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DIRECTOR'S REPORT 

Thirty-eight research proposals were submitted to the Research Center 
for the 1977-78 season. Thirty-four of these proposals, submitted by 
investigators from 13 institutions, were approved. Also, 19 of these 
proposals received funding support from the Research Center. Additional 
supporting funds were provided by sponsoring academic institutions, the 
U.S. Forest Service and the U.S. National Park Service. Distribution 
of the projects totaled 11 in Grand Teton National Park, 1 in Theodore 
Roosevelt National Memorial Park, 3 in Wind Cave National Park, 17 in 
Yellowstone National Park and 2 jointly in Grand Teton and Yellowstone 
National Parks. Thirteen of these projects were conducted by researchers 
residing at the Research Center. 

An amendment to the Center•s National Park Service Special Use Permit, 
provided for use of the Boise Cascade and Sunroom Guest Cabin as 1 iving 
accommodations. Field research activities at the Research Center were 
initiated in mid-May. Transfer of research and housing equipment from 
the inactivated Biological Research Station to the Center was completed 
by July 1. By the end of the summer, the Berol Laboratories were 85% 
operational and they will be fully operational by the summer of 1979. 

The University of Wyoming Trustees held their June meeting at the Research 
Center. Following that meeting they inspected the new research facilities. 

The formal Dedication of the Research Center was held on July 14. In 
honor of the occasion, 126 friends and guests attended the ceremony in 
the Berol seminar rooms. The Center was particularly honored to have had 
Mr. William Whalen, Director, National Park Service and Mr. Tony 
Bevinetto, Senator Clifford Hansen•s Representative, present the major 
remarks commemorating that important event. A barbecue luncheon and 
open house completed the Dedication activities. 

With the assistance of Ms. Pat Molholt, Head, UW Science Library, and 
Mr. Robert Patterson, UW Library Director, the Research Center Library 
was designated as a Branch Library of the University of Wyoming Science 
and Technology Library. Several immediate benefits of this action are 
1) a better inventory and control of the holdings through cataloging 
and a standard card file system, 2) a more critical evaluation of current 
holdings as to their applicability and utility in Center research acti
vities, 3) a designated annual book budget, and 4) a greater potential 
for improving reference research service in such media as microfilm, 
microfiche, as well as computer data searching. 

Maintenance and minor modifications of the physical plant continued to 
occupy the Center employees during this 11 shake down 11 period. Oiling and 
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painting of the log structures and roofs will probably extend into 1980. 
Partial conversion of the Woodshed into a storage shed for 2 house 
trailers was completed in 1978. Now all of the Center•s vehicles, 
trailers and boats are stored under cover. Smoke and heat detection 
alarms have been installed in all living and laboratory units. Conver
sion of the boat house into an aquatic laboratory will begin in 1979. 

All of the buildings at the Biological Resear~h Station site have been 
sold and/or moved to new locations. Also, all other vestiges of human 
occupation at that location have been removed. The monies received from 
the four buildings owned by the University have been allocated for use 
at the Research Center. 

Improvement of the diversity and performance of . the Research Center program 
will be a high priority goal in 1979. Greater participation by all of 
the Park areas in the four state area is necessary if the original intent 
of the program is to be realized. Also, more in-depth identification of 
the diverse natural resource problems confronting park managers is . 
needed from park personnel and outside scientists. Some follow-up is 
needed on specific research projects supported by the National Park 
Service to determine the utility of the information collected and if and 
how that information was incorporated into management. Some type of 
feed-back analysis system between park area personnel and researcher~ 
appears to be most desirable. 

Kenneth L. Diem 
Director 
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RESEARCH PROJECT REPORTS 

The following project reports have been prepared primarily for adminis
trative use. The information reported is of a preliminary nature and 
may be subject to change as the investigations continue. Consequently, 
the information presented may not be used without written permission 
from the author(s). 



-2-

Grand Teton National Park 
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PREHISTORIC MAN IN THE HIGH COUNTRY: 
THE ARCHAEOLOGY OF THE NORTHERN TETONS 

Susan J. Bender 
State University of New York at Albany 

Objectives 

The Northern Tetons, defined as the mountainous drainages of Moose, Owl 
and Berry Creeks, have long been known among Jackson Hole col lectors as 
an area rich in prehistoric artifacts. When Dr. Gary A. Wright initiated 
his archaeological fieldwork in Grand Teton National Park, reports of 
extensive sites in the Northern Tetons soon came filtering in. Preliminary 
investigations in the area revealed the existence of large archaeological 
sites there that were comparable in size and artifact density to anything 
yet discovered on Jackson Hole's basin floor. At that time--July 1976-
archaeological investigation of the Northern Tetons was begun. 

Given the extent of the evidence uncovered by the preliminary worK, we 
had good reason to believe that the Northern Teton sites represented a full
scale occupation of the mountains by aboriginal populations. It seemed 
highly unlikely that such extensive sites could have been created by a 
few individuals making sporadic forays into the area. Fieldwork was thus 
undertaken with the aim of documenting and explaining the regular, seasonal 
occupation of the mountains by prehistoric hunter-gatherers for an extended 
period of time. The results of this research are intended to contribute to 
archaeological understanding on two levels. First, I hope to explain how 
mountainous areas such as the Northern Tetons could have functioned as 
important adaptive areas in the past. Second, the analysis will entail 
a description of the economic activities of a non-agricultural, hunting and 
gathering band during one small segment of its annual subsistence cycle. 
This information wi 11 add to Wright's larger, regional documentation of the 
entire subsistence cycle of the prehistoric inhabitants of the area encom
passed today by Grand Teton and Yellowstone National Parks. 

Procedures 

Archaeological data collection in the Northern Tetons poses some interest inq 
methodological problems. Neither the sites nor the terrain is amenable to 
the traditional procedure of ful 1-scale excavation. Because of the lac~ 

of deposition over most of the study area, the vast majority of our sites 
consist of surface accumulations or scatters of artifactual material. In 
addition, all of the Northern Teton sites have been reached by backpac~in (J 

for considerable distances (5-12 miles) over typical mountain terrain. It 
was physically impossible to transport the standard array of heavy excava
tion equipment on foot to any of the sites. Nonetheless, some 1 ightwcight 
excavation equipment was developed, and test excavations were carried out 
at those few sites where deposition and stratification occurred. 
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However, the general data collection procedure was designed to maximize 
the kind of information that was available; i.e., spatial relationships 
among sites, among sites and environmental niches, and among artifacts 
within a site. Once sites were discovered they were precisely located 
on maps by a series of compass readings; and then the presence, absence, 
quality and/or quantity of a variety of variables were noted for each 
site. These variables included such things as associated plant communi
ties and grass cover, distance to water, slope, exposure, geological sub
strate and gross soil type. During the summer of 1978, botanical studies 
of the variety and relative abundance of food plants available in the 
vicinity of the various sites were also carried out by Mari Slack. The 
areal extent of each site was determined, and all sites were gridded and 
mapped. Artifacts were collected with reference to the associated grid 
system, and at the large sites-- where we hope to determine within-site 
special activity areas--the exact location of each artifact within each 
grid square was recorded. 

Results 

Analysis of the data is proceeding through tests of a series of 1 inked 
hypotheses which are intended to document and explain hunter-gatherer 
high country occupation. In this way I hope to demonstrate some of the 
principles which may have regulated such occupation in the past and to 
determine that these were most 1 ikely in operation in the Northern Tetons, 
and may have been operative in other mountainous areas of North America. 
Given the nature of the data, the hypotheses deal mainly with postulated 
spatial patterning of sites and artifacts under conditions of hunter
gatherer high country occupation. 

The nature of high country occupation has been discussed at length elsewhere 
(Bender, n.d.; Wright, 1976). Briefly, it entails three major elements: 
first, the notion of high country signifies a mountainous area adjacent to 
a valley or basin where abrupt elevational changes effect a delayed season
ality of plant ripening between mountain slope and valley floor. Second, 
occupation of the high country occurs only if an entire band of hunter
gatherers moves into and resides in the area while procuring economic 
resources. In those instances where special task groups simply split off 
from the main band in order to make procurement forays into the mountains, 
a high country occupation does not occur. Even though such groups may 
habitually utilize high country resources, they do not actually choose to 
inhabit the mountains. Finally, 1 ike virtually all hunter-gatherer occupa
tions, a high country occupation is seasonal. Because of the cl imatologi
cal extremes that characterize mountainous areas in all seasons but summer, 
we can expect these areas to have been habitually occupied only during the 
summer months. 

Several tests of the data derive from this initial formulation. If an 
entire hunting and gathering band moved into the Northern Tetons to procure 
resources, then there must be evidence in the archaeological record of both 
base camps (i.e., those places where the band lived and carried out domestic 
activities) and of related activity loci (i.e., those places where limited 
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specialized resource-getting activities occurred). Base camps clearly 
entail an entirely different level of activity than the related activity 
loci, and this should be recorded in among-site comparisons. Since base 
camps represent those sites where the most people gathered together for 
the widest variety of purposes, we can expect an agglomerative patterning 
of population-related characteristics to occur there. Therefore, if base 
camps were present prehistorically in the Northern Tetons, then we should 
find sites in the archaeological record which are larger, have a higher 
density of artifacts and exhibit a wider range of activities than any 
other site. Such sites are quite clearly present in the Northern Tetons. 
Although there is an obvious range of variation among the smaller sites, a 
distinct gap in magnitude is maintained between the largest of the small
scale sites and the largest, densest sites in the study area. The varia
tion in the small-scale sites is thought to reflect the variability in 
the activities carried out at these related activity loci. 

Since a high country occupation is a seasonal phenomenon, routes of migra
tion should also be recorded in the archaeological evidence. These routes 
can be expected to fulfill two criteria. First, they will follow the route(s) 
of easiest transport, because migration into the high country involved 
moving the entire band--with a full complement of very young and old indi
viduals--and al 1 their portable belongings. Second, the route(s) should 
connect a high elevation base camp with one at lower elevations, since the 
latter would have been seasonally occupied either before or after the 
high country occupation occurred. A series of small sites along Berry 
Creek Canyon seems to provide the expected evidence for prehistoric migra
tion. Within the study area, Berry Creek Canyon enables by far the easiest 
passage into the high country, and this canyon also forms a corridor which 
connects high country base camps with the lower elevation Lawrence camp 
sites (Bender, 1977; Reeve,~~-, 1978). 

At present it is hypothesized that at least one other migration route must 
exist in the archaeological record. This route would record movement of 
the hunting and gathering band out of the high country in the early fall. 
It is unlikely that the aboriginal inhabitants of the Northern Tetons would 
move back down Berry Creek Canyon to the Lawrence sites at this time of 
year, given the climatological severity and paucity of food resources 
during the winter months in northern Jackson Hole (Wright, 1973). Evidence 
of prehistoric high country emigration is most 1 ikely to be found in Targhee 
National Forest, and wil 1 be investigated as the subject of future research. 

Given the evident agreement between hypothesized and observed patterning 
of archaeological sites in the Northern Tetons, it seems apparent that a 
high country occupation did occur in the study area. Once this ph enomenon 
has been documented, it remains to advance an explanation for its occurrenc e . 
Here it seems 1 ikely that an understanding of the seasonal ebb and flow 
of naturally occurring, human food resources wil 1 lead to a satisfactory 
hypothesis. 
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It is in the nature of a high country area to experience shorter and later 
springs and summers than adjacent valley floors. Because of this fact , 
when basin and valley become dessicated and rather uninviting in mid
summer, adjacent high country areas wil 1 be in lush peak bloom and their 
streams will be in full flow. Such differential seasonality then schedules 
large mammal migrations into higher elevations. Therefore, because of the 
temporal convergence of seasonal patterns of plant ripening and large 
mammal migration, a mosaic of resources becomes available which is not 
duplicated at lower elevations at the same time of year. 

An hypothesis designed to explain the principle governing high country 
occupation can now be suggested. If a mosaic of resources useful to hunters 
and gatherers appears uniquely in a high country area at one point in the 
annual seasonal cycle then a high country occupation is 1 ikely to occur. 
As a corollary to this hypothesis, it should be noted that this mosaic 
must be contained within an area that can be efficiently exploited by unaided 
human transport. 

The proposed explanation emphasizes the importance of a mosaic of resources 
for good reason. It is likely that an entire hunting and gathering band 
would choose to occupy an area only if the full range of its age-and sex
determined task groups could be employed in food-getting activities. Such 
a situation would occur in the high country only where a variety of dif
ferent kinds of resources was available for exploitation. The only docu
mented occurrences of total band involvement in the procurement of a single 
resource involve the trapping, killing and storage of large numbers of 
fish or bison. Neither of these resources is a 1 ikely candidate for 
large-scale high country exploitation. Thus the availability of a variety 
of resources would seem to be a key regulator in occasioning a high country 
occupation. 

If this principle is in fact operative in the Northern Tetons then it 
should be evidenced in the archaeological record. I have suggested that 
the small-scale sites observed in the study area represent specialized 
activity loci related to the base camp sites. According to the above 
proposition, these loci should record the procurement of a variety of 
resources. Since different tools would have been used for different pro
curement activities, we can predict that if the related activity loci 
represent the procurement of a variety of resources then within-site 
variability of tool types--representing a single, limited activity pattern-
will be less than among-site variability which represents a range of dif
ferent activities. Preliminary lithic analysis confirms this pattern for 
the Northern Teton small-scale sites. To date, we have been able to isolate 
sites relating to three different kinds of economic activity: hunting, 
plant gathering and preparation, and quarrying. Further analysis should 
enable a more precise identification of these general categories. 

Finally, in order to substantiate the hypothesis of related activity loci 
patterning, it is necessary to disprove the alternative hypothesis that 
explains apparent patterning as an artifact of chronological variation. 
That is, if one particular area or procurement activity is associated 
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with a particular -range of dates, then the variety that we presently see 
recorded may simply be the product of a series of shifts in food-getting 
activities through time. Our current information appears to disprove this 
alternative hypothesis. Obsidian hydration dates scatter through the 
various sites randomly, and several sites have at least two dates that are 
widely separate in time. This information suggests that not only was the 
entire study area utilized for a variety of procurement activities throughout 
prehistory, but also at least several of the sites were habitually revisited, 
Appearances of point types dated to general time periods are patterned in 
a similar manner. Chronological variation among the sites, therefore, seems 
to evidence a stable pattern of high country occupation through time. 
The information currently available suggests that this occupation persisted 
from ca. 6,000 to 400 B.P. 

Conclusions 

Fieldwork in the Northern Tetons has uncovered evidence of an extensive 
aboriginal occupation in that mountainous area. To date, analysis supports 
the hypothesis that the archaeological record reflects occupation of the 
study area by an entire hunting and gathering band which was involved in 
the procurement of a variety of economic resources. Intrinsic to our under
standing of such high country occupations is the realization that at one 
point in the seasonal cycles, high country areas can offer a resource 
mosaic that is decidedly more attractive than that found at lower elevations. 
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PARASITES OF UNGULATES IN THE JACKSON HO~E AREA: 
SCARABAEOID BEET~ES ACT lNG ON LUNGWORM, 
Dictyocaulus hadweni, LARVAE IN ELK FECES 

1978 

Robert C. Bergstrom 
Division of Microbiology and Veterinary Medicine 

University of Wyoming 

The lungworm of elk, Dictyoca-ulus hadweni, is morphologically quite like the 
species in cattle but the parasite affects the two species of host animals 
in very different ways. 

In cattle, D. viviparus is usually found only in young animals. After a 
calf is exposed and makes antibody or cell mediated immunological responses 
to the parasite, the calf usually can not b~ reinfected. In the case of the 
parasite's invasion of elk tissue, some immunological response is apparently 
made during the late spring, summer and fall months so that very few elk are 
positive for lungworm from September-January. However, most elk (65-80%) 
are susceptible to infe~tion or reinfection annuqlly (Apri 1-May). It appears 
that the reinfection time coin~ides with the span of time in which the elk 
are at their physiological low. The April-May period may be the time when the 
physiological condition of the elk is at a seasonal low. 

Any biological factors which would decrease the numbers of infective 
Dictyocaulus larva~ would benefit the elk. 

Objectives 

The objectives of the present study are: 

1. Continue research of the prevalence of Dictyocaulus hadweni in Teton 
elk during four seasons of the year. (This must be done to find worm
positive elk for the biological predation research.) 

2. Check, via fecal analyses, for larvae spring-summer and winter and by 
lung dissections (adult worms) and/or by fecal analyses during the fal 1 
for relptive numbers of the parasite/elk. 

3. Experiment in the laboratory for the effect of Aphodius spp. Canthon sp. and 
other Scarabaeoid beetles against 1st stage larvae of Dictyocaulus sp. 
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4. Extend field observations to include the action of Aphodius spp. on 
Dictyocaulus larvae in or on elk feces. (This portion is very time 
consuming due to the fact that the investigator does not, beforehand, 
know which elk are positive for the worm.) 

5. Extend research from the Teton herd to the Gibbon River and northern 
(Yellowstone National Park) herd if the time permits. 

Procedures 

Fecal analyses were conducted by the use of a jet of water played over 6-100 g 
of elk fecal pel lets in a plastic petri dish. After the water had wetted the 
pellets, the larvae were allowed 10-20 minutes to move off the pellets. The 
pel lets were ag~in rinsed by a jet of water after which the pellets were re
moved from the dish by sterile forceps. Dictyocaulus larvae were counted 
in the sectioned petri dishes via dissecting scope at 45X. Prevalence (% of 
elk positive for lungworm larvae) and number of larvae were noted. 

During the fall hunting season, elk lungs were gathered by the Wyoming Game 
and Fish personnel, by the researcher, but primarily by Teton Park rangers. 
Elk lungs were checked for the presence of adult Dictyocaulus worms by use 
of bandage scissors as pneumotomes in order to lay open all major bronchioles. 
With light infections, worms were found in the smaller bronchioles near the 
periphery of the lobes of the lungs while with larger numbers of worms, larger 
bronchioles were partially or completely filled with worms up to and includin g 
the area of the main bifurcation of the trachea . 

Worms were collected, sexed, counted, and in some cases, fixed for preservation. 

Results 

Percent of elk positive for Dictyocaulus hadweni lungworm was higher during the 
spring and summer months of 1978 than during the same periods of time, 1977. 

Percent of elk positive for lungworm is shown in Fig. 1, appended, with the 
highest prevalence, as in previous years, in late May (67 %), dropping slightly 
in 11Wet•• cows to 54% by early August. A strikingly low prevalence of infection 
was noted in mature (2-6 years of age and 4-7 points) bulls in August south of 
Signal Mountain in Teton National Park. Few 11dry 11 cows were positive for 
lungworm in August but that fact is not shown in Fig. 1 because the numbers of 
true, known 11drys 11 sampled was small (10-12). The highest prevalence of 
Dictyocaulus-positive elk in 11 high COUNTRY 11 (47 %) noted during the past 10 years, 
was found in elk from Big Game Ridge in early August. 

Eleven laboratory trials with Aphodius spp. beetles versus Dictyocaulus sp. 
larvae were conducted during May and again during August. The decimation of 
Dictyocaulus numbers in elk feces is shown in Table 1, appended. Decimatory 
action by the beetles was excell~nt, varying from near zero to nearly lOOZ. 
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Trials 1 and 7 were not representative of beetle action since the laboratory 
conditions were far different than field conditions at the same hours of those 
days. 

Only 14% of the Gibbon River elk in Yellowstone National Park were found positive 
for lungworm larvae in 22 elk fecal samples, August 16, 1978. 

Discussion 

Since we have been conservative in estimating prevalence of lungworm infections 
via fecal analyses, It appeared that from 75-83% of the elk in Teton National 
Park were positive for lungworm during the spring of 1978. The harsh winter 
of 1977-78 may have been an important factor in the condition of the elk and may 
account for the difference during May 1977 (following a relatively mild winter) 
when 57% of the elk were positive during May 1977 as compared to the 67% positive 
in May of 1978. The difference could also be due to sampling error. 

Aphodius spp. beetles were found to be very active decimators of lungworm larvae. 
Percent decimation of lungworm larval populations was not significantly 
different than decimation percentages shown in our data of 1977. 

Field work with Dr. David Worley, Montana State University, Bozeman, on August 
16, showed that the Gibbon River elk were relatively low in prevalence of 
in . clction with Dictyocaulus sp. (14% positive). 

Conclusions 

1. Aphodius spp. beetles have a very important decimatory effect on lungworm 
larval populations. 

2. Lungworm infections appear to rise, at least slightly, in elk wintering 
on the National Elk Refuge during a long or harsh winter. 

3. Many micropredators such as beetles are active against internal parasites 
of elk and domestic 1 ivestock but the action of many important biological 
control factors (beetles, fly larvae, fungi, etc.) are not yet known. 

4. Free-ranging elk, even those on limited areas of range in the winter, may 
not carry as many Internal parasites as elk utilizing refuges during 
the winter. Much needs to be done in this area of research. 

Work Planned: 1979 

Extend present field studies to elk herds in north and northeastern 
Yellowstone National Park. Cooperation will be sought from biologists in 
Yellowstone Park. Cooperation therefrom has always been of high order during 
the past 20 years. 
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Table 1. Decimation of Dict:rocaulus sp. larval populations due to 
the action of Aphodius sp. beetles in lab. trials 

Trial No. H rs. No. of Dictyocaulus Larvae % 
no. of Inter Control Principle Decrease in Larval 

Larvae Action No Beetles w/5 Beetles/g . Numbers due to 
Beetles 

Brightsun 6 23 21 insign. 
25 

2 Dark 6 49 18 63 
55 

3 Dark 24 22 0 -100 
46 

4 Dark 
50 7 23 13 43 

5 Dark 7 23 8 65 
50 

6 Lab. Lite 12 24 8 70 
50 

7 Bright Sun 12 6 5 17 
20 

8 Lab. 7 57 17 70 
60 

9 Lab. 4 19 5 60 
24 

10 Lab. 6 26 4 85 
30 

11 Lab. 18 7 0 -100 (693) 
15 

x of 11 61% 
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67 ''wet'' cows 

,'~54 
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B. G. 

AUG. 
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\ 

NOV. JAN. , 1979 

Fig. Prevalence of Dictyocaulus-infected elk, 1973, from fecal analyses 
during May and Au0ust, Teton National Park and adjacent areas. 

B. G. Hi g Game Ridge 
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ELK DISTRIBUTION AND BEHAVIOR 
IN CALVING AREAS 

MarkS. Boyce and John R. Sauer 
Department of Zoology and Physiology 

University of Wyoming 

The elk (Cervus canadensis nelsoni) of the Grand Teton National Park~ 
Southern Yellowstone region preferentially utilize fairly-wel 1 delineated 
areas as calving grounds. These areas, which are open sagebrush and 
bunchgrass-shrub habitats mixed with decadent aspen groves, may be of 
extreme importance to the elk population insofar as they are the places 

· where the calves are born and spend their first days. It has never been 
determined how the elk utilize these areas and if disturbances within 
these areas pose a threat to the elk. Cattle grazing and human use 
during the spring could act to increQse calf mortality by restricting 
the elk to habitats with less cover for the calves and by separating 
calves from their dams. Predation of calves by black bear (Ursus ameri
canus) and coyotes (Canis latrans) could increase under these circumstances 
(Schlegel 1976, McCul laugh 1969), as could desertion of the calves by 
their dams, as has been documented for white-tailed deer (Odocoileus 
virginianus) by White~~· (1972). 

This study was designed to evaluate elk use of the calving area located 
southeast of Moran, Wyoming in Grand Teton National Park. The specific 
location of the study area is: Range 113 West, Township 44 North, Sec-
tion 5,6,7,8 and adjacent. Observations were made of elk use of the 
study area, calf habitat preferences and behavior, and elk responses to 
disturbances within the study area with the aim of gathering information 
that would be useful in the management of the elk and their calving grounds. 

Procedures 

The elk within the study area were observed daily from May 21 until June 
9, 1978. The observer used several routes through the study area to 
observe the elk and attempted to utilize hilltops throughout the area 
to spot elk from a distance and thereby minimize the disturbance to the 
elk. Observations were made using 7 power binoculars and a 20 to 45 power 
spotting scope. 

General trends in elk use of the areas were determined daily by dividing 
the total number of elk sighted by the amount of time that observations 
were made. Since observations were made over approximately the same amount 
of time each day, these estimates of elk use should provide an index of 
variation in elk use over time. Correlation can also be drawn between 
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the elk use of the area and factors that might affect this use. These 
factors include weather and human and cattle use of the area. 

Groups of elk were observed and data were collected on the total numbe r 
of elk in the group, the group's sex and age composition and activi ty, 
their individual distances, their habitat and their relationship to 
cover. Observations concerning a group were made every 5 minutes and 
noted on prepared data sheets. If calves were present in or adjacent 
to a group, their habitat, activity and relationships to the group were 
noted. Comparisons between groups of elk with calves and groups wi t hout 
calves could then be made. Major emphasis was placed on the obse rvation 
of elk calf habitat use and the interaction between the calf and i ts 
dam with and without disturbances. 

Results 

The trends in elk use of the study area through the calving period are 
illustrated in Figure 1. Elk use of the area varied widely and thi s 
variation can be attributed to a variety of factors. As the migration 
of elk progresses, it might be expected that the number of elk in the 
area increases to a peak and then recedes to a lower number that r epre
sents the summer residents. Superimposed on this trend are daily 
variations in elk use caused by inclement weather and the effec t of 
cattle use and associated human disturbances. May 31. for example, was 
colder than normal and there was a 1 ight snow cover on the ground . 
Cat t le were present in the study area beginning May 31, and moved fu r ther 
into the study area as time progressed. On June 8 cattle were observed 
bedded down at midday in an area where elk were observed consi stently 
during the day a week earlier. No elk were noted in this area wi th the 
cattle present. Human disturbance also occurred in association with 
the cattle with ranchers driving into the study area to tend thei r cattle 
in clear violation of the restrictions on vehicular traffic in t he a r ea. 
This human disturbance was particularly apparent on June 9, when truc ks 
and horseback riders ~ere noted in the study area. Elk use of the ar ea 
was significantly less after May 31, when cattle were first noticed, than 
before that date. 

There were few noted differences in behavior and habitat use between 
groups with calves and those in which calves were not observed. The most 
apparent difference was that aggressive interactions between indi v idua l s 
within the group increased when calves were present. During the da y 
calves generall y remained hidden in the sage adjacent to the grou p, 
becoming more active as the group moved or engaged in active grazi ng in 
the mornings and evenings. When a group was disturbed, the calves either 
remained hidden or ran with their dams, the variation in behavior probably 
due to the age of t he calf (Altmann 1963). Hiding calves when ap proached 
either flushed and ran or remained still. This variation in behavior 
may also be correlated with age. 

Bobcats (Lynx rufus) and coyotes were noted in the study area , wi th 
coyotes being by fa r the most visible potential elk calf predato r. Elk 
were no ted to chase coyotes from the vicinity of their calves on several 
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occasions, at one point following the coyote for approximately 200 yards. 
Black bear were not noted in the study area, although they were present 
in the adjacent forests. 

Cow elk that reacted to my presence by leaving their calves and moving 
to more dense cover remained away from their calves for at least 4 hours. 
The cows' absence has obvious effects on elk calf survival when oppor
tunistic predators such as coyotes are present. 

Two births of calves were observed on June 4 and June 5. Both occurred 
in grassy spots in open aspen stands on gentle slopes. The cow flushed 
soon after the calf was born in one case, and the calf remained lying 
after several attempts to rise. The cow did not return in 3 hours of 
observation. The calf was gone the next day. The other cow alternately 
nursed and groomed the calf, and left the area with the calf after approxi
mately 1.5 hours. Detailed reports of the cow-calf interactions will not 
be presented here. 

Conclusions 

Elk use of the study area seemed to decrease as cattle use and associated 
human disturbances increased. Whether this change in elk use was due 
to these factors or was caused by the patterns of the elk migration is 
not clear. In addition to this, it was noted that calves preferentially 
hid in sagebrush areas. When disturbed, dams left the calves hiding 
in these areas and did not return for long periods of time. Without their 
dam to protect them these calves were vulnerable to predation and the 
possibility of desertion by the dams also existed. Disturbance of the 
elk within these areas during the spring could have deleterious effects 
by forcing the elk into unfavorable habitats where less cover exists 
for calves and by increasing calf mortality through predation and desertion. 
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Figure 1. Trend in elk use of the study area between 21 Ma y and 9 
June 1978. Curve fitted by eye. Arrow indicates the 
onset of cattle grazing. 
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POPULATION ORGANIZATIONAL SYSTEMS AND REGULATORY 
MECHANISMS OF A FOREST CARNIVORE (PINE MARTENS) 

IN GRAND TETON NATIONAL PARK 

Tim W. Clark 
Department of Biology 
Idaho State University 

This report partially summarizes ongoing research between 1 November 
1977 and 31 October 1978 that was funded by the University of Wyoming
National Park Service Research Center and Grand Teton Natural History 
Association. The assistance and cooperation of several people is greatly 
appreciated: T. Hauptman, J. Weaver, T. Campbell, J. Hoak, P. Rathbun, 
W. Barnore, and D. Casey. 

Study Objectives 

The research is aimed at determining the role of animal behavior and 
environmental factors in regulating marten populations and social organ
ization. The technique of systems analysis allows a model of the marten 
behavioral-ecological system (Fig. 1) to be subdivided into individual 
components that can be examined in detail and later combined into a 
whole-system model. Specific hypotheses this model generated and methods 
of evaluation were presented by Clark (1977). At the least, this 
approach helps identify important elements of the system and factors 
requiring further research (Stromberg and Clark 1977). 

fC()LOGICAl SU8SYS'T'"M 

Figure 1. A schematic model of the pine marten behavioral-ecological 
system. 
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Methods 

Marten home range, movements, activity patterns and population compos i t ion 
are being determined by intensive 1 ive-trapping supplemented by radio 
telemetry. 

Forested areas were classified into habitat types (Daubenmire and Dau ben
mire 1968) according to Steel~~· (1977). 

Study Area 

The 9.6 km2 study area is in Grand Teton National Park on a large fo r es ted 
bench at the base of the east slope of the Teton Range between the Wh i t e 
Grass Ranch and Beaver Creek , Elevation is about 2200 m. Annual temper
atures average 2.4 C (monthly range from -9.9 C to 15.7 C), with snow 
accounting for 70% of the annual precipitation of 61.5 em (1950-1975 
data). 

Results and Discussion 

Eight male and 6 female marten were captured. One 1 itter of two males 
was raised on the study area. Home range of an adult male and ad ul t 
fe~le are given in Figures 2 and 3. 

The area is largely a Abla/Cage Habitat Type, Vaccinium scoparium Phase 
that is complexly mixed with smaller areas of Abla/Vagl and Abla/Caru 
Habitat Types. Subalpine fir (Abies lasiocarpar-fs the climax tr~but 
seral lodgepole pine (Pinus contorta) dominates the overstory. Under story 
dominants are grouse whortleberry (Vaccinium scoparium), tall huckleberry 
(V. membranaceum), common snowberry (s mphoricarpos albus), pi ne grass 
(Calamagrostis rubescens) and elk sedge Carex geyeri). 

The marten population has fluctuated monthly and annually between 1975 
and 1978 (Figs. 4 and 5). Mean annual population size between 1975 and 
1978 was 5.3 animals or 1 marten/293 ha (733 ac). Causes for the fluc t ua
tion have not been determined. The lower marten population on the study 
area in 1978 than earlier years (Fig. 4) also characterized mar~en 
populations throughout Teton County and on both sides of the Teton Range 
based on fur trapping records. The most likely factor that could influence 
marten over such a large area is weather. Factors such as moisture during 
preceeding summers and snow depth, duration and conditions may be import 
ant and are being investigated. 
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THE STATUS OF THE BALD EAGLE AND OSPREY IN GRAND TETON 
NATIONAL PARK AND VICINITY 

Objectives 

Robert L. Eng, Professor of Wildlife 
Kurt Alt, Graduate Research Assistant 
Montana State University 

With the accelerated use of our national parks there is growing concern 
over the impact this increased visitation might have on their flora and 
fauna. For this reason it is important to gather baseline data on the 
biota for future management and interpretive programs. Two species of 
concern in Grand Teton National Park are the bald eagle (Hal iaeetus 
leucocephalus) and osprey (Pandion haliaetus). 

The objectives of this proposed two year st udy are to provide baseline 
data on the 1 ife history (breeding chronology, nesting success and food 
habits) of these birds, to provide quantitative data on numbers and 
distribution of breeders and non-breeders, to determine productivity, 
to locate actual and potential nesting areas and to assess response to 
human activities. The data collected on the bald eagle will be gathered 
from Grand Teton National Park, Yellowstone National Park and vicinity 
in the hopes of drawing some conclusions about the population in this 
area as a whole. Data on the bald eagle in Yellowstone National Park 
will be greatly facilitated from the work done by Jon Swenson in the 
years 1972. 1973 and 1974. 

Procedures 

During May, time was spent collecting and reviewing maps and literature 
regarding the study area and the two species of concern. Actual field 
work did not begin until June 13, 1978. 

Considerable time was spent during this initial summer in becoming 
familiar with and locating nest sites in Grand Teton National Park and 
v1c1n1ty. This time was spent in a rubber raft, canoe with a 4-hp out
board, or on foot covering the Snake River and its major tributaries 
(Pacific Creek and the Buffalo and Gros Ventre Rivers) and searching 
the shorelines of Jackson, Leigh, Jenny, Emma Matilda, Two Ocean, Phelps 
and Lower Slide Lakes for possible nest sites (both bald eagle and 
osprey). A 15-60 X spotting scope and a pair of 7 x 35 X binoculars 
were used in making observations. 

Three aerial surveys were made in a 150-hp Super Cub piloted by James 
Stradley who has had several years experience in locating eagle and 
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osprey nests. These surveys were essential in gathering data on nest 
locations, chronological data on nesting, quantitative data on numbers 
and distribution of breeders and non-breeders, and in determining 
productivity in the Grand Teton and Yellowstone National Parks area. 
The initial flight, made on May 27, 1978, provided data on territory 
occupancy and helped establish the nest status of the bald eagle in 
Grand Teton and Yellowstone National Parks. It also provided data on 
territory occupancy and approximate nest initiation dates of osprey in 
Grand Teton National Park. The second flight, conducted on June 29, 
1970, provided data on productivity of the bald eagle in Grand Teton 
and Yellowstone and also supplemented data on territory occupancy of 
osprey in Grand Teton National Park. The third and final flight, made 
July 30, 1978, provided data on productivity of osprey in Grand Teton 
National Park. 

Some general osprey feeding sites have been located. Through the use 
of park records and personal observations the effects of fisherman con
centration and of private and concessioned float trips on osprey nest 
sites and feeding areas are trying to be assessed. 

During the first two weeks in September bald eagle and osprey nest site 
measurements were made and food remains collected. During this time 
four bald eagle nest trees were climbed to obtain measurements of the 
nest. Food item remnants from the nest were collected. By waiting until 
this time to collect these data, minimal observer disturbance was 
rendered at active nest sites. 

Results 

Locations of bald eagle territories in Grand Teton National Park, Yellow
stone National Park and vicinity and osprey nests in Grand Teton National 
Park are shown in Figure 1. The bald eagle territories in Yellowstone 
National Park, with the exception of one located on the upper Snake 
River, were taken from Swenson (1975). In the study area (Grand Teton, 
Yellowstone and vicinity) there are a minimum of 27 bald eagle terri
tories. Four of these territories are located within Grand Teton 
National Park and 15 within Yellowstone National Park. The remaining 
8 territories are located within the vicinity of the two parks, 5 of 
these being just outside their boundaries. There were 22 osprey nests 
located in Grand Teton National Park, 16 of which had known activity in 
1978. Three of the remaining nests had unknown status, that is, by the 
time these nests were located nest desertion could already have taken 
place. 

Reproductive data for the bald eagle and osprey are summarized in Tables 
1 and 2, respectively. The definitions of the reproductive terms used 
in these tables are from Swenson's (1975) modification of Postupalsky's 
(1974) terminology describing raptor nest status and reproductive success. 
The figure in Table 1 which gives the number of bald eagles fledged in 
the vicinity of the two parks was determined in part by personal 
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communications with Jon Swenson, Lee Stroups, Verland Taylor and John 
Weaver who reported two eagles fledged from the Cliff Lake nest, two 
eagles from the Red Rock Refuge, one eagle from the nest on Lower Slide 
Lake, and one eagle from the nest on the lower Snake River just south 
of Hoback, respectively. This year the brood size and productivity for 
bald eagles in Grand Teton National Park was less than that for Yellow
stone National Park (Table l). By considering the bald eagle productiv
ity of Grand Teton, Yellowstone and vicinity as a whole a value higher 
than that of both parks was obtained. The figure in Table 2 which gives 
the number of active osprey nests on rivers includes a nest on Pacific 
Creek, near the Grand Teton National Park-Teton Wilderness boundary, 
reported as active by John Weaver (pers. comm.). During the second 
flight the osprey nest on Jackson Lake between Colter and Waterfalls 
Canyons contained 2 eggs. As seen in Table 2 there were about twice as 
many osprey nests located on lakes than on rivers in Grand Teton National 
Park, however, the brood size and productivity were slightly higher on 
rivers than on lakes. The total productivity (lakes and rivers) based 
on active nests for Grand Teton National Park was calculated to be .44. 

The dates of egg laying and hatching are estimates based upon data 
gathered from periodic visits to the nest sites. At the time the first 
flight was made bald eagles were in incubating postures in both parks. 
Osprey in Grand Teton National Park were also in an incubating posture 
in nests on the Snake River and Jackson, Leigh, and Emma Matilda Lakes. 
For this reason dates on egg laying and hatching are estimates based on 
fledging dates and estimated dates from previous studies and will not 
be presented at this time. 

The first observed flight of the bald eagle :ledged in Grand Teton 
this year was August 9 (pers. comm. Bill Gordon). The approximate 
fledging dates of the three eagles produced from the two nests on Hebgen 
Lake are July 10 from one nest (pers. comm. Aaron Hamilton) and July 11 
from the other (pers. comm. Bob Wahl). The bald eagles produced from the 
nest on the upper Snake River in Yellowstone and from the nest on the 
lower Snake River near the Jackson airport fledged sometime between June 
29 and July 30. First observed flights for the young osprey from the 
two nests on the Snake River are on August 13 and 14. Osprey produced 
from nests on Jackson Lake had first observed flights between August 15 
and 17. 

The height of bald eagle nests in trees ranged from 9.4 to 29.7 meters 
and averaged 17.4 meters. The average width (from the tree trunk to 
the outside edge of the nest), length (the perpendicular measurement to 
the width), and thickness (taken from the top of the nest to the bottom 
of the nest) of the four nests measured are 1.3 m, 2.1 m, and l meter 
respectively. The heights of osprey nests ranged from 10 to 20 meters 
with an average heigth of 17.2 meters. 
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Conclusions 

The bald eagle productivity of 1.25 (active nests only) for Grand Teton 
National Park, Yellowstone National Park and the vicinity in 1978 was 
quite high when compared to .39 reported by Jon Swenson for Yellowstone 
National Park for the years 1972, 1973 and 1974. An error in calculating 
productivity based on active nests is that of classifying a nest, which 
was active early in the season, as occupied when the initial check is 
made. This could be a result of scheduling the first flight too late in 
the season. This problem can be minimized by calculating productivity 
based on occupied nests. This wasdone for these data and the value of 
.95 obtained is still much higher than Swenson's value of .23 based on 
the productivity of occupied nests during his three-year study. 

The productivity (active nests) for osprey in Grand Teton National Park 
was calculated to be .43. This value is less than that calculated by 
Swenson (.74) on osprey in Yellowstone National Park. Based on these 
preliminary data, continued osprey productivity in Grand Teton National 
Park at this rate would result in decline in the osprey population in 
this area, 
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Table l. Reproduction of bald eagles in Grand Teton National Park, 
Yellowstone National Park and vicinity- 1978. 

Territories observed 
Occupied nests (A) 
Active nests (B) 
Successful nests (C) 
*Young fledged (D) 
Brood size (D/C) 
Productivity (occupied) (D/A) 
Productivity (active) (D/B) 

GTNP 

4 
4 
2 
l 
1 
1 

.25 

.5 

YNP 

15 
8 
6 
5 
8 

1.6 
1.0 
1.3 

*Young raised to advanced stage of deve l opment. 

Vicinity 

9 
9 
8 
8 

1 1 
1. 37 
1. 22 
1. 37 

Total 

28 
21 
16 
14 

;';)'> 2 0 

l. 43 
.95 

1. 25 

;b'•Two eaglets killed in a nest which blew down below GTNP are not 
included in this total (pers. comm. Bob Oakl eaf), 

Table 2. Reproduction of osprey in Grand Teton National Park - 1978. 

Lakes Rivers Total 

Nests observed 15 7 22 
Active nests (A) 10 6 16 
Successful nests (B) 3 2 5 
Nest status unknown 3 0 3 
Young fledged (C) 4 3 7 
Brood size ( C/B) 1.3 1. 5 1.4 
Productivity (active) (C/A) . 4 .5 .44 
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MATING STRATEGIES OF PHILANTHINE DIGGER WASPS 

Howard E. Evans 
Dept. Zoology & Entomology 
Colorado State University 

This research is part of continuing study of the ethology of digger 
wasps of the subfamily Philanthinae (Hymenoptera, Sphecidae). At the 
present time major effort is being directed toward study of mating 
strategies in the genus Philanthus. There are five species of this 
genus in Jackson Hole (Evans, 1970). Two of these are more common 
elsewhere and are being studied elsewhere. Preliminary studies on the 
remaining three in 1977 revealed striking differences between the three 
and in one case a mating system unique among digger wasps (Evans & 
O'Neill, 1978). During late June and the first half of July, 1978, we 
made an effort to further confirm this unique system in P. zebratus and 
to obtain further data on P. pulcher, a very common early summer species 
in Jackson Hole. These efforts were successful, but~- pulcher also 
proved unique in some respects and we hope to continue studies of this 
species in the future. Other species of Philanthus are being studied 
elsewhere by our group, and we hope to include all of these comparative 
data in a behavioral monograph on the Philanthinae. 

Procedures 

We first checked out known nesting sites of P. zebratus and P. pulcher 
along the Snake River. There was a problem with the former, as emergence 
began about 10 days later than in 1977, and also the site.had been 
partially covered with piles of earth and stones. (This site is at 
Deadman's Bar, 14 km SW of the Moran P.O .• ) The first male emerged on 
July 7, and we were able to follow this aggregation on a day-to-day basis 
until approximately the peak population was reached on July 15. We 
marked all males emerging on a particular day a particular color (Tester's 
paint) and thus were able to estimate the numbers emerging each day. 
We also marked all nests made by females as they appeared. Records were 
kept of the numbers of males flying in the aerial swarms each day. Only 
one copulation was seen from beginning to end, but this was studied in 
some detail and photographed. 

The second species, ~· pulcher, was abundant in the area near the Cattle 
Bridge from the day of our arrival, and we were therefore able to study 
it in some detail before P. zebratus appeared. We located three areas 
in which females were concentrating their nesting activities. Males 
established territories on the ground in places near, but not usually in, 
these nesting areas. A large number of male territories were marked 
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and numbered, and many males were individually marked. Territories 
were censused hourly during the middle of each day to determine which 
males occupied them. Individual territories were observed for various 
time periods to determine types of interactions between the resident 
male and intruders. Several copulations were observed in detail and 
photographed. We also made several "artificial territories" by clearing 
a small area of grass (about 0.5 m in diameter); these were often 
accepted by males. We found that by altering the color of the substrate 
we were able to alter the apparent desirability of that territory. 

Results 

P. zebratus males began emerging July 7 and gradually increased in numbers 
to 34 on July 11 and to 56 on July 12; after that date others emerged but 
we discontinued our daily census. The first female emerged on July 9; on 
July 11 appear to be a critical day, as on that date the first females 
began digging, and on that date the first males were seen "swarming" (as 
described by Evans & O'Neill, 1978). On that date we also observed a 
single male which established a territory on the ground and maintained 
it for 1.5 hours. During one 15 minute period, this male made 64 11 spon
taneous11 flights of short duration, made 5 flights in pursuit of intruding 
males, grappled with one male, and on one occasion marked with pheromone 
5 grass stems in one group. Thus this particular male approximated the 
usual behavior of males in Colorado populations of this same species. 
We searched carefully for other territorial males but were unable to find 
any. This particular male returned to the territory the next morning but 
remained only briefly. Evidently at least some males in this population 
retain the capacity to maintain a territory, although aerial flights 
appear to be the major strategy here. Aside from this particular point, 
our observations during 1978 confirmed those of the previous year. The 
one copulation observed to go to completion was on July 15, although we 
had watched continuously for such behavior on previous days. By this 
date at least 67 nests were active. Thus the evidence suggests that 
females begin nests and even begin provisioning before they copulate. 
This point may be difficult to confirm in the field. 

P. pulcher males and females were active on June 28, when we first visited 
the area. Daily studies were made until July 7; after that there was a 
decline in activity and we made only occasional checks. We marked 32 
territories close to the bank of the Snake River and censused these hourly 
over about 10 days; we also noted numerous other territories and checked 
these more infrequently. In general, territoriality was serial, in the 
sense that the ''better" territories were occupied essentially every day, 
for several hours during the warmer part of the day but not always by 
the same male. Territories were held for an average of 44.4 min (N=l7; 
Range=2-210 min). We were able to observe replacement of one male by 
another and to follow specific males as they moved from one territory 
to another. Certain males were obviously more successful in holding 
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territories than others; these were often but not always the larger 
males. Certain territories were also much more "popular" than others. 
It appeared that the "best" territories are those of appropriate size 
(0.3-0.5 m diameter), devoid of most vegetation but surrounded by 
grasses 10-40 em high, having a smooth and relatively light-colored soil 
surface. We made 3 such areas ourselves which had reasonably good male 
occupancy. We darkened the substrate in one of our best territories and 
caused it to be abandoned thereafter. Further research is clearly needed 
to determine what factors attract males to particular territorial sites. 
We noted several territories not actually on the ground, but on mats of 
whitish, compacted webbing resting on grass; the webbing apparently re
sulted from cottonwood "fluff'' being submerged in water, drifted into 
places amongst the grass, and later dried in a mat. Evidently the 
brilliant white color of these mats is attractive to males. 

The six copulations oft· pulcher we observed were all on plants at the 
edge of territories. As in other species of this genus, males periodically 
marked stems at the edge of the territory with pheromone. The evidence 
suggests that these marked stems do not attract other males but do attract 
females. As compared to other species of Philanthus, pulcher males mark 
intensively. For example, in a one-hour period, one male marked 97 times, 
another series of 3 males 102 times. Duration of copulation varied from 
4 to 7 minutes. 

While defending territories, males fly after any small insects that cross 
their territory, although butting and grappling occur primarily with 
conspecifics. We recorded many interactions with other insects, and on 
several occasions found that males which approached robber flies (Asil idae) 
were seized and fed upon. There are few published records of differential 
mortality between the sexes, although it is to be expected that territorial 
males will expose themselves to predation of this type. In this instance 
there is evidence that robber flies are attracted to areas where males are 
territorial. A paper is in preparation on this phenomenon in several 
species of Philanthus (Gwynne and O'Neill, MS). 

We also made brief observations on the nesting behavior of Crabro largior, 
which occurred in small numbers in the P. zebratus site. We had studied 
this species previously in New Mexico, and we noted no differences between 
these two widely separate aggregations except as to type of prey. How
ever, this probably simply reflected the fact that the more usual prey 
of Crabro (horseflies and stiletto flies) were scarce in Jackson Hole 
and tachina flies were, therefore, being employed almost exclusively. 

Conclusions 

Quantitative studies of mating systems in two species of Philanthus 
occurring in Jackson Hole have demonstrated that in one species, P. 
pulcher, males establish territories away from the nesting sites and 
copulations occur on the edge of these territories. On the other hand, 
in P. zebratus males participate in aerial swarms and mating is initiated 
at the level of the swarm. However, one male was found to be territorial 
for a short time within the nesting area, approximating the usual mating 
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system of this species in several Colorado localities. In pulcher, 
territoriality is largely serial, that is, a succession of males 
occupy the "best•• territories. More research is needed to clarify 
the factors determining territory quality in this species. 
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AREAL RESEARCH IN THE SOUTHERN TETONS: 
THE ARCHAEOLOGY OF SOUTHERN JACKSON HOLE 

Thomas E. Marceau 
State University of New York at Albany 

Objectives 

Objectives of the 1978 field season, briefly stated, were as follows: 
(1) survey, collect, and test 48TE498; (2) complete the survey of the 
southern Teton Range concentrating on the area from Granite Canyon to Teton 
Pass; and (3) survey, collect, and test 48TE655. 

Sawmill Ponds (48TE498) 

In all, 21 days were spent at this location. The site 1 ies less than two 
(2) miles south-southwest of the entrance to Grand Teton National Park at 
Moose. It occupies a broad, relatively flat terrace above an old meander 
channel of the Snake River at an approximate elevation of 6500'. Sagebrush 
(Artemisia sp.) and lodgepole pine (Pinus latifolia) are the predominant 
vegetation. Soil consists of glacial outwash gravels and silt. 

Prehistoric Utilization 

212 collecting units, each SxS meters, were established. Artifacts from 
this 5300 square meter section were plot ted on individual sheets of graph 
paper. Employing a surveyor's transit and metric tapes, the location of 
cultural materials lying beyond the gridded section was determined. In 
this way, a scaled surface distribution map was produced. This map wil 1 
provide the basis for future cluster analyses. 

Analysis of the lithic remains has yet to progress beyond the preliminary 
stages. We are presently testing a random sample of 175 pieces representing 
336 worked edges. Specifically, we are experimenting with alternative 
methods of numerical taxonomy. Results are too inconclusive to be of value 
in this report. All pieces under consideration were obtained during the 
surface collection. 

Five (5) lxl meter test units have established the presence of a subsurface 
distribution of cultural items to a level of approximately 60 centimeters. 
Relationships between surface and subsurface materials remain to be demon
strated. 

Hearths as well as charcoal are absent at this site. Together with the 
recovery of only fragmented or "unique" projectile points makes the assign
ment of a temporal range difficult. On the basis of current evidence no 
dates are proposed. 
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Historic Utilization 

The only feature encountered consisted of two perpendicular rows of quart
zite cobbles, one running east-west, the other north-south. The former 
was approximately six (6) meters while the latter was close to nine (9) 
meters. Information provided by a long-time resident revealed that these 
1 ines had once supported the south and west walls of a temporary log struc
ture which had served as a post office for Moose, Wyoming ca. 1926-1927. 
Little historic material was observed in association with this feature. 

High Country Survey 

Survey conducted this summer (1978) reaffirmed an hypothesis which relates 
most high country sites (i.e., +8000') to areas with limestone substratum. 
Two types of sites were noted: (1) activity loci, and (2) base camps. 
Bedrock in the central and south-central Tetons is predominantly granite 
(Love, 1975). Archaeological sites discovered in this zone are made up 
of thin, dispersed scatterings of artifactual materials. Moreover, there 
are few of these with regards to the total area investigated. We propose 
that these attenuated scatters were temporary, task-specific locations. 
In contrast, a number of base camps have been recorded in association with 
the 1 imestone shelfs in the southern section of the Tetons. Some of these 
camps are quite large (e.g., the JEM site) and are characterized not only 
by a variety of raw materials but also by a rather full inventory of tool 
types. Additional task-specific loci were mapped in this southern zone; 
two will be discussed briefly. 

Locus #9 

An archeological site located on the north rim of Moose Creek Divide Basin 
at an elevation of 8800 1

, this 1 ithic scatter was small both in areal spread 
and item frequency. Obsidian was the preeminent raw material, quartzite 
and chert played minor supporting roles. Situated on an elevated knoll 
and screened by stands of pine, the location is well protected from the 
elements. The place of this site in the high country utilization has not 
been determined. The artifacts likewise await analysis. 

Locus #11 

Positioned at the eastern terminus of a small snowfield, this locus is pro
tected by knolls to the west and south, by the talus slopes of Fossil 
Mountain to the north and northwest, and by a high, flat area to the east. 
Melting snow provides a steady water source both in the form of running 
streamlets and a small collecting pond which forms the southern boundry 
of the site. The lithic scatter extended 1 ittle beyond the immediate basin. · 
625 square meters were collected and artifact distributions mapped. Again, 
obsidian was the preferred raw material. These artifacts also await further 
analysis. 
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The JEM site (48TE655) 

Seven days were spent surveying and collecting the region near Fox Creek 
Divide . 48TE655 refers to a series of closely spaced lithic scatters which 
radiate for approximately one-half mile to the south, southeast, and south
west of Fox Creek Pass. Artifacts are associated with areas of well 
developed soils and trees which provide excellent windscreens -an important 
factor for this relatively open stretch of high country at 9500'. 

Encompassing a minimum of 3750 square meters and situated at the head of 
Fox Creek, the JEM site is the larges t of these loci and may have served 
as a focal point for activity. Here 150 collecting units were laid out and 
artifact distributions plotted on graph paper. Pre liminary analysis demon
strates a full compliment of tool types ranging from choppers to finely
flaked projectile points. Time depth is proven not only by the point types 
recovered (spanning the years from 4000 B.C. to ca. A.D. 1500) but also 
through the presence of subsurface components. Test Pit #1 (lxl meter) 
indicates the existence of at least two (2) levels. The upper level 
extends from the surface to approximate ly 23 centimeters below surface. A 
drop in lithic frequencies marks a transitional zone from ca. 23 centimeters 
to ca. 31 centimeters. Below 31 centimeters artifacts increase in frequency, 
indeed the absolute counts are greater than those in level 1. The excava
tion unit reached only 45 centimeters below surface when work had to be 
discontinued. Further testing either to confirm or explain this lower level 
will be conducted during the 1979 field season. 

Discussion 

Two questions guide the present research: (1) are sites on the southern 
valley floor and those in the southern Tetons related, and (2) if they are, 
how can relationships be demonstrated? f loci are inter related, then 
multivariate statistical analysis of site assemblages is an appropriate 
method for accepting or rejecting the validity of such an hypothesis. At 
this time, as mentioned above, data analysis is restricted to a sample of 
surface materials from Sawmill Ponds. The objective is to establish a 
reliable model for the discrimination and classification of tool types. 
Once perfected, this model can be applied to other assemblages in order to 
evaluate mathematically determined distances among site inventories. The 
academic year 1978-1979 should begin to provide some answers. 
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AN INDEXED AND ANNOTATED BIBLIOGRAPHY ON THE ECOLOGY OF GRAND TETON NATIONAL 

PARK 

Kent G. Marshall and Dennis H. Knight 
Botany Department, University of Wyoming 

One of the fundamental purposes of the Nationa l Park Service is to preserve 
and interpret the natural heritage of the Uni ted Sta tes. Preservation is 
accomplished through the establishment and proper management of National 
Parks, Monuments, and Landmarks, while interpretation stems from understand
ing gained through research. Over the years such a large amount of inform
ation relevant to interpretation has accumulated that park managers today 
are faced with problems of information retrieval as well as information 
availability. Grand Teton National Park is no exception. With this in mind, 
and with the financial support of the National Park Service, we have prepared 
an indexed, annotated bibliography on the ecology of Grand Teton National 
Park. The final draft of the manuscript is being typed and will be availp 
able for use in 1979. 

The search for references was initiated in t he libraries and offices of 
Grand Teton National Park, the University of Wyoming Biological Research 
Station, the Bridger-Teton National Forest, the National Elk Refuge, and 
the Teton Science School. During the winter of 1977-78 the search was 
continued in the University of Wyoming Library using both printed and 
computerized bibliographic retrieval services. Reference librarians at 
neighboring state universities were cons ulted and the Federal Records Center 
in Denver was visited. In addition, several ind i v iduals gave us reference 
lists pertinent to the Park. 

The bibliography contains three major sections: the keyword index, the 
author index, and the bibliography. All references are cross referenced 
and can be retrieved by one of several keywords. Additional entries can 
be added easily. 
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MUSHROOMS OF GRAND TETON NATIONAL PARK 

Kent H. McKnight 
U. S. Department of Agriculture 

Science and Education Administration 
Plant Protection Insti t ute 

Mycology Laboratory 
Beltsville, Maryland 20705 

The following species of wild mushrooms were collected in Grand Teton 
National Park and the surrounding areas of Jackson Hole between August 10 
and August 19, 1978. Selected specimens of the less common species were 
preserved and are deposited in the National Fungus Collections Herbarium 
(BPI), Beltsville Agrigultural Research Center. 

Agaricus augustus Fr. 
11 hondens is Murr. 
11 s i 1 vi co 1 a (Vi t t. ) P k. 

Agrocybe erebia (Fr.) Kuhner apud Si ng. 
11 pediades (Pers. ex Fr.) Fayod 

Albatrellus (Polyporus) flettii (Morse) Pouz. 

Amanita 
II 

II 

II 

II 

inaurata Seer. 
muscaria (L. ex Fr.) Hook. 
pantherina (DC. ex Fr.) Seer. 
rubescens (Pers. ex Fr.) S. F. Gray 
vaginata (Fr.) Vitt. 

Arm i 11 a r i e 11 a me ll ea ( Va h 1 ex F r . ) Karst . 

Auricularia auricularis (S. F. Gray) Martin 

Boletus edulis Bull. ex Fr. 
II zelleri Murr. 

Calvatia bovista (Pers.) Kambly & Lee 
11 fumosa Zeller 

Cantharellus cibarius Fr. 

Chroogomphus vinicolor (Pk.) 0. K. Miller 

Clavaria purpurea Fr. 

Clitocybe albirhiza Bigelow & A. H. Sm. 
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Clitocybe irina (Fr.) Bigelow & A. H. Sm. 

Collybia acervata (Fr.} Kumm. 
11 butyracea (Bull. ex Fr.) Kumm. 
II maculata (Alb. & Schw. ex Fr.) Kumm. 
11 tube rosa (Bu 11 . ex Fr.) Kulllll. 

Coprinus comatus (Mnller ex Fr.) S. F. Gray 

Cortinarius cinnamomeus (Fr.) S. F. Gray 
11 del ibutus Fr. 
11 distans .Pk. 
II 

II 

II 

. II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

evernius Fr. 
gentilis (Fr.) Fr. 
glaucopus (Schaeff. ex Fr.} S. F. Gray 
hemitrichus (Pers. ex Fr.) Fr. 
laniger Fr. 
orellanus Fr. 
orichalceus Fr. 
percomis Fr. 
rufoolivaceus Fr. 
scandens Fr. 
torvus (Fr.) Fr. 
traganus (Weinm. ex Fr.) Fr. 
violaceus (Fr.) S. F. Gray 

Cryptoporus (Polyporus) volvatus (Pk.) Hubbard 

Entoloma lividum (Bull. ex St-Amans) Qu~l. 

Flammul ina velutipes (Fr.) Karst. 

Fornes pinicola (Sw. ex Fr.) Cooke 

Galerina autumnalis (Pk.) A. H. Sm. & Sing. 

Ganoderma applanata (Pers. ex Wallr.) Pat. 

Gomphidius glutinosus (Schaeff. ex Fr.) Fr. 
11 pseudomaculatus 0. K. Miller 

Guepiniopsis alpinus (Tracy and Earle) Brasfield 

Gyromitra ambigua Karst. 
11 californica (Phill.) Raitv. 

Hebeloma crustuliniforme (Bull. ex Fr.} Qu~l. 

Hericium ramosum (Bull. ex M~rat) Let. 

Hydnellum aurantiacum (Batsch ex Fr.) Karst. 
11 caeruleum (Horn. ex Pers.) Karst. 

Hydnum imbricatum L. ex Fr. 
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Hygrophorus agathosmus (Fr.) Fr. 
amarus A. H. Sm,& Hesl. 
cantharellus (Schw.) Fr. 
conicus (Fr.) Fr. 
erubescens (Fr.) Fr. 
olivaceoalbus (Fr.) Fr. 
purpurascens (Fr.) Fr. 
tephroleucus Fr. 

II 

II 

II 

II 

II 

II 

II 

lnocybe fastigiata (Schaeff. ex Fr.) Qu~l. 
11 leptophylla Atk. 
11 subexilis (Pk.) Sacc. 

Laccaria laccata (Scop. ex Fr.) Cke. 

Lachnellula suecica (DeBary ex Fuckel) Nannf. 
11 arida (Phill.) Dennis 

Lactarius 
II 

II 

II 

II 

II 

II 

deliciosus (L. ex Fr.) S. F. Gray 
gossypinus ined. 
rufus (Scop. ex Fr.) Fr. 
semisanguifluus Heim & LeClair 
subdulcis (Pers. ex Fr.) S. F. Gray 
thyinos A. H. Sm. 
caespitosus ined. 

Leccinim aurantiacum (Bull. ex St-Amans) S. F. Gray 

Lentinus ponderosus 0. K. Miller 

Lenzites sepiaria (Wulf. ex Fr.) Fr. 

Marasmius androsaceus (L. ex Fr.} Fr. 
11 thuj i nus Pk. 

Mycena alcalina (Fr.) Kumm. 
11 pura (Pers. ex Fr.) Kumm. 

Naematoloma capnoides (Fr.) Kumm. 
11 sub 1 ate r i t i urn ( F r . ) Q u~ 1 . 

Panaeolus campanulatus (Bull. ex Fr.) Quel. 

Pholiota destruens (Brand.) Gill. 
11 squarrosa (Muller ex Fr.) Kumm. 
11 vernalis (Pk.) A. H. Sm. & Hesl. 

Pleurotus elongatipes Pk. 
11 ostreatus (Jacq. ex Fr.) Kumm. 

Pluteus cervinus (Schaeff. ex Fr.) Kumm. 

Polyporus (Aurantiporellus) alboluteus Ell. & Ev. 
11 borea 1 is Fr. 
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Polyporus (Leptoporus) caesius Schrad. ex Fr. 
elegans Bull. ex Fr. II 

II 

II 

II 

(Spongiporus) leucospongia (Cooke 
& Harkn.) Murr. 

(Phaeolus) schweinitzii Fr. 

Ramaria flavibrunnescens (Atk.) Corner 

Rozites caperata (Pers. ex Fr.) Karst. 

Russula 
II 

II 

II 

II 

II 

aeruginea Lindbl. ex Fr. 
brevipes Pk. 
emetica (Schaeff. ex Fr.) S. F. Gray 
fragilis (Pers. ex Fr.) Fr. 
vesicatoria Burl. 
xerampelina (Schaeff. ex Seer.) Fr. 

Sarcosphaera eximia (Our. & Lev.) Marie 

Scutellinia scutellata (L. ex Fr.) Lambotte 

Stropharia ambigua (Pk.) Zeller 
11 hornemanni (Fr. ex Fr.) 

Lundell & Nannf. 

Suillus brevipes (Pk.) Kuntze 
11 pseudobrevipes A. H. Sm. & Thiers 
11 tomentosus (Kauff.) Sing., Snell & Dick 
" umbonatus Dick & Snell 

Thelephora caryophyllea Fr. 

Tremella mesenterica Retzius ex Fr. 

Tr i cho loma 
II 

II 

II 

II 

aurantium (Schaeff. ex Fr.) Rieken 
leucophyl lum Over. & Tylut. 
saponacea (Fr.) Kumm. 
scalpturatum (Fr.) Quel. 
vaccimum (Pers. ex Fr.) Kumm. 

Tricholomopsis rutilans (Schaeff. ex Fr.) Sing. 

Tubaria furfuracea (Pers. ex Fr.) Gill. 

Xeromphalina campanella (Batsch. ex Fr.) KUhner & Maire 
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EFF ECTS OF ENVIRONMENTAL VARIABLES ON 
SOME PHYSIOLOGICAL RESPONSES OF MICROTUS MONTANU S 

UNDER NATURAL CONDITIONS. 

Aelita J. Pinter 
Department of Biological Sciences 
University of New Orleans 

Several mi crot i ne s pecies exhibit multiannual fluctuati ons in population 
density. These fluctuations have been described as occurr i ng with 
sufficient regularity to be called 11cycles". This phenomenon has been 
known si nce antiquity. However, despite the extensive wo rk that has 
dealt with thi s problem, the facts underlying these fluc tations remain 
largely unknown. 

Prelimi nary field observations of populations of montane vol es (Microtus 
montanus ) in Grand Teton National Park were made in 1961, a nd from 1966 
through 1968 (Pin ter, unpublished observations). At about the same time 
laboratory studies began to reveal the remarkable sensitiv ity of the 
reproduc t ive system of these rodents to environmental variables . However, 
little was known to what degree environmental factors and reproductive 
responses of these rodents contributed to the cyclicity of their population 
density. Consequen t ly, in 1969 a long term study was ini tiated. The 
purpose of t he study was essentially fourfold. First, to cha racterize 
the environme ntal variables that might affect Microtus in different 
seasons of the year . Second, to record the growth, matura t ion, and 
reproduct ive activity of Microtus montanus under natural conditions. 
Third, to determine the maturational as well as the seasonal pelage 
changes of these rodents. Fourth, the data resulting from the execution 
of the fi rst three objectives would be correlated in an attempt to 
determine the causes underlying the multiannual fluctati ons in population 
density of these mi crotine rodents. 

Procedures 

Microtus montanus were livetrapped and sacrificed as soon as possible 
after capture. Age estimation for all animals was based on weight, 
total length, a nd pelage characteristics. Reproductive organs, the spleen, 
and the adrenal glands were collected from the animals and preserved in 
Lillie's buf fered neutral f ormalin for further histological study. Flat 
skins were prepared from all animals. All tissues a re currently being 
processed at the Department of Biologi cal Sciences, Uni versity of New 
Orleans. 

In 1978 f ield observations in Grand Teton National Park were carried 
out over two s tudy periods: spring (24-30 May), and summer (13 July-
19 August). The third study period, planned for the fa ll (1-8 October) 
had to be ca ncelled due to the illness of the principal investigator. 
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Results 

Although there was abundant sign of winter activity, spring trapping 
yielded a very small number of animals. However, spring estimates of 
population density are notoriously difficult in this region. Flooding 
as a result of meltoff tends to drive the animals into some areas and 
to exclude them from others. The latter areas are doubtless repopulated 
after the floodwaters recede. However, meltoff occurs at widely varying 
times from year to year. Yet, spring trapping in this long term study 
takes place at virtually the same time every year. This means that 
trapping may take place one year at a time when the animals are stil 1 
clumped in their distribution. In another year they might have had a 
chance to disperse if flooding had occured well in advance of the spring 
trapping period. 

Weather records for Grand Teton National Park in the region of the study 
area indicate that all snow did not disappear from the weather station 
until 12 May. Consequently, it was not surprising to find that breeding 
on a population-wide basis did not begin until the second or third week 
in May- slightly later than the average time for this event. Only adult 
animals were reproductively active. These presumably were individuals 
that were born in 1977 and that had overwintered. There was no evidence 
that any winter breeding had occured in the winter of 1977-78, a common 
situation for this particular population. All females were pregnant with 
their first litter. The mean litter size (5.7) was in agreement with 
spring litter sizes generally recorded at this time of the year at the 
north end of Jackson Hole. 

Midsummer was usually dry in the study area. Nevertheless, the population 
remained reproductively active. Subadult females had a relatively high 
mean 1 itter size (6.0). Adult females, on the other hand, exhibited no 
more than an average litter size (5.7). It is also noteworthy that 
ordinarily the mean litter sizes are larger for the adult than for the 
subadult females. No explanation can be offered at this time for the 
reversal in this pattern during the summer of 1978. However, a similar 
phenomenon occured in the summer of 1971, and , possibly, in 1976. 

The population density was intermediate between the densities observed 
in 1971 and 1972. However, the population density for 1978 did not even 
approach the extremely low (post-crash) levels observed in 1971. 
Nevertheless, in the summer of 1978 the population density had declined 
somewhat below the 1977 levels (which, in turn, were lower than the 1976 
levels). In other words, the population showed a continued decline in 
density for the second consecutive year. The reasons for this cannot be 
suggested at the present time. However, it is noteworthy that this is 
the second time such a phenomenon has been observed for this particular 
population. There was a similar decline encompassing two consecutive 
years between 1973 and 1975. However, this pattern is not necessarily 
characteristic of the populations being studied here. For example, the 
crash of 1969-70 was followed by a progressive increase in the population 
density over the ensuing years. Findings such as these reemphasize the 
need for long term studies of the phenomenon of mutiannual fluctuations 
in population density. The generally accepted patterns of "peak-crash
increase-peak-crash" may, indeed, be m~re prevalent, however, the other 
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increase-peak-crash" may, indeed, be more prevalent, however, the other 
pattern (''peak-crash-further decline-increase-peak-crash") may a 1 so 
occur with relative frequency. These two patterns must be correlated 
with other parameters (e.g., environmental variables, reproductive 
responses) .. Thi.s, in turn, may facilitate our understanding of factors 
that regulate multiannual population cycles of microtine rodents. 

Conclusions 

For the second time since this long term study began, a population 
decline over two consecutive years occured in t~e populations of 
Microtus montanus at the north end of Jackson Hole. However, the same 
populations have also exhibited another pattern in their population 
dynamics. Namely, a decrease ("crash") that is ir1111ediately followed by 
several years of gradually increasing population density. It is 
suggested that the population density of these rodents should continue 
to be monitored. The existence of the two different patterns of abundance 
is noteworthy. A correlation of each of these patterns with other para
meters should yield new insights into factors controlling population 
densities. 
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TRANSPORT PRESSURE MARK MECHANISMS IN LATE 
CRETACEOUS-EARLY EOCENE CONGLOMERATES, 

NORTHWESTERN WYOMING 

James R. Steidtmann 
University of Wyoming 

In spite of rather intensive investigation into t he origin of the Harebell 
(Late Cretaceous), Pinyon (Paleocene) and Pass Peak (Early Eocene) conglomer
ates in Jackson Hole and adjacent areas certain critical questions remain un
answered. The great thickness, coarseness and lateral extent imply an ancient 
source of considerable size and relief relatively near to present day Jackson 
Hole. Evidence for such a source is, however, equivocal and previous workers 
do not agree on its location. An even more perplexing question concerns the 
mechanisms by which such a huge volume of cobbles and boulders was transport
ed from the source, wherever it was, to its depositional site. Such a system 
implies the existence of ancient alluvial fans on a scale unknown in modern 
environments. 

Subsequent to deposition the clasts in all three of these units were pressure 
marked; that is, there was minor pressure solution, incipient fracturing and 
interpenetration at almost all clast contact points. The exact causal mechan
ism of pressure marking is, however, not known . The question as to whether it 
can be attributed to simple lithostatic load or whether seismic shock is re
quired deserves particular attention. Furthe rmore , the exact timing of pres
sure marking is of particular importance in reconstructing the Laramie tecton
ic history of the region. There is some evi dence that the youngest of these 
deposits was derived by reworking the older un i ts but the older units could 
not have supplied the observed well-rounded clasts if pressure marking and 
fracturing had already occurred. 

Several important studies have been conducted on t hese units, but because of 
their particular orientation they have not answered these questions. Antweil
er and Love (1967) documented the gold content of these and other deposits and 
this work was updated by Antweiler and others (1977). Steidtmann (1969, 1971) 
determined the general stra t igraphy, source and depositional environment of the 
Pass Peak Formation and later described the Laramide tectonic history of the re
gion with his co-workers (Dorr, Spearing and Steidtmann, 1977a, 1977b). Both 
Love (1973) and Lindsey (1972) studied the stratigraphy and sedimentary petrol
ogy of the Harebell and Pinyon formations but came to drastically opposing views 
as to sediment source and tectonic significance. The tectonic implications had 
already been outlined in Love and Reed (1968). 

This study is of a preliminary nature. Its objectives were to conduct observa
tional field work on these conglomeratic units to determine if sufficient field 
evidence is present to warrant a full scale study on the hydrodynamic conditions 
present during transport and deposition and to collect material which will be 
used to test several methods of determining the timing and mechanism of pres
sure marking. 
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Procedures 

The problem of transport mechanism was approached by comparing field observa
tions of hydrodynamically significant sedimentary structures ano textures such 
as scour and fill features, cross-stratification, clast imbrication, clast size 
and matrix proportion and size with published experimental and observational 
information where hydrodynamic conditions are known. 

The approach to the pressure marking problem was somewhat less straightforward 
because so little is known and there has never been a systematic investigation 
of the phenomenon. Therefore basic field relations such as stratigraphic and 
areal distribution of pressure marking were observed. Samples of pressure marks 
and deformed matrix were gathered to see if laboratory techniques, such as pal
eomagnetic orientation, could be used to establish the time of marking. 

Results 

Field observations on sedimentary structures and textures generally concur 
with those made by previous investigators. Clast imbrication is present but 
poorly developed in most exposures, primarily because clast sphericity prohib
its well-developed preferred orientation. Very large-scale cross-stratifica
tion is present in most of the interbedded sandstone units and some of the con
glomeratic units as well. In both cases it appears to be the result of oblique 
filling of scours or the downstream migration of large channel bars. Very 
little cross-stratification is related to the migration of small, hydrodynami
cally indicative bed forms. This particular condition probably exists because 
the scale and energy of transport was far greater than that observed in similar 
present day environments, and certainly far greater than the experimental condi
tions for which hydrodynamic relations are known. 

Reconnaissance sampling provided several samples from which matrix and clast
size relations were determined. A comparison of these two size distributions 
indicates that the energy of transport, which was capable of rolling the ob
served clasts, was also capable of transporting much larger sand-size material 
in suspension than was actually observed. The implications of this relation
ship are not entirely clear at this point but it is suggested that there may 
have been important source area controls on the size and amount of sandy mater
ial supplied to the sediment transport system. 

Attempts to find pressure mark related material for paleomagnetic dating proved 
fruitless. It was hoped that cementation rims and deformed fine-grained matrix 
material, both related to the pressures which caused pressure marking, could be 
found in the size and abundance necessary for paleomagnetic dating. This may 
have provided a way to determine whether the pressure marking is the same age 
throughout the conglomerate or whether it took place at different times. Un
fortunately none of the pressure mark rims are large enough to run paleomagnetr 
ic determinations and related deformed fine-grained sediments are quite rare. 
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Conclusions 

The results of this preliminary study indicate it is unlikely that sufficient 
information is available to make a more refined interpretation of the hydro
dynamics of transport and deposition than is already available in previous in
vestigations. This conclusion stems not only from the general paucity of the 
necessary types of sedimentary structures also from the lack of comparative 
information from modern, high-energy environments. The modern Kosi River Del
ta of India is probably a relatively close modern counterpart to the deposi
tional environment of these coarse clastics but very little has been published 
which can be used for comparative purposes. In addition, paleomagnetic dating 
of pressure marks does not appear to offer much in the way of dating the time 
of marking in different areas and stratigraphic levels. If this problem is to 
be solved, other techiques will have to be devised. 
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A DISTRIBUTIONAL AND HABITAT STUDY 
OF THE BIGHORN SHEEP IN WINTER, GRAND TETON 

NATIONAL PARK 

Michael B. Whitfield 
Box 54 

Driggs, Idaho 

Barry L. Keller 
Idaho State University 

This study was initiated in order to determine the population status of 
bighorn sheep (Ovis canadensis) in the Teton Range. Intensive field studies 
were initiated rn-the summer of 1978 and will be continued during the winter 
of 1978-79 in order to delineate the distribution of sheep and to relate 
this distribution to habitat factors which affect seasonal distributions. 
Additionall y, information on the history of bighorn sheep has been sought 
through interviews of longtime residents of the several valleys surrounding 
the Teton Range. 

Procedures 

Traditiona l ranges have been examined on the ground, from the air and by 
historical records. In 1978 the habitat analysis study was begun. Fifty
eight plots of bighorn ranges in Fox Creek, Upper Darby, South Teton and 
Death Canyon were chosen randomly. An additional 23 random plots were 
selected on historical but abandoned range in Upper Game Creek and around 
Rendezvous Mountain. These 81 plots were first visited on the ground between 
June 19 and July 14 to examine spring conditions. Snow covered all but 19 
of the plots. Beginning August 5, attempts were made to revisit each plot 
for summer measurements, but data were collected on only 33 plots within 
the occupied habitats by the time lasting snow fell on September 8. A 
late spring snowmelt and summer snowstorms from August 16 on into September 
greatly hampered progress. 

On each plot sampled, canopy cover estimates were recorded for forbs, grasses 
and grass-1 ike plants in 20 Daubenmire frame placements. The total area 
measured on each plot was 2 square meters. Shrubs were measured on 2x5 
meter rectangles, and trees in 5x20 meter rectangles. Non-woody plant pro
duction was also measured in clip plots. Other biotic features measured were 
plant nutrient content, and the presence or evidence of man, sheep and other 
animals. Abiotic factors included elevation, slope, aspect, topographic 
roughness, d istance to escape terrain, soil conditions and snow depth. 
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Forty field days and n i ne helicopter flights were spent on the study in the 
summer of 1978 . One hundred forty-six sheep sightings were recorded, and 
behavior was obse r ved when convenient to other facets of the study. Over 
200 species of plants were collected and identified through work at the Grand 
Teton National Park and Idaho State University herbariums. Fecal material 
was collected for plant residue and endoparasite analysis. Soil and plant 
samp les are currently being analyzed at the Utah State University Soils 
Laboratory. 

In winter of 1978-79, winter ranges will be delineated, mostly through 
aerial reconnaissance funded by this grant. Garvice Roby of the Wyoming 
Game and Fish Department has determined some of the occupied winter range 
through aerial observations in 1976 and 1977. Close cooperation with Roby 
will be sought in this winter's effort. Ground observations will also be 
made. 

In the spring of 1979 identified winter ranges will be visited on the ground 
and habitat measurements will be taken. As many additional summer plots, 
particularly those in the traditional but unoccupied ranges in upper Moose 
Creek, wi 11 also be examined in 1979. The data analysis will then be com
pleted following the 1979 field season. 

Results 

The data collected in 1978 are still being analyzed to deter~ine what key 
factors bighorn sheep use to differentiate between acceptable and unacceptable 
habitat. A cursory examination of the southern Teton Range high elevation 
vegetation reveals a predominance of forbs over grass-1 ike plants. It is 
difficult to say how much excessive grazing in the past influenced the pre
sent plant community, although plants typical of disturbed sites are evident 
in many areas. Bighorn food habit studies universally show a preference 
for grass-1 ike plants. Teton Range bighorn sheep must be very selective 
if they adhere to this pattern. Microscopic analysis of plant residues in 
fecal pellets collected in 1978 wi 11 be undertaken this winter to better 
learn what Teton Range bighorns are eating. 

Summer range is extensive in the Tetons relative to bighorn numbers. Ranges 
denuded by grazing have generally recovered. The bighorns of the Tetons 
appear to find ample summer forage in the forb dominated vegetation. How
ever, winter range is severely limited. 

While bighorn sheep numbers in the Tetons do not appear to have been much 
greater than at present any time during the past one hundred years, the 
range sheep occupy has shrunk appreciably. Most of the sightings collected 
thus far, particularly those in recent years, fall into two general areas. 
The heads of Darby, Teton and Death Canyons in the south central portion 
of the range make up an area of concentration on the Teton Basin District 
and adjoining National Park lands. The heads of Owl Creek, Berry Creek, 
Webb Canyon, and Bitch Creek make up a second area of concentration spilling 
from Grand Teton National Park onto the Ashton Ranger District. The degree 
of genetic interchange between Teton Range bands and the total population 
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size remain as unknowns. There is possible evidence of bighorn migration 
between north and south areas. Sightings in the area of the Paintbrush 
Divide in early spring may be of southern bighorns returning from rutting 
areas in the north. However, there may simply be wintering range in this 
area. 

Conclusions 

Some areas in the Phillips Canyon area might have potential as winter range 
rehabilitation sites should bighorns reoccupy historical range in that area. 
Rehabilitation followed by small scale reintroduction of bighorns might 
serve to increase the occupied bighorn range and increase genetic diversity 
assuming that introduced sheep gained contact with the existing population. 
Manipulation of high elevation winter ranges, particularly through snow 
management, would be feasible if land use constraints allowed such activity. 
Continued study and considerable cooperative activity must take place before 
any such project could be recommended. Coordination is needed with back
country recreation management programs. The entire Teton Range is subject 
to increased recreational visitor interest. In recent years, backcountry 
visitors have begun to explore the more remote areas of the range. This 
interest in the wilder portions of the Tetons poses a threat to bighorn 
sheep, for seclusion characterizes the primary bighorn ranges. The general 
ease of access characteristic of the Tetons makes this threat to the big
horns• opportunity to escape human contact even more real. 

Trailless areas in Grand Teton National Park should be maintained in trailless 
status. Visitor numbers to key areas such as Prospectors Mountain, Doane 
and Ranger Peaks, Owl Peak, and Forellen Peak should be kept low. On the 
Targhee National Forest side, recreational use should be restricted in Fox 
Creek, Upper Darby Canyon, and around Red Mountain. Snowmobile use should 
n.ot be permitted near any of the identified winter ranges. 

Range managers on the Teton Basin and Ashton Ranger Districts hold the 
second key to coordinated bighorn habitat management. Domestic sheep some
times graze on important bighorn sheep habitat in upper Darby Canyon and on 
Survey Peak. This domestic sheep use occasionally extends into areas closed 
to grazing, including Grand Teton National Park. It is essential that ·herds 
in these areas be strictly controlled. Possible conflicts on Red Mountain 
and potential conflicts in upper Game Creek, Moose Creek and Phillips Canyon 
should be investigated further. Existing or potential bighorn winter range 
should not be subject to domestic sheep use in any case. 

Since the Teton Range bighorn population is apparently divided into southern 
and northern bands separated by an area where sheep are seldom observed, 
inbreeding becomes a strong possibility. A lack of genetic diversity 
potentially retained in small bands could curtail productivity and threaten 
the continued survival of this species. Extensive research is warranted 
on this possibility. Electrophoretic studies of tissue and blood proteins 
might be employed in considering genetic fixation. 
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POPULATION STUDY OF CANADA GEESE 
OF JACKSON HOLE 

Samuel I. Zeve loff 
Departme~t of Zoology and Physiology 

University of Wyoming 

Between 1955 a nd 1974, the population of Canada geese in the United 
States almost doubled. Despite this trend, popu la tions in the Pacific 
Flyway appear to have declined 10 percent (Bell rose 1976) and ·the causes 
for the decrease are not obvious. During earlier work, Dimmick (1968) 
concluded that the 1964 breeding population i n Jackson Hole was stabilized 
at approximatel y 300 birds with 40-47 percent consist ing of breeding 
pairs. The cur rent status of the goose population is not known and the 
effects of drama tic changes in land use on t he bird s is undetermined. 
Therefore, t his study will attempt to compare curren t conditions and the 
resulting popu lation status with those of the early 1960's and the late 
1940's (Craig head and Craighead 1949). 

These topic s are being studied: 

1) A physica l inventory of the Snake River drainages in Jackson 
Ho le is being conducted to determine seasonal d istribution, 
size, and productivity of the Canada goose popul ation; 

2) The various factors influ encing quality and qua ntity of goose 
habitat and productivity are being identi f ied and evaluated; 

3) A mo re complete understa nd i ng of the rel at ive role of the Jackson 
Hole goose population as a fa cto r in the population dynamics of 
the en t ire Rocky Mountain popu lation (Krohn 1977) is being 
obtained; and 

4) A management plan suitable for protec tion of t he habitat and 
ma intenance of optimum productiv i ty of the goose population will 
be formulated. 

Methods 

Intensive ground and aerial surveys of t he Snake River drainage in 
Wyoming are be ing conducted seasonally to de t ermine numbers of Canada 
geese in i t s various components. The aerial censuses are being conducted 
in coopera tion with the Wyoming Game and Fish Department . Thorough 
searches fo r nests, in the vicinity of observed singles and pairs will 
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commence in early March,l979, to establish the relative numbers of those 
geese actually engaged in breeding compared to those exhibiting displays 
but not actually producing young. Nests will be revisited throughout 
the spring to determine fate and chronology. Eggs will be collected on 
a system of stratified sampling and subsequently analyzed for toxicants. 
This analysis and other egg characters will be assessed via electron 
microscopy and other techniques to establish a baseline for egg quality. 

Nest site selection, availability of nesting areas, and success of nests 
due to flooding will be correlated with the chronology of water level 
fluctuations of the Snake River. U.S. Bureau of Reclamation data will 
be used to graph such fluctuations at the Jackson Lake Dam. Cl imatologi
cal data will be compiled from various stations to detect other influences 
of the physical environment on goose activities. Qualitative and quanti
tative measurements of biotic and abiotic parameters will take place at 
each nest to determine preferred conditions. Observations during the 
latter parts of the spring and summer should indicate preferred habitats 
for brood rearing, molting, and feeding. Such areas will be fully 
characterized. 

The effects of major land use changes and increased flood control diking 
by the U.S. Army Corps of Engineers on historical Canada goose habitat 
will be determined. Comparative aerial photography, available through 
federal and state agencies is being used for this purpose. Influences 
exerted by the vast increases in human populations and the consequent 
upsurge in recreational activities on the waterways will be evaluated. 

Results 

The initial portions of the previous summer's fieldwork involved ga1n1ng 
familiarization of the areas to be censused. This was accomplished 
through numerous hikes, raft, canoe, and power boat trips in the Jackson 
Hole region. Equipment necessary for use in such activities has been 
prepared. Furthermore, contacts have been made with many professionals 
in various agencies to lay the groundwork for present and future coopera
tive ventures. I have reviewed the maps and photographs at the offices 
of Bridger-Teton National forest and Grand Teton National Park to prepare 
for future studies already discussed. Pair-count and nest site data 
accumulated over the past 10 years at the National Elk Refuge have been 
compiled and reviewed. The cooperation of the individuals in these and 
other organizations has been secured. This will aid in providing the 
logistic support necessary for the study to proceed. 

Areas which support large numbers of molting, feeding, and/or resting 
Canada geese have been located. On July 9, groups totalling 400-600 
birds, many of which were in molt, were located in fields adjacent to the 
Southeast Arm of Yellowstone Lake. A 1 ittle over a month later, on 
August 15, only approximately 100 were counted. Flight and regrouping 
behavior were noted on both occasions. Due to the low water levels on 
Jackson Lake and the subsequent land exposure, more geese are uti1 izing 
the northern end for feeding and resting than thought to in previous 
years (K. Diem, pers. communic.). Groups here have been counted at various 
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hours on different days (Fig. 1) as have those at a nearby location on 
the west side of the lake, 0.25 miles north of Lizard Creek. Apparently 
these ~reas are utilized for both feeding and restfng as geese are pre
sent at all times of the day. This is ·in contrast ·to observations of 
the group on the pastures east of the Snake River at the Triangle X 
Ranch (Fi·g. 2). The low number of geese observed at 5:30p.m., one 
hour before counts on other days, lndicates a feeding-only area. Up 
to 120 Canada geese were counted during trips to the Third Creed region 
of Jackson Lake. Other areas in which at least 75 birds were counted 
are the Buffalo River oxbow behind the Pinto Ranch, Flat Creek on the 
National Elk Refuge, and the Skyline Ranch in Jackson. Plant collection 
and identification and characterization of the Jackson Lake and Triangle X 
areas of goose use has commenced. 

Smaller numbers (<50) of Canada geese have been observed along the Snake, 
Gros Ventre, and Buffalo Rivers; Jackson and Lower Slide Lakes; and on 
numerous ponds in the study area. Goose scat and feathers have been 
discovered at various locales and the possibility of using such sign as 
an index of activity is being investigated. 

Discussion 

The northern end of Jackson Lake h·as become a va 1 uab 1 e area of various 
goose activities in the summer months. When the Jackson Lake Dam is 
reinforced and the Lake is allowed to return to its formerly higher 
levels, the usefulness of this area to the geese will certainly be 
diminished. The birds there, as well, appear to be considerably more sen
sitive to human disturbance than compa red to those in the Third Creek 
region. This has been surmised after a comparison of the distances at 
which the geese in these two areas will flush, given approximately the 
same visibility of intruders. Of related importance is the fact that 
almost all of the geese in the fields across from Lizard Creek would 
fly towards the Lake's northern end when disturbed. Thus, this region 
is quite 1 ikely an important refuge for those birds that are intolerant 
of human activities. It is relatively inaccessible to both hikers and 
boaters. Other feeding and resting spots need to be searched for and 
more sequential observations are necessary to determine the exact 
nature of the usage in all locations. 

Summary 

The Jackson Hole region has undergone many land use and human population 
changes in recent years. Since the Canada goose population has not been 
analyzed in those years, it is important to determine if and how it is 
being affected. 

Preliminary investigations have been concerned with the familiarization 
of this researcher with the study area, the laying of the groundwork for 
study in the near future, and observations and counts of Canada geese 
in various locations used for molting, feeding, and resting activities. 
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AN ECOLOGIC STUDY OF THE HABITAT TYPES OF 
THEODORE ROOSEVELT NATIONAL MEMORIAL PARK, NORTH DAKOTA 

Objectives 

George R. Hoffman 
University of South Dakota 

The objectives of this study, begun in May 1978, are to delimit the 
habitat types of Theodore Roosevelt National Memorial Park (TRNMP), 
North Dakota, list the plants present, and assess the animal components 
of the habitat types. For TRNMP a comprehensive study of the habitat 
types has not been done previously. The habitat type concept was 
developed to assess the ecologic status of forest vegetation of the 
Northern Rockies (Daubenmire 1952, Daubenmire and Daubenmire 1968); and 
the same concept was later used to assess steppe vegetation of Washington 
(Daubenmire 1970). The habitat type approach to assessing the ecologic 
status of vegetation has been used in a number of studies throughout 
the Rocky Mountain region (Pfister et al . 1977, Reed 1971, 1976, Wirsing 
and Alexander 1975, Hoffman and Alexander 1976). The basic ecologic 
nature of the habitat type concept lends itself to studying forest and 
grassland vegetation as well as interspersed shrublands (Daubenmire 
1973). It has been shown that once established for a given region, habi
tat types provide the framework for establishing relationships between 
the habitat types and productivity, disease susceptibility, potential 
fot forage production, soil moisture re lations, and small mammal distribu
tions (Daubenmire 1973, Hoffman 1960, Layser 1974, Mackee 1970, Rickard 
1960). The study a t TRNMP will provi de data on habitat types and their 
major animal components and will offer opportunity for future assessment 
of soil moisture relations, productivity and other characteristics of a 
basic or applied nature. 

Procedures 

During 1978 we did much travel and reconnaissance throughout the Park. We 
collected approximatel y 1000 plants distributed among 450 species. Addi
tionally, we collected 5 species of amphibians and 5 species of reptiles, 
and 6 species of small mammals. We made notes on 71 species of birds, 
and made a tentative list of habitat types based on our 1978 field data. 
In 1978 we tried three methods of sampling bird populations (Bond 1957, 
Emlen 1971, Kendigh 1944) and concluded that for this study the method 
of Bond (1957) would be most suitable. 

Quantitative sampling of vegetation will be done in 1979. Within each of 
at least 4 stands of each habitat type (stands selected to represent the 
ful 1 range of distribution of each habitat type) we will set up a 15 x 25m 
plot with the long axis oriented parallel to contours of the slope. The 
plot corners will be marked by small, inconspicuous stakes made of concrete 
reinforcement rod. Each plot will be located so it can be revisited in 
the future. The plot will then be subdivided into 3- 5 x 25m subplots 
to facilitate sampling. For the low growing shrubs and herbaceous species 
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we will determine canopy coverage within 50- 2 x 5 dm plots placed 
systematically at one meter intervals along the 25m sides inside the 
central subplot. We wil 1 count all large shrubs, and trees in forest 
stands within all three 5 x 25 subplots. We will tally trees within dm 
diameter size classes, and keep the sizes separated to provide data on 
population structure. Also, within the entire macroplot, we wil] 1 ist 
all plant species that did not occur in one of the 2 x 5 dm plots. 
Finally, mineral soil samples taken to a depth of 1 dm will be collected 
at 20 points within the central subplot and composited for each stand. 

Small mammal populations wi 11 be assessed within the same stands in which 
vegetation is sampled. A grid technique similar to that of Rickard (1960) 
and Hoffman (1960) will allow rather even sampling over the stand. 
Amphibians and reptiles wil 1 be sampled as they arefuund in the Park with 
notes made on specific habitats where they occur. 

Soil samples will be collected from each stand studied. Within the central 
subplot we will take 20 soil cores to a depth of l dm. These wil 1 be 
composited and air-dried in the field. In the laboratory during the 
winter, 1979-80, we will determine for each sample the pH of the paste, 
cation exchange capacity, percent base saturation, readily available Ca, 
Mg, K, and P. We will also determine particle size distribution by mech
anical analysis. We plan to send some of the samples to the South Dakota 
Soil Testing Laboratory for organic matter and total nitrogen determinations 
which we are not equipped to do here. 

Data analysis and final report preparation will be done during the winter, 
1979-80, following a second field season of intensive sampling. 

Results 

Results at this writing are tentative, based on first season reconnaissance 
and sampling. The habitat types are tentatively identified, the dominant 
species of which are the following: 

Steppe: 
1. Andropogon gerardi 
2. Andropogon scoparius 
3. Stipa comata 
4. Distichlis spicata 
5. Agropyron smithii 

Shrub-steppe: 
6. Artemisia tridentata 
7. Artemisia cana 

Forest: 
8. Populus deltoides 
9. Fraxinus pennsylvanica 

10. Populus tremuloides 
11. Juniperus scopulorum 
12. Betula occidentalis 



-67-

The above list is subject to modification depending upon results of 
intensive sampling. Additional plant communities that appear to be long-
1 ived seral are dominated by Typha latifolia, Prunus virginiana, Prunus 
americana and Salix spp. The topography of the Park is characterized 
by uplands, alluvial plains, and badlands. The diversity of this land
scape has allowed diverse plant communities to form a complex mosaic in 
which most community boundaries are very distinct. Intensive sampling 
in 1979 will reveal the degree of similarity among the various communities 
in both vegetation and animal components. A list of plant species 
collected throughout the Park in 1978 is being compiled. 

Among the animal components, the bird species list is most complete to 
date (Table 1). This list is tentative and will be expanded to include 
additional species of 1979 as well as density estimates for the various 
habitat types. The small mammals so far collected are shown in Table 2. 
This 1 ist will also be expanded considerably after the 1979 field season. 

The third group of animals so far collected in this study are the amphibians 
and reptiles. At this writing 34 specimens among 5 species of amphibians 
and 11 specimens among 5 species of reptiles have been collected, as 
follows: 

Amphibia 

Bufo woodhousei (7) 
Bufo cognatus (1) 
Pseudacris trisperiata (2) 
Rana pipiens (12) 
Ambystoma tigrinum (12) 

Conclusions 

Reptilia 

Coluber constrictor (4) 
Pituophis melanoleucus (1) 
Crotalus viridus (2) 
Thamnophis radix (1) 
Sceloporus graciosus (3) 

This study has so far revealed preliminary lists of habitat types of steppe, 
shrub-steppe, and forest vegetation, birds, small mammals, amphibians, 
and reptiles. Following intensive sampling of stands in 1979, the habitat 
types, edaphic factors, and animals components will be described in detail. 
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Table 1. 
A checklist of the birds Roosevelt National Park Summer 1978 

' ' 

Habitat 
Q.) 

0... 
0... 
Q.) tn tn 
+-J :::J :::J 

u tn .. L- .. 0 
+-J ·- Q.) +-J Q.) +-J :::J 
tn +-J 0... ..0 tn 0... tn ""'' 

Q.) >- :::J ro 0... :::J Q.) · - <U·-
l c - 0'1 :::J Q.) L- L- c L- u 

::J ::J ::J 0" +-J .s:::. 0 :::J 0 Q.) 

Species ..., ..., <( <( V') V') lL.""') lL. -o 

Order Anseriformes 
Ma 11 ard Duck - X 

Order Clconiformes 
Great Blue Heron - X 
Black Crowned Night - - X 
Heron 

Order Charadriformes 
Killdeer X 
Spotted Sandpiper X 

Order Coraciformes 
Belted Kingfisher X 

Order Falconiformes 
Turkey Vulture X 
Sharp-shinned Hawk - X 
Red-tailed Hawk X 
Marsh Hawk X 
Sparrow Hawk X X 

Golden F.agle X 
Prairie Falcon - - X 

Order Galliformes 
Ring-neck Pheasant X X 
Sharptail Grouse X 
Wi 1 d Turkey X 

Order Gruiformes 
Sandhill Crane - X X 

Order Strig iformes 
Burrowing Owl X 

Order Caprlmulgfformes 
Common Nighthawk X 

Poor-wi 11 X 

Order Piclformes 
Yellow-shafted Flicker X 

Red-shafted Flicker X 

Red-headed Woodpecke r - X 

Hatrv Woodpecker - X 

Order Passerfformes 
Family Motaclllidae 
Spraques Plpet X 

Family Hlrundinldae 
Barn Swallow )( 

C 1 i f f Swa 11 ow X 
Bank Swallow X 

Family Alaudidae 
Prairie Horned La rk - X 

Family Tryannfdae 
Eastern KlnQblrd X X 
Western Kingbird X 
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Table 1 cont'd . . 
rami 1 y sit t i dae 

Red-breasted Nuthatch - X 
Family Corvldae 

Common Crow X X 
Black-billed Maqpie X X X 
Blue Jay - X 

Family Paridae I 
Black-capped Chickadee I X X -1--

Family Troglodytidae 
House Wren X 
Rock Wren X 

F ami 1 y M i m i dae 
Brown Thrasher X 

Family Turdidae 
Robin X X X 
Mountain Bluebird --- X 

Family Bombycflltdae 
Cedar Waxwinq -- -- X 

Family Sturnidae 
Star 1 i nq - X 

Family Vtreonidae 
Red-eyed Vireo X 
Wa rb 1 i nq V f reo - X 

Ft=Jmi ly lcteridae 
~estern Meadowlark X X 
Red-win~ Blackbird - X 
Arewers Blackbird X X 
Baltimore Oriole X 
Orchard Oriole X 
Common Grackle - X 
Brown-headed Cowbird X 

F ami 1 y Par u 1 i dae 
Black and White Warbler X 
YellO\<J Warbler -- - X 
Myrtle Warbler - X 
Ovenbird X 
Common Yellowthroat X X 
Yellow-breasted Chat X X 

Family Fringillldae 
Black-headed Grosbeak X 
American Goldfinch - - X 
Lazula Bunting - X 
Roufous-slded Towee X X X X 
Lark Guntin~ - X 
Chestnut-collared X 
Lonqspur 
Grasshopper Sparrow X X 
Vesper Sparrow X X 
Lark Sparrow -- - X 
Chipping Sparrow X X X 
Clay-colored Sparrow X X 
Field Sparrow X X 
Sonq Sparrow X 
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Table 2. Small mammals trapped In selected habitat types during 
the field season of 1978. 

Habitat types 
(dominant species 

listed) 

Agropyron smithii 

Stipa comata 

Andropogon scoparius 

symphoricartos 
occfdenta is thicket 

a Rosa !.e.E.:. thicket 

Artemisia cana 

Juniperus scopulorum 

Fraxinus pennsylvanica 

Populus deltofdes 
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o
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.0 Vl 
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::J 
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1. 2 
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1. 0 

5.0 
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.66 
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.33 

1. 0 

.66 

1.2 1.2 

.33 .66 1.0 

.66 .33 .33 
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1.6 

1. 8 
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alncludes Rosa woodsll and R. arkansana 

.33 

.16 

Vl 
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Vl E 
::J·-
·- c:: 
E ·
ttl E 

+-1 
::J 

UJ 

.33 

.16 

.66 

1. 3 
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INFLUENCES OF THE LONGNOSE SUCKER ON THE EARLY 
LIFE STAGES OF CUTTHROAT TROUT IN TRIBUTARIES 

OF YELLOWSTONE LAKE, 
YELLOWSTONE NATIONAL PARK, WYOMING 

George T. Baxter and Richard D. Swanson 
Department of Zoology and Physiology 

University of Wyoming 

The purpose of this study was to determine what, if any, influences the 
longnose sucker (Catostomus catostomus) have upon the cutthroat trout 
(Salmo clarki) population with special reference to early 1 ife stage 
interactions. The specific objective of this investigation was to deter
mine if the introduced sucker was having a deleterious effect upon the 
growth and survival of indigenous trout fry. 

Cutthroat trout and longnose suckers use tributaries of Yellowstone Lake 
as spawning areas and the potential for intraspecific competition 
between fry of both species is considerable. The maintenance of an eco
logically sound population of cutthroat trout in Yellowstone Park is a 
prerequisite to the National Park Service pol icy of maintaining native 
flora and fauna in national parks. 

Procedures 

Determination of streams in the study area containing both spawning 
species was accomplished on foot and by the use of a boat. 

Direct competition for spawning sites and the ingestion of salmonid eggs 
by suckers was determined by streamside observations and the collection 
and examination of stomachs taken from spawning suckers. 

Hatching times and territorial behavior were monitored and recorded. 

Intensive gill-netting, using fine mesh nets, was attempted in order to 
define territorial behavior of yearling suckers and trout. In addition 
to the gill netting a beach siene was used to qualify and quantify nursery 
areas of the suckers and trout. 

Data (length, weight, sex) were collected as well as scales, opercles, 
fin rays, and otoliths for determination and comparison of growth rates 
during fry and fingerling stages. 

Results 

Determination of spawning sites used by the two species resulted in the 
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inclusion of four additional tributaries previously unknown. These were: 
1) Solution Creek; 2) Little Thumb Creek; 3) Thumb Creek; and 4) an 
unnamed creek located on the west shore of Bridge Bay. 

Observations into the behavior of the two spawning populations revealed no 
direct competition for spawning sites. No aggressive behavior was noted 
between the two species which at times were intermingled over spawning 
sites. However, suckers for the most part were found in the deep pools 
of the tributaries while trout were more often found in the riffle areas. 
Male trout occasionally demonstrated aggressive behavior (nipping, chasing, 
etc.) towards other males but this was not always the case. 

Examination of 46 suckers revealed no ingestion of salmonid eggs in Arnica 
Creek. 

Cutthroat trout and longnose sucker fry were first observed on July 15, 
1978, in Arnica Creek. Trout fry were observed to be feeding on surface 
drift. Sucker fry appeared not to be feeding but due to their extreme 
smal 1 size (approx. 1.2 em) this observation is subject to error. Sucker 
fry were observed in back water pools and along the stream ban k where 
water velocities were minimal. Trout fry were found throughout the 
stream as their relatively large size (2.6 em) probably allowed maintenance 
of position in the stream. Aggressive behavior was noted on a few 
occasions. Trout fry were observed to chase sucker fry but on no occasion 
were they successful in capturing the sucker. 

On August 1, 1978, observations failed to reveal any sucker fry in Arnica 
Creek. It is hypothesized that the fry migrated pass ively downstream 
due to their inability to maintain position in the stream. Trout fry 
were still numerous in Arnica Creek. 

Gill netting results (Table 1) suggest a certain degree of separation of 
habitat of the cutthroat trout and longnose sucker. Numerical dominance 
of one species was usually evident. This separation undoubtedly reduces 
competition between the species. 

Beach seining revealed the total nbsence of trout fry from the littoral 
areas of the lake.. Yearling and two-year-old longnose suckers 
were present in most lagoons. It is not known now whether absence ot 
trout in the lagoons is the result of competition with suckers and redside 
shiners or whether the cutthroat trout fry normally move directly from 
the streams to the pelagic areas of the lake. 

Although preliminary, results indicate normal growth rates for longnose 
suckers in Yellowstone Lake. Work is still progressing at this time 
concerning the longevity of the suckers. 

Conclusions 

The data presented in this report seem to indicate a minimal effect on the 
cutthroat trout fry by the longnose sucker. However, certain phenomena 
(i.e., causative agents of fry migration, feeding relationships, and trout 
nursery areas) have yet to be examined and explained. These phenomena 
may have a tremendous effect upon the cutthroat trout population in 
Yellowstone Lake and warrant further investigation. 
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Table 1. Gillnetting Results 

Set No. Location Hours Set Cutthroat Suckers 

1 Steamboat 14.25 20 11 
2 Holmes Pt. 14.75 12 5 
3 Little Thumb Ck. 13.83 2 3 
4 Little Thumb Ck. II 14.25 2 6 
5 Clear Ck. 16.5 13 4 
6 Cub Ck. 16.5 33 4 
7 Bridge Bay I 11.75 1 1 13 
8 Bridge Bay II 12.0 7 19 
9 Mary Bay I 15.5 10 0 
10 Mary Bay I I 15.5 7 5 
11 Mary Bay I I I 15.5 5 2 
12 Sedge Bay I 15.25 17 8 
13 Sedge Bay II 15.25 14 13 
14 Sedge Bay I I I 15.25 20 5 
15 PelicanCk. 20.75 4 0 
16 Lake Ranger St. 21.50 3 7 
17 Sand Pt. 18.50 4 l 
18 Gu 11 Pt. 18.50 1 11 
19 Thumb Ck. 14.00 15 1 
20 Grant Marina/Solution Ck. 14.00 14 0 
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WHITE PELICAN REPRODUCTION IN THE MOLLY ISLANDS 
BREEDING COLONY, YELLOWSTONE NATIONAL PARK 

Objectives 

Kenneth L. Diem 
Department of Zoology and Physiology 

University of Wyoming 

Compared to other North American white pelican, Pelecanus erythrorhynchos, 
breeding colonies, the Molly Islands Colony is a minor colony consisting 
of +450 adults (Lier and Behle, 1966; Diem and Condon, 1967; Sloan, 1973; 
Diem, 1976). Despite its small size, the colony is unique for these 
reasons: (l) 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 (2,357 m) 
is the highest recorded for any breeding colony of the species; (3) dis
covered 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 both coasts of North America; and (5) the colony•s 
nesting sites on the two Molly Islands change frequently with no predictable 
pattern. The major objective of this project is to continue monitoring 
changes in the reproductive success of 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 boat 100-200 ft 
from shore. Because landing in the colony would be too much of a destruc
tive disturbance, clutch data cannot be collected. Some errors in nest 
counting probably occur, however, the fledgling censuses are very accurate. 

Results 

Nesting and fledgling counts for the Molly Islands white pelican colony 
in 1977 and 1978 are presented in Table 1. The production of young pelicans 
in both years represented the highest number of fledglings recorded for 
this colony since 1961. During the 33 years since 1945, only 7 years are 
known to have had a crop of juveniles which could have fledged 230 or more 
birds (1946-374; 1952-300; 1956-280; 1960-275; 1961-290; 1977-302; and 
1978-230). Also, note that only in 1946 and 1977 were there enough young 
produced to have potentially fledged 302 or more birds. 

In both 1977 and 1978, nesting was earlier than usual and some 3-4 week old 
pelicans were observed on Sandy Island during the nest count. The 1978 
nesting effort was not as well synchronized as in 1977 or previous good 
production years. Early hatching on Sandy Island did occur in 1978, but not 
in the numbers recorded in 1977. There were more diverse age groups 
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represented between 3-4 weeks of age and eggs yet bei~g incubated d~ring 
the July 9 nest census. Observed mortality of juvenile pelicans appeared 
to be low in 1978 with the remains of only 1 dead chick recorded on Rocky 
Island and 7 dead chicks observed on Sandy Island on August 15. 

Analysis of the factors influencing the pelican reproduction success in 
these 2 years follows that previously reported (Diem, 1976) t however, it is 
not yet complete. 

Double crested cormorant, Phalacrocorax auritus, reproduction on Rocky 
Island in 1978 was the highest recorded since the early 1960's. Eleven 
nests were recorded on Rocky Island in two nesting aggregations. Half of 
these cormorant nests appeared to have young 2-3 weeks of age. The 
elevated nests made it impossible to obtain a count of those young. The 
one cormorant aggregation of 7 nests was on a new site next to the pelican 
nesting aggregation on the southerly portion of the Rocky Island. 

California gull, Larus californicus, chicks were abundant on the northerly 
half of Rocky Island. Their average age appeared to be+ 3 weeks on July 9. 
There was no evidence of Caspian tern, Hydroprogne caspia, nesting on 
Rocky Island; however, 20-30 individuals were observed roosting on the 
northerly tip of Sandy Island. 

Acknowledgments 

I wish to thank the personnel of Yellowstone National Park for their con
tinued assistance and support of this study, particularly Mr. Roger 
Rudolph and John Scott. 

Literature Cited 

Diem, K. L. and D. D. Condon. 1967. Banding studies of water birds on 
the Molly Islands, Yellowstone Lake, Wyoming. Yellowstone Library 
and Museum Assoc., Yellowstone Park, WY. 41p. 

Diem, K. L. 1976. White pelican reproductive failures in the Molly Islands 
Breeding Colony in Yellowstone National Park. Proc. First Conf. on 
Scientific Research in the Natl. Parks. A. I .B.S. and N.P.S. In Press. 

Lier, M. F. and W. H. Behle. 1966. Status of the white pelican in the 
United States and Canada through 1964. Condor 68: 279-292. 

Sloan, N. F. 1973. Status of breeding colonies of white pelicans in the 
United States through 1972. Inland Bird Band. News. 45(3): 83-96. 



-81-

Table 1. Numbers of white pelican nests and young fledged in the Molly 
Islands breeding colony, 1977-78. 

No . of Total No. 
No. of Nes t i ng of 

Year Location Date Nests Aggregations Date Fledglings 

1977 Rocky Is 1 and 717 22 3 
Sandy Is 1 and 717 195+ 5 

8/11 302 

1978 Rocky Is 1 and 7/9 24 1 
Sandy Is land 7/9 167+ 6 

8/15 230 
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MAN AND BIOSPHERE NATURAL RESOURCE ATLAS 
FOR YELLOWSTONE NATIONAL PARK 

Kenneth L. Diem 
and 

Ronda Mulkey 
· Department of Zoology and Physiology 

University of Wyoming 

Baseline information on the status of natural resources, past and present, 
is a vital ingredient in the decision-making process for natural resource 
management and in the planning, design and conduct of natural resource 
research. As a designated Biosphere Reserve in the International Man 
and Biosphere program (Frankl in, 1977), there is a need for baseline 
information on Yellowstone to be organized into a single, readily avail
able reference source for accurate and rapid assimilation by Park managers 
and researchers. Consequently, the objectives of this project are: 

1. To develop uniform scale overlays of the status of the past 
and present natural resources of Yellowstone National Park; 

2. To develop tabular and/or narrative material where necessary 
to supplement the map overlays; and 

3. To identify weak, incomplete or missing resource data and 
discuss the potential for upgrading the quality and quantity 
of that data. 

Procedures 

Natural resource data were collected from Park files, reports, library 
and archive documents and personal interviews with Park personnel. Where 
practical, those data were placed on overlays of a standard base map 
(scale 1:125000) of Yellowstone National Park. To facilitate handling, 
the base map was divided into two equal north and south sections. Sources 
of each data set are identified in a reference supplement. The design of 
the format and nature of the preparation of the entire data set strives 
for an easy, fast and reliable integration of natural resource information 
for park resource managers and researchers. Project research began on 
June 1, 1978 and will terminate on June 30, 1979. 

Results 

Table 1 contains a summary of the map overlay data gathered. Tabular 
and narrative information for many of the items in Table 1 include greater 
detail, i.e., dates of establishment or changes; kinds of data collected 
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by stations or projects; dates of data collection; sources of data informa
tion; floral and faunal species lists; aerial photographic coverage by 
type, year and availability; etc. 

Discussion 

Production of the foregoing information into a working publication is 
being planned with the assistance of Neal J. Reid, Chief Scientist, National 
Park Service, Rocky Mountain Region. Hopefully that task will be completed 
by mid-summer of 1979. Continued up-dating of the working document 
will be necessary to maintain its usefulness. 
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Table 1. Y~l lowstone National Park historical and current natural resource 
information displayed on map overlays. 

I. Administrative and Service Facilities 

1. Residential areas 
2. ·Roads 
3. Ranger Stations 
4. Backcountry Cabins 
5. Fire Lookouts 
6. Horse Corrals and Barns 
]. Gravel Pits and Crusher 

Sites 
8. Road Camps 

I I. Communication and Utility Systems 

1. Repeater Stations 
2. Telephone Repeaters 
3. Radio Antennas 

Ill. Public Faci 1 ities 

9. Dumps 
10. Incinerators 
11. Compactor Sites 
12. Traffic Counters 
13. Climate Stations 
14. Snow Courses 
1 5 . C • C . C . Camps 
16. Plane Wrecks 
17. Snow Stakes 

4. Power Substations 
5. Power Lines 
6. Telephone Lines 

1. Trails ]. Public Auto Camps (old) 
Bath Houses 2. Boat Ramps and Marinas 8. 

3. Campgrounds 9. Swimming Pools 
4. Tent Camps 1 0. Ski Areas 
5. Old Hotels (not in presently 11. Horse Corrals 

developed areas) 12. Big Game Shows 
6. Lunch Stations 13. Picnic Areas 

IV. Flora, Fauna and Substrate 

1. Grizzly Bear- density and sightings 
2. Black Bears - density and sightings 
3. Bison - winter and summer ranges by herd 
4. Elk -winter and summer ranges by herd 
5. Pronghorn 
6. Cougar - tracks and sightings 
]. Wolverine- tracks and sightings 
8. Wolves - tracks and sightings 
9. Bald Eagle and Osprey Nest Sites 

10. Fisheries and Waters 
a. Cutthroat trout g. Mountain whitefish 
b. Grayling h. Fish egg collection stations 
c. Brook trout i. Fish hatcheries 
d. Rainbow trout j. Rearing ponds 
e. Brown trout k. Gaging stations 
f. Lake trout 
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Table 1 (Continued) 

11. Vegetation Types 
12. Range Plots 
13. Vegetation Volume Plots 
14. Browse Plots 
15. Range Exclosures 
16. Vegetation Transects 
17. Forested Areas 
18. Geologic Formation 
19. So i 1 Types 

V. Landscape Alterations 

1. Foundations of Homes and Ranches 
2. Roads, Bridges and Railroads 
3. Relating to Maintenance Work 
4. Structures Used by the Public 
5. Structures Used by Park Personnel 
6. Miscellaneous 

VI. Environmental Land Units With Impacts or Potential Impacts 

1 . Air Qua 1 it y 
2. Erosion Hazard 
3. Water Pollution Potential 
4. Mass Earth Movement 
5. Susceptabil ity to Noise 
6. Thermal Areas 
7. Earthquake Faults 
8. Natural Pollutants 



Objectives 

-87-

VEGETATIONAL HISTORY OF YELLOWSTONE PARK 
AS DETERMrNED BY POLLEN ANALYSIS 

George C. Frison 
Jane M. Beiswenger 
Department of Anthropology 
University of Wyoming 

The purpose of this project was to interpret the vegetational history of the 
Yellowstone Park area by the analysis of pollen contained in sediment cores 
from four locations in Yellowstone Lake. The cores, collected by Dr. Robert 
Smith of the University of Utah, were from the north central portion, the 
west thumb area, the south arm and the southeast arm of the lake. The cores 
were to be compared to determine pollen variations within the lake. Differences 
between a small pond and a large lake basin in reflecti·ng climatic change were 
to be studied by comparing the results with pollen counts from Fifteen Foot 
Lagoon (Baker, 1976). 

Procedures 

As of December 8, 1978, seventy-eight samples from the four cores have been 
prepared, using standard procedures (Faegri and Iverson, 1950). Sixty-three 
samples have been counted and the pollen percentages determined. Chi square 
tests of homogenity were used to determine the similarity in pollen counts for 
samples of the same age from different cores. Sedimentation rates, available 
for three of the four cores (Shero, 1977), were used to determine sample age. 

Results 

Results for the most abundant pollen types (fig. 1 and table 1) show that pollen 
percentages have remained relatively stable for the past 1,500 years. Samples 
from the north central portion of the lake, dating to 3,700 years BP, also 
show similar pollen percentages. Sediment mixing is not a 1 ikely cause for 
the similarity in pollen percentages. Dredge samples collected near the 
Yellowstone Lake coring sites contain varves indicating very little or no 
mixing after the time of deposition (Shere, 1977). 

The pollen profiles indicatea landscape dominated by pine, including Pinus 
albicaulis and Pinus contorta, with lesser amounts of spruce and fir. Pollen 
counts also indicate the presence of juniper, poplar, douglas-fir, and birch. 
Sagebrush pollen averages 11 percent of the total and pollen of the Goosefoot 
family (Chenopodiaceae) averages 2-3 percent. Table 1 includes an overall 
average for each category and an average excluding three samples from 1460-
1484 BP. These three samples differ from the others in showing less pine and 
more sagebrush. This indicates that conditions were slightly warmer and drier 
during this span of time. The overall percentages of spruce and fir are 
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higher in the core from the southeastern arm of the lake. This part of the 
lake is the closest to the spruce-fir vegetation zone in the Absaroka mountains 
(Despain , 1973). Pollen percentages indicate that the spruce-fir vegetation 
type has existed in the southeastern portion of the park for at least l ,500 
years. 

These results closely correlate with the core from Fifteen Foot Lagoon, which 
has pollen percentages most similar to the core from southeastern arm of Yellow
stone Lake. Pollen counts from the smaller body of water (Fifteen Foot Lagoon) 
have a higher frequency of rare pollen types than do those from larger Yellow
stone Lake. This is consistent with Tauber's (1967) discussion of smaller lakes 
receiving a more local pollen rain and larger lakes receiving a more regional one. 

Chi square homogenity tests ( Mos i mann, 1965) show seven out of thirteen 
pollen counts for samples of the same age from the southeast and south arms of 
the lake to differ significantly at the 0.05% level. Three out of twelve 
samples differ significantly (0.05% level) between the core from the south arm 
and the core from the north central portion of the lake, while five out of 
twelve samples differ significantly (0.05% level) between the core from the 
southeast arm and the core from the north central portion of the lake. Major 
differences were in the values for spruce, sagebrush and sedges. Higher spruce 
percentages in samples from the southeastern arm, fluctuations in the abundance 
of sedges growing near the lake shore, and changes in wind patterns may be 
contributing factors. Tests will conconducted later to determine if these 
differences could be ecologically significant. The hig~ percentages of pine 
pollen (averaging 77%) in this area may accentuate the differences in less 
abundant types. 

The final stages of this research project will include determination of the 
relative abundances of Pinus albicaul is and Pinus contorta in samples of the 
same age from different cores, and construction of a pollen profile for the 
west thumb area of Yellowstone Lake. Completed tables of pollen counts, per
centages and chi square results will be included and discussed in more detail in 
the final report of this study to be submitted in January, 1979. 

Conclusions 

Despite some differences in pollen counts from one part of Yellowstone Lake to 
another, the pollen profile from each core reflects a picture of climatic 
stability for the past 4,000 years in the Yellowstone Park area. Minor fluctua
tions in percentages occur but no major change in vegetation or climate is 
indicated. The pol len profile from Fifteen Foot Lagoon shows a similar pattern. 
Thus the analysis of one sediment core from any of the Yellowstone Lake sampling 
sites or from Fifteen Foot Lagoon would provide a reasonably accurate record of 
climatic change in the southeastern portion of Yellowstone Park during the past 
4,000 years. 
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Figure 1 • 

Selected Pollen 
Percentages 
from three cores 
from Yellowstone 
Lake. 

P = pine (Pinus) 
S = spruce 

(Picea) 
F = fir (Abies) 
Sb = sagebrush 

(Artemisia) 
A = Aster family 

(Compositae) 
Gf = Goosefoot 

family 
(Chenopod
iaceae) 

Gw = greasewood 
(Sarcobatus) 

G = grass 
(Gramineae) 

W = willow 
(Salix) 

Sg = sedge 
(Cyperaceae) 
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AN ECOLOGICAL COMPARISON OF TWO STREAM 
SECTIONS WITH AND WITHOUT NATIVE FISH 

POPULATIONS, IN YELLOWSTONE NATIONAL PARK 

Gerald Z. Jacobi 
Water Resources-Limnology 

College of Natural Resources 
University of Wisconsin 

A study of benthic macroinvertebrate communities above and below a natural 
barrier to fish movement (6 m high) on Raven Creek, a tributary of 
Pelican Creek in the Yellowstone Lake watershed, was undertaken in July, 
1977. This project is part of a U.S. Fish and Wildlife Service ecological 
evaluation of stream sections with and without native (cutthroat) trout 
populations. In July 1978 a similar study was undertaken on sections of 
Virginia Creek with and without introduced (brook) trout populations. A 
final progress report will be completed by June 30, 1979. 

Study Objectives 

A. The purpose of this investigation is to identify the components of 
the benthic macroinvertebrate community in fish and fishless 
sections of Raven Creek, and 

B. To determine if there are differences between these communities in 
relation to species composition, d i stribution, abundance, and drift 
activity. 

Methods 

Benthic macroinvertebrates were collected quantitatively using a circular 
sampler (Jacobi 1978) on rubble and gravel substrates 100 m upstream and 
400 m downstream from 6 m high falls on Raven Creek. Six samples were 
collected at each site from similarly composed substrates with a current 
velocity of 0.5 m/sec and water depth of 10-30 m. 

Drifting macroinvertebrates were collected simultaneously from sites 100m 
upstream and 400 m downstream from the falls using two 0. 1m2 verti,al 
frame nets (placed at the edge and thalweg). Nets were exposed for 20 
minutes centering on the following times: 11:45, 16:45, 20:45, 22:03, 
00:52, 05:26, 07:05, and 09:06. 

Electrofishing for fish population estimations (Salmo clarki lewisi) was 
conducted by personnel of the U.S. Fish and Wildlife Service. A 200m 
long section below the 400 m downstream benthic station was sampled. In 
addition, fish stomach samples were collected and analyzed from 48 fish 
(comprising size classes 63-99 mm, 111-145 mm, 155-201 mm, and 352-406 mm). 
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Phys i cal a nd chemical measurements (D.O., pH, temperat ure, d ischa rge , an d 
conductivity) were taken in t he field while more complex c hemi ca l anal ys s 
(hardness, alkalin it y , N-No

3
) were performed by the Environmen a l Task 

Force Labora t ory of the Univer s ity of Wisconsin, Stevens Poin t. 

and Discus s ion 

Si " lar physical and chemical c haracter is t ics were pr esen t at the twos 
sites (Table 1). The only sig ni f ica nt dif ference was in d i schar qe; ao~
mately 28% more at the downstream site. 

lnstr ea m vascular p l a nts were absent at the study sites. lns tream vegeta
t ion was represent ed by moss Fontinal is (antipyretica) and an al ga Nostoc 
(parametoi des ). 

A total of 38 in vert eb rate taxa including benthos and drifti ng immatures 
and adults was collected (Table 2). The same dominant taxa were present 
above and below the falls. 

Thoug h num be2s of benthic ma c roinverte brates were higher in t he downstreaG 
area, 2207/m vs. l562/m2 t otal benthic biomass was great er up s t r eam 
t han downstream , 14.8 g/m~ vs. 13. 0 g/m2 , respectively. This ind i cates 
that specimens (instars) were l a r ge r ups t ream than downs tr eam, a n averag e 
weight of 9 mg vs. 6 mg, res pecti vel y . Sma ller speci mens may drift 
over the falls and accoun t for a greater numb~r (density ) a nd thus a l owe r 
individual average wei gh t downstream. Fish predation downstream ma y a lso 
"crop off" larger s pec imens. 

In the upstream fishless secti on, benthic macroinvertebrat es ex ibited 
a steady rat e in dri f t bef o re sunrise, a slight drop durin g sunrise . 
followed by a rise extending through mid-day to a sharp i ncrease at sunse t . 
The highest drift rate, 90l / m2 a nd 2.6 g/m2, was followed b; a sha r p 
decrease before midnight whi ch then leveled off preceedin g sunrise. 

Downstream, the drift pa ttern cons is ted of a sharp depres sion at sun r i se. 
a mid-morn i ng rise, mid-day maintenance preceeding a sharp ri se at sun s et , 
followed by a s harp decrease before midnight. The lowes2 valu e s f~r bio
mass a nd numbers we re observed here at sunrise, 0.09 g/m and 17/m , 
res pecti vel y (F ig. l) . 

Trout stomach analyses s howed the fish were feeding heavily on aquatic 
in verte brat e s. Emerg ing adults of Plecoptera (stonefl ies), Ephemer op te ra 
(mayflies) , Tr i chopt era (Caddisfl ies), and Diptera (flies) were the 
dominant food items. 

Recommendat ions a nd Concl us ions 

It is difficult t o make management recdmmendations (for a n up stream fish 
or fishless cond iti on ) f rom only one set of observations. Though th fish 
and fishless sections contained sim i lar cominant taxa, t he re were evident 
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differences in behavioral patterns for drifting aquatic macroinvertebrates. 
The decreased rate downstream at sunrise was perhaps due to cessation of 
feeding activity after satiation. Also at sunset, a more than two-fold 
higher drift rate was observed upstream (over downstream). Again the 
lower downstream values at this time may be due to predation by trout. 

Kroger (1974) observed a rise (bi-modal) in drift rates (of selected 
invertebrate taxa) after darkness. As he indicated, this nighttime drift
ing might have evolved as a behavioral protective mechanism due to the 
interaction between drifting invertebrates and trout feeding habits. 

Benthic density (numbers) in the upstream fishless section did not show 
the two to six-fold increase over the downstream fish section as found 
by Allen (1975). Invertebrate densities are influenced by fish predation 
(Warren et al. 1964) but not in the manner nor magnitude suggested by 
A l len ( 197 5). 

It is ·therefore suggested that Raven Creek remain in its present condition. 
Its fish and fishless sections would afford a prime location for further 
study of invertebra t e behavior. It is a unique environment and should 
remain so. 
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TABLE 2. Tentative list of aquatic invertebrates collected 

Order 
Family 

Family 

Family 

Family 

Family 

Family 

Orde r 
Family 

Family 

Family 

Fami ly 

Order 
Family 

Fami ly 

Family 

Order 
Family 

Family 
Order 
Order 
Family 

In Raven Creek, Yellowstone National Park, July, 1977. 

Taxon - common name 

Plecoptera- stoneflies 
Capni i dae 

Eucapnopsls brevicauda 
Capnia confusa 

Chloroperlidae 
Alloperla sp. 

Perl idae 
OoroneiJrla theodora 

Perlodidae 
Arcynopteryx compacta 
Sweltsa albertensis 
Cultus aestivalus 
TSOperla phalerata 
lsoperla ~ 

Nemourldae 
Podmosta delicatula 

Pteronarcldae 
Pteronarcella badla 

Ephemeroptera- mayflies 
Ephemerellidae 

Ephemerella sp. 
I· margarita 
E. doddsi 
r. t'Tb'fili s 
E. aurivill i 

Heptagen i i du 
Cinygmula sp. 
Epeorus sp. 
Heptagenia sp. 

Siphloneuridae 
Ameletus sparsatus 

Baetidae 
Baet is sp. 
"Ce'ii"t'r'p t I 1 um s p • 

Trlchoptera- caddlsflies 
Brachycentridae 

Brachycentrus occtdental is 
Mlcrasema asoilus 

Hydropsychidae 
Parapsyche sp. 

Rhyacoph i I i dae 
Glossosoma montana 
Rhyacophi Ia sp. {A and B) 
R. blfl Ia 

Otptera-=-true flies 
Tipulidae- true cranefl ies 

Antocha montlcolor 
Hexatoma sp. 
Limon i a sp. 

Chironomidae- midges 
Lepid~ptera - Aquatic moths 
Coleoptera - beetles 
Elmidae 

Optloservus quadrimaculate 
Zaitzevla parvula 

Class Turbellari - flatworms 
Class 01 lgochaeta - roundworms 
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POSTFIRE AVIAN ECOLOGY IN YELLOWSTONE NATIONAL PARK 

Robert J. Jonas & Allan R. Pfister 
Washington State University 

One objective of establishing Yellowstone National Park was to minimize 
human influence on the biotic communities. However, from the time of establish
ment (1872) through 1972, the policy was to suppress forest fires. Since 
natural fires play an important role in many environments, their importance 
to the Yellowstone ecosystem is being assessed. Little knowledge exists 
on avian succession immediately following a forest fire and several years 
postfire. 

Considering that fires naturally occur in forest habitats every 100 to 
200 years (Cole 1975), the Divide fire burn on the western side of the 
South Arm of Yellowstone Lake and the Trail Creek fire burn southeast of 
the Southeast Arm of Yellowstone Lake provided an opportunity to supplement 
the knowledge of Yellowstone's fire ecology. Therefore the objective of 
this project was to initiate the determination of avian ecology in these 
postfire areas of Yellowstone Park. Reports resulting from this study will 
be valuable for future management and in following postfire trends in the 
avian community. 

Procedures 

Considerable time was spent in April and May 1978 (prior to formal funding 
of this project) in literature search, planning, conferences, obtaining 
maps and materials, etc. Subsequent to formal funding (September through 
November 1978) data collation was commenced. 

The field phase of the research was initiated June 12, 1978 and terminated 
September 1, 1978. Study plots were established in the 1600 acre Divide 
fire burn and the 580 acre Trai 1 Creek fire burn within clean burn areas 
(580 and 280 acres respectively). Twenty-two and two-tenth acre (9 hectare) 
study plots permitting censusing the avian populations in those areas were 
established on June 13 (Divide) and July 1 and 2 (Trail Creek). In the 
Trail Creek area a 22.2 acre plot, located southeast of the burn plot was 
also established in an unburned section of forest as control. To encompass 
an environment similar to the Divide fire burn, an unburned plot of 11.1 
acres was established June 14 and 15. 

Areas on which the spot-map technique were to be utilized, with the exception 
of the Divide unburned plot, were 300 meters on a side delineated with 
double flagging on the exterior, with single flagging on the interior. The 
Divide unburned plot was 300 meters by 150 meters, and was delineated in the 
same manner. All plots were gridded in 25 meter intervals and marked as an 
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X-Y coordinate system to faci 1 itate observation recording. Wooden stakes 
were placed on all even-numbered X-Y coordinates (00/00, 20/00,20/20, etc.). 

Line transects, 600 meters in length, were established along the Divide and 
Trail Creek edges created by the fires, on June 26 and July 7 respectively. 
Two 300 meter lines within the burned and unburned plots on both areas were 
utilized to comprise the 600 meters needed for line transects. All line 
transects were marked at 25 meter intervals with single flagging, with the 
exception of the endpoints which were marked with double flagging. 

An attempt to determine avian density was by the use of the spot-map 
technique (Williams 1936) and line transect censuses. Censuses were conducted 
in early morning and early evening using both audio and visual aids to 
determine avian species present. Mist nets were erected in both areas in 
an attempt to determine if any species were present, but not recorded by 
the techniques described above. 

Field observations were recorded on printed sheets utilizing a computer 
symbol check-list for species, activity, location, number, etc. All species 
encountered were also placed in their respective feeding categories in 
relation to foraging level and food type according to the method used by 
Salt (1953). 

Approximately 111 hours were spent censusing the avian communities from 
June 13 to August 31; 56 hours on the Divide fire area and 55 on the Trai 1 
Creek area. Spot mapping the Divide area required 14 hours for the burn and 
12 hours for the control, while the line transect required 30 hours; 10 each 
for the burn, control, and edge. A minimum of 21 hours was spent casually 
observing avian species present in the study and adjacent areas. In instances 
where nests were located, the diameter at breast height (DBH), tree height, 
and the number of young (if possible) were recorded. These data wi 11 be 
used for calculations of standing crop biomass and consuming biomass (Salt 1957) 
and of species diversity (Tramer 1969) . 

Using canopy coverage, vegetation was studied by establishing two 285 
meter lines within each plot and sampling at 15 meter intervals along the 
line. The sample plot was a 4m2 circle. Vegetation data for the line 
transects (edges) was collected along the lines previously established. 
The categories for which coverage data were obtained were: grasses, shrubs, 
forbs, logs, bare ground, and trees. Diameter at breast height (DBH) was 
also recorded and divided into height class categories for five 25m2 plots 
in an effort to determine critical nesting criteria in a burned area. 
Approximately 45 hours were spent collecting vegetation data in each of the 
two areas. These data will be used to compare the vegetation ecology of 
the edges, unburned controls, and burned areas. 

Results and Conclusions: 

General differences in the species composition of the burned and unburned 
areas were noted through the course of the censusing. Eight species were 
encountered only on the burns, while six species were encountered only in 
the controls. Several species not found in the burns were found in both the 
control and along the edges. Thirteen species were recorded as using both 
burned and unburned forests, though relative densities are presently not 
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available. These general, preliminary findings seem to indicate that natural 
fires, through their alteration of the existing forest habitat, enhance eco
logical diversity. 
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THE LIFE CYCLE OF DIPHYLLOBOTHRIUM CORDICEPS 
(CESTODA: PSEUDOPHYLLIDEA) 

IN YELLOWSTONE LAKE 

N. Kingston and Kenneth L. Diem 
University of Wyoming 

Aspects of the 1 ife cycle of D. cordiceps have been known for more than a 
century, viz., the occurrence-of plerocercoids in the secondary intermediate 
host(s), cutthroat (and other) trout, in Yellowstone National Park (Leidy, 
1872); and the development of the adult parasite in various homoithermic 
definitive hosts (pelican, gull, bear, others) on ingestion of the larval 
plerocercoids with the flesh of the infected intermediate host (Scott and 
Honess, 1934). Attempts by various workers to complete the 1 ife cycle by 
incubation and matching of eggs of the tapeworm and infection of the pri
mary intermediate host (presumably some copepod) have been unsuccessful 
(Crosby, 1970; Post, 1971). 

To attempt the elucidation of the unknown aspects of the life cycle of this 
parasite, it was considered necessary to collect eggs of the parasite, 
either from feces of one (or more) of the naturally infected definitive 
hosts or from laboratory infected hosts (e.g., dog, man). The eggs would 
then be handled and examined, following various incubation strategies, to 
determine requirements for incubation and hatching in this species. Also, 
copepods from Yellowstone Lake would be held (and reared) in the laboratory. 
With successful hatching of the parasite eggs and escape of coracidia (the 
ciliated, embryonic stage of the parasite) putative primary intermediate 
hosts would be available for infection experiments. 

Of further interest was the identity and bionomics of this parasite. It 
has been variously denominated Diphyllobothrium cordiceps, ~- cordatum, 
and D. latum; other names have also been applied. There is considerable 
interest in the circumboreal tapeworm species of fishes which often utilize 
man as well as other warm-blooded hosts in their life-cycles (Rausch and 
Hilliard, 1970). 

Procedures 

Tapeworm eggs were collected by screening (final screen- 54 ~m) pelican 
feces and soil samples taken from the white pelican, Pelecanus erythrorhynchos, 
rookery on the Molly Islands in the southeast arm of Yellowstone Lake on 
August 15. Copepods were collected on July 9-10 and August 11, using a 
Wisconsin type plankton net towed 6-8 in below the surface of the lake in 
the vicinity of the Molly Islands. Plankton hauls were transported to the 
laboratory in an ice chest in plastic bags containing lake water and filled 
with 02. Tapeworm eggs being held for incubation and hatching, as well as, 
copepods were maintained in lake water at laboratory room temperatures of 
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20-21°C and lake water temperatures of 5-7°C (Mueller, 1970). 

Cutthroat trout were collected with hook and line on both trips in the 
vicinity of the Molly Islands to determine the extent of their infections 
with tapeworms, the tapeworm species present and the tissue site of the 
infection. Live tapeworm parasites (plerocercoids) from the fish were 
transported, refrigerated in situ or in vitro in saline for infection 
studies. In the laborator~SOffie adult and larval tapeworms were 
relaxed in hot water (140°F) and fixed in 10% formal in for study as whole 
or sectioned mounts. 

Results 

Tapeworms recovery data from necropsied cutthroat trout are summarized in 
Table 1. During the August 15 trip a very recently deceased juvenile 
pelican was necropsied and the viscera were removed. In the laboratory 
a number of gravid proglottids, as well as free eggs were recovered from 
the tract fecal material. Eight Jive, adult tapeworms were recovered 
from the intestine of the same digestive tract. Gravid (egg containing) 
terminal proglottids were identified, cut from the remainder of the 
strobila and stored at 4°C in lake water. The remainder of the tapeworms 
from the pelican and some of the worms from the fish were relaxed and 
fixed for whole and section mounts. 

~om the remaining larval tapeworms, 14 were swallowed in capsules by the 
senior author. No eggs have been found in his feces, thus far. Also, 
16 plerocercoids were fed to a mixed-breed canine. No eggs have been 
recovered from this putative host to date. Ten plerocercoids were fed 
(by stomach tube) to a laboratory-reared cutthroat maintained in the 
Wyoming Game and Fish Department Research Laboratory. When this fish 
died 2 months later, 9-10 worms were recovered: 1 (or 2) in the stomach 
wal 1; 4 in cysts on the pyloric caeca; 2 in the body cavity; and 2 had 
reached the retroperitoneal musculature. Some tissue and worms of this 
fish were fixed and four worms were fed (via stomach tube) to another 
laboratory-reared trout. Indeed tapeworms are immortal! 

Tapeworm eggs (from pelican feces or dissected proglottids and stored for 
1 month at 4°C) were placed in lake water in four 125 ml Ehrlenmeyer flasks. 
These flasks were stoppered with appropriate air exhaust and intake valves, 
supplied with pumped air and agitated (180-190 rotations/min) at 5-7°C 
or 20-21°C. Unfortunately, the refrigeration system for the eggs at 5-7°C 
failed at 14 days. The incubation flasks from that specific treatment were 
exposed to room temperatures where incubation was completed and hatching 
occurred. Thus, no comparisons of incubation times at the two temperatures 
could be made at this time. 

Coracidia were hatched from the tapeworm eggs at 18-21 days. During this 
period eggs and coracidia were photographed. Copepods (Ca 24) were 
introduced into the flasks where tapeworm eggs were hatching. Subsequent 
examination 12-14 days later revealed no infections in those putative 
hosts. The collected population of copepods has thus far been successfully 
maintained in the laboratory. Further studies with massive numbers of 
hatched coracidia (from stored eggs) using laboratory-reared copepods are 
about to be undertaken. 
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Conclusions 

Eggs can be collected from feces or proglottids from definitive hosts. 
Incubation times are short (18-21 days) and hatched coracidia appear normal. 
Infection can be transferred from one fish host to another by feeding 
(stomach-tube) plerocercoids, thus allowing a source of infected second 
intermediate hosts in the laboratory. Copepods can be held at room temper
atures and at 5-7°C for extended periods. No conclusions can be drawn 
from infection experiments in humans and dogs. 
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Table 1. Cutthroat trout examined for larval Diphyl ·lobothrium cordiceps. 

Number of No. 
Fish Examined Positive 

JULY COLLECTION 

Male 6 5 

Female 6 4 

104 8 

TOTAL 22 17 

AUGUST COLLECTION 

Male 6 

Female 1 

104 

TOTAL 17 

GRAND 
TOTAL 39 

1 
Encysted 

4 

3 

8 

25 

2Free in body cavity 

3Free in musculature 

4 Not sexed 

Number of Worms 
No. 1 2 

Musculature3 Negative Viscera Body Cavity 

2 f 0 4 

2 6 0 0 

2 38 9 9 

5 46 9 13 

2 f 5 

0 f 

7 f 

9 

14 46 f 10 18 
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A CYTOGENETIC ANALYSIS OF CUTTHROAT TROUT 
IN THE GRAND TETON AND YELLOWSTONE NATIONAL PARKS 

Robert M. Kitchin 
Department of Zoology and Physiology 

University of Wyoming 

The cutthroat trout, Salmo clarki, is the trout species native to the 
Rocky Mountains on both sides of the Continental Divide~ The widespread 
distribution of cutthroat trout in several independent drainages has 
resulted in the formation of considerable morphological and behavioral 
diversity both within and between cutthroat trout populations. Behnke has 
described several different subspecies of Salmo clarki on the basis of 
their meristic serological characteristics. However, because the genetic 
basis of these characteristics is unknown, the results of these studies have 
been inconclusive for the taxonomic designations of cutthroat trout subspecies 
in Grand Teton and Yellowstone National Parks. 

One of the primary goals of fisheries managers is the preservation of the 
breeding populations of native species. The cutthroat trout in Grand Teton 
and Yellowstone National Parks are the last representatives of a gene pool 
which has become well adapted over thousands of years to the environmental 
conditions prevalent in this area. However , several non-native trout 
species have been introduced into these areas in the past with which native 
cutthroat trout might hybridize. The objectives of this research project 
were (1) to compare cytogenetically the cutthroat trout populations present 
in Grand Teton and Yellowstone National Parks, (2) to determine the extent 
of within individual and between individual variation in the chromosomal 
constitution of cutthroat trout, and (3) to assess the purity of the 
presently existing cutthroat trout populations by looking for cytogenetic 
evidence of introgression between cutthroat trout and non-native rainbow 
trout. 

Procedures 

Specimens were collected from three populations: (1) a Yellowstone Lake 
population collected from fish traps in Pelican Creek during their spawning 
run, (2) a Yellowstone River population collected by dip-netting from 
Le Hardy's Rapids during their spawning run, and (3) a fine-spotted cut
throat trout population collected by seining from Blacktail Pond in Grand 
Teton National Park. 

Cutthroat trout were injected with colchicine and placed in cold, vigorously 
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aerated spring or stream water for 2 hrs. The fish were then killed and 
muscle and liver tissue was removed for biochemical analysis. The head 
kidney was removed, minced and ground with a dounce homogenizer. The 
resulting cell suspension was centrifuged and resuspended in a hypotonic 
KCl solution for 20 min. The k idney cells used for cytogenetic analysis 
were fixed in 3:1 methanolglacial acetic acid fixative, placed drop-wise 
on a cold moist microscope slide, and dried on a hot plate at 60°C. 
Slides were stained by conventional Giemsa staining techniques or with 
recently developed heterochromatin staining (C-banding) or Giemsa banding 
(G-banding) techniques. The total number of chromosomes and the chromo
some arm number was determined from as many well-spread metaphase rlates 
as possible for each individual. In cases in which the chromosomes were 
poorly spread, camera lucida drawings were made to facilitate accurate 
chromosome counts. 

Constitutive heterochromatin was localized by using the BaOH C-Banding 
technique. This procedure involves removal of chromosomal proteins by 
immersing the slide for 1 hr in 0.2 N HCl. The slides are then carefully 
rinsed in tap water and the chromosomal DNA is rapidly denatured by 
placing the slide for 5 min in a saturated BaOH solution at 50°C. After 
thoroughly washing the slides in running tap water they are incubated for 
l hr in 2xSSC (0.3 M NaCl and 0.03 M sodium citrate, pH 7.0) at 65°C. 
The slides are then rinsed, air dried, and stained in 4% Giemsa stain in 
pH 6.8 Sorensen's buffer for 20 min. 

Three different Giemsa banding techniques were used on cutthroat trout 
chromosome preparations. These included the ASG (acid-sal ine-Giemsa), 
urea, and trypsin Giemsa banding techniques. Although each of these 
techniques has proven successful in our laboratory with small mammal ian 
species, none of these G-banding techniques worked on chromosome prepara
tions made from head kidney of cutthroat trout. 

Results 

Both the total chromosome number and the fundamental number of chromosome 
arms (FN) were determined for 22 of the 24 cutthroat trout specimens studied 
cytogenetically from our summer field collections in Grand Teton and 
Yellowstone National Parks. The modal chromosome number was 2n. = 64 and the 
fundamental number was FN = 104 for both populations sampled from Yellow
stone National Park (Pelican Creek and Le Hardy's Rapids) and the popula
tion studied from Grand Teton National Park (Blacktail Ponds). The 
cytogenetic data are summarized in Table l. One medium-sized marker 
metacentric chromosome pair was observed which had a long, 1 ightly staining 
region in the distal half of its long arm. This marker was detectable in 
about 20% of the cells examined in most individuals collected from each of 
the three populations. 

Many of the chromosomes, but by no means all of the chromosomes, had small, 
dark-staining C-bands in their centromeric regions. In addition, the 
marker metacentric chromosome had a large, darkly staining C-band in the 
distal half of its long arm that corresponds in its position to the 1 ightly 
stained region after conventional Giemsa staining. C-bands were also 
observed in a few cells at the very end (telomeric C-bands) of one small 
submetacentric chromosome in two individuals sampled from Pelican Creek. 
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Le Hardy•s Rapids (Yellowstone National Park). Eight specimens captured 
from Le Hardy•s Rapids were studied cytogenetically. The modal chromosome 
number was 2n = 64 and the modal fundamental number was FN = 104 in 7 of 
8 specimens. No analyzable metaphase cells were present in either of two 
slides examined from the eighth specimen (LR77-2). About 60% of the eel ls 
analyzed from these individuals displayed the normal diploid chromosome 
constitution (2n = 64, FN = 104) and 28% had a lower chromosome number 
which most 1 ikely could be attributed to random chromosome loss during 
slide preparation. Chromosomal mosaicism was evident in 4 of 7 specimens: 
LR77-6 had two chromosomally different populations, and LR77-1, LR77-3 
and LR77-5 each had 3 chromosomally distinguishable eel 1 populations. 

Pelican Creek (Yellowstone National Park). Eleven specimens obtained from 
fish traps during their spawning run from Yellowstone Lake were studied 
cytogenetically. No analyzable metaphase cells were found in the slides 
prepared from specimen PC77-1. The modal chromosome number was 2n = 64 
(FN = 104) in the other ten individuals. About 32% of the cells analyzed 
from this population had a lower chromosome number than 2n = 64. In six 
of these cells the reduction in the chromosome number was inconsistent with 
the fundamental number (e.g., 2n = 62, FN = 103 or 104; 2n = 63, FN = 104). 
This observation suggests that in these instances some genetic mechanism 
other than random chromosome loss during slide preparation is responsible 
for the chromosome loss observed in these cells. Chromosomal mosaicism 
was observed in 9 of 10 specimens studied cytogenetically from Pelican Creek. 

Blacktail Ponds (Grand Teton National Park). A small population of fine
spotted cutthroat trout was collected from redds by seining at Blacktail 
Ponds. Although a relatively high proportion of cells (42 %) showed a 
chromosome number lower than 64, the modal chromosome complement for each 
of the five specimens was 2n = 64 (FN = 104). One specimen, BP77-3, did 
have 1 cell with a chromosome complement similar to that expected of a 
rainbow x cutthroat hybrid (2n = 62, FN = 104), but 11 other cells had a 
normal karyotype. Sixty percent of the specimens (3/5) exhibited chromosomal 
mosaicism. 

Conclusions 

The two cutthroat trout populations collected from Yellowstone National Park 
and the single population sampled from Grand Teton National Park were 
indistinguishable from one another cytogenetically. Each of the 22 specimens 
examined during this study had a normal diploid chromosome constitution 
(2n = 64, FN = 104). No chromosomal polymorphisms were detected which 
might serve as cytological markers to distinguish individuals of one popula
tion from those of another population. 

Chromosomal mosaicism was observed in a relatively high proportion of the 
specimens from each of the three populations. Variation in both chromosome 
number and/or fundamental number may result from many possible mechanisms, 
including (1) Robertsonian centric fusions or centric fission, (2) peri
centric inversions, (3) chromosomal nondisjunction during mitosis, (4) 
saltatory replication of chromosomal DNA, (5) artifacts during slide prep
aration, or (6) simple counting errors. The only definitive means of 
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determining the mechanism(s) responsible for the chromosomal mosaicism 
observed in cutthroat trout is a detailed study of the Giemsa banding 
patterns of many cells from each individual. This was not possible, 
however, because trout chromosomes did not band with any of the three 
Giemsa banding techniques used in this study. Hopefully, short term 
lymphocyte cultures will provide .suitable material for G-banding studies 
in the future. 

The primary objective of this study was to use cytogenetic techniques to 
assess the purity of cutthroat trout populations in Yellowstone and 
Grand Teton National Parks. Since cutthroat trout have a diploid 
chromosome number (2n = 64) different from that of rainbow trout (2n = 60), 
rainbow x cutthroat F1 hybrids are expected to have a chromosome complement 
of 2n = 62 (FN=l04). The chromosome complement of 22 cutthroat trout 
specimens obtained from two populations in Yellowstone National Park and 
one population in Grand Teton National Park was 2n = 64 (FN = 104). There 
was no cytogenetic evidence for the impurity of any of the cutthroat 
trout populations studied resulting from interspecific hybridization 
between cutthroat and rainbow trout. 
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AN ANALYSIS OF FOREST FIRE HISTORY ON THE LITTLE FIREHOLE RIVER WATERSHED, 
YELLOWSTONE NATIONAL PARK 

Objectives 

Dennis H. Knight and William H. Romme 
Botany Department, University of Wyoming 

Fire is now recognized as a major ecosystem process and Yellowstone National 
Park has recently implemented a fire management plan that permits light
ning fires to burn without interference under certain conditions. To pre
dict the kinds of wildfires we can now expect in the Park, and to evaluate 
the effectiveness of this plan in restoring fire to the Yellowstone eco
system, it is important to know the natural frequency and size of wildfires 
under pristine conditions. This study, which began in 1977 and will be 
completed in June 1979, has the following objectives: (1) to determine 
the inzidence and size of major fires during the last 300-400 years on the 
100-km Little Firehole River watershed, an area dominated by extensive 
lodgepole pine and some spruce-fir forests; (2) to determine average fire 
frequency, i.e., the time interval between successive major fires on any 
particular site; and (3) to determine the relationships between stand age 
or successional stage and fuel accumulation or the probability of fire. 

Procedures 

The fire history is being constructed with the method outlined by Arno and 
Sneck (1977). Fire-scarred trees are located an d s ectioned, and fire 
years are determined by counting the annual rin gs f rom the cambium back to 
the scar. Reproduction of shade-intolerant species (in this case Pinus 
contorta) following fires is documented by taking increment cores from 
dominant individuals of all age classes present within a stand. Fuels were 
sampled with the planar intersect method (Brown 1974) in stands ranging 
from very young to very old in the two predominant habitat types (Steele 
et al. 1977) on the watershed. Other parameters of stand structure and site 
conditions that may influence fuel accumulation were also measured, such as 
infestation by insects or mistletoe and site productivity. The data will be 
examined for correlations between fuel accumulations and parameters of stand 
age, structure, and site. In addition, the fuels data will be used in a 
fire behavior model to further explore the relationships between stand age 
and flammability. 

Results 

Fieldwork was completed in September 1978, with a total of 93 stands sampled 
from all portions of the watershed. Fire-scar and increment core analysis 
will be completed soon, after which maps wi 11 be constructed to show present 
stand age and the extent of major fires in the past. 
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Preliminary results indicate two very extensive burns on the Little Fire
hole River watershed during the last 400 years, as well as several less 
extensive burns. Most of the watershed has been burned during this time, 
although many areas, particularly at higher elevations and on sheltered 
sites, have no evidence of fire for at least 400-500 years. The two major 
fires, approximately 235 and 180 years ago, respectively, together covered 
about half of the 100-km2 watershed, as well as adjacent areas outside the 
watershed. Apparently most major fire s were stand-replacing crown fires, 
with non-stand-replacing surface fires covering much smaller areas. Fire
scarred trees are frequently found, but they always occur in small patches 
and appear to represent the margins of destructive crown fires rather than 
being indicators of extensive sweeping surface fires. 

Most major fires on the Little Firehole River watershed occurred during 
the eighteenth and early nineteenth centuries, with very few fires during 
the last 130 years. This recent decline in fires cannot be attributed 
solely to fire suppression by man, however, because Park records show very 
few lightning ignitions in this portion of the Park since its establishment 
in 1872. A more plausible explanation may be that stand conditions have 
not yet become suitable again for a major fire in most of the area since 
the extensive burns 130-230 years ago. This hypothesis will be explored 
further when data analysis is complete. 

Fuel data from 17 stands have been summarized and analysis has begun. The 
stands range in age from 29 to 550+ years. There are no statistically sig
nificant differences in small dead woody fuels (0-3 inch diameter) related 
to either stand age or habitat type, although there is a general increase 
in heavy fuels (greater than 3 inches diameter) with increasing stand age, 
and 1 ive fuel biomass (shrubs and herbs) is greater in the more mesic Abies 
lasiocarpa-Vaccinium scoparium habitat type than in the more xeric Pin~ 
contorta-Carex geyeri habitat type (Steele e t al. 1977). A more detailed 
analysis of these relationships will be made l a ter this winter. 

Fuels data from two representative stands were used in Rothermel's (1972) 
fire behavior model. Analysis of the results is not yet complete, but 
the model predicts generally low fire intensities and rates of spread. 
Fuel data from all 17 stands will also be applied to the national fire
danger rating system model (Deeming et al. 1978). 

Conclusions 

Two major fires and several less extensive fires together burned over most 
of the 100-km2 Little Firehole River watershed during the last four centuries. 
The vegetation today is dominated by lodgepole pine forests of various ages 
that became established following these fires. The most extensive burns 
occurred between about 1740 and 1840, with very few fires during the last 
130 years. The reason for this recent decline in fires may be that fuel 
and stand structure characteristics have not yet become suitable for fire 
again since the extensive burns 130-230 years ago. The analysis to date 
has not identified the specific fuel or structure characteristics contributing 
to the apparent reduced flammability of younger forest stands, but further 
analysis is planned. The results thus far tentatively suggest that on this 
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watershed extensive, destructive fires occur cyclically every 200-300 
years, with a comparatively fire-free interval between periods of major 
fires. 
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PROGRESS REPORT: EVALUATION OF THERMALLY ACTIVE AREAS 
OF SOUTHWESTERN YELLOWSTONE NATIONAL PARK 

Objectives 

R. A. Levinson and R. W. Marrs 
Dept. of Geology, University of Wyoming 

Laramie, Wyoming 82071 

Production from known geothermal areas adjacent to southwestern Yellow
stone National Park could have an adverse impact on thermal activity, 
hydrology, and ecology within the Park. Such impacts cannot be deter
mined without a more complete knowledge of thermal activit y in the re
gion. The purpose of this research is to 1) inventory thermal features 
in southwestern Yellowstone National Park and adjacent regions, 2) sam
ple and analyze effluent from springs and natural waters in the area, 
and 3) assess the geologic structure of the region with regard to its 
influence on the thermal activity. 

The proposed research program was funded for approximately one-third the 
requested amount. In order to allow the proposed work to begin without 
jeopardizing other research projects, we accepted the reduced funding 
with the understanding that the 1978-1979 research goals would be scaled 
down accordingly and that additional financial support might be made 
available if the initial results demonstrated the need for continuing 
the effort. Under the revised work plan , we 1 imited our study to areas 
only within Yellowstone National Park. We also decided to concentrate 
on the inven tory of thermally active areas and perform a preliminary as
sessment of geological structure observable at the surface. The thermal 
inventory and structural evaluation would be performed using remote sen
sor data. Detailed fieldwork involving geochemical sampling and gather
ing of ground truth data was postponed to be included in future research 
if results of our revised work plan prove positive. 

Procedure 

We began by identifying available maps, publications, and imagery for 
southwestern Yellows tone (see Table I and ' 'References••). A preliminary 
visit to Yellows tone National Park was made by Mr. Levinson in June, 
1978. He spoke with research biologists and wi th Mr. Hutchinson, park 
geologist, and determined the location and nature of known thermal ac
tivity in the area. He also spoke with Mr. Susong, district ranger, for 
the Bechler region and gathered specific information about the study 
area and current field conditions. 

Thirteen areas of thermal activity had been previousl y identified in 
southwestern Yellowstone (Hutchinson, 1977). Thermal features in these 
known areas include hot and warm springs, turbid springs, thermal pools, 
seeps, hot steaming ground, fumaroles, and mudpots. Only one active gey
ser has been identified in the area. Locations of these known thermal 
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areas are shown in figure 1. Detailed descriptions of these areas, in
cluding temperature and discharge measurements, are presented by Hutch
inson (1977). Keefer (1971) discusses the relationship betwee n thermal 
features and fracture zones, and how faults and joint syst ems may serve 
as conduits for circulation of hydrothermal solutions. Maj or f aults in 
the area are shown on the geological map of Yellowstone National Park 
(U.S. Geological Survey, 1972). Stratigraphic relationship s o f volcanic 
and sedimentary rocks in the region are described by Christiansen and 
Blank (1972). These known thermal areas and geologic feature s s cnn~ d a s 
training sites from which remotely sensed data could be evaluated. 

Image Analysis 

Using remote sensor data, large areas can be inventoried quickly at mod
est cost. Various sensors detect different portions of the electromag
netic spectrum and produce image data f rom different viewing altitudes. 
To date, several types of imagery have been used to evaluate the stud y 
area for thermal potential. These include: aerial thermography, col o r 
and color infrared aerial photography, and black-and-white orthophotog
ra phy. 

The rmography 

We obtained a thermographic mosaic of Yellowstone National Par k (Unive r
s ity of Michigan, Institute of Science a nd Technology, 1969). The se da 
t a were acquired near midnight on April 9-10, 1969, from a flight eleva
t ion above mean terrain (amt) of 5,487.8 m. Snow cover in the park was 
near annual maximum at that time. Thermally active areas were not snow
covered and contrast sharply with non-thermal, snow-covered areas. Ar
eas emitting high amounts of thermal radiation appear light- toned on t he 
mosaic. Large thermal features, such as the geyser basins and warm riv
ers, could be easily recognized. Individual geysers or hot springs 
could be de tected only if they had an adequate surface expression (on 
t he order of 100 sq. m) and sufficient thermal contrast with their sur
roundings. Most of the known sites of thermal activity could be identi
fied only with previous knowledge of their locations. Similar 1 ight
toned areas are visible on the imagery, but these "anomalies'' cc ul d be 
caused by system noise, dust, or reproduction defects, or they could 
re present real thermal activity. The distinction could not be made on 
t he poor quality thermal representation of the mosaic. 

The imagery from which the mosaic was compiled was also acquired (cour
tesy of U.S. Geological Survey). These scenes were enlarged and contrast 
stretched on the video image analysis system at the University of Wyo
min g Remote Sensing Laboratory (Levinson, Marrs, and Grantham, 1976). 
The preliminary results of the video analyses were largely unsuccessful. 
Large thermal features could still be recognized and more smal 1 features 
within large thermally active areas could be identified. Again, light-
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toned anomalie s which appear similar to known thermal features could be 
recognized. However, due to image processing noise and reproduction de
fects, the origin of anomalous areas could not be positively determined. 

There are major problems with the quality of this thermal imagery. Ramp 
distortion (darkening of the film toward the edges) is quite pronounced. 
This makes tonal interpretation and image density contouring impossible. 
There are also many scratches and film process i ng stripes running length
wise on the film. Because of the small scale of the original imagery, 
enlargement of the thermography was necessary to see detail. However, 
enlargement of the images also emphasized scan-striping, dust marks, and 
processing noise such that it became a hindrance to image interpretation. 
Quantitative thermal measurements of the recognizable thermal features 
could not be made because blackbody and graybody calibration stripes were 
not provided. 

Aerial Photography 

A prelim inary photo interpretation of the study area was made from high 
altitude, 1 :120,000-scale aerial photography flown by NASA in August, 
1969 (Mission 101, Lines 1 and 2). This photography was available in 
both color and color infrared films. Both film types were severely un
derexposed. The resulting darkening of the film together with the small 
scale make this coverage inadequate for interpretation of thermal fea
tures other than large thermal areas (all of which are known). 

Analysis of this photography did show that hydrothermal . deposits (tra
vertine, geyserite) possess a high albedo in the visible and near infra
red wavelengt hs. This makes them appear as extremely bright areas on 
aerial photog raphs. In the Yellowstone region, the very bright areas are 
unique to the thermally active zones; thus, they can be used as an indi
cator of thermal activity . This technique is not applicable to thermal 
areas not associated with hydrothermal deposits. 

Orthophotography 

Orthophoto quadrangles present photographic information in a geometri 
cally correc ted form that is planimetrically adjusted to correspond to 
U.S.G.S. 7~-minute topographic maps (Steiner and Salerno , 1975, p. 628-
629). Advance prints (screened imagery on diazo paper) of five 1:24,000-
scale orthophoto quads, covering the southern and western portion of the 
study area, are available from the U.S.G.S. These were originally pre
pared from 1 :80,000-scale black-and-white aerial photographs taken on 
September 2 and 18, 1974. The scale of this coverage was superior to 
the Mission 101 photography, and several of the known thermal areas 
could be recognized. However, the tonal reproduction on these advance 
prints is poor, making them unsuitable for assessment of small thermal 
areas. All 1 ight-toned areas appeared similar; hydrothermal deposits 
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were not uniquely identifiable. This may be, in part, due to the quality 
of the orthophoto advance prints. It might also be that hydrothermal 
deposits have a unique spectral contrast that is best seen on color or 
color infrared films. These films record information in discrete spec
tral bands. For example, color films may be color separated into blue, 
green, and red bands. Only when al 1 individual bands are used can hy
drothermal deposits be distinguished from other 1 ight-toned areas which 
may appear identical on panchromatic (black-and-white) photography. 

New Data Available 

New image data have recently been made available to us by the U.S. Geo
logical Survey enabling the image analysis process to continue. These 
new data include new thermal scanner data (Table I, NASA, 1966), which 
covers selected sites within the park, and side-looking airborne radar 
(SLAR) imagery (Table I, Westinghouse, 1965), which covers most areas 
within the park. The SLAR imagery should be especially valuable for 
interpretation of structural geology in the study area. 

We are aware of other coverage of the study area from which we would 
1 ike to make interpretations if those data are made available to us. The 
Park Service has on file high-quality, low-altitude l :16,400-scale color 
photography (ETZ Series, 1969-1971). Thermal areas have been success
fully identified in other areas of the park from thi? coverage (Levin
son and Marrs 1978, Plate 1). Thermal image data from the Heat Capacity 
Mapping Mission (HCMM) thermal satellite should become available for the 
first time during the next few months. HCMM was placed in an orbit such 
that a particular area on the ground is covered both at night and at 
mid-afternoon, thus enabling thermal inertia images to be generated. The 
broad resolution of HCMM (.5 km on the ground) may limit its usefulness 
as a data base for assessment of small thermal areas. HCMM data may, 
however, show broad thermal patterns which cannot be detected on large
scale imagery. 

Summary of Results to Date 

1. A preliminary inventory of thermally active areas in southwestern 
Yellowstone National Park has been accomplished using available air
borne thermography. 

2. Several 1 ight-toned anomalous areas have been identified on thermog
raphy which may or may not represent new (previously unknown) thermal 
areas. This interpretation has yet to be fully evaluated. 

3. Analysis of color and color infrared aerial photography has shown 
that thermal areas can be recognized in the visible and near infrared 
wavelengths based on the high albedo of associated hydrothermal deposits. 

4. Assessment of thermal activity using high-altitude, color and color 
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infrared photography was unsuccessful because of the poor quality and 
small scale of the available coverage. 

5. Analysis of quad-centered orthophotography suggests that panchroma
tic photography may be inferior to color and color infrared photography 
for identification of hydrothermal deposits associated with thermal areas. 

Current Work Plan 

Work I tern 

Analyze new thermal scanner data 
Analyze SLAR imagery 
Analyze ETZ series aerial photography 
Analyze HCMM data 
Interpret thermal occurrences and 

structural geology. Construct maps. 
Compile final report with 

recommendations for future work. 
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KNOWN THERMAL AREA S IN SO UT HWESTERN YELLOWSTONE 
NATIONAL PARK 
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BIOCHEMICAL AND CYTOGENET IC ANALYSIS 
OF 

CUTTHROAT TROUT POPULATIONS IN NO RTHWEST ERN WYOMING 

Eric J. Loudenslager 
Fisheries Biology Research Facility 

Department of Animal Science 
University of California 

Davis, California 

Prior to 1900 cutthroat trout (Sa l mo cla rki ) inhabi ted most drainages 
of the intermountain west includi ng the Columbia, South Saskatchewan, 
Missouri, Colorado, Arkansas, Rio Grande , and South Platte Rivers and the 
Great Basin. Because of overfishing, introduct ions of nonnative fish, 
and careless use of water resources, 99% of the original populations of 
Salmo clarki are believed to have gone extinct (Behnke, 1971). Recently, 
however, management agencies have become increasingl y aware of the precarious 
situation the cutthroat trout is in and hav e implemented special regulations 
to help restore these f i sheries. 

One problem facing fisheries managers is to identify pure populations of 
cutthroat tourt; another is to assign these populations to the proper 
subspecies. The problem of subspecies designat ion is particularly diffi
cult because meristic variation can be a s g rea t within a subspecies 
as between them. Moreover, Pl eistocene glaciation i nfluenced the dispersal 
patterns of the existing subspecies complicating our understanding of their 
zoogeography. 

During the past three summers I have studied the distribution of chromosomal 
and protein variants among Salmo clarki subspecies. The objective of my 
work within Yellowstone National Park and Teton County, Wyoming, is to: 
reassess the subspecies status of cutthroat trout in the Snake, Yellowstone, 
and Missouri drainages; develop base line criteria for determining the 
purity of cutthroat trout populations; and assess the purity of suspected 
hybrid populations. 

Procedures 

Po ulations studied. During the summers of 1976 and 1977, Le Hardy's Rapids 
Yellowstone drainage), Pelican Creek (Yellowstone drainage) and Sedge 
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Creek (Yellowstone drainage) from Yellowstone National Park and Dime Creek 
(Snake drainage), Snake River (Snake drainage), Blacktail Ponds (Snake 
drainage), Bar B-C Spring Creek (Snake drainage), Skull Creek (Snake drainage), 
and Spread Creek (Snake drainage) from Teton County, Wyoming, were examined 
electrophoretically and cytogenetically. In the summer of 1978, Cascade 
Creek (Yellowstone drainage), Sylvan Lake (Yellowstone drainage), Little 
Thumb Creek (Yellowstone drainage), Thumb Creek (Yellowstone drainage), 
Cougar Creek (Missouri drainage), Gibbon River (Missouri drainage), Fire-
hole River (Missouri drainage) and Ted Creek (Colorado River drainage) 
were sampled and are being examined electrophoretically and cytogenetically. 
These samples represent three subspecies of Salmo clarki, S. c. lewisi, 
S. c. bouvieri, and S. c. pleuriticus; and possible hybrids between 
Salmo clarki and Salmo gairdneri. 

Cytogenetic methods. Chromosome preparations followed the method of 
Gold (1974) with modification. Briefly, after 6 hours of in-vivo incuba
tion in colchicine, homogenized anterior head kidney was treated with a 
0.075 N KCl hypotonic solution and fixed in Carney's solution (3:1 
methanol :glacial acetic acid). One or two drops of the fixed cell sus
pension was dropped onto cold, wet microscope slides which were then 
plate dried. Slides were stained in dilute (4-6%) Giemsa in phosphate 
buffer or C-banded using the Ba(OH) 2 technique (Salamanca and Armendares, 
1974). . 

Electrophoretic methods. Samples of blood, heart, skeletal muscle and 
liver were removed from freshly killed specimens or frozen carcasses and 
stored in 1 iquid nitrogen. Tissue extracts, prepared by homogenization 
and high speed centrifugation, were analyzed electrophoretically in 
horizontal starch gels. The enzymes studies are lactate dehydrogenase 
(LDH), malate dehydrogenase (MDH), alpha-glycerol phosphate dehydrogenase 
(aGPDH), sorbitol dehydrogenase (SOH), xanthine dehydrogenase, (XDH), 
esterase (EST), aspartate-amino-transferase (AAT), superoxide dismutas~ 
(SOD), and creatin kinase (CK), as in previous years. In addition, 
phosphohexose isomerase (PHI), phosphoglucomutase (PGM), fumerase (FUM), 
malic enzyme (ME), isocitrate dehydrogenase (IDH), and alcohol dehydro
genase (ADH) were added to the study. 

Genetic loci were considered polymorphic if the frequency of the predominant 
allele was less than 0.99. Genetic heterozygosity was estimated by 
calculating the expected heterozygote frequency from the observed allele 
frequencies. 

Results 

Chromosome numbers in somatic cells of cutthroat trout from several 
locations in Yellowstone National Park and Teton County, Wyoming, are 
presented in table 1. lntraindividual variation is believed to be ca4sed 
by chromosome loss during preparation and counting errors. Table 2 
presents a comparison of the karyotypes of various cutthroat trout sub
species. Two distinctly different karyotypes are found within the Yellowstone 
Region. The first karyotype is observed in fish from the Yellowstone and 
Snake River drainages and is characterized by a 2n chromosome number of 64 
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with a chromosome arm number of 104. This karyotype consists of 38 
metacentric chromosomes, two of which often have satellites, 2 small 
submetacentric chromosomes, and 24 acrocentric chromosomes. The 
second karyotype is observed in native cutthroat trout from the Missouri 
River drainage and is characterized by a 2n chromosome number of 66 
with 104 chromosome arms. This karyotype consists of 34 metacentric 
chromosomes, 4 small submetacentric chromosomes, 12 subtelocentric 
chromosomes, and 16 acrocentric chromosomes. 

The two karyotypes differ by a 2n chromosome number of two, without 
a change in chromosome arm number. The simplest explanation for this 
is the fusion or fission of acrocentric or subtelocentric chromosomes 
termed a robertsonian rearrangement. There is also a difference in 
the number of small submetacentric chromosomes. In addition, the 
2n=66 karyotype contains several subtelocentric chromosomes which are 
absent in the 2n=64 karyotype. 

Electrophoretic analysis is completed for all the populations sampled in 
1976 and 1977. In addition, 1978 samples from Ted Creek, Cougar Creek 
and Sylvan Lake have been analyzed and the results are presented in 
table 3. Cascade Creek, Thumb Creek, Little Thumb Creek, Gibbon River 
and Firehole River are currently being analyzed. 

The Ted Creek population which represents the subspecies S. c. pleuriticus 
exhibited no electrophore tic variation within the sample Tn=30) . This 
population was divergent from Yellowstone cutthroat trout (S. c. bouvieri) 
at the SOH locus. And divergent from west slope cutthroat Ts.-c. lewisi) 
at the SDH, IDH, ME and PHI-l loci. - -

The Sylvan Lake population is polymorph ic for AAT, MDH (1 ,2) and PHI-3. 
The AAT polymorphism is identical to the AAT polymorphism described in 
Yellowstone Lake and River (Loudenslager and Kitchin, 1979). The low 
frequency MDH polymorphism was not detected previously in any Yellowstone 
populations . However, the detection of the variant allele may have been 
facilitated by an improved separation technique. Currently it is unknown 
if this is a widespread polymorphism throughout the Yellowstone drainage. 
If it is common, we should detect it in the Cascade Creek, Thumb Creek and 
Little Thumb Creek populations. PHI is a new enzyme system, and a low 
frequency variant was found. Because this enzyme was not examined 
previously, no data is available on the geographic distribution of the 
variant. Again, final analysis of Cascade Creek, Thumb Creek and Little 
Thumb Creek should give some indication of how widespread this poly
morphism is. 

The Cougar Creek population is polymorphic for low frequency variants at 
the ME, SDH, PHI and LDH loci. In addition, the Cougar Creek population 
is differentiated from populations in the Yellowstone drainage at IDH, 
ME, PHI-3, SDH and an EST locus (see table 3). 

Discussion 

A comparison of the karyotypes and electrophoretic profiles of the 
populations sampled within Yellowstone National Park and Teton and Carbon 
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counties, Wyoming, to those available for otherS. clarki subspecies 
suggest some interesting affinities. The karyotype of the individuals 
examined from Cougar Creek are identical to that described from Salmo 
clarki lewisi from the Jocko River State Trout Hatchery, Arlee, Montana 
(Loudenslager and Thorgaard, 1979). The electrophoretic profile is 
similar to that of Salmo clarki lewisi presented by Reinitz (1977). 
Thus, Cougar Creek and presumably other native cutthroat populations 
in the Missouri drainage are west-slope cutthroat trout, Salmo clarki 
lewisi, not Yellowstone cutthroat trout, Salmo clarki bouvieri. Salmo 
clarki lewisi, both electrophoretically (Allendorf and Phelps, personal 
communication) and karyotypically (Loudenslager and Thorgaard, 1979), 
is more closely related to the coastal cutthroat trout (Salmo clarki 
clarki) than other interior subspecies. Cutthroat trout populations 
from the Yellowstone and Snake River drainage are identical electro
phoretically and karyotypically. Their karyotype (2n=64) is similar to 
other interior subspecies, including~· £· pleuriticus, ~· £· utah, 
S. c. henshawi and S. c. seleneris. Electrophoretically, Yellowstone 
cutthroat trout can-be-differentiated from these subspecies but are 
very closely related to S. c. pleuriticus and S. c. utah. The genetic 
similarities between Cougar-Creek cutthroat trout-and west-slope cut
throat trout and between Yellowstone-Snake River cutthroat trout and 
Bonneville Basin cutthroat trout suggest that two well differentiated 
cutthroat trout 1 ineages have made postglacial invasions into the head
water streams on the eastern side of the Continental Divide. 

Although the subspecies S. c. bouvieri, S. c. lewisi and S. c. pleuriticus 
are quite distinct electrophoretically, indicating genetic variability 
and differentiation among Salmo clarki subspecies, my stuides have failed 
to detect extensive biochemical genetic variation within populations. 
Estimates of heterozygosity for Ted Creek, Cougar Creek and Sylvan 
Lake are 0.00, 0.034 and 0.020, respectively. These values are in the 
range observed in other cutthroat trout populations in the Yellowstone 
region (0.00 to 0.026) (Loudenslager and Kitchin, 1979), but much 
lower than other vertebrates. In addition, current studies with 
Salmo clarki henshawi generally reveal a similar low level of genetic 
polymorphism. Stochastic effects could account for low variation in 
relatively small populations with homing tendencies. However, the 
evolutionary consequences of this monomorphism is unknown. 
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Table 1. Chromosome numbers in somatic cells of cutthroat trout. 

Population No. 58 59 60 61 62 63 64 65 66 67 68 

Le Hardy 1 s Rapids 3 2 
Pelican Creek 7 1 
Snake River 21 3 11 
Blacktail Ponds 10 
Skull Creek 3 2 
Spreak Creek 5 1 1 
Dime Creek 10 9 11 
Cascade Creek 1a 
Thumb Creek 1a 
Cougar Creek 2a 
Jocko Hatchery 5 4 
aAll individuals are not yet analyzed. 

3 

5 

5 
1 

18 
1 
1 
1 
7 
1 
2 

1 23 
3 46 
1 83 
5 48 
1 1 2 
4 27 
5 42 
3 6 

7 
2 1 
2 

2 11 
2 6 
1 8 
7 
2 
5 

5 8 
3 47 

Table 2. A comparison of karyotypes of Salmo clarki subspecies. 

Subspecies 

S. c. clarki 
S. c. clarki 
S. c. lewis i 
S. c. bouvieri 
S. c. pleuriticus 
S. c. henshawi 

2n 

70 
68 
66 
64 
64 
64 

106 
104 
104 
104 
104 
104 

38 
36 
34 
38 
38 
38 

0 
0 
4 
2 
2 
2 

32 
18 
12 

0 
0 
0 

NF is fundamental number or chromosome arm number; M is metacentric 
chromosome; SM is submetacentric chromosome; ST is subtelocentric 
chromosome; and A is acrocentric chromosome. 

3 1 
2 

0 
14 
16 
24 
24 
24 
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Table 3. Allele frequencies of variant proteins for 9 genetic locil. 

Enzyme 

ME 

PHI-3 

PGM 

SDH-1 

SDH-2 

MDH-3,4 

IDH-1 

IDH-2 

AAT 

-
H = 

Allele 

A 
B 

A 
B 

A 
B 

A 
B 
c 
D 
E 

A 
B 
c 
D 

A 
B 

A 
B 
c 

A 
B 

A 
B 
c 

TED CREEK 
S. c. p1euriticus 

n=30 

1. 00 

l. 00 

1. 00 

1.00 

1.00 

1.00 

l. 00 

1. 00 

1. 00 

(0.00) 

SYLVAN LAKE 
S. c. bouvieri 

n=43 

1.00 

. 91 

.09 

1. 00 

1. 00 

1.00 

.98 

.02 

l. 00 

l. 00 

.03 

(. 163) 

(. 040) 

. 75 (. 380) 

.22 

(. 020) 

COUGAR CREEK 
S. c. 1 ewi s i 
- -n=40 

.07 

.93 

.05 

.95 

.80 

.20 

1.00 

(. 135) 

(. 092) 

(. 320) 

.09 (. 163) 

. 91 

1. 00 

.85 
(.255) 

. 15 

l. 00 

1.00 

(. 034) 

lNumbers in parenthesis are heterozygosity estimates for individual 
genetic loci (h=1-L:x2). h for monomorphic proteins is 0.00. 
H=L:h/r; where r= number of loci examined and includes monomorphic 
loci. 
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A STUDY OF BACKCOUNTRY USE WITHIN YELLOWSTONE NATIONAL PARK 

Clynn Phillips, John Eastwood 
Water Resources Research Institute 

Lyman McDonald 
Departments of Zoology and Statistics 

University of Wyoming 

Records of backcountry use in Yellowstone National Park indicate that use 
increased from 16,767 backcountry camper nights in 1971 to 33,297 backcountry 
camper nights in 1974, a doubling in three years (1). A similar increase was 
recorded in Grand Teton National Park. Use of wilderness areas in the state 
by backpackers has increased also, but not at the rate of increase that applies 
to the two National Parks. 

Records maintained by the two National Parks of backcountry use are incomplete 
in that only overnight use records are maintained. Both Parks require backpackers 
intending to stay overnight in the backcountry to I.btain a permit. 

Day use is an important and growing use of backcountry areas. A 1974 study of 
backcountry use in Grand Teton National Park found that an estimated 62 percent 
of the total backcountry use was accounted for by day users (2). The 1974 stud y 
indicated that the most severe 1 itter problems, complaints about congestion, and 
evidence of overuse were associated with the backcountry fringe areas where the 
day users tend to concentrate. 

Backcountry use of Yellowstone Park differs from that occurring in Grand Teton 
National Park on two counts. First, backcountry use in Grand Teton is concentrated 
along a twelve to fifteen mile stretch of the Teton mountain range with the Teton 
peaks being the focal attraction. Access to this area is gained through six 
major trai lheads. In contrast, backcountry use of Yellowstone is diffused through
out the Park with access gained from more than forty trailheads. Second, the major 
activity interests of Grand Teton backcountry users were related to general hiking, 
sightseeing experiences. In Yellowstone a significant percentage of backcountry 
users are known to be fishermen hiking to a backcountry fishing area and other 
individuals intending to observe a specific wildlife species. As such, Yellowst one 
backcountry management plans have to account for the impact of the user on the 
physical resources as well as the wildlife resources of the area. Those Yellow
stone backcountry areas with high bear populations are of particular concern, both 
from the standpoint of the users 1 safety and from the standpoint of bear habitat 
intrusion. 
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The overall objective of this study is to estimate the level of use of 
selected ba c kco untry trails in Ye llowstone National Park and to develop other 
information relating to the backcountry user's experience that wil I assist 
Yellowstone Park perso nnel in the formulation of backcountry management plans. 
A more explicit statement of the study objective is expressed in the follow
ing sub-objectives. 

1) To dete rmine t he number, spatial distribution, and acttvtty type of 
persons using the Yellowstone National Park backcountry. 

2) To develop general activity profiles by user type, including length of stay, 
travel patterns within the backcountry, recreation participation patterns 
and other information that wil 1 indicate resource use demands. 

3) To obtain general attitudinal and user preference information that wil 1 
assist Park officials in evaluating present management policies and/or 
will provide guidelines for the establishment of new backcountry use 
policies. 

4) To correlate the estimated use parameters with information from a standard
ized trailhead self- registration system and systematic sampling of trail 
use by photo-electric trail traffic counters for purposes of providing Park 
personne l with convenient and inexpens ive means of updating trai 1 use 
estimates. 

Procedures 

The sample design for this study called for interviews to be conducted with trai 1 
users on 10 separate days for each of 36 pre-selected trails. In addition, each 
of these 36 trails was to be monitored 20 days each with a photo-electric trail 
counter to get estimates of trail use. The sampling procedure was designed so 
that the photo-electric counters would be monitoring the trails on which the 
personal interviews were being conducted. The purpose of this arrangement was 
to allow the personal interview counts to be correlated with the counts recorded 
on the photo-electric counters and also with the registration data collected at 
the self-registration stations located at or near the head of each trail. 

A questionnaire was developed to record user numbers, user types, trails used 
by respondents, time spent on the trails, activity participation, problems en
countered and to obtain an evaluation of the respondent's experience in the back
country. The photo-electric counters were to be furnished by the Park Service 
for use during the interview phase of the study. The services of six individuals 
from the Young Adult Conservation Corps (YACC) program operating in Yellowstone 
Park were to be made available to the study as interviewers. Due to circum
stances beyond the control of the Park Service or the study team, acquisition 
of the required photo-electric counters was not completed until the summer inter
view period was almost over. Employee turnover in the YACC program was high, 
and, as a result, there were periods during the summer when there were only two 
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interviewers available. Not only did the lack of interviewers affect the 
sampling schedule, but the time required to train new interviewers caused 
disruptions that had not been contemplated in the original sample design. As 
a result of the problems with the photo-electric counters and YACC interviewers, 
modifications in the original sample design had to be made. 

A total of 1074 interviews were completed during the summer period. The inter
views were concentrated on the 27 high-use trails out of the original 1 ist of 
36 trails. Instead of 10 interview days per trail, an average of 7.8 days of 
interviewing was accomplished for the 27 trails actually used for the study. Two 
days of interviewing time was spent on each of three other trails before it was 
decided to eliminate them in the modified sample design. A decision has not 
been made at this time on whether the questionnaires completed on these three 
trails will be used in the general summary. While the photo-electric counters 
were located on some of the trails after they were received, the count data is 
insufficient for any meaningful analysis. 

Results 

Because the original sample design could not be implemented, some of the objec
tives proposed for this study wil 1 not be accomplished this year. In particular, 
it will not be possible to estimate the total number of backcountry users as 
stated in Objective No. 1, or to correlate the user counts taken from the for ms 
at the self-registration stations with the counts taken from the photo-electric 
trail counters as described in Objective No. 4. However, the Park Service has 
agreed to seek funding to continue the study another year. 

If the study is continued, data collection will be 1 imited to photo-electric 
monitoring of trail use and correlating the counts obtained from the electric 
counters with the counts obtained from the self-registration stations. For the 
27 trails on which personal interviews were conducted this past summer, it is 
felt that the remaining objectives can be accomplished. At present, the data 
from these questionnaires are being prepared for computer processing. There
sults will be available in the Spring of 1979. 
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1978 FJELD STUDIES OF THE PINK BACTERIAL MASSES 
WHICH GROW AT 90°C IN THE OUTFLOW CHANNEL 

Objectives 

OF SOME YELLOWSTONE HOT SPRINGS 

Robert F. Ramaley 
Department of Biochemistry 

University of Nebraska Medical Center 

The presence of masses of pink bacteria growing at 90° in the outflow 
channel in some hot springs in Yellowstone National Park was observed 
at least as early as 1899 (unpublished work of W. A. Setchel 1, cited 
in Brock, 1978, pp. 47-49). When Brock began his extensive microbiological 
studies of Yellowstone thermal areas in 1965, he also found 11 pink, gela
tinous, stringy bacterial masses 11 growing at 90°C in the upper end of the 
runoff channel of Octopus Spring and published phase micrographs of these 
bacterial masses (Brock, 1978, pp. 45-46). However, Brock and his 
associates were never able to grow these bacteria in laboratory culture 
and beyond the determination of the fatty acid composition of the bacter
ial masses by Bauman and Simmond (1969) no other biochemical studies have 
been conducted with these extremely thermophilic bacteria. 

Our 1978 field studies centered on two objectives: (1) to see if the 
amount of the bacterial mass could be increased without causing any 
adverse effect on the natural microbia l population or the runoff channel 
habitat and (2) to find other locations of these bacteria since the 
runoff channel of Octopus Spring was the major known habitat of these 
extremely thermophilic bacteria (Brock, 1978). 

Procedures 

Increasing the amounts of pink bacterial mass was investigated by placement 
of artificial material in the runoff channel in August of 1977 to act as a 
support for the growth of the bacterial mass. Sterilized cotton string 
loops or a single loop with trailing string, 1.5 feet long, was placed 
across the runoff channel at various points (attached with concrete nails) 
and left until the following August. We also placed masonite strips in the 
runoff channel rough side up (similar to those used by Zuber in Icelandic 
hot spring runoff channels for the growth of the thermophilic algae). 
String and masonite strips were placed in the runoff channel of Octopus 
Spring and Twin Butte Vista Spring (located on top of the hill behind 
Octopus Spring). 

Samples for enrichment culture or biochemical analysis were placed in sterile 
plastic bags iced and transported back to Omaha. Samples taken in 1978 
were transported on ice to the Field Station. Samples for enrichment 
culture were refrigerated and those to be used for future biochemical analysis 
were frozen. Enrichment cultures were made in 1 iquid tube culture and some 
samples were also directly streaked out on solid media. Four different 
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media were used. 

l. Standard nutrient broth (e.g., 0.8% nutrient broth, pH 6.5) (for 
~- stearo., etc.) 

2. Castenho1t~ salts medium (0. 1% yeast extract, 0.1% tryptone) 
(Ramaley and Hixson). 

3. Octopus Spring medium (0. 1% yeast extract, 0.1 % tryptone with 
spring water. 

4. High pH Castenholtz salts medium (same as #2 but pH of 9.5). 

A search for the presence of additional pink bacterial mass growing in the 
effluent channel of other Yellowstone hot springs was also conducted in 
August of 1978. 

Results 

The cotton strings placed in the runoff channel of Octop4s Spring were 
extremely effective as an artificial support for the growth of the pink 
bacterial masses. The strings were not obtrusive and the concrete nail 
showed no discoloration of the si 1 ica. In fact, if you didn 1 t know that 
the string had been introduced, you might not notice it at all or think 
that it was a natural growth. The masonite strips were very visible and 
since they did not support bacterial growth as well, no further use was made 
of them. 

The bacterial mass was about 95% harvested (to serve as a typical sample 
of the steady state bacterial mass) and the strings were allowed to remain 
in the runoff channel for another week (the second harvest represents a 
selection of the more actively growing bacteria). Analysis of these two 
harvests is st i 11 in progress. 

Enrichment cultures of these pink ·bacterial masses showed a few Thermus 
type isolates and an apparently new bacteria showing the best growth in 
high pH Castenholtz salts medium (characterization of this bacterium is 
still incomplete). 

The pink bacterial masses growing at 90°C are apparently 1 imited to only 
a few Yellowstone Hot Springs (Octopus, Butte Vista and Firehole Pool) 
(the latter two have bacterial masses more color characteristic of the 75-80°C 
section of the Octopus Spring runoff channel. Thus actually there was 
really only a single source of the pink bacterial mass. 

This was a potential problem because Octopus Spring, while it is not directly 
visible from the Firehole Loop Road, is accessible to tourists from the 
Great Fountain Geyser parking lot. Octopus Spring has a nearby hillside 
covered with rocks and it is obvious that tourists have been dropping those 
rocks and even boulders into the spring. Thus, it was not impossible that 
Octopus Spring might eventually be blocked or might even change its 
temperature naturally as did MushrQom Spring (Brock, 1978, p. 18). 

Thus, in August of 1978, I began to search for other sources of the pink 
bacterial masses and, after considerable effort, was fortunate enough to 
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find two extensive growths of the pink masses in a most unlikely spot. 
The masses were found in one of the former tourist areas (Artist's Paint 
Pot) which is across from Sylvan Spring and south of Norris Geyser Basin 
(both acidic thermal areas) (Fig. 1). 

The two springs in the Artist's Paint Pot area that have the pink bacterial 
mass are (1 ike Octopus Spring) slightly alkaline (pH 8.5 at 25°C ~ pH 
7.0-7.5 at 90°C) and have even more extensiv e pink bacterial masses than 
does Octopus Spring. 

This area is a very good research area because i t is no longer heavily 
visited by tourists. (The bacterial/algae ma t colors are no longer as 
spectacular as they were a decade ago, due to shifting of thermal activity 
following the last Yellowstone earthquake). The Park Service has actually 
taken down the sign on the road that identi f ies it as the Artist's Paint 
Pot area. 

Samples were taken of each of the pink bacterial masses in the area and 
these are currently being used for enrichment cultures and biochemical 
studies. Cultures from these and the Octopus Spring effluen6 channel pink 
bacterial masses and additional samples fr om other locations have been 
sent to J. J. Perry (University of North Caol ina) and delivered toR. S. 
Wolfe of the University of Illinois . 

Thus having an alternative source of the pink bacterial masses for future 
studies and with the observed rapidity of colonization of the cotton string, 
the strings were removed in August of 1978 . 

Conclusions 

From thin section electron microgra phs (Fig. 2) of these pink bacterial 
masses growing at 90°C, it is clear that these masses are made up of at 
least two different gram negative bacteria and since they probably repre
sent new types of extremely thermophilic bacteria, their natural habitat 
should be carefully protected. This is especially essential since they 
have not yet been grown in laboratory cultu re. The 1977-78 field studies 
showed that it was possible to increase the mass of pink bacteria growing 
in the upper end of the runoff channel of Octopus Spring by providing a 
support for the attachment and growth of t he bacteria. Use of the support 
will provide sufficient material for biochemical studies without disturbing 
the natural bacterial population (attached to silica and rocks in the 
runoff channel) and the presence of cotton string in the runoff channel is 
practically undetectable from even a few feet away. 

One of the msot important results of the 1978 s tudy was the findin g of 
pink bacterial masses in the runoff channel of two of the hot springs in 
the old Artist Paint Pot area will also facilitate the comparative study 
of these extremely thermophilic bacteria. 
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COMPARISON OF GENETIC AND MERISTIC CHARACTERS 
OF YELLOWSTONE NATIONAL PARK, MONTANA 

AND ARCTIC GRAYLING POPULATIONS 

E. R. Vyse 
W. R. Gould''' 

Biology Departmen t 
Montana State University 

Yellowstone National Park initiated a grayling restoration program in 
1971, tore-establish grayling in small headwater systems of the Missouri 
River in YNP. Comparative genetic analysis of arctic and Montana 
grayling was initiated to identify pure populations of Montana grayling 
as a source of eggs or fry. The initial stocking attempt utilizing 
grayling derived from a la~ustrine population (Grebe Lake in YNP) was 
unsuccessful because the grayling failed to hold stream position and 
drifted downstream into the Missouri River. A second stocking attempt 
with fish from the Bighole River in Montana was apparently successful. 
A comparative genetic analysis of lacustrine and adfluvial populations 
was started in 1977. 

Previous genetic studies (Lynch and Vyse 1979) have shown that a genetic 
difference exists between the two arctic grayling and the two Montana 
grayling populations sampled, while no genetic differences were found 
in the genetic screening of thirty presumptive loci in a comparison of 
Grebe Lake, YNP and Bighole River populations (Progress Report. Vyse 
1978). 

In 1978-79 we proposed to extend our genetic comparisons to other 
arctic grayling populations and to analyze additional presumptive loci 
in our comparisons of Bighole River and lacustrine grayling from Grebe 
Lake, YNP. In addition, Dr, W. R. Gould agreed to compare some meristic 
characters in these and other populations. 

Methods 

Grayling populations were sampled by electrofishing or angling (Table l). 
Tissue samples were taken immediately and frozen on dry ice. Blood 
samples were kept on ice until cells and serum could be separated by 
centrifugation and then stored at -50 C. Yukon territory and Mackenzie 
River samples have been kindly provided by Dr. J. Clayton, Freshwater 

*Dr. Gould 1 s report on meristic characters follows the genetic report. 
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Institute, Winnipeg, Manitoba, Canada. We have not had an opportunity 
to analyze any of these arctic grayling samples. Samples were ground 
in an equivalent volume_gf 0.01 M Tris-HCl buffer pH 6.8 containing 
0.001 M EDTA and 5 x 10 M NADP. Starch gel electrophoresis was per
formed as described by Lynch and Vyse (1979) (adapted from Allendorf 
et al. 1974, 1977; Selander et al. 1971, and Harris and Hopkinson 1976). 

The initial electrophoretic screening of all enzymes was done utilizing 
only two buffer systems. 1. Electrode: 0.30 M borate pH, 8.2. Gel: 0.076 
M tris ~ 0.005 M citric acid pH 8.7. Potential: 250 v for 3 hr. or 2. 
Electrode: 0,04 M citric acid, pH 6. 1. Gel: 0.002 M citric acid, pH 
6.1. Both buffers are pH adjusted with N-(3-Aminopropyl)-morpholine . 
Potential 200 volts for 3 hr. 

The enzymes surveyed electrophoretically and abbreviations used are as 
follows: Glucose-6-phosphate dehydrogenase- G6PD (1. 1.1 .49); Hexose-
6~phosphate dehydrogenase- H6PD (1. 1. 1.47); Phosphoglucomutase- PGM 
(2.7.5.1); Xanthine dehydrogenase- XDH (1.1.1.25); lsocitrate 
dehydrogenase - IDH ( 1.1.1.42); Malate dehydrogenase - MDH (1.1.1.37); 
Malic enzyme- ME (1. 1. 1.40); Glutamate oxa1oacetate transaminase- GOT 
(2.6.1, 1); Superoxide dismutase - SOD (1.15.1.1); Sorbitol dehydrogenase -
SOH (1.1 , 1, 14); Esterase - Est (3, 1. 1.1); Lactate dehydrogenase - LDH 
(1 . 1, 1.27); Phosphoglucoisomerase ,.. PGI (5.3.1.9); Adenylate kinase - AT: 
(2,7.4,3); Hexosekinase- Hk (2.7.1.1) ;Glucuronidase- GUS. 

Results 

The products of thirty-three loci from three populations of Thymallus 
arcticus have undergone pre1 iminary electrophoretic screening (Table 2). 
In this initial screening no differences have been found between the 
Bighole River and Grebe Lake grayling. This result is similar to that 
of last yea~ but with new enzyme systems and a larger sample, differ
ences may be found. Three new enzyme systems (Gus, Ak and HK) have been 
added to the screening program, and more additions are planned. The 
sample size collected is larger than last year but all of the samples 
have not been included. 

The Red Rock lakes population is a native population never subjected 
to transplanting. The samples were collected with the Montana Fish and 
Game in conjunction with egg collections. The G6PD isozyme from that 
population appears to be different from G6PD in Grebe Lake or Bighole 
River populations . This difference will have to be verified with 
additional buffers and a greater sample size. This appears to be the 
only difference to date. 

Conclusions 

From the preliminary results, we conclude that there may be a difference 
between Grebe Lake and Red Rock lakes populations. There is no evidence 
for any difference between Grebe Lake and the Bighole River populations. 
Analysis of other populations and increased sample sizes of these popu
lations is required before any genetic comparisons can be made between 
lacustrine and adfluvial populations. 
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Table 2. Number of Individuals Sampled. 

Loci Grebe Lake (YNP) Bighole River Red Rock 

LDH-1-5 12 12 

MDHs-1&2 12 12 

MDHm 12 12 

G6PDH-1&2 12 12 

PGM 1-3 12 12 

Est 12 12 

SOD 12 12 

MEm 12 12 

MEs-1&2 12 12 

H6PD 12 12 12 

SOH 12 25 12 

XDH 12 12 

PGI-1-3 12 25 12 

IDH 12 12 

GOT-1&2 12 12 

GUS 25 

Ak 12 12 

Hk 12 12 
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COMPARISON OF LATERAL LINE SCALE COUNTS ON ARC T IC GRAYL ING FROM 
YELLOWSTONE NA TIONAL PARK AND MO NTAN A 

Introduction 

William R. Gou l d 
Cooperative Fi s hery Researc h Uni t 
Bozeman, Montana 

Arctic grayling (Thymallus a~cticus ) are p re sently a bsent fro m a reas 
they formerly inhabited in Yellowstone National Par k . A proj ect ha s 
been begun to re-establish this species in areas of the Par k within 
its former range. The purpose of this por t ion of th e s tud y wa s to 
examine the meris t ic charact e ristics o f po pu la tions of Ar ctic grayl in~ 
from Y.N.P. and Montana. The results of t hi s work and those from the 
electrophoretic examination wil 1 provide in forma tion for the collection 
of stocks to be used for the restoration o f Ar ct i c gr ay lin g i n areas 
of Y.N.P. 

Methods 

Arctic grayling were collected from Y, N.P . and s ix locat i ons in 
Montana. Specimens at MSU from seven sit es (s ix di ffe re n t f rom abo ve) 
also were examined. Numbers of scales in t he later al 1 ine se r ies 
contained in the standard length were counted and compared statisti
cally. McCart and Pepper (1971) found this count to be the most useful 
meristic tool for distinguishing grayling f rom diffe rent a reas . Shr ck 
and Behnke (1971) also have reported this f e a t ure t o be u~e ful for 
separating species and subspecies of Sa lmo ~ a c los e l y re l ated qe nu s . 
In thi s study scales above the lateral 1 in e s and the number of r ays in 
the pectoral fin s were not useful in distingui s h ing pop u lations . 

Results 

Two hundred twelve specimens from 13 location s we r e exami ned (Tabl e l ) . 
The average number of s cales in the lateral 1 ine ser i e s was 87.89 
with a standard deviation of 3.75. An analysis of va ria nce in d icated 
there was a significant difference (P <.Ol) between the mean nu mber s 
of lateral line scales in the populations. The mean s we r e t es t e d in 
the Compare program of the MSUTRAT serie s at Montana State Univers i t\ 
to determine which means were statisticall y d ifferent. The ca l cu l ated 
Q values showed the population from Red Roc ks Creek drainage was sig
nificantly different from the populations in Hyal it e Rese rvo ir and 
Ennis Lake . There were no other statistical diffe re nces . 
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Discussion 

Lateral 1 ine scale counts did not show meaningful differences between 
the populations of Arctic grayling sampled. Seventy six (97%) of the 
78 mean comparisons made were not statistically significant. The two 
statistical differences between populations probably do not have 
biological significance. The population involved did not evolve in 
isolation. 

Other considerations being equal, stock for introductions probably 
should be taken from populations with the greatest variability in 
lateral line scale counts. Va~iabil ity in scale counts may indicate 
general genetic variation. Planting arctic grayling with high 
genetic variability should increase the chances of producing a success
ful introduction. 
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Table 1. Mean lateral li ne scale counts on populations of Arctic 
grayling from Yellows tone National Park and Montana. 

Sampling Site 

Grebe and Wolf 
Lakes, Y.N.P. 

Mussigbrod Res., 
Beaverhead Co. ,MT 

Georgetown Lake, 
Deer Lodge Co.,MT 

Hyalite Res., 
Gallatin Co.,MT 

Upper Big Hole River , 
Beaverhead Co. ,MT 

Emerald Lake, 
Gallatin Co., MT 

Deer Lake, 
Ga 11 at in Co. , MT 

Ennis Lake, 
Madison Co. , MT 

Red Rock Cr. draina ge, 
Beaverhead Co., MT 

Mud Lake, 
Deer Lodge Co., MT 

Rogers Lake, 
Flathead Co., MT 

Elk Lake, 
Beaverhead Co. ,MT 

Long Cr., 
Beaverhead Co., MT 

Number of 
Specimens 

41 

23 

8 

26 

20 

19 

10 

4 

44 

4 

2 

2 

9 

Mean L. 1 .Scale 
Count 

87.66 

87.30 

90.13 

89.54 

87.05 

88.63 

88.50 

92.75 

86.50 

88.50 

90.50 

90.50 

86.44 

Standard 
Deviation 

3.99 

4.25 

3.04 

3.40 

3.09 

2.03 

1. 50 

3.62 

2.89 

6.36 

0.71 

2.55 
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SUMMARY OF THE 1978 NORTHWESTERN WYOMING 
ARCHAEOLOGICAL PROJECT 

Gary A. Wright 
Department of Anthropology 

State University of New York 
Albany 

Only a brief summary of the results can be presented at this time as the 
data are stil 1 being analyz~d. 

Mitigation was completed on the reconstruction of the Mammoth Water System, 
Yellowstone National Park. The system begins at the intake at the con
fluence of Indian Creek and the Gardner River. The pipeline runs into 
Mammoth Hot Springs. Our field research consisted of the recording of 
cultural resources, test excavations at 50 meter intervals along the 
pipeline, and the excavation of the Bear Claw site (48YE504). The latter 
produced a range of projectile point types suggesting intermittent occupa
tions of the site back to at least 7000 B.P. Also recovered were parts 
of a butchered elk (Cervus canadensis) in association with obsidian tools. 
Eventually, we will be able to obtain obsidian hydration dates from these 
tools and hence some minimal data concerning the temporal duration of elk 
in northern Yellowstone Park. 

Stuart Reeve continued his investigations of the plant geography and 
ethnobotany of northwestern Wyoming. During 1978 he concentrated on blue 
camas (Camassia quamash) meadows, their community associations, and the 
correlation of archaeological sites with this hypothesized major prehistoric 
resource base. Several new sites were recorded by Reeve along the Falls 
River in extreme southwestern Yellowstone Park. These sites are located 
adjacent to blue camas meadows, and they appear to provide a seasonal 
prehistoric occupation 1 ink between winter camps to the west of the Teton 
Range and the large late spring-early summer site at the northern end of 
predam Jackson Lake (=the Lawrence site, 48TE509). Mr. Reeve also began 
a production study of a blue camas meadow near the Lawrence site. 

My own work was 1 imited to cultural resource inventories of 28 proposed 
construction projects in Grand Teton and Yellowstone National Parks. 
Reports and recommendations have been submitted to the National Park Service, 
Midwest Archaeological Center, Lincoln, NB. 

In addition, reports have now been completed on several major aspects of 
our field research. These include evaluations on the Sheepeater Bridge 
site (48YE320) in Yellowstone Park and the Lawrence site in Grand Teton 
Park (Reeve, et al., 1978; Reeve, Wright and Mecham, 1978), and an analysis 
of northwestern Wyoming in regards to the ethnic identification of the 
prewhite inhabitants of the area (Wright, 1978). 



-152-

Literature Cited 

Reeve, S. A., T. Marceau and G. A. Wright. 1978. Mitigation of the 
Sheepeater Bridge site (48YE320), Yellowstone National Park. Manu
script on file, Midwest Archaeological Center, Lincoln, NB. 

Reeve, S. A., G. A. Wright and P. Mecham. 1978. Archaeological 
investigations of the Lawrence Site (48TE509), Grand Teton National 
Park. Manuscript on file, Midwest Archaeological Center, Lincoln, NB. 

Wright, G. A. 1978. The Shoshonean Migration Problem. Plains Anthropolo
gist, 23: 113-137. 



-153-

RELATIONSHIPS BETWEEN POCKET GOPHER NUMBERS 
AND SELECTED ENVIRONMENTAL FACTORS IN PELICAN 

VALLEY, YELLOWSTONE NATIONAL PARK 

Clifton C. Youmans 
Biology Department 

Montana State University 

This report concerns the current investigation of effects of selected envi
ronmental factors on numbers of pocket gophers (Thomomys talpoides) in 
Pelican Valley, Yellowstone National Park, Wyoming. The study is being sup
ported by the University of Wyoming/National Park Service Research Center. 
I wish to express my appreciation to the following individuals for their 
contributions to the study: Dr. Robert Moore, Montana State University, who 
directed the study and aided in the preparation of this report; Drs. Gerald 
Nielson, Clifford Montagne and Lawrence Munn, Montana State University, for 
aid in classification and analysis of soils from the study area; Dr. 
Theodore Weaver, Montana State University, for aid in analysis of vegetation 
data; Dr. John Taylor and Mr. Wayne Leininger, Montana State University, for 
assistance with aerial photography techniques; Mr. Roger Rudolph, Sub
district Ranger, for his cooperation. 

Study Objectives 

A. Estimate numbers and seasonal burrowing activity of pocket gophers on 
representative sites in Pelican Valley. 

B. Estimate times of reproductive activity, particularly the period of nurs
ing of young. 

C. Measure the following environmental factors at representative sites: 
snow depth, soil water table, depth of A

1 
layer and organic matter content, 

soil texture, depth of soil available for burrowing by pocket gophers, 
and soil moisture. 

D. Quantitatively measure herbaceous vegetation at representative sites. 

Methods 

Eight belt transects lOOm long and 10m wide were established during the summer 
of 1977. One additional belt transect of the same dimensions was established 
in June of 1978. These nine belt transects served as the primary sites of 
data collection during the 1978 field season. Belt transects were estab
lished on sites considered to be most representative of existing plant 
communities and soil types in Pelican Valley. 
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Relative indices of pocket gopher numbers during snow-free months were made 
through the use of mound counts (Reid et al. 1966). 

Two be l t t ransects were intensive l y t ra pped during September of 1978 by using 
Ma cabee deat h traps in an attempt to collect pocket gophers live-trapped, 
ma r ked, and released during the pervious year's field season. Numbers of 
individual s collected on the two belt transects combined with mound count 
data obtained immediately prior to trapping allowed for computation of the 
number of mounds built per pocket gopher per 48 - hour time interval. Data 
on sex ratios, age structure, home range size, mortality/natality rates were 
obtained and are being analyzed. 

A total of 300 pocket gophers were collected both from belt transects and 
other sites with similar vegetation and soils during the course of the study. 
Determination of reproductive status and number of placental scars in females 
of breeding age will be accomplished. Tryon (1947), found that after partus, 
placental scars are left in the uterus and are distinct enough to count and 
determine the number of young born. 

R~lative numbers of pocket gophers during periods of snow cover on eight of 
nine belt transects were indexed. Centimeters of winter soil casts inter
cepted along line transects in June after snow melt were recorded. Richen~ 

(1965) reported a significant correlation between the number of ~asts per 
ac re and the population index for his study area, 

The vegetation on the nine belt transects was quantitatively measured. Sci
entific and common names of plants follow Booth (1950) and Booth and Wright 
(1959). Composition and canopy coverage of low growing vegetation on each 
of the nine transects were determined from a modification of the method 
de sc ribed by Da ubenmire (1959). Twenty-f i ve 2x5 decimeter plots were 
p l aced a t four meter intervals along t he center 1 ine of each transect during 
the 1978 field season. Canopy coverage data for two field seasons were 
obtained . 

Line intercepts coinciding with the center 1 ine of each of the nine belt 
transects were used to quantitatively measure abundance of yampa (Perideridia 
gairdneri) and purple oniongrass (Mel ica spectabilis) for the month of 
August in both 1977 and 1978. 

Data on standing crop for the month of August were obtained on the nine belt 
transects by clip plots . Two of the nine belt transects w2re intensively 
sampled using 10 circular clip plots, each equal to 9.6 ft . The remaining 
seven belt 2transects were sampled using 10 circular clip plots each equal 
to 0 . 96 ft . On al l nine belt transects a stratified random sampling scheme 
determined the l ocati2n of clip plots. Belt transects were partitioned into 
sections equal t o 10m a~ong their lengths. One clip plot was randomly 
selected within each 10m section of the belt transects. Plant species 
clipped from each plot were bagged separately. Some species occurring only 
infrequently were lumped together. 

Soil samples were collected monthly from each of the nine belt transects at 
the 25m and the 75m marks. Soil samples from zero to four inches in depth, 
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and from four to 12 inches in depth were collected at these two intervals 
with an Oakfield Apparatus. Samples from each depth at each interval were 
placed in Whirl Pac bags and weighed upon return from the field. Soils were 
subsequently oven dried and weighed again to obtain a relative index of 
moisture. Mechanical analysis of soil follows procedures outlined by Sims 
( 1970) . 

An attempt to relate pocket gopher tolerance to percent water saturation of 
soil was made. Three line transects were es t ab l ished between two belt 
transects separated by a low sedge meadow. Monthly soil samples were taken 
at five meter intervals along these three line transects at depths of zero 
to four inches and four to 12 inches. Comparison between oven dried soil 
weights and field weights allowed for computation of approximate percent 
saturation of water for each sampling period. Presence of pocket gopher 
mounds along the line transects were recorded simultaneously with monthly 
soil samples. 

Aerial photography missions were flown using a Piper Supercub aircraft on 
April 28 and October 8 of 1977 and June 1 of 1978. Snow melt phenology was 
recorded in Pelican Valley during the April, 1977 and June, 1978 flights. 
During the October, 1977 flight, an attempt was made to census pocket gopher 
mounds using aerial photography. Driscoll and Watson (1974) found that 
photointerpretation of 1:600 scale color infrared aerial photographs for 
fresh pocket gopher mounts allowed for estimates of pocket gopher popula
tions 97 percent as accurate as estimates derived from ground inventory. 

Results and Discussion 

The two major habitat types represented on the nine belt transects were 
classified according to Mueggler and Handl (1974). Festuca idahoensis/ 
Deschampsia caespitosa and Festuca idahoensis/Stipa occidental is were 
determined to be the two habitat types, using the above criteria. It is the 
opinion of this investigator that the percent cover by Artemisia cana is 
great enough to use the artitrary type Artemisia cana/Festuca idahaensis in 
lieu of Festuca idahoensis/Stipa occidentalis. ----

A total of 38 pocket gophers were captured, marked and released on two 
adjacent belt transects during the 1977 field season. These two belt tran
sects represented the two different habitat types. Of the 21 pocket 
gophers that were marked and released from the Festuca idahoensis/Deschampsia 
caespitosa habitat type, five were collected during the 1978 field season. 
Of the 17 pocket gophers that were marked and released from the Artemisia 
cana/Festuca idahoensis habitat type, four were collected during the 1978 
field season. 

During the two field seasons a total of 300 pocket gophers were collected 
from representative sites throughout Pelican Valley. Sex ratios of pocket 
gophers collected during July of 1977 were equal. This ratio suggests that 
females were equally susceptible to trapping at this time and thus were 
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probably not nursing. Data on sex ratios for pocket gophers collected 
throughout the 1978 field season are still being analyzed. Hansen (1960) 
found that in the spring the sex ratio showed a higher percentage of males 
than females. This was attributed to females being less vulnerable to 
traps due to pregnancy, parturition, and post natal care of young. 

Reproductive tracts from female pocket gophers collected during the 1978 
field season have not yet been analyzed. Data obtained from the previous 
field season suggest differences in mean scar counts between pocket gophers 
collected from the two habitat types. 

Pocket gopher numbers were indexed throughout the summer months by utilizing 
mound counts. Mound counts were found to be lowest in the spring and to 
increase throughout the summer months. Highest mound counts were obtained 
in late August and early September for both years. Laycock (1957) and 
Miller and Bond (1960) found mound-building activity increased from spring 
to fall. 

Centimeters of winter soil casts intercepted along 1 ine transects in June 
were used to index pocket gopher numbers during periods of snow cover, 
Correlation between total centimeters of soil casts intercepted per tran
sect in June of 1978 and mound counts made in July of 1977 were significant. 

Preliminary examination of mound count data from sites also kill-trapped 
in September of 1978 suggests that nearly twice as many mounds were built 
per pocket gopher on the Festuca idahoensis/Deschampsia caespitosa belt 
transect as were built per pocket gopher on the Artemisa cana/Festuca 
idahoensis belt transect. ----

Mean canopy coverage per species for all transects in both 1977 and 1978 
was computed. Canopy coverage data are being analyzed for possible correla
tion with mound count data. Preliminary computations suggest that several 
plant species are significantly correlated with pocket gopher mound counts. 

Correlations of pounds per acre of several plant species with mound counts 
have been accomplished. Significant correlation coefficients were obtained 
between pounds per acre of narrow leaved collomia (Collomia 1 inearis), 
purple oniongrass, Idaho fescue, and needlegrass (Stipa occidental is). 

Combined 1 ine intercepts of both yampa and purple oniongrass correlated 
significantly with mound counts, yielding correlation coefficients of 0.82 
and 0.83 for 1977 and 1978, respectively. 

Mechanical analysis of soil samples from the eight study transects estab-
1 ished in 1977 have been accomplished. All soil samples from these tran
sects fall into the category of 'silt loams'. Data on soil moisture and 
pocket gopher tolerance to soil moisture are still being analyzed. Prel imi
nary data suggest pocket gophers are typically absent from soils of a heavy 
clay loam texture. The soil profile for which pocket gopher activity is 
typically present is a loamy to sandy loam textured soil. 
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Aerial photography of the study area revealed that the snow melt phenology 
of the study area in 1978 was fully three weeks later than that of 1977. 
Attempts to census pocket gopher numbers through the use of aerial photogra
phy proved largely unsuccessful, High winds and the varying presence of 
sunlight hampered attempts to obtain a t least 60 percent overlap for stereo 
interpretation of photographs and minimum exposures. 

Recommendations and/or Conclusions 

Specific soil and vegetation characteristics appea r to determine pocket 
gopher numbers and distribution in Pelican Valley. Forage species which have 
thus far been positively correlated with pocket gopher densities either 
increase productivity of pocket gophers or share similar ecological require
ments. Further data analysis will hopefully illuminate these and other 
interrelationships between pocket gophers and environmental factors. 

A final report will be submitted as a Masters thesis from Montana State 
University. 
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FOOD HABITS OF BISON AT WIND CAVE NATIONAL PARK 

Objectives 

Robert B. Dahlgren and Jewel K. Popp 
Iowa Cooperative Wildlife Research Unit 

Iowa State University 

Wind Cave National Park (WCNP) in southwestern South Dakota represents 
a vestige of the prairie ecosystem. American bison (Bison bison) are the 
most numerous ungulates in the Park and the largest herbivo~Thus 
bison have potential for considerable impact on the rangelands. 

Relatively few studies (Meagher 1973, Peden et al. 1974, Peden 1976, 
Reynolds 1978) were conducted on bison food habits. None was conducted 
on mid-grass prairies typical of WCNP. Dietary information is important 
for determining the value of the range to bison as well as management of 
bison in relation to other herbivores. 

The objectives of this study are to determine seasonal food habits of 
bison, key forage species, and how the bison interact with other major 
herbivores in range use. 

Procedures 

WCNP is located in the southeastern foothills of the Black Hills of South 
Dakota. The Park covers 28,059 acres and 1 ies in a transition zone between 
coniferous forest and grasslands of the state (Shult 1972). Approximately 
75 percent of the Park is covered by mixed-grass prairie and the remainder 
is covered by ponderosa pine (Pinus ponderosa). Lovaas and Bromley (1972) 
have described the predominant range sites and the vegetation on them. 
Range sites of importance in this study are described as follows. Silty 
range sites (level to hilly uplands) are dominated by mid-grasses such as 
western wheatgrass (Agropyron smithi i), blue grama (Bouteloua grac i 1 is), 
green needlegrass (Stipa viridula), needle-and-threadgrass (s. comata) 
and bluegrass species (Poa spp.). Shallow range sites steeper slopes and 
ridgetops) are dominated;by 1 ittle bluestem (Andropogon scoparius). 
Stoney-hills range sites are characterized by big bluestem (A. gerardi) 
and 1 ittle bluestem. Clayey range sites (gently sloping to steep prairie 
uplands of the northeastern portion of the Park) are a mix of mid- and short
grasses. Western wheatgrass, green needlegrass, blue grama, common 
buffalograss (Buchloe dactyloides) and bluegrass predominate. Overflovv 
range sites (intermittent stream courses) are variable but usually dominaterl 
by tall and midgrasses, such as big and 1 ittle bluestem, western wheatgrass. 
green needlegrass and the bluegrasses. The closed forest range site 
(wooded sites on moderately steep slopes) are dominated by ponderosa pine 
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with a sparse understory of grasses, usually bluegrass. Sedges occurring 
on range sites include sun sedge (Carex hel iophila) and threadleaf sedge 
(C. fil ifol ia). Common forbs include fringe sagewort (Artemisia frigida), 
white sagewort (A. ludoviciana), scurfpeas (Psoralea spp . ), heath aster 
(Aster ericoidesT and dotted gayfeather (Liatrus punctata). 

Field work was conducted in summer from mid-June to mid-September and in 
autumn from mid-September to mid-November. Feeding-site examinations were 
conducted as described by Cole (1956) and Mackie (1970), at least 8 times 
per month. Beginning in October when mature bulls (approximately 20% of 
the park's herd) tended to separate from the cow-calf herds, separate 
feeding-site examinations were conducted on the two groups. Vegetation 
analysis was conducted at each feeding-site by determing relative frequency 
of plants present. On 2 feeding-sites per month the vegetation was analyzed 
intensively using a modified Daubenmire method (Daubenmire 1959). Feeding
site examinations will be used to determine general trends, and bison food 
habits will be determined by microanalysis of fecal samples as described 
by Sparks and Malecheck (1968). 

Bison were observed while feeding and the locations at which they defecated 
were recorded, as well as the animal's sex and approximate age. When 
bison left the vicinity, fecal samples were collected, usually within 3 
hours after time of defecation. Approximately 50 g was sampled from each 
defecation. Samples were oven dried and individually ground in a Wiley 
mill through a l mm (20 mesh) screen. Fecal samples were collected during 
the summer (40 from bulls, 36 from cows, 6 from yearling bulls, 7 from 
yearling cows, 17 from calves and 29 of unknown age and sex) and during 
the autumn (26 from lone bulls, 18 from bulls, 47 from cows, 8 from yearling 
bulls, 9 from yearling cows, 19 from calves and 4 of unknown age and sex). 

Range use by bison was determined by recording bison sightings. Locations, 
time of day, activity and range site being utilized were recorded for each 
individual or group observed. 

On July 27, 25 bison (6 bulls, 10 cows and 9 calves) were captured in the 
park's 32 -ac re holding corral. The corral's vegetation had previously been 
mapped and 31, 2.0 m by 1.5 m exclosures had been randomly placed inside of 
it. Observations were made daily on their grazing patterns. On the last 2 
days that the bison were held in the corral, 60 fecal samples were collected 
(14 from bulls, 11 from cows, 16 from calves and 10 from bison of unknow2 
age or sex). After the bisonw~e released from the corral, paired l .0 m 
plots of vegetation were clipped, both under the exclosure and in the grazed 
area. The clipped vegetation was separated into 19 categories, then oven 
dried for 24 hours at 65°C before weighing. Weights of clipped vegetation 
will be used to determine graz i ng pressure on the vegetation for comparison 
with the analysis of the 60 fecal samples. 

Samples of 143 plant species, representing 36 families, were oven dried at 
65°C for 24 hours. Parts of each plant (root, stem and leaves, and flower 
or fruit) were then ground separately in a Wiley mill using a 1 mm (20 mesh) 
screen. Samples of these fragments were then mounted on microscope slides. 
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Fifty-three feeding site examinations were completed with a total of 
41,348 recorded instances of use. Many plant species (73) were encountered 
in . the feeding-site examinations but only 7 contributed over 10 
percent of the instances of use for at least one month. These included 
bluegrass, big bluestem, little bluestem, western wheatgrass, blue grama, 
threadleaf sedge, and prairie dropseed (Sporobolus heterolepis). Other 
graminoids were eaten consistently but never exceeded 10 percent of the 
diet in any month. Some of these more common graminoids included sun 
sedge, quack grass (Agropyron repens), June grass (Koeleria cristata), green 
needlegrass and side oats grama (Bouteloua curtipendula). Table 1 is a 
summary of the major plants eaten by bison each month. 

A total of 18,806 bison . sightings were recorded during the field season 
(Table 2). Bison used the silty range site more frequently than any other 
during summer. During the autumn, use of silty sites diminished and use 
of both overflow and clayey sites increased accordingly. The use of stoney 
hills, shallow and closed forest sites changed relatively 1 ittle. 

Conclusions 

Forbs seem to be a relatively unimportant portion of the bisons' diet. 
Only in June did they seem important in the diet (20%). Use of forbs 
diminished after June, probably due to the ephermeral nature of many of the 
park's forbs and consequently their lack of availability as summer pro
gressed. From observations of forb use during the feeding-site examina
tions, it seemed that use of forbs was incidental, and may have been picked 
up along with whatever graminoid the bison was grazing. The possible 
exception to this may be the sweet clovers (Melilotus spp.) whi~h the bison 
seemed to graze intentionally. Although there are over 40 species of 
grasses in WCNP, only a few appear to be of importance to the bison as 
forage species. Use of big bluestem was quite high throughout the summer, 
especially since it has relatively limited distribution (generally 
restricted to stoney hills or shallow sites). However, use of big blue
stem decreased dramatically after the plant began to mature and cure. 
Grazing on bluegrass was quite consistent throughout summer, possibly due to 
its relative availability, but use of it seemed to increase during early 
autumn. At that time many of the native grasses had already cured but blue
grass was still green. 

Range use by bison also seemed to shift seasonally. Silty sites receiv~d 
very high bison use during summer. Many sightings recorded on silty sites in 
summer were on prairie dog towns. The amount of grazing done on pra1r1e 
dog towns may not be proportional to the relative frequency that bison were 
seen on them. Bison were often observed loafing on these areas. Shu1t 
(1972) commented that " ... bison prefer areas denuded of vegetation as 
wallowing sites. This helps explain the more intense use of prairie dog 
towns during the summer months when wallowing is at its peak." During 
autumn, bison herds seemed less inclined to use silty sites and rarely 
prairie dog towns; however, use on overflow and clayey sites increased. The 
majority of the autumn sightings were in the northeastern portion of the 
park on clayey and overflow sites as that was where the herds seemed to 
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be localizing. This shift may be used to explain the high use of western 
wheatgrass (26.3%) and blue grama (17%) for the month of November, as 
these grasses are quite abundant in that portion of the park. Lone bull 
groups, however, were frequenting the southern portion of the park during 
November and evidently were eating somewhat different vegetation than the 
cow herds. 
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Table 1. Percentages of major plants eaten by bison each month, 1978. 

Oct. cow Oct. bull Nov. cow Nov. bull 
June Jul:x: Aug. Sept. herd grou2s herd sroul! 

n•7,955 n=l0,018 n•8.071 n•5,357 n•3,233 n•1,498 n•3,923 n•l ,2,3 

Agropyron smithii 26.3 6.0 5.7 22.1 6.9 6.5 26.3 0.3 

Andropogon 
gerardi 20.0 48.8 26.2 4.5 6.5 7.3 13.5 

A. scorparius 7.3 14.8 13.4 8.6 1.0 3.3 1.5 
Bouteloua gracilis 0.2 2.0 5.5 2.3 17.0 0.7 
Carex filifolia 0.6 3.7 14.2 0.7 3.5 7.2 6.0 
Poa spp. 3.9 16.7 29.5 25.4 50.3 65.4 28.7 22.4 
S2orobolus 
heterolepsis 30.2 

Other graminoids 21.9 8.2 11.9 13.9 21. 1 10.3 17.6 12.6 
Forbs 20.0 5.3 7.6 11.3 8.0 1.4 1.7 14.3 

Total 100.00 100.0 100.00 100.0 100.0 100.0 100.0 100.0 

Table 2. Percentages of bison sighted on various range sites each month, 
1978. 

Overflow Stoney Hills Silty Clayey Shallow Closed Forest 

June 20.5 7.5 53.8 0 13.3 4.9 

July 7. 1 17.2 54.6 5.3 14.9 0.9 

August 2.4 0.5 89.3 0 7.7 0. 1 

September 16.2 0. 1 72.7 0 7.0 4.0 

October 10.0 16.5 39.0 22.0 12.5 0 

November 48.5 8. 1 19.7 16.8 9.6 0 
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THE EFFECT OF PRESCRIBED BURNING AT DIFFERENT FUEL 
MOISTURE LEVELS ON VEGETATION AND SOILS OF GRASSLANDS 

IN WIND CAVE NATIONAL PARK 

Objectives 

F. Robert Gartner 
South Dakota State University 

One of the major grassland communities in Wind Cave National Park is 
the 1 ittle bluestem - big bluestem - sideoats grama (Schizachyrium 
scoparius-Andropogon gerardi-Bouteloua curtipendula) Community. The 
effects of fire on the c001ponents of this plant community we_re deemed 
important because: 1) this warm season community occupies a significant 
portion of the grasslands of the Park; 2) the community occurs on soils 
that are usually shallow, rocky, and weakly developed and are, therefore, 
highly susceptible to erosion if the plant cover is reduced by fire; and 
3) previous pilot studies have indicated a wide variation in response to 
fire by the major components of this community, possibly due to varia
tions in fuel and soil moisture at the time of ignition. 

While the general nature of the relationship between the moisture con
tent of fuel at the time of burning and vegetation response is known, 
the relationship has not been evaluated in a quantitative manner. Quanti
tative evaluation is desirable in order to use prescribed fire in the 
total Park Management Plan, and to write mea n ingful burning prescriptions. 

The objectives of this study are to determine the effects of different 
levels of fuel and surface soil moisture at the time of ignition of pre
scribed fires on vegetation composition, yields, and on post-burn soil 
moisture, soil temperatures, and soil chemistry of the grasslands of Wind 
Cave National Park. 

Procedures 

The study was designed to include burning at three fuel moisture levels, 
together with an unburned control, with four replications of each treatment. 
At some locations in the Park, the warm season plant community previously 
described is dominated by a nearly pure stand of little bluestem. In 
other locations, that species may be considered a co-dominant with big 
bluestem and sideoats grama. Therefore, the treatments described above were 
randomly assigned to a relatively homogeneous set of plots located in each 
of those two variations of the plant community . 

Initially, different fuel moisture levels were to be obtained by adding 
water at different rates or at different intervals before ignition. However, 
naturally occurring fuel moisture differences on different dates permitted 
ignition of ''dry", "medium", and "wet'' treatments between May 26 and June 
2' 1978. 
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Before ignition, the following information was col 1ected: basal area and 
length of previous year•s flower culms of 1 ittle bluestem, dead and green 
fuel loads, fuel and surface soil moisture, and soil samples for chemical 
analyses. Permanent photo points were located and initial photos taken. 
During the burns, measures of wind speed and direction, air temperature, 
relative humidity, maximum fire temperatures, and flame heights were 
recorded. Photographs and measurements of plant length and soi 1 moisture 
were taken periodically throughout the summer of 1978. Clipping to 
estimate 1978 plant yields was completed in mid-August. The number and 
length of flowering culms of little bluestem were recorded at the time 
of clipping. 

Results 

Burning conditions for the "dry 11
, 

11medium••, and 11wet 11 treatments are 
summarized in Table 1. Analyses of vegetation and soi 1 response have 
not been completed. Initial indications are that the vegetation and soil 
differences due to burning conditions are negligible. The lack of vege
tation and soil respqnse may have been due to the range in burning condi
tions being too narrow. Adequate precipitation following treatment may 
also have reduced the vegetation differences between treatments by allowing 
fire damaged vegetation to recover and 11catch up" with the undamaged 
vegetation. Complete data analysis will be necessary before any definite 
conclusions can be drawn. 
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ELK FOOD HABITS AND RANGE INTERACTIONS 
WITH OTHER HERBIVORES IN WIND CAVE NATIONAL PARK 

Objectives 

Adrian P. Wydeven 
Iowa Cooperative Wildlife Research Unit 

Iowa State University 

The elk (Cervus elaphus nelsoni) population in Wind Cave National Park 
(WCNP) has varied considerably during the last 20 years (Lovaas 1973, 
Varland et al. 1978). Leopold et al. (1963) recommended that ungulates 
in nationalparks "be reduced tolevels that the range will carry in 
good health and without impairment to the soil, the vegetation, or to 
habitats of other animals". Because elk are able to occupy a wide variety 
of habitats (Murie 1951), and have such varied diets (Kufeld 1973), they 
have great potential to compete with other herbivores. Data are needed 
on specific elk food habits and herbivore habitat relationships in WCNP 
to adequately manage ungulate populations . A description of WCNP was 
given by Lovaas (1973), and the previous repor t on the present study 
(Wydeven 1978). Field work was conducted from 6 June 1976 through 12 
August 1977. 

The specific objectives of this project were as follows: determine food 
habits of elk and patterns of range use; determine principal forage species 
and select methods for evaluating forage trends; investigate competition 
for forage among herbivores; and evaluate health of the elk population. 
Competition was examined mainly between the park ungulates, consisting of 
bison (Bison bison), pronghorn (Antilocapra americana), mule deer 
(Odocoileus hemionus), and elk. 

Procedure 

Major field procedures included collection and postmortem examinations on 
30 elk, feeding-site examinations, kill-site examinations, seasonal forage 
availability analysis, and ungulate observations (Wydeven 1978). Rumen 
samples were examined by a point-analysis method. Histopathological exam
inations were made on tissue samples by David L. Graham (Veterinary 
Pathology, Iowa State University, Ames). A modified sugar centrifugation
floation technique was used to concentrate parasite eggs, larvae and 
oocysts in fecal samples. Serological examinations of elk blood samples 
were conducted by the National Animal Disease Center, USDA, Ames, Iowa. 
Elk were aged using cementum layer counts by Leslie Rice (South Dakota 
Department of Game, Fish and Parks, Rapid City). 
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Statistical analysis of the data was done by SAS computer programs (Barr 
et al. 1976). Comparisons and relationships were tested using the follow
tng_:_ chi-square, t-test, analysis of variance, 1 inear regression, correla
tion coefflcfents,-and Z-tests. Significance levels for most tests included 
0.01, 0.05, and 0. 10. Modifications for multiple comparisons were made on 
Z-tests (Neu et al. 1974). Similarity indices (SI) were calculated in the 
manner of Anthony-and Smith (1977). 

R sults and Discussion 

Winter was the only period during which food habits data were available for 
all ungulates . Elk and pronghorn were most similar (S1=50 percent) in 
forage selection at feeding sites; both species utilized sageworts 
(Artemisia spp.) extensively. Overlap between elk and bison was 30 percent 
while other combinations of species had Sl values of 15 percent or less. 
Elk and bison fed on similar graminoids. Mule deer fed mostly on browse, 
while elk fed on forbs and graminoids. 

Bison and pronghorn were most similar of all species in habitat selection 
(51 81-95 percent) and spatial distribution (S1=50-74 percent). Habitat 
use of bison and pronghorn was approximately the same during summers (1976 
and 1977) and spring (P>O. 10), but was different during fall and winter 
(P<O.Ol). Elk and mule deer were the second most similar in habitat selection 
(SI-67-83 percent), but were the most dissimilar in spatial distribution 
(51~7-23 percent). Other combinations of species were less than 70 percent 
similar in habitat selection, and 47 percent or less similar in spatial 
distribution. Bison and pronghorn generally favored silty range sites, 
while elk and mule deer favored shallow range sites and woodland sites. 

Bison were the only ungulate to consistently select for recent prairie burns. 
Pronghorn selected against a burned area during summer 1977 (P<0.05). Elk 
observations on burns were too infrequent to determine selectTOn. 

Pronghorn were sighted more frequently on prairie dog towns than any other 
ungulate. Generally ungulate use on prairie dog towns was highest in summer 
and lowest in winter. Elk use of prairie dog towns was highest in fal 1. 

Males and mixed groups (females, juveniles, and others) of ungulates 
selected habitat differently among elk and bison, but similarly among prong
horn and mule deer. Elk male groups had very low spatial overlap with elk 
mixed groups (51=9-29 percent). Apparently elk and bison minimize intra
specific competition by differential habitat selection and by spatial segre
gation between sex groups. 

Tl1e weight of bull e lk was variable, but appeared to decline from summer 
through winter. Mean bull weight during winter was significantly lower 
than mean summer weight (P 0.05). Such weight changes are generally 
expected for Cervus elaphus (Mitchell ~ ~- 1976). 
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Elk were mostly in good condition. Sarcocystis spp. were found in 23 of 
24 elk hearts, but did not appear to seriously affect the elk. Hemosider
osis was found in 6 of 21 1 ivers, probably related to age as 5 were over 6 
years old. Chronic interstitial pneumonia was found in 3 of 25 lungs. 
Two elk were positive for anaplasmosis and three for brucellosis out of 25 
serum samples. No elk was found positive for bovine viral diarrhea, infec
tious bovine rhinotracheitis, parainfluenza, bluetongue, epizootic 
hemorrhagic disease, or 12 serotypes of leptospirosis. 

Recommendations and/or Conclusions 

Competition among ungulates is generally minimized by differential habitat 
selection, spatial distribution, and forage selection. Elk and pronghorn 
have the greatest potential for winter forage competition. Elk may have 
displaced mule deer, as they both have similar habitat selection, but differ 
greatly in spatial distribution. Prairie dog towns are utilized to some 
extent by all ungulates. Further studies are needed to determine elk selec
tion for burned areas. Pathological and physiological conditions studied 
did not seem to be important to the health of the elk population. 
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16 BIGHORN CANYON NATIONAL 
RECREATION AREA 

P. 0. Box 458 
Fort Smith, Montana 59035 
Superintendent: Homer L. Rouse 
Telephone: (406) 666-2412 

17 CUSTER BATTLEFIELD NATIONAL 
MONUMENT 

P. 0. Box 39 
Crow Agency, Montana 59022 
Superintendent: James Court 
Telephone: ( 406) 638-2622 

18 BIG HOLE NATIONAL BATTLEFIELD 
P. 0. Box 237 
Wiscom, Montana 59761 
Superintendent: Alfred Schulmeyer 
Telephone: (406) 689-2530 

19 GRANT-KOHRS RANCH NATIONAL 
HISTORIC SITE 

P. 0. Box 790 
Deer Lodge, Montana 59722 
Superintendent: Thomas Vaughan 
Telephone: (407) 846-2070 
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NATIONAL PARK SERVICE AREAS 
COOPERATING WITH 

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

North Dakota and South Dakota 

FORT UNION TRADING POST NATIONAL 
HISTORIC SITE 

Buford Route 
Williston, North Dakota 58801 
Superintendent: William Wellman 
Telephone: (701) 572-9083 

THEODORE ROOSEVELT NATIONAL 
MEMORIAL PARK 

Medora, North Dakota 58645 
Superintendent: John Lancaster 

6 

7 

Telephone: (701) 623-4466 8 

KNIFE RIVER INDIAN VILLAGES 
NATIONAL HISTORIC SITE 

c/o Theodore Roosevelt Natl. Mem. Pk. 
Medora, North Dakota 58645 
Superintendent: John Lancaster 9 
Telephone: (701) 745-3636 

INTERNATIONAL PEACE GARDENS 

BADLANDS NATIONAL MONUMENT 
P. 0. Box 6 
Interior, South Dakota 57750 
Superintendent: James Jones 
Telephone: (605) 433-5361 

WIND CAVE NATIONAL PARK 
Hot Springs, South Dakota 57747 
Superintendent: Lester McClanahan 
Telephone: (605) 727-2301 

MOUNT RUSHMORE NATIONAL 
MEMORIAL 

Keystone, South Dakota 57751 
Superintendent: Harvey Wickware 
Telephone: (605) 574-2523 

JEWEL CAVE NATIONAL MONUMENT 
Custer, South Dakota 57730 
Superintendent: Lester McClanahan 
Telephone: (605) 673-2288 
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