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INTRODUCTION 

This report on the Jackson Hole Biological Research Station departs 
from the traditional reports submitted in the past by being an annual 
report rather than a summer activity report. It is also the first report 
issued by the Station's new director. The submission of an annual report 
reflects the use of the Station as a year-round, rather than merely a 
summer, research facility. The report contains the customary research 
resumes, lists of seminars and visitors, description of cooperation with 
other agencies, financial statement, and publication list; in addition 
there is included, in the INTRODUCTION, an account of activities under
taken during 1973 in order to enhance the value of the scientific contribu
tions of the Station and to improve the research and living facilities at 
the Station. 

Cooperation with Grand Teton National Park 

Two of the objectives of the operation of the Jackson Hole Biological 
Research Station as set forth in the Special Use Permit granted by the 
U.S. Department of Interior are 11 to perform research which has local 
application or research which can best be done at the Jackson Hole Research 
Station because of some unique feature of this area.•• The second of 
these objectives has consistently been met by research activities carried 
on at the Station in the past. Investigators have often taken advantage 
of the fact that the Station offers an opportunity for research on a 
variety of birds and mammals, especially large game species and predators, 
which is probably unequaled at any other inland biological field station 
in the United States. It is to the credit of the New York Zoological 
Society which perceived this circumstance long before Jackson Hole was 
incorporated into Grand Teton National Park, and which cooperated with 
the Universitv of Wyoming in establishing the Jackson Hole Biological 
Research Station. In general, less emphasis has been placed on research 
11 w h i c h has 1 o -:a 1 a p p 1 i ca t i on . • 1 By v i r t u e of i t s 1 o c a t i on w i t h i n G rand 
Teton National Park, however, the Station is in a very unique position to 
foster very valuablP applied research. Like most National Parks, Grand 
Teton is experiencing significant environmental impact from increased 
visitor use. Under its new administration, it wi 11 be a pol icy of the 
Jackson Hole Biological Research Station to encourage and support research 
aimed at obtaining information that can be applied to the solution of 
environmental problems in Grand Teton National Park. 

With this objective in mind, the Director and Professor Kenneth Diem, 
former Assistant Director of the Station, met with Park Supervisor Gary 
Everhardt, Park Naturalist Charles McCurdy, and Park Resources Management 
Specialist Robert Wood, at Grand Teton National Park Headquarters in 
January, 197 . Tiles discussions resulted in a general agreement of greater 
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reciprocal cooperation between the Station and the Park, and more 
collaboration between scientists at the Station and those on the Park 
staff. This increased cooperation and collaboration was very signifi
cantly realized during the year. Nine of the 18 major projects carried 
out at the Station during 1973 were directed toward problems of explicit 
interest to Grand Teton National Park. Several of these projects were 
supported in part by research contracts with the National Park Service. 
A number also received support in part from a grant-in-aid to the Station 
from the New York Zoological Society. All projects received partial 
support in some form from the University of Wyoming. These projects are 
de$cribed in greater detai 1 in the section, RESEARCH PROJECT REPORTS. 

Grand Teton National Park contributed significantly to the operation of 
the Station in a number of ways during 1973. Certainly one of .the most 
important contributions of the Park Ranger staff was the assistance pro
vided when Station personnel discovered some very old and extremely 
dangerous containers of ethyl ether and picric acid. This event is 
described in more detail b~low. The Park Maintenance Department graded 
the road on the Station grounds, and applied a dust pallative. The potholes _ 
and ruts in the road were thus eliminated and the risk·of damage to 
optical equipment and other delicate instruments by dust reduced. In 
addition, the Park Service installed a new pit latrine, equipped with a 
vault which can be pumped out periodically, to replace the original pit 
latrines which had become unsatisfactory for use. Finally, the Park 
Service, at the request of the Station Director, installed a sign at the 
entrance to the Station drive, identifying the Station and indicating its 
association with the University of Wyoming and the New York Zoological 
Society. 

Cooperation and Support from the New York Zoological Society 

The New York Zoological Society continued to generously support research 
at the Station, in the form of a $4500 grant-in-aid to investigators. 
These funds were awarded to seven investigators from five different insti
tutions. Thi s grant from the Zoological Society was even more generous 
than those made in the past several years and hopefully is indicative of 
the Society's continued interest in the operation of the Station and its 
approval of the direction the program of the Station is moving under new 
administration. 

lmprovemen~ - ~Research Facilities 

The scientific equipment available at the Biological Research Station at 
the beginning of 1973 was, to say the least, extremely meager. Consequently 
the decision was made to initiate a program of purchasing, to the exte1t 
that the Station 's equipment budget would allow, equipment urgently needed 
by on-going projects at the Station. A priority of needs was established 
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by the Director following consultation with investigators working at the 
Station. The following items were purchased during l973 'using University 
funds allocated to the Station for equipment: a Zeiss bright-field and 
phase-contrast compound microscope, a Bausch & Lomb dissecting stereo
microscope, a deep freeze unit, an explosion-proof refrigerator, a 4-

. place Clay Adams centrifuge, a Coleman Mertrion I I I pH meter, a Hewlett
Packard 45 electronic calculator, and 200 Longworth small mammal traps. 

A major undertaking during 1973 which was designed to facilitate the work 
of investigators at the Station was the cleaning and organization of the 
two laboratory buildings. This work was carried out primarily by Mr. Tom 
Collins, Assistant to the Director, and Ms. Hanne Smith, ~tation Assistant. 
A large amount of old and no ·longer useful equipment and supplies, much 
of which had been stored in the laboratory building for many years, was 
removed and discarded. Old equipment and supplies which could be 
salvaged for possible future use were stored in appropriate locations. 
Working areas in both laboratories were cleared of stored items and other 
miscellany, to make work space available to researchers. One of the 
smal 1 rooms ·and the loft of the main laboratory were designated for 
storage of equipment and dry-goods, while the second small room was desig
nated the chemical room and darkroom. 

Old supplies of chemicals, many of which were in serious states of deter
ioration, were removed from the shelves and transported to Laramie for 
disposal. An exception was two very old cans of ethyl ether and a bottle 
of crystalized picric acid. Oxidized ether and crystalline picric acid 
are extremely explosive and can be detonated by vibration. The age of 
the containers could not be determined, but some researchers remembered 
having seen the containers on the chemical shelves for at least three years, 
and from the rusty condition of the ether cans, it seemed likely that they 
had been in the laboratory for a much longer time. The Director consulted 
with Mr. Eugene Welch, Chief of Law Enforcement for Grand Teton National 
Park, who in turn consulted the Emergency Ordinance Detail (EOD), 94th 
Ordinance Division, Fort Carson, Colorado. The following day a 3-man 
squad from the Ft. Carson EOD arrived at the Station to dispose of the 
three dangerous containers. The containers were transported in the Ordi
nance vehicle, under Ranger escort, to the Park dump south of Colter Bay. 
The three containers were detonated in a remote area of the dump; al 1 three 
exploded with considerable force. This experience prompted the Director 
to impose strict regulations governing the use of dangerous chemicals at 
the Station and to procure an explosion-proof refrigerator in which explo
sive volatives can be stored. 

The shop was also cleaned and organized. Junk was disposed of and usable 
materials stored for easy access. Tools were located and placed in their 
proper positions on the tool board. Some additional tools were procured, 
such as a high speed bit set for the power drill and a heavy duty recipro
cating power saw. The tools and other facilities of the shop are available 
to investigators, who use them for fabricating research equipment, and are 
also used for maintenance work at the Station. 

' 



The library in the Seminar B~ilding was reorganized, inventoried, and 
catalogued. An honor system of check-out was initiated, to enable 
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Station personnel to keep track of libr~ry books and journals being used 
by investigators. After consulting with investigators, the Director 
determined that the large collection of Biological Abstracts did not 
warrant the expanding space which they were occupyin~. Accordingly, the 
Station's subscription to the publication was terminated and arrangements 
made to give the Station's set to the University's Library, which welcomed 
the acquisition. A typewriter and an automatic calculator were placed 
in the Seminar Building during the summer for use by investigators. Thus, 
the Seminar Building was used by investigators for seminars, discus~ion 

groups, study, writing, data re~uction an9 occasional relaxation. 

The small laboratory building was semi-winterized in late summer of 1973 
to provide a warm shelter in which investigators could work during the 
winter. This building was selected because its small size, propane 
heater, and solid construction would make it easy and economical to heat. 
Sections in walls which were not of log construction were filled with 
fiber glass insulation. Plastic sheeting was placed over the window 
frames, to form a dead air space in the windows. The crawl space under 
the cabin was sealed with logs and plastic sbeeting. The Director visited 
the Station in late December, 1973 and found the winterizing ·measures to 
have been effective: with temperatures well b~low zero (Fahrenheit), two 
investigators were working comfortably in the small laboratory. 

Improvements~ Living Faci 1 ities 

Several measures were taken to make 1 iving conditions for investigators 
and their families more comfortable. In the bath house new shower heads 
were installed, curtains were instal led to provide privacy in the commode 
area of each bathroom, and bath rugs were placed in each bathroom. At 
the rear of the bathhouse, where a hot-water faucet is located, a sink 
with a drain line was installed, and rock was spread on the ground in the 
vicinity of the sink. Thus, a very unsightly and unhealthy area was 
converted from a mud hole to a pleasant place where personnel could obtain 
or use hot water. 

Leaks were repaired in a number of roofs. Patching was done on the barh
house, Cabin 15 and on the Director's cottage. A new roof was installed 
on Cabin 12 (bunkhouse). The reroofing of Cabin 12 was a cooperative 
undertaking, involving the Director, Nobel Gregory (caretaker), Tom 
Call ins (Assistant to the Director), JoAnn Camenzind (wife of an investi
gator), and Marty Paris (wife of the Director). 

New cooking utensils~were procured from the Federal Surplus warehouse in 
Cheyenne and were distributed as needed to resioence cabins. In particular, 
pots, pans, buckets, and silverware were in short supply and were augmented 
during 1973. 
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Other Maintenance Matters 

Repairs of snow and water damage were made to buildings where necessary, 
and several buildings were painted with a preservative. The broken gate 
at the entrance to the Station was removed and replaced with a new gate 
modeled after those used by the Park Service. The delapidated and un
sightly wire enclosure around the propane tank was removed and replaced 
with an attractive log stockade, Dead trees which threatened nearby 
buildings were felled, cut into logs, and used to demark parking areas 
adjacent to the road and thus confine vehicles to the road and designated 
parking areas. The number of garbage cans serving the Station was 
doubled, and the area around the shop, inclu~ing the garbage can stand, 
the woodpile, and an area in which junk had collected were cleaned up. 
A general cleanup of the entire grounds was undertaken to eliminate trash 
and junk which had accumulated on the grounds. 

At the beginning of the 1973 summer season, it was found that the number 
and condition of fire extinguishers at the Stationwereextremely inadequate. 
There were four soda-acid extinguishers which were charged; two new soda
acid extinguishers found in the loft of the shop had never been charged. 
There were dry-chemical extinguishers in the large laboratory, the seminar 
building, and the Director's cottage; the one in the .seminar building was 
not charged. There was no extinguisher in the smal 1 laboratory or in the 
shop. To rectify the situation, all uncharged extinguishers were charged. 
A dry-chemical extinguisher was procured for the small laboratory, and 
government surplus COz extinguishers were procured for the large laboratory 
and the shop. The soda acid extinguishers were distributed about the 
Station, on the outside of buildings, in such a way that one could be 
quickly reached from any building on the grounds. 

The Station's telephone had but a single extension, located in the 
Director's cottage. Consequently, if no one was at home in the Director's 
cottage, it was impossible for personnel at the Station to make or receive 
calls. Further, if an emergency arose when the Director's cottage was 
closed, the nearest telephone was at Jackson Lake Lodge, a mile away. To 
improve this situation, an extension phone, equipped with an outside bell, 
was installed in the large laboratory. This extension and its bell can 
be disconnected with a switch located in the Director's cottage. Thus, 
at any time that the Director's cottage is vacant, the laboratory extension 
can be switched on. A log book for long-distance calls is kept next to 
the laboratory telephone, in which investigators record all long distance 
calls so that they can be recharged later. This honor system has proved 
very successful. The Station assumes the cost of calls made within Jackson 
Hole, and 100% of the investigators have cooperated in recording and paying 
for other long distance calls. 

Electrical Wiring 

The electrical wiring inside all of the old log structures at the Station 
(including both laboratories, the shop, bathhouse, seven of the cabins, and 
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the Director's cottage) is antiquated, inadequate, and dangerous. Con
sequently, moves were taken during 1973 toward correcting this situation. 
Three electrical contracting firms inspected the buildings and submitted 
proposals for renovation of the wiring; their estimated costs ranged 
from $1786 to $3772. Subsequently personnel from the University's 
Physical Plant visited the Station and fnspected the wiring. Physical 
Plant then prepared plans for the proposed rewiring and will request 
formal bids from contractors in Jackson. The Office of the Vice President 
for Finance has allocated $1800 for the needed electrical work; if the 
cost of the renovation exceeds this amount, the balance will come from 
Station funds. The Director proposes to use an appropriate grant-in-aid 
or gift for this purpose. Plans call for this work to be done as soon 
as snow melts off in the Spring of 1974. 



RESEARCH PROJECT REPORTS 



A COMPARATIVE STUDY OF COMMUNICATIONS IN BIG GAME 

Margaret Altmann 
Department of Psychology 
University of Colorado 

Project Number 124 

The long-range study of the communication system in wild, free-ranging 
ungulates was continued from May 19 to September 10, 1973 as planned. 

The focus of our interest was .centered upon the security signals of .moose 
and elk. While in the previous research seasons the role of fear and of 
familiarity (absence of fear) in the . social dynamics of moose and elk 
groups and individuals were investigated, we proceeded in 1973 to observe 
the various phases of signal transmission, reception, and extinction by 
the game animals. 

Our findings on the interplay of social status of the animal upon signal 
giving and receiving as well as upon signal strength seemed to indicate 
definite connections. Further detailed evaluation will shed more light 
on this question. 

The gradual emergence of the young animals (elk and moose calf) signal
competence and signal-acceptance was traced and studied on a comparative 
basis in undisturbed, wilderness-based elk and moose and in tourist
adapted roadside game groups and individuals. 

Observations on the effect of noise disturbances were carried out in the 
area of Grand Teton National Park (Potholes, Signal Mountain, and Emma 
Matilda Lake areas)'. 

The effect of sonic booms, low-approaching large and small aircraft, and 
of helicopters was found to exert serious pressure on the elk nurseryherds 
and moose-cow and calf groups, particularly on hillsides and other areas 
of sound reflection. This pressure manifested itself in increased concen
tration and evasive movements of the game animals. In many extreme cases, 
the noise by aircraft caused milling around in tight circles and eventually 
exhaustion. A return of the disturbed animals to normal patterns of 
grazing and resting did not occur within several hours after the disturbance. 
A sensitizing effect ·by previous noise disturbances resulted in a lower 
threshhold of alarm signals. 

It is planned to study the process of alarm extinction in more detail in 
the coming research season. 

As in the previous two years, Ms. Betty Erickson served successfully as 
research assistant in this study. 

To the Director of the Jackson Hole Biological Research Station, Professor 
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Oscar H. Paris, goes our sincere thanks for his encouragement and hospi
tality during the field research period. The interest of my colleagues 
and students at the Research Station and at the U.S. Forest Service, and 
the National Park Service was also highly appreciated. 
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VARIATION IN AND ECOLOGY OF ASPEN 

Alan A. Beetle 
Division of Plant Science 

University of Wyoming 
Project Number 150 

10 

Objectives involve studying the reasons for variation between aspen 
populations in Wyoming; studying the variability of aspen within specific 
populations; and determining the significance of this variation in 
relation to soil, water, wind and spacing characteristics. 

In pursuit of these objectives the stands along Pacific Creek have been 
used as samples. These have been studied on an individual clone, tree 
and sucker basis for the past ten years. 

A May visit to the Jackson Hole Biological Research Station was used to 
determine the distribution of sex classes in aspen clones. It was found 
that clones were uniformly of one sex or the other. Male clones were 
more common but both male and female clones were found at all elevations 
on both favorable and unfavorable sites. During June the maturation and 
dispersal of seed was watched in detail. Viable seed (determined in the 
State Seed Lab.) was produced near Moose. In late September another visit 
to the Biological Research Station was used to determine if the production 
of fall colors and the dropping of leaves was also clonal. Clones were 
found to differ in the time they turned, the color they turned, and in 
the persistence of leaves on the trees. 

Since aspen are the barometer, from the point of view of the range 
manager, of elk management practices, the better the understanding of the 
aspen the easier wi 11 be the task of maintaining a healthy elk herd. 

(Assisted by Clayton Marlow, University of Wyoming; supported by Mclntyre
Stennis Federal Research Program.) 



A VEGETATION MAP FOR THE JOHN D. ROCKEFELLER, JR. 
MEMORIAL PARKWAY 

Alan A. Beetle 
Division of Pl~nt Science 

University of Wyoming 
Project Number 191 

An interpretive map for the vegetation of the John D. Rockefeller, Jr. 
Memorial Parkway was undertaken. This area (see map) was traveled by 
horseback, ·boat, car and on foot. The distribution of community types 
and the frequency of disturbances will be combined into a map of this 
vegetation to be accompanied by an explanatory text. 

1 1 

Preliminary results indicate that the successional patterns already well 
advanced in the Parkway may be the same patterns exhibiting early stages 
within Grand Teton National Park. As such they may serve as a prediction 
of things to come within that Park. 

(Assisted by Clayton Marlow, University of Wyoming; supported by the 
National Park Service.) 
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PARASITES OF UNGULATES IN THE JACKSON HOLE AREA 
(Lungworms in Elk) 

Robert C. Bergstrom 
Division of Microbiology and Veterinary Medicine 

University of Wyoming 
Project Number 156 

Research on the elk lungworm, Dictyocaulus~· was conducted briefly 
during January, May and July of 1973. 

13 

Sampling techniques, modified during the 1972 season, were again followed 
in 1973. Sixty gram fecal samples were found to be near the optimum si ·ze 
for determining the presence of Dictyocaulus larvae in elk feces. During 
January and early February only about 15% of the elk on the refuge carried 
lungworm burdens. During late May and early June the 11 spring rise11 in 
lungworm incidence was noted but that was only slightly above 50% positive. 
That level was about 24% less than the level reached in June 1972. 

:f4 ' 

. The past summer (1973) was the second consecutive summer that elk h~~ 
been driven off the refuge in spring and the refuge was subsequently~~ree 
of elk for the summer months. 

Elk lung pathology associated with Dictyocaulus has been described by the 
writer and a journal manuscript will be submitted after research work in 
the spring and summer of 1974. 

Big Game Ridge elk were carrying the _same or slightly greater lungworm 
burden than during 1972. 
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Objectives 

MUSICAL THEMATIC CATALOG OF WESTERN BIRD SONGS 

Arthur A. Birkby 
Department of Music 

University of Wyoming 
Project Number 192 

15 

I wish to prepare a thematic index, or catalog, of the bird songs of the 
Rocky Mountain area. This catalog would be based upon a musical premise, 
the contents of which would 1 ist and identify those bird songs which could 
be notated with the musical symbols of staff notation. The catalog could 
serve, among others, two chief purposes: one would be as an identification 
aid to the naturalist who is interested in ornithology; the other would be 
a source of subject matter for musical composition. The latter considera
tion has been pursued by the "dean" of French contemporary composers, 
Olivier Messiaen, who researched bird life throughout his own country, and 
incorporated bird songs in sophisticated manner in his compositions. 

Methods 

Using a system of musical shorthand, my procedure is to notate the bird 
songs as they occur in nature in order to discover not only their melodic 
and rhythmic content, but also whatever harmonic implications might be 
revealed as a result of combinations within a species or among a variety 
of species. Peterson's Field Guide to Western Birds is used to verify 
visual and aural identification. 

Results 

My enthusiasm for my project exceeded my knowledge of procedures for nature 
study in its initial attempt. Armed with new knowledge as a result of 
conferring with other investigators at the Research Station as wel 1 a! 
from reading, I hope to produce more tangible results in future investiga
tion by visiting various appropriate locales during more propitious seasons 
of the year. 

Significance 

When such a catalog as described above is completed, its benefit to the 
bird-watcher could have considerable value. More importantly, perhaps, 
would be its inestimable source of thematic material for original creative 
composition that I may want to undertake, as well as being a matter of pure 
research into the relationship between the science of ornithology and the 
art of music. 



ECOLOGY AND BEHAVIOR OF THE COYOTE IN JACKSON HOLE, WYOMING 

Franz J. Camenzind 
Department of Zoology and Physiology 

University of Wyoming 
Project Number 168 
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This is a continuation of an investigation of coyote behavior and ecology 
initiated in 1969. The work is being conducted on the National Elk Refuge, 
located near Jackson, Wyoming. The objectives are to investigate coyote 
territoriality, breeding and denning be~avior, and coyote sociability. 
Observations are made on the hierarchy within coyote packs and the seasonal 
and yearly changes that take place. · 

Coyotes are identified by ear tags and natural color markings. Observa
tions are made near dens ahd from two blinds and several other structures 
as well as elevated areas throughout the stuQy area. Other observations 
are made from my vehicfe on roadways wherever coyotes are located. 

Six coyote dens were under observation this past season and three involved 
individual coyotes that have been followed for two and three years . 

. The information gathered indicates that coyotes are territorial and that 
boundries appear to fluctuate with seasonal food availability. 

The investigations have also provided information strongly supporting the 
hypotheses that coyotes are territorial and form social packs with well 
developed hierarchies that fluctuate through time. 

(Supported by the New York Zoological Society, the University of Wyoming, 
and the Welder Wildlife Foundation.) 



THE UINTAH GROUND SQUIRREL IN JACKSON HOLE: A COMPARISON OF 
TWO POPULATIONS IN DIFFERENT HABITATS 

Brent Costain 
Department of Zoology and Physiology 

University of Wyoming 
Project Number 157 
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Uinta ground squirrels occupy a variety of habitats in Jackson Hole. This 
study has been investigating squirrel populations in two conspicuously 
different h~bitats in order to evaluate the manner in which these popula
tions respond to different combinations of environmental factors in a 
natural situation. In this case the habitats differ significantly with 
regard to soi 1 texture, the abundance of edible vegetation~ the nature of 
the overstory, and the amount of availabl~ space. 

Data gathered over four summers (April-August 1969-1972) wi 11 permit a 
comparison of the two populations with regard to: 1) population density 
and structure; 2) food habits in relation to available vegetation; 3) net 
productivity; 4) general behavior; 5) the timing of activity (daily and 
seasonal); 6) the general nature of predation and interspecific competition; 
7) · b u r row s t r u c t u r e and d i s t r i b u t i on ; and 8) the d i s t r i but i on , d i s per sa 1 
movements and activity ranges of individuals. 

The study is essentially a 1 ive-trapping operation in which captured 
squirrels are classified as to sex and age, weighed, examined as to condi
tion (of pregnancy, of general vigor, etc.) toe-clipped and dye-marked for 
individual identification, and followed to a burro~ upon release. 

Burrow entrances have been marked and mapped. Different types of burrows 
have been excavated and the ability of squirrels to dig in different soil 
textures has been studied experimentally. 

Reproductive tracts have been collected: embryos counted and measured, 
placental scars counted; testes .measured and weighed. 

Regular observations have been made concerning the timing of activity, 
general behavior, the activity of possible competitors and the nature of 
predation. 

Stomach contents are being examined and compared to canopy coverage analyses 
of available vegetation. Caloric values and crude fiber content will be 
determined for most important plant species. 

The trapping operation is now complete. During the summer of 1973 additional 
observations were made to supplement the present data. 



TRICHOMYCETES OF JACKSON HOLE 

Abdulaziz M. El-Buni and Stephen T. Moss, 
Department of Botany, University of Kansas 

and 
Department of Plant Sciences, University of Reading, 

Reading, Berkshire, England 
Project Number 193 
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The Trichomycetes is a class of fungi found as endocommensals attached to 
the chitinous gut linings of a wide range of marine, freshwater and · 
terrestrial arthropods. The relationship between fungus and host, the 
taxonomic affinities of the class and the geographical distribution of these 
fungi ' are points of current interest in our laboratory. The unique eco
logical niche of the trichomycetes and the · present in~bility to culture 
all but two genera of the class have contributed to their general obscurity. 
A prerequisite for any investigation of the trichomycetes is a close prox
imity to suitable host habitats. Dr. Robert W. Lichtwardt, on previous 
visits to Jackson Hole Biological Research Station (1960, 1961, 1965, 
1970) has indicated the presence of many trichomycete species in the Grand 
Teton National Park, several collection sites being the type localities of 
genera and species (Lichtwardt, R. W. 1972. Undescribed genera and species 
of Harpellales [Trichomycetes] from the guts of aquatic insects. Mycologia 
64 (1): 167-197). 

The class Trichomycetes contains the four orders: Amoebidiales, Eccrinales, 
Asellariales and Harpellales united by their common endocommensalic habit, . 
presence of a holdfast and reproduction by production of sporangiospores. 
However, they represent a morphologically diverse group ranging from the 
unbranched, nonseptate, amoebae-producing Amoebidiales to the frequently 
highly branched, septate Harpellales which possess dehiscent appendaged 
sporangia termed trichospores. For the past two years one of us (Moss) 
has been studying the fine structure of the trichomycetes in order to 
clarify certain unique aspects of their morphology (spore-appendage forma
tion, holdfast development, spore germination), and to elucidate any 
phylogenetic relationships within the four trichomycete orders and between 
these orders and other classes of fungi which may be indicated by their 
micromorphology. 

The project was undertaken at the Jackson Hole Biological Research Station 
in July 1973 to collect, identify and embed material for future fine struc
tural studies. Collection of hosts was restricted to those forms inhabit
ing freshwater streams and containing species of the Harpellales. The 
collection sites selected were: Third Creek; Creek draining Two Ocean 
Lake; Creek draining E rna Mathilda Lake. The species of trichomycetes 
collected were: Genistellospora homothallica, Simul iomyces microsporus 
and Pennella angustispora, all from Simulium spp. larvae; Glotzia ephemeri- ' 
darum from the proctodaeum of Baetis tricaudatus; an undescribed species 
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of the Harpellales from the proctodaeum of Baetis sp. nymphs. Living 
hosts were dissected in the laboratory and the trichomycetes identified. 
Selected thalli were fixed in various mixtures and concentrations of 
glutaraldehyde, acrolein, osmium tetroxide and potassium permanganate; 
embedment of fixed and dehydrated fungal thalli was in an Epon/Araldite 
mixture. This material is at present receiving attention. 

An attempt was made by Mr. El-Buni to culture several of the species 
collected on defined media. No sustained growth was obtained with any 
innoculation. 

We are grateful to the National Science Foundation for a research grant 
(G.B. 35947X) without which this research could not have been accomplished 
and to the Jackson Hole Biological Research Station where accommocations and 
laboratory space were provided. 

( 
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SOCIAL DYNAMICS OF THE MONTANE VOLE, MICROTUS MONTANUS, 
AND THEIR POPULATION CONSEQUENCES 

Frederick J. Jannett, Jr. 
Ecology and Evolutionary Biology 

New York State Wildlife Research Unit 
Cornell University 
Project Number 183 

The social structure of a mammalian species is a basic feature of its 
life history. Although a knowledge of the social system is prerequisite 
to understanding various reproductive and endocrinologic phenomena seen 
by other workers studying Microtus, Mus, and Peromyscus in the laboratory, 
behavior and sociality of Microtus in the field have been overlooked 
because they are difficult to study and because emphasis in microtine 
research has been placed on the microtine population 11 cycle11

• 

There are two general areas of interest in my work: the description of 
the social system and how it changes with changing density; and the docu
mentation of the initiation and cessation of breeding seasonally and of 
the reproductive parameters which I believe are related to the ~social 
environment. The work includes the following specific endeavors: 

1. Observations and experimtnets to describe the social relation-
ships within the population. 

2. Expe r i menta 1 work on behavior in a large enclosure and in open 
fields. 

3. Population estimates made from capture-recapture programs in 
grided areas. An index of density changes in other fields which 
have been trapped can be figured from a trap-night yield. 

4. Trap-out of grids in mid-season and during the fal ~· An aging 
scheme has been worked out in the lab utilizing eye lens weights 
of known-age animals. 

5. Collection of animals during the spring, summer and fall for 
reproductive data. 

6. Removal of some animals in a small field to ascertain the effect 
of removal trapping on the nature of groups of animals. 

Other work done and to be done at the Research Station: 

I. Projects completed or near completion 

1. 

2. 

Drum-marking by Arvicola richardsoni (Rodentia: Muridae) and its 
taxonomic significance. Amer. Midl. Nat., in press. 

The "hip glands11 of Microtus longicaudus and _!1. pen(sylvanicus 
(Rodentia: Muridae), voles "without" hip glands. Manuscript) 
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3. The uncut m1 of Arvicola richardsoni, Microtus longicaudus, and 
M. montanus. (Manuscript; note) 

4. The behavior of Arvicola richardsoni in the laboratory. (l'n 
preparation) 

5. Effect of castration and testosterone replacement on the flank 
glands and drumming behavior of Arvicola richardsoni. (In 
preparation) 

Nos. 4 & 5 are by my wife and are to be taken from a Master's thesis 
to be submitted to the faculty of the graduate school of Syracuse 
University. 

I I. Projects to be continued in 1974 

1. Selected aspects of the behavior of Eutamias in the field. 

2. Marking behavior of some small mammals. 

3. Reproduction and other aspects of the biology of three species 
of Sorex in Jackson Hole. 

4. Reproduction and other aspects of the biology of Peromyscus, 
Clethrionomys, and Thomomys in Jackson Hole. · 

5. Reproduction and other aspects of the biology of three species 
of Eutamias in Jackson Hole.* 

6. Growth, development, and reproduction of Arvicola richardsoni 
in the field and in the laboratory.* 

*All chipmunks (Eutamias) and water voles (Arvicola) are being 
collected outside of GTNP. 

Collection of material for Nos. 3-6 should be completed in 1975 when 
I intend to finish the dissertation research. 

I I I. Work done in support of the dissertation on Microtus montanus 

An aging scheme for pine voles (Pitymys pinetorum) and montane 
voles (Microtus montanus) incorporating the lens weight. (With 
R. S. Gourley; in preparation). 

This project was done at Cornell University. There wil 1 be five or 
six additional papers and notes, all but one of which are supported 
at least in part by the New York Zoological Society (i.e., some work 
was initiated in a lab colony at the university and is being completed 
at the Station.) 

(Supported in part by the New York Zoological Society.) 



BEHAVIOR AND POPULATION DYNAMICS OF EUTAM'IAS AMOENUS IN 
NORMAL AND ABNORMALLY HIGH POPULATION DENSITIES 

Janice Z. Jannett 
Department of Forestry and Zoology 

Syracuse University 
Project Number 187 
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The objective of the present study is the determination of the popula
tion parameters and social systems of two populations of the yellow pine 
chipmunk (Eutamias amoenus luteiventris Allen) differing in density. 
Many of the previous studies of sciurid social behavior have been done 
in enforced high density systems which were enclosed and maintained by 
the investigator. The occurrence of a natural high density area affords 
a unique opportunity to study the consequences and control] ing factors 
of the great overlap of active areas. 

The animals in the two areas were trapped, marked, and observed during 
the summer and fall of 1972. Behavioral parameters studied included 
aggressive interactions as in territory versus social dominance, recogni
tive behavior (anal and facial sniffing), self-maintenance and feeding 
behavior. The population synamics include estimation of the age structure 
of the population from year to year recaptures, reproductive character
istics such as the percentage of breeding males and females, the age at 
first reproduction, number of 1 itters, sex ratios and gestation period. 

Trapping and observation of the two populations began in early spring of 
1973 and continued through the fall. 



A PILOT STUDY OF MODELING THE SNAKE RIVER FLOAT TRIP, 
GRAND TETON NATIONAL PARK 

Alan Jubenville 
Department of Recreation and Park Administration 

University of Wyoming 
Project Number 194 

Introduction 
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The objective of this pilot project was ·to develop a paradigm within which 
socioeconomic, landscape and service variables interact to produce the 
11 floating experience••. Th~ specific objectives were: 

1. Identify the desirable landscape elements of the Snake River 
carr i dor. 

2. Develop time-distance floating model. 

3. Identify components of the service and their possible effects 
on the floating experience. 

4. Identify social factors and activity participation. 

The methodologies employed were: 

1. Unstructured, or nonstructured, interviewing was used to identify 
the social and service components of the paradigm. This is the 
proper approach when identifying components of problem, parti
cularly in pilot studies. 

2. Field observation, using observation schedules, was used to 
identify desirable elements of landscape (measurement of attention 
spans at designated points along the river) and to determine the 
degree of socialization among participants. 

3. Direct measurement was employed in plotting the visual corridors 
and developing the time-distance relationships of the floating trips. 

Summary of Results 

A total of 38 days were spent in data collection. The first two weeks 
were spent in plotting the visual corridor, interviewing concessioners and 
National Park Service management personnel. The last five weeks were spent 
in interviewing and observing the visitor, observing the basic service 
elements, and summarizing past use from the private floaters(using Park 
Service registrations). 

Fifty before and after interviews were considered sufficient for the pilot 
study, assuming a maximum variation in population (Barnes and Noble, 1963). 
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Only 43 before and after interviews were obtained because of some techni
cal problems in meeting the visitor. 

Perception and Motivation of Visitor: 

In terms of perception and motivation, sequential analysis (in a deductive 
sense not inferential) is important in understanding the visitor--his 
expectation, style of participation and his reaction to the floating exper
ience. Using ratios, 4 out of 5 visitors had never visited Grand Teton 
National Pa~; 5 out of 6 had never taken a float trip; and 9 out of 10 had 
never floated the Snake River in the Grand Teton National Park. This 
means that the visitor has no personal experience factors on which to base 
his expectations or to judge the quality of experience since he is doing 
this for the first time. He has little concept of the role of the National Park 
Service and the unique types of experience a natural area can provide. 

In terms of personal decision-making, only out of every 6 visitors came 
primarily to take the scenic float trip on the Snake River. Thus, it is 
important to understand why they took the trip (Table 1) and where did 
they find out about it (Table 2). 

Table 1 

Summary of Reasons for Taking the Float Trip 

Basic Reason 

Needed something to do 
Previous . Experience 
Desire for Floating 

Experience (scenic 
viewing, photographs, etc. 

Table 2 

Percentage of Respondents 

68% 
12% 

20% 
N = 43 

Source of Information Used in Personal Decision-making 

Information Source 

Concessioner Brochures 
A.A.A. Advertising 
N.P.S. Information 
Previous Experience 
Other 

Percentage of Respondents 

40% 
24% 
10% 

5% 
3% 

N = 43 

Since people were inexperienced in river floating and did not come to the 
Park to float the Snake River, their perceptions and motivations of the 
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floating experience come primarily from advertising--the concessioner 
brochure, A.A.A. advertising, National Park information, and the inter
pretive programs during the float. There is direct relationships of what 
was pointed out in the brochure and what people expected to see (Table 3). 

Table 3 

Relationship of Primary Visitor Expectations and 
Concessions Advertising 

Primary Value of Trip 

V · · S a V · · W ·1 1 d 1 ·1 fea .1ew1ng cenery 1ew1ng Other 

Visitor 
Expectation 53% 47% ' 0 

Pointed Out 
In Advertising 52% 48% 0 
Ac tua 1 1 y Exper-

7%b ienced 30% 63% 

aThese are summary categories 

bThe 7% refers to seeing man or man-made 

Seeing man or man-made objects represented a negative element of the 
experience to few people (7%). Interestingly almost 90% of the respond
ents saw other floating groups on the river but did not consider 'them to 
be incongruent to the floating experience. 

Table 3 also brings out another important factor in visitor perception-
visitor expectation and actual experience may vary considerably yet the 
visitor has a very satisfying experience. In probing responses most 
visitors felt that aesthetics of viewing wildlife (beaver, moose, eagle, 
etc.) in their native habitats was the highlight of the trip, overriding 
such elements of the scenic grandeur of the Tetons. Everyone had seen 
the Tetons at various angles and environmental conditions along the road 
system within the Park prior to the float trip; yet, they had seen very 
little wildlife. Thus, the actual experience of viewing unique wildlife 
in a semi-wilderness state became the dominant value of the float trip. 
However, further probing indicated that the lack of scenic grandeur would 
have greatly diminished the satisfaction of the visitor. 

Attitude scaling was done on the basic elements of the floating trip; these 
are presented in Table 4. These responses indicate that people felt the 
trip was satisfying the way it is presently operated. Again the perception 
of the individual appears to be molded by advertising since he is inexper
ienced in the area and in the activity of floating and is rarely sufficiently 
motivated to return for a second trip. 



Table 4 
Attitudes on the Floating Experience 

(Question: In terms of your own personal enjoyment 
would you prefer to have 7) 

Element of Floating Experience 

1. Size of Raft 

Response 

Smaller (20%); Larger (5%); about the 
same (75%) 
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2. Spacing Between Rafts Closer (10%); Further (20%); about the 

3. Viewing wildlife 
4. Scenic viewing 
5. Length of trip 
6. Information during trip 
7. Speed of the water 
8. Level of development 
9. Amount of visitor stops 

same (70%) 
More (55%); Same (45%) 
More (15%); Same (85%) 
Longer (5%); Shorter (25%); Same (70%) 
More (20%); Less (10%); Same (70%) 
Faster (20%); Same (80%) 
More (45%); Same (50%) 

10. Socialization among visitors 
More (30%); Less (20%); Same (50%) 
More (1 0%); Less -(5%); Same (85%) 

Ten checkpoints were selected and attention spans measured for the value 
of the elements of the landscape--an indicator of the intensity of the 
interest of the viewer. Also, attention spans for unscheduled observa
tions (usually viewing wildlife) were measured. The following is a summary 
of these observations: 

Table 5 

Measurement of Visitor Attention Spans 

Element 

Wildlife 

Distance Viewing actions b 

Near Viewing c 

Visitor Interaction 

No. of Two-Minute 
Observation Periods 

1 1 

36 

12 

9 

a Average Length 
of Attention Span 

1:49 

0:51 

0:29 

0:41 

aAttention span is the continuous attention given to an object, scene, 
or species of wildlife during the observation period. 

bDistant viewing primarily includes the panaramic view of the Teton 
Range 

cNear viewing is where the viewing is confined to the Snake River 
corridor because of steep canyon walls. 
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Visitor Socialization and Activity Participation: 

Visitor Socialization 

This does not appear to be important in terms of amount of time spent in 
group interaction (Table 5) and in terms of perceived emphasis (Table 4). 
However, it is an important aspect of the experience through the group 
educative process--a person who knew something about a particular object, 
scene, species of wildlife, etc. informed the others in his "group" (as 
defined in the discussion in Table 7). Of the 9 observations on visitor 
interaction, only one of these was with a person other than the group of 
people the individual came with. 

Activity Participation 

The activity participation was limited to passive forms of recreation 
(Table 6). 

Table 6 

Activity Participation 

Activity 

Scenic viewing 

Photography 

Visitor Interaction 

Lunch stops 

Re 1 axat ion 

Fishing 

Background of Visitor: 

Characteristic of Individual 

P~rcent Response 

60% 

15% 

10% 

10% . 

5% 

5% 
N = 43 

The individual floater is described below: 

Table 7 
The Characteristics of the Individual Floater (Respondents) 

Character! sti c 

Sex 

Age 

Residence 

Childhood Residence 

Income 

Description 

Ma 1 e s ( 6 5% ) ; F em a 1 e s ( 3 5% ) 

14-21 (16%); 22-34 (47%); 35-54 (29%); 
55+ (8%) 

Urban (20%); Suburban (60%); Rural (20%) 

Urban (20%); Suburban (40%); Rural (40%) 

Above average (35%); average (65%) 
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Even with these limited data, the background of the floater does not appear 
to differ from the other park visitors. His concerns appear to focus on 
the developed programs rather than self-initiated activity. 

Group Characteristics 

The characteristics of the group are as follows: 

Table 8 

Group Characteristics of Snake River Floaters 

Characteristic 

Party Size 

Party Composition 

State of Residence 

Description 

1-3 people (27%); 4-10 people (40%); 
11-15 people (5%); more than 15 (28%) 

Single (2%); Family (72%); Friends (26%) 

C a 1 i f • ( 2 2% ) ; C o 1 o . ( 1 2%) ; Wy o . ( 1 1 % ) ; 
Michigan (7%); Ill. (6%); others (42%) 

The respondents indicated their party size based on the number of personal 
companions, rather than the number of people on the raft. ' This indicates 
a degree of territorialism even on the raft itself. (See section on 
social interaction) 

Visual Corridor and Time/Distance Relationships: 

These have been analyzed and wi 11 be presented graphically; however, they 
are still in the drafting stage. 

Summary of Perceived Service and Management Problems: 

These data are in the process of being summarized. 

Profile of Private Floater: 

Not included as part of theoriginal contract. The need for this type of 
information arose during the study. In order to properly conduct the second 
part of the study improved registration procedures for the private floater 
must be developed. 

Tentative Conclusions 

It would be speculative at this point to interpret the entire study since 
some of the data has not been reduced. The conclusions will focus on the 
importance of the variables in the theoretical model (Figure 1). However, 
there are three research efforts that must be developed. 
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1. Baseline data on perception and motivation. If this type of 
data had been developed 10 years ago, then the Park Service 
would have a basis for decision-making on carrying capacity. 
People may have enjoyed themselves 10 years ago but since then 
have sought other floating experiences because of crowding, 
etc. on the Snake River. The manager must then recognize that 
carrying capacity is a dynamic situation in which recreation use 
comes into equilibrium with existing conditions. In other 
words at any level of use there will be visitor satisfaction 
(even with crowding, resource deterioration, etc.). The manager 
must decide what type of experience should be provided; this 
establishes the upper 1 imit of carrying capacity (number of 
people per unit area or unit of time). 

2. Calibration of registration stations. Since the baseline data 
in No. 1 will be developed using a mail questionnaire and the 
sample wil 1 come from registrations, it is imperative that the 
registration system be improved and properly calibrated. Bene
fits to proper management wi 11 also be shown. 

3. Standardized interpretive program. This will be the emphasis 
of the third year of research since much of the visitor percep
tion is molded by the boat operator and the type of program 
presented. 

(Supported by the National Park Service) 

/ 



MICROBIAL STUDIES OF A HIGH ALPINE WATER SUPPLY 
USED FOR RECREATION 

Gordon A. McFeters 
Microbiology Department, Montana State University 

Project Number 188 

Objectives of the Research 

A. To determine the bacterial flora of a high alpine water supply 
seldom visited by man. 

B. To evaluate the impact of various recreational activities on the 
bacterial flora of the high alpine water supply. 
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C. To provide a basis, relative to water quality, for decision making 
on use of high alpine areas in Grand Teton National Park. 

D. To study the types and occurrence of coliform bacteria and strepto
cocci found in the alpine ecology. 

E. To relate the findings from the alpine ecosystem to data obtained 
at lower elevations. 

Research Plan 

Water samples were obtained from specific sites within Grand Teton National 
Park at regular intervals and their bacterial microflora determined. These 
samples were collected along Leigh Creek and Glacier Gulch (areas seldom 
visited by man), along Cascade Creek and Garnet Creek (heavily used by 
man) and the lakes in the valley into which they flow. The bacterial 
microflora of public health significance (coliforms and fecal streptococci) 
were determined by standard methods. Colonies of both types of bacteria 
were transferred to storage media and further characterized at a later 
time. At the time of this writing, this process is not complete. 

Results 

The results of this year•s study, like last year•s in Leigh and Cascade 
Canyons show no evidence of gross contamination. The bacteria that were 
found in the waters of these two drainages reflect an impact of man•s 
presence in that there was somewhat better quality water, from microbiolo
gical standards, in the drainage that was heavily used by man (Cascade 
Canyon and Garnet Canyon). This conclusion was supported by the finding 
that the streptococci that were isolated from Leigh and Cascade Creeks 
last year were characteristic of the types found in the droppings from the 
natural animal population and not of man. Therefore, little evidence of 
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human contamination in either creek was found. Also, there was probably a 
reduced natural animal population present to contaminate the water in the 
area heavily used by man. 

The samples that were analyzed from Garnet Canyon reflect a similar 
pattern as observed in Cascade Canyon. Little evidence of gross contami
nation was found in spite of the intense use and virtual absence of sanitary 
facilities or topsoi 1 that could be used to bury human waste. On the other 
hand, consistently high counts of indicator bacteria were isolated from the 
creek that drains Glacier Gulch. This result was unexpected and is still 
under investigation. However, at present it appears trnt the heavy concen
tration of glacial milk in that stream promotes the growth of a plant 
community on the rocks in the water that makes a suitable environment for 
the growth of certain types of the indicator bacteria. 

Water samples taken below the outflow of Jenny Lake demonstrate a dramatic 
human impact. As the water leaves the lake it is of very high microbiolo
gical quality and directly below the horse corral (about 600 yards down
stream) the count of indicator bacteria increased by a factor of 10 to 20. 
That this finding can be attributed to the horses rather than the two out
houses that are also located there awaits final characterization of repre
sentative bacte.ria that were isolated there. Conf1rmation of most of the 
tentative conclusions mentioned above also requires these data that are 
not available at this time. 

(Assisted by Bo Stuart and Jim Hawkins; supported by the National Park 
Service and the New York Zoological Society.) 



EFFECTS OF PRESCRIBED BURNING ON VERTEBRATE 
FAUNA OF A DOUGLAS-FIR FOREST 

John M. McGee 
Department of Zoology and Physiology 

University of Wyoming 
Project Number 195 

33 

There is increasing evidence that fire has played an important role as a 
natural factor in influencing the structure, dynamics, and evolution of 
forest ecosystems, particularly in western North America. Park biologists 
at Grand Teton National Park are in the process of developing a fire
vegetation management plan for the major vegetational habitat types within 
the Park. A prescribed burn was scheduled for an old Douglas-Fir forest 
located on Blacktail Butte as part of an experimental study aimed at 
determining whether it would be desirable to implement a program of pre
scribed burning as a substitute for the formally occurring natural fires. 

The purpose of this investigation is to study the short-term effect of the 
burn on birds and mammals in the forest area which is subjected to the 
prescribed burn. Park biologists are conducting an investigation of the 
effect of the burn on vegetation of the area·, and this study will provide 
the much needed parallel study of the fauna. By providing before-burn and 
after-burn inventories of the species of birds and mammals, and of their 
abundance, in the area, the immediate effect of the burn on these animals 
will be ascertained. In addition, a species diversity, habitat complexity 
relationship will be investigated. A nearby area on Blacktail Butte 
which will not be burned was studied as a control, to provide information 
on temporal changes in the fauna related to factors other than burning. 

Birds were censused by an observer who walked a fixed transect line in 
the area. The specific method followed is that described by Haapanen, 
1965. The location of each individual seen or heard was marked on a map 
of the site, and its activity noted (feeding, singing, etc.). A compila
tion of these data wil 1 enable me to determine the species present, their 
density, whether they are nesting, whether they are transients, etc. The 
field observations will be converted to an estimate of the standing crop 
biomass. The density of smal 1 mammals will be determined from data 
obtained from a 1 ive-trapping program. Sherman traps were set out, two 
traps per station spaced at ten meters on a rectangular grid measuring 
50 meters by 170 meters. Individuals were toe clipped to allow for identi
fication on recapture. A multiple recapture statistical method, such as 
that proposed by Manly and Parr, 1968, will be used to determine density 
of small mammals. A 1 ive-trapping program similar to that described for 
small mammals was employed to census medium-sized mammals. Twenty number 
2 size Havahart traps were set out on a transect line through the burn area. 
Individuals were toe clipped and released. The data wil 1 be treated along 
the same 1 ines as that proposed for small mammals. Larger mammals were 
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observed in a systematic manner while the investigator was on the site. 
Observations were recorded as well as sex, number and activity. A pellet 
count along an established transect was conducted to determine game-use 
intensity in the burn and control areas. 

Unfortunately, the prescribed burn did not take place as scheduled due to 
poor weather conditions. Conseq~ently after-burn studies have been post
poned until the summer of 1974 when the burn has been rescheduled to take 
place. At this writing, only a description of the burn and control sites 
on Blacktail Butte can be given. 

The two study sites are very similar in vegetation and faunal composition 
and diversity. A preliminary analysis of vegetational data compiled by 
Dr. Lloyd Loope, research biologist for the National Park Service, indicates 
that Douglas-Fir (Pseudotsuga menziesii), Aspen (Populus tremuloides), and 
Scouler's willow (Salix scouleriana) were common to both sites. The under- ' 
story species of herbaceous plants common to both sites included Calamag
rostis rubescens, Arnica cordifolia, and Pachistima sp. Further analysis 
including age class-size determinations of the Douglas-Fir~d Aspen trees 
will be conducted in a .future study. 

The avifauna of both sites were quite similar in composition and diversity. 
The Chipping sparrow (Spizella passerina) and Oregon june~ (Junco oreganus) 
were the most abundant birds on both sites. In addition, the Robin 
~urdus migratorius), Audubon's warbler (Dendroica auduboni), Mountain 
chickadee (Parus gambell), Western tanager (Piranga ludoviciana), and 
Swainson's thrush (Hylocichla ustulata) were frequently seen and heard. 
Three species of raptorial birds were observed on both sites, the Red
tailed hawk (Buteo jamaicensis), Kestrel (Falco sparverius), and Long-eared 
owl (Asio otus). The long-eared owl was observed nesting at the bottom of 
the burn-s~in a large Douglas-Fir tree. 

Small mammals were censused during two trapping periods on both sites, a 
seven day period during early July and a ten day period during early August. 
Ten species of small mammals were trapped or observed during the seventeen 
days of trapping. Three specles, the Boreal red-backed vole (Clethrionomys 
gapperi), Deer Mouse (Peromyscus maniculatus), and the Least Chipmunk 
(Eutamias minimus) comprised greater than 90% of the total captures during 
both periods on both sites. Elk (Cervus canadensis), Mule deer (Odocoileus 
hemionus) and Moose (Alces alces) were frequently seen on both study 
sites. 

At this time the writer is in the process of expanding the investigation 
to i~clude three other major vegetational habitats within the park, lodgepole 
pine, aspen, and sagebrush. The data gathered during this past summer will 
be incorporated into this study as well as climatic and microenvironmental 
data to be collected on Blacktail Butte. This expanded study will hopefully 
give a more thorough understanding of the relationships between fire, 
vegetation, and wildlife by which the Park Service can form a comprehensive 
fire-vegetation-wildlife management plan for Grand Teton National Park. 
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All field and laboratory work has been completed. Some analysis of data 
remains to be done before completion of a final report. 

In bioassays with Selenastrum capricornutum phosphorus (0.005 to 0.05 mg/1) 
always significantly increased algal standing crop over Jackson Lake controls, 
while nitrogen (0.01 to 0.05 mg/1) did on some occasions. Other nutrients 
were not evaluated. 

Water movements in Jackson Lake were followed with drogues. Surface waters 
directly exposed to the stress of the wind were very quickly transported 
downwind. Some of the Snake River water entering the north end of the 
lake in late June/early July followed the old river bed. lt .apparently 
did not mix with epilimnetic water, at least until some distance south 
of Wilcox Point. Water from Third Creek also followed the old creek bed, 
until reaching a portion of the lake directly exposed to the wind. At 
that point it moved downwind. 

Addition of phosphorus or nitrogen to Jacksori Lake should stimulate algal 
growth. If added at a location where wind action would not transport and 
dilute the nutrients in open water, relatively small amounts might cause 
changes noticable to the untrained eye. If brought into the lake by the 
Snake River, the shallower northern end of the lake could be likewise 
affected. Larger amounts might be transported along the old river bed and 
affect the epilimnion south of Wilcox Point. Nutrients entering via Third 
Creek would affect the bay where the creek enters the lake. Because of 
prevai 1 ing winds it would also quite 1 ikely affect the shallower region of 
the lake east of the creek and north of the dam. Additional calculations 
need to be made before "small amounts of nutrients 11

, etc. can be estimated 
in terms of absolute amounts and absolute rates of nutrient input. 

(Supported by New York Zoological Society and the National Park Service.) 
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The aims of this study were essentially the same as those described in the 
report on this project for the summer of 1969. Briefly, between May and 
October 1973, several physiological parameters were examined in the montane 
vole (Microtus montanus) under natural conditions. The physiological 
responses of these rodents are being correlated with seasonal changes in 
several environmental variables. The collection of data was essentially 
the same as outlined in the 1969 report. 

Field Observations 

Field observations at the Research Station were carried out over three 
study periods: spring (May-June), summer (July-August) and fall (October). 

A. Spring Study Period (May-June): 

The population density of Microtus montanus was approximately ten times 
greater than that seen at a comparable time in 1972. In fact, this 
density was greater than that seen in any other spring since this study 
began in 1969. Breeding on a population-wide basis had started at the same 
time as in 1972. However, the mean litter size in the spring of 1973 was 
approximately 16% higher than that seen in 1972. However, this comparison 
has to be viewed with caution since the spring sample in 1972 was very 
sma 11. 

B. Summer Study Period (July-August): 

A dramatic increase had taken place in the population density recorded 
during the summer study period of 1972. The extent of this increase varied 
enormously among the three localities under investigation. The lowest 
increase showed a two to threefold rise in population density over the 
1972 levels. The highest increase was an approximately ten-fold rise. 
Understandably, Microtus sign (cuttings, droppings, runways) was extremely 
abundant. As in 1972 the voles were rather uniformly distributed through
out their habitat, a phenomenon characteristic of relatively high popula
tion densities. 

Litter sizes were determined on the basis of embryo counts and/or placental 
scars. Mean 1 itter size was 10-15% lower than that seen in the summer of 
1972. 

Weasels were found only in one of the three study areas. Although no 
specific efforts were made to trap weasels, they do enter unbaited traps 
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set for Microtus. Only four short-tailed weasels (Mustela erminea) were 
obtained in this manner 

c. Fall Study Period (October): 

Microtus population density remained high, although it had decreased 
somewhat since the last sampling at the end of the summer study period. 
Reproductive activity on a population wide basis had ceased entirely. 
However, two reproductively active animals were trapped, one male and 
one female. The latter was about 10 days pregnant and all embryos appeared 
healthy. It is interesting, however, that both of these animals were at 
least one year old (in other words, born during the 1972 breeding season). 
All other animals trapped had been born in 1973, and none of them showed 
any signs of reproductive activity whatsoever. 

In summary, population density of Microtus montanus near the Jackson Hole 
Biological Research Station was very high in 1973. It appears likely that 
in 1974 a peak density willr be attained. However, it is conceivable that 
the sudden, dramatic decline in numbers (11 crash11

) may occur in the winter 
of 1973-74. Any prediction in this regard is difficult, since a complete 
cycle has never been documented in Jackson Hole, and the factors that 
cause such 11 crashes'' are not known. 
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Preburn sampling began July 28, 1974, in three areas: burn slope, control 
slope, and a contiguous grass/sage slope. Forty-five soil and forty-five 
litter samples (25 cm2) were collected from each of the three sites on a 
stratified random sampling scheme. The organisms were extracted using 
modified Tullgren funnels. Percent moisture determinations yielded an 
average of 46% for the control and 37% for the burn. 

We are now in the process of counting all arthropods and sorting the 
acarina (the dominant taxa) into species. With only a fourth ~f the 
samples sorted, there are 42 species of oribatids, nine species of mesostigs 
and two species of prostigs. Indices of species diversity and niche breadth 
will be calculated for each community and species respectively. On the 
basis of these indices predictions will be made on probable postburn 
colonizers. Samples were also collected for fungal analysis but plating 
for species determinations will not be done until after the burn. 

The state objective of the study, the effect of fire, was not completed 
because weather conditions prevented the scheduled fire. We anticipate 
continuing the study next summer. 

(Supported by the National Park Service.) 
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Research on sediments which were originally mapped as Miocene Colter Forma
tion and subsequently discovered to contain a smal 1 pocket of 01 igocene 
deposits continued this summer. This small exposure of Oligocene is of 
interest for several reasons. The deposits are the western-most exposures 
of Oligocene rocks known to occur in Wyoming and the relationship to the 
surrounding Colter Formation is poorly understood at this time. The fauna 
being recovered indicates that the deposits are Oligocene, and most 
probably very early Oligocene. The fauna includes a number of good wholly 
Oligocene genera and a few Eocene "holdovers11

• Most notable among these 
latter forms is a multituberculate which was thought to be extinct in the 
late Eocene. The fauna and nature of the deposits may help in establishing 
an idea of the ecology in early Oligocene time and, therefore, aid in 
understanding the disappearance of multituberculates, the longest 1 ived 
order of mammals. 

Methods used this summer included the standard paleontologic techniques 
for recovery of small mammals from a productive site. The deposits are first 
crawled to pick up any teeth or bone fragments which have weathered out 
and are on the surface. When this is completed, matrix is taken from the 
outcrops and placed in tight weave burlap bags, and these are placed in the 
stream to disassociate the clays. A tight weave bag of this type will 
retain any particle which is 1 mm. or larger and wi 11 allow the finer 
grained sand and clay particles to wash out. The resultant concentrate is 
dried and screened again to eliminate still more matrix. The concentrate 
was carried out on foot. Thanks are due to Gary Wright and his crew and 
to Franz Camenzind for help in this latter aspect of the work. Upon 
return to the lab the matrix is sorted manually to remove the teeth and 
bone from the concentrate. About two tons of matrix was processed this 
summer. 

Results are very sketchy at this time since only about 1/5 of the concen
trate has been sorted. Sorting should be complete by mid-February. We have 
recovered a number of interesting forms so far, however, and included in 
these are a jaw of a tiny eomyid rodent, several large ischromyid teeth, 
insectivores, other rodents, lagomorphs, artiodactyls, smal 1 carnivores, 
but unfortunately no multituberculates yet. A jaw of Mesohippus was 
recovered from the outcrop this summer and represents the largest specimen 
to be recovered from these deposits. Other fragmentary evidence points to 
large forms such as titanotheres and rhinoceros, but material has been so 
scrappy that no positive assignment is possible. 
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The results so far obtained illustrate several features we had hoped to 
find. The first identifiable artiodactyl teeth and the Mesohippus jaw 
tend to tie down the date to an early Oligocene age. These animals in 
conjunction with the micro-faunal elements illustrate that the unique 
multituberculate and other Eocene forms have survived into Oligocene time, 
and, since this association is found nowhere else, probably represents a 
unique environmental situation. In all probability we are dealing at 
least in part with animals found in an upland environment rather than the 
more typical stream border-floodplain environment. 
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The objectives of this study are to determine if the Shiras moose (Alces 
alces shirasi) in northwestern Wyoming is parasitized by arterial worms 
(Elaeophora schneideri Wehr and Eikmans) or meningeal worms (Paralaphos
trongylus tenuis Dougherty). Both of these parasitic nematodes have been 
reported from moose elsewhere in North America, but no information is 
available on their occurrence in Wyoming. 

Methods 

Moose heads were obtained from hunter-killed animals by arrangement with 
the Dubois Check Station and the Jackson District Office of the Wyoming 
Game and Fish Commission. The heads were examined for arterial worms by 
opening the common carotid arteries and their terminal branches after 
dissecting them free from the neck and head. The brain, meninges and 
cranial cavity of some moose were examined for nematodes after the cranial 
cap was removed and the dura mater and associated blood vessels were 
peeled from the surface of the brain. In addition, the nasal passages 
and external ear canals of most animals were examined grossly for ecto
parasites or lesions resulting from infestations with ticks, mites, or 
dipteran larvae. 

Results 

Nematode larvae have been recovered from the common carotid arteries of 5 
of 50 moose examined to date. The specific identity of these parasites 
has not yet been determined. However, it is probable that they are 
developmental stages (probably L3 or early L4) of the arterial worm I· 
schneideri. The infected moose were all hunter-killed animals (3 bulls, 
2 cows) taken between September 10-25 in Teton and Fremont Counties, Wyoming. 
An infestation of mites, apparently of the family Dermanyssidae, was fo~nd 
in the ears of a bull moose shot September 10, 1972,in Skull Creek Meadows, 
Teton National Forest. The identity of both the nematode larvae and mites 
wi 11 be included in a later report. If the arterial nematodes are deter
mined to be E. schneideri, this wil 1 extend the known geographic range of 
arterial worm infections in moose into an area in northwestern Wyoming 
which supports an extensive moose population. No evidence has been found 
of meningeal worms in the few animals in which the brain has been examined. 

(Supported by the New York Zoological Society.) 
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During the summer of 1973 our archaeological survey concentrated on the 
north end of Jackson Hole and the lower elevation areas of the valley. 
Our survey along the Snake River recorded only a few new sites: several 
along Ditch Creek; one in the area of the proposed construction at the 
Jackson Hole Airport (Wright, 1973); and one overlooking Saw Mill Ponds. 
Our work tends to confirm Love's 1972 hypothesis that the Snake River 
was a major barrier to the prehistoric inhabitants of the valley along 
most of its length. 

Further survey was done in the Two Ocean Lake Quad. Only one new site 
was recorded along the hypothesized migration route proposed by Wright 
(1972). However, a series of sites were found between Pacific Creek and 
Two Ocean Lake suggesting such a route. Projectile points span at least 
2000 years back to 2000 B.C. 

Two sites--Owen and Reuel--were test excavated. The Reuel site had pro
duced, from surface collecting, a Cody Knife (Wright, 1972). Our tests 
recovered two pointed pebble choppers, several flakes, one hammerstone, and 
one hearth without charcoal. The geologic reconstruction suggests that 
the site, when occupied, was located on a higher (+5 feet) beach of Emma 
MatIlda. If we accept the contemporameity of the Cody Knife with the 
excavated material, this would date the higher lake level at ca. 7000 B.P. 

The Owen site is situated on a knoll along the northeastern shore of Emma 
Matilda. The sandstone bedrock is apparently the Meetees Formation of 
late Cretaceous age. Two undiagnostic points were found last year (Wright, 
1972), and we had hoped to recover material for dating. Unfortunately, 
the site is very thin (less than 9 inches) and only a few chips came out 
of the excavations. 

Survey work was also conducted in the John D. Rockefeller, Jr., Memorial 
Parkway (=the corridor). Ten prehistoric sites were found, all either 
along the Snake River or overlooking "Soldier Meadow". In addition, we 
surveyed intensively the east side of Polecat Creek near its mouth to 
locate the former Snake River Soldier Station (1891-1902) (Haines, 1973). 
We were unsuccessful. 

Very 1 ittle work was done in the high country. One day was spent surveying 
near Jackass Pass. One (?) site, nearly 3/4 of ami le long, consisting 
of considerable chipping debris of ignimbrite, chert, and quartzite, and 
four McKean-like points, was visited (see, also Love, 1972). Ignimbrite 
outcrops nearby. We hope to test excavate this site in 1974. 



Three additional projects were either started or furthered during the 
summer. Each of these will be of some interest to other scientists 
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working in Jackson Hole. One was an attempt to refine the chronological 
and geomorphological situations in the valley since the retreat of Pinedale 
ice from the Burned Ridge moraine, i.e., over the last 15,000 years. 
For example, we rented an airplane and took movies and slides in order 
to increase our understanding of the relationships between the ancient 
Snake River channels and terraces and the moranic systems. 

Secondly, we began a series of pollen cores from ponds. In one, located 
just south of Signal Mountain, we found at a depth of 4.0 feet what 
appears to be a different vegetational regime than at present in the valley. 
It is extremely low in lodgepole pine pollen (Pinus contorta) compared to 
the top of the core. We hope to return during the winter, 1974, to core 
through the ice. 

Finally, we completed our survey of the major elk (Cervus canadensis) 
summer ranges in the valley, i.e., Burned Ridge and Timbered Island 
Moraines, Signal Mountain, etc. We found no sites. It was suggested by 
one of us (G.A.W.) in a seminar at the Research Station that elk may, in 
fact, be a very late (post A.D. 1200) entrant into the mountains, even 
though it has a long history on the Plains. 
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INVESTIGATORS WHO WORKED FOR A SHORT TIME AT THE STATION 

Dr. John W. Huckabee 
Environmental Sciences Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Dr. Phi 1 ip N. Lehner 
Department of Zoology & Entomology 
Colorado State University 
Fort Collins, Colorado 

Dr. Robert W. Lichtwardt 
Department of Botany 
The University of Kansas 
Lawrence, Kansas 

Ms. Jane Phi 11 ips 
Department of Zoology 
Leeds University 
Leeds, England 

Mercury content of montane mosses 

Coyote ecology 

Intestinal fungi of invertebrates 

Isopod ecology 



June 21, 1973 

July 3 

July 10 

July 14 

July 17 

July 24 

July 31 

August 7 

August 14 

August 21 

SEMINARS 

"Fire Ecology in Grand Teton National Park" 
Dr. Lloyd Loope, Research Biologist 
Grand Teton National P~rk 

"Eco log i ca 1 Thermoregu 1 at ion in Sma 11 Mamma 1 s'' 
Mr. Tom, Collins 
Department of Zoology and Physiology 
The University of Wyoming 
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11 The Elk Management Program in Grand Teton National Park" 
Mr. Robert Wood, Park Resource Management Specialist 
Grand Teton National Park 

"Trichomycetes: What They Are and Where They Occur" 
Dr. Stephen Moss 
Department of Botany 
The University of Kansas 

"Fire Ecology in Yellowstone11 

Dr. Dale Taylor 
Department of Biology 
Sterling College 

"Fisheries Investigations in Grand Teton National Park" 
Mr. Peter Hayden, Research Aquatic Biologist 
Grand Teton National Park 

' "Archeological Research in Grand Teton National Park" 
Dr. Gary Wright 
Department of Anthropology 
State University of New York at Albany 

"Ecology and Behavior of Coyotes in Jackson Hole" 
Mr. Franz Camenzind 
Department of Zoology and Physiology 
The University of Wyoming 

11 Ecology of Aspen•• 
Dr. Alan Beetle 
Division of Plant Science 
The University of Wyoming 

11 Violent Fluctuations in a Population of Grassland lsopods" 
Dr. Oscar Paris, Director 
Jackson Hole Biological Research Station 



VISITORS TO THE STATION 

Dr. Kenneth Diem 
Department of Zoology & Physiology 
University of Wyoming 
Laramie, Wyoming 

Mr. John Dobos, Vice President 
Wyoming Environmental Institute 
Casper, Wyoming 

Dr. F. R. Gartner (accompanied by Range Management class) 
Agricultural Research Center 
South Dakota State University 
Rapid City, South Dakota 

Dr. Robert W. Gordon 
Consulting Geologist 
Pueblo, Colorado 

Ms. Mary Inman, Member 
~nvironmental Impact Subcommittee 
Teton County Planning Committee 
Jackson, Wyoming 

Dr. Robert Lavigne 
Division of Entomology 
University of Wyoming 
Laramie, Wyoming 

Dr. Jack Major 
Department of Botany 
University of California 
Davis, California 

Dr. Glenn A. Noble 
Biological Sciences Department 
California State Polytechnic University 
San Luis Obispo, California 

Senator Robert Novotny 
Wyoming State Legislature 
Kinnear, Wyoming 

Ms. Leslie Petersen, President 
Wyoming Environmental Institute 
Dubois, Wyoming 
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Dr. Patricia Rand 
Department of Botany 
University of Nebraska 
Lincoln, Nebraska 

Dr. Carl Rhodes 
Department of Biochemistry 
Stanford University School of Medicine 
Stanford, California 

Mr. Fred Scheerer 
Group Environmentalist 
United States Resource Group 
Atlantic Richfield Company 
Denver, Colorado 

Representative John Turner 
Wyoming State Legislature 
Moose, Wyoming 

Dr. Joseph Wagner 
Director of Research, Vegetable Crops Laboratory 
U.S.D.A. Western Regional Research Laboratory 
Albany, California 
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COOPERATION WITH ·oTHER ORGANIZATIONS 

Cooperation with Grand Teton National Park has been discussed already, in 
the INTRODUCTION. It is appropriate to mention here the direct collabora
tion between several investigators at the Station and Park Research 
Biologists, Dr. Lloyd Loope and Mr. Peter Hayden, and Park Resource Manage
ment Specialist, Mr. Bob Wood. This collaboration included mutual assist
ance with field work and exchange of data. The Colter Bay Ranger District 
and Buffalo Subdistrict cooperated well with the Station in a variety of 
ways. 

The National Elk Refuge and the Biological Research Station cooperated in 
research being carried out on the Refuge by two of the Station 1 s Projects. 
Investigators from the Station also cooperated with the National Forest 
Service in research of mutual interest. 

Contact was maintained with the Wyoming Game and Fish Department in Jackson, 
and the Station was able to assist them in several . ways. 

Students from the Teton Sciences Field Biology School, under the super
vision of Mr. Ted Major, attended most of the Station•s seminars. In 
addition, the students from the school spent one day at the Station, during 
which a number of investigators presented informal research seminars to 
them. 
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FINANCIAL REPORT 

1972-73 

Reappropriated 
Item Budgeted from 1971-72 Total Ex~ ended 

Assistants, P/T $ 3,000.00 $ $ 3,000.00 $ 3,000.00 

Research Project 4·, 714. 00 4,714.00 4,714.00 

Clarke Salary 3,550.00 3,550.00 3,550.00 

Contractual 948.00 124.00 1,072.00 1,065.09 

Travel 374.00 . 131.40 505.40 505.40 

Supp 1 i es 1 '700. 00 1 'oso. 00 2,750.00 2,750.00 

Equipment 1,265.00 2,264.00 3,529.00 3,508.50 

Fixed Charges 100.00 286.00 -386.00 386.00 

Contractual/Repairs 154.00 154.00 154.00 

Total $ 15,805.00 $ 3,855.40 "$ 19,660.40 $ 19,631.99 

Rent received in the amount of $620.00 was placed in the General Fund of 
the University. 

Grants-in-aid totaling $2,700.00 were awarded to investigators by the 
New York Zoological Society. 

1973-74 

Reappropriated 
Item Budgeted from 1972-73 Total Ex~ended'" 

Assistants, P/T $ 2' 100.00 $ 2' 100.00 $ 2' 1 00.00 

Research Project 9,100.00 9,100.00 5' 192.00 

Contractua 1 1 '000. 00 23.70 1,023.70 344.60 

Travel 300.00 300.00 129.20 

Supplies 1, Boo. oo 1,885.58 3,685.58 2,868.30 

Equipment 1 '300. 00 2,609.00 3,909.00 3,472.14 

Fixed Charges 100.00 386.00 486.00 386.00 

Total $ 15,700.00 $ 4,904.28 $ 20,604.28 $ 14,492.24 

Rent received in the amount of $665.75 was placed in the General Fund of 
the University. 

Grants-in-aid totaling $4500.00 were awarded to investigators by the 
New York Zoological Society. 

~·• as of January 1, 1974. 
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1951 Patterns of herd structure in free-ranging elk. Abstr. Anat. 
Re c . , 3 ( 3) : 7 4. 

1952 Social behavior of elk, Cervus canadensis nelsoni, in the 
Jackson Hole area of Wyoming. Behavior, 4(2): 116-143. 

1953 Social graces in e1~ society. Bull. N. Y. Zool. Soc., 
Animal Kingdom, 56(3): 66-72. 

1956 Patterns of herd behavior in free-ranging elk of Wyoming, 
Cervus canadensis nelsoni. Zoologica, _ 41 (2): 65-71. 

Two marking devices for large land mammals. Jour. of Wildl. 
Mgmt., 20(4): 464. With Richard D. Taber and Anton de Vas. 

Patterns of social behavior in big game. 
No. Amer. Wildl. Conf., March 5-7, 1956. 

Trans. of the 21st 
pp. 538-545. 

1958 The flight distance in free-ranging big game. Jour. of Wildl. 
Mgmt., 22(2): 207-209. 

social integration of the moose calf. Animal Behaviour, 
6 (3-4): 155-159. 

1959 Group dynamics in Wyoming moose during the rutting season. 
Jour. of Mammal., 40(3): 420-424. 

1960 Moose runs from Sandhill Crane. J. of Mammal., 41 (4): 525. 

The role of juvenile elk and moose in the social dynamics of 
their species. Zoologica, 45, Pt. 1: 35-39. 

1961 11 Teen-age11 problems in the wilderness. Animal Kingdom, 64(2): 
41-44. 

1963 Naturalistic studies of maternal care in moose and elk. Chapter 
in Maternal Behavior in Mammals, Ed. by Harriet L. Rheingold. 
John Wiley & Sons, pp--. 233-253. 

Seniors of the wilderness. Animal Kingdom, 66(6): 181-183. 

1965 Messages in the wild. Animal Kingdom, 68(6): 179-182. 

1968 Social conduct in and out of the herd. Colo. Quarterly, 16(4): 
335-351. 
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Armitage, Kenneth B. 
1959 Behavior patterns of juvenile yellow-bellied marmots (Marmota 

flaviventris nosophora Howell). Anat. Rec., 134(3): 529. 

1961 Frequency of melanism in the golden-mantled marmot. J. of 
Mamma 1 . , 42 ( 1) : 1 00-1 01 . 

1962 Social behavior of a colony of the yellow-bel lied marmot 
(Marmota flaviventris). An. Behav., 10(3-4): 319-331. 

Bangham, Ralph 
1951 Parasites of fish in the Upper Snake River drainage and in 

Yellowstone Lake, Wyoming. Zoologica, 36(1 I 1). 

1953 Studies on monogenetic trematodes: Dactylogyridae from Alaska, 
Wisconsin and Wyoming. Am. Mid. Nat., 50(1): 206-217. Pub
lished by John D. Mizelle and Francis 0. Webb using Bangham's 
materia 1. 

Hypocaryophyllaeus gi lae n. sp. (Cestoda: Caryophyllaeidae) 
from the Utah chub, Gila atraria, in Wyoming. Proc. Helm. Soc. 
Wash., 20(2): 113-ll~Published by Jacob H. Fischthal using 
Bangham's material. 

Baxter, John W. 
1960 Aquatic Hyphomycetes from Wyoming. Mycologia, 52(4): 654-655. 

Beetle, Alan A. 
1952 A 1951 survey of summer elk range in the Teton Wilderness area. 

Wyoming Range Manage. 51: 1-5. 

1957 A study of range condition classes in the Jackson Hole region of 
Wyoming. Wyoming Range Management Issue No. 104. (Mimeo) 

1959 New names within the section Tridentatae of Artemisia. Rhodora 
61: 82-85. 

1960 A Study of Sagebrush. Bulletin 368, University of Wyoming 
Agricultural Experiment Station, June. 

1961 Range Survey in Teton County, Wyoming. Part I. Ecology of 
Range Resources. Bulletin 376, University of Wyoming Agricultural 
Experiment Station, March. 

1962 Range Survey in Teton County, Wyoming. Part II. Uti 1 ization and 
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