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DIRECTOR'S REPORT 

This Annual Report is a report of the transition from the Jackson 
Hole Biological Research Station to the newly created Universi t y of 
Wyoming-National Park Service Research Center. On May 24, 1977, a 
Memorandum of Agreement, signed by the National Park Service and the 
University of Wyoming, merged the Jackson Hole Biological Research 
Station with the Northern Rocky Mountain Parks Studies Cooperative 
Program to form a single entity, the University of Wyoming-National 
Park Service Research Center. Administratively; the Research Center is 
governed by an 8-member Steering Committee composed of 4 University of 
Wyoming representatives and 4 National Park Service representatives. 
The University of Wyoming Vice President for Research serves as Committee 
Chairperson. A faculty member of the University of Wyoming is Director 
of the Research Center Program and is administrator of the Research 
Center facilities. Also, the Director is an ex-officio member of the 
Steering Committee. Regretably, the New York Zoological Society dis
continued its longtime affiliation with the research program. Because 
the research program and facilities were firmly established, the Society 
felt it accomplished their original objectives set forth when the Research 
Station was established in 1948. Consequently, their future efforts 
would be directed toward the development and improvement of other ongoing 
and new research programs of the Society. 

The primary function of the Research Center is to sponsor and support 
substantial and significant research in the biological, physical and 
social sciences which can best be done in the National Park areas of 
Wyoming, Montana, North Dakota and South Dakota because of the unique 
features those areas possess. While much of this research wi 11 be directed 
at solutions to management problems and improvement of interpretation 
information, there will be a concentrated effort to encourage and maintain 
support for a substantial basic research program. Research projects 
may extend beyond the exact boundaries of the Park areas to work on 
problems common to the Park lands and adjacent lands. Also, research 
studies may be sponsored by other institutions or individuals, or researchers 
may work independently at or through the Research Center. As at the 
Research Station, the Research Center facilities include laboratories, 
1 ibrary, 1 iving, seminar, shop and storage accommodations. 

On July 1, the Acting Director of the Research Station was appointed 
as Director of the Research Center. Under this arrangement, the National 
Park Service provides the salary for 1/4 of the Director's time. The 
University of Wyoming provides the salary for 1/4 time Research Center 
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administration and 1/2 time teaching and research responsibilities in 
the Department of Zoology and Physiology. Negotiations for a new loca
tion of the research facilities culminated on July 15 with the 
National Park Service issuance of a 15-year Special Use Permit for the 
AMK (Berol Ranch) properties. The location of the new Research Center 
fac·ilities, appraised at approximately $500,000, is shown on the map 
found on the inside cover of this Report. 

Besides the excellent condition of the physical plant and 
its admirable adaptability to the basic Research Center needs, the AMK 
site and facilities provide several other important benefits. First, 
the close proximity to Jackson Lake provides a much needed aquatic habitat 
interface for research and the Boat House provides the basic structure 
for an excellent aquatic laboratory. The three seminar rooms in the Berol 
Lodge provide excellent facilities for small research meetings and work
shops amongst Park area scientists and researchers. Also, the relatively 
isolated location of the AMK site reduces the visible presence of the 
Research Center facilities in comparison to the highly visible presence 
of the facilities at the Research Station site. Lastly, the rich 
historical character of the entire AMK site is an invaluable Center 
heritage whose protection and maintenance is enhanced by the presence of 
the Research Center. 

From a total of 29 proposals submitted, 22 Research Center projects 
were approved for the 1977-78 project year. Thirteen of t hese 
projects were funded by the Research Center, of which 2 were also par
tially funded by the U.S. Fish and Wildlife Service, 1 was funded by the 
National Park Service and the U.S. Bureau of Reclamation, 3 were funded 
by the National Science Foundation, 2 were funded by the University of 
Wyoming Agricultural Experiment Station and the remainder were independent l y 
supported. Project investigators represented 14 institutions. Of the 
22 projects, I was conducted in Glacier National Park, 7 were conducted 
in Yellowstone National Park, 1 was conducted in Wind Cave National Park, 
8 were conducted in Grand Teton National Park, and 5 were conducted 
jointly in Grand Teton and Yellowstone National Parks. Eleven of the 
projects were conducted by researchers residing at the Research Station. 

The first resident researchers to use the new University of Wyoming
National Park Service Research Center facilities were the following 
botanists: Dr. Valery I. Nekrasov, Head, Department of Seed Exchange and 
Seed Inventory, Main Botanical Garden, U.S.S.R. Academy of Sciences, Moscow; 
Dr. Lillian S. Plotnikova, Senior Scientist, Main Botanical Garden, Moscow, 
U.S.S.R.; Dr. Igor Belolipov, Senior Scientist, Tashkent Botanical 
Garden, Tashkent, Uzbekistan, U.S.S.R.; and Dr. Robert Hebb, Horticulturalist, 
Cary Arboretum, New York Botanical Gardens. 

The United States National Academy of Science sponsored the visit of 
the 3 U.S.S.R. botanists and Dr. Hebb under their Scientist Exchange 
Program. Purpose of the visit was to observe various plant associations 
and communities and to collect plant materials from those vegetative 
aggregations in Grand Teton National Park and Yellowstone National Park. 
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The 1977 summer research activities were conducted in the usual 
manner from the Biological Research Station. However, the physical trans
fer of the research and housing equipment to the new AMK site was the 
major undertaking of the 1977 season. Preparation of the AMk facilities 
to accommodate researchers was initiated in July and continued through 
October. To successfully accomplish this task the University of 
Wyoming provided $14,322 for necessary repairs, modification and equipment. 
By early October, 80% of the equipment and supplies had been moved from 
the Research Station to the new Research Center. Three researchers lived 
and worked at the Research Station at different times during the period 
of September to early November. Following the last researcher's departure, 
the Research Station was winterized, all utilities were disconnected and 
the facilities were closed. The equipment and supplies remaining at the 
Research Station are scheduled for removal to the Research Center 
in late May and early June of 1978. The transfer of the entire research 
operation to the AMK Research Center Site will be completed by July 1, 
1978. The four Research Station buildings owned by the University will 
be sold for removal from the site. Some of the Research Station buildings 
owned by the National Park Service will be moved to new locations and 
the remaining buildings will be sold for removal along with the University 
build i ngs. By early summer of 1979, plans are to have all of the Jackson 
Hole Biological Research Station buildings removed and the site reclaimed 
to its woodland state. 

Under conditions of the sale of the AMK lands to the National Park 
Service, Mr. Slim Lawrence has lifetime tenancy as a research Center 
resident. We are particularly fortunate that this arrangement was made 
since he has served as the caretaker and 1 ived as a resident on the site 
since 1929. His advice and counsel have been invaluable in the transition 
and early operational stages. Mr. Lawrence and a young couple spent the 
1977-78 winter at the Research Center. This aided in safeguarding against 
theft and vandalism. Various alternatives are being explored to continue 
having winter residents at the Research Center. 

After 27 years of employment by the Research Station, Noble Gregory 
retired on January 1, 1978. Fortunately, the Research Center was able to 
obtain the services of Mr. John B. Adams as Mr. Gregory's caretaker 
replacement. Mr. Adams had been serving as the caretaker on the AMK 
Ranch when it was sold. 

Research activities will be undertaken at the Research Center during 
the 1978 season. However, it is planned that the Center wi 11 not be 
operating at full capacity until the 1979 season. The basic rustic 
character of the AMK buildings and environment will be maintained through
out. Refurbishment and stocking of the new facil ·ities with equipment and 
supplies, plus working out operational and maintenance procedures, will 
require most of the Research Center staff's attention in 1978. 

Kenneth L. Diem 
Director 
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INVESTIGATION OF COMMUNICATION 
SYSTEMS IN FREE-RANGING WILD 

UNGULATES 

Margaret Altmann 
Department of Psychology 
University of Colorado 

With the assistance of Betty Erickson, long-term field investiga
tions were continued in the period from May 31 to September 9, 1977. 
The unusual environmental situation of extreme drought provided some 
new insights into undiscovered aspects of ungulate behavior: 
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1. The severe drought which prevailed during part of winter, 
spring, and summer, 1977 changed the behavior and general 
migratory patterns of the elk, deer, and moose in the obser
vational areas. Due to the complete drying up of side streams 
and ponds, an erratic behavior of feeding and water-searching 
was found to exist, which differed markedly from previous 
years of observation. Moose and mule deer groups and individuals 
were affected most by the change. The elk were less diverted 
by the drought since they kept in the higher locations of the 
ranges · which had more functional water supplies through most 
of the season, but they too were affected in part of their 
migration routes. 

2. The grazing domestic livestock in the wilderness area was also 
in unusual disarray. The herd groups continuously scattered 
and returned from the grazing locations to reach or find the 
main water supplies in the valley and exhibited for most of the 
summer a disturbed, more mobile and noisy behavior which inter
fered with the game observations. In addition, we found a 
sharp increase in highway and road traffic from outfitter and 
supply trucking on the Buffalo Valley Road which compounded 
the difficulties in road crossing for game groups and individual 
game animals. 

Evaluation of this season's research results will be included in a future 
report. 



Objectives 

VARIATION IN AND ECOLOGY OF ASPEN 

Dr. Alan A. Beetle 
Division of Plant Science 

University of Wyoming 
Laramie, Wyoming 

Aspen is a key range plant on elk winter range. The suppression of normal 
stands characterizes Jacksoh Hole. This long term study focuses on both 
the autecology and the synecology of Populus tremuloides. 

Procedures 
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15 years ago a survey was made of aspen stands along Pacific Creek from the 
Snake River to the wilderness boundary. These stands have been mapped and 
measured every year since. 

Annual inspection of aspen burns have used the same techniques. Annual 
inspection of range exclosures have resulted in measurement of aspen growth, 
changes in aspen understory, shrub height, and density, frequency and ground 
cover of herbaceous plants. These data are used to determine the condition 
classes of game ranges. 

Results 

All exclosures in the Jackson Hole area show fenceline contrasts. All aspen 
stands show structural alteration. There is no evidence of increased aspen 
regeneration resulting from fire. 

A special study has shown that aspen is not seral in many cases, that fir is 
a natural component of climax aspen, that lodgepole pine invasion indicates 
a disclimax. 

Another special study has shown that the distribution patterns of members of 
the Scabrellae/Secundae complex of Poa are descrete. 

Conclusions 

Yearly measurements of root sprouts in quaking aspen stands in Jackson Hole 
since 1964 show that, each year, available annual growth (sometimes more) is 
consumed completely during the seasons following the yearly increment. As a 
result, a conspicuous gap between the snowline and the highl ine is character
istic of all stands except those on north slopes which are protected by the 
depth of the winter snow pack. Elk are the primary consumers. Second, but 
significant, are the moose. 
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Eldon Ayres, a graduate student in range management, University of Wyoming, 
assumed primary responsibility for a study of the distribution of species of 
P oa. 

Jeffrey Weinstein, a senior in range management, University of Wyoming, 
assumed primary responsibility for a study of shrub heights and densities inside 
and outside of Jackson Hole exclosures. 
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PARASITES OF UNGULATES IN THE JACKSON HOLE AREA: 
SCARABAEOID BEETLES ACTING ON LUNGWORM, 

Dictyocaulus viviparus, LARVAE IN ELK FECES 
1977 

Robert C. Bergstrom 
Division of Microbiology and Veterinary Medicine 

University of Wyoming 

The lungworm of elk, Dictyocaulus vtvtparus, elk strain, is 
morphologically quite like the species in cattle but the parasite 
affects the two species of host animals in very different ways. 

In cattle, Q. viviparus is usually found only in young animals. 
After a calf is exposed and makes antibody or cell mediated 
immunological responses to the the parasite, the calf usually can 
not be 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 infection or reinfection annually 
(April-May). It appears that the reinfection time coincides with 
the span of time in which the elk are at their physiological low. 
The April-May period may be the time when serum proteins such as 
albumin, gamma globulin and, perhaps, other immunologically 
oriented serum proteins are at a seasonal low. 

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

Objectives 

The objectives of the present study are: 

1. Continue research of the prevalence of Dictyocaulus viviparus 
in Teton elk during four seasons of the year. {This ~ust be 
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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 fall for relative 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. 

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 herd 
(Yellowstone National Park) if time permits. 

Procedures 

Fecal analyses were conducted by the use of a jet of water played 
over 60-100 g elk fecal pellets 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 pellets were again rinsed by a jet 
of water after which the pellets were removed 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 1 ight 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 including the area of the main bifurcation of the trachea. 

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

6 



Results 

Percent of elk, positive for Dictyocaulus sp. lungworm, was lower 
during the spring, summer and fall months of 1977 as compared to 
per cent of infected elk during the same time of year for the past 
5 years. 

Percent of elk positive for lungworm (larvae or adults) is 
shown in Fig 1. with the highest prevalence, as usual, in late May. 
During the spring and summer, the prevalence of positive elk 
decreased to 34 percent in August and 12 percent in early November. 

Laboratory work with Aphodius spp. beetles versus Dictyocaulus sp. 
larvae was conducted during late May - early June during the season 
with the results of experimentation shown in six trials, Table 1. 

In other trials during May, and later (August) it was determined 
that the Aphodius spp beetles are only poorly attracted to elk feces 
that have remained in a refrigerator for 2-6 days at 4 C degrees. 

Observations made in the field indicated that beetles are much more 
active, and thus more efficient predators, in the natural environment 
than they are in the artificial environment of the laboratory. 

During August, elk of Big Game Ridge, along the south boundary of 
Yellowstone National Park, were checked via fecal analyses for the 
presence . of Dictyocaulus sp larvae in elk feces. Two elk, of 12 
sampled, were positive for a prevalence of about 17%. This per 
cent of prevalence is much like that of previous years. 
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Discussion 

Since the per cent of elk, positive for Dictyocaulus viviparus, 
was the lowest (57% positive, May 1977) as compared to a similar 
time of year for ten years in Teton Park elk, one is tempted to 
conclude that the reason for the relatively low prevalence of 
lungworms in the spring was the mild winter of 1976-77. Since we 
cannot prove the relationship of low numbers of elk on the refuge 
(2500-4500 during 1976-77) and/or better physiological condition 
of the elk during May 1977, the conclusion must await more evidence 
in succeeding years. If numbers of elk are high during the winter 
of 1977-78, one would predict a return to high prevalence 
percentages in May 1978. 

Aphodius spp. beetles are excellent decimators of lungworm 
larvae, but the laboratory data presented herewith does not 
show the true per cent of decimation of Dictyocaulus larval 
populations by beetles. A. vittatus beetles 11hit'' elk feces 
within 10 seconds after the fecal material reached the ground 
when air temperatures were near 80F degree during early 
June 1977. Ten beetles were active on the fecal pellets before 
the observer could sprint 30 yards from observation point to 
the fecal material. Such rapid activity was never seen in 
laboratory trials. Laboratory data therefore, never shows 
the extremes of decimation activity by beetles against lung
worm larvae as achieved in the field. 

More field work will be conducted during the warmer months of 1978. 

Conclusions 

1. Beetles have a very important decimatory affect on lungworm 
larval populations. 

2. Lungworm populations in elk are apparently affected by 
weather patterns. The severity of a winter may force greater· 
numbers of elk to smaller wintering areas and thus affect 
Dictyocaulus lungworm prevalence. 

3. Many micropredators are active against lung parasites of 
elk, but many, perhaps most, effects of the micropredators 
are not yet known. 
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Table 1. Decimation of Dictyocaulus v1v1parus larval populations due 
to the action of Aphodiu spp. beetles in laboratory trials. 
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Trial 
No. 

No. Hrs. 
of Interaction 
1 arv. 

No.of Dictyocaulus larvae 
Control; Principle 
No beetles w/10 beetles 

% decrease in larval 
numbers due to 
beetles 

2 

3 

4 

30 

36 

42 

72 

5 

6 

120 

Per 
cent 
Infected 

55 

100 

50 

25 

12 

17 

22 

15 

20 

16 

Jan. 

6 

32 

21 

60 

36 

32 

57 

May 

0 

4 

8 

6 

9 

16 

100 

81 

56 

90 

75 

50 

12 

Aug. ov. 

Fig. Prevalence of Dictyocaulus-infected elk, 1977, from fecal 
analyses (Jan., May and Aug.) and lung dissection (Nov.). 
Teton National Park. 

-· 
an. 



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 

Presented here is a partial summary of ongoing research (May 1977 to date) 
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and some results from previous phases of study (April 1975 to September 1976-
17 mo.). The research is presently funded by the Northern Rocky Mountain 
Cooperative Study Project and Teton Natural History Association. Previous 
phases were funded by the National Geographic Society. Several people aided 
materially and cooperated in the project, and their assistance is greatly 
appreciated: T. Campbell, W. Barmore, P. Hayden, D. Casey, J. Weaver, 
J. St. Amant, G. Kantak, P. Lehner, I. Belan, T. Hauptman, and J. Hoak. 

Study Objectives 

The research is aimed at determining the role of animal behavior and 
environmental factors in regulating marten populations and social organization. 
This information has pratical management applications. A model of population 
organization was presented by Clark (1977a). Discussion of specific 
hypotheses of this model and methods of evaluation was presented by Clark 
(1977b). 

Methods 

Marten spatial behavior and population composition is being measured 
via an intensive live-trapping program. Trapping techniques and handling 
and marking methods were outlined by Clark (1977a,b) and Clark and Campbell 
(1976). 

Food use data are being obtained from scat examination (ca 25+ per month) 
following methods used by Clark and Campbell (1977). 

Vegetational and physical attributes of marten habitat were measured at 
93 sample plots (0.05 ha) systematically along marten tr~p 1 ines. Data 
wereanalyzed by a stepwise discriminant function program (Cooley and Lohnes 
1971) in an attempt to distinguish statistically between areas where martens were 
captured and areas where they were not. 

Skulls are being collected from trappers in areas adjacent to the Park. 
Fourteen skul 1 measurements were recorded. If a positive correlation can be 
found between any measurements and age (from cementum annuli), we will then 
have a simple, rapid means to age skulls and possibly 1 ive animals. 
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Marten vocalizations were recorded from live-trapped animals. A Nagra IV-L 
recorder and BASF 1.2 mil tape at 7 1/2 and 3 3/4 ips were used. Tapes were 
subsequently analyzed with a Kay Sono-Graphy 7029A, using a wide band pass 
filter and a frequency range of . 16- 16KHz. 

Study Area 

The study area (9.6 km2) is located in Grand Teton National Park in a mixed 
lodgepole pine-Englemann spruce/subalpine fir zone at about 2200 m. This 
area was burned in 1879. Understory plants include huckleberry 
(Vaccinium membranaceum and V. scoparium), pinegrass (Calamagrostis rubescens), 
Geyer 1 s sedge (Carex ~eyeriiT, and willows (Salix spp.). Annual temperatures 
1950-1975 averaged 2. C (monthly range from -9.9 C to 15.7 C), with snow 
accounting for 70% of the annual precipitation of 61.5 em. 

Results and Discussion 

Thirty-five martens have been captured since April 1975, 23 males and 12 
females (1.9M:l.OF). Of 11 males, the mean stay on the study area was 
242 days (range 1-629) and for 9 females was 143 days (1.508). Home range sizes 
from trap data average about 280 ha for males and 100 ha for females. Data 
collection and analysis continues. 

Food uses based on analysis of 199 scats (8-36 per month) collected from 
December 1975 to August 1976 showed eight species or categories of mammal 
remains. These made up 91% of the total scat contents. Birds comprised 
9% and small amounts of arthropods and plant materials were found. Sc3t 
collection continues so that seasonal and annual variations may be detected. 

Seventeen parameters (vegetation, topography, etc.) of marten habitat were 
measured to try to distinguish areas occupied by martens. Areas were defined 
as occupied by martens if traps in that area captured animals more than once. 
Trapping records from April 1975 to November 1977 were used to determine occupied 
areas. Stepwise discriminant analysis of the selected parameters was performed 
with SPSS program on an IBM 370 computer. 

Martens were captured more than once at 24 of 31 permanent trap stations 
with a wide range of structural characteristics (Table 1). Only three of the 
selected vegetation parameters were significant or nearly so in distinguishing 
occupied areas: basal are~ of trees defined as hunting sites (Clark and 
Campbell 1977) (P=0.04), Sapling density (P=O. 12), and density of trees 
defined as hunting sites (P=O. 13). The density of hunting sites, and their 
average basal area, and sapling density were all greater on sites unoccupied 
by martens. It is postulated that the values of these parameters on sites 
occupied by martens- while smaller- were still above a threshold level 
and thus adequate. It is believed that the close proximity of the unoccupied 
trap sites to a large pasture (moderately grazed by livestock) reduced their 
attractiveness to martens. Such open areas devoid of hunting sites did not 
provide martens access to staple microtine prey under deep snow cover. 



Teeth from skulls from Teton Wilderness (n=l6) averaged 3.6 ± 4.2 cementum 
layers (range 0. 13) and those from Targhee National Forest (n=21) showed 
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a mean of 1.2 ± 2.0 (range 0-7). Approximately 100 other skulls are being 
examined. A problem in interpreting comentum annuli counts from unknown age 
animals is to determine at what age and at what time of year the first 
annulus is deposited (Kelly 1977). The sable, a member of the same genus 
as pine martens, was found to have annual layers which corresponded exactly to 
age in 55% of the specimens while the remaining ones were equal to age plus 
or minus one year (Klevezal' and Kleinenberg 1967). An attempt is being 
made to obtain known age marten skulls. Skull parameters will then be 
analyzed in relation to numbers of cementum layers for correlations. 

Vocalization were analyzed in five adults (3 females and 2 males). Sounds 
were classified as they were preceived by myself, I. Belan, and P. Lehner 
and as their physical characteristics were revealed by analysis of the 
sonograms. The 7 vocalizations are not discrete but represent a continuum 
with intermediate forms. Since all the recordings were made while martens 
were in live-traps, it is believed that these vocalizations were either 
agonistic or distress sounds. However, since the American pine marten 
is considered to be solitary and territorial except during its reproductive 
period, it is likely these 7 vocalizations represent the pine marten's 
repertoire, except for vocalizations used during courtship and mating. 
This work has been submitted for publication (Belan ~ ~· 1977). 
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Objectives 

RELATION OF BIRD DENSITIES TO ABUNDANCE OF THEIR 
INSECT PREY IN SALIX HABITATS 

Martin L. Cody, Dept. Biology, 
University of California, 

Los Angeles, California 90024 
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Insectivorous birds at temperate latitudes may or may not be food limited, 
and the degree to which they are can be assessed, by hypothesis, from the 
degree to which the densities of insectivorous birds are correlated to 
their food supplies, both within a habitat type between different years 
of different productivities, and among habitat types of different prod
uctivities in the same year. Speculation on the food limitation of such 
consumer organisms has been extensive, but little data exists. My studies 
in Jackson Hole Wyoming are designed to provide data on bird density and 
on concommitant insect density. 

Methods 

Birds are censused almost yearly in 5! acres of willow marsh opposite the 
site of the old Research Station. By use of successive mapping of act
ivities in a 15m grid system, the densities of 5 spp. of Parulid warblers, 
4 species of Emberizid finches, and one sp. of Tyrannid flycatcher are 
assessed. Insect densities are estimated with the use of Tanglefoot traps, 
using standard methods of i oz Tanglefoot per side of lOxlOcm flat-white 
phaques. The plaques are arranged 5-10 per station at different heights 
about the ground, and 4-8 stations are used throughout the study area. 
Insects are removed from the plaques daily, and their biomass, size dis
tribution and taxonomic categories recorded. These studies have been in 
progress since 1966, with critical data collected during the last 4 years, 
including 1977. 

Results 

Insect biomass varies 2-3 fold between years, and bird densities between 
years are correlated with these changes. Within a given year, the for
aging height distributions of the insectivorous birds sum to match the 
distribution over height of available insect resource, and the bird den
sities are adjusted such that a close fit is observed between the insect 
bioma1s distribution and the bird utilization. These results are still 
in th ~ analysis stage, but preliminary results indicate close tracking by 
bird Jopulations of local (between-site) and temporal (between-year) 
variation in food supply. 



Discussion 

The data collected in this study constitute a definitive test of Mac 
Arthur's minimization principle, in which a least-squares fit is pro
duced, via competitive interactions within and between species, between 
consumer utilization and resource abundance. Problems still to be re
solved include aspects of resource renewal rate and the interaction of 
this parameter with standing crop estimates. 
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INSTREAM FLOWS FOR BEAVER POPULATIONS: 
EFFECTS OF A MIDWINTER DRAWDOWN OF THE SNAKE RIVER 

AND DROUGHT IN GRAND TETON NATIONAL PARK 

Objectives 

Dr. Thomas C. Collins 
Penn State University 
DuBois, Pennsylvania 
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In 1976 and 1977, much of the western United States experienced severe 
drought conditions and by mid-winter of 1976-77, streams, lakes, and 
ponds in northwest Wyoming were noticeably affected. In apparent antici
pation of water shortages for summer irrigation needs, the Bureau of 
Reclamation administering the Jackson Lake Dam in Grand Teton National 
Park reduced daily discharge to nearly 100 cfs in early February of 1977 
and maintained abnormally low discharges until May of 1977. This compares 
with a mean February discharge of 606 cfs for the previous 20 years (U.S. 
Geological Survey, 1957-1977). The consequences of a mid-winter drawdown 
on fish and wildlife populations requiring relatively stable winter stream 
flows are generally unknown but it was immediately apparent that aquatic 
mammals in the park, especially beavers, were adversely affected (Mr. Peter 
Hayden, NPS Biologist, GTNP, Personal Communication, March 25, 1977). 
Meaningful assessment of this perturbation and the drought that continued 
through the summer of 1977 was possible since background data on beaver 
populations in the park were available (Collins, 1976a). 

It was hypothesized that the mid-winter drawdown resulted in: (1) extensive 
territory abandonment and subsequent movements; (2) heavy mortality related 
to stress and predation; (3) reduced reproductive performance of the popu
lation; (4) temporary changes in the distribution of beaver colonies on the 
upper portion of the Snake River below the Jackson Lake Dam. The antici
pated significance of th1s study was to: (1) provide interpretive data on 
stream flow effects; (2) delineate management implications with regard to 
adaptability of beaver populations to perturbations of flow regimes; (3) pro
vide baseline data on minimum flow needs for aquatic mammals. 

Procedures 

Colony abundance was necessarily determined by intensive survey of the 
study area on foot and from a raft. Since population density on the Snake 
River floodplain varies seasonally, it was necessary to census the popula
tion continuously throughout the study period. Presence of frequently 
marked scent mounds, fresh cuttings of woody vegetation, and actual beaver 
sightings are some of the signs of an established colony though transients 
on the floodplain may leave the same signs but do not establish a colony. 
Therefore, colonies were recorded as established only after the dwelling 
was located. 
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Colony sizes were determined by live trapping and subsequent observations 
for untrapped animals. Live trapped beavers were categorized into age 
classes on the basis of weight and other body dimensions or directly when 
birthdates were known. It was assumed that a colony consisted of a single 
mated pair and that all other individuals in the colony were offspring less 
than three years of age. 

Beavers were captured for marking using Hancock or Bailey live traps with 
castor scent as a lure and aspen often used as bait. · Traps wete set one 
hour before sunset, were checked several times through the night, and were 
closed at sunrise. Live trapped beavers were weighed, sexed by palpation 
for a baculum, and tagged on each ear with a No. 4 Monel metal tag stamped 
with a number and information identifying the investigator. Weight, tail 
length, and tail width were measured for age corr~lation and behavior, 
reproductive condition, and other characteristics or distinguishing marks 
were noted. 

Colonies on the first several miles of the Snake River below the Jackson 
Lake Dam were intensively trapped and observed to determine the reproductive 
success of these colonies which should have been the most severely affected 
by the drawdown. Kits are trappable after two to four weeks of age and are 
frequently observed feeding away from the dwelling after one month. These 
methods determine realized production, not fertility, since post-natal kit 
mortality is unknown and would be very difficult to assess. The presence 
of young in a dwelling can be determined from their vocalizations (whining) 
as early as the first of June. 

Due to the beaver's motility and annual dispersal of large numbers of young, 
it is difficult to assess mortality at the colony .level. However, it can 
be assumed that only the two year olds will disperse each year and that 
adults and kits found in a colony one year should still be present the 
following year. This assumption permits an assessment of mortality for 
these age classes if these individuals in a colony were previously marked 
or were otherwise known. Information on age classes and number of indi
viduals derived from previous studies was used to estimate mortality in 
specific colonies. Even so, it is impossible to attribute the loss of 
individuals in a colony to any one mortality factor or to a major catastro
phic event such as the mid-winter drawdown of the Snake River. Also, the 
possibility exists that the disappearance of adults or young from a colony 
represents dispersal under unusual circumstances. 

Results: 

The effects of drought and mid-winter drawdown of the Snake River on beaver 
colony abundance are reflected in Tables 1 and 2. The mid-winter drawdown 
at the dam should have most severely affected those colonies in the first 
several miles to the confluence with Pacific Creek and the Buffalo River. 
Though the number of colonies in this section did not change from 1976, 
one long-established colony did disappear and was replaced by another. 
The total loss of known beavers including yearlings to mortality and dis
persal between fall, 1976 and summer, 1977 was 13 to 24 or 54 percent of 
the beavers in this section. The probable loss of known non-yearling 
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beavers in this section to mortality was 8 of 17 or 47 percent. It was 
apparent that reproduction in these colonies was as good or better than 
1976, despite the drawdown occuring at the time of breeding. Even though 
these colonies immediately below the dam were probably forced to seek 
refuge elsewhere after the drawdown, the distribution of these colonies 
on the floodplain remained the same in 1977 and the position of territorial 
boundaries also remained unchanged. 

While streams and ponds in GTNP were drying up in the summer of 1977 due 
to the continued drought, the Snake River flow remained relatively high due 
to high discharge rates at the Jackson Lake Dam. Abundance of beaver col
onies on the Snake River floodplain between the dam and park headquarters, 
26 mi les downstream, increased to a new four year high as new colonies, 
probably those abandoning from adjacent streams and ponds, took up resi
dence in previously unoccupied, marginal areas. When Snake River flow was 
drastically reduced in September, 12 colonies on the floodplain were forced 
to abandon resulting in the lowest colony abundance observed since censuses 
were initiated (Table 2). The drought of 1977 was, however, more severe 
for colonies on unimpaired streams and ponds as 31 percent of these colonies 
were forced to abandon in the study area in 1977 compared to a 24 percent 
loss of colonies on the regulated Snake River. The total loss of 28 
colonies represents 28 percent of the population under study, 140 or more 
beavers, and was directly attributable to the prevailing drought conditions. 
The drought has contributed greatly to the loss (either dispersal or mortal
ity) of a large proportion of the 101 ear tagged beavers in the park with 
67 of the ear tagged sample of beavers ''missing11 in September, 1977. 

Discussion 

With a loss of 57 percent of known beavers from the first several miles of 
the Snake River below the Jackson Lake Dam between fall of 1976 and summer 
of 1977, it would appear obvious that some of these losses would be 
attributable to the midwinter drawdown. However, losses associated with 
this perturbation were possibly restricted to the first several miles below 
the dam and would therefore have 1 ittle effect on the entire Snake River 
population. Complete data on colony abundance were available for the entire 
Snake River in the park and there was no indication that the drawdown effected 
colony abundance below Pacific Creek. Insufficient pre-drawdown data on the 
structure and size of colonies below Pacific Creek do not permit an assess
ment of these parameters after the drawdown. 

The hypotheses proposed at the initiation of this study proved only partially 
correct, a major difference being the successful reproduction of colonies 
immediately below the dam. There were no overall changes in colony abun
dance but there were substantial losses in known individuals to either 
mortality or dispersal. Any changes in distribution immediately after 
the drawdown were not measurable in June, at which time distribution and 
territorial boundaries were consistent with 1976 measurements. The rejec
tion of these hypotheses points to the exceptional . adaptability of beaver 
populations in a very dynamic environment. The adaptive capabilities of a 
species often determines the responses of the species population to manage-
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ment practi.ces. The data presented here suggest that beaver populations 
are exceptionally adaptable to at least short term manipulations in stream 
flow. Not only can the population adjust to a 50 fold seasonal change in 
flow but they can successfully breed under adverse conditions. However, 
long term changes in flow pattern such as that caused by the drought of 
1977 does result in significant population change. The drought conditions 
of 1977 and the associated habitat abandonment verified that territorial 
boundaries do not expand and contract with changes in population density 
and that the carrying capacity of the Snake River floodplain is regulated 
by stream flow and dictated by the availability of denning sites (Collins, 
1976b). 

Conclusions 

The midwinter drawdown of the Snake River in 1977 did not change beaver 
colony abundance and only temporarily changed the distribution of colonies 
immediately below the Jackson Lake Dam. The drawdown possible contributed 
to the 54 percent loss of known beavers below the dam but the drawdown did 
not effect breeding. The long term drought in the study area resulted in 
a loss of 28 percent of the population under study (28 colonies and at least 
140 beavers), a proportionally higher loss of colonies on streams other than 
the Snake River, and caused a temporary swelling of colony abundance on the 
snake River floodplain to the highest levels observed in four years of 
censuses. Beavers in the park exhibited exceptional adaptability in coping 
with drastic changes in flow regimes. 
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Objectives 

COMPARATIVE ETHOLOGY OF SOLITARY WASPS 

Howard E. Evans 
Department of Zoology and Entomology 

Colorado State University 
Fort Collins, CO 80523 

This research is part of a continuing, broad-scale field study of both 
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male and female behavior in solitary, · ~round-nesting wasps. Emphasis at the 
present time is on the genus Philanthus (Hymenoptera, Sphecidae). Earlier 
work in Jackson Hole (Evans, 1970, 1973) had revealed the presence of large 
nesting aggregations of three species of this genus. Since that time we have 
come to appreciate that male mating strategies are deserving of detailed, 
comparative study; we are also aware of details of nest structure that need 
to be clarified. The ultimate goal of these studies is the preparation of 
a monograph on the comparative behavior of the species of Philanthus. More 
particularly, the objectives of our study in Jackson Hole in July, 1977, 
were as follows. 

1. Study of male mating strategies in Philanthus zebratus, at a nesting 
aggregation of this species about 15 km SW of the Moran Post Office. 

2. Similar studies of P. pulcher and P. crabroniformis at known sites about 
4 km W of the Moran-Post Office, near·· the former site of the Research 
Station. 

3. Gathering of further data on nest structure in all 3 species. 

Procedures 

The first two weeks of July represent the height of the nesting and reproductive 
season of P. zebratus and we therefore spent every clear day at the aggregation 
of that species, with either 2 or 3 observers. Nests of females and sleeping 
burrows of males were located, marked, and mapped. Individual males were 
marked with Testor's paint in order to follow their movements. Several nest 
excavations were made in late July. 

The last two weeks in July were devoted mainly to similar studies on 
~- crabroniformis, which emerges somewhat later than zebratus. Unfortunately, 
~- pulcher overlaps both species and we were unable to devote much time to this 
species, but we did make preliminary studies. We also missed the very beginning 
of the active season for both pulcher and zebratus because of the very early 
summer in Jackson Hole. We hope to try to rectify this next summer. 

Males of all three species were collected in Bouin's fixative for study of 
development of the mandibular glands. 
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Results 

Although males of P. zebratus are very aggressively territorial in at least 
two sites in Colorado, the Jackson Hole population exhibited very different 
behavior which appears to be unique among solitary wasps. About 100 females 
and 100 males were present during the summer of 1977. Females nested over 
an area measuring 15 x 60 m. They provisioned their nests with paralyzed 
bees and wasps. Orientation flights took the females 3-5m high over their 
nests, and they returned with prey at about this same height. 

Males spend the night in shallow burrows in the soil, as is usual in this 
genus. In the morning they emerged between 1030 and 1100 hrs and, often after 
visiting flowers for nectar, stationed themselves on the ground or low herbs 
in the nesting area. The spacing of perched males was very variable, but 
sometimes they were stationed less than 5 em apart. Perched males did not 

· harass other perched males or females that were digging. Occasionally they flew 
toward a passing male, but they showed no site attachment whatever and moved 
about freely. 

Between 1113 and 1117 on four different days (despite small differences in 
air temperctture) males began to rise in the air periodically. From then until 
mid or late afternoon there was a canopy of flying males at 3-5 m above the 
nesting site (the same height to which the females fly during orientation and 
at which prey-laden females return). A male's flight began with a quick ascent 
which was often vertical but sometimes deviated from the vertical by as much as 
30 degrees. When males reached a height of 3-5 m they suddenly assumed 
horizontal flight paths, moving slowly or drifting with the wind for several 
meters. During this flight they would rise of fall a short distance and turn 
frequently. Upon completion of a flight, males would drop quickly to the 
ground. When dropping from a stationary hover the descent was nearly vertical, 
but when dropping during forward flight the angle was as much as 45 degrees. 

Duration of the flights we measured varied from 4 to 17 seconds (~ = 13, 
N = 20). The duration of stops on the ground between successive flights varied 
from 5 to 35 seconds (x = 19, N = 20). Time spent on the ground varied as a 
result of several factors. If a male was undisturbed by passing insects 
(including conspecifics) he remained longer. When two males were perched 
within a few em of one another, if one ascended the other usually followed, 
shortening his total perch time on the ground. 

Each day the number of ascending flights counted in one portion of the mating 
area was greatest near midday and tapered off slowly in the afternoon (Fig. 1). 
When in flight, males approached or chased any fast-moving object that passed 
near them, most commonly conspecific males but sometimes other insects and on 
one occasion a hummingbird. They readily changed their flight paths to pursue 
for a short distance stones thrown in the air at a suitable height. Individual 
males moved about within the swarm, and commonly did not return to the place 
on the ground from which they started. In 18 of 20 cases, males landed at least 
a meter from their initial position, and usually much more. Thus it seemed 
evident this behavior was not merely an extension of territoriality on the 
ground. 

Many interactions were noted between males in the swarm. Males approaching one 
another would often swirl about one another in tight circles. In other cases 
one would pursue the other a short distance, occasionally to the ground if he 
descended. In no case did we observe obvious butting or grappling, as occurs 
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among territorial males of this a~d other species at other localities. 

Since the peak of male flying activity occurred each day at the time of most 
female orientation flights and their initial returning flights with prey, and 
at the appropriate height, we assume that the flights served to intercept females 
when they were most 1 ikely to be receptive. On four occasions males were seen 
to pursue conspecific females, two of which had prey. These four interactions 
were more prolonged and intense, the male following the female to the ground 
after initial contact and in some cases actually striking the female, presumably 
in an attempt to grasp her. In a fifth instance, a pair was seen in copula 
about 5 m above the nesting area. Immediately after they were spotte~they 
quickly dropped to the ground and remained coupled for several minutes. We 
observed 3 other copulations, all on or near the ground, all lasting several 
minutes (up to 5). Although they sometimes changed their perches while 
coupled, they did not rise more than a meter above the ground. In addition, 
as mentioned above, we observed no initiation of contact between males and 
females at ground level. Thus we assume that pairing occurs at the level of 
the swarm. 

Males of P. crabroniformis also spent the night in shallow burrows within the 
nesting area of the females. However, in the morning (0930-1030) they merely 
perched for a few minutes and then flew off to nearby flowers, chiefly Solidago. 
Here they took nectar intermittently throughout the day and from time to time 
pounced upon females visiting these flowers either for nectar or to catch 
bees. Marked males showed no inclination to remain constant to a particular 
group of flowers. 

In contrast, males of~· pulcher were distinctly territorial, exhibiting 
what Alcock (1975) has called ''serial territoriality." That is, certain 
plots of bare ground were continually occupied during sunny hours, but not 
always by the same male. We have attempted to quantify the nature and timing 
of interactions with adjacent males. Males of this species, 1 ike several others, 
mark stems surrounding the territory with a pheromone. 

Nests of the females of these 3 species are very different, and we obtained 
additional data on cell depth and arrangement·, as well as further prey records, 
for these species. We also, as a bit of serendipity, obtained nesting data 
on two other species of solitary wasps, fseudepipona herrickii and frabro 
vi rgatus. 

Discussion 

It is apparent that there are at least 3 quite different mating strategies in 
the genus Philanthus, typified by the 3 species discussed above. Most species 
exhibit male territoriality, including other populations of P. zebratus. The 
adaptive value of the high, swarming flights of the Jackson HoleJ)opulation 
of this species remains obscure. It may be related to nest density since 
when nests are very close together the cost of maintaining a territory among 
them may be too great. Another possibility is that this population, which so 
far as known is isolated by many km from other nesting aggregations, has evolved 
a novel mating strategy. It would seem adaptive to intercept females high 
above their nests, but this does not explain why this same strategy has not 
evolved elsewhere. 
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We feel that male territoriality is the basic male strategy iri Philanthus, 
since most species have enlarged mandibular glands and clypeal brushes, which 
are associated with applying a pheromone to the periphery of the territory. 
This behavior has evidently been lost secondarily in crabroniformis and some other 
species, also in the Jackson Hole zebratus. We are s~ill a long way from 
understanding the adaptive significance of these diverse strategies. 

Conclusions 

Species of Philanthus have evolved diverse male mating strategies, just as they 
have evolved differences in female nest structure and other aspects of behavior. 
The ecological factors with w~ich these behavioral differences are correlated 
remain to be clearly demonstrated. 
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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 

Stevens Point, Wisconsin, USA 54481 

This is a brief report of a reconnaissance survey of the benthic macroin
vertebrate community above and below a natural barrier to fish movement 
on Raven Creek, a tributary of Pelican Creek in the Lake Yellowstone 
watershed. This project is part of a U.S. Fish and Wildlife Service 

. program to evaluate differences in stream ecology with and without 
native fish populations. The Final Report is due June 30, 1978. 

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, distribution, abundance, and drift 
activity. 

Methods 

On July 15 and 16, 19~7, benthic macroinvertebrate samples were collected 
quantitatively (0.06m circular bottom sampler) from rubble and gravel 
substrates lOOm and 400m upstream and 400m and 2000m downstream from 5m 
high Raven Creek Falls. 

Drift samples of benthic macroinvertebrates, using two O.tm2 vertical frame 
nets, were collected simultaneously lOOm upstream and 400m downst ream from 
the falls. Nets were exposed for 20 minutes at the following times: 
12:00, 16:30, 20:30, 22:00, 00:30, 05:20, 07:00, and 09:00. 

Personnel from the U.S. Fish and Wildlife Service electrofished the stream 
above the falls to confirm the lack of fish in this section. A 200m long 
section, below the 400m downstream benthic station, was shocked for 
obtaining an estimation (De Lury Method) of the fish population (Salmo 
clarki lewisi). Stomach samples were taken from 48 fish; content analysis 
should give an indication of predation by trout on the invertebrate 
corrrnunity. 
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Results 

This past Fall all 20 of the benthic samples ~nd 25 of the 32 drift 
samples were sorted (this was rather time consuming due to large amounts 
of algae and debris plus high numbers of organisms present in the 
samples). I have just started to analyze the samples; therefore, no 
results are available. 

Recommendations and/or conclusions 

The original proposal had two visits scheduled to this area; because of 
time 1 imitations only one visit took place. Perhaps sampling at a later 
date in a different season would be possible. I suggest that other 
fishless areas (30 have been identified so far) be investigated to see 
if similarities exist. The significance of differences or similarities 
between fish and fishless portions of streams is imprirtant in the 
management of endangered habitats. Therefore, sampling should be 
extended to other areas as suggested by the U. S. Fish and Wildlife 
Service. 
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Multiannual fluctuations in population densities of microtine rodents have 
attracted much attention from ecologists because they challenge existing 
hypotheses of population regulation. Yet many aspects of the basic biology 
of voles and lemmings, even those related to the population cycle, remain 
wholly or largely uninvestigated. 

During previous work on the social structure of Microtus montanus in Jackson 
Hole (Jannett, 1977), a considerable amount of material and data were collected 
on other diverse topics. I am, therefore, continuing work on M. montanus 
through the course of the cycle in numerous 11 populations 11 and on ecologically 
related species. 

I am studying these topics: 

1. Individual growth~ dispersal, and survivorship in different density popula
tions of ~- montanus; 

2. Variations in the tending bond in M. montanus in field populations; 

3. The development of three scent glands (preputial, hip, and anal} in M. 
montanus in the field; 

4. Patterns of cranial variation in M. montanus over ·the course of th~ popula
tion cycle; 

5. Dental variation in M. montanus over the course of the population cycle; 

6. Synchrony in population levels of M. montanus in fields of different sizes 
and vegetation types; -

7. Observations of the behavior of field-trapped M. montanus in dyadic en
counters; 

8. Blastocyst and placental scar counts in the shorttail weasel, Mustela 
erminea, over the course of the microtine cycle; and 

9. Changes in the numbers of Microtus longicaudus over the course of the 
~· montanus population cycle. 

Procedures 

Since the field season in 1977 extended only from late September until early 
November, only removal trapping was undertaken. After animals were sacrificed, 
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standard measurements were made, skulls and eyes were removed, and all carcasses 
were preserved in fluid. Skulls were subsequently cleaned to verify species 
identification, and dried eye lenses were weighed to the nearest 0.001 mg on 

an electrobalance. 

Results 

Population levels were similar to those encountered in 1976 in the seven fields 
sampled forM. montanus and the first three gridded areas trapped out. Two 
areas which are essentially dispersal sinks had nearly the same number of indi
viduals as in the previous year, one area had fewer animals apparently because 
of changing edaphic conditions, and the largest gridded area had an increase in 
the number of voles following the population low of 1976. 

In only one gridded area was there an obviously smaller population than was 
trapped in 1976. Nevertheless, it exhibited, as in 1976, delayed maturation of 
young. As in previously studied high density populations (Jannett, 1977), the 
overall sex ratio was 1:1 whereas the sex ratio among the older individuals, 
as determined by the lens technique for aging (Gourley and Jannett, 1975), 
favored the females. As in previous years, the measure of lens weight in esti
mating age also indicated the differential growth between males and females as 
expressed in head-body length and body weight (Fig. 1). 

An additional albino M. montanus was trapped in 1977. 

Microtus longicaudus was sampled at three sites in the vicinity of the Research 
Station and at one site in Bridger-Teton National Forest. Significantly fewer 
voles were trapped at one of these sites than had been taken in previous years. 
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Several subspecies of cutthroat trout, Salmo clarki, including the Snake 
River, Yellowstone, and Colorado cutthroat, are native to Wyoming. Because 
these fish have evolved in independent drainages their morphological and 
ecological characteristics have diverged significantly. · Based upon these 
kinds of differences Behnke (1971, 1972) has identified two subspecies of 
cutthroat trout in the Snake River drainage in Wyoming. Recent fish taxonom
ic studies, however, also employ electrophoretic techniques to measure 
the extent of genetic divergence between suspected species or subspecies 
populations. The amount and kind of genetic variability and the extent of 
genetic divergence between Wyoming's cutthroat trout populations is unknown. 

The present study employed multilocus electrophoretic data to study the 
genetic structure of breeding populations of cutthroat trout within the Snake 
and Yellowstone River drainages. Genetic diversity of Wyoming's cutthroat 
trout populations is potentially important to maximize the success of 
fisheries reestablishment programs throughout the State. The objectives of 
this study were: 

1. To determine the level of biochemical heterogeneity which exists 
within natural populations of cutthroat trout in the Snake and 
Yellowstone River drainages. 

2. To measure the genetic similarity of the different cutthroat trout 
populations present in these independent drainages, and 

3. To determine the extent of genetic differentiation between fine
and large-spotted cutthroat trout populations within the Snake 
River. 

Procedures 

Location of the study sites: Three cutthroat trout populations were 
sampled within the Yellowstone drainage: 1) a fluvial population of large
spotted cutthroat from the Yellowstone River sampled during its spawning run 
at Le Hardy's rapids; 2) a lacustrine population of large-spotted cutthroat 
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trout from Yellowstone Lake collected during a spawning run in Pelican Creek; 
and 3) a thermally isolated population of large-spotted cutthroat trout 
in Sedge Creek. Four populations were sampled within the Snake River drain
age: 1) a small fluvial population of large-spotted cutthroat trout from 
Dime Creek; 2) two fluvial populations of fine-spotted cutthroat trouts 
captured while on redds in the Black Tail ponds and in the Bar B-C Creek; 
and 3) large-spotted and fine-spotted cutthroat trout collected from the 
main body of the Snake River adjacent to the Jackson Hole Biological Research 
Station. Collection methods included dip netting at ~e Hardy's rapids, 
trapping on Pelican Creek and the Bar B-C Spring Creek, electrofishing at 
Sedge and Dime Creek, seining at the Black Tail Ponds, and angling in the 
main body of the Snake River. 

Electrophoretic studies: Samples of blood, skeletal muscle and 1 iver were 
removed from freshly killed specimens and frozen in liquid nitrogen. Muscle 
and 1 iver extracts, prepared by tissue homogenization and high speed centri
fugation, were analyzed electrophoretically in vertical polyacrylamide slab 
gels. Blood proteins, alfrumins and transferrins, and general muscle proteins, 
encoded by five presumptive genetic loci, were analyzed. The enzymes chosen 
for study included those shown by previous investigators to be polymorphic 
in other fish species and included lactate dehydrogenase (LDH), malate 
dehydrogenase (MDH), alphaglycerolphosphate (aGPDH), sorbitol dehydrogenase 
(SOH), glutamate dehydrogenase (GDH), xanthine dehydrogenase (XDH), hexose-6-
phosphate dehydrogenase (H6PDH), esterase (EST), aspartate-amino-transferase 
(AAT), and superoxide dismutase (SOD). 

Genetic loci were considered polymorphic if the frequency of the predominant 
allele was less than 0.99. Genetic heterozygosity was estimated by calculat
ing the expected heterozygote frequency from the observed allele frequencies. 
The genetic identity of all possible pairs of populations was calculated 
following the method of Nei (1972). 

Results 

Relatively little biochemical genetic variability was found in over 200 
cutthroat trout sampled from the seven populations in the Snake and Yellow
stone River drainages. Only two of the 23 genetic loci studied, aspartate 
amino transferase (AAT) and esterase (EST), exhibited allelic variation. 
Aspartate amino transferase had three alleles, AAT(98), AAT(lOO), and 
AAT(l02), and was polymorphic in four populations sampled. Esterase also 
had three allelic variants, EST(98), EST(lOO) and EST(l02), and was poly
morphic in four populations. One individual collected from Bar B-C Spring 
Creek had all three esterase alleles, suggesting that the esterase locus 
may be duplicated in cutthroat trout. 

Genetic structure of cutthroat trout populations: Two parameters of the 
genetic structure of populations are the proportion of polymorphic loci per 
population (P) and the average heterozygosity per individual (H). These 
values were calculated for all seven populations studied and are presented 
in Table 1. The average heterozygosity (0.01) is within the lowest range 
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reported for vertebrate and invertebrate species, including other salmonid 
fish. 

Interpopulation Variation. The distribution and frequencies of allelic 
variants at both polymorphic loci are given in Table 2. AAT(l02) was 
found only within the Vel lowstone drainage and EST(98) was present only 
within the Snake River drainage. Because EST(98) was found in both large
spotted and fine-spotted cutthroat trout, it appears that the allelic vari
ants are associated with the particular drainages and not with discrimi
nating morphological characters such as spotting patterns. 

The genetic similarities of al 1 possible population pairs was calculated 
utilizing Nei 's (1972) index of genetic identity. These values are summa
rized in Table 3. The similarity values all fall wlthin a very narrow 
range of 1.00 to 0.995. There were no apparent differences between the 
genetic similarities among all combinations of drainages, habitats, or 
morphological forms tested. 

Discussion 

Although the morphological spotting pattern varies considerably both within 
and between populations of cutthroat trout in the Snake River and Yellow
stone River drainages, the present study failed to reveal evidence of 
comparable biochemical genetic variability in the same populations. Estimates 
of genetic heterozygosity varied between populations, but all were within 
the low range reported for other vertebrates. Reduced gene flow between 
populations, population bottlenecks, and phyletic age have been shown to 
affect genetic heterozygosity of populations. Because of recent glaci-
ations in the area, al 1 three factors are potentially important to account 
for the low heterozygosities observed in these populations. The two 
smallest populations studied, one from a thermally isolated population in 
Sedge Creek and another from Dime Creek, an extremely small tributary to 
the Snake River, had the lowest heterozygosity values (0.00). This low 
value is probably the result of recent bottlenecks in population numbers. 
The reason for the low level of genetic heterozygosity in the other five 
cutthroat trout populations sampled is not readily apparent. Other investi
gators (Utter et al., 1973) also have reported little biochemical genetic 
variation in saTmonid fish. 

The cutthroat trout populations of the Snake and Vel lowstone River drainages 
have been classified by some taxonomists as two separate subspecies on the 
basis of the conspicuous differences in their spotting patterns and their 
different ecological characteristics. However, the genetic basis of spotting 
patterns in cutthroat trout is unknown and no other differences between the 
purported subspecies have been shown for other meristic characters studied. 
The genetic identity measurements determined from our electrophoretic studies 
of the seven cutthroat trout populations were well within the range normally 
observed for local populations of other fish species. The presence of the 
rare E~1(98) allele in both large-spotted and fine-spotted cutthroat trout 
i n h vo populations in the Snake River drainage suggests that gene exchange 
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may occur between the two different morphological forms of cutthroat trout. 
There was no apparent association between the rare EST(98) allele and any 
specific habitat type. 

It appears that morphological divergence has occurred at a much faster rate 
than biochemical divergence in the Wyoming cutthroat trouts. Behnke has 
proposed that the cutthroat trout subspecies he has described had a post
glacial origin, whereas Svardson (1970) proposes that they had a pre-glacial 
origin. It is possible to estimate the time of genetic divergence of 
several populations from electrophoretic data utilizing Nei •s (1972) methods. 
Our calculations suggest that the Cutthroat trout populations sampled in 
the present study began to diverge about 20,000 years ago during the reces
sion of the last major Pleistocene glaciation. 

Conclusions 

Our data, based upon a single years study, indicates that (1) there is 
relatively little biochemical genetic variability within the seven cutthroat 
trout populations studied, (2) large-spotted and fine-spotted cutthroat 
trout populations show a high genetic similarity value, and (3) the large
spotted and fine-spotted cutthroat trout populations are at an early stage 
of genetic divergence. 

Future Studies 

In future studies we propose: 

1. to determine the relative proportions of large-spotted and fine-spotted 
cutthroat trout in several Snake River drainage populations, 

2. to determine the allele frequencies for the esterase (EST) and aspartate
amino-transferase (AAT) loci in each population studied, and 

3. to determine if gene exchange does occur between the large-spotted and 
fine-spotted morphological types of cutthroat trout. · 
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Table . 1. Estimates of genetic diversity in cutthroat trout populations 
from 23 genetic loci. 

Pro~ortion of Loci 
Number of Polymorphic per Heterozygous per 

Population individuals population individual 

Le Hardy's Rapids 50 .09 .0260 
Pelican Creek 57 . 05 .0026 
Sedge Creek 8 . 00 .0000 
Dime Creek 10 .00 .0000 
Snake River 50 .05 . . 0100 
Black Tai 1 Ponds 26 .09 .0160 
Bar B-C Spring Creek 16 . 09 .0180 

Table 2. Allele frequencies of polymorphic loci in cutthroat trout populations. 

Aspartate 
98 

Le Hardy's Rapids 0. 11 
Pelican Creek 0.015 
Sedge Creek 
Dime Creek 
Snake River 
Bl ackta i 1 Ponds 0.08 
Bar B-C Spring Creek 0.03 

Amino Transferase 
100 102 

0.87 0.02 
0.97 0.015 
1. 00 
1. 00 
1. 00 
0.92 
0.97 

Esterase 
98 100 

0.75 
1. 00 
1.00 
1. 00 

0.04 0.87 
0.85 

0.012 0.77 

102 

0.25 

0.09 
0. 1 5 
0.21 

Table 3. Matrix of genetic similarities between populations of Salmo clarki. 

P.C. s. c. D.C. S.R. B.P. B.C. 

Le Hardy's Rapids 0.996 0.996 0.996 0.998 0.998 0.996 
Pe 1 i can Creek 1. 000 1.000 1. 000 0.994 0.997 
Sedge Creek 1. 000 1. 000 0.995 0.997 
Dime Creek 1.000 0.995 0.997 
Snake River 0.998 0.998 
B 1 ack Ta i 1 Ponds 0.998 
Bar B-C Spring Creek 

X -997 
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This report discusses a research effort to determine the utility of remotely 
sensed data to delineate a forest fire history for Yellowstone and Grand Teton 
National Parks. Research was supported by the National Park Service and the 
Northern Rocky Mountain Parks Studies Cooperative Program. We are grateful 
for the cooperation and assistance given us by Dr. Don Despain and other per
sonnel of the National Park Service who provided data and logistical support 
for this research. We also thank Dr. Dennis Knight and Mr. Bill Remme of the 
Department of Botany, University of Wyoming, for their assistance in gather
ing field data essential for evaluation of the remote sensing techniques. 

?tudy Objectives 

The goal of this research was to develop a technique by which we could use 
remote sensor data to quickly and efficiently identify and map burned areas 
and then determine the relative age and condition of re-growth in each burned 
area. We hoped to apply these techniques throughout Yellowstone and Grand 
Teton National Parks to produce a map and an interpretation of burn histories. 
These products were to aid in determining the natural ecological succession 
of the forests in Yellowstone and Grand Teton National Parks and the effect 
of man upon the natural succession. 

Methods 

The work was begun in summer, 1977, with the gathering of available 1 itera
ture, air photos, satellite imagery, and maps for the area. We then selected 
a smal Jer test area in which to develop interpretation procedures which would 
allow us to extract the necessary information from the image data. The Depart
ment of Botany at the University of Wyoming was just beginning a sister study 
which involved the analysis of forest fire history in Yellowstone National 
Park using dendrochronological and phytosociological techniques. We had 
planned to use these same techniques in our initial test area to "calibrate'' 
our interpretation of the burned areas identified from imagery. Conversely, 
the Department of Botany had planned to use aerial photographs as a mapping 
tool. We, therefore, determined that it would be most expedient to cooperate 
by selecting a common test area in which we could combine our field mapping 
efforts. The watershed of the Little Firehole River was selected as the ini
tial test area. 
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A preliminary interpretation of this area was made from high-altitude, 
1:120,000 scale photography flown by NASA in 1969 (MX 101, 1 ine 2). Though 
this photography is severely underexposed, we were able to make an interpre
tation which served as a base upon which to begin the field mapping. An area 
of approximately 42.7 km2 (16.5 mi2) surrounding Little Firehole Meadows 
(called Little Firehole Meadows study area) was mapped on the ground and 
determinations were made of age, structure, and species composition of the 
forest in each portion of the study area. Table I 1 ists the types of ground 
investigations and analyses performed during the 1977 summer field season. 

In spite of the poor quality of the aerial photography us~d in compiling the 
preliminary photo map, the interpretation showed a positive correlation to the 
field map compiled during the summer. Field work indicated that most of the 
present fores~s in the study area started as re-growth after forest fires, and 
that ancient burn areas can be recognized and mapped as changes in the char
acter (appearance) of the forest interpretable from aerial photography. The 
photo-interpretation was checked on the ground. Major changes in forest char
acter observed on the photos were found to represent 1) different forest types, 
2) forests of different age, or 3) forest structure differences due to causes 
other than specres or age differences (i.e. beetle, mistletoe, or fungus infesta
tfonsy topographfc, or moisture changes). 

Though the 1969 aerial photography was adequate for the preliminary photo
interpretation, better photography had to be obtained in order to effectively 
apply spectral analysis and densitometry as an aid in forest mapping. The 
National Park Service had low-altitude color photography which they made avail
able to us (ETZ series, 1969-1971). The detail of this 1 :16,000-scale stereo 
photography proved ideal for compiling fire history maps. However, the color 
values displayed on the photography are unreliable. Many of the prints are too 
yellow or too red, and some show marked variation in color across each frame 
which is not related to the true scene colors. Thus, the. 1 :16,000-scale 
color photo could not be used for spectral analysis. 

Recent work has shown that color infrared imagery is especially useful for 
forest reconnaissance (Ashley, M.D. and Rea, J., 1975; Golden, M.S., 1974; 
National Academy of Sciences, 1970; Thorley, G.A., 1975). This is because the 
reflectivity of vegetation in the near-infrared spectral region is very sensi
tive to changes in condition of that vegetation. 

In order to obtain inexpensive photography which would supply reliable informa
tion, we decided to fly over the Little Firehole Meadows study area and photo
graph it in color infrared. On October 18, 1977, we chartered a flight over 
the study area and obtained high-quality, low-altitude coverage in 70 mm color 
infrared and 35 mm color formats. 

Selected frames of the 70 mm color infrared photography were subsequently 
processed via the video image analysis system at the University of Wyoming 
Remote Sensing Laboratory (Levinson, R.A., Marrs, R.W., and Grantham, D.G., 
1976). Two small test areas (~6 ha. each) were selected for thorough spectral 
and densitometric evaluation. Site 1 is an area 1/2 km. southwest of Little 
Firehole Meadows, and contains a 525-year-old spruce-fir forest adjacent to a 
dense 180-year-old lodgepole pine forest. Site 2 is an unmapped area 2 km. 
east of Little Firehole Meadows which contains a dense forest stand adjacent 
to an open stand~ with a pronounced forest discontinuity in between. Enhancements 
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and analyses to be performed for each test site include: 1) scale adjust
ment, 2) color separation, 3) 1 inear and logarithmic contrast stretching, 
4) band compositing, 5) band subtraction and subtraction compositing, 6) ratio 
and ratio compositing, 7) density contouring, and 8) edge-enhancement. Spectral 
analyses of these test areas are still in progress, but preliminary results 
show that useful information can be obtained from video image analysis. Infor
mation derived from the processed imagery includes a detailed map of the test 
sites, tree density and percent cover, density of dead trees, type and percEnt 
cover of undergrowth, and information on tree size and shape. 

Analysis of LANDSAT-1 MSS imagery (image #1015-17404, 7 Aug. 72, and image 
#1195-17414, 3 Feb. 73) was begun in autumn, 1977. The 7.3 inch positive 
transparency 1:1,000,000 format was used. All four spectral bands were ana
lyzed for patterns similar to those which had proved significant on the pre-
1 iminary photo-interpretation map and the field map. However, no pattern cor
relation between these maps and the LANDSAT imagery was apparent. 

We also attempted to evaluate digitally processed LANDSAT data which was made 
available to us by the National Park Service. Alpha-numeric maps of unsuper
vised classifications had been constructed using composite-sequential and 
K-means clustering techniques [produced by the Laboratory for Applications of 
Remote Sensing, Purdue University (Coggeshall, M.E., and Hoffer, R.S., 1973)]. 
These were compared to the photo-interpretations and the field map to determine 
the significance of the alpha-numeric map units. Though these digital studies 
are not yet complete, it appears that the resolution of the LANDSAT data (~1 ha.) 
is not adequate to discriminate the detail of individual forest stands which is 
essential to mapping and evaluation of burn areas. 

Summary of Significant Results 

Progress to date includes the following items: 

1. A preliminary forest map of the Little Firehole River watershed interpreted 
from 1 :120,000-scale photography was completed. 

2. A field map of the Little Firehole Meadows test area showing sampled forest 
stands, approximate forest boundaries, and approximate ages of forests was 
compiled. 

3. Analysis of summer and winter LANDSAT imagery has shown that the l ha. res
olution of the LANDSAT scanner system is too broad to detect individual 
forest stands and their boundaries. 

4. Video processing of low-altitude, color infrared photography has shown that 
the logarithmically contrast-stretched band composite is a particularly use
ful enhancement for forest mapping. 

5. Qualitative information may be obtained from video processed imagery. This 
includes identification of burn areas, live trees, dead trees, and under
growth, and information on tree size and shape. Some of this information is 
not readily interpreted from un-processed imagery. 

6. Quantitative data may also be derived from video processed imagery. This 
includes areal measurements, 1 ive tree density and percent cover, dead 
tree density, and percent cover of undergrowth. 
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Our results show that detailed photographic data are essential for the compila
tion of the 11 fire history 11 maps. We will not be able to compile such maps from 
high-altitude aerial photography or satellite imagery. Therefore, we will not 
be. able to produce regional maps of Yellowstone and Grand. Teton National Parks 
as we had hoped. However, the low-altitude photography provides much useful 
information for locating burn areas and determining fire histories. 
Video processing aids in the interpretation of this photography. Our research 
work has defined several useful techniques, and should yield a demonstration 
of the uti 1 i ty of remote sensing in the study of 'forest fire histories. 
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Table I. FIELD INFORMATION GATHERED FOR EACH FOREST STAND 
SUMMER, 1977 

Basic and Physical Data 
Stand Number Assignment 
Forest Type 
Map Location 
Approximate Stand Size 
E 1 eva t ion 
Slope and Aspect 
Drainage 

Age Data 
Sampling of Trees (Cores) 
Ring Counts 
Growth History 

Forest Structure Data 
Species Identification (ld.) 
Tree Height 
Tree Dens i ty•'~ 
Tree Diameter•'~ 

Presence of Pine Bark Beetle 
Presence of Dwarf Mistletoe 
Presence of Other Identifiable Ailments** 
Presence of Charcoal 
Presence and Orientation of Fire Scars 
Presence of Serotinous Cones 
Relic Trees--Presence, Species ld., Age, Tree Height 
Saplings--Species ld., Density*** 
Visible Soil and Rock--Percent Cover, Color, Moisture Content 
Ground Vegetation--Species ld., Percent Cover 
Fuel Inventory**** 

General Observations 
Evenness of Age and Tree Size 
F o res t Mat u r i t y 
Growth Trends 
Geological Substrate 
Presence of Thermal and Tectonic Activity 
Animal Activity 
Appearance on Aerial Photography 

*Measured for l)Living Trees, 2)Standing Snags, 3) Fallen Snags 
**Blister Rust, Needle Miner, Spruce Bark Beetle, etc. 

***Saplings Less than Breast Height 
****Litter, Classified by Size, Species ld. where possible, Duff 

Layer Thickness 
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Table I I. WORK SCHEDULE AND EXPECTED COMPLETION DATES 

Work Item 

Complete digital analysis of LANDSAT data 

Complete video image analysis on test site 

Demonstrate video processing techniques on test site 2 

Construct forest map of Little Firehole Meadows 
test area showing burn areas, forest types, and 
forest ages 

Compile final report 
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Completion Date 

February 15, 1978 

February 28, 1978 

March 1 5, 1 978 

March 31, 1978 

May 31 , 1 97 8·k 

*Our current work schedule calls for completion of this program by April 30, 
1978. The problems with the quality of available photographic coverage 
have caused unexpected delays. We believe that we can complete the research 
(as modified according to our results) by May 31, 1978. 



AN INDEXED BIBLIOGRAPHY OF PUBLISHED AND UNPUBLISHED LITERATURE RELATING 
TO THE ECOLOGY AND MANAGEMENT OF THE TERRESTRIAL AND AQUATIC BIOTA IN 

GRAND TETON NATIONAL PARK 

Kent Marshall, Dennis H. Knight and Larry VanDusen 
Department of Botany, University of Wyoming, Laramie, Wyoming 82071 

The purpose of this project is to compile an indexed, annotated bibli
ography of published and unpublished literature relating to the ecology 
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and management of the biota in Grand Teton National Park. The bibliography 
will contain locations for all included references and should be of 
assistance in locating and retrieving literature for planning and research 
needs. As a portion of the final report, gaps in existing knowledge 
will be identified. 

Work on the project began in July 1977. The files and libraries in the 
Teton area were searched for references, with emphasis being placed on 
1) reviewing, summarizing, and assigning key words to unpublished lit
erature, and 2) obtaining references to the published literature. Files 
searched included those at the Jackson Hole Biological Research Station, 
the offices of the Park research biologists, the Park library at Moose, 
the Bridger-Teton National Forest, and the National Elk Refuge. Several 
individuals directed our attention to additional references. 

From September to December work on the project has proceeded in several 
directions. Leads from the summer search have been followed up in the 
University of Wyoming library, with key words being ·assigned and sum
maries written for the references. Interlibrary loans have been used 
frequently. A letter was sent to the libraries of surrounding universi
ties and colleges, asking for the titles of theses in their library re
lating to the Teton area. 

In addition, a computer program (BIBSEARCH) has been written especially 
for this project by Mr. Larry VanDusen. BIBSEARCH will allow there
trieval of all entered references by key word, author, and location. This 
program is essentially completed and will allow rapid access to the lit
erature. New references can be added easily, and a print out of all 
references by key word can be obtained whenever desired. 

Thus far approximately 300 references have been reviewed, with another 100 
having been identified but not yet located. Some searching is still needed 
at the university libraries and in the files of several scientists with 
offices on the University of Wyoming campus, and one or more trips to the 
Federal Records Center in Denver are planned. Work has been started on 
loading all references into the computer. The final report should be com
pleted on schedule. 



A SAMPLING SYSTEM TO MEASURE THE AMOUNT 
AND LOCATION OF BACKCOUNTRY DAY USE 

WITHIN YELLOWSTONE NATIONAL PARK 

Clynn Phillips, Paul Cleary 
Water Resources Research Institute 

Lyman McDonald 
Departments of Zoology and Statistics 

University of Wyoming 

This is a report on a pilot study conducted in Yellowstone National 
Park during July and August of 1977. The overall objective was to 
obtain data necessary to the development of a recommended sampling 
scheme for a comprehensive study of backcountry users in Yellowstone. 

Study Objectives 
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1) To apply and test the effectiveness of several different direct 
trail use sampling methods, specifically trailhead parking lot 
inventories, photo-electric trail traffic counters, and remote time
lapse recording cameras. 

2) To estimate relative levels of use for the specified trails 
(where possible), and identify any special characteristics associated 
with individual trails concerning level, timing, and activity types 
of users. 

3) To determine if any trails can be excluded from· further con
sideration because of negligible day use on these trails. 

4) To identify trails (if any) that receive a very homogenous type 
of trail user and/or backcountry areas that provide rather homogenous 
activity opportunities. 

Methods 

The pilot study involved the employment and testing of several different 
sampling procedures. Trailhead parking lot vehicle fnventories, photo
electric trail traffic counters, and remote self-activating time lapse 



49 

cameras were all investigated as to their practicality and effectiveness 
as techniques (individually and in various combinations) to day use of 
Yellowstone backcountry. 

Trails recommended for study were selected in consultation with Park 
Service Personnel and were separated into two groups. Those trails which 
had distinct, single purpose trailhead parking lots were geographically 
grouped and sampled through systematic vehicle counts at the respective 
parking lots. Those trails that did not have trailhead parking lots, or 
which started from parking lots associated mainly with other attractions 
were sampled using trail traffic counters. The time lapse cameras were used 
on both trailhead parking lots and on suitable stretches of actual trails. 

Results 

The photo-electric trail traffic counters performed well during the study 
period. The counters operated without problems 94% of the set up time. 
On-trail observations of visitor type (overnight vs. day use) and travel 
route are necessary to correct the "raw" non-directional counts recorded 
on the counter. The time-lapse camera can be used as a data collection 
device in situations where the appropriate field of coverage can be ob
tained. The cameras can be used to record counts, direction of travel, and 
in some cases it was possible to determine type of user. The most effective 
use made of the cameras was in monitoring parking lots where vehicle counts, 
length of stay and use by time of day were recorded. 

The trailhead parking lot car count by personal observation was successful 
in generating data for estimates of relative use levels on many trails. 
However, the costs of this method, both direct travel costs and travel 
"time" costs (time which could be spent in on-trail observation), hinder 
the usefulness of this sampling method in a study area as large as 
Yellowstone Park. 

All calculations pertaining to level of use, length of stay and other user 
characteristics were designed to provide information for the design of a 
comprehensive sampling plan. Calculations for individual trails are based 
on a non-random sample of less than three days out of the entire summer, 
which didn't provide sufficient data to calculate statistical inferences 
on the reported values. However, conjectures which are suggested from 
Tables 1, 2 and 3 are: 

1. The sampling techniques are not significantly different in the 
determination of use levels. 

2. A sample size of 10 days of interviewing on a given trail is required 
to be able to estimate the magnitude of use to within+ 10%. 
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3. A sample size of 10 days of interviewing on each trail should pro
vide estimates of the percentage of users in each category (ie fisher
men, sightseers, etc.) which are accurate to within+ 5% on the 
heavy use trails down to+ 20% on the light use traiTs. Less than 
10 days of interviewing on the trails will probably lead to estimates 
with high variance and which are of doubtful value. 

Recommendations 

This study was the first phase of a two-part study. The results of the 
study have provided the data necessary to proceed with the second phase. 

A research proposal is being prepared in conjunction with Yellowstone Park 
research personnel to carry out the second phase. The second phase of 
the study wi 11 consist of a survey of backcountry users, based on the 
sampling scheme developed from this past year's work for purposes of 
determining the total number of individuals using selected backcountry 
trails, use by individual trail, type of user (overnight or day use), 
primary activity interest and attitudes backcountry users hold toward 
various aspects of Yellowstone backcountry. A more detailed analysis and 
discussion of the results of this year's work appears in a thesis that 
was produced as a part of the study. 
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Table l. Comparison of Different Estimate Procedures- Average Number 
of Day Use Parties Per Day, Yellowstone National Park, July
August, 1977 

Parking Lot Count 
Tra i 1 head Estimate 

Grebe Lake 4.9 parties/day 
Cascade Lake 9.9 parties/day 
Pelican Creeka 11.6 parties/day 
Pelican Creekb n.a. 
Cascade Lake n.a. 
Slough Creek 4.9 parties/day 
Soda Butte 6.3 parties/day 
Lone Star Geyser 21 parties/day 

aAfter fishing season opened (August 1) 
bsefore fishing season opened 

Camera Data Tra i 1 Counter 
Estimate Estimate 

5.8 part es/day 5.5 parties/day 
7.6 part es/day 10.7 parties/day 
9.0 part es/day 11 . 7 parties/day 
2.8 part es/day 3.2 parties/day 
6. 1 part es/dayc 7.4 parties/day 
4.4 part es/day n .a. 

6 part es/day · n .a. 
11.6 part es/day n.a. 

ccamera was positioned on trail rather than parking lot 

Table 2. Average Day Use Party Size, Yellowstone National Park, July
August, 1978 

Average Party Size - People Per Party 
Trailhead (Personal Observation-10 or more parties/trail) 

Wraith Falls 
Mystic Fa 11 s 
Grebe Lake 
Wapati Lake 
Artist Point 
Cascade Lake 
Clear Lake 
Soda Butte 
Lone Star Geyser 
Grizzly Lake South 
Pel i can Creek 
Cascade Lake 
Trout Lake 
Riddle Lake 
Riddle Lake 
Blacktail Ponds 

Average Day Use Party Size 
(All Trails- all personal observations) 

Average Fishing Party Size 
(All Trails -all personal observations) 

Average Overnight Party Size 
(All trails- all personal observations) 

3.8 
3.6 
3.6 
3.2 
3. 1 
3.1 (Film) 
3.0 
2.9 
2.9 
2.8 
2.8 
2.6 
2.6 
2.4 
2.4 (Film) 
2.4 

2.7 people per party 

= 2.4 people per party 

2.2 people per party 
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Table 3. Trai 1 Ranking by Average Number of Day Use Parties Per Day, 
Yellowstone National Park, July-August, 1978 

Trailhead 

Mystic Fa 11 s 
Artist Point 
Sentinal Meadow 
Wraith Falls 
Elephant Back 
Wapati Lake 
Pelican Creek 
Fairy Fa 11 s 
Cascade Lake 
Trout Lake 
Clear Lake 
Lone Star Geyser 
Mallard Lake 
Beaver Pond Loop 
Yellowstone River Bridge 
Cascade Lake 
Riddle Lake 
Heart Lake 
Garnet Hi 11 
Nez Pierce 
Grebe Lake 
Grizzly Lake South 
Soda Butte 
Shoshone Lake 
Suspension Bridge 
Slough Creek 
Delacy Park 
Cub Creek-Clear Creek, East 
Blacktail Ponds 
Seven Mile Hole 

· Fern Cascades 
Panther Creek 
Bunsen Peak 
Cub Creek-Clear Creek, West 
Grizzly Lake, North 
Eagle Nest Rock 

(PL) - Parking lot car counts 

Average No. of 
Day Use Parties Per Day 

39 
35 
21.9 
16.5 
14.7 
12.2 
11.7 
10.7 
10.7 
10.0 
9.0 
8.4 
8.0 
8.0 
7.9 
7.4 
7.0 
6.9 
6.8 
6.3 
6.3 
6.2 
6.0 
5.4 
5.2 
4.9 
4.9 
4.9 
4.7 
3~7 
3.5 
3.0 
3.0 
3.0 
3.0 
3.0 

(TC) -Photoelectric trail traffic counter 
(Cmr)- Time-lapse camera 

Data Source 

(TC) 
(TC) 
(PL) 
(TC) 
(TC) 
(PL) 
(PL) 
(PL) 
(TC) 
(TC) 
(TC) 
(Cmr) 
(TC) 
(TC) 
(PL) 
(TC) 
( Cmr) 
(PL) 
(PL) 
(PL) 
(PL) 
(P L) 
( Cmr) 
(PL) 
(PL) 
(PL) 
(PL) 
(PL) 
(TC) 
(TC) 
(TC) 
(PL) 
(PL) 
(PL) 
( PL) 
(PL) 



EFFECTS OF ENVIRONMENTAL VARIABLES ON SOME PHYSIOLOGICAL RESPONSES 
OF MICROTUS MONTANUS UNDER NATURAL CONDITIONS 

Objectives 

(summary for 1977) 

Aelita J. Pinter, Ph.D. 
Department of Biological Sciences 

University of New Orleans 
Project Number 173 
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Multiannual cycles in population density have been reported for a number 
of microtine rodents~ However, factors that govern various phases of the 
cycle are poorly understood if not totally unknown. In other words, little 
is known to what degree environmental factors and physiological responses 
of the animals contribute to such cyclicity. The purpose of the present 
study was essentially fourfold: 

1. Characterization of environmental variables that might affect Microtus 
populations at three or four different times of the year. 

2. Investigation of growth, maturation, and reproductive activity of 
Microtus montanus under natural conditions. 

3. Study of maturation molts and seasonal pelage changes in Microtus 
montanus in relation to sex, age, and reproductive status. 

4. A correlation of the information obtained in #1-3 above. It is hoped 
that the results will help to elucidate causes underlying the 
multiannual fluctuations in population density of microtine rodents. 

Materials and Methods 

Microtus montanus were livetrapped and sacrificed as soon as possible 
after capture. Age estimation for all animals was based on weight, 
total length, and pelage characterisitics. 

Reproductive organs, the spleen, and the adrenal glands were collected 
and preserved in Lillie's buffered neutral formalin for future histological 
study. Flat skins were prepared from all animals. All tissues are currently 
being processed at the Department of Biological Sciences, University of 
New Orleans. 

Field Observations 

In 1977 field observations were carried out at the Research Station over 
three study periods: spring (23-30 May}, summer (10 July- 10 August), and 
fall (9-14 October). 
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Results and Discussion 

1. Spring study period. 

Spring began unusually early in 1977. Weather records for the study area 
indicate that in the open meadows snow had melted off by 18 April 
(by comparison, snow did not melt off in this area until 15 May in 1976, 
and not until 30 May in 1975). However, in an average year meltoff is 
complete in the study area within the first or second week in May. 

At the time of the spring study period reproduction was well underway 
in the Microtus population. Data indicate that breeding had begun during 
the third week in April. Indeed, fiftY per cent of all female~ trapped 
were pregnant with their second 1 itter. In fact, estimated conception 
dates for the second litters in 1977 coincided with · the estimated 
conception dates for first litters in an ordinary spri.ng. These findings 
have enormous implications at the population level. It had been 
demonstrated earlier in the study that young born before the first week 
in July will mature and breed in the year of their birth. In other words, 
early onset of reproduction in a given year adds not only more litters 

- and more individuals - to the population; - early onset of reproduction 
adds more breeders to the population for that year (Pinter 1974). In 1977 
Microtus would apparently produce (before the first week in July) one more 
litter than they would in a usual year. Furthermore, laboratory data have 
demonstrated that litter size in Microtus montanus increases with each 
successive litter, up to the fifth litter (Negus and Pinter 1965). The 
impact of this phenomenon was already being felt during the spring study 
period in 1977. Judging from placental scars the 1 itter size of the first 
litter was very similar to that seen in other years (mean litter size 
= 5.3). However, it must be kept in mind that by mid-May of 1977 fifty 

per cent of the females were already carrying their second litter which 
is much larger (mean= 7.6~). Furthermore, the largest litter size (10) 
ever ~ncountered during the study - and not seen since the peak year of 
1969 -was once again found during the spring of 1977. In addition, the 
Microtus population had attained relatively high densities in 1976. 
Although data on winter mortality were not available, it seemed that a 
relatively large overwintering population was now entering the 1977 
breeding season. The pr~diction brought forth in the 1976 annual report 
seemed to be becoming a reality: spring conditions indicated that Microtus 
populations had enormous potential for attaining peak densities in 1977. 

2. Summer study period. 

The outcome of the summer study period totally shattered all predtctions 
made on the basis of the spring data. The severe drought which afflicted the 
valley during the summer of 1977 exerted severe repercussions on Microtus 
populations. Mean 1 itter sizes for both, subadult and adult females, were 
among the lowest recorded during the entire study. In fact, the data closely 
resembled those collected in the summer of 1974. That summer was also 
unusually dry in Jackson Hole; however, the drought was not nearly as severe 
as that seen in 1977. Furthermore, as in 1974, the population density in the 



summer of 1977 also showed a decline below the dens i ty recorded for the 
preceeding summer. This decline in population density was probably the 
result of several factors. As indicated above, decreased reproduction 
rate was one of the factors. Another, however, might have been the 
vulnerability of these rodents to predation. As a result of the drought 
the vegetation was extremely poor in all meadows. In fact, it was not 
unusual to find patches of totally bare ground, barely supporting a 
short, thin and crumbling dry vegetation. Microtus were not merely 
being deprived of the green vegetat:ion they favor as food. They also 
did not have adequate cover. Consequently, predation pressure in the 
summer of 1977 might have been unusually severe. 

3. Fall study period. 

By the time the fall study period began, reproduction in the Microtus 
population had virtually ceased. Ba~ed on counts of placental scars, 
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mean 1 itter size of the last litters of the year was 4.1. As usual, the 
last breeders of the season were only the adults (one female trapped 
during the fall study period was still lactating). All subadult animals 
were reproductively quiescent; indeed, there was no evidence that they 
had ever attained sexual maturity. Again, it appeared that animals born 
after the first week in July did not enter the breeding population in the 
year of their birth. 

The drought in Jackson Hole was broken at the end of the summer. This 
might have had a positive effect on the reproductive success of the voles 
since the population density had increased over that found during the 
summer study period. Indeed, the fall population density was very high 
when com~ared to densities observed during other fall study periodi. 

Conclusions 

There were two unusual climatic events in Jackson Hole during 1977: a 
very early spring, and a summer characterized by a severe drought. The 
immediate physiological responses of Microtus to these conditions serve 
to illustrate the sensitivity of these rodents to environmental variables. 
This long term study is also beginning to reveal that the length of the 
multiannual cycles in population density of microtine rodents can vary 
considerably. Indeed, in the light of my data of the past years I am 
now seriously questioning whether the term "cycle" can justifiably be 
applied to these fluctuations. The current study is also beginning to 
pinpoint specific variables whose interaction leads to the multiannual 
fluctuations in population density of microtine rodents. 
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AN ANALYStS OF FOREST FtRE HISTORY ON THE 
LITTLE FIREHOLE RIVER WATERSHED, YELLOWSTONE 

NATIONAL PARK 

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

Objectives 

Fire is now recognized as a major process in Rocky Mountain coniferous 
forests, with many ecosystem patterns and processes being affected as 
much by fire as by climate and soil. For this reason there is a move 
toward reinstating fire as a natural process within our National Parks 
and Wilderness Areas, a move which is proceeding cautiously, however, 
because there is still much that we do not know about fire's natural 
role in ecosystems. In Yellowstone National Park, where a fire manage
ment plan is now in effect, an important question is: What is the 
natural frequency and size of wildfires in different Park ecosystems? 
An understanding of natural fire frequency and size is important not 
only in formulating and evaluating fire management plans, but also in 
evaluating long-term effects of fire on wildlife habitat, productivity, 
nutrient cycling, and other ecosystem processes. 

The purpose of the present study is to determine the historical fre
quency and areal extent of large fires in the lodgepole pine forest 
zone of Yellowstone National Park. Specifically we are working on the 
following objectives: 
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l. To construct a map of forest stand age on the watershed of the Little 
F i reho 1 e River. 

2. To determine the incidence of major fires on the watershed during 
the last 3 or 4 centuries, and the average area or proportion of the 
watershed burned during any specified time interval~ 

3. To estimate fire frequency, i.e., the time interval between succes
sive fires on any particular site. 

4. To measure changes in stand structure and fuel accumulation follow
ing a destructive fire. 

Procedures 

Location of study ar~a: The Little Firehole River watershed covers an 
area of about 150 km on the Madison Plateau just west of the Upper Geyser 
Basin (USGS "Old Faithful" and "Madison Junction'' quadrangle maps). Ele
vation ranges from 2210 m to 2680 m, with most of the area lying between 
about 2425 m and 2500 m. Geologic substrate is rhyolite, with soils 
deve 1 oping on unmodified bed rock, g 1 ac i a 1 t i 11 , or a 11 uv i urn ( U. S. Geo
logical Survey 1972). Vegetation is primarily lodgepole pine forest, 



with small patches of spruce-fir forest at higher elevations and sub
alpine meadows on some alluvial sites. 

Sample sites were selected in the field to delineate borders between 
stands of different ages, and to sample forest structure and fuel 
accumulation in stands representing a broad range of age and site 
characteristics. 

Sampling: Stand age was estimated by aging several dominant, unsup
pressed canopy trees with an increment corer. Cores were taken from at 
least 5 trees whenever possible, although in many older stands most of 
the dominant trees have rotten centers and fewer than 5 suitable cores 
could be obtained. In even-aged stands the age of the oldest tree 
sampled was considered to be the approximate age of the stand. In non
even-aged stands~ other stand characteristics were used i·n addition to 
tree age to estimate stand history and age. These characteristics in
cluded stand structure and species composition, fuel accumulation, fire 
sign, and tree ring growth patterns (Romme 1977). Where available, 
living fire-scarred trees were sampled by drilling an increment corer 
into the dead wood of the scar and emerging through the living bark on 
the opposite side of the tree. The date of the fire was calculated by 
subtracting the number of rings on either side of the center. (This 
method gave the same results as wedge-shaped sections taken from the 
tree, however, the increment core method is less work and less damaging 
aesthetically. Where 2 or more stands appeared to lie within the same 
even-aged forest (i.e., they originated following the same destructive 
fire), their ·tree age and fire scar data were pooled to arrive at a more 
precise estimate of the fire date. 

Fuels were sampled with the planar intersect method (Brown 1974). Den
sity and basal area of 1 iving and dead trees of each species in a stand 
were estimated by tallying all stems in a single circular plot placed 
in a representative portion of the stand (Habeck 197~. Occurrence of 
bark beetle and mistletoe was also tallied in the plot. Site produc
tivity was estimated by calculating site index (Alexander 1966, 1967) 
and/or habitat type (Steele et al. 1977). 

Results 

Data analysis is not yet complete, and more data collection next year 
is needed to cover the entire watershed. However, some preliminary 
results are the following: 

At least 14 major fires have burned on the watershed during the last 
450 years. We have evidence of burns in ca. 1525, ca. 1650, ca. 1660, 
ca. 1695, ca. 1730, ca. 1739, 1752, ca. 1760, 1764, 1794, 1810, 1837, 
1853, and 1949. The boundaries of these fires wi 11 be determined with 
additional field work and the study of low altitude aerial photographs 
provided by the National Park Service. Most of the area sampled thus 
far has burned during the last 450 years, although one relatively large 
patch of spruce-fir forest on a sheltered northeast-facing slope has not 
burned for at least 500 years. Fire incidence apparently has not been 
uniform during the last 450 years. Between 1525 and 1695 the average 
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fire interval is 57 years; between 1695 and 1853 the average interval 
is 17.5 years; and between 1853 and 1949, 96 years. 

Preliminary fuel data indicate a correlation between stand age and 
fuel accumulation. More data are needed to clarify which age-related 
stand characteristics account for the changes in fuels with time, and 
any other factors (e.g. site factors) that also influence fuel accumu
lation and decomposition. 

Discussion 

The burns located thus far represent only major destructive fires which 
covered a relatively large area. Certainly many more .very small fires 
have occurred during the last 500 years, but they have left little or 
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no evidence of their occurrence. Current research by the National Park 
Service on 36 natural fires in Yellowstone Park between 1972 and 1976 
indicates that only a small percentage of lightning fires ever burn more 
than a few hecta~es (Despain and Sellers 1977). However, from a water
shed perspective the infrequent large burns may be the most important; 
they are the events which trigger cyclic changes in wildlife habitat 
and ecosystem processes (productivity, nutrient cycling) over a large 
area. 

Fire frequency on a particular site is much more difficult to determine 
than fire incidence on a watershed. Large fires in the lodgepole pine 
and spruce-fir forest zones usually completely destroy an existing forest, 
and 1 iving relic trees within an even-aged stand of fire-origin are 
uncommon. Trees with basal fire scars are more common, but not all of 
these scars represent a significant fire event in the history of the 
stand. Where a fire-scar date coincided with the date of origin of an 
even-aged stand, we concluded that the fire which scarred the tree had 
also destroyed most of the surrounding stand and initiated a new cycle 
of forest regrowth. However, several fire scar dates bore no relation
ship to the age of the other trees in the stand. These scars probably 
represent isolated lightning strikes or fire brands which never affected 
more than a few trees in a very small area. A few useful fire scars and 
relic trees have been found which provide preliminary data for estima
ting fire frequency on a site. Field work next year will emphasize 
further fire scar and relic tree analysis. 

Lightning strikes probably occur more or less at random throughout the 
Little Firehole River watershed. An important factor determining whether 
or not a particular lightning strike results in a major fire is the 
nature and abundance of potential fuel. Fire may not be able to spread 
in young lodgepole pine forests because they have not yet accumulated 
enough fuels to carry a fire, whereas older forests typically have fuel 
conditions conducive to a major fire (Despain and Sellers 1977). Pre
liminary fuel data from the Little Firehole River watershed support the 
thesis that fuel increases significantly with stand age. Additional 
fuel data will be collected next year to clarify the relationships be
tween stand age or stage of development and accumulation of fuels of dif
ferent size classes. 



Conclusions 

Preliminary conclusions thus far are: (1) The Little Firehole River 
watershed is covered by a complex mosaic of forest stands of different 
ages, most of which originated following major fires during the last 
450 years. Most stands are even-aged, with all of the trees dating 
from the last destructive fire. (2) Major fires have occurred on the 
watershed at intervals of from 4 to 125 years, with fires apparently 
having been more frequent during the eighteenth and early nineteenth 
centuries. (3) Total fuel accumulation increases with stand age. 

Acknowledgments 

59 

We thank Yellowstone National Park biologists Don Despain, Douglas 
Houston, and Mary Meaghers for their assistance and suggestions during 
the study. Richard Levinson and Ronald Marrs of the University of Wyo
ming Remote Sensing Laboratory provided valuable assistance in inter
preting aerial photography and imagery of the study area. We also thank 
the staff of the Old Faithful Ranger Station who arranged for our ex
tended stays in the back country. 

The use of a trailer and supporting facilities at Old Faithful, provided 
by the Northern Rocky Mountain Parks Studies Cooperative Program and 
Yellowstone National Park, was greatly appreciated. The field assistance 
and companionship of Larry VanDusen is gratefully acknowledged. 

Literature Cited 

Alexander, R. R. 1966. Site indexes for lodgepole pine, with corrections 
for stand density: Instructions for field use. U.S.D.A. Forest 
Service Res. Pap. RM-24. 

Alexander, R. R. 1967. Site indexes for Engelmann spruce in the central 
Rocky Mountains. U.S.D.A. Forest Service Res. Pap. RM-32. 

Brown, J. K. 1974. Handbook for inventorying downed woody material. 
U.S.D.A. Forest Service Gen. Tech. Rep. INT-16. 

Despain, D. G., and R. E. Sellers. 1977. Natural fire in Yellowstone 
National Park. Western Wildlands 4(1): 20-24. 

Habeck, J. R. 1974. Forests, fuels and fire in the Selway-Bitterroot 
Wilderness, Idaho. - Proc. Montana Tall Timbers Fire Ecology Confer
ence and Fire and Land Management Symposium, No. 14, 1974: 305-352. 

Romme, W. H. 1977. Vegetation in relation to elevation, topography, 
and fire history in a Wyoming montane watershed. M.S. Thesis, 
Botany, Univ. of Wyoming, Laramie, Wyoming. 168 pp. 



60 

Steele, R., D. Ondov, S. V. Cooper, and R. D. Pfister. 1977. Pre
liminary forest habitat types of eastern Idaho and western Wyoming . 
U.S.D.A. Forest Service, Intermountain Forest and Range Experiment 
Station and Intermountain Region, Ogden, Utah. 

U.S. Geological Survey. 1972. Surficial geologic map of Vel lowstone 
National Park. Miscellaneous Geologic Investigations, Map 1-710. 



THE BREEDING ECOLOGY OF THE TRUMPETER SWAN 
(OLOR BUCCINATOR RICAHRDSON) IN YELLOWSTONE NATIONAL PARK 

Ruth E. Shea 
Montana Cooperative Wildlife Research Unit 

University of Montana 

This report summarizes the first of two field seasons investigating 
habitat selection, productivity, and human disturbance of Trumpeter 
Swans nesting in and near Yellowstone National Park (YNP). The study 
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is supported by the Montana Cooperative Wildlife Research Unit, the 
National Park Service, the National Wildlife Federation, the Northern 
Rocky Mountain Cooperative Park Study Project, the Trumpeter Swan 
Society, and the Wildlife Management Institute. I wish to thank the 
personnel of the Biologist's Office, YNP, and of the Montana Cooperative 
Wildlife Research Unit for their vital assistance on numerous occasions. 

Study Objectives 

A. Determine the number of nesting pairs, the chronology and rates of 
nest desertion, nest failure, and cygnet mortality. 

B. Evaluate human activity in the vicinity of nesting sites. 

C. Quantify the incubation behavior of swans which are exposed to 
different levels of human activity. 

D. Examine environmental parameters for correlation with nesting 
success. 

E. Make management recommendations to minimize adverse human impacts 
on swan nesting success. 

Methods 

Ground searches and observations of nests from natural blinds were 
supplemented by 10 aerial surveys in order to locate all active nests 
and to closely follow the progress of each nesting attempt. Unhatched 
eggs and dead cygnets were collected in YNP and analyzed at the U.S. 
Fish and Wildlife Health Laboratory, Madison, Wisconsin. 

Using time lapse photography, I filmed the incubation behavior of swans 
at five nests to determine the constancy of incubation. 

Data on rates of human use, history of swan use, water chemistry, and 
physical characteristics of nesting lakes were gathered from Park files 
and direct observations. 
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Results and Discussion 

Twenty active nests, the greatest number recorded in over 40 years of 
observations, were located in, or within 5 miles of, Yellowstone National 
Park. However, the aerial surveys of past years were made in late August 
and nests which failed early in the season would have been overlooked. 

Most successful nests hatched between 15 and 25 June. 1977; six failed 
prior to that time. Deep snow prevented human access to the nesting 
lakes until after those failures . . Direct human disruption of incubation 
did not occur in 1977. 

Of the 17 eggs collected intact, seven were infertile and four contained 
partially developed dead embryos. The remaining six eggs are undergoing 
pesticide analysis at the Patuxent Wildlife Research Center. The eggs 
were analyzed for bacterial and viral contamination, but no pathogenic 
organisms were found. 

The initial examination of the time-lapse films revealed that the incubating 
swans spent a much greater period of time off the eggs than the one-half 
hour per day mentioned by Scott (1972). Some eggs which hatched later were 
left unattended more than 30 percent of the daylight hours. 

The number of cygnets hatched in YNP was not determined in previous years, 
but the number of fledglings averaged 13.4 per year from 1950 to 1959 and 
5.5 per year from 1960 to 1974. The 1977 hatch of 52 cygnets (2.6 cygnets 
per active nest) was unexpectedly high, based on the poor fledgling pro
duction of recent years. The rate of hatching in YNP equaled that achieved 
in the prime habitat of Red Rock Lakes National Wildlife Refuge (RRLNWR) 
where 69 cygnets hatched from 27 nests (2.6 cygnets per active nest) in 
1977 (G. Stroops, personal communication). 

While 39 (56.5%) of the cygnets at RRLNWR survived until September, only 
13 (25%) of those from Yellowstone survived. High mortality during the 
first 6 weeks of 1 ife resulted in the death of entire broods. Five dead 
cygnets were collected but laboratory analysis did not determine the cause 
of death. Predation was not evident; cygnets were either dead in the nests 
or floating nearby. 

Although the direct causes of the high cygnet mortality remain undetermined, 
several incidents of human disturbance were observed after the eggs hatched. 
At one nest, human activity caused the family to march overland to another 
pond and the brood was lost shortly after the forced move. 

Recommendations and Conclusions 

Despite high levels of human visitation, YNP compares favorably with RRLNWR 
in its nesting potential for Trumpeters. However, unexplained high cygnet 
mortality rates greatly reduce the realized productivity in YNP. A 
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determination should be made for Park managers whether this mortality is 
natural or induced by some human activity which could be altered through 
management. 

Efforts in 1978 will be similar to those of 1977, but will be intensified 
during the first 6 weeks after the hatch. To determine the causes of 
cygnet mortality, cygnets exhibiting abnormal symptoms will be watched 
closely and collected before death, if possible. Extremely fresh specimens 
should make the laboratory analysis more productive. 

Most clutches hatch before the nesting lakes are accessible to humans, 
so direct disturbance during incubation is negligible except at a few 
roadside lakes. Human activity later in the summer may interfere with 
proper care of the cygnet~. Increasing levels of human use may cause 
swans to .abandon lakes which once provided successful nesting sites. 

Specific recommendations will be made at the conclusion of the 1978 
nesting season. 
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Objectives 

VERTEBRATE PALEONTOLOGY IN JACKSON HOLE, WYOMING 

Dr. John F. Sutton 
Carnegie Museum of Natural History 

Pittsburgh, Pennsylvania 

Tertiary rocks are extensively exposed in Jackson Hole, Wyoming, covering 
a span of time from the Paleocene to the Pliocene. The most extensive 
deposits most commonly seen along Pilgrim Creek are those of the Colter 
Formation which is Miocene in age. At the base of the ~olter Formation 
along the east fork of Pilgrim Creek is a smal 1 exposure of Oligocene 
rocks, the western-most deposit of this age known in Wyoming. This depo
sit has been the target of research for the past several seasons. 

The primary objectives center around defining more precisely the exact 
time of deposition and age of the included fossils as well as the correl
ation of this deposit with others of similar age in Montana and Wyoming. 
Correlation between the fauna of this deposit and the late Eocene faunas 
in the Wind River Basin to the east has provided information previously 
unexpected. Of secondary importance is the examination of small outcrops 
of Eocene rocks to the east of the 01 igocene locality for the presence of 
vertebrate fossils. 

Procedures 

Collection of vertebrate fossils in areas such as this require a thorough 
surface examination of the outcrop for fragments of bone and small teeth. 
Once the outcrop has been completely prospected for surface debris, the 
surface of the weathering rock is scraped and washed through screens or 
burlap bags to remove the silt-sized particles. This. process results in 
a matrix of small grained rocks, sand, and also bone fragments and teeth. 
The matrix is dried, screened again and returned from the field to be 
sorted under a microscope for removal of the bone and teeth from the re
maining matrix. The resulting fossils are then cleaned and prepared as 
needed for identification. 

Discussion 
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Complete picking of the resulting matrix has not been completed as of this 
writing, however, that which has been done has yielded the rodents lschy
romys, Cylindrodon, Yoderimys, Prosciurus, Paradjidaumo as w:ll as several 
unidentified rodents of the Family Eomyidae. The above mentioned rodents 
are components of faunas known to be of early 01 igocene age such as Pipe
stone Springs Montana and McCarty's Mountain, Montana. Other faunal 
elements incl~de Peratherium (Marsupicarnivora), Domnina (Insectivore), as 
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well as Paleolagus (Leporidae). The rabbits are comn~n in the deposits as 
are the eomyid Paradjidaumo which are both indicative of an early Oligo
cene age for the deposits. New additions this year include a titanothere 
tooth fragment and an artiodactyl premolar, both not yet identified to the 
level which will make them useful in a stratigraphic sense. 

Previous work has turned up several primarily Eocene elements such as a 
multituberculate (the first reported for the Oligocene), the problematical 
rodent Giphomys known only from the late Eocene of the Wind River Basin, 
Wyoming, and Sespe Formation of California. 

Geological considerations of the faunal accumulation seem to indicate that 
the deposits represent a typical stream overbank deposit as well as chan
nel deposits characterized by pockets of channel lag debris containing the 
majority of the fossil vertebrate remains. Samples of the overbank depos
its yield the same fossils as the channel lag indicating the two faunas are 
probably contemporaneous. The channel lag deposits probably do not repre
sent a scour of an Eocene deposit resulting in a mixed fauna. If the fauna 
represented is both Eocene redeposition and Oligocene deposition the Eocene 
fossils should show signs of rounding common in water washed specimens and 
there also should be differences in the preservation of the two faunas, 
however breakage is sharp and there is no color difference in preservation 
between the Oligocene and Eocene faunas. 

The Eocene deposits located east of the Oligocene exposures failed to pro
duce any bone fragments, however the sediments are distinctly different 
than those of the Oligocene. Radiometric dating indicates that these beds 
are of the late Eocene age (Love, J.D., personal communication), very 
similar to the late Eocene beds of the Wind River Basin. Future efforts 
here may yet result in a fauna which is more directly comparable to that 
of the Wind River Basin. 

Conclusions 

The faunas thus far recovered from the Oligocene deposits along the east 
fork of Pilgrim Creek indicate that the age of the fauna is very early 
01 igocene~ but slightly younger than the latest Eocene Badwater fauna of 
the Wind River Basin. The late Eocene components of the fauna (multi
tuberculates and some of the rodents) may be indicative of an environmen
tal effect reflecting a rel ictual fauna surviving in isolated, perhaps 
high altitude situations in the face of a generally warming environment. 
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COMPARATIVE GENETICS OF YELLOWSTONE NATIONAL PARK, 
MONTANA AND ARCTIC GRAYLING POPULATIONS 

Ernest R. Vyse 
Department of Biology 

Montana State University 
Bozeman, Montana 59717 
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This is a report of investigations of the genetic structure of grayling 
populations in Yellowstone National Park and the Bighole River, Montana. 
This research is an extension of a comparative genetic study of 
Yellowstone National Park and Arctic grayling. This research was 
supported by the Rocky Mountain Parks Study Program. I appreciate 
the assistance of the personnel of Yellowstone National Park and 
Montana Fish ~nd Game in obtaining the necessary samples. In 
particular J. Varley and R. Jones YNP are to be thanked for their 
assistance. 

Study Objectives 

A. Compare the genetics of the Bighole River adfluvial form of 
Montana grayling populations, to lacustrine forms in Yellowstone 
National Park and to Arctic grayling. 

B. Determine if there are unique strains of lacustrine and adfluvial 
grayling to aid in restoration programs in Yellowstone National 
Park. 

Methods 

Populations of grayling sampled included Grebe and Wolf Lakes in 
Yellowstone National Park and Mussigbrod reservoir and the braided 
section of the Bighole River near Wisdom, Montana. Populations were 
sampled both by electrofishing and angling. 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. Tissue samples were prepared by grinding 
in an equivalent volume of 0.01 M tris-HCl buffer pH 6.8 containing 
0.001 M EDTA and 5 x 10-5M NADP . The homogenate was centrifuged at 
15,000g for 20 minutes in a refrigerated centrifuge. 

Horizontal starch gel electrophoresis was performed according to the 
methods described by Selander et al. 1971; Allendorf et al. 1974, and 
Harris and Hopkinson, 1976. Staining procedures are also described by 
these authors. 



Loci were designated l, 2, 3 .... , in order of increasing anodal 
migration of the coded proteins. The alleles at a locus were numbered 
according to the relative mobility of their isozymes under the electro
phoretic conditions used. The allele with the most common frequency 
was designated 1.00 and alleles corresponding to faster or slower 
migrating bands were arbitrarily assigned values relative to the 
most common allele. 

The buffer combinations used in the study are as follows: Buffer 
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System A= Gel Buffer: pH 8.7, 0.0 76 M tris, 0.005 M citrate; Electrode 
buffer; pH 8.2, 0.30 M borate, sodium hydroxide. Buffer System B = 
Gel buffer pH 6.7, 0.008 M tris, 0.003 M citrate; Electrode buffer 
pH 6.3, 0.223 M tris, 0.086 M citrate. Buffer System C =Gel buffer 
pH 8.0, 0.228 M tris, 0.0052 M citrate; Electrode buffer pH 8.0, 
0.687 M tris, 0.157 M citrate. Buffer System D =Gel buffer pH 8.0, 
0.03 M tris, 0.005 M citrate, Electrode buffer pH 8.3, 0.06 M lithium 
hydroxide, 0.3 M borate. Buffer System E = Stock solution A pH 8.1, 
0.02 M lithium hydroxide, 0.19 M borate; stock solution B pH 8.4, 
0.05 M tris, 0.008 M citrate, Gel buffer 1:0 mixture stock solution 
A and B; Electrode buffer stock solution A. 

The buffer system used and the proteins surveyed electrophoretically 
are as follows: Buffer System A- Glucose -6- phosphate dehydrogenase
G6PD (1. 1. l.49); Hexose-6-phosphate dehydrogenase- H6PD (1. 1. 1.47); 
Phosphoglucomutase- PGM (2.7.5. 1); Xanthine dehydrogenase- XDH 
(1. 1. 1.25). Buffer System B- lsocitrate dehydrogenase- IDH (1. 1. 1.42); 
t1alate dehydrogenase - MDH (l. 1. 1.37); Malic enzyme - ME (1. 1. 1.40). 
Buffer System C - Alpha - glycerophosphate dehydrogenase - AGPD 
(1.2. 1. 12); Glutamate oxaloacetate transaminase- GOT (2.6. 1. 1). 
Buffer System D- Alcohol dehydrogenase- ADH (1. 1.1. 1); Lactate 
dehydrogenase- LDH (1. 1. 1.27); Superoxide dismutase ~SOD (1. 15. 1. 1); 
Sorbital dehydrogenase- SOH (1. 1. 1. 14). Buffer System E- Esterase
Est (3. 1. 1. 1), Transferrin- Tfn, Serum proteins- SP. 

Results and Discussion 

We have examined electrophoretically the proteins produced by 30 
presumptive loci in Thymallas arcticus from Yellowstone National Park 
and Bighole River populations. No significant differences have been 
found between the Bighole River population and the Yellowstone Park 
population (Tables 1&2). 

The Bighole River populations appear not to have suffered from inter
breeding with arctic grayling transplants because the H6PD and SP-2 
proteins found are identical to those in the Yellowstone Park populations 
and not in the Arctic grayling populations analyzed previously. The 
Bighole River populations studied appear to be pure populations of 
Montana grayling. W~ have been unable to identify any proteins 
variants which are unique to Bighole River grayling. 



Although no genetic markers have been found to distinguish between 
the lacustrine (YNP) and adfluvial (Bighole River) grayling there 
is a behavioral difference between these populations. tnitial attempts 
to establish grayling in a stream in Yellowstone National Park were 
unsuccessful because the fish derived from Grebe Lake failed to hold 
stream position while fish from the Bighole River in a latter transplant 
have apparently maintained stream position. We are extending this 
analysis to include additional loci to find, if possible, genetic 
markers which will clearly separate . lacustrine and adfluvial grayling. 
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poZionotus). Studies of Genetics VI. (Univ. of Texas Publ. No. 
7103) pp. 49-90. 
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Table 1. Monomorphic Loci. 

Number of Individuals Sampled 

Ye 11 ows tone National Park Bighole River 

Loci Grebe Lake Wolf Lake Mussigbrod Res. River 

LDH 1-5 30 22 32 18 

MDHs 1&2 30 22 32 18 

MDHm 30 22 32 18 

G6PD 1&2 30 22 32 18 

ADH 30 22 32 18 

PGM 1-3 30 22 32 18 

Est. 30 22 32 18 

SOD 5 

MEm 30 22 32 18 

MEs 1&2 30 22 32 18 

AGPD 1&2 30 22 32 18 

H6PD•~ 30 22 32 18 

SOH 30 22 32 18 

XDH 30 22 32 18 

SP 2&31dl· 27 10 

*H6PD- isozyme in the Bighole River populations was identical to the Yellow
stone Park populations and different from the Arctic gray1 ing populations. 

**SP-2- protein in the Bighole River samples was identical to the Yellowstone 
Park populations samples and different from the Arctic grayling populations. 
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Table 2. Allelic frequencies of polymorphic loci in the populations studied. 

Yellowstone National Park Bi~hole River 

Loci Alleles Grebe Lake Wolf Lake Mussi~brod Res. River 

IDHs 1. 00 0.98 0.98 1.00 0.97 
1. 20 0.02 0.02 0.00 0.03 

G6PD-3 1.00 0.92 0.98 0.95 0.94 
1. 10 0.08 0.02 0.05 0.06 

SP-1 1. 00 0.60 0.51 0.83 0.70 
1. 10 0.40 0.49 0. 17 0.30 
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This preliminary report is intended only to provide a brief scenario of the 
project to date. As information pertaining to possible mitigating influences 
is still pending, we are unable to present a completed project at this time. 

Purpose and Objectives 

The principal focus of our study was to evaluate alternative bicycle paths 
which would be consistent with the Glacier National Park Master Plan. 

In addition, the following specific objectives provided guidance to the study: 

t. To evaluate the scale of development and investment for bicycle 
f ac i 1 it i es. 

2. To evaluate potential bicycle usage, considering the following: 
esthetics of the proposed facility, impact on wildlife, required 
bicycle performance criteria, potential bicycle demand, and the 
safety of present facilities. 

Methods 

Each road within and adjacent to the Park was evaluated on the basis of its 
general suitability for safe bicycle travel. In order to provide some type 
of guidance for this road survey, the bicycle user was categorized into two 
groups: 1) the local user, and 2) the through. user. After completing the 
on-site evaluations of the various roadways, attention was turned to alter
native routes. 

Two principal alternative routes, through and within the park, were considered. 
The first being along the west side of Lake McDonald, and the second along 
the abandoned telephone right-of-way east of Lake McDonald. The existing 
trail system for both of these areas was observed and noted. Certain factors 
regarding locating the paths in these areas were considered and use of the 
abandoned telephone right-of-way was recommended. 

In addition to these on-site evaluations interviews with the Park staff and 
with bicycle users of the Park were conducted. 

The approach for each set of interviews followed the methodology commonly 
known as the ethnographic approach. Individuals were interviewed, issues 
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pertaining to the study were discussed, but no response was pressured. 
Through this approach, the attempt was to modify the question sets on the 
basis of the previous interview. At a point where the researcher was able to 
accurately predict what the next respondent would say, the interviews stopped. 
Data from these interviews is still being digested and prepared. The final 
report will have the results. 

One last technique was employed in the on-site process. The primary road 
systems and alternatives were filmed for later follow-up for the purpose 
of making specific reference to locations when discussing the units under 
consideration. 

Preliminary Conclusions 

The f inal bicycle plan to be developed will emphasize the need to improve 
safety for the Park user. A 1 imited system plan will be developed which 
will focus on the major activity centers within the Park. In addition, 
alternative bicycle facilities and policies will be proposed for the major 
travel route from West Glacier to St. Mary. The alternatives to be developed 
will be prioritized and design alternatives suggested. The original Park 
proposal, included in the Master Plan, suggested a bicycle facility along the 
west side bf Lake McDonald. This was evaluated, and this study will recom
mend that this proposed facility not be built. 



SUMMARY OF THE 1977 JACKSON HOLE ARCHAEOLOGICAL INVESTIGATION 

Gary A. Wright 
State University of New York 

Albany, New York 

Teton Creek-Phillips Pass 

During the summer of 1977 six major archaeological projects were con
ducted in northwestern Wyoming. 

Thomas Marceau conducted limited site survey in the southern Tetons from 
the North Fork of Teton Creek to Phillips Pass. He recorded eight new 
sites. Marceau also continued test excavations at the Hunt site (48 TE 
605) on Fish Creek just north of Wilson. Here, he recovered beaver 
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(Castor canadensis) in association with a hearth. A charcoal sample has 
been submitted for a C-14 date, but the results have not yet been received. 
An obsidian flake from an undisturbed context in another test square has 
a hydration date of 1000 B.C., and projectile points from the surface 
suggest that up to 6000 years of occupation are represented at the site. 
Larger excavations are planned for 1978. 

Moose Basin-Hominy Peak 

Susan Bender continued her investigations of the prehistoric exploitation 
of high country resources in the northern Tetons. So far we have recorded 
nearly 50 sites at +8000 feet elevation between Moose Basin and Hominy 
Peak. Two large sites near Conant Pass were tested and one produced a 
roasting pit similar in form to those excavated previously on the valley 
floor. The projectile point chronology indicates at least 6000 years of 
human occupation of this part of the range. 

Lawrence Site 

The Lawrence site (48 TE 509) on the drowned delta at the north end of 
Jackson Lake was above water level due to the drought. Funds received 
from the Bureau of Reclamation permitted a field party under the direct
ion of Priscilla Mecham to map the site for the first time. It is located 
on a sand beach and consists of extensive scatters of fire cracked rock, 
roasting pits, rock platforms probably for fish steaming, and chipping 
debris. It is the single most important site in Jackson Hole, and pro
jectile points from the site, more than 800 collected by W.C. Slim 
Lawrence alone, suggest perhaps 10,000 years of occupation. Three fire 
pits were tested and samples for flotation and charcoal for C-14 dates 
were removed. 



Archaeological research in Teton County over the past several years has 
resulted in the recording of 307 prehistoric sites. Grand Teton is 
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about 85% surveyed, but much of the remainder of the county remains 
unevaluated. We have 10 C-14 dates and 34 obsidian hydration dates which, 
when coupled with the projectile point sequence, provide evidence of 
around 10,000 years of prewhite occupation. Current evidence suggests 
that the intensive Native American exploitation of Jackson Hole ended 
early in the seventeenth century. In addition, we have C-14 dates from 
three locations in 'the area that seem to relate to forest fires of unknown 
size: (a) ca. A.D. 1425 in Moose Basin, (b) ca. A.D. 1600 at Jenny Lake, 
and (c) less than 200 years ago near Wilson. We have developed a theo
retical model to explain the exploitation of high country resources by 
populations of hunters and gatherers. It was based upon the scheduling of 
exploitative activities to coincide with the periodicity of key resources 
in high mountain ecosystems. This hypothesis is being tested with com
parative data from the Pryor Mountains, Montana, and the Zagros-Taurus 
arc of southwestern Asia. Finally, we have constructed a model for 
differentiating human migrations from the diffusion of artifact types 
and styles in the absence of historical records using archaeological data. 

Bender, Marceau, and Stuart Reeve are currently preparing doctoral dis
sertations based on the Jackson Hole data. Wright's book The People of 
the~ Country: Jackson Hole Before the Settlers is now-rn press. --

Snake River-Heart Lake 

Lloyd Williams conducted an archaeological survey of the Snake River from 
South Entrance to the Heart River and then upstream to Heart Lake. This 
was the first intensive off-road, back-country survey of cultural resources 
in Yellowstone National Park. He recorded 12 new sites, but our con
clusion is that this subarea of Yellowstone was not heavily used by Native 
Americans in the prewhite times. 

Gardiner High Bridge 

Reeve investigated a site (48 TE 320) at the Gardiner High Bridge near 
Mammoth Hot Springs in Yellowstone Park. Complete surface collections 
were made from 220 five meter squares, resulting in about 8000 pieces 
of chipped stone. About 95% of the material is obsidian. All surface 
materials have been classified as to types, and tool clusters and man
ufacturing areas have been defined. These are now being tested by obsidian 
hydration dating. Surface points run from Agate Basin-like to the Late 
Prehistoric Period. Excavations revealed that the site, on the middle 
terrace of a set of three, was underlain by an old stream channel of the 
Gardiner. The earliest occupation took place before the channel was 
filled and a lanceolate point was recovered in the stream bed. A report 
is now in preparation for the National Park Service. 

Yellowstone National Park at present has 247 recorded sites and is only 
about 15% surveyed. For the summer of 1977 our plans are to survey 
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either the Thorofare or the Bechler River region. Both seem to be part 
of the adaptive territories exploited by the prehistoric Native Americans 
who also inhabited Jackson Hole and thus are logical extensions of our 
field work into the latter area. Currently, surprisingly 1 ittle is 
known about Yellowstone Park prior to the early nineteenth century in 
terms of human utilization; this is in marked contrast to Jackson Hole. 

Greater Yellowstone Cooperative Regional Transportation Study 

The final major project for 1977 was an environmental impact statement for 
the Greater Yellowstone Cooperative Regional Transportation Study. We 
collected and collated archaeological site data for 15 counties of Idaho, 
Montana, and Wyoming adjacent to Yellowstone and Grand Teton National 
Parks for the Department of Transportation. This resulted in site survey 
forms for +1000 sites exclusive of Yellowsto e and Grand Teton Parks. 
All sites, including those in the parks, have been plotted on U.S.G.S. 
maps and a 60 page report has been submitted by Wright and Marceau along 
with F.A. Calabrese and Melodie Tune of the Midwest Archaeological Center, 
Lincoln, Nebraska. 

In addition to the above, several smaller projects were conducted. 
Marceau photographed and measured many of the prehistoric steatite bowls 
that have been found in Jackson Hole. With Wright he is preparing a 
paper combining these data with the examples from Yellowstone Park; 
unfortunately, we were denied permission to restudy the Yellowstone Park 
bowls. John Krumdieck continued his work on obsidian hydration dating 
and, along with David Wachtel, collected obsidian samples from the top 
of Obsidian Cliff which was the most important obsidian quarry in this 
area. They also initiated a study of ignimbrite, a welded tuff, which 
outcrops in the northern Tetons and which was a major raw material source 
for tools found on sites in that subregion of Jackson H~le. Krumdieck 
is preparing a paper on charcoal identifications from hearths excavated 
in Jackson Hole. Reeve was able to monitor plant growth of key species 
for the third year; these data will be used in his dissertation. Finally, 
several undergraduate students are now engaged in laboratory analyses 
of the functions of prehistoric stone tools found on sites in north
western Wyoming. This has included experimentation suc h as wood cutting, 
hide scraping, and so on, and their resultant wear patterns. 

Many of the preliminary site reports and associated research will appear 
in a volume edited by Wright entitled Research Reports on the Prehistory 
of the Jackson Hole Country. This should go to press by-February, 1978. 
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Elk (Cervus elaphus nelsoni) have been the most numerous ungulate in Wind 
Cave National Park (WCNP), South Dakota, in recent years. If population numbers 
for elk and other herbivores increased substantially, a marked effect on 
available forage may occur. Information on movement, on herd organization, 
and on areas of intensive use has been obtained previously (Varland 1976). 
Additional information is necessary for rational management of elk in the Park. 
Wind Cave National Park is an 11,355 ha park in the southern Black Hills. The 
vegetation is ecotonal between the coniferous forest of the Black Hills and 
mixed grass prairie of the Great Plains. The Park is surrounded by a woven
wire fence 1.2 to 2.4 m high. Field work was conducted from 6 June 1976 through 
12 August 1977. A summary of data gathered during 1976 was reported earlier 
(Wydeven 1977). 

?tudy Objectives 

A. Determine food habits of elk and pattern of range use. 

B. Determine principal forage species and select methods for evaluating forage 
trends. 

C. Investigate competition for forage among herbivores, chiefly bison, 
antelope and prairie dogs. 

D. Evaluate health of the elk population and measure its productivity. 

Methods 

Two elk were killed each month from July 1976 to July 1977, and six additional 
elk that died from other causes were obtained during the period. Post-mortem 
examinations were performed and standard body measurements made of these elk. 
Rumen samples were obtained from these 30 animals as well as 21 others killed 
by hunters in adjacent areas. Rumen analysis was done using a modified point
analysis method described by Heady and Torell (1959). 

Examinations of vegetation at feeding sites were conducted according to procedures 
g iven by Cole (1956). Grasses were tabulated as one-instance-of-use per bunch 
~or short grasses, per stalk for midgrasses and per shoot for tall grasses. 
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Vegetation analysis was conducted using 2 x 5 dm quadrats for herbaceous cover, 
1.22 x 1.22 m quadrats for shrubs, and the point-centered quarter method for 
trees. Two types of analyses were performed: 1) quantitative determination of 
available forage at each site where an elk was killed, and 2) quantitative deter
mination of forage at major range and woodland sites at 3-month intervals. Both 
analyses were done by stratified random sampling, using 48 plots at kill sites 
and 60 plots at range sites seasonally. 

Observations were made of ungulates to determine habitat relationships and 
spatial distributions. Additionally, browse surveys (Cole 1963) were made and 
information was gathered on calving sites. 

Results and Discussion 

Seasonal range-site analysis was conducted in fall, winter, spring, and summer 
in each of 8 vegetation types (Table 1). Clayey and silty sites were character
istically flat prairie with an absence of shrubs and small amounts of forbs. 
Shallow and stoney hills sites were sloping prairie with scattered shrubs and 
moderate amounts of forbs. Overflow sites had dense stands of snowberries 
(Symphoricarpos occidentalis) but also grass and forbs. Woodland sites varied 
from pure stands of ponderosa pine to ponderosa pine with occasional Rocky 
Mountain juniper (Juniperus scopulorum). 

Rumen samples were obtained from 16 adult males, 9 adult females, a 2-year-old 
male, a yearling male, a yearling female, a calf male, and a calf female. 
Average weight of the adult males was 332 kg (277-406 kg) and average weight of 
6 adult females was 226 kg (208-241 kg). Weights of other animals were as follows: 
2-year-old male, 226 kg; yearling male, 172 kg; yearling female, 180 kg; and 
calf female 78 kg (estimated). Two calves (less than 1 week old) captured, 
tagged, and released in late spring, had weights of 18 kg (male) and 19 kg 
(female). 

That elk fed mainly on forbs in fall and winter and on graminoids in spring 
and summer (Table 2) was determined from rumen analysis. A total of 92 feeding
site examinations with 32,469 instances-of-use were made. Late summer and fall 
food habits were reported previously (Wydeven 1977). Forb use was high in 
winter, especially on Louisiana sagewo.rt (Artemesia ludoviciana). Forty-five 
percent of the instances-of-use for feeding-site examinations in April and early 
May was on threadleaf sedge (Carex filifolia). During late spring and summer, 
high use was made of graminoids. Big bluestem (Andropogon gerardii) comprised 
83 percent of instances-of-use for late May through early August. This high 
use of grass was not detected with rumen analysis. Substantial use of browse 
occurred only during the summer when elk chiefly fed on leaves of lead plant 
amorpha (Amorpha canescens). 

Between 24 June 1976 and 10 August 1977, 43,978 sightings of ungulates were 
recorded. These consisted of 4,457 sightings of elk, 32,772 of bison (Bison 
bisori), 4,921 of pronghorn (Antilocapra americana) and 1,828 of mule deer 
(Odocoileus hemionus). Elk were seen frequently in all seasons on shallow, 
stoney hills and forest sites. Bison chiefly used silty, overflow, and clayey 
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sites. Pronghorn often used silty and stoney hills sites in winter and spring 
but in summer made more extensive use of silty sites. Mule deer utilized shallow, 
overflow, and forest sites, with more extensive use of shallow sites in winter. 
Bison and pronghorn increased their use of prairie dog (Cynomys ludovicianus) 
towns in summer. 

Vegetation was analyzed at the kill sites of 25 elk. These analyses wi 11 be 
used to determine whether elk select for certain plants. 

Elk examined post-mortem were in fairly good condition. Ectoparasites of 25 
elk consisted of Dermacentor albipictus on 12 elk, Dermacentor andersoni on 1 
elk, and Neolipoptena ferrisi on 2 elk. Endoparasites of 20 elk consisted of 
coccidium in 2 animals, Fascioloides magna in 1 elk, a Trichuroid in 1 elk 
and Cephenemyia trompe in 1 elk. The summer calf:cow ratio for two of the 
three herds in the Park was 76:100; in the fal 1 of 1976 this ratio was 64:100. 

Browse surveys were conducted in the spring at three locations in the Park. All 
areas had low utilization by ungulates and true mountainmahogany (Cercocarpus 
montanus) had vigorous growth. 

Recommendations and/or Conclusions 

Information in this report should be considered as preliminary. Further analysis 
of data collected in 1977 is needed before definite conclusions can be drawn. 
Further analysis of the data should be made to determine ungulate selection of 
key forage species and range sites including burned areas and prairie dog towns. 
Evaluations of habitat selection and food habits should enable the assessment of 
competition be tween elk and other herbivores. 
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This report concerns the current investigation of selected environmental 
factors on numbers of pocket gophers (Thomomys talpoides) in Pelican Valley, 
Yellowstone National Park, Wyoming. The study is being supported 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 Nielsen, 
Clifford Montagne, and Lawrence Munn, Montana State University, for aid 
in classification and analysis of soil from the study area; Drs. James 
Bradbury and William Dorgan, Montana State University, for aid in ident
ification of placental scars; Dr. Theodore Weaver, Montana State University, 
for aid in analysis of vegetation data; Roger Rudolph, Sub-district Ranger, 
for cooperation and assistance in the field. 

Study Objectives 

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

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

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

1 
layer of organic matter 

content, soil texture, depth of soil ava1lable for burrowing by pocket 
gophers, and soil moisture. 

D. Quantitatively measure herbaceous vegetation at representative sites. 

Methods 

Eight study transects 100m long and 10m wide were established in the 
Pelican Valley. Pocket gophers were live-trapped and marked on two of these 
eight 100m transects through use of a modified design of Baker and Williams 
(1972). Live-trap, mark and release was conducted for the determination 
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of average number of new mounds per po~ket gopher in a 48 hour time period. 
Data on sex ratios, age structure, home range size, mortality/natality 
rates, and movement between habitat types are being analyzed. Pocket gophers 
were also collected using commercial traps for determination of reproductive 
status and number of placental scars in females of breeding age. 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. 

Relative indices of pocket gopher numbers were made through the use of mound 
counts (Reid et al. 1966). This particular method requires the leveling or 
otherwise marking of all existing mounds and plugs on the area being inves
tigated. Following an interval of 48 hours, the site is re-visited and all 
mounds and plugs made during the interval counted and recorded. Mounds were 
counted on the eight 100 m x 10 m transects at arbitrary intervals through
out the summer. 

The vegetation on the eight 100 m transects was quantitatively measured. 
Scientific and common names of plants follow Booth (1950) and Booth and 
Wright (1959). Composition and canopy of low growing vegetation on each of 
the eight transects were determined from a modification of the method 
described by Daubenmire (1959). Twenty 2x5 decimeter plots were placed at 
five meter intervals along the center line of each transect. Line inter
cepts coinciding with the eight 100 m transects were used to quantitatively 
measure abundance of yampa (Perideridia gairdneri) and purple oniongrass 
~elica spectabilis). 

Soil samples were collected from each of the eight 100m transects at inter
vals of 20m. Soil samples from zero to four inches in depth, and from four 
to twelve inches in depth were collected at each interval by use of an 
Oakfield Apparatus. Mechanical analysis of soil follows procedures outlined 
by Sims (1970). 

Results and Discussion 

The two major habitat types represented on the eight study transects were 
classified according to Mueggler and Handl (1974). Festuca idahoensis/ 
Deschampsia caespitosa and Festuca idahoensis/Stipa occidentalis were de
termined 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 arbitrary type Artemisia cana/Festuca idahc~sis 
in lieu of Festuca idahoensis/Stipa occidentalis.----

A total of 38 pocket gophers were captured, marked, and released on two 
adjacent 100m study transects. These two transects represented t~o differ
ent habitat types. Twenty-one pocket gophers were marked and released from 
the Festuca idahoensis/Deschampsia caespitosa habitat type transect while 17 
pocket gophers were marked and released from the Artemisia cana/Festuca 
idahoensis habitat type transect. Individual pocket gopher~re generally 
captured more than once; the maximum number of recaptures was that of an 
adult female captured 10 times. Home range sizes were determined for 
individuals captured more than three times. 
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During the month of July, 57 pocket gophers were collected from three sepa
rate sites representing two different habitat types. A sex ratio of 28 
females to 29 males was obtained. This ratio suggests that females were 
equally susceptible to trapping at this time and thus were probably not 
nursing. Hansen (1960) found that in the spring the sex ratio for adults 
showed a higher percentage of males than females. Low numbers of females 
trapped were attributed to the likelihood that females were less vulnerable 
to traps at this time due to pregnancy, parturition, and post natal care of 
young. Nine of 57 pocket gophers collected from the three sites were cla~
sified as sub-adult on the basis of size, pelage, and status of internal 
reproductive organs. 

Placental scar counts of female pocket gophers collected from two different 
habitat types averaged 5.3 scars per adult female from the Artemisia canal 
Festuca idahoensis habitat type and 3.8 per adult female from the FestuCa 
idahoensis/Deschampsia caespitosa habitat type. Due to difficulty of sepa
rating recent scars from old scars, individuals with over six placental scars 
were considered to be in their second year of breedin~ and not tallied in the 
computation of average scars per individual. Seven of 28 carcasses examined 
were found to have more than six placental scars and thus were considered to 
be in their second year of breeding. One female was found to have 15 scars 
and hence was considered in the third year of breeding. 

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. Laycock (1957) and Miller and Bond 
(1960) found mound-building activity increased from spring to fall. Live 
trapping of pocket gophers in conjunction with mound counts enabled computa
tion of a ratio of mounds built per pocket gopher per 48 hour time period in 
both habitat types. Mound count data for the first week of September re
sulted in an average of 2.6 mounds per pocket gopher in the Festuca idaho
ensis/Deschampsia caespitosa habitat type. An average of 2.8 mounds per 
pocket gopher was computed for the Artemisia cana/Festuca idahoensis habitat 
type. Use· of the number of mounds per pocket gopher should be limited to com
parison with data collected along other belt transects of similar dimensions. 

Vegetation data was compiled using a modified method of that described by 
Daubenmire (1959). Total canopy coverage per species for each of the eight 
transects was computed (Table 1). Vegetation data are being analyzed for 
possible correlation with numbers of mounds. Yampa (Perideridia gairdneri) 
and purple oniongrass (Melica spectabilis) were investigated separately for 
possible correlation with numbers of mounds. A correlation coefficient of 
0.82 was obtained between mound counts made during July and total intercepts 
of yampa and purple oniongrass made during the same time interval (Figure 1). 
These two plant species also are of possible importance to grizzly bears 
(Ursus arctos) Dean Graham (Personal communication). 

Mechanical analysis of soil samples from the eight study transects was 
accomplished. All soil samples from these transects fall into the category 
of 'silt loams'. No correlation appears between numbers of pocket gopher 
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mounds and soil texture for those soils falling into the category of •silt 
loams•. Data on soil moisture and organic matter are yet to be analyzed. 
Detailed descriptions were made of two different soil profiles, one of a 
site where pocket gopher activity is typically present, the other of a site 
where pocket gopher activity is typically absent. Although data are still 
being analyzed, the soil profile which pocket gopher activity is typically 
absent is a heavy clay loam texture. The soil profile which pocket gopher 
activity is typically present is a loamy to sandyloam textured soil. 

Recommendations and/or Conclusions 

Pocket gopher numbers appear to be correlated to soil and vegetation in the 
Pelican Valley. Forage such as yampa and purple oniongrass may increase 
productivity of pocket gophers. Further investigation is required on mor
tality/natality rates between habitat types but comparison of placental scar 
counts suggests differences in productivity. In order to compl.ete investi
gations on these and other study objectives, I suggest this study be con
tinued over the next year. 

Literature Cited 

Baker, R. J. and S. L. Williams. lq72. A live trap for pocket gophers. 
J. Wildl. Manage. 36(4) :1320-1322. 

Booth, W. E. 1950. Flora of Montana--Part I, Conifers and Monocots. Res. 
Found., Montana State College, Bozeman. 232 pp. 

and J. C. Wright. 1959. Flora of Montana--Part I I, Dicotyledons. 
Montana State College, Bozeman. 280 pp. 

Daubenmire, R. F. 1959. A canopy-coverage method of vegetational analysis. 
Northwest Science. 33(1) :43-64. 

Hansen, R. M. 1960. Age and reproductive characteristics of mountain 
pocket gophers in Colorado. J. Mammal. 41 (3) :323-335. 

Laycock, W. A. 1957. Seasonal periods of surface inactivity of the pocket 
gopher. J. Mammal. 38(1) :132-133. 

Miller, R. S. and H. E. Bond. 1960. The summer burrowing activity of pocket 
gophers. J. Mammal. 41(4) :469-475. 

Mueggler, W. F. and W. P. Handl. 1974. Mountain grassland and shrubland 
habitat types of western Montana. U.S.D.A. Forest Service. Inter
mountain Forest and Range Experiment Station and Region 1. 89 pp. 

Reid, V. H., R. M. Hansen, and A. L. Ward. 1966. Counting mounds and earth
plugs to census mountain pocket gophers. J. Wildl. Manage. 30(2): 
327-334. 

Sims, J. R. 1970. A Guide to Laboratory Experiences in Soil Science. Chaff 
and Dust Club, Montana State University, Bozeman. 56 pp. 

Tryon, C. A. Jr. 
in Montana. 

1947. The biology of the pocket gopher (Thomomys talpoides) 
Mont. State Coll. Agr. Exp. Sta. Tech. Bull. 448. 30 pp. 



I.. 
~ 
c ., 
I.. 

ttl 
en 

O.:t 
~ 
c 
ttl 

C/'1 

.0 
ttl 
.4-J 
u 
~ 
0.. 
C/'1 

il 
'-
0 

C/'1 
c: 
0 
.4-J 
0.. 
~ 
u 
I.. 
cu 

.4-J 
c 

ttl .., 
0 .... 

80· 

70· 

60· + 

50· 

40• 

30. 

20· 

~ 

10. X 

. 
10 20 30 40 50 60 70 
Numbers of mounds per transect over 48 hours 

r = . 82 
b = .58 
a z 9.09 

Figure 1. Correlation of P. gairdneri and M. spectabilis to 
July mounds. 

86 



87 

Table 1. Mean canopy coverages for plant species In 20 2x5 dm plots along each of eight 100 
m transect lines in Pelican Valley. A1"A are Artemisia cana/Festuca idahoensls 
habitat types. F1-F

5 
are Festuca idahoenJis/Deschampsia caespltosa habitat types. 

Graminoid species A 1 A 2 u F 1 F 2 u. F 4 u 
Agropyron can inurn 0.75 5.12 3.62 5.25 4.38 5.38 4.38 6.0 

Bromus caranatus 2.87 1.5 1. 75 4.13 0.88 2.0 

Carex spp. 0.75 2.25 2.75 1. 75 2.5 2.0 0.68 5.0 

Danthonia intermedia 0.63 0.13 0.13 0.13 0.95 

Deschampsia caespitosa 2.62 9.0 20.6 8.13 12.18 8.88 4.62 10.5 

Fes tuca idahoensis 11.62 16.5 5.5 6.13 8. 13 15.12 8.25 8.13 

Melica spectabo1is 0.25 0.63 2.63 3.63 1.1 1. 52 3.0 0.13 

Phleum a1pinum 0.25 5.4 0.25 0.25 0.25 0.98 

Poa spp. 0.65 2.0 0.13 2.75 1.0 1. 13 3. 72 2.25 

Stipa occidentalis 0. 75 0.38 0.88 1.25 0.25 1.0 2.0 

Forb specie s 

Ach i Ilea millefolium 0.88 2.87 2.75 2.38 0.88 2.88 0.63 5.0 

Agoseris glauca 2.0 1.5 0.5 1. 75 0.88 2.5 1.63 

Androsace septentrionalis 0.5 0. 13 0.63 0.88 0.38 0.13 

Antennaria spp. 0. 13 4.12 3.68 5.0 1.5 0.25 7.37 

Arabis spp. 0.13 0.13 

Aster spp. 2.5 1. 88 6.88 0.88 2.88 0.25 4.88 

Aster fol iaceus 0.5 4.0 0.13 0.88 2.0 

Cirsium spp. 0.25 0.13 2.13 0.13 0.13 

Collomia linearis 0.63 1.25 0.5 1.88 4.88 1.5 4.88 0.63 

Delphinium spp. 0.75 1. 13 0.13 

Eriogonum spp. 

Eriophy11um spp. 

Fragaria spp. 0.75 o. 13 3.5 0.25 

Galium boreale 0.55 2.05 

Gayophytum ramosissimum 0.50 1.25 0.13 1. 25 

Linum perenne 0.13 0.88 

Lupinus sericeus 0.13 

Perideridia gairdneri 1. 12 0.13 0.25 1 .0 0.38 0.5 0.63 

Polygonum douglasi i 2.62 3.88 0.5 1.60 3.25 1.88 6.48 0.63 

Potentillia gracilis 2.88 0.88 2.75 0.13 4.38 1.52 0.38 2.45 

Rumex paucifolius 

Senecio spp. 

Stellaria s:>p. 1.88 I. 88 2.5 0.13 0.38 0.25 1. 13 

Taraxicum spp. 0.13 3.38 o. 13 

Thalictrum spp. 0.13 0.88 1. 75 

T r I f o 1 i urn s pp. 0.5 1. 75 0.63 0.25 0.25 0. 13 1.2 

Viola spp. 0.5 0.38 0.25 1. 75 0.38 0.50 1.5 0.13 

Shrub species 

Artemisia cana 5.62 22.5 17.35 
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