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I tHRODUCT I ON 

This document is the second Annual Report of the Jackson Hole 
Biological Research Station. It contains resumes of research carried 
out at the Station during 1974, descriptions of cooperation between 
the Station and other agencies, a list of seminars presented at the 
Station during the summer season, a description of continuing efforts 
to improve working and 1 iving facilities, a financial statement, and a 
list of publications resulting from research conducted at the Station. 

Cooperation with Grand Teton National Park 

The Station continues to consider one of its major objectives to be to 
sponsor and support research which will contribute to management problems 
or the naturalist interpretive program of Grand Teton National Park. Of 
the 20 projects carried out at the Station during 1974, 13 were directed 
toward problems of concern to GTNP. This compares to 18 projects in 1973, 
of which 9 were of explicit interest to the Park. Thus, in 1974 there 
was an increase in both total research activity, and in the proportion of 
research directed toward Park problems. 

The National Park Service and Grand Teton National Park actively supported 
the Station's activities in many ways. Several of the projects received 
financial support from the Yellowstone Environmental Study Center, which 
is funded jointly by NPS and the University, or from other NPS funding 
sources. Various kinds of logistic support was provided by Park personnel 
to investigators from the Station who were working in the field. Park 
personnel from both Grand Teton and Yellowstone participated in the 
Station's seminar program. 

Cooperation and Support from~~ York Zoological Society 

The Jackson Hole Biological Research Station continued to benefit from and 
enjoy its affiliation with the New York Zoological Society. The NYZS 
granted $1764 to the Station in 1974, to help support research projects 
on coyotes, beaver, and fire ecology. This financial help greatly assisted 
these projects and the Station. 

Improvement of Facilities 

Efforts to improve the facilities continued during 1974. The most signifi
cant improvement was the rewiring of electrical systems in 13 of our 16 
buildings. A complete modernization of the electrical systems in all of 
the old log structures was achieved; these structures were the Director's 
cottage, main laboratory, small laboratory, shop, bath house, and cabins 
1, 2, 3, 6, 11, 12, and IS. In the Seminar Building, the 220V wiring for 
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the electric water heater was re-done. As a result we now have adequate 
1 ighting in all of the buildings, ovens in the laboratory can now be used, 
and residents can safely use such appl lances as electric fry pans, toasters, 
and space heaters in the cabins. 

The process of winterizing the small laboratory was continued. A double 
roof was installed on the building, with 3 inches of fiberglass insulation 
placed between the old and new roof. The work remaining to be done in 
this winterizing process is the installation of permanent storm windows 
(plastic sheeting is serving in this capacity temporarily), installation 
of a storm door and snow shelter at the entrance, and permanently close 
off the crawl space beneath the building (logs and plastic sheeting are 
serving in this capacity temporarily). We hope to finish this project in 
1975. 

All of the buildings needed to be treated with log oil or to be painted at 
the beginning of 1974. We purchased 15 gallons of linseed oil at the price 
of $7.50/gal, with which we were able to cover the outside of the Director's 
cottage, the main laboratory building, and 1/2 of the small laboratory. 
Additional linseed oil would have cost $11 .25/gal, and log oil was priced 
at $11.50/gal. Our dwindling supply and repair budgets made it necessary 
for us to suspend this project in 1974. We expect to resume oiling the 
old log buildings in 1975, and to paint the newer buildings (seminar and 
cabins 16, 17, and 18) either in 1975 or in 1976. 

A variety of other improvements were made. New commodes were installed in 
the bath house. A new floor was installed in the attic of the shop. A 
new roof was installed on the Director's cottage. The garbage can area 
was cleaned up and a new stand constructed to keep the cans off the ground. 
A new barbecue pit and fire ring were built in the picnic area, and 
sections of logs were placed around the fire ring to serve as seats. Seven 
6-lb. fire extinguishers (class ABC) were purchased as part of a program 
to phase out the old water-filled soda-acid or pressurized extinguishers, 
which have to be removed from the Station in the winter to prevent freez
ing; the na• extinguishers are operable to -40°F and therefore can be 
left at the Station year round. Station personnel repainted our gate. 
The Park Service Maintenance Department repainted our signs at the entrance 
to the Station, and again applied a dust pallative to our drive. 

Increased Research Activity 

As was pointed out earlier, in 1974 20 research projects were carried out 
at the Station. This total is an icnrease of 2 projects over the number 
accommodated in 1973, an 11% increase. The increase in activity was 
further reflected . in the fact that living quarters were totally filled 
from mid-June to mid-August, and two of the projects with very large staffs 
quartered some of their personnel at Park campgrounds. Rent received in 
1974 amounts to $877.01, compared to $665.75 in 1973. Of the 20 projects 

• 
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carried out at the Station in 1974, 6 were new and 14 were continuing. 
Two investigators worked at the laboratory year-round in 1974, utilizing 
the partially winterized small laboratory during the winter months. 
Resumes from the research projects are contained in the section which 
follows. 



RESEARCH PROJECT REPORTS 



REPORT ON THE 1974 STUDY PHASE OF THE INVESTIGATION 
OF COMMUNICATION SYSTEMS IN 
FREE-RANGING WILD UNGULATES 

Margaret Altmann 
Department of Psychology 
University of Colorado 

Project Number 124 

The 1974 field research in the Jackson Hole area was carried out from 
Hay 18 to September 9, 1974. 

5 

Comparative observations were centered on the development of signal 
competence during various stages of the game animal 1 ife span. Particular 
interest concerned the signal reactions of elk and moose calves and ado
lescents. 

Extreme weather conditions (flood and later drought) and man-made environ
mental pressures (disruptive logging and air-traffic impact) combined to 
disrupt the normal activities and social dynamics of the game to a high 
extent. We will, therefore, not draw any conclusions from the observed 
materials at this point, but continue the study in the next season when 
a clearer picture can be obtained. 

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

To the Director of the Jackson Hole Biological Research Station, Professor 
Oscar H. Paris, goes our sincere thanks for his encouragement and hospi
tality during the field research period. 



PLANT SUCCESSION WITHIN THE JOHN D. ROCKEFELLER, JR. 
MEMORIAL PARKWAY 

Alan A. Beetle 
Range Management Section 

University of Wyoming 
Project Number 191 

6 

The John D. Rockefeller, Jr. Memorial Parkway 1 ies south of the great 
Yellowstone thermal area and north of the Teton glacial moraines. Caught 
between these extremes and influenced by them to varying degrees at dif
ferent times, the Parkway offers a unique challenge in the study of 
ecology. How did the present patterns develop? What changes are in the 
making? 

Some plants flourish in nitches created by the lapsing of unusual activity 
whether thermal or clacial. Also some of these plants have persistence 
in the landscape even after they are surrounded by more slowly developing 
but very characteristic communities. Two easily recognized examples are 
(1) douglasfir on the steepest rocky knowls, bluffs, and cliff faces and 
(2) narrowleaf cottonwood along the stream channels. Neither of these 
has developed a truly characteristic community dominance as have lodgepole 
pine and aspen but they continue to thrive in spite of community competi
tion, but only within the confines of their most specific habitat. 

The dry benches between the ridges and the stream channels appear to have 
been colonized by various forms of sagebrush which represent edaphic 
climaxes of long persistence but which are susceptible to conquest by the 
lodgepole pine forest. These forests of lodgepole pine exhibit distinc
tions past partly on their (1) densities, (2) understory compos'ition and 
(3) age classes. 

(Assisted by Don Meeker, University of Wyoming. A project supported by the 
National Park Service.) 



VARIATION IN AND ECOLOGY OF ASPEN 

Alan A. Beetle 
Division of Plant Science 

University of Wyoming 
Project Number 150 
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The factors control I ing the regeneration of aspen have long been a puzzle 
to ecologists in the Jackson Hole region of Wyoming. Many years ago 
attempts were made to stimulate shoot production and new growth elonga
tion by (1) mechanical treatments, (2) removal of mother trees, (3) 
fertilization; but all of these resulted in failure. More recently 
attempts to stimulate aspen shoots through fire (aspen community burning) 
have also resulted in failure. 

As a preliminary conclusion from biomass studies in 1974 in the Jackson 
Hole region a key seems to have been found to the aspen regeneration 
cycle. These results will need to be checked but they seem to fit most 
field situations. 

Biomass data has been divided into three classes (1) leaf surface, (2) 
above ground stems, (3) below ground stems and roots. 

While the mass of below ground stems and roots is important to the overal 1 
appearance of the community, the mass is the least variable of the three 
and does not seem to be a key to shoot production. 

When a new stand is developing from either a shoot or a seedling the 
relationship of leaf surface to stem mass to below ground mass remains in 
balance, and continues in balance until the stand starts to mature, i.e., 
up until the beginning of the development of a fairy ring. The balance 
now continues around the outside of the stand but is upset in the center. 
Relatively less leaf surface for the support of stems and roots (carbohy
drate reserve drain) immediately expresses itself in the failure of the 
stand to produce new roots in the center even though the ecological condi
tions may become similar to those on the outside of the ring. The only 
factor differing is the continual reaching of maturity of the trees around 
the center of the ring. The enlarging of the ring will continue until 
some factor upsets this overbalance of stems such as fire or windfall or 
disease. 

Under excessive browsing pressure from ungulates the whole stand will 
resemble the center of a natural ring and there will be no regeneration. 
Since these stands are often characterized by the extremely large trunks 
of the remaining trees there has been speculation that the lack of new 
shoots is related to the age of the stand or clone. This, however, does 
not appear to be the case. When a sufficient number of old trees have died 
to bring a balance back between leaf surface and stem mass there wi II be 
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automatically an increase of new shoots. In fact a complete loss of old 
trees may result in excessively thick doghair stands to the height of 
the winter snow, especially where the lear surface area is proportionately 
at a maximum. There seems to be a possibility that this situation will 
produce the maximum aspen browse possible for ungulates. However, the 
climax aspen stand will have ceased to exist and only a deformed disci imax 
will remain. 

If these browsed stands persist under heavy ungulate pressure on south 
slopes where the snow blows away in winter an even more deformed disclimax 
may persist with the aspen shoots little different than a minor component 
of the herbaceous cover. 

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



PARASITES OF UNGULATES IN THE JACKSON HOLE AREA 

Robert C. Bergstrom 
Division of Microbiology and Veterinary Medicine 

University of Wyoming 
Project Number 156 
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Research was conducted during late May, late August, and more will be 
accomplished during the hunting season, November 6- November 13, 1974. 

Six years research has been summarized, and a manuscript and revision 
accepted. Publication will be in the January issue of the J. of Wildl. Dis. 

Diet ocaulus sp. infection levels were down during the past spring and 
summer 197 probably due to the continuing influence of less infection 
pressure posed by the parasite on vegetation of the National Elk Refuge, 
Jackson. Management changes, suggested by the writer in 1971, have been 
carried out very efficiently and elk herd health has benefitted. 

A proposal for an ecological type research (interaction of Dictyocaulus 
sp. larvae and certain Dipteran and Coleopteran insects) will be submitted 
to Dr. Paris and the research committee this fall. 



OPTIMAL PACKING lN BIRD COMMUNITIES 

Martin Cody 
Department of Biology 

University of California, Los Angeles 
Project Number 199 

No summary available at this time. 
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THE ECOLOGY OF THE BEAVER ON THE SNAKE RIVER FLOODPLAIN 
IN GRAND TETON NATIONAL PARK, WYOMING 

Thomas C. Collins 
Department of Zoology and Physiology 

University of Wyoming 
Project Number 200 

l l 

This is a report on some of the initial Investigations of beaver ecology 
carried out in Grand Teton National Park from Hay to October of 1974. It 
will describe methods and present data of immediate interest but wll I not 
attempt to detail information that will have significance only after the 
completion of the study and final data analysis. A sketch of the latter 
will be given in terms of methods and work completed. A minimum of two 
additional years is required to complete this study. 

Thi5 study has been supported by the Yellowstone Environmental Study Center 
and the New York Zoological Society. I wish to acknowledge the valuable 
assistance and cooperation of personnel of Grand Teton National Park and 
the Wyoming Game and Fish Department, Dr. Oscar H. Paris, Director of the 
Jackson Hole Biological Research Station, and Or. Jack C. Turner of the 
University of Wyoming, Department of Zoology and Physiology, my Ph.D. 
adviser. This study was based from the Jackson Hole Biological Research 
Station at Moran, Wyoming. 

Introduction 

Grand Teton National Park offers a unique situation for study of beavers 
because of the protection of both beaver and habitat in the park. An under
standinq of the ecology of the beaver In the park will insure this pro
tection. Little has been known of the abundance and distribution of beavers 
in Jackson Hole. This study is investigating such ecological parameters 
as would be necessary for facilitation of naturalist programs and minimal 
management for the benefit of the bea ~rand the general public. In addi
tion, this study is investigating the ecology of the species as it relates 
to the protected and undisturbed conditions. 

Specific Objectives 

A. The enumeration and evaluation of the abundance, dist r ibution, home 
range, and dispersal patterns of the park's beaver population. 

B. The determination of beaver habitat requirements, habitat utilization, 
and habitat modification with reference to cyclic activity and inter
relationships with other wildlife. 

C. The evaluation of beaver behavior patterns, particularly in relation to 
park use by humans. 
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Population Dynamics 

Methods 

Beaver were captured for marking with the Hancock live trap, a folding, 
suitcase-like aluminum trap weighing about 30 pounds. The traps are 
bulky and difficult to carry. The Avon raft used in this study could 
carry a maximum of three traps. As a result, it took from two to three 
days to move traps to the trapping site that was accessible only by raft. 
The traps were not received until the second week of June by which time 
much of the prime trapping time had passed. Beaver should be most trap
pable in a live trap when they are responding to the scent of another 
beaver, that time being May and June when kits are born and two year olds 
are forced from the colonies. The criteria for judging a site as active 
and a potential site for trapping were actual observations of beaver at 
the site, presence of scat, recent cuttings, or recent work on the lodge, 
den, or dam, if present. 

The Hancock trap is set on a bank with one side submerged. Pieces of 
aspen eight to ten inches long were tied to the back side of the exposed 
portion of the trap. The bark on one side of the aspen was peeled off so 
that the odor of the aspen would be evident to the beaver. Aspen proved 
to be the best bait for 1 ive trapping as no success was obtained using cut 
alder, willows, or cottonwood. Two summer windstorms in the Park downed 
numerous aspen from which branches could be cut for bait. A drop or two 
of beaver castor was then placed on the aspen to further attract the 
beavers. Traps were placed wherever beaver activity was evident such as 
at a food canal, a scent mound, or a favorite foraging area. The trap 
was secured to the bank with a metal stake. Traps were occasionally 
camouflaged with grass but this did not improve success. All traps were 
kept clean and were occasionally washed to remove human scent. 

Traps were checked for beaver at least three times through the night 
necessitating camping nearby. Traps were usual ly set by one hour before 
dark and were removed after sunrise. Traps were checked at 10 PM, 2 AM, 
and 5:30 AM except during July at high water when they were checked more 
often due to the rise in the river between 8 PH and 2 AM. 

On capturing a beaver, data was immediately recorded on their behavior 
in the trap. The trap was removed from the bank and both the trap and 
beaver were weighed with a hanging scale. The trap was weighed after release 
of the beaver. Climatic conditions were recorded and the beaver was tagged 
on the ear with a monel number four self-piercing tag. Males were tagged 
on the opposite ear than the female for later identification. The beaver 
was then sexed by palpation for the testes. There is no external means of 
distinguishing sex. Occasionally, it was necessary to remove the beaver 
from the trap into a burlap sack for the sexing procedure. Reproductive 
condition was noted for the females. The beaver was checked for other 
distinguishing marks or injuries as well as parasites. Tail dimensions 
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were measured but total body length was impractical to measure. On 
several occasions beaver left fecal samples in the trap. These were 
collected and preserved for later food habits analysis. Finally, notes 
were taken on the beaver's behavior in the trap on handling and after 
release. 

The classification of beavers as kits, yearlings, or adults was largely 
by body weight but exact aging of live beavers is not possible by any 
known methods. Part of the preliminary work for this study was carried out 
in the winter of 1973-74 when data from over 100 steel trapped beavers 
were obtained. The beavers were brought into the McConnell Brothers Fur 
Company of Laramie, Wyoming, by state trappers and the company agreed to 
allow me to work with the carcasses before and after pelting. Unpelted 
beavers were weighed and body measurements were taken. A pattern of marking 
the front incisors was developed so that the pelted carcasses could be 
identified with measurements taken from the same beavers before pelting. 
After pelting, the skulls and reproductive tracts were removed and returned 
to the laboratory. The premolar and molar teeth were removed from the 
mandible, decalcified, and the cementum layers counted. The first cementum 
layer is deposited at two and a half years (Van Nostrand and Stephenson, 
1964). Body parameters other than weight did not correlate well with age. 
Weight correlated with age for about the first four years. Since kits are 
less than one year old, yearlings less than two years old, and adults 
greater than two years, the classification of beavers by weight into these · 
broad categories is easily accomplished. Unless demographic techniques 
are used for population analysis, these categories should suffice for the 
evaluation of population dynamics. Attempts to discover a more exact 
method of aging will continue. 

The size of the colony territory was determined for the I inear distance 
on the river by the presence of scent mounds. Scent mounds may be located 
anywhere within the territory but are also located at territorial boundaries 
(Aleksiuk, 1968). The beaver territory away from the water's edge was 
subjectively determined either by locating natural boundaries such as steep 
slopes, changes in vegetation, etc. or the cuttings furthest from the water. 

Trapping Data 

A total of 16 different colonies were trapped over the first summer of this 
investigation resulting in a total catch of 30 beaver ranging from a catch 
of from five to zero per colony. Three colonies were trapped on two differ
ent occasions resulting in a total of 19 sets. Had trapping been carried 
out early in the summer before high water the success would likely have 
been much greater. In the second year of this study most trapping will be 
done between mid-May and mid-June. 

The greatest number of beaver captured was in the 2 AM trap check (53%), 
followed by the 10 PM check (33%), and the 5:30AM check (14%). The most 
beavers trapped was in June when 20 beavers were caught in 27 traps set. 
July was a difficult time to trap due to high water and the apparent les
sened response to scent and trap success was six beavers in 43 traps set. 
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In August, no beaver were trapped in the eight traps set. In September, 
three were trapped from the 12 traps set and in October, three beavers were 
caught out of only four traps set. Between June and October a total of 94 
traps were set; the trap success, therefore, was quite high (32%). The 
major limiting factor in numbers success is therefore the number of traps 
that can be set. The difficulty in moving the traps has been mentioned. 
There was no apparent relationship between trap success and climatic condi
tions at the time of trapping. 

Of the three colonies trapped a second time, no catch was made at the 
colony from which beaver had been caught previously but success was obtained 
for two colonies that were retrapped from which no beaver had been previously 
caught. The type of trap used in this study is one that gives good success 
for beavers that are not trap shy. However, once a beaver is caught in 
the Hancock trap the chances of recapturing this same beaver at another 
time in the Hancock trap are negligible according to Grasse and Putnam 
(1950). Since recaptures are needed to determine the dynamics of the beaver 
population in the park, it will be necessary to supplement the Hancock 
trap with another type of trap in the second year of this study. This trap 
would be the Bailey I ive trap which is set entirely under water. Success 
with this trap, therefore, would be unrelated to the previous experience 
of the beaver. 

Twenty-six of the 30 beavers trapped were tagged on the ear with tags 
numbered in sequence with the beavers as they were caught beginning with 
number one. Only partial data was obtained on three beavers that escaped 
during the handling process. No beaver was injured by the trap although 
a two year old caught in early June had a deep, healing wound that could 
have been a bite from another beaver. This beaver was caught at a time 
when t he two year olds are being forced from the lodge and the wound may 
have been related to this. All of the six adult females caught in June and 
July were lactating. At this time, sexing of adults was simplified by the 
prominent nipples of the lactating female. Nipples should become prominent 
jus t before birth of the kits and remain so until the kits are weaned, 
probably about mid-July. All of the adult females examined appeared to be 
on a similar time schedule in terms of when kits were born and weaned 
although considerable variation is known to occur in some populations (Grasse 
and Putnam, 1950). 

Table I is a summary of weight and tail dimensions for ·different sexes 
and age classes of beavers trapped in 1974. There is a preponderance of 
males to females (18/12) but this is 1 ikely due to the behavioral differences 
between sexes during the time when the young are being weaned, (see section 
on behavior). There is also a preponderance of adults in the sample which 
might be expected since they should be more responsive to the scent used 
because of their territorial habits. There are few kits but they did not 
appear until mid-July; two of the three kits were caught in October. The 
significance of the patterns of the data in Table I cannot effectively be 
evaluated until a larger sample is obtained. 
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Visible ecto-parasites were not evident on beavers but in one instance, 
two large leeches (Hirudinea) were found attached to the abdomen of a beaver 
trapped in the oxbow at colony six. The leeches may have attached after 
the beaver was caught in the trap. Other ecto-parasites cou l d have 
easily been mixed in the thick underfur since It was imposs ible to check 
the entire beaver. No attempt was made to distinguish internal parasites. 

Beaver Population of the Study Area 

In the summer of 1974, 22 of the first 27 miles of study area were care
fully examined for beaver activity. The study area includes the major 
tributaries to the river between Jackson Lake Dam and Moose, Wyoming, or 
a total of at least 175 miles of stream and channels . This project wil l 
eventually encompass the entire Park, and, In addition , wil l Include an 
area outside the Park for comparative purposes. 

Between Jackson Lake Dam and Lower Schwabacher Landing a total of 33 beaver 
colonies were located on the river or its tributaries. This is a low 
figure since some channels have not as yet been examined. Al~o. it is 
very difficult to locate bank dwelling colonies since the bank dens are 
usually not evident from the river but rather require walking the banks 
of the study area in search of plunge holes which are good evidence of 
dens. Several active dens were located by walking the banks of the river 
channels and they would not have been discovered from a raft. The Grasse 
and Putnam ( 1950) study in Wyoming as wel l as most other stud ies of pop
ulation densities of beaver have found that the number of beavers/colony 
are five on the average. Using this figure, the 33 colonies located 
should represent approximately 165 beavers. It should be stressed, how
ever, that this figure Is likely inaccurate and further work will verify 
the total number of colonies in the study area. Additionally, the average 
number of beavers per colony in the Park population will eventually be 
estimated from the data obtained in this study. 

Figures 1-8 are maps of the study area showing the location of beaver 
colonies. In the maps, colonies are numbered and act ive lodges a re 
filled-in triangles while active dens are fi ll ed-in ci rc l es. Abandoned 
lodges and dens are open triangles and circles. Note that many colon ies 
have more than one lodge and/or den. The largest territory was that of 
colony three which extended for over a mile on the river. In the upper 
section of the study area, territories were packed one against the other 
as evidenced by scent mounds, leaving no space for establishment of new 
territories in this section. This "packing phenomenon" is more difficult 
to interpret in sections where there are multiple channels to the river. 

The typical beaver colony in the Park appears to have one adult male and 
one adult female, one or more yearlings, and one or more k i ts and occup ies 
a territory of possibly one ha l f mile on the river. Assum ing a reproduc
tive rate of three kits per female per year and an average colony s ize of 
five, the 33 colonies discovered thus far would produce 99 beaver per year. 
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Assume that the average colony consists of two adults, one yearling, and 
two kits. If the colony size remains stable over time in the population 
than the differences between reproductive rate and average colony size 
indicates at least a 30 percent mortality in the young each year and another 
20 percent become transients each year until they establish new territories 
of their own. These transients, of course, are the two year olds that 
are being forced from the colony. In an exploited or steel trapped popula
tion, reproductive rate Is likely not adaptive so long as removals do not 
exceed the population excess, that is, the number of two year olds forced 
from the lodge less the mortality in adults. The total population numbers, 
therefore, should remain relatively stable depending on the condition of 
the habitat. What happens then in an unexploited population like what might 
be expected in the Park? The possibilities are a lowered reproductive 
rate, increased mortality, or a very large outflux of two year old beavers 
from the Park or into marginal habitat or any habitat that might not 
normally be occupied had a stable population existed. 

The rate of mortality of newborn beaver up until weaning has not been 
speculated in the 1 iterature. After weaning, the kits are trappable so 
that an estimate of mortality after weaning will be possible from data 
gathered in this study. Reproductive rate is also unknown for the Park 
population and may not be three per female per year under the apparent 
unexploited conditions. Trappers that will be removing any nuisance 
beavers from private lands within the Park have been asked to collect 
reproductive tracts from any mature females. Additionally, reproductive 
tracts from road kills will be held for examination. Only in this manner 
will it be possible to estimate reproductive rate as the number of fetuses 
per female and the mortality between fetal production and weaned kits can 
then be evaluated from trapping data and observation of the number of kits 
per colony. The Wyoming Game and Fish Department District Office in 
Jackson has been asked to watch for returns on the tagged Park beavers so 
that emmigration of Park beaver can be evaluated. This will require a 
considerably larger tagged population which should be available by the end 
of the second full summer of this study. To date, no returns have been 
made. 

There were only a few cases of reported mortality in Park beavers in the 
summer of 1974. There were two road kills that were found and one dead 
kit, cause unknown, after the high water receded. Kit beavers may be preyed 
on by otters, coyotes, bobcats, large owls, and possibly eagles but very 
little information on predators has ever been reported. It is doubtful 
that any of these predators could overcome an adult beaver. 

Finally, much of what has been described for the Park beaver population has 
assumed unexploited conditions. However, this may be a fallacy and the 
real circumstances may be that there is only a variation in the type and 
degree of exploitation between the Park's beaver population and a population 
outside the Park. First, due to the nature of beavers, they do require 
management in human use areas. If a beaver were to block a stream in the 
Park resulting in flooding to a main road it would certainly be removed 
since removing the dam is only a temporary solution. Secondly, the 
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extensive use of the Snake River by rafters may result in Indirect exploita
tion by influencing the behavior of the beaver (see section on behavior) 
and where it will establish its territory. If all potential habitat is 
not utilized, the population cannot be maximal. Human influence could 
result in less than maximal habitat utilization. Thirdly, the effect 
of high and low water levels as controlled by the Jackson Lake Dam can be 
habitat abandonment. During high water in July of 1974, numerous beaver 
lodges and dens were nearly inundated. The effect on the kit portion of 
the population in terms of mortality is unknown but many nursing kits 
were obviously moved from the dwellings in which they were born and 
mortality rate may have been high. In late September, the water flow over 
the Jackson Lake Dam was reduced considerably as it always is at this time 
of year. Upon floating the Snake River in early October I found that nearly 
a third of the colonies in the first seven miles of the study area had 
abandoned their dwellings. Some channels that earlier supported colonies 
were completely dry. This necessitated that these beaver establish their 
colony elsewhere. The time between abandonment and the building of new 
dwellings may be critical to their survival in terms of cutting a food 
cache for overwintering. Additionally, the low water left large areas of 
exposed river bottom that the beaver must cross to get to forage. At some 
colonies, the beaver had to cross 30 meters or more of exposed area to get 
to the closest vegetation. At this time they would be very vulnerable to 
predators. These potentially exploiting conditions will be carefully 
evaluated in the next two years of this study. 

Habitat Utilization 

Methods, Results, and Discussion 

A total of 102 beaver lodges or dens were located in the study area in 
1974, 51 of these were active representing 33 beaver colonies and 51 were 
abandoned; 76 were lodges and 26 were bank dens or burrows; of the 76 
lodges, 39 were active and 37 abandoned; of the 38 active lodges, 26 were 
primary and 12 secondary or accessory lodges; of the 26 bank dens, 10 were 
active and 16 abandoned; of the 10 active dens, six were primary and four 
accessory or secondary. A primary lodge is used here as the main dwelling 
or the one that the beavers were living in regularly. A secondary or 
accessory lodge or den was maintained but was irregularly used. 

The typical beaver territory was defined as the furthest most scent mounds 
from the primary dwelling. The scent mounds were usually composed only of 
dirt that had been removed from the stream bottom but occasionally it 
included small wood cuttings or aquatic vegetation. The main ingredient 
of the scent mounds, castor oil, was easily distinguishable on mounds 
regularly visited by the beaver. Scent mounds were often located near the 
primary dwelling besides at territorial boundaries. They ranged in size 
from about 20 centimeters in diameter and several centimeters high to 60 em 
in diameter and 50 em in height. Characteristics of active and abandoned 
beaver sites have been prepared for 12 different colonies. Rather than 
present all of this data at this time, typical characteristics will be 
described. 
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The typical beaver lodge consists of cuttings from deciduous and coni
ferous trees and shrubs, grasses and sedges, moss, rocks, and mud. There 
were most often two underwater openbn s to the lodge and most lodges had 
at least one side on a bank rather than being completely surrounded by 
water. The lodge normally took the shape of an inverted cone, was between 
3.5 and six meters wide and one or more meters high. All bank dens or 
burrows were found to have plungeholes located to the side or behind the 
den. These were usually covered with cuttings or were sometimes open. 
These are apparently used as accessory entrances into the den. Only about 
40 percent of the colonies had any sort of dam within their territories 
and in all cases the dam building colonies were occupying the smaller side 
in channels of the river or tributaries. Dams varied in width from one 
to 25 meters and the constituents were largely the same as those found in 
the lodge. Beaver trails and food canals were common at all sites examined. 

Stream flows, volumes, and substrates were quite variable throughout the 
study area as might be expected and this obviously influenced the presence 
or absence of beaver dwellings and dams. There are sections of the river 
that are not suitable for lodges or dens, particularly where there is fast 
water, eroding or gravel banks. Most of the study area on the river is 
not suitable for dam building due to flow rates. 

The vegetation of the floodplain varies from the plants associated with the 
initial stages of sandbar succession to climax spruce-fir forest. The 
vegetation types of the entire study area are being mapped through the use 
of aerial photographs and on the ground observation. This will be corre
lated with the distribution and territory size of beavers in these vege
tation types. Grass-sedge, willow-cottonwood, willow-alder, cottonwood
lodgepole pine, willow-sedge, and spruce-fir are the most common vegetation 
types and is representative of most of the sera! stages of floodplain 
succession. Aspen is uncommon in close proximity to the river; that is, 
it is largely beyond the beaver's range. 

Beaver food habits are being evaluated from actual feeding observations, 
cuttings, food piles and food caches, and by fecal analysis. All but the 
latter have been used as techniques for beaver food habits in studies 
reported in the literature. Beaver feeding habits at night when they are 
most active and when they can be the least observed are relatively unknown. 
The same is true for underwater feeding on aquatic vegetation. Fecal 
analysis will provide more accurate estimates of foods utilized and rela
tive amounts. Additionally, night observation of feeding through the use 
of a start ight photomultiplier spotting scope will be more informative 
than observing only when sufficient light is available. 

Fecal analysis by microtechniques requires that a reference slide collection 
of all potential forage and all parts of potential forage be prepared. 
The technique has been used for determining the food habits of a variety 
of animals, large and small. See Ward (1970) for a review of the technique. 
Individual plants can often be recognized in a slide preparation by eel I 
characteristics, characteristics of margins of leaves and stems, etc. 
Subsamples of well mixed beaver fecal material are prepared in the same 
manner as the plant reference material using Hertwig's solution as a 
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clearant, and Hoyer's solution as a mountant after the technique described 
in Ward (1970). The prepared slide of the fecal material is then compared 
with reference slides of known plant material to determine qualitatively 
what is being eaten. Several methods are possible for quantifying the 
relative amounts eaten. A special problem of analyzing beaver food habits 
by this technique is the great amount of woody material in the fecal 
material which is difficult to recognize as belonging to a plant species 
or even group of plants such as the Salix. Differential staining of the 
woody material using phloroglucinol which stains the lignin but not the 
cellulose of woody material is being attempted for differentiating plant 
characters. Success to date has been minimal with the stain. Seventeen 
fresh fecal samples were obtained in the summer of 1974 and reference 
slides of 40 different plant species common to the floodplain have been 
prepared. The analysis of the fecal material is presently in progress. 

Beaver were observed feeding on Carex spp., Salix spp., and Populus 
angustifolia most often and they were at least once observed feeding on 
Pinus contorta, Pesudotsuga menziesii, Lonicera sp., and, in the traps, 
Populus tremuloides. The majority of the food piles contained Salix spp. 
although nearly every deciduous and confierous tree and shrub on the flood
plain were seen in foodpiles at one time or another in addition to aquatic 
plants and several herbaceous forbs including Cirsium sp., Potentilla sp. 
and Lupinus sp. Food piles are prepared by the beaver each night and 
are usually utilized by the beaver the following night. It may serve as 
an immediate source of food for a hungry beaver when it first appears in 
the evening although some of the pile may be used for materials for 
dwellings. As many as 15 food piles have been seen within a beaver terri
tory on a single check. 

The majority of the tree cuttings in the study area were of cottonwood. 
The average height of the cut for 50 trees measured at colony five was 
0.65 meters and the diameter of the cut trees varied up to 100 em. On 
larger trees, only the tops and bark were utilized, the remainder being 
wasted. Beaver were seldom found to have moved greater than 40 meters 
overland to cut trees. 

Winter cuttings at several colonies were evident by cut marks high up on 
trees. Part of the Park beaver population no doubt is icebound over the 
winter especially those colonies in small channels and tributaries that 
have been dammed creating ponds and in the upper sections of the river, 
especially in the oxbow. These beaver must rely on a food cache for over
wintering, a large pile of cuttings usually in close proximity to the 
dwelling that can be easily gotten to from the dwelling. In October, 
evidence of food caches were seen at colonies one, two, five, six, seven, 
and twelve. These are areas with slow water flows which will likely 
freeze solid in the winter. Colony six had a very large food cache 
extending some 20 meters out from the lodge. It was two to three m. wide 
and was composed mostly of willows. 
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The phenomenon of cyclic beaver activity In a given area, that is, the 
pattern of establishment, habitat modification, abandonment, regrowth of 
the habitat, and re-establishment by beavers, is one of interest to wildlife 
managers and naturalists alike due to the potential predictability of the 
cycle and its implications in beaver transplanting operations and popula
tion trends. Investigations of this phenomenon are non-existent largely 
because the study of cyclic activity requires an unexplolted population 
and historical data. Grand Teton National Park may be one of the few 
places In North America where this type of study is possible providing 
exploitation is minimal. Historical data is In the form of aerial photo
graphs of the Snake River floodp lain which date back many years and from 
which much information of the past conditions of the floodplain can be 
obtained. It will be assumed that for long established colonies, abandon
ment Is the result of the beavers own modification of their habitat to 
less than margina l conditions; that is, the habitat has been denuded to the 
point that the beavers must establish elsewhere and the abandoned habitat 
will then undergo regrowth and succession and may eventually support beaver 
again. Blacktail Ponds is a good example in the Park of beaver modification 
of the environment to the point of abandonment and nothing will restore 
beaver to this area save the regrowth of suitable habitat. The number of 
years this will take is one of the points in question. 

The occupied beaver habitat can be considered as part of a gradient, 
the most dissimilar habitats being optimal and marginal. The position of 
any beaver habitat at any given time along this gradient will be influenced 
by the length of time the beaver has occupied the site or the degree of 
habitat degradation, the condition of the habitat when the colony was 
established, etc. The abandoned beaver habitat can be considered as part 
of a gradient of habitats in various stages of regrowth and succession 
up to that habitat which is again suitable for beaver occupancy. The 
position of the abandoned site on this gradient will be Influenced by the 
amount of time since abandonment, the successional stage of the habitat 
before abandonment, the degree of beaver modification of the site, etc. 
Complicating factors include channel changes and the disappearance of evi
dence of past activity (e.g., lodges) resulting from high water. Also, it 
is not known if or when beaver caused habitat degradation results in suc
cession from a lower sera! stage than that which existed, whether it pro
gresses to a similar stage, or whether it bypasses the previous stage and 
succeeds to the next higher successional stage. 

An example of the succession problem may clarify the statement above. 
Assume that beaver establish in a habitat that is in the cottonwood stage 
of floodplain succession. In time, the beaver will denude the habitat and 
most of the cottonwood trees will be removed. The question is whether the 
habitat after abandonment will regrow as cottonwood, whether it will be 
thrown back to a lower seral stage (willows), or whether regrowth will be 
as a higher successional stage (lodgepole pine). Obviously the age and 
substrate development of the original cottonwood stand will influence the 
type of rep lacement stage that is seen. 
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What needs to be measured then before the pattern of cyclic activity 
can be evaluated? Obviously, some idea of optimal and marginal habitat 
must be construed quantitatively. Some of this information can be obtained 
by comparing recently established sites and recently abandoned sites. 
Colony one and two, for instance, have been established very recently; 
colony two between June and July of the past summer. Several sites were 
found abandoned in 197~ that were active in 1973. Some idea of successional 
stages and rates of succession must be determined and this may be done in 
part from following aerial photographs of the floodplain over a number of 
years. Additionally, the age and condition of both active and abandoned 
sites need to be established. 

Cyclic activity and floodplain succession are being measured by first 
typing the vegetation of each active territory being studied and the 
area adjacent to abandoned lodges being studied. This is done in conjunc
tion with the use of aerial photographs and field verification so that the 
final result will be a map of the vegetation types and the area these 
vegetation types cover for each site being studied. Both active and 
abandoned sites are being aged, again through the use of historic photographs 
and by field verification. In the field, the site can be aged if the tree 
stand is of a similar age structure which most cottonwoods tend to be in 
a given area. Increment bore samples of cut tree stumps are compared with 
samples from standing trees to estimate how long ago the tree was cut. Also, 
cottonwood, 1 ike aspen, tends to sprout the year after being cut. These 
sprouts are usually from the base of the cut tree. The sprouts can be 
cross sectioned and the annual rings counted to estimate how long it has 
been since the tree was cut. The condition of the sites, in particular, the 
condition of the different vegetation types at each site under study, is 
determined by field vegetation analysis techniques for al 1 potential 
beaver forage. A line intercept method is being used for estimating the 
trees and the shrubs and random sampling for forbs is by the use of a 
Daubenmire rectangle. At active sites, previously cut trees were marked 
so that the amount of cutting per year could be determined over the next 
two years of this study. Also, a random sampling of uncut shrubs were 
marked so that the degree of shrub cutting per year could be determined. 

The cyclic activity pattern will be evaluated by comparing different aged 
sites, both active and abandoned, by the condition of the site. The 
comparison will be made through an ordination technique (Whittaker, 1967) 
involving setting up a matrix of the sites studied according to the simi
larity between sites in terms of the site condition, calculating dissimi
larity coefficients, and hypothesizing the reasons for the dissimilari
ties. The final year of this study will test the hypotheses of cyclic 
beaver activity. Work was begun on evaluating cyclic activity in 1974 at 
colony two and colony five. However, aerial photographs are still needed 
to complete most of the study. It is hoped that at least twelve sites will 
have been analyzed by the end of this study. 

The beneficial nature of the beaver in terms of creating new habitat for 
other wildlife is well known from the 1 iterature. At each active site in 
the study area, records were made of the wildlife using beaver habitat 
from observations, tracks, scat droppings, nests, burrows, etc. Numerous 
waterfowl have been observed in association with beaver habitat as might 
be expected. Moose, muskrat, water shrews, coyotes, osprey, otters, and 
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mink have also been observed. The relationship between moose, otter, musk
rat, and beavers is especially interesting and will be given more attention 
in the next two years of this study. In particular, the potential compe
tition that may exist between beaver and moose for food is of interest. 
See Rudersdorf (1952) for a review of this coaction. 

Beaver Behavior 

Methods, Results and Discussion 

Behavior of beavers was recorded whenever they were sighted. Usually, 
binoculars or a spotting scope was used for planned observations. By 
October, a starlight photomultiplier spotting scope was readed for view
ing night activity. Planned observations were most often at colony three 
behind the research station. The lodge, located on the opposite bank, was 
observed from good cover on a bank some 15 meters from the water's edge. 
In this manner it was possible to observe the activity of the beavers 
without being detected, at least by sight. It is possible that the beavers 
could detect my scent but they never showed alarm unless I was visually 
detected at which time their behavior demonstrated immediate awareness. 

Beavers are primarily nocturnal and in a total of 21 planned observa
tions at colony three, no beaver appeared earlier than one hour before 
sunset and in 17 of 21 observations the time of appearance was within 20 
minutes of sunset to after sunset. The time of appearance, however, 
could vary with individuals of other colonies. Beavers are known to 
occasionally sunbathe and of a total of 112 observations of beaver, only 
one was a sighting of an undisturbed beaver at a time other than their 
usual activity period (11:30 AM) and this beaver did appear to be doing 
no more than sunbathing. The latest morning sighting of an undisturbed 
beaver was 6:30AM. 

The most common undisturbed beaver activities were swimming and feeding. 
Swimming was most often directional, to or from a feeding area, but cruising 
was not uncommon. In all evening observations of first appearance, the 
first beaver to appear would always cruise back and forth in front of the 
lodge for several minutes before leaving the immediate area of the lodge. 
Beavers were nearly always observed feeding out of the water. Upon 
cutting a stem of a shrub or a grass, the beaver would sit upright on its 
tail and hold the food in its hands as it ate. On several occasions a 
beaver wns observed standing on its hind feet to cut a low branch off of 
a tree. On one occasion at colony 32, I observed a beaver cutting a cotton
wood tree and using its tail as a prop to sit on. The sound of the 
cutting was heard from about 50 meters away. 

Males and females of each colony trapped were tagged on opposite ears 
for distinguishing sex during observations. At colony three, the female 
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was tagged on the left ear, the male on the right ear. Kits, yearlings, 
and adults were easily distinguishable in the water or on land by their 
size differences. Therefore, it was not difficult to categorize observed 
beaver by sex and age groups providing they had been tagged. 

The adult male appeared to be the dominant individual in the colony for 
all colonies observed and where the adult male was known. The adult 
male was the first beaver to appear at colony three in all planned observa
tions. It would cruise in front of the lodge for several minutes before 
going upstream to feed. The female and yearlings did not appear until 
after the male had left the area. The male was seen before dark far more 
often than the female and they were seldom seen together. The female was 
seldom observed far from the lodge, especially early in the summer when she 
was nursing her kits. She was lactating when she was trapped and tagged 
on June 10. No kits of the year were observed at any of the colonies until 
July when one was trapped at colony eight. On one occasion at colony three, 
I was observing the adult male feeding next to the lodge. I was at the 
water's edge so he knew of my presence as he showed signs of awareness. 
The female suddenly appeared and started climbing the bank to the male. 
The male reared rapidly and knocked the female backwards, somersaulting 
her down the bank and into the water. The female did not reappear while 
I was present. 

Beaver behavior in relation to disturbance by humans varied from curiosity 
to aggression. The majority of trapped beaver were very docile and 
easily handled. Aggressive beaver were adult males with one exception, 
that being a male yearling. Over 80 percent of the aggressive beaver were 
early morning captures at or after sunrise. About one third of the live 
trapped beaver gave an audible sound, a low huff caused by the beaver blow
ing through its nose. The sound was likely associated with the degree the 
beaver was upset in the trap and on handling as all of the aggressive 
beaver ga\e this sound almost continuously. Aggressive beavers would 
occasionally lunge and attempt to bite and the lunge was always accompanied 
by the tail slap. Some beaver showed great curiosity of the equipment that 
was carried with me during trapping operations. Beaver number five, a 57 
pound lactating female captured at colony five did not enter the water for 
20 minutes after her release. During this 20 minutes she visited the equip
ment several times. Other than the adult male, trap released beaver showed 
little interest if another member of their colony was in another trap 
close by. 

• Beavers are often disturbed from their dwellings during the day by rafters. 
The disturbed beaver showed various degrees of curiosity and alarm and 
usually gave the tail slap a number of times in the water. They would 
typically move downstream away from the lodge, slapping their tails con
tinuously. If the raft continued downstream the beaver would dive and not 
reappear until it had gone upstream to the lodge. This appears as though 
it could be a diversion tactic to ward potential danger away from the rest 
of the colony. The disturbed beaver was most often an adult and, if tagged, 
v~uld be recognized as the adult male. Some beaver could be disturbed from 
their dwelling by merely rafting the channel they occupied. Others could 
be disturbed from their dwelling by approaching close to the dwelling from 
water or land. A total of 33 observations of disturbed beaver were recorded. 
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Beaver contact with other wildlife was seldom observed. However, there 
were likely numerous contacts between beaver and otter since otter scat was 
observed around dwellings at colony three, four, five, seven, eight, ten, 
and thirteen. Otter were seen several different times, three times they 
were on or in a beaver dwelling. At colony four, three otter were observed 
from a distance of ten feet playing in the beavers' bank den. At colony 
three, seven otter were observed playing on the beaver lodge. At colony 
six, I witnessed a confrontation between an adult male beaver and two 
otter in which the beaver corralled the otter upstream out of the beaver 
territory. The colony at this time had newborn kits. There is a possi
bility that the otter, a carnivore, could prey on kit beaver. However, 
beaver do appear to be tolerable of otter In some Instances. This rela
tionship will hopefully be better understood as this study progresses. 

Beaver are highly territorial, particularly in the early summer when kits 
are born and when the two year olds are being forced from the lodge. At 
this time there are many transient two year olds seeking out their own 
territory. The scent mounds at this time are visited regularly as the odor 
of castor scent on the mounds is quite evident. On one occasion, two 
adult males from adjacent colonies (six and seven) were observed in a 
confrontation at their respective scent mounds or territorial boundaries. 
The downstream scent mound for colony six was located within ten meters of 
the upstream scent mound of colony seven. Neither beaver crossed its own 
boundary but several times they approached each other, dove with a tail 
slap, and returned upstream and downstream respectively and again approached 
the territorial boundary. This went on for a full 20 minutes. Scent mound 
communication and territoriality may be an Important means of beaver 
population size regulation in a given area according to a study by 
Aleksiuk (1968). 

Hany aspects of beaver behavior are not entirely understood in terms of 
the significance of the behavior. Behavior patterns obviously are quite 
variable for different individuals and different colonies. Continued 
observations over the next two years of both disturbed and undisturbed 
beaver during daylight or at night with the photomultiplier, should 
improve the understanding of some of these behavior patterns. 

Summary 

During the summer of 1974, 30 beaver were trapped from 16 different colonies. 
The majority of the beavers were caught in the middle of the night in the 
2 AM trap check and June was the most successful month of trapping. High 
water In late June and July greatly hampered trapping operations. Male 
and female beaver were tagged on opposite ears for recognition of the sex 
during behavior observations. There was a preponderance of males and of 
adults In the trapped sample. Kits did not appear until mid-July after 
they were weaned. A total of 33 beaver colonies representing at least 
165 beaver were located in the first 22 miles of the study area. 
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A total of 102 beaver dwellings, half of them active, were located in 
the study area. The majority of the dwellings were lodges and it was not 
uncommon for a colony to have one or more accessory dwellings. The 
largest beaver territory observed covered more than a mile along the river. 
Lodges and dams were quite variable in size and were built of whatever 
materials were available to the beaver. Stream flow rates, volume, and 
substrate limited the potential for lodge or dam building in some sections 
of the river but generally, the territories were packed one against the 
other, leaving little room for establishment of new territories. The 
vegetation of the floodplain included all the successional stages of 
floodplain development. 

Beaver were observed feeding most commonly on willows but sedges, cotton
wood, coniferous trees, and deciduous shrubs were also seen eaten. Food 
piles and winter food caches were mostly composed of willows but portions 
of coniferous and deciduous trees and shrubs, forbs, grasses, and aquatic 
vegetation were also found in food piles. The great majority of tree 
cuttings were of cottonwood. 

Work was begun on the analysis of cyclic beaver activity with colony two 
and colony five being the first active sites to be examined. Vegetation 
analysis, tree and shrub marking, and aging of the sites was initiated. 
Results of markings will be determined over the next two years. A total 
of twelve active and abandoned sites will be compared by the end of this 
study. 

Beavers are basically nocturnal appearing just before dark. They are 
readily disturbed from their dwellings during the day by rafters and they 
showed both curiosity and aggressiveness when disturbed or caught in a 
trap although most trapped beaver were docile and easily handled. The 
adult male appears to be the dominant individual in the colony. He is 
usually the first beaver to appear before dark and Is most always the 
beaver that investigates when the dwelling is disturbed. The adult male 
shows definite patterns of protection of the adult female when she is 
nursing young and protection of the colony as a whole from both humans 
and other wildlife. Few beaver contacts with other wildlife were observed 
except for otter. Beaver were both tolerant and aggressive toward otters 
in the beaver territory. 

Recommendations 

Obviously, 1 ittle in the way of recommendations related to findings of 
this study can be made at this early date. However, a couple of items 
can be recommended because of their obviousness. First, the sign at 
Blacktail Ponds Overlook is boviously no longer representative of the 
existing conditions there. It may be informative to the public to replace 
the sign or post a second sign describing just what has naturally occurred, 
that is, the beaver have abandoned the area due to their own degradation 
of habitat but that through the process of regrowth and succession, the 
area will likely support beaver again. Secondly, aerial photographs are 
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an excellent means of keeping up with the ever-changing floodplain not 
only in terms of its scientific value for wildlife and fisheries research 
but also for its practical value in search and rescue operations and 
predicting channel changes as well as accurate mapping. The 197~ series 
of aerial photographs of the floodplain showed drastic changes from the 
next previous series. It seems logical that such a series should be 
made at least every two years, If possible. 
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Post-breeding activity of four warbler species (Yellow, Wilson's, 
Yellowthroat and Audubon's) was studied during August of 1974 at the 
Jackson Hole Biological Re~earch Station. The resultant data will be 
used in a comparison with data to be collected this year in the winter
ing area of these species and during their spring migration period. 
These data include information on habitat selection and feeding behavior 
of each of the ~pecies. 

It was found that, for each warbler species, the feeding behaviors and 
foraging heights are strikingly similar to those reported in Cody's 1974 
monograph (Competition and the Structure of Bird Communities) for the 
same species during the breeding season. Toward the end of the month, 
shifts in for~glng heights did occur, however. These shifts are most 
interesting and probably represent adjustments to changes in the competitive 
regime rather than responses to some other factor. For example, shifts 
to lower heights were observed in Yellow Warblers after the chickadees 
invaded the willow habitat later in the month and when the Yellow and 
Wilson's Warblers had begun to depart for the winter, pronounced shifts 
to higher vegetation occurred in the Yellowthroats. This sort of informa
tion is central to the question of relative importance of habitat and 
competitive changes causing behavioral changes in these birds during migra
tion and in their wintering grounds. 
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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, ~. ~nd 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 "cycle". 

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 endeavors: 

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

2. Experimental 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 at various times during the year. 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 effects 
of removal trapping on the nature of groups of animals. 

Populations this year were quite "high". Data and material have not yet 
been analyzed at the time of this writing, but there appear to be inter
esting correlations between social relationships, survivorship, and repro
duct ion. 

Other small projects were continued in 1974 and one was completed. Field 
work on most of these, as well as the dissertation work on H. montanus, 
should be completed in 1975. 



THE BEHAVIOR OF ARVICOLA RICHARDSON! IN THE LABORATORY WITH 
NOTES ON GROWTH AND OEVELOPHENT 
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Syracuse University 
Project Number 187 

There Is little known about the biology and behavior of the North 
American water vole (Arvicola richardson!). The purpose of my study 
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is to construct an ethogram of this interesting species including descrip
tions of maintenance, reproductive, aggressive and marking behaviors. 
Notes were also taken on litters born in the lab for growth and develop
ment data. Additional data were collected on the effects of testosterone 
on the marking behaviors and the gland sizes. 

Animals were live trapped on Togwotee Pass in mid-July and early Sep
tember. Many animals were returned to the lab and observed as individuals 
or as small groups. Super 8 movie films were taken of many behavioral 
sequences for further analysis. 

An analysis of the data from the summer of 1973 and 1974 was begun and the 
writing of a Masters Thesis to be presented to the Department of Forest 
Zoology, Syracuse University was started. I hope to finish writing by 
next spring. 



A PILOT STUDY Of MODELING THE SNAKE RIVER fLOAT TRIP, 
GRAND TETON NATIONAL PARK 

Alan Jubenvi lie 
and 

G. Robert Peel, Jr. 
Recreation and Park Administration 

University of Wyoming 
Project Number 194 

I nt roduc t ion 

Description of Area 
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The Snake River corridor is located In the eastern portion of Grand 
Teton National Park. The primary use occurs between Pacific Creek and 
Hoose (park headquarters); however, most of the concessioner trips 
(approximately 75%) are operated from Deadman's Bar to Hoose (Fig. 1). 

From Pacific Creek to Deadman's Bar is approximately 10 1/2 miles, with 
an elevation decrease of about 100 feet. The second major leg of the 
river (to Hoose from Deadman's Bar) is about 10 miles long with a relief 
of approximately 180 feet. 

The flow of the water will vary considerably from the early season runoff 
to the late season dry spells, also, the flow is determined by the flow 
outlet at the Jackson Dam. Even with the seasonal variation, the trip 
is a scenic float with very little to no whitewater conditions. 

Prese~t management is concentrated on regulation of the concession floater 
with little emphasis on control I ing the private floater. For the con
cessioner, he must put In and take out as designated on a scheduled basis. 
He cannot stop and allow the visitor to go ashore except at a few desig
nated points (primarily for a noon meal). Each concessioner is required 
by contract to present an Interpretive program. 

Objectives 

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

I. Identify the desirable lar~dscape elements of the Snake River 
CorrIdor. 

2. Develop time·dlstance floating model. 

3. Identify components of the service and their possible effects 
on the floating experience. 
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~- lder•tlfy ~oclal factors and activity participation. 

Methodology 

The methodologies employed were: 

I. Unstructured, or nonstructured, interviewing was used to 
Identify the social and s~rvlce components of the paradigm. 
This Is the prop~r approach when identifying components of 
problem, particularly in pilot studies. 

~I 

2. Field observation, using observation schedules, was used to 
identify desirable elements of landscape (measurement of 
att~ntlon 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 corri
dors and developing the time-distance relationships of the 
floating trips. 

Limitation of Study 

Several variables in the conceptual model (Fig. 2) were studied as to 
their appropriateness to the model. The results should give ind ications 
of the importance of e~ch var iable; however , since in each case the 
sample size was small the resu l ts must be v iewed as g iv ing potent ial d i rec
t ion to management and research--and not as a 11-encompass i ng, cone I us i ve 
data. 

Results 

A total of 38 days were spent in data collection. The first two weeks 
were spent in plotting the visual corridor, and interviewing concessioners 
and National Park Service management personnel. The last five weeks were 
spent in interviewln!l and observing the visitor, observing the basic 
service elements, and summarizing past use from the private floater (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). 
Only 43 before and after Interviews were obtained because of some technical 
problems in m~cting th~ visitor. The visitor was bussed to the access 
point and left Immediately on the float trip. He was then met by the out
fitter at Hoose and bussed to Jackson. Thus, it was difficult to spend 
any time with the visitor. 

Perception and Motivation of Visitor 

In terms of perception and motivation, sequential analysis (in a deductive 
sense not Inferential) Is importa11t in underHanding the visitor--his 
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expectation, style of participation and his reaction to the floating 
experience. Using ratios, 4 out of 5 visitors had never visited Grand 
Teton National Park; 5 out of 6 had never taken a float trip; and 9 out 
of 10 had never floated the Snake River ln 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 1 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 Percentage of Respondents 

Needed something to do 68% 
Previous Experience 12% 
Desire for floating experience 

(Scenic viewing, photo-
graphs, etc.) 20% 

N • 43 

Table 2. 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 
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 a direct relationship of 



what was pointed out in the brochure and what people expected to see 
(Table 3). 
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Table 3. Relationship of primary visitor expectations and concessions 
advertising. 

Primary Value of Trip 

Visitor Expectation 

Pointed out in 
Advertising 

Actually Experienced 

V • • S a 1ew1ng cenery 

53% 

52% 
30% 

aThese are summary categories 

Viewing Wi ldl ifeb 

48% 
63% 

bThe 7% refers to seeing man or man-made objects 

Other 

0 

Seeing man or man-made objects represented a negative element of the exper
ience to few peop 1 e (7%). Interestingly almost 90% of the respondents 
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, over-riding 
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 inexperienced in the area and in the activity of floating and is rarely 
sufficiently motivated to return for a second trip. 
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Table 4. Attitudes on the floating experience. 
(Question: In terms of your own personal enjoyment would 
you prefer to have ?) 

Element of Floating Experience 

I. Size of Raft 

2. Spacing between rafts 

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 

10. Socialization among 
visitors 

Response 

Sma I I er (20%); 
same (75%) 

Larger 

Closer (I 0%); Further 
same (70%) 

More (55%); Same (45%) 

More (IS%); Same (85%) 

( 5%); about the 

(20%); about the 

Longer (5%); Shorter (25%); Same (70%) 

More (20%); Less ( 10%); Same (70%) 

Faster (20%); Same (80%) 

More (45%); Same (SO%) 

More (30%); Less (20%); Same (SO%) 

More (10%); Less (5%); Same (85%) 
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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 Viewingc 
Act ions 

N V
. • d ear oewong 

Visitor Interaction 

No. of Two-minutea 
Observation Periods 

11 

36 

12 

9 

b Average Length 
of Attention Span 

1 :49 

0:51 

0:29 

0:41 

aThe number of times the observer measured the attention span of 
the visitor for the various elements of the floating experience. 

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

cDistant viewing primarily includes the panaramic view of the 
Teton Range. 

dNear viewing is where the viewing is confined to the Snake River 
corridor because of steep canyon walls. 

Visitor Socialization and Activity Participation 

Visitor Socialization 

This does not appear to be important in terms of amount of time spent in 
group interaction (TableS) 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 of Table 8). 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 Percent Response 

Scenic Viewing 

Photography 

Visitor Interaction 

Lunch Stops 

Relaxation 

fishing 

Background of Visitor 

Characteristic of Individual 

The Individual floater is described below: 

60% 

15% 

10% 

5% 

5% 

5% N • 43 

Table 7. The Characteristics of the Individual Floater (Respondents) 

Characteristic Oeser I pt ion 

Hales (65%); females (35%) 
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Sex 

Age 14-21 (16%); 22-34 (52%); 35-54 (29%); 
55+ (3%) 

Residence 

Childhood Residence 

Income a 

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

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

Above average (35%); average (65%) 

a Self-perception of their personal economic status. 

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 program ruther than self-initiated activity. 

Group Characteristics 

The characteristics of the group are as follows : 
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Table 8. Croup Characteristics of Snake River Floaters. 

Characteristic 

Party Size 

Party Composition 

State of Residence 

Oeser ipt ion 

1-3 people (27%}; 4-10 people (~0%}; 
11-15 people (5%}; more than 15 (28%} 

Single (2%}; Fami ly (72%}; Friends (26%} 

Calif. (22%}; Colo. (12%}; Wyo. (11%}; 
Michigan (7%}; 111. (6%}; Others (42%} 

The respondents indicated their party size based on 
companions, rather than the number of people on the 
a degree of territorial ism even on the raft itself. 
social Interaction.} 

the number of personal 
raft. This indicates 

(See sect ion on 

Summary of Interviews and Observations on Service Components 

Concessloners 

The concessloners primary concerns were the quality of the f loating trip, 
the inherent problems that affect the business (gas shortage, weather, 
etc.}, the keen competition between concessloners, and the National Park 
Service restrictions in managing the floating experience. 

Every concessioner was interested in providing a quality floating exper
ience. However, there was considerable variation in what each perceived 
as a quality experience. Each strived to balance the business and the 
recreational aspects of the floating trip; this is sometimes very diffi
cult to do. 

In terms of service components that affect the concessioner operation, 
two areas of interests were discussed by a number of concessioners: 

a. Restriction of use. Some felt that the Nationa l Park Service 
was too restrictive in not a ll owing frequent stops , more schedu led trips, 
increase In number of rafts, use of the Hoose parking lot, and several 
lesser problems. However, a few felt that some of these restrictions 
helped to maintain a quality trip whi l e maintaining a given volume of 
business. In sum, there was no consensus. 

b. Limitation of the system. Host concessioners were aware of the 
inherent queuing problems durong peak visitor loads and were willing to 
adjust. The queuing took place at the launch sites; and all concessioners 
preferred that such congestion take place on the land rather than on water. 



The launch sites have only single launch slips which means only one 
large raft (12-man raft or larger) can be launched at a time. This 
minimizes queuing on the water, except for the private floater who does 
not have to use the launch slip. 

Some recognized that they were reaching an upper limit in the numbers of 
people to be serviced because of the limited access. They felt that 
prices had to be increased and business management practices updated in 
order to survive. 

National Park Service 

The Park Service personnel are in the Incipient stages of the Haster Plan 
for the Snake River Corridor. They emphasized concepts such as a quality 
floating experience and social carrying capacity (number of other visitors 
a person can encounter or share the experience with without a reduction 
in the perceived quality of the trip. Hopefully, a number of visits 
(or visitors) could be ascertained as the maximum level of use that would 
hold the quality of experience somewhat constant. 

Also, personnel recognized many uncontrolled variables associated with 
the service component--advertising, travel accommodations, interpretive 
programs, visitor information, etc. All of which could potentially alter 
the perceived recreation experience. The dilemma seems to be which ones 
should be controlled and how to accomplish this. 

Environmental Problems 

Based on observation, the Snake River Float trips would cause very little 
environmental problems because of the pol icy that the visitor is not to 
get out of the raft except at the designated entrance/exit points. 
Exceptions to this are possible intrusion on normal wildlife behavior by 
the presence of man, the heavy human impact at the entrance points, and 
the uncontrolled stopping along the route by the private floater. 

Queuing 

Follow-up observation at entrance points indicated that the queuing prob
lems do exist at peak visitor loads. Because of the limited launching 
facilities, the congestion Is primarily limited to the land at the launch 
point. Generally, a raft Is out of sight by the time the next one Is 
launched and underway. Observation showed that the potential problem is 
the private floater with a small raft who does not need the developed 
launched facility. Twice the private floater was observed launching in 
between concessioner rafts--one of these was a group of three small rafts. 
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Plotting of Vi~ual Corridor 

The visual access to the floater on the Snake River is shown in Fig. 3. 
The viewing was categorlled as distant, intermittent-distant, and near. 
There is almost no Intermediate viewing zone; one either views the~ 
scenery within the Immediate surrounding or distant scenery of the 
Teton Mountains. Almost no intermediate foothill-type of terrain is 
visually accessible from the river. 

The topography that can be seen from the river is shown in Appendix A 
(River Corridor Panorama). 

Time/Distance Relationships 

The time distance relationship is extremely variable, depending on the 
velocity of the water, type of float craft, number of people, velocity 
and direction of wind, the manner in which the boat is operated, and 
many other factors. The average trip is as follows: 

Portion of River 

Pacific Creek to Deadman's Bar 

Deadman's Bar to Moose 

Time 

2:45 + 

2:00 + 

Range 

0:30 

0:25 

Probably more significant than the total time/distance relationships is 
the timing of departures and arrivals. During high periods of use, the 
mean time between departures at all access points was 6.6 minutes, with 
a range of 4 to II minutes. However, once they were underway the craft 
tended to become concentrated as they neared the Moose. 

During slow morning periods, rafts arrived at Moose sporadically. Then 
from mid-afternoon to evening, the number of arrivals increased rapidly, 
reducing the mean time between arrivals to 5.4 minutes for the late 
afternoon and evening periods. Several times rafts arrived at the same 
time or within a minute of one another. 

0 rofile of Private Floater 

The profile of the private floater was developed from the floater registra
tion (Figs. 4, 5, & 6). Use is concentrated at certain access/exit points, 
and generally Is limited to small groups. Thus, while total amount of 
use appears small, it can contribute significantly to the total carrying 
capacity when you look at the number of craft involved. The total number 
of watercraft for the 683 registered parties was 1,219 or 1.8 craft per 
party. Perhaps then the unit to be used in the determination of carrying 
capacity is number of craft--not number of people since the social impact 
is from the encountering of the craft regardless if it has I or 20 people 
in it. 
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Conclusions 

The conclusions are based on the presented data; however, they must be 
viewed as tentative because of the limited sample size. Priorities for 
future research will be suggested. 

Perception and Motivation 

The perception of the guided floater is molded by advertising. People's 
anticipations are developed through advertising since most of them are 
totally unaware of the trip prior to arriving in the Jackson area and 
have no experience in river floating. Thus, realistically much of the 
demand is created, rather than servicing an existing demand. Wildlife 
viewing, scenic viewing, and undeveloped landscape (not a pristine environ
ment) rank as the highest recreational needs. 

in terms of motivation, the participant is from the urban environs and 
seeks out such trips because he feels a need to constructively occupy 
his time--he needs something to do. Furthermore, the guided trips are 
chosen because they are program-oriented in terms of time to be spent, 
costs involved, landscape elements to be enjoyed, and elimination of un
certainties and insecurity in a self-conducted trip. The typical visitor 
can then maintain a scheduled travelogue and enjoy more of the parkscape, 
but with minimum effort and inconvenience and maximum personal security. 
In sum, the urban visitor appears to want to enjoy more of the parkscape 
but is reluctant unless he can minimize the uncertainties of time (schedul
ing) and the potentially hostile environment in which the travel would 
take place (away from the developed roads.) 

Interestingly, few visitors are sufficiently personally motivated to 
return for a second visit. 

The Planning Model 

I. Resource aspects. The landscape elements and the water resource 
are important to the visitor in that they provide the aesthetic and trans
portation media for the floating. However, neither are manipulable in 
terms of altering the resource to change the visual corridor, the length 
of time for the float trip, etc. Consequently, these elements would be 
viewed as "uncontrolled" variables. 

2. Social aspects. Socialization and territorial ism are important 
to the guided visitor. He is willing to share the watercraft while 
maintaining his family (or personal group) territory. Thus, the social 
aspects (in terms of management of the visitor) appear to be manipulable 
without infringing on the personal space or territory of the family. In 
other words, within some 1 imits, one can alter party size without lowering 
the quality of the social experience. 
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3. Service components. There are inherent limitations at access 
points that naturally separate the craft as they are launched. The 
queuing problems on the water are created by craft floating at differen
tial speeds and private floaters who can launch at any place--plus, the 
compulsive desire to exit at Moose regardless of entrance point. 

A mass transit system in the Park (which would also handle deflated crafts) 
could eliminate some of the problem by handling the service load on a 
scheduled basis. 

4. Resource limitations. Because of existing policy which limits 
egress from floats, environmental degradation appears to be minimal, 
except for possible intrusion on the normal behavior of wildlife. Some 
hardening of the launch sites may be necessary to minimize further degrada
tion and erosion--without modernizing the launch site itself. 

Again, the potential problem exists with the private floater because he 
is allowed to stop any place along the route--without any control on 
behavior or waste disposal. 

Future Research 

There are three research efforts that must be developed: 

I. Baseline data on perception and motivation. If these type of 
data had been developed 10 years ago, the Park Service would have a basis 
for decision-making on carrying capacity. People may have enjoyed them
selves 10 years ago but since then have sought other floating experiences 
because of crowding, etc. on the Snake River. The manager must 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 limit of 
carrying capacity (number of people per unit area or unit of time). 

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

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



ANALYSIS OF COYOTE LONG-DISTANCE VOCALIZATIONS 

Introduction 

Philip N. Lehner 
Department of Zoology/Entomology 

Colorado State University 
Project Number 202 

Vocalizations of wild can ids have been the source of much controversy 

57 

for decades. The function, causation, evolution and development of these 
vocalizations have been investigated only in recent years (Estes and 
Goddard, 1967; Fox, 1971; Joslin, 1966; Hech, 1970; Theberge and Falls, 
1967). However, none of these studies has attempted a rigorous analysis 
of vocalizations comparable to those conducted on passerine birds (e.g., 
Lemon and Chatfield, 1973). 

The purpose of this study was to conduct the first phase of a long-term 
research project on coyote vocalizations. The first phase uti I ized the 
"typological" or "syntactical" approach. According to Marler (1965) 
"such an approach is concerned primarily with describing and classifying 
signals and attempting to extrapolate to predictions about the potential 
properties of the signal system when used in actual communication." The 
primary objectives were to: a) classify the long-range vocalizations, 
b) provide a physical description of the vocalizations, and c) hypothesize 
as to the function of the various vocalizations. 

Methods 

The periods June 10 to July 3 and August 2 to August 15 were spent in the 
field recording vocalizations. 

Study Area 

The primary study area included the National Elk Refuge and the southern 
portion of Grand Teton National Park (Fig. 1). In addition, three vocal
ization bouts were recorded approximately one mile southeast of Moran, 
Wyoming. 

Equipment 

Recordings were made with a Nagra L3 portable tape recorder and a Torngren 
24" parabolic reflector with an Electro-voice microphone. A tripod was 
used to support the parabolic reflector and mike when recordings were made 
from fixed locations. 
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Procedure 

Although three bouts of group howling were elicited by human howling, 
all other recordings were of "spontaneous" vocalizations. Four general 
procedures were used to obtain recordings: a) drive throughout the study 
area until coyotes were spotted, then stop and approach on foot; b) 
approach areas of suspected coyote habitation on foot; c) spend the night 
in area of known coyote activity; d) drive to areas of known coyote 
activity and attempt to elicit vocalizations by imitating howling (pri
marily at night). 

Results 

Approximately 9.5 hours of tape was used to record 54 vocalization bouts 
(Fig. 1). A bout is a continuous series of vocalizations produced by 
one or more individuals. Bouts of barking varied in length from a few 
seconds to four hours. 

1 recorded examples of the four types of long-distance vocal lzations 
described by Camenzind (in manuscript). Table I 1 ists these vocalizations 
by type (my terminology) and suggested function (from Camenzind). 

Table I. Coyote long-distance vocalizations and their suggested function. 

T Y P E F U N C T I 0 N 

Lone Howl 

Group Yip-howl 

Lone Bark 

Lone Bark-howl 

Locate group members; causes similar response 
and/or reunion of group members. 

Reinforces group bond; proclaims territorial 
occupancy to neighbors; occurs at group reunion. 

Warning; challenge to interspecific intruders 
during denning season and/or near pups. 

Proclaims territorial occupancy; warns group 
members; challenges interspecific intruders 
during non-denning season. 

To date 485 sound spectrographs have been made for descriptive purposes 
and preliminary quantitative analyses. Preliminary analyses of the sound 
spectrographs indicate that there are significant individual differences 
in the fundamental frequencies of the barks (e.g., Fig. 3) of six different 
coyotes. Individual differences will be tested later for barks, bark-howls, 
and lone howls using a computer program prepared by Levin (1972). 
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The most significant finding so far is that the coyote's vocal lzations 
are produced a long a continuum and not as discrete vocalizations. This 
Is similar to the vocalization continuums found for the lion (Schaller, 
1972) and spotted hyena (Kruuk, 1972). This continuum is found from the 
growl (Fig. 2) through the group yip-howl (Fig. 6). The physical 
changes to be seen in the sound spectrographs are described in Table 2. 

Table 2. Physical changes in the sounds produced along the coyote's 
vocalization continuum. 

I 

TYPE PHYS CAL PROPER TI ES 
A N 0 C H A N G E S 

Growl 1 Long series of noise; no pure tones. 

Huff 1 Short burst of noise; no pure tones. 

Bark Hore intense burst of energy with fundamental 
frequencies beginning to appear. 

Bark-howl 

Lone howl 

Croup Yip-howl 

Barks with fundamental frequencies clearly 
del ineated drawn together to produce a frequency 
oscil lation; several overtones (harmonics). 

A pure tone clearly delineated with a single over
tone dominating. 

Several individuals providing relatively pure 2 tones and seemingly avoiding the same frequencies. 

Recorded from penned coyotes. 
2This avoidance of producing the same frequency has been reported for wolves 

(Crisler, 1965; Theberge and Fa l ls, 1967). It is seen in the top sound 
spectrograph in Fig. 5 where a second coyote begins to howl at a frequency 
slightly higher than the one already being produced, but as it approaches 
the frequency of the first coyote, that coyote stops howling. 

This vocal continuum provides a relatively unlimited capacity for trans
mitting information. This system is In contrast to the discrete systems 
of songbirds which produce "sy ll ables" that can be ordered in a I imited 
number of combinations (Lemon and Chatfield, 1973). The fo l lowing state
ment which refers to the spotted hyena could also be applied to the coyote: 
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"Distinguishing between these calls is a fairly subjective procedure, 
and all kinds of intermediates are frequently heard. Most calls grade 
Into each other and may probably be considered part of a large sound 
continuum... In a species I ike the spotted hyena (nocturnal, highly 
social, but also, and often at the same time solitary), it must be of 
great advantage to have an elaborate system of calls for communi cat ion ... " 
(Kruuk, 1972) . 

Discussion 

Although all the data has not been analyzed, I suspect that additional 
recordings will need to be made inorder to test the hypotheses of Indivi
dual differences between coyotes for all of these long-distance vocal iza
tions. The function of each of these vocalizations should then be tested 
by playback in the field. Since these vocalizations probably provide a 
functional continuum, as well as a physical continuum, analysis of their 
function will be more difficult than similar studies conducted with 
songbirds (e.g., Emlen, 1971). 

This research was funded by the New York Zoological Society and was con
ducted out of the Jackson Hole biological Research Station, Moran, Wyoming. 
Special thanks are extended to Dr. Oscar Paris, Director, for his 
assistance and cooperation during the study. For permission to use the 
respective study areas I wish to thank Don Redfearn, Manager, National 
Elk Refuge and Bob Wood, Resource Management Specialist, Grand Teton 
National Park. 
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Figure 3. Sound spectrographs of coyote bark vocalizations. 
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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 ~lgh alpine water supply 
seldom visited by man. 
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B. To evaluate the Impact of various recreational activities on the 
bacterial flora of the high alpine water supply. 

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 (col iforms and fecal 
streptococci) were determined by standard methods. Colonies of both 
types of bacteria were transferred to storage media and further character
ized at a later time. 

Results 

The results of this year's study revealed no evidence of gross water con
tamination in any part of the Park that is remote. This finding indicated 
that hiking, back-packing and mountain climbing, as managed in Grand Teton 
National Park, do not lead to detectable degredation of water quality. 
However, water samples that were taken below the outflow of Jenny Lake 
demonstrated a dramatic adverse impact. In the 600 yards below the boat 
dock the number of indicator bacteria in the water increased by a factor 
of 10 to 20. Detailed microbiological examination of the situation revealed 
that the pattern of indicator bacteria was typical of water contaminated 
by domestic animals and further, that the increase in bacterial content of 



the water increased at a point where an old drain connected the horse 
corral and the river. 
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The water samples that were analyzed from Garnet Canyon also reflected 
a s imi lar pattern as observed in Cascade Canyon. l i ttle ev idence of 
contamination was found in spite of Intense use and v i rtua l absence of 
sanitary facilities or topsoil to bury human waste. On the other hand, 
consistently high counts of indicator bacteria were isolated from the 
creek that drains Surprise lake and Glacier Gulch. These results were 
unexpected and are still under investigation. However, It appears that 
the chemical make-up In those streams promotes the growth of algal 
communities on the rocks In the water that provides a suitable environ
ment for the growth of certain types of the indicator bacteria. Further 
studies are being carried out to define this symbiotic relation and the 
influence of environmental variables on lt. 

(Assisted by Bo Stuart; Supported by t~c National Park Service and the 
Environmental Protection Agency.) 



EFFECTS OF PRESCRIBED BURNING ON VERTEBRATE FAUNA IN FOUR ECOSYSTEM 
TYPES IN GRAND TETON NATIONAL PARK, WYOMING 

John M. McGee 
Department of Zoology and Physiology 

University of Wyoming 
Project Number 195 
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The purpose of this study is to investigate the effects of prescribed 
burning on birds and mammals, in Douglas-Fir, Aspen, Lodgepole pine, and 
sagebrush areas which are subjected to burning. Species composition, 
population density, dispersion, and standing crop biomass of birds and 
mammals in the areas to be burned are to be determined. Changes in these 
parameters as a result of the prescribed burns will be ascertained. 
Immigration and emmigration of different species into the areas following 
burns, and the return of former species are being investigated and docu
mented for two years post-burn. In addition, relationships between species 
diversity and habitat complexity, and the effect that fire and habitat 
alterations have upon these relationships will be investigated. 

Birds were censused by an observer who walked a fixed transect line in 
the area. The specific method is that described by Haapanen, 1965. A 
compilation of the field data will allow me to determine the species 
present, their density, whether they are nesting, whether they are tran
sients, etc. The field observations will be converted to an estimate of 
the standing crop biomass. The density of small and medium sized mammals 
was determined from data obtained from a live-trapping program. Standard 
field methods were used, and a multiple recapture statistical method, 
such as that proposed by Manly & Parr, 1968, will be used to determine 
density. Larger mammals were observed in a systematic manner while the 
investigator was on the areas. Observations were recorded as well as 
sex, number, and activity. A pellet count along an established transect 
was conducted in each area to determine game-use intensity in the burn 
and control areas. 

A burn was conducted in a sagebrush area on Burro Hill, and studies will 
continue through the second year post-burn. Unfortunately, the prescribed 
burns did not take place in the Douglas-fir, lodgepole pine, and aspen 
ecosystems as scheduled, due to many factors. The author will continue, 
pre-burn investigations in these areas during the next two years, with 
post-burn studies beginning immediately after burning. 

At the present time, data has not been reduced to the point where specific 
results can be reported. The results at this point consist of descriptions 
and estimates of floral and faunal compositions, and until data is collected 
post-burn, cannot be analyzed in relation to prescribed burning. 
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Project Background 

The increase in wilderness and general backcountry use over the last 
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ten years is a "recreation phenomenon", even in an era of rapid growth in 
leisure activities. Visitor use estimates compiled by the Forest Service 
indicate that recreational use of Wyoming's eight wilderness and primitive 
areas rose from 299,500 visitor days in 1968 to 478,000 visitor days in 
1972, an increase of nearly 60 percent. While a growth rate of this magni
tude implies a strong demand for wilderness-type activities and experiences, 
there is evidence that suggests these trends will not be sustained in the 
future. During the period from 1969 to 1970 a growth rate of 38.2 percent 
>las documented. However, the growth rate progressively decreased between 
1970 and 1972. Forest Service data indicate the same trend is occurring 
in wilderness areas outside Wyoming as well. 

The question that arises here is that if overall leisure activity trends 
are steadily increasing and if these trends are predicted to continue then 
why is wilderness use declining? This question perhaps becomes even more 
perplexing as the number of people desiring to escape the pressures of 
home, job, and city rapidly increase. The possibility exists that perhaps 
the apparent large latent demand that exists for wilderness areas has 
caught up with the supply of these areas and that supply and demand pres
sures have reached a stabilizing point. However, it appears more likely 
that the decreasing growth rate in demand for wilderness areas may indi
cate that some aspect of the wilderness experience is changing and thus 
the wilderness and primitive areas are no longer providing adequate satis
faction opportunities. Indeed either situation or both may be an adequate 
description of the course of events in some areas. However, in 1 ight of 
the increasing overall recreation demands and increasing social pressures, 
the second condition is 1 ikely to be a much more accurate description of 
the cause for decreased wilderness use. The increased use of general 
forest lands suggests that the basic demand for backcountry activities 
has not declined, nor has it stabilized. There is a general concern within 
the Forest Service, National Park Service and other agencies and private 
groups that the decline in growth rate is a reflection of a deteriorating 
wilderness experience due to over-crowding and other problems of overuse. 
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This study has concerned itself with this problem of hypothesised deter
ioration of the wilderness and backcountry experience. 

The backcountry of Grand Teton National Park is no exception to the rule 
of increased use by backpackers, hikers and nature seekers. Records 
maintained by National Park personnel at Grand Teton indicate that permits 
were issued for 14,496 person overnight stays in 1969. By 1973 the number 
of overnight stay permits issued had increased to 31,408, a rise of 117 
percent. Observance of parking lots and other trailhead access areas 
provide strong evidence that day use by other than overnight campers is 
increasing on a similar scale. 

The management of Grand Teton National Park is not only confronted with 
the problem of increased use by solitude and nature seekers common to 
these areas, but also must contend with several problems unique to the 
area which perhaps compound the overcrowding issue. 

A major factor to overcrowding is the multiple use aspect of the area. 
The easy accessibility of the backcountry perimeter provides added incent
ive to day hikers seeking the nature experience with as I ittle expended 
time as possible. The high alpine environment in easy reach of a day's 
hike provides added attraction to overnight campers and mountain climbers. 
Also, the near proximity of trail ride concessions and guest ranches 
increases the crowding pressure through the added influence of packtrips 
and trail rides. With a fixed backcountry base and expanding backcountry 
use pressures, the question arises as to whether a backcountry management 
scheme can be devised that will accommodate the expected increase in 
users without substantially diminishing the quality or level of satisfac
tion to be derived from the experience. 

In an attempt to more satisfactorily handle these aforementioned problems 
of backcountry management in Grand Teton National Park, it was proposed 
and authorized that a research project be conducted as a means of obtain
ing data concerning these problems. 

It is recognized that the so-called "wilderness experience" is a product 
of psychological as well as physical factors. Thus, both the psychological 
motivations of backcountry users and the physical characteristics of a 
wilderness area will have to be considered before optimum user plans can 
be developed. However, it is not the intent of this study to establish 
behavioral motivations of Grand Teton National Park backcountry users. 
Rather, the general objective of this study is to determine the number of 
backcountry users by type, and to develop general activity profiles for 
these users. As an aid to the development of a more descriptive activity 
profile of wilderness users, limited attitudinal information will be 
compiled in an attempt to determine the general level of satisfaction that 
the different user groups associate with the experience, physical and/or 
management conditions that detract from user's experience, and possible 
improvements that would enhance the general benefits to be derived from a 
wilderness outing. 
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Collection of Data 

All data for analysis were collected during the period of July 1 through 
August 31 of the summer of 1974. Collection was carried out by a two-man 
team working six days on and two days off on a rotating schedule whereby 
each trailhead was worked twice during an eight-day period on varying 
days of the week. The majority of data was obtained by means of a seven 
page questionnaire. The questionnaire was administered on a personal 
contact basis where exiting parties were contacted on one of six major 
trailheads. All party members 13 and older were asked to participate in 
the survey. To avoid any bias interjection by the interviewer each par
ticipant was asked to complete the questionnaire on his own. If individuals 
contacted desired not to fill out the questionnaire for any reason they 
were instructed to return the questionnaire to the interviewer and proceed 
with their journey. Of those contacted, approximately .009 percent 
refused to participate in the sampling. During the collection period 1102 
questionnaires were completed and gathered. 

Use data pertaining to travel patterns was also collected during this 
same period by means of electronic trail counters installed at trailheads 
and along major use arteries. Approximately 80 trail counter readings 
were taken from 7 counters during the field work period. Additional 
data was also obtained from backcountry use permit records and from trail
head registration stations. 

The collection of this data makes possible the attainment of specific 
objectives, which are vital to responsible backcountry management plans. 
Through an analysis of the data, the following information will be pro
vided: 

I. The number and type (day user, backpacker, horseback rider) 
of persons using the Grand Teton National Park backcountry 
area. 

2. The spatial distribution of users over the backcountry area 
in relation to participation in selected backcountry activities. 

3. General activity profiles by user type, including length of 
stay, travel patterns within the area, recreation participa
tion patterns and other information that will indicate resource 
demands. 

4. Problems encountered by users related to physical conditions 
of the area, user conflicts or management policies imposed that 
detract from wilderness experience. 

5. General attitudinal and user preference information that will 
assist park officials in evaluating present management policies 
and/or will provide guidelines for the establishment of new 
backcountry use policies. 
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It is the goal of this project to assemble and analyze the existing data 
in such a manner as to provide the above information. Through the analysis 
and evaluation of this data, recommendations for problem solutions and 
improved backcountry management will be proposed for Grand Teton manage
ment approval. A final draft of project proceedings and findings is 
forthcoming. 



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

Aelita J. Pinter 
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Project Number 173 

The aims of this study were essentially the same as those described 
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in the report on this project for the summer of 1969. In brief, between 
May and October, 1974, 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), summer (July and August), and fall (October). 

A. Spring Study Period (Hay): 

The winter of 1973-74 apparently had been extremely favorable for the 
survival of Microtus. In the spring of 1974 the population density was 
higher than it had been in any spring since the beginning of this study. 
Litter sizes were somewhat smaller than those seen in the spring of 1973. 
Also, Microtus had started breeding on a population-wide basis in 1974 
some1vhat later than in 1973. Nevertheless, in view of the high initial 
breeding population in the spring of 1974 the attainment of very high 
population density could be expected during the rest of 1974. 

B. Summer Study Period (July-August): 

In view of the record high numbers of Microtus found during the spring 
study period, it was surprising that the summer population density appeared 
to be not much higher than that recorded in the spring. Indeed, the summer 
1974 population density appeared to be lower than that seen in 1973. In 
other words, the population growth rate had leveled off dramatically since 
the spring period. Litter sizes were unusually small for both, subadult 
and adult females. Furthermore, it appears that females frequently failed 
to remate in post partum estrus. Resorption of embryos was also observed. 

The impaired reproductive performance of Microtus is most probably linked 
to the unusual weather conditions in Jackson Hole during the summer of 
1974. Ordinarily June is a month of high percipitation. This is also 
the period of growth for herbaceous plants on which Microtus feed. The 
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amount of precopotation during June, therefore, exerts a profound effect 
on the quality and quantity of food available to these rodents. Jackson 
Hole experienced a drought during 1974 (rains did not start until early 
August). The drought had a dramatic effect on the vegetation which was 
unusually short and sparse in the summer of 1974. Previous laboratory 
and field studies have shown that the quality of diet significantly 
affects the reproductive status of Microtus. The summer's observations, 
therefore, again support my earlier contention that the duration of any 
one population cycle in Microtus is governed to a significant degree by 
environmental variables. 

Another factor which further reduced the population growth rate during 
the summer of 1974 was the appearance of large numbers of weasels 
(Mustela erminea and M. frenata). The numbers of wease l s that entered 
Microtus traps in the-summer of 1974 was twice that of the summer of 1973. 

C. Fall Study Period (October): 

The fall population in the study area was somewhat lower than that recorded 
during the summer. This probably was the result of a number of factors, 
such as continued poor reproductive performance and high predation pressure. 
Furthermore, in contrast to the fall of 1973 no pregnant animals were 
obtained in the fall of 1974. This result has additional significance 
since the fall study was conducted more than a week earlier than that in 
1973. 

Materials collected in the field are currently being processed 
Department of Bioloqical Sciences, University of.New Orleans. 
analysis of the 1974 data is incomplete at the present. 

at the 
The final 

It Is difficult to predict whether a crash will occur in the winter of 
1974-75. Five years have elapsed since the last crash (winter of 1969-70). 
Five years is generally considered to be the maximum population density 
cycle length for Microtus. Stil 1, the population size entering the 
winter of 1974-75 is lower than that which entered the previous winter 
(when a crash did not occur). Although the fall 1974 population is lower 
than that of the fall of 1973, it still represents a high density of 
Microtus. Coupled with a possible shortage of food and/or cover (due to 
the poor herbaceous crop) the ecological-physiological conditions may lead 
to a crash. 
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An integrated geophysical investigation of Jackson Lake was conducted 
during the summer of 1974 by the University of Utah and the University 
of Wisconsin-Milwaukee as part of the NSf's sponsored Intermountain Lakes 
Project. The primary research tool was a 24-foot research vessel specially 
designed for inland lakes geophysical surveys. 

Seismic Reflection 

During a period of five days in late June 1974, 120 km of air-gun and 
high-resolution reflection data were obtained on Jackson Lake. Maximum 
penetration achieved with a one-cubic-inch air gun was approximately Boom; 
maximum penetration of the 6.4 khz high resolution system was approximately 
30m. Preliminary interpretation of the reflection data indicates that the 
main lake basin is characterized by flat sediments which conform to an 
BOOm pre-lake sedimentary fill. No evidence of faulting could be detected 
along the Teton fault and suggests that it is presently inactive. Base
ment structure appears to underlay the sediments unconformably and shows 
a westward dip. 

Seismic Refraction 

Three seismic refraction profiles on Jackson Lake were obtained in July 
1974, using a 40-cubic-lnch air gun and sono buoys. The profiles range 
in length from 3, 7, and 9km and represent a coarse sampling of the lake's 
subsurface velocity structure. Preliminary interpretation shows the 
presence of a basement refracting horizon in addition to the lake bottom. 
These data will be used to obtain gross structure of the basement Paleozoic 
and volcanic rocks. 

Total Field Magnetics 

A digitally recording total field magnetometer was operated during reflec
tion profiling, providing 60km of densely recorded magnetic profiles. 
These profiles are being analyzed at the University of Wisconsin-Milwaukee. 

Piston Coring 

Twenty piston cores, ranging in length from 2 to 5m, were obtained in late 



79 

June 1974. The cores are under examination at the University of Utah for 
lithology and geochemistry. In addition, paleomagnetic logs of inclina
tion, intensity, and declination >Iii] be determined from selected cores. 
It is expected that these logs will provide accurate sedimentation rates 
and longevity of Jackson lake as a sedimentary basin. 

Microearthquake Data 

Two reconnaissance microearthquake surveys were conducted in the Jackson 
Hole-Gros Ventre area during the summer and fall of 1974. The first 
array was located to permit sensitive seismic monitoring of the Teton 
fault and operated for 25 consecutive days. This four-station array 
centered on Jackson lake. The southeast station was placed near the Gros 
Ventre slide to investigate local seismicity indicated by historical 
reports. Thirteen well-located events were recorded. Only two were 
located near the Teton fault and corroborate the inactive state of this 
major fault. Other epicenters were located in the Mt. leidy Highlands 
approximately 3Dkm east of the Teton range and just north of Gros Ventre 
slide area. 

A second four-station array was established in the fall of 1974 to further 
investigate the seismicity of the Mt. Leidy Highlands. Over a recording 
period of seven usable days, 22 events were located on a north-south 
trend near the Teton-Fremont county line, approximately 40km east of the 
Teton fault. It is felt that these ~reliminary surveys point to an 
easterly migration of seismic activity away from the Teton fault at the 
northern end of Teton County. An apparent correlation between seismicity 
and hazards of the Gros Ventre slide area warrants additional detailed 
work. Seismicity in the central and southern portion of the Teton fault 
zone was not monitored. 
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Because of the failure to burn Blacktail Butte in 1973 (the area that 
we sampled intensively that summer), our strategy during the summer of 
1974 was to arrange our field work so that even if areas in the Park 
were not burned, some interesting information could still be obtained from 
a summer's field work. To accomplish this end we included in our sampling 
two communities on Forest Service land that were scheduled to be burned, 
aspen and sage on Burro Hill. We also expanded our sampling to include 
a large segment of the above ground insect community. 

Burro Hill was the only prescribed burn in 1974 and here we will be able 
to accomplish the outlined objectives. However, in the other areas, we 
have done enough sampling of above and below ground insects to make some 
useful comparisons between communities. The samples are currently being 
processed and we anticipate 2 or 3 manuscripts to be ready by May, 1974. 

The following is a brief summary of the field work done between June and 
October of 1974: 

1. Soil and litter samples were collected in six habitats (aspen, sage 
and lodgepole, control and burn) during mid-summer and late summer. 
The samples were returned to University of Wyoming for processing. 
In addition, microhabitat information was collected on litter depth, 
soil profiles and soil temperatures. 

2. Natural litter was collected from pine and sage, defaunated, and 
returned to the field. Recolonization was measured in this 1 itter 
for 30 days. The object was to measure the recolonization rate 
of litter as a function of habitat type. 

3. The study was expanded to include some of the above ground insect 
community. One hundred and fifty insect sweep samples were made 
weekly in the aspen, sage and lodgepole for 9 weeks. Eight hundred 
sweeps were also collected in the sage, aspen, lodgepole and Douglas 
fir to determine species/area curves for each habitat and to compare 
the results with comparable sweep sampling from other areas in the 
state. 



81 

4. We also noticed that significant numbers of aspen were being attacked 
by leaf mining Iepidoptera. Aspen stands were sampled from Teton 
Village north to GTNP's northern border. The percentage of leaves 
affected and the percent damage/leaf was determined. 

5. At the end of July soil and litter samples were collected in the 
prescribed burn areas on Blacktail Butte and its control so we could 
ascertain the degree of change in the community structure since our 
previous sampling in 1973. 

6. Soil and litter were sampled in burned and unburned areas of the 
Waterfall Canyon fire. Preburn litter depth was measured. Tree 
cores were taken and DBH measured of fire damaged trees. 

7. In September, sterile 1 itter was placed in the burned sage on Burro 
Hill to measure recolonization by soil organisms. Two weeks later 
one half of the samples were collected. The remaining wi 11 be 
collected in the spring of 1975. 

Hopefully, the projected burns will be carried out in 1975 and we seek a 
continuation of funding to continue our studies. 
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The 197~ field season at the station was shorter than planned this year 
due to the high level of Pilgrim Creek making accessability to the out
crops Impossible. Following recession of the water, return to the local
Ity was somewhat disappointing in that the area which produced the most 
fossils in the past had been eroded away so that only a small portion 
remained for sampling. Attention was focused on other areas of the out
crop and a new "producing" area was found. Wh i 1 e foss i 1 s were found on 
the surface here, they were not as common as before. 

Several new additions made their appearance this year. Most notable 
among these were a rhinoceros tooth and a medium-sized carnivore, 
Hesperocyon. Rhino had been suspected in the past from very fragmentary 
pieces of enamel, but until now no firm evidence was found. The Hespero
cyon material was also expected but not found on.previous occasions. 
Hesperocyon is common in many other 01 igocene deposits in North America 
and represents the fox sized carnivore group. 

New small mammals were also found in the past year. A single molar of 
Pipestoneomys was recovered from these Oligocene deposits. This genus 
has uncertain familial assignment and has been questionably assigned to 
the family Castoridae primarily on the basis of superficial resemblance. 
Other new rodents to the fauna include a large eomyid, Yoderimys, and 
a small heteromyid, Heliscomys. Heliscomys is very close to the ancestral 
stock for the modern families Heteromyidae (pocket mice) and Geomyidae 
(gophers). Specimens of Hel iscomys from the middle Oligocene are quite 
common but specimens from the early Oligocene (Pilgrim Creek equivalent) 
are quite rare. The specimen recovered is a fine maxillary fragment with 
three teeth. 

Other activities included a prospecting foray further upstream into 
deposits which have been radiometrically dated as Eocene (J. D. Love, 
personal communication). While good fossil remains were wanting, some 
small pieces of bone were found. If a good fauna could be produced from 
these Eocene beds it might help to shed some light on the unusual nature 
of the early Oligocene beds which we have been working. 
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Additional studies completed on this project through November 30, 1974, 
Include examination of 15 elk (Cervus canadensis) and 3 mu l e deer 
(Odocoileus hemionus) taken by hunters in Teton and Fremont Counties, 
Wyoming. No evidence was found of the arterial nematode Elaeophora 
schneideri in either species at necropsy. It is anticipated that addi
tional material will be available for post-mortem examination after the 
current elk season in Grand Teton National Park concludes on December 1, 
1974. 



ARCHAEOLOGICAL RESEARCH IN JACKSON HOLE 

Gary A. Wright 
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Ward F. Weakly 
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Denver Federal Center 
Project Number 19D 

The field project for the Summer of 1974 had three primary goals, each 
of which was attained with some interesting results which we will give 
here briefly. A full report is currently in preparation for the National 
Park Service (Wright, 1975). 

I. Complete the surface survey of the valley floor. 

2. Extend the survey into the high country. 

3. Test excavate at least two sites. 

I. As 1•e had suspected from previous surveys, archaeological sites in 
Jackson Hole, itself, tend to cluster along or near to the major migra
tion routes into and out of the valley. One such cluster is around 
Blacktail Butte and Ditch Creek, where more than two dozen sites have 
been recognized. In contrast, from Ditch Creek north to Pacific Creek, 
there are but nine sites. Each of the latter is quite small. 

Prehistoric populations in Jackson Hole apparently avoided certain types 
of terrain, topography, and soil conditions. Sites are rare or absent 
along the lakes at the base of the Teton Range (Jackson Lake, Jenny Lake, 
etc.), along the river terraces of the present Snake drainage or its former 
channels (e.g., the Hollow), on the outwash plain, on the moraines, Signal 
Mountain, and in the "Potholes". For example, in the approximately ten 
square miles of the potholes, we have only one site. The potholes are 
today a major elk (Cervus canadensis) summer range, and the lack of sites 
there gives support to our hypothesis that elk were absent in the area 
until very recently (Wright and Starna, 1973). 

Reasons for the distribution of sites are undoubtedly complex: lack of 
game in certain ecozones; distance to water; difficulty of access by 
pedestrian nomads; length of stay on the valley floor by prehistoric 
peoples; timing of migration and the appearance of seasonal resources, 
and so on. For example, the Had River of the Astorians (the Snake) would 
have been hazardous to pedestrian crossing. For groups exploiting the 
Blacktail Butte area, the river would have created a barrier. This 
coupled with a general lack of game on the outwash plain north to the 
potholes would have made frequent river crossings unproductive and energy 
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consuming with little or no return. Our current data suggest only two 
major fords, both which were used in historic times: north of Jackson 
Lake and around the confluence of the Hoback and Snake. 

2. During the summer we had the opportunity to explore more closely 
t•1o migration routes in the high country. One of these '"as Berry Creek 
up to Jackass Pass. Scattered archaeological material was found along 
the route which reaches its highest point at the pass itself. Here, we 
found a large site and an igniumbrite source (Wright and Starna, 1973). 
This route, which connects the Idaho Plain with the north end of Jackson 
Lake, is frequenlty mentioned in the ethnohistoric documents from the 
fur trapping period (ca. 1811-1840). We also briefly covered the area 
between Jackass and Conant Pass. We hope to make this region the focus 
of a major research project in the future for sever a 1 reasons: (a) this 
was an important migration route, (b) raw materials for stone tools are 
present, and (c) it contains bighorn sheep (Ovis canadensis canadensis) 
and we know this animal was a major food res~e at the time of white 
contact locally (Wright and Moore, 1974). 

One additional migration route was visited briefly. A two day ride by 
horseback allowed us to cover the route from the south end of Yellow
stone Lake along the Thoroughfare to Bridger Lake, then up Atlantic Creek, 
across Two Oceans Pass (Dividing Spring of the fur trappers) and down 
Pacific Creek into Jackson Hole. We also plan to survey this route in 
detail in the future. 

3. Exploratory excavations were conducted at several sites: at three 
sites along the fault south of Blacktail Butte (BTB H7, 8, 9); Two Ocean 
Lake HI (at the outlet of the lake); at the Biological Research Station; 
and at the Eagle Site, just downstream from the research station. Most 
important, currently, in our research plans are BTB H7 and Two Ocean 
Lake HI. 

At BTB H7, we found good stratification and excellent bone preservation. 
Two '"idely spaced test units (2m x 2m in size) produced a stratification 
sequence which, according to a single corner notched obsidian point, 
begins around 2,000 years ago. The dating is based on the point style. 
The levels continue downward into a buried volcanic ash (Mazama Ash?, 
dating to ca. 6,600 B. P.) and may go below it. The ash is now being 
studied. A tlpi ring on the surface may date to a more recent occupation. 
Identified bone is mainly bison (Bison bison). No elk bone was present. 

The second site, Two Ocean Lake HI, produced two stratified levels. We 
tested only one day and stopped with level 2. The site may go deeper. 
The upper level contained a lanceolate point of Tensleep quartzite, with 
ground edges. In shape it is similar to points from Mummy Cave, east of 
Yellowstone Park, which date in the 8,000-9,200 B. P. range (Wedel, et al., 
1968). Level 2 had a hearth. The fill was "floated" and we recovered
a small quantity of sedge and buttercup seeds and needles and cone scales 
of lodgepole pine. 
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The samples have been sent to the Illinois State Museum for positive 
identification. A C-14 sample was collected for dating. 

The data we have gained so far from survey, excavation, and the ethno
historic documents will now allow us to construct hypotheses about 
resource exploitation and the past ecosystems of Jackson Hole. These 
we will test during the coming field seasons. 
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"Yellowstone Fisheries Investigations" 
Or. Jack Oean 
U.S. Fish and Wildlife Service 
Yellowstone National Park 

"From the Scientist's Research to the Naturalist's 
Program in Grand Teton National Park" 

Mr. Charles McCurdy, Chief Naturalist 
Grand Teton National Park 

"The Grizzly Bear Management Program in Yellowstone 
Nat iona I Park" 

Or. Glen F. Cole, Supervisory Research Biologist 
Yellowstone tlational Park 



SCIENTIFIC VISITORS TO THE STATION 

Or. Robert Atherton 
Department of Zoology and Physiology 
The University of Wyoming 
Laramie, Wyoming 

Mr. Franz Camenzind 
Department of Zoology and Physiology and 

Department of Zoology and Entomology 
Colorado State University 
Fort Collins, Colorado 

Dr. Rollin Denniston 
Department of Zoology and Physiology 
The University of Wyoming 
Laramie, Wyoming 

Dr. Paul A. Johnsgard 
Department of Life Sciences 
University of Nebraska 
Lincoln, Nebraska 

Dr. Charles Love 
Western Wyoming Community College 
Rock Springs, Wyoming 

Mr. fusao Shloyama 
School of Agriculture 
University of Utsunomiya 
Utsunomiya City Tochigi-ken, Japan 

Or. Allen Stokes 
Department of Wildlife Science 
Utah State University 
Logan, Utah 

Mr. Walter H. Tzilkowski 
Department of Forestry and Wild I ife 
University of Massachusetts 
Amherst, Massachusetts 

Hs. Sandra J. Walls 
Department of Wildlife Science 
Utah State University 
Logan, Utah 
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COOPERATION WITH OTHER ORGANIZATIONS 

Cooperation with Grand Teton National Park and the New York Zoological 
Society has been discussed already, on Page 1. Other organizations 
which cooperated with the Station included the National Elk Refuge, on 
which two of our research projects were conducted. In addition, the 
National Forest Service cooperated with several of our investigators, 
particularly in the area of fire ecology. The Wyoming Game and Fish 
Department in Jackson and Cheyenne cooperated with our investigators who 
were working with game and fur-bearing animals. Finally, students from 
Teton Science School and personnel from the Teton Environmental Education 
Center attended most of our seminars. 



FINANCIAL REPORT 

1973-74 

Reappropriated 
I tern Budgeted from 1972-73 Total Expended 

Assistants, PIT $ 2.100.00 s $ 2,100.00 $ 2.100.00 

Research Project 9. 100.00 9.100.00 9,100.00 

Contractual I ,000. 00 23.70 1 ,023. 70 I ,Oil .80 

Contractual/Repairs 400.00 400.00 800.00 800.00 

Travel 300.00 300.00 300.00 

Supplies l,Soo. oo I ,885. 58 3,685.58 3,685.58 

Equipment 1 ,300.00 2,609.00 3,909.00 3.909. 00 

Fixed Charges 100.00 386.00 486.00 486.00 

Tota I. $16,100.00 s 5,304.28 $21,404.28 $21,392.38 

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

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

1974-75 

Reappropriated 
I tern Budgeted from 1973-74 Total Expended* 

A<sistants, P/T $11,300.00 $ $11,300.00 $ 7. 541.96 

Contractual I, I 00.00 569.81 1,669.81 I , 322.76 

Contractual/Repairs 400.00 392. 16 792.16 1,241.30 

Travel 400.00 400.00 400.00 

Supplies I, 900.00 ]28. 67 2,628.67 2,557.34 

Equipment 1,400.00 436.86 I ,836.86 594.91 

Fixed Charges 100.00 100.00 200.00 36.00 

Total. $16,600.00 $2,227.50 $18,827.50 $13,694.27 

Rent received in the amount of $877.01 was placed in the General Fund 
of the University of Wyoming. 

Grants-in-aid totaling $1,764.00 were awarded to investigators by the 
New York Zoological Society. 

as of March 14, 1975. 
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LIST OF PUBLICATIONS ON RESEARCH 
AT 

JACKSON HOLE BIOLOGICAL RESEARCH STATION 

Altmann, Margaret 

University of Wyoming 
and 

New York Zoological Society 

91 

1951 Patterns of herd structure In free-ranging elk. Abstr. Anat. 
Rec., 3(3): 74. 

1952 Social behavior of elk, Cervus canadensis nelson!, In the 
Jackson Hole area of Wyoming. Behavior, 4(2}: 116-143. 

1953 Social graces in elk 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. Zoologlca, 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 Vos. 

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 Sandhi I I Crane. J. of Mammal., 41(4): 525. 

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

1961 "Teen-age" 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. Rhelngold. 
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 Ho"1ell). Anat. Rec., 134(3): 529. 

1961 Frequency of melanism in the golden-mantled marmot. J. of 
Mammal., 42(1): 100-101. 

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(111). 

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 
material. 

Hypocaryophyllaeus ~ n. sp. (Cestoda: Caryophyllaeidae) 
from the Utah chub, Gila atraria, in Wyoming. Proc. Helm. Soc. 
Wash., 20(2): 113-lly:----Pub I i shed by Jacob H. Fi schtha I 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 I I. Utilization and 
Condition Classes, Bulletin 400, University of Wyoming Agricultural 
Experiment Station, December. 

1964 (With Fronk, W. D. and D. G. Fullerton) Dipterous gall on the 
Artemisia tridentata complex and insects associated with them. 
Ann. Entomological Soc. of America 57: 575-577. 

1966 A 1966 survey of summer elk range in southern Yellowstone. Wyoming 
Range Manage. 223: 196-198. 

(With Alvin Young) A third spubspecles in the Artemisia tridentata 
complex. Rhodora 67: 405-406. 
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1968 Range Survey in Teton County, Wyoming. Part 1 I I. Trends in 
Vegetation. Research Journal 26, University of Wyoming Agri
cultural Experiment Station, December. 

Another note on sagebrush taxonomy. Rhodora 70: 782. 

1970 Ecology and carrying capacity of suiTOller elk range. In Forestry 
Research Progress in 1970. Mclntyre-Stennis, pages 34-35, lllus. 

(With M. May) Grasses of Wyoming. Wyoming Agrlc. Exper. Sta. 
Res. Jour. 39: 1-151. 

Recommended plant names. Wyoming Agric. Exper. Sta. Research 
Journal 31: 1-124. 

1971 M. & 0. Murle's "Wapati Wilderness". Wyoming Range Manage. 
286: page 12. (Book Review) 

1972 Variation and ecology of aspen. Forestry Research Progress in 
1971. page 51. 

Beetle, Dorothy E. 
1956 Habitats of terrestrial Mollusca in Jackson Hole, Wyoming. Jour. 

Colo-Wyo Acad. Sci., 55(8): 43. 

1957 The Mollusca of Teton County, Wyoming. The Naut I I us, 71 (I) : 
12-22. 

1960 Noteworthy records of Wyoming Mollusca. The Nautilus, 73(4): 
155-157. 

A checklist of Wyoming recent Mollusca. Sterkiana, No. 3. 

Bergstrom, Robert C. 
1975 The prevalence of Dictyocoulus Viviparus infection in Rocky 

Mountain elk in Teton County, Wyoming. J. Wildl. Dis., January. 

Bick, George H. and Lothar E. Hornuff 
1972 Odonata collected in Wyoming, South Dakota, and Nebraska. Proc. 

Ent. Soc. of Washington, 74(1): 1-8. 

Bliss, L. C. 
1956 A comparison of plant development in microenvironments of arctic 

and alpine tundras. Ecol. Mon., 26: 303-337. 

Calder, William A., Jr. 
1968 Temperature relations and underwater endurance of the smallest 

homeothermic diver. Amer. Zoologist, 8(4): 145. 

1969 Temperature relations and underwater 
homeothermic diver, the water shrew. 
30: 1075-1082. 

endurance of the smallest 
Comp. Biochem. Physiol., 

1971 Temperature relationships and nesting of the Cal I lope Hummingbird. 
The Condor, 73(3): 314-321. 

Carpenter, Charles 
1953 Aggregation behavior of tadpoles of Rana R· pretiosa. Herpetologica, 

9: 77-78. 
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An ecological survey of the herpetofauna of the Grand Teton
Jackson Hole area of Wyoming. Copela, 3: 170-174. 

Trapping technique for aquatic salamanders. Herpetologica, 8: 183. 

1954 A study of amphibian movement in the Jackson Ho l e Wildlife Park. 

Clark, M. 
1971 

Copeia, 3: 197-200. 

L. and T. W. Clark 
Key to 22 selected flowering plants based on leaf epidermal 
morphology from Jackson Hole, Wyoming. Wyo. Range Mgmt., 
288: 52-60. 

Clark, T. W. 
1971 Aberrant coloration in Microtus pennsylvanicus from Grand Teton 

National Park, Wyoming. Northwestern Science. 

Seasonal activity, habitat, reproduction and food uses of the 
western jumping mouse in Grand Teton National Park, Wyoming. 
Northwestern Science. 

1973 Distribution and reproduction of shrews in Grand Teton National 
Park, Wyoming. Northwestern Sci., 47: 128-131. 

1975 Ecological notes on deer mice in Grand Teton National Park, 
Wyoming. Northwestern Sci., 49: In Press. 

Craighead, 
195 I 

Body measurements of Western jumping mice from Northwestern 
Wyoming. Northwestern Sci., 119: In Press. 

Frank C. 
A biological and economic evaluation of 
Zoo!. Soc. and the Conservation Found. 

coyote predation. 
July (booklet) 

N.Y. 

Craighead, Frank C. and John J. Craighead 
i949 Nesting Canada geese on the Upper Snake River. Jour. Wild!. 

Mgmt. , 1 3 ( 1 ) : 51-64. 

1950 The ecology of raptor predation. Trans. 15th No. Amer. Wlldl. 
Conf., pp. 209-223. 

John J. Craighead, 
1952 A biological 

herd. H. Y. 
November. 

and economic appraisal of the Jackson Hole elk 
Zool. Soc. and the Conservation Found. (booklet) 

Cummins, George B. and John W. Baxter 
1962 Nomenclature, life histories, and records of North American 

Uredinales. Madrono, 16(6): 201-203. 

Czaplewski, R. L. 
1972 Evolution of terminal consumers 

Thesis, Univ. Wyoming. 54 pp. 
in a steady state regime. M. S. 
(In preparation for publication) 
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Czaplewski, R. L. and M. Parker 
Use of a BOO oxygen probe for estima,ting primary productivl ty. 
Limnology and Oceanography, In Press. 

Denniston, R. H. 
1948 Certain aspects of the behavior of the Wyoming moose. Jour. 

Colo.-Wyo. Acad. of Sci., 3(6): 55. 

1949 The development of a calf moose. Jour. Colo-Wyo Acad. of Sci., 
4 (I): 58. 

1956 Ecology, behavior and population dynamics of the Wyoming or 
Rocky Mountain moose, Alces alces shirasi. Zoologica, 41(3): 
105-118. 

Diem, Kenneth L. 
1967 Banding Studies of Water Birds on the Molly Islands, Vel lowstone 

Lake, Wyoming. Yellowstone Library and Museum Association, 
Yellowstone National Park. 41 pp. (With David Del. Condon) 

Dimmick, Ralph W. 
1968 Canada Geese of Jackson Hole. Bull. No. 11, Wyoming Game and 

Fish Commission, Cheyenne, Wyoming. 86 pp. 

Edwards, William C. 
1964 A pre I iminary Investigation concerning the plant ecology fo the 

willow flats on Jackson Lake, Jackson Hole, Wyoming. Proc. 
74th Annual Meeting of the Nebr. Acad. of Sciences, May I & 2, 
pp. 6-7. 

Emlen, John T. 
1952 Social behavior in nesting cliff swallows. The Condor, 54: 

177-199. 

1954 Territory, nest building, and pair formation in the cliff 
swallow. The Auk, Vol. 71. 

Evans, Howard E. 
1962 The geyser-loving digger wasps of Yellowstone. The Explorer 

Cleveland, Ohio, 4: 6-11. 

1963 Predatory wasps. Scientific American, 208(4): 145-154. April. 

1964 

The clustering wasps--and why they cluster. Audubon Mag., 
65(4): 236-237. July-August. 

Notes on the prey and nesting behavior of some solitary wasps of 
Jackson Hole, Wyoming. Entomological News, 74(9): 233-239. 

Observations on the ethology of digger wasps of 
Stenioiia (Hymenoptera: Sphecidae: Bembicini). 
72(2): 257-280. (With J. E. Gillaspy) 

the genus 
Amer. Mid. Nat., 



1965 

1966 
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Simultaneous care of more than one nest by Ammo~hila azteca 
Cameron (Hymenoptera, Sphecidae). Psyche, 72(1 : 8-23. 

The Comparative Etholog~ and Evolution of the Sand Wasps. 
Harvard Univ. Press, 52 pp. 

The accessory burrows of digger wasps. Science, 152(3721): 
465-471. 

Nests and prey of t>~O species of Philanthus in Jackson Hole, 
Wyoming (Hymenoptera, Specldae). Great Basin Naturalist, 26 
(1-2): 35-40. 

1968 The hunt of the wasps at Jackson Hole. Natural History, 77: 38-39. 

1970 Ecological-behavioral studies of the wasps of Jackson Hole, 
Wyoming. Bull. Mus. Comp. Zool ., 140(7): 451-511. 

Findley, James S. 
1951 Habitat preferences of four species of Microtus In Jackson Hole, 

Wyoming. Jour. Mamma I. , 32 (I): 118- 120. 

A record of moose speed. Jour. Mammal., 32(1): 116. 

A tame red fox cub. Jour. Mammal., 32(1): 117. 

1954 Reproduction in two species of Myotis in Jackson Hole, Wyoming. 
Jour. Mammal., 35(3): 434. 

Flack, J. A. Douglas 
1970 Bird populations of aspen 

University of Wisconsin. 
of photocopies available. 

French, Norman R. 

forests in Western North America. 
(Abstract, Ph.D. Thesis) Microfilm 

1955 Foraging behavior and predation by Clark Nutcracker. The Condor, 
57(1): 61-62. 

1959 Life history of the Black Rosy Finch. The Auk, 76(2): 159-180. 

Distribution and migration of the Black Rosy Finch. The Condor, 
61(1): 18-29. 

Gilligan, James P. 
1954 Wildlife values in western wl lderness area management. Jour. 

W i I d I . Mgmt. , 18 ( 4) . 

Gould, Edwin, Norman C. Negus and Alvin Novick 
1964 Evidence for echolocation In shrews. J. Exp. Zool., 156(1): 19-38. 
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Houston, Douglas B. 
1968 The Shiras Moose in Jackson Hole, Wyoming. Grand Teton Nat. 

Hist. Assoc. Tech. Bull. #1. 110 pp. 

1969 lmmobi lization of the shlras moose. Jour . Wildl. Mgmt., 33(3): 
534-537. 

Huckabee, 
1972 

John W., Frederick 0. Cartan and Garth S. Kennington 
Environmental influence on trace elements in hair of 15 species 
of mammals. Oak Ridge National Laboratory, ORNL- TM-3747. 38 pp . . -

Jannett, F. J., Jr. and J. z. Jannetl 
1974 Drum-marking by Arvicola richardsoni and its taxonomic signifi

cance. Amer. Hidl. Plat., 92 (1): 230-234. 

John, Kenneth R. 
1957 Comparative rates of survival of normal and deformed chub, Gila 

atraria Girard, In Two Ocean Lake, Teton County, Wyoming. 
Proc. Pa. Acad. of Science, 31: 77-82. 

1959 Eco logy of the chub, Gila atrarla with specia l emphasis on 
vertebral curvatures in Two Ocean Lake, Teton National Park, 
Wyoming. Ecology, 40(4): 564-571. 

Jones, Webster B. 
1965 Response of major plant species to elk and cattle grazing In 

Northwestern Wyoming. J. of Range Mgmt., 18(4): 218-220. 

Kennington, Garth S. 
1957 Influence of altitude and temperature upon rate of oxygen con

sumption of Tribolium confusum Duval and Camponotus pennsylvanicus 
modoc Wheeler. Physlol. Zool., 39(4): 305- 314. 

1961 The influence of temperature and atmospheric 
rate of oxygen uptake in Tribol ium confusum. 
212-215. 

pressure on the 
Ecology, 42(1): 

Kroger, Richard L. 
1970 An annotated list of stream invertebrates collected from Grand 

Teton National Park, Wyoming. U. of Wyo. Publ., 36(1): 1-14. 
July 15. 



Laycock, William 
1953 Ecological notes on the pocket gopher in Wyoming. Jour. Colo

Wyo. Acad. of Sci., 4(5): 41. 

1957 Seasonal periods of surface inactivity of the pocket gopher. 
Jour. of Marm1al., 38(1): 132-133. 

1958 The initial pattern of revegetation of pocket gopher mounds. 
Ecology, 39(2): 346-351. 

Levi, Herbert W. and Lorna R. Levi 
1951 Report on a collection of spiders and harvestmen from Wyoming 

and neighboring states. Zoologica, 36(LV): 219-237. 

lichtwardt, Robert W. 
1967 Zygospores and spore appendages of Harpella (Trichomycetes) 

from larvae of Simuliidae. Mycologia, 59(3): 482-491. 

1972 Undescribed genera and species of Harpellales (Trichemycetes) 
from the guts of aquatic insects. Mycologia 64 (1): 167-197. 

Lowrie, Donald C. 
1955 A list of the spiders of the Grand Teton Park area, with 

descriptions of some ne1~ North American spiders. Amer. Museum 
Novitates, No. 1736: 1-29 (With Willis J. Gertsch) 

1967 Some life history data on several species of common spiders 
from the Jackson Hole area of Wyoming. Bull. So. Cal if. Acad. 
of Sci., 66(2): 142-146. 

1968 The spiders of the herbaceous stratum of the Jackson Hole 
region of Wyoming. Northwest Science, 42(3): 89-100. 

Macleod, Ellis G. 
1971 Studies on the biology of the Chrysopidae. I I. The feeding 

behavior of the adult of Chrysopa carnea (Neuroptera). Psyche, 
78(1-2): 107-121. (With Joseph K. Sheldon). 

McHugh, Tom 
1958 Social behavior of the American buffalo (Bison bison bison). 

Zoologica, 43, Pt. I, No. 1, pp. 1-40 (entire issue) April 1958. 

McKnight, Kent H. 
1969 A note on Discina. Mycologia, 61 (3): 614-630. May-June. 

1971 On two species of false morels (Gyromitra) in Utah. Great Basin 
Naturalist, 31 (2): 35-47. 

Miller, Dwight D. 
1955 A study of sex combs in Drosophila affinls and Drosophila 

athabasca. Trans. of the Amer. Microscop. Soc., 74(2): 191-197. 



Nakamura, 
1950 

Mitsuru 
A survey of 
the Jackson 
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Pasteurella tularensis infection in the animals of 
Hole area. Zoologica, 35(11): 129-131. 

Negus, Norman C. 
1950 Breeding of three-year-old females in the Jackson Hole Wildlife 

Park buffalo herd. Jour. of Mammal., 31(4): 463. 

Fluctuation in the population of Neotoma cinerea (woodrat) in 
Jackson Hole, Wyoming. Jour. of Mammal., 31 (2): 196-197. 

Habitat adaptability of Phenacomys in Wyoming. Jour. of 
Mammal., 31 (3): 351. 

1959 Mammals of Jackson Hole, Wyoming. Jour. of Mammal., 40(3): 
371-381. (With James S. Findley) 

1971 Pineal weight response to a dietary variable. Experientla, 27(2): 
215-216. (With Patricia J. Berger) 

Activity rhythms in Microtus montanus: the role of the pineal 
gland. Submitted to Journal of Experimental Zoology. (With 
Patricia J. Berger) 

The dynamics of Microtus montanus populations in Jackson Hole, 
Wyoming from 1960-1970. In Preparation. 

Noble, Glenn A. 
1953 An intestinal amoeba from the prong-horned antelope. Trans of 

the Amer. Microscop. Soc., 72(3): 249-252. 

1958 Coprozoic protozoa from Wyoming mammals. J. Protozoal., 5(1): 
69-74. 

1961 Stress and Parasitism. I. A preliminary investigation of the 
effects of stress on ground squirrels and their parasites. 
Exper. Paras it., II (I): 63-67. 

1962 Stress and Parsitism. II. Effect of crowding and fighting 
among ground squirrels on their Coccidia and Trichomonads. 
Exper. Paras it., 12(5): 368-371. 

1966 Stress and Parasitism. II I. Reduced night temperature and the 
effect on pinworms of ground squirrels. Exper. Paras it., 18(1): 
61-62. 

Stress and Parasitism. IV. Cold stress and Entamoeba. Exper. 
Parasit., 19(3): 264-268. 

Patterson, Robert L. 
1952 Sage Grouse~ Wyoming. Sage Books, Denver, Colorado. 

Pinter, Aelita J. 
1965 Effects of nutrition and photoperiod on reproductive physiology 

of Microtus montanus. Amer. J. Physiol., 280: 633-638. (With 
N. C. Negus) 

Litter sizes of Microtus montanus in the laboratory. J. Mammal., 
46: 434-437. (With N.C. Negus). 



I 00 

Pinter, Aelita J. (Cont.) 
1966 Responses of Microtus montanus to plants and plant extracts 

in the diet. J. Hanrnal., 47: 596-601. (WIth N. C. Negus) 

1968 Effects of diet and light on growth, maturation and adrenal 
size of Microtus montanus. Amer. J. Physic!., 215: 461-466. 
Hair growth responses to nutrition and photoperiod In the vole, 
Microtus montanus. Amer. J. Physic I., 215: 828-832. 

1970 Hereditary hairlessness in the montane vole, Microtus montanus. 
J. Heredity, 61: 112-114. (With A. K. Mclean 

1971 Coat color mutations in two species of the vo le (Microtus 
montanus and Microtus ochrogaster) in the laboratory. J. Mammal. , 
52: 196-199. (W i th N. C. Negus) 

1972 A new naturally occurring dominant mutation in Microtus montanus 
from Jackson Hole, Wyoming. Annual Meeting of the American 
Society of Mammalogists, Tampa, Florida, 18-22 June, 1972 
(Abstract). 

1973 

1974 

Pink-eyed dilution in a natural population of the Uinta ground 
squirrel. J. Heredity, 64(2): 106. 

Some aspects of population dynamics in the montane vole, 
Microtus montanus (Rodentia). First Internationa l Theriological 
Congress, Moscow, USSR, 6-12 June, 1974 (Abstract)· 

Pontius, R. A. 
1972 Stud ies on the uptake of nitrate and ammon ium by phytop lankton. 

H. S. Thesis, Univ. Wyoming. 124 pp. (In preparation or 
pub I I cation). 

Pontius, R. W. and M. Parker 
1972 Food habits of the Mountain Whitefish, Prosopium williamsoni 

(Girard). In revision for Transactions of the American Fisheries 
Society. 

Rausch, Robert 
1949 Paradilepis simoni n. sp., a cestode parasitic on the osprey. 

Zoologica, 34(1). 

A contribution to the study of North American cestodes of the 
genus Paruterina Fuhrmann, 1906. Zoo log ica , 34(1) . (With 
Everett Schi ll er) 

Reed, John F. 
1948 Botanical investigations in the Jackson Ho le Wi ldlife Park. 

Jour. Colo-Wyo Acad. of Sci., 3(6): 40. 

1950 The meadows of the Jackson Hole Wildlife Park. Jour. Colo-Wyo 
Acad. of Sci., 4(2): 53. 

1952 The vegetation of the Jackson Hole Wildlife Park, Wyoming. Am. 
Mid. Nat., 48(3): 700-729. 

Roofe, Paul G. 
1960 The rate of flow of blood through capillaries in the olfactory 

lobe of the brain of Amblystoma tigrinum. Anat . Rec., 138(2): 
159-162. 



Roofe, Paul G. (Cont.) 
1961 Blood constituents of Amblystoma tlgrinum. Anat. Rec., 

140(4): 337-340. 
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Weights and linear measurements of the body and of some organs 
of the tiger salamander. Anat. Rec., 141 (1): 35-44. (WIth 
Homer B. Latimer and Lily S. Feng) 

1964 Weights and linear measurements of the body and organs of the 
tiger salamander, before and after metamorphosis, compared 
with the adult. Anat. Rec. 148(2): 139-147. 

Salt, George W. 
1957 An analysis of avifaunas in the Teton Mountains and Jackson 

Hole, Wyoming. The Condor, 59(6): 373-393. 

Scherba, Gerald 
1961 Nest structure and reproduction in the 

Formica opaciventris Emery in Wyoming. 
Soc., 69: 71-87. 

mound-building ant 
J. of theN. Y. Ent. 

1963 Population characteristics among colonies of the ant Formica 
opaciventris Emery (Hymenoptera: Formicidae). J. of theN. Y. 
Ent. Soc., 71: 219-232. 

1964 Analysis of inter-nest movement by workers of the ant Formica 
opaciventris (Hymenoptera: Formicidae). An. Behav., 12(4): 
508-512. 
Species replacement as a factor affecting distribution of Formica 
opaciventris Emery (Hymenoptera: Formicidae). J. of theN. Y. 
Ent. Soc., 72: 231-237. 
Analysis of inter-nest movement by workers of the ant, Formica 
opaciventris. Amer. Zool., 4(3): 162. 

1965 Observations on Microtus nesting in ant mounds. Psyche, 72(2): 
127-132. 

Simon, James R. 
The American Elk or Wapiti. Wildlife Series No. 1, Jackson Hole 
Wildlife Park. 

The Wyoming or Yell~•stone Moose. Wild! ife Series No. 2, 
Jackson Hole Wildlife Park. 

Smith, Dixie R. 
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