Department of Bia1ogy 

Fort Lewis College 
Durango, CO 

D •. H. Knight 
Department of Botany 
Univemi.ty of Wyoming 

Laramie 

/. 
c 

·~ .... 

~rhis study was initiated in 1982 to critically evaluate the evidence (Varley 
1974, Shero and Parker 1977) that primary productivity in Yellowstone Lake has 
decreased during the last 1500 years with an accelerated decline in the last 
century. Our specif:ic obj=ctives were the fallowing: 

1. Assemble, summarize, ·and evaluate existing data and oh3ervation5 related 
to the past and present trophic status of Yellowstone Lake; 

2. Identify all pcssihle explanations for the observed pattern in lake 
productivity, both long-term Oast 1500 years) and recent Oast 100 years), 
·and summarize and evaluate existing evidence to support or refute each 
propa:al explanation; and · 

3. Collect new data to test one attractive hypothesis that has been 
mentioned frequently but never examined clcsely, namely that changes in 
the nutr:ierit status and productivity of the_ lake are related, .at least in 
part, to the effects of large fires in the watershed (Varley 1974, Romme 
and Knight 1982)~ 

Methods 

For our first obj=ctive, we examined all available documents and data· in the 
Yellowstone Park library and in the files of the U.S. Fish and Wildlife Service 
in Mammoth Hot Springs. The staff of the U.S. Fish and Wildlife Service also 
affiisted us by compiling and providing us with summaries of water chemistry 
data that they have been co11ecting since 1976. We obtained additional data on 
precipitation chemistry in Yellowstone Park from the National Atmospheric 
DefX)Si.tion Program. 

For our second obj=ctive, we :fu:st condu<;:ted a computerized bibliographic 
search which uncovered a Jarge number of publications pertaining to the subject 
of Jake productivity. We have now collected · and reviewed moot of theSe 
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documents, and have supplemented this information by talking with several 
limnologists and pt=ileo-ecologists about the subject. 

For our third obj=ctive, we collected field data in 1982 on fire history and 
present stand age and successional stage (Arno and Sneck 1977, Rom me 1982) in 
the forests of the watershed of the South Arm of Yellowstone Lake. In 1984 
and 1985 we gathered additional data from the forests in the watershed of the 
West ·rhumb, the Flat Mountain Arm, and the north end of the lake, as p:rrt of 
a new study of fire and landscape dynamics on the subalpine plateaus of 
Yellowstone Park, supported by the National Science Foundation (NSF Grant No • 
.BSR-8408181 to W. H. Rom me and D. G. Despain). This work will continue in 
1986. Usil)g our data from the 1982 field season and from our NSF-supported 
work, we expect to be able to reconstruct fire history and changes in the 
vegetation mosaic of the entire western {X)rt.ion of the lake watershed for the 
period 1750 - 1985, using methods described in Romme (1982). We will then 
examine available records of past lake productivity, in the form of diatoms 
preserved in lake sediments (Shero and Parker 1977) and chemical changes in 
the sediments (J. Kaster, personal communication), to see if changes in 
productivity have coincided with ma::Pr fires or d:her changes in the vegetation 
of the watershed. 

Results 

We have nearly completed our analyses related to obj=ctives (1) and (2), but are 
not yet ready to make any conclusions about historical patterns in lake 
productivity. We are still collecting data for obj=ctive (3) as p:rrt of our NSF 
proj=ct. We reported preliminary fire history re:mlts iri our progress report for · 
the 1982 Annual Report of the . UW-NPS Research Center. Our study of fire 
history and its {X'SSihle relation to lake productivity will be considerably more 
expansive than we originally proposed and is taking longer than we first 
expected, but we think that incorporation of the results of ·our NSF~pported 
data collection and of J. Kaster's related research on the lake· sediments will 
eventually lead to a better documented and more useful final report. We plan to 
submit our final report in 1987# after completion of our NSF-supported field 
work in the watershed of Yellowstone Lake. 

Conclusions 

No conclusions are ~hle at this time. 
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SUMMARY OF RESEARCH AC·riVITIES WITHIN THE NATIONAL PARK 
SERVICE AREAS COOPERATING WITH THE U.W.-N.P.S. RESEARCH CEN·rE-R, 
1985. 

Bighorn Canyon National Recreation _Area 

m. Studies Supported By University And Allied Funding Sources. 
A. Plant survey and vegetaion map. 

Dennis H. Knight, University of Wyoming. 
Source of Support: University of Wyoming/NPS Research Center 
Initiated 1983. 
Ongoing. 

B. Vertebrate inventory of Bighorn Canyon National Recrea.tion -Area. 
Stanley H. Anderson, University of -Wyoming. 
Source of Support: University of Wyoming/NPS Research Center. 
Initiated 1984. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. Bighorn Cave research project. . 

Source of Support: Volunteer Group, The National Cave Research 
Institute with partial sup{X)rt. from NPS Bighorn Canyon NRA. 
Initiated 1985. 
Ongoing. 

V. Publications. 
A. Anderson, Stanley H., W. Hubert, and c. Patterson. 1985. Bird and 

marn mal inventory for the Bighorn Canyon National Recreation 
Area. 

Canyonlands National Park 

L studies Conducted By Park Personnel. 
A. Tamarisk density in riverbank vegetation in Canyonlands National 

Park. 
Jeff Connor, Natural Resource Spec:ialist. 
Initiated 1983. 
Completion 1986. 

B. Biotic succession fallowing the 1982 Bulter Wash fire and Salt. 
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Creek Fire. 
Kate Kitchell and Jeff Connor, Natural Resource Specialists. 
Initiated 1982. 
Ongoing. 

C. Cam¢te assessment in the backcountry of Canyonlands National 
Park. 
Kate Kitchel4 Natural Resource Specialist. 
Initiated 1978. 
Ongoing. 

II. Studies Supported With National Park Service Funds. 
A. A sbldy of Bald Eagles wintering in Cataract Canyon. 

Don Yasuda and Ann Debolt.. 
Initiated 1985. 
Completion 1985. 

B. A model of climatic variables affecting Bighorn lamb survival. 
Charles L. Douglas and Carol R. Annable. 
Initiated 1985. 
Completion 1985. 

C. A study of the I_X)tential impact of light pollution from the 
propa:;ed respooitory sites in Davis and Lavender Canyon. 
Donald Henderson, Mark .A. Yocke and Henry Hogo. 
Initiated 1984. 
Completion 1985. 

D. Water resources assessment in the needles district and adjacent 
BLM Lands. 
Eca;ystem Research Institute. 
Initiated 1985. 
Ongoing. 

E. Determine the sulfer content of different-age annual whorls of 
pinyon trees. 
Roger W. Ferenb:iugh. 
Initiated 1985. 
Ongoing. 

III. Studies Supported By Universities And Allied Funding Sources. 
A. Evoluntionary significance of a particular DNA sequence from the 

Kangaroo Rat, D. ordii · 
Karl C • Lark, University of Utah 
Source oE Support: National Inst.ib.rt:.e of Health. 
Initiated 1983. 
Ongoing. 

B. Eriogonum Inflatum, the allocation of limiting resources between 
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reproduction and survival in life history variants of Eriogonum 
Inflatum. 
Nona R. Chiariedllo, University of Utah. 
Source of Support: ? 
Initiated 1983. 
Ongoing. 

c. Research on the endangered Colorado Squawfish in Canyonlands 
National Park. 
Bob Williams, Bureau of Reclamation • . 
Source of Support: Bureau of Reclamation. 
Initiated 1984. 
Ongoing. 

D. Research project on the .interactions between yucca, its 
pallinatore and its seed predator. 
John F. Addicott, University of Alberta. 
Source aE Support: Natural Sciences and Engineering Research, 
Council of Canada. 
Initiated 1981. 
Ongoing. 

E. An analysis of pothole water .in Canyonlands National Park. 
Stanley L Dodson, University of Wisconsin. 
Source of Support: ? 
Initiated 1984. 
Ongoing. 

Capitol Reef National Park 

L Studies Conducted By Park PersonneL 
A. Grazing effects on the grasslands of Capitol Reef National Park. 

Norman R. Henderson, Resource Management Spec:i.alist:. 
Initiated 1984. 
Ongoing. 

B. Abundance and dib"tribution of Tamarisk along the Fremont River 
within Capitol Reef· National Park. 
Norman R. Hendeson, Resource Management Spec:i.alist:. 
Initiated 1984. 
Ongoing. 

C. Historical investigation into livestock utilization of Capitol Reef 
National Park. · 
Norman R. Henderson, Resource Management Spec:i.alist:. 
Initiated 1985 
Completion 1985. 
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n. Studies Supported With National Park Service Funds. 
A. Domestic livestock grazing and range evaluation within Capitol 

Reef National Park. 
Mike Davis, Northwest Agri-Tech. 
Initiated 1984. 
Ongoing. 

B. Livestock grazing impacts on riparian areas within Capitol Reef 
National Park. 
Richard C. Barth, Colorado School of Mines Research Institute. 
Initiated 1984. 
Ongoing. 

c. Livestock impacts on archeological resources within Capitol 
Reef National Park. 
Douglas Scott, NPS Mldwest Archeological Center, University of 
Nebraska, Lincoln. 
Initiated 1985. 
Ongoing. 

D. Ecology and distribution of newly introduced Bighorn Sheep within 
Capitol Reef National Park. 
Gar Workman, Utah State University. 
Initiated 1984. 
Ongoing. 

E. Preparation of a vegetation map for Capitol Reef National Park. 
Bud Titlow, NPS, Remote Sensing Unit, Geographic Information 
Systems Division. 
Initiated 1983. 
Completion 1986. 

F. Preparation of a geographic information system for Capitol Reef 
National Park. 
Harvey Fleet, NPS, Digital Cartography Unit, Geographic 
Information Systems Division. 
Initiated 1983. 
Completion 1985. 

m. Studies Supported By Universities And Allied Funding Sources. 
A. Geographic variation in Crotalus viridis. 

stephen Arid, University of Colorado. 
Source aE Support: University of Colorado. 
Initiated 1982. 
Completion 1985. 

B. Mercury transport. in stream sediments of the Colorado Plateau. 
William Graf, Arizona State University. 
Source aE Support: Arizona State University. 
Initiated 1983. 
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Completion 1985. 

C. A biogeographical analysis of the grc3$hoppers of the Great 
Basin. 
James MacMahon, Utah State University. 
Source of Support: Utah State University. 
Initiated 1984. 
Ongoing. 

D. Early triassic bivalve mollusks. 
Donald W. Boyd, University of Wyoming. 
Source of Support: University of Wyoming. 
Initiated 1985. 
Ongoing. 

E. Analysis of the upper permian and Tria$ic Strata. 
Diane Kamala, University of Utah. 
Source of Support: University of Utah. 
Initiated 1984. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. AnalysiS of the jurassic system on the Co1Drado Plateau. 

Fred Peterson, US Geological Survey. 
Sol.lrce of Support: US Geological Survey. 
Initiated 1982. 
Ongoing. 

B. Phylinae (Hemiptera: Miridae) of North America and Mexico. 
Randall Schuh, American ·Museum of Natural History. 
Source of Support: National Science Foundation. 
Initiated 1983. 
Ongoing. 

C. Basalt Dikes. 
Anne Gartner, US Geological Survey. 
Source of Support: US Geological Survey. 
Initiated 1984. . 
Ongoing. 

v. Publications. 
A. Engineering report and technical specifications for mine cl.ooure 

and reclamation of Terry # 1 m¥1e site; . Capfrol Reef National 
Park. Skelly and Loy Engineers-Consultants, Harrisb\]r<J, 
PA. 44 pp. 

B. Graf, William L. 1983. Mercury transport in stream sediments of 
the Colora~o Plateau. A Z State Univ ., Tempe. 31 pp. 
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c. Henderson, Norman R. 1985. Grazing Management; Capitol Reef 
National Park. NPS; Capitol Reef Nat'L Park, Torrey. 82 pp. 

D. Peterson, Fred P. 1984. Flllvial sedimentation on a quivering 
craton: influence of slight crustal movements on fluvial processes, 
upper Jurassic Morrison Formation, western Colorado Plateau. 
Sedimen. GeoL 38:21-49. 

E. Peterson, Fred P. and G. N. Pipiringoo. 1979. Stratigraphic 
relations of the Navaj:> Sandstone to middle Jurassic formations, 
southern Utah and ·northern Arizona. GeoL Surv. Prof. Paper 
1035-B. US Geol. Surv., Wash. DC. 43 pp. . 

F. Technical evaluation and preliminary coot estimates of mine 
c.1.a:rure alternatives for Capitol Reef National Park; Terry #1 mine 
site. Skelly and Loy Engmeers-Consultants, Harrisburg, P A. 41 pp. 

Custer Battlefield National Monument 

II. Studies Supported With National Park Service Funds. 
A. Archeological examination and inventory of cultural resources 

Custer Battlefield National Monument. 
Douglas D. Scott, Midwest Archeological Center, Lincoln, 
Nebraska. 
Source of Support: Custer Battlefield Historical and MuSeum 
Association. 
Initiated 1983. 
Ongoing. 

B. GeomorpholCXJist sb.ldy of deep ravine. 
C. Vance Haynes, University of Arizona. 
Source of Support: Custer Battlefie]d Historical and Museum 
Association. 
Initiated 1985. 
Ongoing. 

C. Forensic analysis of human oone.s found on Custer Battlefield as 
a result of 1984 and 1985 archeolical survey. 
Clyde C. Snow, University of Oklahoma. 
Source of Support: Custer BattlefieJd Historical and Museum 
Association. 
Initiated 1984. 
Ongoing. 

D. Plant sb.ldy of Custer Batt]efield following the 1983 prairie fire. 
Jane H. Bock and Maureen 0 'Shea-stone, University of Colorado. 
Initiated 1984. 
Ongoing. 
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E. Oral history of The Battle of Little Bighorn-Cheyenne informants. 
Royal G. Jackson, Oregon State University. 
Source aE Support: University of Wyoming. 
Initiated 1985. 
Ongoing. 

Devils Tower National Monument 

m. Studies Supported By University And Allied Funding Sources. 
A. Insect baseline inventory. 

Clifford D. Ferris, University of Wyoming. 
Source aE Support: · ? 
Initiated 1983. 
Completion 1985. 

Din03aur National Monument 

L Studies Conducted By Park Per~nneL. 
A. Peregrine Falcon recovery program. 

Stephen Petersburg, Resource Management Specialist; Gerald 
Craig, Colorado Division of Wildlife; William Burnham, The 
Peregrine Fund. 
Initiated 1977. 
Ongoing. 

B. Air quality monitoring (particualtes). 
Stephen Petersburg, Resource Management Specialist:; Pat Feeney, 
University of California, Davis • . 
Initiated 1984. . 
Ongoing. 

C. Bighorn Sheep movements and habitat select:iDn. 
Stephen Petersburg, Resource Management Specialist. 
Initiated 1984. 
Ongoing. 

D. Fire effects studies (vegetation, breeding birds, small marnma1s). 
Stephen Petersburg, Resource Management Specialist. 
Initiated 1984. 
Ongoing. 

E. Baseline vegetation studies. 
Stephen Petersburg, Resource Management Specialist. 
Initiated 1983. 
Ongoing. 
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F. River campground impact monitoring. 
James McBrayer, River Ranger. 
Initiated 1979. 
Ongoing. 

G. Mormon Ciicket fX>pu1ation monitoring. 
Stephen P~tersburg, Resource Management Spec:iali.st. 
Initiated 1982. 
Ongoing. 

n. Studies Supported With National Park Service Funds. 
A. Management of control of Mormon Crickets. 

John Capjnera and Chuck Macvean, Colorado State University. 
Initiated 1985. 
Ongoing. 

B. Air quality monitoring (visibility}. 
Air Resource Specialists, Fort Collins, C 0. 
Initiated 1978. 
Ongoing. 

m. Studies Supported By University And Allied Funding Sources. 
A. Morrison Microvertebrates. 

George Engelmann, University of Nebraska, 0 maha. 
Source of Support University of Nebraska, Earthwat.ch. 
Initiated 1985. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. Ca1orado River fishes monitoring project. 

Harold Tyus, Research Biologist, USFWS. 
Source of Support u.s. Fish and Wildlife Service. 
Initiated 1981. 
Ongoing. 

B. Identification of habitat requirements and limiting factol:s for 
Ca1orado Squa wfish and Humpback Chub;. 
Tom Nesler, Colorado Division of Wildlife. 
Source of Funds: Colorado Division of Wildlife. 
Initiated 1980. 
Ongoing. 

C. Determination of economic impact and economic threshold levels 
for brush and insect p:sts of the Sagebrush Ecosystem. 
John, Capinera, C. D. Bonham and E. T. Barteltt, Colorado State 
University. 
Source of Support Colorado State Univeristy, Western Regional 
Integrated Pest Management Competitive Grants Program 
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(C.S. R.S., U.S. D. A.) 
Initiated 1985. 
Ongoing. 

D. Population monitoring on endangered fish, Utah. 
steve Cranney, Utah Div. of W.ildlife Resources. 
Source of Suppxt: Utah Div. Wildlife Resources. 
Initiated 1985. 
Ongoing. 

V. Publications. 
A. Haynes, C. M., R. •r. Muth and T. P. Nesler. 1985. Identification of 

habitat requirements and limiting factors for Colorado Squawfish 
and Humpback Chub. Fed. Aid in Fish and Wildl. Rest., Job Final 
Rept., SE-3-4. CO Div. of WlJ.dl..., Fort Collins, CO. 62 pp. 

Fort Laramie Nationalllist:oric Site 

m. Studies Supported By University And Allied Funding Sources. 
A. Vegetation analysis and 111anagement. 

Charles F. Olmstead, University of Northern Colorado. 
Source of SupPJrt: University of Wyoming. 
Initiated 1985. 
Ongoing. 

Glacier National Park 

L Studies Conducted By Park Personnel. 
A. Glacier National Park Landsat based resource information system. 

·carl H. Key. 
Initiated 1981. 
Ongoing. 

II. Studies SupPJrted By National Park Service Funds. 
A. Grizzly bear PJpulation studies. 

Cliff Martinka. . 
Initiated 1967. 
Ongoing. 

, B. Aquatic ecosystem inventory. 
Leo F. MarnelL 
Initiated 1979. 
Ongoing. 

C. Cutthroat trout genetics studies. 
Leo F. MarnelL 
Initiated 1977. 
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Completion 1985. 

D. Grizzly bear food ecology studies. 
Kate KendalL 
Initiated 1982. 
Ongoing. 

E. Lake McDonald ecosystem investigations. 
Leo F. Marnell. 
Initiated 1986. 
Ongomg. 

F. Upper Kintla Lake charr studies. 
Leo F. Marnell. 
Initiated 1983. 
ongomg. 

G. Local and long-range movements of Bald Eagles. 
Riley McClelland and Leonard Young. 
Initiated 1977. 
·ongoing. 

H. Nesting ecology of Bald Eagles. 
Riley McClelland and Rick Yates. 
Initiated 1985. 
Completion 1989. 

L Characteristics of Bald Eagle communal roosts. 
Riley McClelland and John Crenshaw. 
Initiated 19 81. 
Completion 1985. 

J. Behavior and distribution of different age classes of Bald Eagles 
at the autumn concentration. 
Riley McClelland and Rob Bennetts. 
Initiated 1983. 
Completion 1986. 

K. Air quality bio indicator monitoring network. 
Paula Sanchini. 
Initiated 1984. 
Completion 1985. 

L. Riparian wildlife and non game bird studies. 
Gerald \i"right and assistants, NPS CPSU University of Idaho. 
Initiated 19 82. 
Completion 1985. 

M. Rare plant inventory. 
Peter Lesica, University of Montana. 
Initiated 19 84. 
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Completion 1985. 

N. Grizzly habitat mapping, Phase 1, Two Medicine drainage. 
Carl Key and Bart Butterfie1d. 
Initiated 1984. 
Completion 1985. 

0. Roadside exotic p1ant communities. 
Tad Weaver and Bryant Woods, Montana State University. 
Initiated 1984. 
Completion 75% in 1985. 

P. Bighorn Sheep insular eca1ogy. 
Kim Keating. 
Initiated 1985. 
Ongoing. 

TIL studies Supported ·By University And Allied Funding Sources • . 
A. Spotted knapweed. 

Rob tyser, University of Wisconsin-Lei CrOEEe. 
Initiated 19 84. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. W o1f eca1ogy. 

Robert Ream. 
Source of Supp:rt: U.s. Fish & Wildlife Section 6 Funds. 
Initiated 1978. 
Ongoing. 

B. Geology of Glacier National Park. 
James Whipple. 
Source of Supp:rt: US Geological SurVey. 
Initiated 1979. 
Ongoing. 

c. Border station water chemistry. 
Jack Stanford, Yellow Bay Biological Station, Bigfork, Montana. 
Source of Supp:rt: Glacier National Park (National Park Service). 
Initiated 19 8 3. 
Ongoing. 

V. Publication. 
A. Keating, K. A. 1986. Historical grizzly bear trends in . Glacier 

National Park, Montana. W ildl.. Soc. Bull. In press. · 
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Glen Canyon National Recreation Area 

L Studies Conducted By Park Personnel. 
A. Monitoring lakeshore tamarisk invasion. 

charles w. wood, Biologist 
Initiated 1985. 
Ongoing. 

B. Carrying capacity of Lake Powell for ooating use: field visitor 
surveys and impact studies. 
Charles W. Wood, B~ Glen Canyon National Recreation 
Area, Mike Snyder, Landscape Architect, Rocky Mountain Region. 
Initiated 1985. 
Completion 1986. 

II. Studies Supported With National Park Service Funds. 
A. Chemistry of spr:ings. 

Rebecca R. Williamson, Geologist, Northern Arizona University, 
Flagstaff. 
Initiated 1985. 
Completion 1985. 

B. Recreational water quality assessment of the San Juan River. 
Jack D. Doyle, et. al., School of Renewable Natural Resources, 
Unive_rsity of Arizona, Tucson. 
Initiated 1985. 
Completion 1985. 

C. A survey of bacterial indicators of fecal pollution in Lake Powell, 
Glen Canyon National Recreation Area. 
Jacquelyn A. Fitzgerald, et. al., Department of Biological 
Sciences, Northern Arizona University, Flagstaff. 
Initiated 1985. 
Ongoing. 

D. Reclamation investigations on disturbed lands at Glen Canyon 
National Recreation Area. 
Jeff Meyer and Robert Corner, Thorne Ecological Institute, and 
Jim Holland, Glen Canyon National Recreation Area. 
Initiated 1984. 
Completion 1994 • 

. E. Inventory and evaluation of campsites and suh5Equent development 
of a recreation model for the San Juan River from Sand Island to 
CJayhills Cr<>ffiing. 
Larry Agenbroad and Dale Nations, Northern Arizona University, 
Flagstaff~ 
Initiated 1985. 
Ongoing. 
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F. Survey of Peregrine Falcons at ZiDn and Canyonlands National 
Parks and Glen Canyon National Recreation A.rea. 
James H. Enderson, The Peregrine Fund, Boise, ID. 
Initiated 1984. 
Ongoing. 

G. Culblral resources inventory. 
Richard Ambler, Northern Arizona Universit.y, Flagstaff. 
Initiated 1984. . . 
Ongoing. 

H. Rums stabilization. 
Paul Nickens, Nickens and Associates, Montrose, Colorado. 
Initiated 1983. 
Ongoing. 

L Paleontological studies. 
Larry Agenbroa.d, Northern Arizona University, Flagstaff. 
Initiated 1984. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. Glen Canyon environmental studies: A series of sb.ldies evaluating 

the impact of Glen Canyon Dam on the Colorado River through 
Glen and Grand Canyons. · 
Dave Wegner, Bureau· of Reclamation. 
Source of Support: Bureau of Reclamation, Salt. Lake City. 
Initiated 1982. . 
Completion 1987. 

B. An analysis of grazed and non-qrazed Blackbrush ~ms in 
Glen Canyon National Recreation Area. 
Jeffery Klopatec, Department of Botany & Microbiology, Arizona 
State University, Tempe. 
Source of Support: ? 
Initiated 1984. 
Completion 1986. 

Golden Spike National Historic Site 

JI. . studies Supported with National Park Service Funds. 
A. Trestle preservation plan. 

John D. Feinberg and Bob Hunnes, County Services Collaberative, 
Boulder, Colorado. 
Initiated 1985. 
Completion 1985. 

-205-



Grand Teton National Park 

L Studies Conducted By Park Personnel. 
A. Eca1ogical effects and biotic succession following the 1974 

WaterfalJs Canyon fire. 
William J. Barmore, Jr., Research Biologist 
Initiated 1974. 
Ongoing. Measured in 1975, 1976, 1977 and 1983. 

B. Snake River cutthroat trout investigations. 
Pete Hayden, Aquatic Biologist 
Initiated 1964. 
Ongoing. 

IT. Studies Supported With National Park Service Funds. 
A. Ba1d Eagle nesting and banding study. 

Robert Eng, Montana State University, Bozeman. 
Initiated 1979. 
Ongoing. 

m. Studies SupJ;X>rted By Universities And Allied Funding Sources. 
A. Parasites of ungulates in the Jackson Hole area: scarabaeoid 

beetles acting on lungworm, Dictyocaulus hadweni, larvae in feces. 
Robert C. Bergstrom, University of Wyoming, Laramie. 
Source of Support: University of Wyoming. 
Initiated 1976. 
Ongoing. 

B. Compa::ri.tion, abundance and distribution of littoral macrophytes in 
Jackson Lake Wyoming, Grand Teton National Park. 
Michael Parker, University of Wyoming, Laramie. 
Source of Support: University of Wyoming. 
Initiated 1983. 
Completion 1985. 

c. Mushrooms of Grand Teton and Yellowstone National Parks. 
Kent H. McKnight, Agricultural Research Service, Beli:svill.e, MD. 
Source aE Support: University of Wyoming and Agricultural 
Research Service. 
Initiated 1967. 
Ongoing. 

N. Studies Supported By Funds From Other Sources. 
A. Effects of environmental variables on oome physi.ological responses 

in Microtus montanus under natural conditions. 
Aelita Pinter, University of New Orleans LA. 
Source aE Support: Private funds. 
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Initiated 1969. 
Ongoing. 

B. Winter ecology and migration of the Gros Ventre Buttes mule deer 
herd, Jackson Hole, Wyoming 
T. Campbell, Biota Research and Consulting, Inc., and T. Clark, 
Idaho State University, Pocatello. 
Source of Support: Boone and Crockett Club, Idaho State 
University, Spring Creek Ranch, and Biota Research and 
Consulting, Inc. 
Initiated 1979. 
Ongoing. 

C. Summer distribution and migration of elk that winter oo the 
National Elk Refuge. 
Bruce Smith, Management Bfulogjst, National Elk Refuge. 
Source of Support: U.S. Fish and Wildlife Service. 
Initiated 1978. . 
Ongoing. 

D. Social interactions, movements and activity in otters. 
Joseph G. H~ San Francisco State University. 
Source of Support: Private funds. 
Initiated 1982. 
Ongoing. 

E. Chronology of neogene ~di.mentary rocks in Jackson Hale, 
Wyoming. 
Douglas W. Burbank, University of Southern California, Los 
Angeles. 
Source of Support:· National Science ·Foundation. 
Initiated 1983. 
Completion 1986. 

F. Life hili-tory strategies of the Montane Vale, Microtus montanus. 
Frederick J. Jannett, Jr., Science Museum of Minnesota, St. Paul. 
Source of Support: Science Muse urn of Minnesota. 
Initiated 1978. 
Ongoing. 

Jewel Cave National Monument 

n. Studies Supported With National Park Service Funds. 
A. Hydrologic study of Jewel Cave and Wind Cave. 

E. Calvin Alexander, University of Mipnesota. 
Initiated 1985. . 
Com~tion 1988. 
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B. Ecological associations of ponderosa pine inside Jewel Cave 
National Monument. 
Darrel L. McDonald, Texas A & M University. 
Initiated 1981. 
Completion 1985._ 

c. A survey of vegetation of Jewel Cave National Monument. 
Hollis Marriott and R. L. Hartman, Universit.y of Wyoming. 
Initiated 1984. 
Completion 1985. 

V. Puhlications. 
A. McDonald, Darrel L. 1985. Ecological A$0Clations of ponderosa 

pine inside Jewel Cave National Monument, Custer, South Dakota. 
Nat'L Park Serv. Coop. Park Studies Unit, Texas A & M Univ., Tech. 
Rept. No. 1. 25 pp. 

B. Marriott, Hollis and R. L. Hartman. 1985. A suvey of the 
vegetation of Jewel Cave National Monument. Final report to the 
U W-NPS Res. Center. 18 pp. Map with veg. and soils overlay 
included. 

Knife River Indian Villages National Historic Site 

II. studies Supported With National Park Service Funds. 
A. Phase I archeological data base research for K N RL 

Stanley A. Ahler, University of North Dakota, Grand Forks. 
Midwest Archeological Center, Lincoln, Nebraska. 
Initiated 1976. 
Ongoing. 

B. Vegetation l:eseline study for the K NRL 
Gary K. Clambey, North Dakota State University, Fargo. 
Initiated 1984. 
Completion 1985. 

C. Test excavations at the lower Hidatsa West Site (32ME499) KNRL 
Dennis Toom, Stanley Abler, Carl Falk, University of North Dakota, 
Grand Forks. 
Initiated 1984. 
Completion 1985. 

D. Archeological investigations for small.scale construction projects 
at six locations in the K N RL 
Dennis Toom, Stanley Abler, University of North Dakota, Grand 
Forks. 
Initiated 1985. 
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Completion 1985. 

N. Studies Supported By Funds From Other Sources. 
A. Phytolith analysis of plant and ~diment samples from Big Hidatsa. 

Susan Mulholland, University of Minnesota-Duluth. 
Source of Support: Private. 
Initiated 1985. . 
Ongoing. 

Theodore Roooevelt National Park 

L Studies Conducted By Park Personnel. 
A. Photographic study of the vegetative recovery of a rehabilitated 

roadway in Th~ore Roosevelt National Park. 
District Naturalist:r South Unit, and Jeff Bradyba.ugh, Resource 
Management Specialist. 
Initiated 1981. 
Ongoing. 

B. Distribution mapping of common and air fcllution sensitive lichens. 
Ray W. Snow, District Naturalist:r North Unit. 
Initia~ 1982. 
Ongoing. 

C. Update and correction of taxonomy and synonomy for the Park's 
vascular flora. 
Micki Hellickson, Chief Naturalist. 
Initiated 1982. 
Ongoing. 

D. Affects of various herbicides and application rates on leafy 
spurge. 
Jeff Bradybaugh, Resource Management Specialist. 
Initiated 1983. 
Ongoing. 

E. Moth communities of the north unit of Theodore Roasevel.t 
National Park, North Dakota. 
Ray W. Snow, North Unit District Naturalist. 
Initiated 1984. 
Ongoing. 

F. The ecological role Of lichens in Theodore Rcx:sevelt National 
Park, North Dakota. 
Ray W. Snow, North Unit District Naturalist. 
Initiated 1984. r 

Ongoing. 
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G. Isatopis (S) analysis of precipitation of the North Unit of Theodore 
Roosevelt National Park, ND. 
Ray W. Snow, North Unit District Naturalist. 
Initiated 1985. 
Ongoing. 

H. A preliminary assessment of potentially acid sensitive ooils in the 
North Unit of Theodore Roosevelt. National Park, ND. 
Ray W. Snow, North Unit District Naturalist:. 
Initiated 1984. 
Completion 1985. 

L Breeding bird atlas of the North Unit of Theodore Rocsevelt 
National Park, ND, and NeighOOring Townshi.ps. 
Ray W. Snow and others, N PS. 
Initiated 1985. 
Ongoing. 

J. Prairie dog colony distribution, size, and change in South Unit. 
Theodore Rc.>a:ievelt National Park: 1947-1985. 
Jeff Bradyba.ugh, Resource Management Specialist. 
Initiated 1985. 
Completion 1985. 

K. Range forage utilization and range condition trends in relation to 
large ungulate use at Theodore Roosevelt National Park. 
Jeff Bradybaugh, Resource Management Specialist. 
Initiated 1982. 
Ongoing. 

II. Studies SupJ;Orted By National Park Service Funds. 
A. Distribution, movements, habitat use, food habits, and associated 

behavior of reintroduced elk in Theodore Roosevelt National Park. 
Lynn Jrby and others, Montana State University. 
Initiated 1985. 
Ongoing. 

B. Baseline elemental-composition of selected plants and ooils and 
assessment of airborne elements contamination, Theodore 
Roosevelt. National Park. 
Larry P. Gough and others, USGS, Denver, CO. 
Initiated 1983. 
Completion 1985. 

ill. · studies Supported By Universities. 
A. Lichens of the Killdeer Mountains, ND. 

Ray W. Snow, North Unit District Nab.lralist. 
Source of Support: North Dakota State University. 
Initiated 1983. 
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OngOing. 

N. studies· Supported By Funds From Other Sources. 
A. Inventory of the rare p1ants of North Dakota. 

Richard Warner, North Dakota Natural Heritage Program. 
Source of Support: North Dakota Natural Heritage PrCX:}!'am. 
Initiated 1982. 
Ongoing. 

B. Aerial survey of deer, bighorn, elk and pronghorn for Theodore 
Rocsevelt. National Park. 
North Dakota Game and Fish Department PersonneL 
Source of Support: Theodore Roosevelt Nature and History 
AS50Ci.ation • 

. Initiated 1982. 
Ongoing. 

V. Publications. 
A. Hansen, P. L., G. R. Hoffman, and A. J. Bjugstad. 1984. The 

vegetation of Theodore Roosevelt National Park: A Habitat Type 
Classification. USDA For. Serv. Gen'L Tech., Rept.. RM-113. 35 pp. 

B. Snow, R. W. 1982 (Spring). One piece of the (air quality) research 
action: Theodore Roosevelt. Nat'L Park. Park Sci.. Val. 2, No. 3. 

C. Snow, R. W. 1984. Air. quality monitorfug and research at 
Theodore Roa;evelt. National Park. Annual Meeting, ND Chapt. 
W il.dl. Soc., Dickinson. 

D. Bradybaugh, J. S. 1984. Wildlife management techniques and 
philosophy at Theodore ·Rcn:;evelt National Park. Annual Meeting, 
ND Chapt.. Wildl.. Soc., Dickinson. 

E. Fauske, G. and R. W. Snow. 1985. Moth communities of the North 
· Unit of Theodore Roosevelt National Park. Ann. Meeting, NO Acad. 
of Sci., ~inot. 

F. Peard, J. L., Arbog~ B. F., Snow, R. W., and Engleman, E. E. 
1984. The element contents of Paremia sulcata and P. chlorocroa 
in Theodore Roa;evelt. National Park, NO (Al::s.): PrCX:}!'am, 
Bot. Soc. of A mer., Ann. Meeting, Fort Collins, C 0. Aug. 5-9, 
1984, Amer. J. of Bot., v. 71, no~ 5, part 2, p. 3-4. 

G. Gough, L. P ., et. al. 1985. Baseline elemental-composition of 
selected plants and soils, . and assessments of airborne element 
contamination, Theodore Roa:;evelt. National Park, ND. USGS, 
Denver, C 0. Open-file Rept. 85-251. · 
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Wind Cave National Park 

L Studies Conducted By Park PersonneL 
A. Natural mortality of e1k and bison in Wind Cave National Park. 

· Park Research Bio1Dgist and other members of Park staff. 
Initiated 1977. 
Ongoing. 

B. The effect of ungulates on abundance and distribution of trees and 
shrub3. 
Park Research Bio1Dgist and other members of Park staff. 
Initiated 1977 • . 
Ongoing. 

c. Predator activities on black-tailed prairie dog towns. 
Park Research Biologist. 
Initiated 1981. 
Ongoing. 

D. The effect of grazing by bison and e1k on prairie p1ant 
communities. 
Park Research Biologist. 
Initiated 1981. 
Completion 1986. 

E. Canada thistle colony dynamics on prairie dog towns. 
Park Research Biologist. 
Initiated 1984. 
Completion 1987 or 1988. 

F. Fire's effect on cacti. 
Park Research Biologist. 
Initiated 1985. 
Completion 1986 or 1987. 

IT. Studies Supported With National Park Service Funds. 
A. Coyote food habits in Wind Cave National Park. 

William Franklin, Iowa State Univet:Sit.y and Park Research 
BiolDgist. 
Initiated 1983. 
Completion 1986. 

B. Dietary analysis of sympatric herbivores at Wind Cave National 
Park. 
Larry L. Tieszen, Augustana College, South Dakota and Park 
Research Biologist. 
Initiated 1984. 
Completion 1986. 
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c. Epidemio1og.ic sb.ldy of Lept:oopirosis in Wind Cave N?tional Park. 
Hazel Shave, South Dakota State University. 
Initiated 1985. 
Completion 1985. 

D. Antiquity of prairie dog towns in Wind Cave National Park. 
Everett M. White, South Dakota state University. 
Initiated 1984. 
Completion 1986 • . 

E. Vertebrate paleontology in Wind Cave National Park. 
James E. Martin, South Dakota School of Mines and Technology. 
Initiated 1985. 
Completion 1987. 

F. Hydrologic study of Jewel and Wind Caves. 
E. Calvin Alexander, University of Minnesota. 
Initiated 1985. 
Completion 1987. 

m. Studies Supported By Universities And Allied Funding Sources. 
A. Riparian habitats in Wind Cave National Park. 

Theodore L. Maguder, University of Hartford. 
Source aE Support: University of Hartford and personal funds of 
researcher. 
Initiated 1981. : 
Ongoing~ 

B. Archeological neotaphonomy: Understanding the formation 
processes of faunal ag:;emb1ages, the Wind Cave Taphonomy 
Pro~ ct. 
Galen R. Burgett, University of · New Mexico and University of 
Wyoming. 
Source aE Supp:>rt: University of New Mexico, L.S.B. Leakey 
Foundation, and personal funds. 
Initiated 1984. 
Completion 1987. 

C. Hydi:-ology and hydrochemistry of the Pahasapa Limestone. 
John Rohde, Washington State Universit.y. 
Source aE Supp:>rt: Washington state University. 
Initiated 1984. 
CompletiOn 1986. · 

· N. . studies Supported By Funds From Other Sources. 
A. Interspecific nutritional facilitation: d<;> bison benefit from feeding 

on prairie dog towns? 
A. Virginia Ravndal. Vanderhye, Colorado State University. 
Source. of Support: National Science Foundation. 
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Initiated 1983. 
Completion 1985. 

B. Social behavior of prairie dogs. 
John L. Hoogland, University of Maryland. 
Source of Support: National Science Foundation and the Harry 
Frank Guggenheim Foundation. 
Initiated 1975. 
Ongoing. 

C. Social development .in American bison. 
Wendy Green and Aron Rothstein, City College of the City 
University of New York. 
Source of Support: National Institute of Health. 
Initiated 1982. 
Completion 1988. 

D. Intensification of biological activity and control of eca:;ystem 
change by native herbivores in North American grasslands. 
James K. Detling and April Whicker, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 1984. 
Completion 1988. 

E. Prairie dog grazing: its potential effects on vegetation attributes 
and soil nitrogen. 
Miguel Angel Brizuela, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 1985. 
Completion 1988. 

F. Individual and interactive grazing effects of pra.ir:ie dogs and bison 
upon vegetation and sail attributes. 
M. S. Cid de Brizuela, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 19 8 5. 
Completion 1988. 

G. Frequency of mycorrhizal infection in plant communities with 
diverse hist.or:ies of prairie dog grazing, and effects of m ycorrhizae 
infection on plant growth and plant .interactions under different 
defoliation regimes. 
Carol L. Simmons, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 1985. 
Completion 1989. 

H. Investigations of structural stability in the Wind Cave Ecooystem. 
Kirsten Krueger, Colorado State University. · 
Source of Support: National Science Foundation. 
Initiated 1985. 
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Completion 1987. 

L The role of prairie dogs and bison in determining the abundance 
and species compooition of gras;hoppers in Wind Cave National 
Park. 
Richard .A. Redak, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 1985. 
Completion 1987. 

J. Grazing patterns of American bison in the mixed-grass prairie 
ecooyst.em. 
Ron Green, Colorado State University. 
Source of · Support: National Science Foundation. 
Initiated 1985. 
Completion 1988. 

K. Plant-animal interactions: the role of native herbivores in 
selection of grazing adapted plants. . 
Elizabeth Painter and J. L. Detling, Colorado State University. 
Source of Support: National Science Foundation. 
Initiated 1981. 
Completion 1986. 

L. Marked individuals in range p1ant studies. 
Kirsten Krueger and E. L. Painter, Colorado State University. 

· Source of Support: Personal resources of investigators. 
Initiated 1985. 
Completion 1988. 

V. Publications. 
A. Archer, Steve and J. K. Detling. 1986. Evaluation of potential 

herbivore mediation of plant water status in a North American 
mixed-gras; prairie. Oikos, in press. 

B. Archer, Steve and J. K. Delling. 1984. The effects of defoliation 
and competition on .regrowth of tillers of two North American 
mixed-grass prairie graminaids. Oikos 43:351-357 

C. Brizuela, Miguel A., J. K. Delling and M. Silvia Cid. 1986. Silicon 
concentrations of g!"a$eS growing in sites with different histories 
of grazing by prairie and bison. Ecology, in press. 

D. Coppock, L. D. and J. K. Delling. 1986. Alteration of bison/prairie 
dog grazing· interaction by prescribed b.lrning. J. Wildl.. Manage., 
in p:-ess • . 

E. Forde, John D., N. F. Sloan and D. A. Shown. 1984. Gt"a$land 
habitat management using prescribed b.lrning in Wind Cave 
National Park, South Dakota. The Prairie Nat., Vol. 16(3):97-110. 
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F. Franklin, William L. and A. N. El-Al:sy. 1985. Application of 
freeze-marking to wildlife in the field: prairie dogs. Iowa State 
Jour. Res., Vol. 60(1):71-75. 

G. Hoog1and, John L. 1985. Infantacide in prairie dogs: lactating 
females kill offspring of close kin. Sci., Vol. 230(4 729):1037-1040. 

H. Krueger, Kisten. 1986. Feeding relationship:; among bison, prong 
horn and prairie dogs: an experimental analysis. Ecol., in press. 

L Krueger, Kirsten. 1985. Interactions and activity patterns of bison 
and prairie dogs at Wind Cave NatiOnal Park: implications for 
managers. In: Proc. of the Nat'L Wilderness Conf. July 23-26, 
1985. C 0 State Univ ., Ft. Collins. pp 6. 

J. Vanderhye, Virginia. 1985. Interspecific nutritional facilitation: do 
biSon tenefit from feeding on p:-airie dog towns? M.S. Thesis, 
C 0 State Univ ., Ft. Collins. pp 44. 

Yellowstone National Park 

L Studies Conducted By Park Personnel. 
A. Plant eca1ogy studies. 

Don G. Despain. 
Initiated 1968. 
Ongoing. 

B. Bison eca1ogy sb.ldies. 
Mary Meagher. 
Initiated 1969. 
Ongoing. 

c. Animal ecology studies. 
Mary Meagher. 
Initiated 1980. 
Ongoing. 

D. Study of thermal feab.lres in Yellowstone National Park. 
Roderick A. HutchinsOn. . 
Initiated 1974. 
Ongoing. 

E. Gypsy Moth detection. 
J. Sweaney, National Park Service. 
Initiated 19 8 3. 
Completion ? • 
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F. Elk studies. 
Francis J. Singer, National Park Service. 
Initiated 1985. 
Ongoing. 

G. Pleistocene events in the Yellowstone area 
John Good, National Park Service. 
Initiated 1981. 
Ongoing. 

H. Quaternary-present deformation, Yellowstone Lake Basin. 
Wayne L. Hamilton, National Park Service. 
Initiated 1983. 
Ongoing. 

II. Studies Supported With National Park Service Funds. 
A. An evaluation of the natural radioactivity in reJected plants, soil. 

and water samples in central YNP. 
R. Lewis, University of Wyoming. 
Source of Support: Wyomiing Game and Fish and National Park 
Service. 
Initiated 1979. 
Completion 1985. 

TIL studies Supported By Universities And Allied Funding Sources. 
A. White Pelican reprcxluction in the Mally Islands breeding colony, 

Yellowstone National Park. 
Kenneth L. Diem, University of Wyoming, Laramie. 
Source oE Support: University of Wyoming. 
Initiated 1978. 
Ongoing. 

B. Ecological studies on parasites of the Gibbon elk herd. 
David E. Worley, Montana State University, Bozeman and R. C. 
Bergstrom, University of Wyoming. 
Source of Support: Montana State University and University of 
Wyoming. 
Initiated 1978. 
Ongoing. 

C. Aversive repellant tests, bears. 
C. Jonkel, University of Montana. 
Source of Support: University of Montana. 
Initiated ? • 
Completion . ? • 

D. Biology of thermal spring systems in western North America~ 
Samuel D. R ushforth and Jack D. Brotherson, Brigham Young 
University, Provo, UT. 
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Source of Support: Brigham Young University 
Initiated: 1981. 
Completion: 1986. 

E. study of Yellowstone and Lost Creek tuffs. 
Tammy Wo1cott, University of Calgary, Alberta, Canada. 
Source of Support: University of Calgary. 
Initiated: 19 81. 
Ongoing. 

F. Research of fluoride effects in wildlife and vegetation. 
James L. Shupe, H. B. Peterson and A. E. Olson, Utah State 
University, Logan. 
Source aE Support: Utah Agriculture Experiment Station, U.S. 
Department of Energy and private industry. 
Initiated 1956. 
Completion 1986. 

G. Relationship between reserve design and mammal presence and 
extirpation. 
W. New mark, University of Michigan. 
Source of Support: University of Michigan. 
Initiated 1983. 
Completion ? • 

H. Intraspecific competition in American Bison cows in late winter. 
A. Rutbert, University of Washington. 
Source of Support: University of Washington. 
Initiated 1983. 
Completion ? • 

L Distribution of Shore Bugs and Brine Flies at Sylvan Springs, YNP. 
V. Resh and M. Barnby, University of California. 
Source of Support: University of California. 
Initiated 1983. 
Completion ? • 

J. Aquatic invertebrates of YNP. 
G. Roemhild, Montana State University. 
Source of Support: Montana State University. 
Initiated 1983. . 
Completion ? • 

K. Herbarium collection. 
R. Athey, Memphis state/Vanderbuilt. University. 
Source of Support: ? • 

. Initiated 1983. 
Completion ? • 

L. Biosystematic sb.ldy of Rocky Mountain populations of Sisyrinchium 
crridaceae). 
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A. Cholewa, University of Idaho. 
Source oE Support: University of Idaho. 
Initiated 1983. 
Completion ? • 

M. Aspects of the natural history of the Sagebrush Lizard. 
G. Carpenter and D. Duvall, University of Wyoming. 
Source of Support: University of Wyoming. 
Initiated 1983. 
Completion ? • 

N. Population genetic structure in the Iguanid Lizard Sce1oporus 
cjracia:rus and its implications for the stasipatric speciation 
hypothesis. 
J. Sites and P. Thompson, Brigham Young University. 
Source of Support: Brigham Young University, National Gecqraphic 
and National Science Foundation. 
Initiated 1983. 
Completion ? • 

0. Analysis aE natural microbial pOpulations by Ribosomal RNA 
cloning and sequencing. 
N. Pace, Nat'1 Jewish Hosp. and Research Center, and University 
of Co1Drado School of Medicine. · 
Source aE Support: Nat'1 J ew.ish Hospital, University of Colorado 
US PHS. 
Initiated 1983. 
Completion ? • 

P. Biochemical and eco1ogical studies of extremely thermophilic 
bacteria. 
R. Ramaley, University of Nebraska. 
Source of Support: University of Nebraska. 
Initiated 1981. 
Completion ?. 

Q. Petrology of ple:istocene and recent travertine, Yellowstone 
National Park, WY, and Gardiner, M'I'. 
V. P~ University of Texas. 
Source of Support: University of Texas and Geological Society of · 
America. · 
Initiated ? • 
Completion ? • 

R. Small mammal ecology following natural fire (Fan Creek Fire). 
R. E. Moore and J. Alley, Montana state University. 
Source of Support: Montana ~tate University. 
Initiated 1983. 
Completion ? • 
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s. '!'race element analysis of ob;idjan from YNP: Southern Plains 
Archeological Proj2ct. 
T. Baugh and F. Nelson, University of 0 klahoma and Brigham 
Young University. 
Source of Support: University of Oklahoma. 
Initiated 1983. 
Completion ? • 

T. Ecology and physiology of photcsynthetic microorganisms. 
R. Castenholz, University of Oregon. 
Source of Support: National Science Foundation and University of 
Oregon. 
Initiated 1983. 
Completion ?. 

U. Cellobiase production in thermophilic bacteria and fungi. 
J. Von Ashlefeldt, J. Mattoon and K. Andrews, University of 
Colorado. 
Source of Support: University of Colorado. 
Initiated 1983. 
Completion ?. 

v. Ecology of hot springs microbial mats. 
D. Ward, N. Revsbech, T. Tayne, K. Anderson and M. Bateson, 
Montana State University. 
Source of Support: National Science Foundation and Montana State 
University. 
Initiated 1983. 
Completion ? • 

W. Ecology and characterization of bacterial nitrogen fixation in 
thermal springs. 
C. Wickstrom, Kent State University. 
Source of Support: National Science Foundation and Kent State 
University. 
Initiated 1983. 
Completion ?. 

X. Community position and pattern along a continuous thermal 
gradient; phr~al vs. biological constraints. 
R. Riegert,- University of Georgia. 
Source of Support: NatiOnal Science Foundation and University of 
Georgia. 
I.rritiated 1983. 
Completion ?. 

Y. Analysis of anoxic microbial activities in thermal springs. 
J. G. Zeikus, F. S. Lupton and S. Goodwin, University of 
Wisconsin. 
Source of Support: Department of Energy and University of 
W .isconsin. 

-220-



Initiated 1983. 
Completion ? • 

z. Elemental and isotopic compoo.i.tions of noble gases from 
Yellowstone thermal features. 
M. Kennedy, J. Reynolds, S. Smith and M. Lynch, University of 
California. 
Source of Support: Department of Energy and University of 
California. 
Initiated 1983. 
Completion ? • 

A 1• Early precambrian evolution of the Southern Beartooth Mountains. 
C. Montgomery, Northern illinois University. 
Source of Support: National Science Foundation and Northern 
illinois University. 
Initiated 1983. 
Completion ? • 

a1• Petrology and geochemistry of mixed lava in YNP. 
R. Guy and A. K. Sinha, Virginia Poly Instit. and State University. 
Source of Support: Chevron, National Science Foundation and 
Virginia Poly Instit. and State University. 
Initiated: 19 83. 
Completion ? • 

N. Studies Supported By Funds From Other Sources. 
A. Petrology of the Yellowstone Plateau volcanic field. 

R. L. Christiansen, US Geological Survey, Menlo Park, CA. 
Source of Support: United States Geological Survey. 
Initiated 19 7 4. 
Ongoing. 

B. Remote monitoring of geothermal features. 
Irving Friedman and Daniel Norton, US Geological Survey, Denver, 
co. 
Source of Support: United States Gealogical Survey. 
Initiated 1980. 
Completion 1991. 

C. Multiphase fluid flow .in geothermal systems. 
Susan Werner Kieffer, US Geological Survey, Flagstaff, AZ. 
Source of Support: United States Geological Survey. 
Initiated 19 7 6. 
Completion ?. 

D. Seismograph sensing. 
Andrew M. Pitt. US Geological Survey, Menlo Park, CA. 
Source of Support: United States Geological Survey. 
Initiated 1978. 
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Ongoing. 

E. Biology of trout in thermally enriched environment - Firehale 
River. 
Samuel Luoma, US Geological Service. 
Source of Support: United States Geological Service. 
Initiated 1975. 
Ongoing. 

F. Jsalation and characterization of fermentative anaerobes and 
aerobes from thermal areas. 
Thomas Ng, Michael E. Himmel and K. Andrews, Solar Energy 
Research Institute. 
Source of Support: U.s. Department of Energy. 
Initiated 1980. 
Ongoing. 

G. Status of critical plant species. 
Mark R. Stromberg and· Robert Lichvar, The Nature Conservancy, 
Cheyenne, W Y. 
Source of Support: Wyoming Natural Heritage Program. 
Initiated 1979. 
Ongoing. 

H. Ecology of Gallatin e1k and range relationships. 
Graham Taylor, Montana Department of Fish, Wildlife and Parks. 
Source of Support: Montana Department of Fish, Wildlife and Parks. 
Initiated 1959. 
Ongoing. 

L Basic stream and lake inventory-all waters of Yellowstone National 
Park. 
u.s. Fish and Wildlife Service, Yellowstone National Park. 
Source of Support: U.s. Fish and W ildl.ife Service. 
Initiated 1965. 
Ongoing. 

J. Classifying butterflies of Yellowstone. 
Jeffrey R. Saffle, University of Utah, Salt Lake City. 
Source of Support: ? • 
Initiated ? • 
Complet:.iDn ? • 

K. Re1ative digestibility of Artemesia tridentata suoopecies and 
Artemesia nova by elk, deer and domestic sheep and preference by 
elk and deer on Gardiner hunting district. 
Karl Striby, Montana State University, Bozeman. 
Source of Support: ? • 
Initiated ? • 
Completion ? • 
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L. Population, status, and ecology of grizzly bears in Yellowstone 
National Park and vicinity. 
R. R. Knight, Interagency Grizzly Bear Study, Montana State 
University, Bozeman. · 
Source of Supp::rt: Multi-agency. 
Initiated 1973. 
Ongoing. 

M. r-'1 ushrooms of Grand Teton and Yellowstone National Parks. 
Kent McKnight, Mycology Laboratory, · U.S. Department of 
Agriculture, Beltsville, MD., Kimball Harper, Brigham Young 
University and Meinhardt Moser, University of Innsbrack. 
Source of Support: U.S. Department of Agriculture and University 
of Wyoming, Brigham Young Univers:it.y and University of 
Innsbrack. 
Initiated 19 80. 
Ongoing. 

N. Bryophytes of selected regions of Yellowstone National Park. 
D. H. Norris and David Nakamure, Huml:xildt State University, 
Arcata, CA. 
Source of Supp::rt: ? • 
Initiated 1980. 
Completion ? • 

0. Effects of hiker and horse trampling on tree growth in Northern 
Rockies. 
DeAna Lynn Nasseth, Baylor University, Waco, TX. 
Source of Supp::rt: ? • 
Initiated 1980. 
Completion ? • 

P. Study of clays representing ore forming environments. 
Mike Palin, New Mexico Tech. University, Soccoro. 
Source of Supp::rt: u.s. Office of Surface Mining. 
Initiated 1981. 
Ongoing. 

Q. Evaluation of lithospheric strucb.rre, seismicity, crustal 
deformation and pcssihle magma sources at Yellowstone. 
Robert B. Smith, University of Utah, Salt Lake City. 
Source of Support: US Geo1ogical Survey. 
Initiated 1960. 
Ongoing. 

R. Stream guaging to monitor heat and mass flux of hot springs 
system. 
J. M. Thompson and R. 0. Fournier, US Geo1ogical Survey, Menlo 
Park, CA. 

· Source of .Supp::rt: United States Geological Survey. 
Initiated 1960. 
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Ongoing. 

s. Study of \vater and steam from hot springs and vents. 
Alfred Truesdell, and Richard Makdisi, US Geological Survey, 
Menlo Park, CA Orono. 
Source oE Support: Personal funds 
Initiated 1981. 
Ongoing. 

T. Study of native undisturbed vegetation in Cex>ke City area. 
Ray W. Brown. 
Source oE Support: Intermountain Forest and Range Experiment 
Station, U.S. Forest Service. 
Initiated ? • 
Completion ? • 

U. Hybridization and genetic deformity of high altitude vascular flora. 
William J. Humphrey, Plant Taxonomy Divjsion, Project Blue-snow. 
Source oE Support: ? • 
Initiated ? • 
Completion ? • 

v. Obtain waters low .in natural tritium for p~ of ground-water 
dating of oil shale related waters from Utah. 
McDonald Wrenn, University of Utah, Salt Lake City. 
Source oE Support: ? • 
Initiated 1981. 
Completion ? • 

W. Depooitional environments of Y ellDwstone fossil forests at 
Specimen Ridge. 
Richard F. Uretich, University of Mru:sachusetts, Amherst. 
Source oE Support: ? • 
Initiated 19 81. 
Ongoing. 

X. Upper Yellowstone Bighorn Sheep sb.ldy. 
L. Irby and K. Keating, Montana State University. 
Source oE Support: Montana Department oE F W & P and North 
American Foundation for wild sheep. 
Initiated 1983. . 
Completion ?. 

Y. Energy expediture oE elk and deer in mow. 
C. Robbins, Washington State University. 
Source of Support: U.S. Forest Service. 
Initiated 1983. 
Completion ? • 

z. Interagency grizzly bear study. 
L. Roop, Wyoming Game and Fish. 
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Source of Support: u.s. Fish and W.i1dl.ife Service. 
Initiated ? • 
Completion ? • · 

A 1• Fish p:>pulation survey-Robinson and Little Robinson Creeks. 
R. Spateholts, Idaho F.ish and Game. 
Source of Support: Idaho F.ish and Game. 
Initiated 1983. 
Completion ? • 

B1• Breeding bird survey. 
D. Bystrak, U.S. F.ish and Wildlife Service. 
Source of Support: U.S. Fish and W.i1dl.ife Service. 
Initiated ? • 
Completion ? • 

c 1• Status of critical bird species. 
s. Findha1dt, Wyoming Natural Heritage Program. 
Source of Support: Wyomirig Natural Heritage Program. 
Initiated ? • 
Completion ? • 

D1• Postfire timber damage in the Northern Rocky Mountain/Inter
mountain Region. 
D. Peterson, USDA - Forest Service. 
Source of Support: U.S. Forest Service. 
Initiated 1983. 
Completion ?. 

E1• Impact of forest fire on the nutrient influx into Heart Lake,· YNP. 
R. Stottlemyer, Michigan Tech. University. 
Source of Support: Man and the Biosphere. 
Initiated 1983. 
Completion ?. 

F
1

• Biological control of ma:quita5 with rnermithid nematode parasites. 
L. Nie1sen, S. Dickson and L. Hanson, University of Utah. 
Source of Support: National Instib.rt:e of Health. 
Initiated 1983. 
Completion ?. 

G 1• Hybridization and genetic deformity of high altitude vascular flora. 
W. Humphrey. 
Source of Support: ? • 
Initiated 1983. 
Completion ? • 

a1
• Preliminary survey of plants in Bechler Area and Pitchstone 

Plateau. 
D. Lindsay. 
Source of Support: ? • 
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Initiated 19 8 3. 
Completion ? • 

f. Class and environmental relationship; of wetland vegetation in 
central Y N P. 

1 M • 

1 N • 

D. Mattson and F. Johnson, University of Idaho. 
Source of Support: ? • 
Initiated 19 8 3. / 

. pletio' ? Com . n .• 

Microorganisms from alkaline thermal springs and p:xl1.s as 
:POtential tools in biomass conversion. · 
K. Andrews and K. Grohman, Colorado College. 
Source of Support: SE RL 
Initiated 1983. 
Completion ? • 

N fixation in rhodospirillacaea. 
~ Madigan, Southern nlinois University~ 
Source of Support: USDA. 
Initiated 1983. 
Completion ?. 

Isolation of extreme thermophilic recteria. 
S. Mainzer, Corning Gla$ Works. 
Source of Support: Corning Gla$ Works. 
Initiated 1983. 
Completion ? • 

Isolation of organisms responsible for leaching metal ions from 
minerals. 
J. Wolfram and B. Breckenridge, EG & G, Idaho. 
Source of Support: Dept. of Energy Genentech, Inc. 
Initiated 1983. 
Completion ?. 

Rocky Mountain acidification study. 
J. H. Gil:son, Colorado State Univ., C. Schofield, Cornell Univ., J. 
Galloway, Univ. of Virginia, Wm. McFee, Purdue Univ., and R. 
Johnson, Colorado State Univ. 
Source of Support: U.s. Fish and Wildlife Service. 
Initiated 1983. 
Completion ?. 

Hydrogen release from active faults. 
C. Rocken and R. Wah, University of Colorado. 
Source of Support: ? • 
Initiated 1983. 
Completion ? • 
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P1. . Eleclectrical geophysical studies, Upper Boundary Creek area of · 
YNP. 
D. B. Hoover, US Geological Survey. 
Source of Support: U.S. Geological Survey. 
Initiated 1983. 
Completion ? • 

Q 1. Calcite Springs hydrothermal system. 
D. Foley, Univ. of Utah Research Institute. · 
Source of Support: ? • 
Initiated 1983. 
Completion ? • 

R 1. Active and foeill. geothermal systems. 
D. White, US Geological Survey. 
Source of Support: u.s. Geological Survey. 
Initiated 1983. 
Completion ? • 

s1. Mafic inclusions in 2. 7 billion year granite rock, Northern 
Yellowstone. 
C. Casella, Northern lliinois University. 
Source of Support: ? • 
Initiated 1983. 
Completion ? • 

T1• Dendroichronology in the Yellowstone FossiL 
A. Chadwick and M. Arct, Lorna Linda University. 
Source of Support: ? • 
Initiated 1983. 
Completion ? • 

·u1• Volcanology and petrology of Lake Cenozoic magmatic systems. 
R. Christiansen and W. Hildreth, US Geological Survey. 
Source of Support: US Geological Survey. 
Initiated 1983. 
Completion ? • 

v1• Comparative sb.ldy of cenozoic volcanogenic rocks in YNP and 
Japan and for development of exploration model of geothermal 
resources in Japan. · 
T. Ohguchi, R~ch Institute of Underground Rese&ch, Akita 
Univ. 
Source of Support: ? • 
Initiated 1983. 
Completion ? • · 

1 . 
W • Evolution of magma chemistry .iri the Al::saroka Volcanics. 

J. Stout, University of Minnesota. 
Source of Support: McKenna Foundation. 
Initiated 1983. . 
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Completion ?. 

x1. Depa:3itional setting, diagenesis, and petroleum potential of the 
Permian Shedhorn Sandstone, S.W. Montana and N.W. YNP. 
J. Thornburg, University of Co1orado. 
Source aE Support: ARCO Exploration Co. 
Initiated 1983. .. 
Completion ?. 

Y1. Physical processes in large silicjc magma systems. 
D. Dzurisin, US GeOlogical Survey. 
Source of Support: U.S. GeOlogical Survey. 
Initiated 1983. 
Completion ? • 

z 1. .A study of Yellowstone caldera using tiltmeters. 
J. Levine and C. Meertens, University of Colorado. 
Source of Support: Air Force Geophysics. 
Initiated 1983. 
Completion ? • 

A 11. Multi-year visitor services sb.ldy: A~ment of current 
interpretation; mapping of visitor use of same: Evaluation of 
effectiveness. 
G. Machlis, University of Idaho. 
Source of Support: USS Arizona Natural History. 
Initiated 1983. 
Completion ? • 

Zion National Park 

L Studies Conducted By Park PersonneL 
A. Tunnel stress monitoring. 

Larry L. Hays, Resource Management Specialist. 
Initiated 1978. 
Ongoing. 

· B. Peregrine Falcon monitoring; nesting and fledging succe:s. 
Larry L. Hays, Resource Management Specialist. 
Initiated 1978. 
Ongoing. 

ll. Studies Supported With Park Service Funds. 
A. Peregrine Falcon survey and eggshell recovery. 

James Enderson, Colorado College with the Peregrine Fund. 
Initiated 1984. . 
Completion ?. 
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N. Studies Supported By Funds From Other Sources. 
A. Utah State ambient benthalogical monitoring. 

Michael K. Reichert, Bureau of Water Pal.lut.ion ControL 
Source of Support: State Funds. 
Initiated 1979. 
Ongoing. 

B. utah flcra project. 
Stanley L. We1sh, Brigham Young University~ 
Source of Support: Private Funds. 
Initiated 1960. 
Ongoing. 

c~ Erg margin process and products; intertonguing of the Kayenta and 
Nava:P Formations. 
Marlene F. Tuesink, Northern Arizona University. 
Source of Sup{Xlrt: Chevron, Sigma Xi, and Friday Lunch Club. 
Initiated 1984. 
Ongoing. 

D. A stratigraphic and petrographic study of the Moenave Formation, 
Zion National Park. 
Elizabeth Queen, Stephen F. Austin State University. 
Source of Sup{Xlrt: Private Funds. 
Initiated 1984. 
Completion ? • 

.E. Yuc~a - Yucca moth interactions. 
John F. Addicott, University of Alberta. 
Source of Sup{Xlrt: National Science and Engineering Council of 
Canada; National Geographic Society. 
Initiated 1980. ' 
Ongoing. 

F. Search for Microcaddis Fly Ochrotichia zioni. 
Milton W. Sanderson, Northern Arizona University. 
Source oE Support: Private Funds. 
Initiated 1985. 
Completion ? • 
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1. 

10. 

NATIONAL PARK SERVICE AREAS 
COOPERATING WrrH 

U.W.-N.P.S. RESEARCH CENTER 

Montana and Wyoming 

GLACmR NATIONAL PARK 
West Glacier, MT 59936 
Superintendent: 
Telephone: (406) 888-5411 
1,013,598.42 Acres 
Fed-1,012,5 99 .10; Nonfed-999 .32 

DEVILS TOWER NATIONAL 
MONUMENT 

15. YELLOWSTONE NATIONAL PARK 
Yellowstone Park, WY 82190 

~ Superintendent: Robert Barbee 
Telephone: (307) 344-7381 
2,219,822. 70 Acres 
Fed-2,219, 736.88; Nonfed-85.82 

16. BIGHORN CANYON NATIONAL 
RECREATION AREA 

· p) 
• n o.;rJJ~ 

Devils Tower, W Y 82714 ~ 
Superintendent: Hemer A. ~)J/ 

P. 0. Box 458 
Fort Smith, MT 59035 
Superintendent: William G. (yJJ\ 

11. 

12. 

Robinson 
Telephone: (307) 467-5370 
1,346.91 Acres, Federal 

FORT LARAMm NATIONAL 
HIS TO RIC SITE 
Fort Laramie, W Y 82212 
Superintendent: Gary K. Howe 
Telephone: (307) 837-2221 
571.36 Acres 

Binnewies 
Telephone: (406) 666-2412 

120,157.88 Acres 
Fed-65,608.16; Nonfed-54,549. 72 

17. CUSTER BATTLEFIELD NATIONAL 
MONUMENT 

P. 0. Box 39 
. / . Crow Agency, MT 59022 
~ Superintendent: James Court 

(J»\{~~ Telephone: (406) 638-2622 
(_;);!"' 765.34 Acres 

Fed-562.80; Nonfed-8.56 

FOSSlL BUTTE NATIONAL 
MONUMENT 

P. 0. Box 527 
Kern merer, W Y 83101 
Superintendent: Paul Guraedy 
Telephone: (307) 877-3450 
8,178 Acres 
Fed-7 ,417 .64; Nonfed-760.36 

18. BIG HOLE e ill jf.l NATIONAL 
BATTLEFIELD 

P. 0. Box 237 
W:isdom, MT 59761 
Superintendent: Alfred Schulmeyer 
655.61 Acres, Federal 

13. GRAND TETON NATIONAL PARK 19. GRANT-KOHRS RANCH 
P. o. Drawer 170 
Moose, WY 83012 
Superintendent: Jack Stark 
Telephone: (307) 733-2880 
310,417.98 Acres 
Fed-305,504.53; Nonfed-4,913.45 

14. JOHN D. ROCKEFELLER JUNIOR, 
MEMORIAL PARKWAY 

% Grand Teton National Park 
P. 0. Drawer170 
Moose, WY 83012 
Telephone: (307) 733-2880 
23,777.22 Acres, Federal 
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NATIONAL HlSTORIC SITE 
P. 0. Box 790 
Deer Lodge, MT 59722 
Superintendent: Jimmy D. Taylor 
Telephone: (406) 846-2070 
1,527.90 Acres 
Fed-1,322.48; Nonfed-205.42 
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NATIONAL PARK SERVICE AREAS 
COOPERATING WITH 

U. W .-N.P.S RESEARCH CENTER 

North Dakota and South Dakota 

2. FORT UNION TRADING POST 
NATIONAL ms•roRIC SITE 

Buford Route 
Williston, ND 58801 
Area Manager: Paul Hedren 
Telephone: {701) 5 72-9083 
398.45 Acres 
Fed-392.03; Nonfed-6.42 

3. THEODORE ROOSEVELT 
NATIONAL PARK 

Medora, ND 58645 
Superintendent: Harvey D. 

Wickware 
Telephone: {701) 623-4466 
70,408.64 Acres 
Fed-69,675.88; Nonfed-732. 76 

6. BADLANDS NATIONAL 
MONUMENT 

P. 0. Box 6 
Interior, SD 57750 
Superintendent: Don Falvey 
Telephone: {605) 433-5361 
243,302.23 Acres 
Fed-152,289.56; Nonfed-91,012. 77 

7. WIND CAVE NATIONAL PARK 
Hot Springs, S D 5 77 4 7 
Superintendent: Ernest Ortega 
'I'elephone: (605) 727-2301 
28,060.03 Acres, Federal 

8. MOUNT RUSHMORE NATIONAL 
MEMORIAL 

4. KNIFE RIVER INDIAN VILLAGES 
Keystone, SD 57751 
Superintendent: Dan W enk 
Telephone: (605) 574-2523 
1,278.45 Acres 
Fed-1,245.95; Nonfed-32.50 

NATIONAL HISTORIC SITE 
P. 0. Box 175 
Stanton, ND 58571 
Area Manager: Michael Holm 
Telephone: {701) 795-33099. 
1,309.51 Acres 
Fed-170.08; Nonfed-1,139.43 

5. INTERNATIONAL PEACE 
GARDENS 

P. 0. Box 419 
Dunseith, ND 58637 
Telephone: (701) 623-4466 

9. JEWEL CAVE NATIONAL 
MONUMENT 
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Custer, SD 57730 
Management Ass.istant: Dennis L. 

-9it:manson 
Telephone: (605) 673-2288 
1,27 4.56 Acres, Federal 
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NATIONAL PARK SERVICE AREAS 
COOPERATING WrrH 

U.W.-N.P.S. RESEARCH CENTER 

Utah 

20. 

21. 

CEDAR BREAKS NATIONAL 
M NUMENT 

P. 0. Box 749 
Cedar City, UT 84 72Q-07 49 
Superintendent: €Ja:y Ahletson 
Telephone: (801) 586-9451 
6,154.60 Acres, Federal 

GOLDEN SPIKE NATIONAL 
HISTORIC SLTE 

P. 0. Box 394 
Brigham City, UT 84302-1099 
Superintendent: Dennis Davies 
2,203.20 Acres, Federal 

22. GLEN CANYON NATIONAL 
RECREATION AREA 

P. 0. Box 1507 
Page, A z 8604Q-1507 
Superintendent: John Lancaster 
Telephone: (602) 765-7500 
1,236,880 Acres 
Fed-1,157,463; Nonfed-79,417 

CANYONLANDS COMPLEX 
446 South Main street 
Moab, UT 84532-2995 
Superintendent: Peter Par£Y' 
Telephone: (801) 259-7164 

23. ARCHES NATIONAL PARK 
Unit Manager: Sherma Bief:haus 
Telephone: (801) 259-8161 · 
73,378.98 Acres 
Fed-65,097 .59; Nonfed-8,281.39 

24. CANYONLANDS NATIONAL 
PARK 

Unit Manager: Pct:er PaJT¥ 
Telephone: (801) 259-7164 
337,570.43 Acres, Federal 

25. NATURAL BRIDGES NATIONAL 
MONUMENT 

Unit Manager: Gary Hasty 
Telephone: (801) 557-1190 
7, 779.14 Acres, Federal 

26. ZION NATIONAL PARK 
Springdale, UT 84767-1099 
Superintendent: Harry Grafe 
Telephone: (801) 772-3256 
146,546.97 Acres 
Fed-142,461.82; Nonfed-4,085.15 

27. CAPri'OL REEF NATIONAL PARK 
Torrey, UT 84775-0001 
Superintendent: Bob Reynolds 
Telephone: (801) 425-3871 
241,865.48 Acres 
Fed-221,896.66; Nonfed-19,968.82 

28. PIPE SPRING NATIONAL 
MONUMENT 

Moccasin, A Z 86022-1099 
Superintendent: William Herr /) 
Telephone: (602) 643-7105 ~'V'/ 

DINOSAUR NATIONAL MONUMENT \\JJ~ 
P. 0. Box 210 X( 

29. 

Dinosaur, co 81610 ,tf\ 
Superintendent: Joe Kennedy ,,~ , 

~ ' Telephone: (303) 374-:-2216 c Y 
211,053.45 Acres ... , ·i·--· 

Fed-203,629.17; Nonfed--7 ,424.28 

30. TIMPANOGOS CAVE NATIONAL 
MONUMENT 

Rt. 2, Box 200 
American Fork, UT 84003 
Superintendent: William W ehnan 
Telephone: (801) 756-5238 
250 Acres, Federal 

31. BRYCE CANYON National 
PARK 

Bryce Canyon, UT 84 717-Q001 
Superintendent: Sandra H. Key 
Telephone: (801) 834-5322 
35,835.08 Acres 
Fed-35,832.58; Nonfed-2.50 
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