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SUMMARIES OF RESEARCH PROJECTS 

A Comparative Study of Interspecies Communications 
Margaret Altmann 

Department of Psychology 
University of Colorado 

Project Number 124 

Dr. Altmann spent the summer continuing her study of the social 
behavior of big game species. A detailed report of these activities 
is not available at this time. 



Aquatic Hyphomycetes and Rust Fungi of 
Grand Teton National Park 

John W. Baxter 
Botany Department 

University of Wisconsin--Milwaukee 
Project Number 101 

During August, 1969, Lunulospora curvula and Culicidospora aquatica 
were added to the list of aquatic hyphomycetes known to occur in Grand 
Teton National Park. This brings to 18 the number of known species of 
this group recorded in the Park during this survey. In addition, three 
new species have been collected. The results of this survey will be 
summarized in a short paper to be published in Mycologia. 

During August, 1969, 134 specimens of rust fungi were collected in 
the Park. Additional material of Puccinia helianthellae was obtained. 
The results of life cycle studies of P. helianthellae and other rust 
fungi will be published (with Dr. Joe-F. Hennen, Purdue University, as 
coauthor) in Mycologia. 

This is the final report on this project. 
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Range Survey in Teton County: 
Ecology of Aspen 
Alan A. Beetle 

Division of Plant Sciences 
University of Wyoming 
Project Number 130 

The reader is referred to pages 6 through 8 in Wyoming Agricultural 
Experiment Station Research Journal 26, December, 1968 entitled "Range 
Survey in Teton County, Wyoming. Part IV Trends in Vegetation." This 
summarizes the work done over the past several years on aspen. Measure
ments of game utilization on this key species are continuing. Data 
indicate a continuing distinction of this plant community. 

Assisted by Neil Hilston. 
Supported by Wyoming Agricultural Experiment Station and a Mclntyre

Stennis Research Grant. 
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Parasites of Ungulates in the Jackson Hole Area 
Robert C. Bergstrom 

Parasitology 
University of Wyoming 
Project Number 156 

During October, 1968, January, ~1ay, July-August, and October 1969 
field and laboratory work was carried out on parasites of elk in or 
near the Grand Teton National Park. Elk fecal analyses were made during 
each of the four seasons to learn more of the change in incidence of 
various internal parasites. Most of the research effort was directed 
toward field and laboratory work on the elk lungworm, Dictyocaulus sp. 

Data shown in Fig. 1 indicates a low incidence of infection in 
January with a rapid rise in incidence to May. After May there is no 
increase and the incidence may decrease ('69 data) slightly through the 
fall months. 

Necropsy data shows that the fecal analyses may be conservative. 
Forty-five per cent of the Grand Teton Park elk examined in 1968 were 
carrying adult Dictyocaulus sp. nematodes. However, in 1969, only one 
animal necropsied (20%) showed even the lesions of prior Dictyocaulus 
infection. Of 16 animals necropsied in 1969 on the National elk refuge, 
44% were positive for lungworm. In 1968 80% of the refuge elk were 
positive for lungworm. Time of highest rate of infection may be near 
April 1-15 each year. 
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Fig. 1 Per cent incidence of the elk lungworm, Dictyoc~ulus sp., 
in fecal samples of elk in each of four seasons during 
1968 and 1969. Grand Teton National Park, Wyoming. 

Supported by University of Wyoming. 
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Studies in Respiratory Physiology, I, II and III 
William A. Calder 

Biological Sciences 
University of Arizona 

Project Number 161 

I. Respiration and song production in birds 

A study at Virginia Polytechnic Institute this Spring revealed that 
canaries breatheat very high frequencies during singing. There is a 1:1 
correspondence between sound pulses and dorso-ventral thoracic movements 
even during fast trills of 22-27 notes and "mini-breaths" per second 
(Calder, in press, Comp. Biochem. Physiol. and The Physiologist). This 
finding indicated the desirability of comparative-studies. 

Tape recordings of songs and calls were collected in the vicinity 
of the Station, from 26 species of birds selected for varying degrees 
of vocal complexity. These are being analyzed at reduced speeds to aid 
in the selection of subjects for future laboratory studies. Because of 
new complications in the requirements for a National Park collecting 
permit, no attempt was made to collect birds at this time. 

II. Respiratory and circulatory responses of a eurythermal fish 
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(In collaboration with Dr. Edward Lonsdale, Department of Electrical 
Engineering, University of Wyoming.) 

The Utah chub (Gila atraria is abundant in the Snake River (13-16° C 
in July and Agusut) and has also been reported in warm waters of Witch 
Creek, Yellowstone National Park (31° C) and Kelly Warm Springs (28° C) 
by Simon (1949: Wyoming Fishes, p. 79). Ultimately the respiratory and 
circulatory physiology of fish from cold and thermal area populations will 
be compared. 

This Summer's efforts have been twofold: (1) Baseline data have been 
accumulated from Snake River chubs in a thermostated and aerated aquarium 
in the laboratory. Respiratory and heart rates were recorded for analysis 
as functions of (a) body size and (b) water temperature of inactive fish 
acclimated to Snake River temperatures (approximately 16° C where the fish 
were taken). ~esting respiratory rates appear to be proportional to 
(body weight)-1/3, heart rates proportional to (body weight)-1/2. When 
not upset or undergoing the increased metabolic demands of struggling, 
these fish did not show evidence of disturbance until water temperatures 
were increased to 28 to over 300 C. 

Q ~values have not yet been calculated, but respiratory rates 
appear to increase proportionately more than heart rates with increasing 
temperature. This seems reasonable since the respiratory rate would be 
affected by not only temperature directly, but the reduced amount of 
dissolved oxygen in warm water. 
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(2) Preliminary tests were made of FM radiotelemetry devices and 
improvements were made in lead placement for (a) EKG, (b) respiratory, 
and (c) location-tracking. This was done using chubs swimming free in 
a small stream outlet which was fenced off to restrict the fish for 
recovery of the telemetry units. These units were modifications of 
those used previously by Lonsdale (1968 Annual Report, Jackson Hole 
Research Station). 

Preliminary site inspections were made in the Kelly Warm Springs 
and Polecat Creek areas for future field studies. the numbets and sizes 
of chubs observed there were not encouraging. Field studies planned for 
the Witch Creek area were not possible because of (1) shortage of time, 
(2) recent complication of Park Service procedure for obtaining a permit 
to seine and trap the chubs in Yellowstone National Park, the warmest 
and therefore most interesting place for this problem, (3) failure of 
some telemetry units, apparently because of defective batteries. 

III. Comparative functional morphology of the avian respiratory system 
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A treasured acquisition here was the preserved trachea and syrinx 
of a trumpeter swan (Olor buccinator). This will be used for measure
ments as part of a study of respiration in long-necked birds during the 
academic year at the University of Arizona. I am indebted to Mr. Robert 
Wood, National Park Service, Grand Teton National Park, for making this 
available and to the Southwestern Archeological staff of the National 
Park Service for a beautiful job of preserving and mounting the specimen. 



The Coyotes of Jackson Hole 
Franz J. Camehzind 

Zoology and Physiology 
University of Wyoming 
Project Number 168 

Preliminary work on this project was conducted in the Jackson Hole 
area and will continue until 1971. The objectives include work on 
coyote ecology, population dynamics and behavior. 

8 

This year's observations were made on summer food uses, collecting 
known age scat, construction of a key to the mammal skulls of this region 
and the collection of hair samples to be used in the construction of a 
hair key. Coyote habitat utilization was recorded from sightings and 
from den site descriptions. Six active dens and eight denning areas 
were located. Five coyote pups were captured, ear tagged, morphological 
measurements recorded and released. Four locomotor patterns, two hunting 
and three eating procedures were described in part. Three alert and 
resting postures were partially described as well as two body postures 
for vocalization. One area believed used as a rendezvous site was located. 
Many individual observations were made and the results of these and the 
results of the remainder of the study will be recorded in a later publi
cation. 

Supported by the University of Wyoming and the Theodore Roosevelt 
Memorial Fund of the American Museum of Natural History. 



Ecology of the Western Jumping Mouse 
in Jackson Hole, Wyoming 

Tim W. Clark 
Zoology and Physiology 
University of Wyoming 
Project Number 162 

The purpose of this study was to document certain ecological rela
tionships, reproductive biology, and food uses of the western jumping 
mouse, (Zapus princeps utahensis) in Jackson Hole, Wyoming. A total of 
166 Zapus were captured in 1968 and 1969. 
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Ecological distributions were ascertained by trapping six different 
plant communities. These were: 1) Sedge Meadow, 2) Sedge-Grass Meadow, 
3) Shrub-Swamp, 4) Shrub-Sedge-Grass-Savanna, 5) Aspen, and 6) Big 
Sagebrush Communities. Within each community the following data were 
recorded for each trapping location: 1) soil moisture and drainage, 
2) plant cover, 3) distance to water, 4) type of trap (snap or Sher
man), number of traps and duration of trapping, and 5) the species and 
number of all mammals captured. 

The trapping effort for 1969 was 9,936 trap days. The species and 
numbers captured in 1969 were: Zapus princeps, 125; Microtus pennsylvanicus, 
111; ~· montanus, 171; ~· longicaudus, 17; Clethrionomys gapperi, 41; 
Peromyscus maniculatus, 44; Sorex spp., 38; Thomomys talpoides, 5; Eutamias 
minimus, 3; £. arnoenus, 3; Spermophilus armatus, 2; Glaucomys sabrinus, 1; 
Mustela frenata, 2; M. erminea, 1. 

The reproductive condition of all animals collected was examined. 
Bodies were weighed (g) and the standard mammal measurements (mm) taken 
for each animal in order to classify the mammals into age groups. In 
males, the position of the testes was recorded, next the testes, epi
didymides and seminal vesicles were fixed in AFA. In females, external 
characteristics, such as condition of mammae and vulvae were noted. The 
ovaries, uterine tracts and vagina were preserved. Linear measurements 
in mm of testes and seminal vesicles are being made along with weights 
(paired glands) in g for these organs. The number of embryo swellings 
in the uterine horns will be counted. Counts of corpora lutea and 
placental scars will be made after clearing in methyl salicylate. 
Corpora lutea, embryos, and placental scars counts will be compared to 
determine blastocyst transmigration and embryonic loss due to resorption. 

Ovaries, testes, and seminal vesicles will be sectioned at 8 mu and 
mounted as interrupted serials (one of every 10 sections). Hematoxylin 
and eosin will be used to stain the tissues. In testes, spermatogenic 
activity will be noted. In addition, 10 seminiferous tubules will be 
measured and a mean calculated for each cross section. 



A plant histological reference collection was made this summer. 
This will facilitate identification of the stomach contents of the 
captured rodents. 
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Currently data is being analyzed to complete the study objectives. 
The results will be prepared for submission for publication as soon as 
possible. 

Supported by University of Wyoming. 



Ecology of the Uinta Ground Squirrel 
in Jackson Hole 
Brenton Costain 

Zoology and Physiology 
University of Wyoming 
Project Number 157 
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In the summer of 1968 a preliminary survey of areas inhabited by 
the Uinta ground squirrel (Spermophilus armatus) was conducted in 
order to indicate the nature of variation among the local environments 
inhabited by ground squirrels in Jackson Hole. 

In order to investigate some aspects of the relationship of squirrel 
populations to significantly different environment types, two areas were 
chosen for intensive study in the summer of 1969. Area #1, located 
adjacent to the Jackson Hole Research Station, consisted of a mesic blue
grass meadow with relatively fine soil, and supported a comparatively 
dense squirrel population. Area #2 was located on a coarse-textured 
glacial outwash plain amidst a xeric sage-forb-grass community, and sup
ported a relatively sparse squirrel population. 

Each area was systematically live-trapped every other day from early 
June through late August. A total of 270 squirrels was caught in Area #1 
(over approx. 4.6 acres) and a total of 35 squirrels in Area #2 (over 
approx. 11.5 acres). Each squirrel was classified as to sex and age class, 
toe-clipped for individual identification, and weighed. The capture loca
tion was noted in each case. Since some squirrels were captured as many 
as 20 times throughout the summer, it was possible to obtain information 
on the degree of ranging and weight increase for individuals, as well as 
data on population density. 

Eighty-four reproductive tracts and 78 stomachs were collected from 
squirrels trapped adjacent to both study areas between early May and late 
August. Reproductive tracts will be analyzed to indicate the timing of 
activity in each area and, combined with data on weight gain, to indicate 
the net production of squirrel populations in each area. Stomach contents 
will be analyzed to reveal food habits throughout the season in each area 
in relation to available vegetation. 

In addition, observations were made in each area concerning food use 
and general behavior. Analyses of vegetation and soil texture have also 
been made. An additional season of study, beginning in April when the 
squirrels emerge from hibernation, is planned for 1970. 

Supported by University of Wyoming and the Grand Teton Natural History 
Association. 



Studies on Shrew Behavior 
Edwin Gould 

Laboratory of Comparative Behavior 
Johns Hopkins . University 

Project Nufuber 172 

The primary purpose of this thtee week visit was to capture water 
and vagrant shrews (Sorex palustris and ~· vagrans) and to ship them 
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back to Baltimore by air. The shrews are now being used for two studies: 
one on aggressive behavior and communication with particular concern for 
whether acoustic or visual stimuli are involved; and another on echolocation 
discrimination of different textures, sizes and distances of objects. 

A second accomplishment of this trip was training a graduate student, 
Alan Beck, in various techniques of small mammal live trapping--a basic 
requirement for his education in field mammalogy--and in general aspects 
of vertebrate natural history. As a teacher of animal behavior I cannot 
overstate the opportunity of observing a family of otters, herds of elk, 
coyotes, ground squirrels, red squirrels and chipmunks. Indeed, I saw 
many of these same animals in the summer of 1960 but since that time I 
have been teaching, reading and conducting research in ethology. You 
might say that I had a high powered course in field ethology in 1969! 

A third part of the visit concerned some evaluation of terrain and 
practical procedures for a visit in a future summer for an enclosure to 
study vocalizations, predatory behavior and obstacle avoidance by water 
shrews in a semi-natural situation. 

Supported by NIH. 



Carrying Capacity of Summer Elk Range 
James E. Guest 

Division of Plant Sciences 
University of Wyoming 
Project Number 171 
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The spring and summer months of 1969 initiated the data collection 
of the first phase of a proposed five year research project designed to 
determine carrying capacity of a portion of summer elk range in Teton 
County, Wyoming. Data collection for the first two years of the study 
will be primarily associated with type classification, animal numbers 
and use patterns, and forage production and utilization. 

The area under study at this time includes all summer elk range in 
Teton County with particular interest on the Huckleberry ridge area. 
This area was selected because of logistic reasons and provides essen
tially comparable resources to that of other areas of summer elk range. 
Management decisions concerning the Huckleberry ridge summer range could 
in effect be employed for other similar elk summer ranges. 

Survey trips were made to the area during May of 1969 to study elk 
migration and numbers as well as their effect on the early spring flora. 
This was followed by type classification mapping and unit measurements 
from aerial photographs of the Huckleberry ridge area. Animal numbers 
and use patterns were studied by sightings, tracks, and pellet groups. 
Forage production was achieved by use of a square foot microgrid placed 
at random on various types seen previously to be used extensively by 
elk. A double sampling procedure was employed in conjunction with the 
microgrid which estimates individual species weight. Utilization per
centages were also estimated at the same time the other sample measure
ments were made. 

During the summer of 1969 a~proximately 1200 samples were taken to 
determine utilization and production. The area was also typed and 
classified and observation notes were kept on animal numbers and their 
pattern of use. The sample results are currently being compiled and 
analyied so they may be compared to a similar set of data which will be 
collected during spring and summer months of 1970. 

Supported by NDEA. 



Trace Elements in Small Mammal Hair 
John W. Huckabee 

Zoology Department 
University of Wyoming 

Project Number 170 
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In July and August of 1969, 33 Microtus pennsylvanicus, 20 M. 
montanus, 21 Clethrionomys gapperi, 3 Zapus princeps, and 19 Sorex sp. 
were trapped in two areas in Jackson Hole, Wyoming by Tim W. Clark. 
Several milligrams of hair from the mid-dorsal region of each animal 
was collected for trace element analysis at the National Reactor Testing 
Station in Idaho by the author. 

The objectives of this analysis are to investigate some ecological 
consequences of trace element metabolism, including genus-specific and 
species-specific trace element complements in animal hair. 

A trace element is one present in tissue at levels less than 0.01% 
(wt). Seven trace elements (Fe, Cu, Zn, I, Mn, Se, and Co) are known 
to be essential for life to vertebrate animals, but several of these, 
and some others, are toxic in excess. There is an optimum range of con
centration for each element for each species. As environmental levels 
vary greatly, animal distribution and health may be influenced and in 
some cases limited by the trace elements present in their habitats. 

Several papers (1-8) have considered trace element content of human 
hair, but very few have concerned animals. It has been demonstrated that 
antelope, mule deer, elk, moose, and horse hair have characteristic arrays 
of trace elements (9). 

The two areas sampled were a sedge-willow marsh and a grassy meadow. 
Any variation in hair trace element content of the species concerned 
should represent physiological rather than habitat variations, as all the 
specimens are collected at identical locations within each habitat. Only 
metabolic trace elements (ingested, and deposited in the growing hair from 
the blood stream) are considered. 

The elemental content of the hair will be determined by neutron acti
vation analysis. The samples are prepared by washing in a non-ionic 
detergent, weighed and sealed in quartz ampoules. As many as 15 of the 
ampoules are placed in an aluminum rabbit capsule along with calibration 
standards for irradiation in the Materials Testing Reactor at a thermal 
neutron flux of approximately 2 x 1ol4 n/cm2/s. Analysis is by gamma 
scintillation spectrometry, utilizing a Ge(Li) detector and a 1026 
channel pulse height analyzer. Nuclide identification and levels are 
determined with the aid of an IBM 360/65 computer. 

No analyses have been done at this time, as the MTR has been down 
for core change since the samples were collected. It is anticipated that 
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the reactor will return to service by early January 1970, and irradiations 
should be completed by February, 1970. 
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Trematode Parasites of Ruffed Grouse 
Newton Kingston 
Parasitology 

University of Wyoming 
Project Number 167 
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The intent of this project was to collect Brachylecithum orfi 
from ruffed grouse in the vicinity of Grand Teton National Par~ 
Ruffed grouse were looked for during the period of 13-28 July, 1969, 
along Pilgrim Creek, Pacific Creek, north of Two Ocean Lake, and 
along Ditch Creek; no birds were taken during this period. It seems 
likely that if it is desirable to pursue this study, other approaches 
must be tried to adequately sample the ruffed grouse population, per
haps at a more favorable season of the year. What comes to mind would 
involve the collection of the birds by National Forest Biologists and 
efforts will be made to see if some cooperative arrangement can be 
worked out. 

Supported by University of Wyoming. 



Radio-tracking and ECG of Free-swimming Fish 
E. M. Lonsdale 

Electrical Engineering 
University of Wyoming 
Project N\mber 152 
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The work during the summer of 1969 was a continuation of the field 
investigation begun in July 1968 at the Research Station. Most of the 
research was conducted in cooperation with Dr. William Calder, a co
investigator who was also working at the Station. 

ECG telemetry units \A/ere affixed to several large chubs l'lhich had 
been taken from the nearby Snake River. The chubs were then released 
in a small holding pen which drained into the Snake River at the site 
of the Research Station. 

Considerable data were collected on the heart rate and on the ECG 
waveforms of these chubs \'lhile they were allowed to s'._rim freely in the 
penned area. In the process of this investigation, valuable information 
was secured on certain weakness in the design of the telemetry system. 
As a result of this observation a much superior technique of connecting 
the pick-up leads to the fish developed. 

An interesting correlation between heart rate and water temperature 
was noted. Also, evidence was collected to indicate that the fish's 
heart rate is not seriously disturbed by strong electric fields in the 
water. 

Much field work still remains to be accomplished in this area of 
fish telemetry. The next logical step is to attempt to secure data on 
free-s\._rimrning trout in a large river. It would be most instructive to 
learn what effects, if any, are exerted by the diurnal cycle on ECG 
rates. Also, are such rates affected by water velocity and depth? 

Hopefully, this investigation can be continued at some future date. 
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Humidity Needs and Preferences of Spiders of the Genus Pardosa 
in the Grand Teton National Park Area of Wyoming 

Donald C. Lowrie 
Department of Zoology 

California State College at Los Angeles 
Project Number 119 

In a continuing study of the ecology of 21 species of the genus 
Pardosa found in the vicinity of Jackson Hole, a four week investiga
tion of the humidity preferences and needs was made. 

With the use of an apparatus producing a humidity gradient, tests 
were made of the relative humidity preferred by each species. The ap
paratus produces a gradient from the high nineties to the high twenties 
at temperatures between 60° F. and about 80° F. This simulated condi
tions similar to those experienced by the spiders in the microhabitats 
in which they live. The apparatus was used to test several specimens 
of several of the species collected. 

In addition, a total of over 400 specimens was tested for their 
tolerance to a complete lack of humidity. Specimens collected in the 
field were placed in dry vials without water to determine how long 
they could survive with no water available in the air or in food. 
Lack of food was not the primary or major factor causing death and 
at least was the same in all specimens tested. Many examples survived 
several times longer with water and without food than without both 
food and water. 

Sufficient specimens of the following species were tested to deter
mine their relative water needs adequately: P. altimontis Chamberlin 
and Ivie, P. anomala Gertsch, P. coloradensis-Banks, P. distincta (Black
wall), P. moesta Banks, P. steva Lowrie and Gertsch, P. uncata Thorell, 
~· utahensis Chamberlin,-and ~- xerampelina (Keyserling). Indications 
of the needs of P. fuscula, P. dorsalis Banks, P. uintana Gertsch and 
P. wasatchensis Gertsch were-gotten although enough specimens could not 
be collected this time to carefully and exactly determine their water 
needs. 

Survival in these species varied from 30 hours in P. altimontis, 
35 hours in P. rnoesta, and 48 hours in P. distincta to l35 hours in 
P. steva, and 150-175 hours in P. utahensis, 190-210 hours in P. uncata 
and over 200 hours in P. anomala. Of significance here is the-differ
ences between P. distincta and P. utahensis, two closely related species 
of a group of species all of which are common in very dry situations. 
This study gives data which will aid in delimiting the habitat needs of 
these species. Other results of significance appear to be in the data. 
Further analysis of the data will be completed this winter and its sig
nificance in the ecology of these species added to our knowledge of the 
group. 

Supported by New York Zoological Society grant. 
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Chromosome Cytology, Reproductive Behavior, and Ecology 
of the Insect Family Chrysopidae 

Ellis G. MacLeod 
Department of Entomology 
University of Illinois 

Project Number 164 

It had been originally intended to study both the chromosome cytol
ogy and the reproductive behavior of several of the poorly known, montane 
species of the insect family Chrysopidae at the Station during the summer 
of 1969. The first of these undertakings worked out rather well, but sev
eral unanticipated problems arose in connection with the study of the 
reproductive behavior 1~hich made the immediate results of this portion 
of the study somewhat less satisfactory. In addition to these areas of 
investigation, a successful effort was made to secure, through rearings, 
larval-adult associations and such items of ecological information as the 
habitat distributions of the different species and, through a microscopic 
study of gut cont~nts, of their food specificities. Living representatives 
of all species encountered were shipped to my laboratory at the University 
of Illinois and additional, experimental studies of these species are now 
in progress. 

SU~Ul~Y OF RESULTS 

Cytology - A total of six species, representing the genera Chrysopa 
(4 species), Chrysopiella (1 species), and Erernochrysa (1 species) were 
secured and analyzed cytologically. The species, with their karyotypes 
and se~~termining system, are summarized in Table I. 

TABLE I - Chromosome Cytology of Species Studied 

Species 

Chrysopa oculata 
£· pleuralis 
f: excepta 
C. coloradensis 

Chrysopiella n. sp. 

Erernochrysa punctinervis 

2n = 
2n = 
2n = 
2n = 

2n = 
2n = 

KaryotyPe 

12 (lOR + 2J)* 
12 (lOR + 2J) 
12 (12R) 
10 (8R + 2V) 

12 (12R) 

12 (12R) 

Sex Determination 

X:Y (X > Y) 
X:Y (X > Y) 
X:Y (X = Y) 
X:Y (X = Y) 

X:Y (X> Y) 

X:Y (X = Y) 

*The abbreviations used for chromosome shapes are: R = Chromosome rod
shaped (acrokinetic) at anaphase, with a near-terminal kinetochore; 
J = Chromosome J-shaped at anaphase, with a subterminal kinetochore; 
V = Chromosome V-shaped at anaphase (metakinetic) with a median kinetochore. 
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By itself this information is of slight intrinsic worth, however, 
the light that is shed on several evolutionary problems within the family 
is considerable. Specifically, the pair of species C. excepta - C. colo
radensis has been suspected of being simply a case of simple geographic 
variation, with populations in the Rocky Mt., Wind River, and Teton ranges 
having the "coloradensis" characteristics, while populations at lower 
elevations in the sagebrush areas show the "excepta" characters. This 
view seemed reasonable since the apparent morphological differences 
between these two forms appeared slight~ Quite obviously the differences 
in the number and kinetochore position of the chromosomes in this pair of 
species is quite profound and indicates that in spite of their superficial 
similarities they are not only most certainly separate species but that 
they are probably not even very closely related. 

A similar suspicion has been entertained about the pair C. oculata -
f. pleuralis and here their identical karyotypes provide no insight into 
their taxonomic status. In the course of the work during the summer, 
however, it was found that both species occurred sympatrically in the 
sage flats of Jackson Hole without the presence of intermediates and that 
the larvae of the two forms are quite different in appearance. Subse
quent Nork this fall has shown that these two species fail to mate with 
each other under laboratory conditions, whereas intraspecific pairs mate 
and produce fertile offspring with ease under the same conditions. Thus, 
it is very likely that two well-isolated species are presented here. 
Under these circumstances the identity of their karyotypes is of even 
more interest since they both differ from several close relatives, found 
in other portions of the United States, which have 12 acrokinetic chromo
somes. Since in addition to their other similarities both C. oculata and 
f· pleuralis have a pair of J-shaped chromosomes, the presumption is very 
strong that they share a common ancestry and that one of the early steps 
in the evolution of the present two species was probably a structural 
reorganization of one pair of chromosomes in their common ancestor. 

It is likely that similar insights will eventually be possible in 
the genera Chrysopiella and Eremochrysa. At the present time too few 
species of these groups are known cytologically for any comparisons to 
be meaningful. The chromosome data pertaining to these six species will 
be integrated with information pertaining to 35 additional species which 
have been recently studied to provide an overview of the basic pattern 
of chromosomal evolution which has occurred in this family of insects. 

Reproductive behavior - The reproductive behavior of chrysopids can 
be studied only by using virgin males and females, since when females are 
once mated they will remate only after a very long period of time. As 
most field-collected females have already mated, it is necessary to rear 
virgin adults in the lab. Ordinarily this is no problem and 2-3 weeks 
is usually sufficient time to produce the adults for observation; however, 
it was found that the nighttime temperatures in the laboratory rooms of 
the Station were so low that development was greatly slowed down. The 
installation of a space heater in the lab building in August did lessen 
this problem, but by that time insufficient time remained in which to 
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carry out this aspect of the study at Jackson Hole. In addition, it 
was found that one of the species, Chryso1iella n. sp., spontaneously 
entered a state of suspended developmentdiapause, somewhat analogous 
to mammalian hibernation) at the end of its larval stage, so that it 
would not have been possible to study the courtship of this species even 
if the lab temperatures had been higher. Although this rearing program 
did not immediately succeed in providing adults for study, it did make 
available the associations between larvae and adults which are a neces-
sary first step in order to identify field-collected larvae and, ultimately, 
to learn the ecological associations of the larval stages. 

As noted above, all of the species encountered this past summer have 
been successfully colonized in my laboratory and with one of my graduate 
students their reproductive behavior is now under study. 

Ecological studies - Observations made in connection with searches 
for adults indicate, in a preliminary way, the likely ecological situa
tions with which the different species are associated. Thus of the species 
listed in Table I, all are apparently confined to the lower elevation com
muni ties of Jackson Hole proper as none were encountered elsetoJhere. In 
addition, all but fhrysopa pleuralis and f.· oculata were taken only on the 
glacial outwash coumunities in association with either Artemisia or Chryso
thamnus. f.· pleuralis was encountered on a number of small ~hrubs along 
the side of the smaller streams and in open glades in wooded areas. C. 
oculata was encountered in both of these situations. 

Dissection of these field-collected adults and study of their gut 
contents revealed additional ecological specializations. Thus the four 
species of Chrys~ under study were obviously predaceous, feeding on a 
number of species of aphids. In contrast, the species of Chrysopiella 
and Eremochrysa had only rnass~s of pollen in their digestive tracts. 
The whole question of the fooci reL~ui1·cments and specificities of adult 
chrysopids is very poorly understood and even these limited observations 
are of considerable value. 

Supported by NSF grant. 
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This project is designed to investigate the influences of environ
mental variables on microtine populations. 

The year 1969 was particularly critical since Microtus populations 
in Wyoming are approaching a peak in their cycle. Visits to the Research 
Station were made in May, July and October. Data were collected on popu
lation density, reproductive activity and success, pineal gland activity 
and pituitary gland activity. Plant samples were taken throughout the 
season for extraction and bioassay of estrogenic potency. By midsummer, 
densities of Microtus montanus were extremely high. Reproductive success 
was considerably higher than that recorded for 1968. 

Supported by New York Zoological Society grant. 
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I. During the course of the summer lakes were visited on 26 occasions. 
Because of difficulties in obtaining reagents for chemical analyses 
the planned work on the kinetics of nutrient uptake, a basis for 
evaluating Swan Lake as a chemostat, went for the most part undone. 
However, three experiments were performed as best possible, and the 
samples and data are being processed. 

II. Swan Lake. 

Despite the fact that few experiments on uptake kinetics were performed, 
the lake was visited on 13 occasions. The objectives were to obtain 
descriptive data on routine water chemistry and on detritus, phyto
plankton, and zooplankton populations. The latter data will be used 
to make estimates of the contribution of zooplankton to nutrient regen
eration in the lake, and to help test an hypothesis concerning the 
interrelations between phytoplankton and detritus abundance. Analysis 
of the data has barely begun. 

Some typical physical and chemical data are presented in Table 1. They 
show the influence of the sewage at station I (station numbers are 
reversed from those in reports from 1955-1959); moving away from the 
sewage inflow dissolved phosphorus and oxygen and light penetration 
increase, while seston decreases. This indicates that in future 
studies the lake should be considered as having two or perhaps three 
basins. The oxygen demand at station I is very high, more than 6 ppm. 
being consumed in darkened bottles over a 24 hour period. 

III. Jackson Lake. 

The lake was visited on three occasions. The purpose was to obtain 
information on the phytoplankton and zooplankton populations. The 
samples have not yet been inspected. 

IV. Other Lakes. 

A variety of lakes was visited after midsummer when it became apparent 
that the possibility of performing the uptake experiments in Swan Lake 
was becoming very slim. The objective was to obtain information on 
routine chemical and physical factors, and on detritus, phytoplankton, 
and zooplankton populations. Samples were taken at all lakes for 
later analysis of detritus, phytoplankton, zooplankton, and particu
late nitrogen. The chemical and physical data referred to in the dis
cussion below are summarized in Table 2. 
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TABLE 1. Data from Swan Lake, VII/18/69. 

Parameter Station Number 

I* II* III* 

Temperature 20.6 22.4 21.0 
(° C) 17.1 16.8 

02 (ppm) 7.2 11 10.5 
2.0 10 

Dissolved 
Phosphorus 3.0 1.0 0.8 

(ppm) 

Secchi (m) 0.3 0.6 0.9 

Extinction 
Coefficient 3.57 2.70 2.44 

(light) 

Seston (mg 82 25 20 
dry wt per 49 34 
liter) 

(*Sta I, ~, 1~; Sta II, ~' 1 m; Sta III, 3/4 m) 
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(a) Amphitheater, Surprise, Bradley, Taggart chain. As expected the 
chain acts as a river, having more dissolved salts the farther down
stream one samples (Amphitheater to Taggart). The conductivity varied 
from 10 micromhos (only 3 times that of "tap" distilled water) in the 
upper two cirque lakes to about 40 micromhos in Taggart, which also 
receives Cascade Creek. Although some shelter is offered Amphitheater 
and Surprise Lakes by the surrounding terrain, the lakes do not strat
ify thermally. By the beginning of August these lakes had warmed to 
temperatures comparable to lakes in the hole. The data indicate that 
all the lakes are oligotrophic, and in August there is apparently 
little allochthonous matter suspended in the water as the seston was 
low, about 1 mg dry wt/liter (compare to Swan Lake). It is interest
ing to note, however, the low concentration of dissolved oxygen in 
Bradley Lake at 19 m. 

(b) Leigh, String, Jenny chain. Leigh Lake was not sampled in the 
deepest portion, but rather in the arm near the outlet. Certainly 
the lake must stratify thermally. There is a slight increase in 
dissolved salts in going from Leigh to Jenny Lake as indicated by an 
increase in conductivity from about 35 micromhos to 41 micromhos. 
Other data are also indicative of oligotrophic conditions. The 
Secchi disk reading for Leigh and Jenny Lakes were 8.7 and 18 meters 
respectively. The extinction coefficient calculated from light pene
tration data in Jenny Lake is 0.184, which is extremely low (very 
clear water; compare to values of more than 4 in Swan Lake). Oxygen 
concentrations in these two lakes clearly indicate the paucity of 
biological activity; the amount of gas in solution increases with 
depth, showing very little modification of the amount dissolved due 
to the physical conditions of temperature and oxygen's partial pres
sure in the atmosphere. 

(c) Two Ocean Lake. This lake appears to be quite productive, and 
a large standing crop of the blue-green algae Anabaena was found. 
The conductivity indicates more dissolved salts in solution than in 
any other lake visited, 220 micromhos. The lake is reported to 
occasionally have fish kills in the spring after the ice breaks up. 
The oxygen data may help to explain this phenomenon. On VIII/12/69 
the thermocline began at about 4 m, and while the dissolved oxygen at 
5 m was 7.6 ppm, at 6 mit was 2.5 ppm, at 7 m 0 ppm, and there was 
H2S at 8.7 m. This indicates particulate organic matter produced in 
the epilimnion settles into the hypolimnion in such quantities that 
its decomposition leads to anoxic conditions. During some winters 
photosynthesis may produce enough particulate organics to produce 
similar anoxic conditions in some or much of the deeper layers in the 
lake. There must still be enough oxygen for fish's survival at 
shallower depths. However, the anoxic conditions in turn can lead 
to the presence of large quantities of reducing compounds in the 
deeper water. After the ice breaks up in spring, the first wind 
strong enough to completely circulate the lake will redistribute 
these reducing compounds to all depths. If their quantity is great 
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enough they can react with and remove all molecular oxygen from 
solution. In turn this would lead to the fish kill, since even at 
shallow depths there would be no oxygen. Extinction coefficients, 
calculated from light penetration data, also tend to confirm the 
idea that there is a build up of particulate matter in the hypo
limnion. In the epilimnion k is 0.55, while in the hypolimnion it 
increases to 1.27. Some people have suggested that the lake is 
meromictic, but at least for the shallower eastern basin of the 
lake the conductivity data do not confirm this. The deeper western 
basis may be meromictic, but no sampling was done there. 

(d) Brooks Lake. The lake is located out of Jackson Hole east of 
Togwotee Pass. When visited at the end of the summer there was a 
large standing crop of Anabaena. Other data also indicate the lake 
is productive; the conductivity is about 95 micromhos, alkalinity 
135 ppm (as CaC03), and anoxic (H2S) conditions were found at 13m. 
This is perhaps to be expected from the occurrence of limestone in 
the area, the drainage basin, and the local terrain. 

It is uncertain if the data from the uptake experiments and zoo
plankton excretion (Swan Lake) will be sufficient to constitute a paper. 
However, the data from the lake survey will be written up for publication, 
and the information from phytoplankton and detritus counts will probably 
also be included in a paper based primarily on work from outside the 
Jackson Hole area. 

Juhani Terhivuo helped with most of the above work, and I would like 
to thank him for his patient assistance. 

Supported by the University of Wyoming. 
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1. Determination of the plant estrogen content of the primary food plants 
of Microtus montanus throughout their breeding season. 

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

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

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

I. Data Collected; Preliminary Results. 

Microtus were livetrapped and sacrificed as soon as possible after 
capture. Age estimations for all animals were based on weight, total 
length, and pelage characteristics. 

Reproductive organs, adrenals, pituitaries and thyroids were collected 
as originally proposed. Flat skins were prepared from all animals. All 
these tissues are currently being processed at the Reproductive Physiology 
Laboratory, Touro Research Institute. 

Samples of predominant food plants were collected throughout the study 
period. The plants were stored in a freezer for extraction and bioassay of 
their plant estrogen (coumestrol) content. 

Parts of the proposed study are being carried out in collaboration with 
Dr. Norman C. Negus, Department of Biology, Tulane University. Please con
sult his progress report for additional information in relation to this study. 

II. Field Observations. 

A. Spring study period (May-June). 

By the end of May 1969 the entire population of Microtus montanus 
was reproductively active. Data suggest that sporadic breeding by a few 
individuals must have started as early as mid-April. Nevertheless, 
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widespread reproductive activity apparently commenced within the first two 
weeks in May. Only adult animals were breeding during the spring study 
period (these animals were born probably in the latter half of 1968). Mean 
litter size (estimated from placental scars and embryo counts) was 4.0. 
All animals were in summer pelage. 

During this study period bluegrass (Poa) was the preferred food plant 
for Microtus. There was a luxuriant growth of this grass. Since it was 
still in the vegetative stage the plant estrogen content should be at peak 
concentration. The cournestrol content of the grass sample will be bioassayed 
shortly. 

B. Summer study period (July-August). 

The breeding population consisted of old adults (i.e., probably born 
during the preceding season); young adults and subadults (born during the 
spring of 1969). Mean litter size was 5.9 for adult females, 5.2 for 
young adults and subadults. All animals were in summer pelage. 

The bluegrass was beginning a transition to the fruiting stage (with 
consequent drying). Microtus still fed on any remaining green parts of 
these plants. However, there was a marked shift to plants that had not 
yet dried. For example, the horsetail (Equisetum) was utilized heavily 
at this time. The identification of other food plants is still incomplete. 

C. Fall study period (October). 

Microtus were still breeding - a remarkable and somewhat unexpected 
phenomenon at this time of the year. However, reproductive activity was 
limited solely to adult animals. No evidence of reproduction was observed 
in the subadult class: the reproductive organs and accessory glands 
were of juvenile proportions; examination of reproductive tracts indicated 
that all subadult females were nulliparous. It appears that animals born 
anytime after the middle of August will probably not breed until the fol
lowing spring. At that time they will constitute the vast majority of the 
initial breeding population for 1970. 

A wide variety of grasses was being utilized by Microtus. The animals 
once again fed extensively on bluegrass. However, they did not choose the 
mature plants; rather, they consumed the new regrowing shoots. 

Both subadults and young adults were molting into winter pelage, a 
few had attained full winter pelage. However, all reproductively active 
animals were still in summer pelage. These hair growth responses support 
a hypothesis proposed earlier (Pinter 1968) according to which a winter 
pelage can be acquired only by reproductively quiescent individuals. 

III. Future Implications. 

Based on data from previous years, a peak population density of 
Microtus montanus was ~riginally expected in Jackson Hole in 1969. 
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However, it now appears that this will not occur until 1970. Several 
observations contribute to such a prediction: 

1. The spring of 1969 was a relatively early one. Reproductive 
activity in Microtus as well as the growth stages of the vegetation in 
Jackson Hole had reached a point which in previous years was not attained 
until two to three weeks later. Early onset of reproduction contributes 
significantly to a population buildup since animals born early in the 
spring are able to breed in the same year. 

2. According to local residents the onset of snowfall was unseason
ably early in 1969. Early snows may contribute indirectly to the main
tenance of higher vole populations. During the October study period the 
snow flurries were light; most of the new snow had melted by midday. The 
soil remained wet; an extensive regrowth of new grass was observed. Cou
mestrol content is known to be highest in young shoots. The availability 
of green plant food would therefore encourage winter reproduction in voles. 

3. Adult Microtus montanus were still reproductively active during 
the fall study period (a captive female gave birth to a litter on October 
lOth). Lactating adult females were also trapped. Histological evalua
tion of testes and epididymides of adult males has not yet been completed. 
Nevertheless, these structures were comparable in size and structure to 
those of reproductively active males. It appears that the adults may con
tinue breeding throughout at least a part, if not all of the winter. In 
other years the winter is a time of drastic population decline as a result 
of mortality without added productivity. Apparently during the winter of 
1969-70 at least some of the losses will be offset by a continuing birth 
of animals. Furthermore, if a heavy snow cover accumulates early in the 
season and prevails throughout the winter, an unusually high level of 
animal survival will be favored. The net effect: when reproduction 
resumes on a population-wide basis in the spring of 1970, the initial 
breeding population of mature voles will be uncommonly large. Microtus 
will probably reach population densities of "plague" proportions during 
1970. A sharp decline ("crash") probably also will take place during the 
second half of the season. Apparently 1970 will be an extremely inter
esting phase in the multiannual microtine population cycle. 

An intensive study is now being planned for 1970 to obtain information 
from a situation which will not reoccur for at least another 3-4 years. 

The project (partially reported herein) was supported by a Grant-in
Aid from the New York Zoological Society. I gratefully acknowledge this 
financial assistance without which the study could not have been undertaken. 

Addendum. 

During the summer study period a mutant (piebald spotted) subadult 
male Microtus montanus was trapped. The capture of such an individual 
is noteworthy since it points up several aspects: 
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1. The low incidence of piebald spotting in a natural population. -
I have trapped in the meadow from which the animal was taken since 1961. 
To my knowledge a mutant animal has not been captured there, despite the 
removal of hundreds of voles from the immediate vicinity by myself and 
by others. The occurrence and/or perpetuation of such a coat color 
mutation must therefore be rare under natural conditions. 

2. Characteristics of a habitat that permits the survival of a 
disadvantageous mutation. - Because of the extensive areas of white fur 
the mutant should have been particularly vulnerable to aerial predators. 
However, this individual was trapped near the edge of a meadow in tall 
(4 ft.) vegetation. The conspicuous mutant may have escaped destruction 
because it inhabited an area with an unusually favorable cover. Another 
observation which hints at the comparative safety of this particular 
location: a trapline across the area yielded one of the largest - if not 
the largest - M. montanus of either sex that I have ever taken. According 
to the body weight and total length measurements this animal (a female) 
was 15 to 18 months old. The life expectancy for a vole under natural 
-conditions is less than one year. A greater age could be achieved only 
under uncommonly protective conditions. 

3. A new mutation in Microtus montanus with possible homology in 
other rodents. - Although piebald spotting has been reported for some 
microtine species, there is no record of it in Microtus montanus. Further
more, I now have evidence that this may be an even more unusual condition 
known as "dominant spotting". In the laboratory the mutant male was mated 
to a female of known pedigree, with a history of no spotting. Eleven 
young have been produced to date, 6 spotted, 5 wild type. Although the 
numbers are still small, a 1:1 ratio suggests that the male must be hetero
zygous for spotting. Dominant spotting in rodents (described in Mus) is 
lethal in the homozygous state, apparently due to a concomrnittant anemia 
in the homozygotes. If the dominant piebald spotting in Microtus also 
carries with it lethality in the homozygous condition, the mating of two 
heterozygotes should result in a ratio of 2 spotted:! normal. A 3:1 ratio 
could be expected if the heterozygous condition is not lethal. As soon as 
the offspring have attained sexual maturity, additional matings will be 
undertaken to determine the characteristics and mode of inheritance of 
this mutation. 

Supported by New York Zoological Society Grant. 
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The glacial outwash plains in Jackson Hole support what appears to 
be a homogeneous cover of sagebrush, both Artemisia arbuscula (low sage) 
and A. tridentata (big sage). On closer examination there are found areas 
of lm~ sage only, of big sage only, and of big and low sage together. 
Within each of these areas there are differences in plant understory 
species composition and pocket gopher activity. The causes for this 
differential distribution of plant species constitute a part of the 
study being undertaken. In appearance these causes seem to be related 
to soil differences and to the pocket gopher activity. Twenty-two sites 
were selected in order to test this. Thus far only preliminary work has 
been carried out in order to gain insight into what must be sampled. The 
rest of the study is a community analysis. This will show the species 
distribution within and between the sites. This study will continue. 

Supported by University of Wyoming. 
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A two-month (3 July to 4 September) field study was conducted to 
determine the population and reproductive statuses of the small mam
mals on a 2.8 acre island of the Snake River oxbow. It was felt that 
the population would be semi-isolated and thus minimally influenced by 
emigration to and immigration from surrounding areas. 

Sherman live traps were used in a capture-recapture campaign to 
monitor the individual histories of the animals captured. Each mammal 
captured was toe-clipped for later identification. A grid was established 
with grid lines spaced at 66-ft. intervals. A total of 33 live traps 
were stationed at grid intersections or along grid lines midway between 
the intersections. These were left set both during daylight hours and 
overnight. Overnight sets were limited to approximately 5-day intervals 
throughout the study to reduce cold stress in animals which were held 
overnight in the uninsulated metal traps. Dates and locations of cap
tures and recaptured were recorded. 

Two major vegetation types occurred on the island: a north, west, 
and south periphery region of heavy grass and sedge ground cover with 
scattered willows; and an interior and east periphery region of cotton
wood and lodgepole pine forest with sparse understory. Forest vegetation 
covered slightly over half the island. 

A total of 121 small mammals were captured during the 2-month period: 
99 Microtus (pennsylvanicus?); 10 Peromyscus maniculatus; 2 Microtus longi
caudus; 1 Zapus princeps; 2 Tamiasciurus hudsonicus; 1 Sorex (cinereus?); 
2 Thomomys talpoides; 1 Spermophilus armatus; and 3 Mustela erminea. Trap 
mortality consisted of five Microtus. Post-mortem examination showed that 
all five animals were Microtus pennsylvanicus. Microtus montanus were thus 
not shown to inhabit the island. Eutamias spp. were totally absent though 
the forested portion of the island represented habitat similar to that 
inhabited by Eutamias spp. on the mainland. Only one Zapus princeps cap
ture occurred during the study. One capture of Spermophilus armatus was 
made. Apparently the animal was a transient since it was never captured 
or observed on any other occasion. Suitable habitat for this species was 
not present on the island. 

The trapable Peromyscus maniculatus population remained constant at 
7 individuals until the first week of August when 3 juveniles were captured. 
Thereafter a deer mouse population of 10 persisted. A family (1 female and 
5 young) of Tamiasciurus hudsonicus nested in a hollow cottonwood tree on 
the island. Two of the young were captured and toe-clipped. 
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Of the 99 Microtus(pennsylvanicus?) captured, 14 were adult males, 
24 were adult females, 41 were juvenile males, and 20 were juvenile females. 
Few individuals were recaptured over a period exceeding four weeks. Pre
viously untrapped juveniles were recruited into the trapable population 
throughout the study period, though the two-week period from 20 July to 
2 August showed the heaviest influx of juveniles. The number of newly
captured juveniles (12 and 15 respectively) in each of these weeks was 
more than double that for any other \'leek. 

Two males and one female Mustela erminea were captured on the follow
ing dates: 28 July, 4 August, 6 August, and 11 August. The female was 
captured on three separate occasions. 

The known Microtus (pennsylvanicus?) population can be divided into 
two time periods: Period I from 6 July to 2 August, and Period II from 
3 August to 6 September. The Period II population averaged r opghly SO% 
of that during Period I. The Microtus (pennsylvanicus?) population decline 
corresponded with the appearance of the weasels in the trapping r esults, 
suggesting predat or-prey interaction. Apparently the weasels did not sig
nificantly affect the Peromyscus population. 

The amount of small mammal immigration to and emigration from the 
island was not determined. It was felt that the weasels deserted the 
island soon after the time of their captures since no further dramatic 
changes occurred in the Microtus (pennsylvanicus?) population after the 
weasels were encountered. 

Supported by Title IV NDEA Fellowship and the University of Wyoming. 
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Mr. Stoecker's study extended into the Fall months, therefore, 
we do not have a report available at this time. 

In conjunction with Mr. Stoecker's study, Dr. R. C. Farentinos 
from the Institute for Behavioral Genetics at the University of Colorado, 
is doing a study on the behavioral components of the competitive inter· 
actions between these two species of microtine rodents. An attempt is 
being made to determine whether or not a biological dominance hierarchy 
exists between the two species, i.e., which of the two species is the 
more aggressive under a given set of experimental conditions. A simple 
apparatus developed at the Institute for Behavioral Genetics for observ
ing aggressive interactions of mice, is being used. Dr. Farentinos 
spent a short time at the Station setting up this apparatus. 

Supported in part by University of Colorad . 
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STUDENT CONSERVATION PROGRAM 

Four students worked at the Research Station under the Student Conser
vation Program. These students were Raymond C. Bishop, Linda G. Havighurst, 
Cynthia Russell, and Juhani Terhivuo. Their program of activities was 
divided into two major parts, (1) to become acquainted with the various 
Federal and State agencies concerned with conservation in the area, and 
(2) to carry out an individual research project. The schedule of activ
ities included the following: 

1. An orientation program with Grand Teton National Park Superintendent 
Chapman, Chief Naturalist Willard Dilley, and Biologist Douglas Houston, as 
well as other division heads outlining in some detail the activities and 
responsibilities of the National Park Service, and specifically discussing 
problems peculiar to Grand Teton National Park. 

2. An explanation of the operation of the U.S. Reclamation Service 
with emphasis on the importance of the Jackson Lake Dam, by Supervisor 
Braman. 

3. A two-day visit to Yellowstone National Park at Mammoth with an 
explanation of the operation of the interpretive and research programs by 
Park officials. 

4. Explanation of administration and operation of Teton National 
Forest by Forest Supervisor Safran. 

5. A visit to the Fish and Wildlife Service Elk Refuge. Manager 
Redfearn discussed the functions of the Refuge including the winter elk 
feeding program. 

6. Explanation of the operation of the Wyoming State Game and Fish 
Department and its importance in the Jackson Hole area, by personnel of 
the Wyoming Game and Fish Department in Jackson. 

7. A visit to the Cody area, including the Whitney Art Gallery and 
Buffalo Bill Museum. 

8. Seminars by research workers at the Station, listed elsewhere in 
this report. 

Following are reports of these students' research projects. These are 
summaries of the reports which were submitted to the Park Service. Com
plete reports are available at the Research Station. 



Sagebrush Ecological Study: To Determine a Method to 
Quantify and Compare Cambial Arcs of Sagebrush Plants 

Raymond C. Bishop 
University of Wyoming 
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The sagebrush occupy positions on glacial outwash plains. Each plain 
promotes a very homogeneous appearing stand, but the stands differ as 
whole units when compared to neighboring outwashes which are of a different 
texture, elevation and/or age. My project was to work out a way to quantify 
and compare the cambial arcs of sagebrush samples taken in a more extensive 
study on the ecology of sagebrush on these glacial outwash plains being con
ducted by Darold Sabinske. 

An initial period of three weeks was spent becoming familiar with the 
sagebrush vegetation within the Park. Twenty-two sagebrush stands were 
selected for study areas by using a modification of the random numbers 
table. This would allow a total and unbiased study of the representative 
sagebrush within the Park. The study areas were marked off in 200 ft. x 
100 ft. plots; then a 100 ft. transect was made adjacent to each plot for 
sampling of plants for my study in order not to disturb plants within the 
study area. All sagebrush plants touched by the 100 ft. transect were 
collected. I recorded species, height, seedlings or young embryos, and 
later computed age and percent cambial arc. This was done for all 22 stands. 

The greatest difference in stands is due to the different species found. 
\fuen like species are compared the stands are much more alike. Perhaps 
valid comparison can come from cambial measurement (viability) and the numbers 
of seedlings. 

The stands encountered were either all Artemisia tridenta or a mixture 
of Artemisia arbuscula, A. tridentata or Purshia tridentata. Although the 
stands might vary a great deal in their average heights, they seemed to be 
quite homogeneous in age. The greatest variation came from the differences 
in the amount of viable members. This measure is the percent of the cambium 
that is still viable. 

Ferguson (1964) points out the anatomy of sagebrush in his book, 
Annual Rings in Big Sagebrush. When a plant is young it has cambium sur
rounding the stem. When this plant becomes overly mature the stem splits 
at the pith giving rise to sagebrush that is octcpus-like in having several 
stalks arising from one root system. Naturally the cambial tissue is only 
on the outer arc of this stem which is now like a piece of pie. I noted 
that in seemingly more severe areas only a small portion of this arc would 
be viable while in a favorable area the plants would not reach the overly 
mature stage or would have complete cambial arcs. I am now working on 
quantifying this aspect and will make my results available as soon as pos
sible. 

Supported by National Park Service. 
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Waterfowl Populations on Swan Lake 
Grand Teton National Park 
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Waterfowl using Upper and Lower Swan Lake in Grand Teton National Park 
were censused regularly from 30 June 1969 to 18 August 1969. Differences 
in numbers and species of ducks using the two connecting lakes were noted. 
Factors affecting the lakes, sewage pollution, beaver dam location, natural 
succession and disturbances caused by horses and people were investigated. 
Although it is impossible to assign one factor as the most important cause 
of species differences on the two lakes, the relative importance of all 
influences is estimated. Further fall observation of migrating flocks of 
common mergansers and subsequent comparison of this point with Huckabee's 
(1965) data may give some index with which to compare present and past 
duck populations. 

Approaches and departures were made as unobtrusively as possible with 
a pair of 9x36 binoculars for describing species and age classifications of 
the ducks. The size of the lakes made realistic identification in some 
areas impossible and consequently many ducks were only counted. Observa
tion periods lasted until all visible ducks were classified or counted and 
an equal amount of time had been spent at both lakes. The time of the day 
of the visits was not specific. Early morning periods allowed undisturbed 
watching, while those after eight o'clock a.m. involved the additonal 
influences of people and horses. An equal number of both situations were 
considered. 

The average number of waterfowl seen per visit were: 21 in lower Swan 
Lake, 5 in upper-middle Swan Lake and 1 in upper-upper Swan Lake. Eighteen 
different species were observed. The most common species on lower Swan 
Lake were mallard, green-winged teal and American widgeon; on upper-middle, 
ringnecked duck, mallard and Canada goose; on upper-upper, ringnecked duck 
and mallard. 

A distinction between upper-middle and upper-upper Swan Lake is made 
because an area of lily pads divides the two, the upper-upper portion 
serving as a receptacle for raw sewage from Colter Bay. A chemical anal
ysis of nitrates and phosphates in the three divisions indicated that the 
lily pads prevent homogeneous mixing of the sewage. Following is a tabu
lation of N02 and P04 found in different regions of Swan Lake and Third 
Creek (the stream serving as inlet and outlet): 

Lower Swan Lake 
Upper-middle Swan Lake 
Upper-upper Swan Lake 
Upper Third Creek (inlet) 
Lower Third Creek (outlet) 
Junction of lower and upper lakes 

N02 (ppm) 

.02 

.008 

.123 

.023 

.OS 

.012 

P04 (ppm) 

.11 
1.5 
6.1 

.03 

.37 

.67 
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Thus the distinction is important in judging the relative effect of 
increased sewage on waterfowl usage. Rodhe (1948) found that amounts of 
phosphorus as small as one ppm inhibit the reproduction of some algae but 
generally increased algae production is proportional to increased amounts 
of phosphorus. Hutchinson (1957) describes phosphorus as most indicative 
of the productivity of a biological system. Indeed, the upper-upper divi
sion has considerably more phosphorus than the inlet streams. Nitrate 
concentrations are very similar. However, in comparing the numbers of 
waterfowl using the upper-upper division to those using the upper-middle 
portion of Swan Lake, no appreciable differences in waterfowl usage appear " 
Of course feeding and nesting habits may be affected. Perhaps a noticeable 
difference will be evident this fall when fish-eating mergansers normally 
arrive at the lakes. Present pollution levels, however, do not correlate 
with waterfowl usage of the three divisions. 

Beaver activity in inlet and outlet streams may profoundly influence 
waterfowl activity. If beavers build less dams in inlet streams, less 
spring water from snow and rain will be collected and the overall water 
level of the recipient lake will be less (Henderson and Craig, 1932). 
The creation of mud flats might be favorable as feeding areas for water
fowl provided the pond does not become completely dry. In the past 10 
years, beaver dams have become less numerous in Upper Third Creek in part, 
at least, due to their destruction. A discontinuation of this practice 
would definitely produce a more stable aquatic environment for waterfowl. 

The last unnatural factor to consider is the influence of people and 
horses on shy birds. One day, August 5, 1969, was spent surveying the 
numbers of visitors, which lakes they visited and what disturbance, if 
any, they caused in waterfowl populations. From 7:05 a.m. to 2:00 p.m. 
9 people visited Lower Swan Lake and 6 visited Upper Swan Lake. In addi
tion, a record of visitors seen during regular observation periods was 
kept. The differences in numbers of visitors to the two parts of Swan 
Lake was not appreciable. Often no waterfowl were visible on Upper Swan 
Lake for visitors to disturb, thus making an approximation of this influence 
difficult. In the consideration of this problem, however, one difference 
is obvious between the two lakes. The trail by Lower Swan Lake is located 
on a hill some SO feet away from the east shore. On only one occasion 
did the approach of loudly talking people result in waterfowl immediately 
taking flight. In contrast, the trail by Upper Swan Lake is blatantly 
in the open about 10 feet from both shores. Certainly this must affect 
waterfowl nesting preferences and overall habitat selection. Relocating 
the Upper Swan Lake trail a few feet back in the woods--as part of it is 
now--would discount this hypothetical problem. Lower Swan Lake seems 
short-lived, successionally. Upper Swan Lake could be made a more entic
ing substitute for future waterfowl populations if visitor influences were 
at least obscured. 

Osprey and marsh hawks were seen hunting in Lower Swan Lake and 
belted kingfishers in Upper Swan Lake. Great blue herons roosted in 
trees in both areas and were seen wading in the lower lake. These birds 
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indicate that both areas are relatively productive ecosystems. Perhaps 
the simple location of trails explains the large differences in waterfowl 
populations. Perhaps it is only a question of vegetation differences and 
food preferences. Further studies may credit man's contributions of pol
lution and beaver dam tampering as accelerating influences on the natural 
succession of this area. 
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The most direct and complete method of measuring agonistic behavior 
is to count the frequency of occurrence of various behavior patterns. 
Agonistic behavior includes attack, escape, threat, and passivity. Sub
missive behavior was divided into two categories: (a) posture with high 
or raised head, shoulders low, and tail not to one side; (b) a posture 
with head down or sharply turned up in a corner, shoulders low, and tail 
not to the side. 

In order to m1n1m1ze the behavioral artifacts of "unnatural" behavior 
studies, yet to maximize agonistic behavior in a natural population, a food 
source was placed in an area of known high Uinta ground squirrel density. 
This area was located on the periphery of the Research Station. Animals 
in this area were habituated to humans, thus facilitating observations. 
Competition over the food source provided an opportunity to observe agon
istic behavior in a population unrestricted in its movements. The study 
began July 8 and terminated August 19. A food can two inches in diameter 
was filled with grain sorghum and Purina rabbit chow and placed in the 
central activity area of a population of approximately 13 ground squirrels. 
A blind was erected 15 feet from the food source for observation. Observa
tion generally took place between 9:00a.m. and 12:45 p.m., peak activity 
hours, and less frequently between 5:00 and 6:30p.m. In the 22-day 
period, 2410 minutes of observation were spent, averaging 109.5 minutes 
per day. All agonistic encounters were recorded and 213 encounters were 
described in detail. The number of agonistic encounters per hour was 
recorded and an activity census was taken at 10 minute intervals in a 
3 foot circumference around the food source. An Agfa Optima 500 camera 
with a 35 mm. lens and a Kodak Super 8 movie camera were used to document 
some of the behavioral sequences. 

In reviewing the data (included in complete report submitted to 
Grand Teton National Park), we feel it is safe to draw some conclusions 
concerning the agonistic behavior of the Uinta ground squirrel, Spermo
philus (Spermophilus) armatus. 

First, most encounters do not begin with any form of initial contact, 
however, when contact is initiated, the most prevalent type is naso-nasal 
contact between juveniles or when a juvenile approaches an adult. Initial 
contact of any form is rare between adult animals. 

In most cases, the younger animal initiates contact. Such a pattern 
could be attributed to status within the age hierarchy. Adult animals do 
not need to establish their position in the hierarchy each time they meet, 
therefore, they omit initial contact. Juveniles still establishing their 
rank initiate contact each time they meet. Contact may reduce antagonism, 
therefore, the insecure juvenileis that much more likely to initiate con
tact than risk an aggressive encounter. 
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Reactions to initial contact include counter threat, passivity and 
retreat in that order of frequency. There seems to be no significant 
difference in reactions to either naso-nasal, naso-anal, or neither, 
however, there does seem to be a higher incidence of counter threat 
without initial contact than there is with initial contact. There also 
seems to be greater passivity and retreat after initial contact and sig
nificantly less without contact. We may assume, then, that initial con
tact, either naso-nasal or naso-anal, reduces agonistic behavior among 
squirrels. Without it, counter threat behavior is far more likely to 
develop. 

Reactions most prevalent are counter threat reactions between juven
iles lacking initial contact. One must take into account that more juven
ile-juvenile encounters were seen than any other type of encounter because 
of the abundance of that age group. For that reason, the highest incidence 
of occurrence of a particular reaction is in the juvenile-juvenile age 
groups. It is significant to note that counter threat behavior did not 
occur after naso-u~sals in adult encounters and naso-anals in adult-to
juvenile encounters. We may summarize that most counter threat reactions 
are between juveniles with no preceding introduction, that passivity is 
most common in all age encounters after naso-nasal, and that retreat is 
common among all ages with no initial contact. Significant differences 
in reactions between age encounters are lacking. 

Submissive postures were often lacking. Submissive posture b (see 
above for description) was most common, a significantly less common. 
Neither posture occurred in a meeting between two adults. Posture b was 
most frequent among juveniles, a most frequent between a juvenile and an 
adult. Neither posture was common during or after passivity or retreat, 
however, both were common before retreat. We may conclude that most 
encounters were either terminated before submissive behavior was exhibited 
or that the nature of the encounter included actions of submissiveness 
other than the a and b postures recorded. It is thought that submissive
ness was not shown between adults because all adults in the population 
were of equal status in the face of the heavily balanced population of 
juveniles. 

The fact that b was most common between juveniles and a between juv
eniles and adults suggests that in an encounter which involves a juvenile 
approaching an adult, submissiveposture involves a raised head position 
rather than a lowered position to appear to be a greater threat to the 
adult animal than it is in reality. The hierarchy of age establishes the 
juveniles as subordinate to begin with, but the raised head submissive 
posture may be an effort to establish a dominant position before the adult, 
while acting within a subordinate framework as the younger animal. The 
lowered head position between juveniles is perhaps the true submissive 
posture between equals in age status and is related only to the particular 
situation. 
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Of the three circling encounters observed, all occurred between juv
eniles and all were preceded by naso-anal contacts. Most circles were of 
short duration and all terminated in either both animals eating or one 
animal eating and the retreat of the other. Rather than any kind of 
agonistic behavior, circling seems to be recognition and exploratory be
havior of another individual. Rarely does aggressive behavior follow. 
It seems to be the recognition of dominance rather than the establishment 
of such. 

Boxing and batting are definitely interpreted as agonistic behavior. 
In contrast to circling where all encounters are preceded by naso-anal 
contact, no boxing encounters begin with such contact. They are either 
initiated by naso-nasal contact or rushing. Boxing can be interpreted 
as surprise behavior by an animal caught off guard by another entering 
his zone of defense without warning. The original animal instinctively 
defends himself and strikes at the threat before chasing it out of the 
vicinity or retreating himself. Such encounters seem to have little to 
do with rank in the hierarchy. More likely, they are related to the 
immediate situation only. 

Tumbling also lacks initial contact. The data show that equal fre
quency occurred between crosswise and lengthwise orientation. We have 
interpreted the action as agonistic behavior brought on by surprise. It 
usually occurs when one animal is rushed or approached suddenly in an 
unexpected manner. The short duration of most tumbles suggests that the 
intent of the initiator is not to antagonize the opposing animal any more 
than possible, however, on occasion tumbling is repeated a number of times 
with equal force which suggests that tumbling can be used in a fully agon
istic manner. The terminal postures of eating suggest that the encounter 
is not always a serious one. 

Chases occur primarily between juveniles and generally lack initial 
contact or are initiated by naso-nasal contact, or boxing. To a lesser 
degree, chases are initiated by naso-anal contact, tumbling, mounting, 
or squeezing. No chases involved a juvenile chasing an adult. Most 
chases terminate with both animals in alert postures, both eating, or 
one in alert and one in a stay-threat posture. All are terminated by 
the chaser who stops before he reaches the animal he is pursuing. Chas
ing seems to be the final segment of an agonistic encounter showing who 
is dominant and who is subordinant. However, the fact that the pursuer 
never catches up to the animal retreating but always stops after a suf
ficient distance shows that most chases are not initiated with intent to 
overtake and continue the encounter. 

Chasing serves to impress the subordinate animal with his subordi
nance. Terminal postures of alertness can be interpreted as an awareness 
of danger by both animals. Their postures of eating suggest that the 
encounter is forgotten or has been directed in other channels. In the 
case of one animal remaining in stay-threat position, the subordinate is 
ready to continue the encounter if necessary, however, this rarely happens. 
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Terminal postures most common after circling, boxing, tumbling, or 
chasing, are alert postures among adults. Juvenile encounters rarely 
terminate in alert postures. Stay-threat postures are far more co~non. 
Such a pattern can be attributed to the adults' greater awareness of 
danger than the young, as well as their relative stability in the hier
archy. The young may not only be less aware of external threat, but also 
may still be jogging for position in the hierarchy, hence stay-threat 
postures. The young are far more willing to continue an agonistic 
encounter to prove their dominance than an adult whose position is secure. 

Most vocalization occurs among animals either before or during boxing, 
batting, circling, tumbling, chasing, or squeezing. Although it was dif
ficult always to tell which animal vocalized and to classify his vocaliza
tion, most common sounds were "grinds", "chirps", and sharp "cheeps." 
Grinding is most prevalent during boxing, batting, tumbling, and squeezing 
encounters. Cheeps are most commonly vocalized in chases, and squeezing 
and "chirps" in circling pos t ures. Vocalization rarely occurs during 
initial contact perhaps because its function is to connote either warning 
or attack in most cases. 

Squeezing generally occurs when t\V'O or more animals crowd around a 
food source. The majority of squeezing encounters lack initial contact, 
however, when e~tablished, they always include naso-anal contact because 
the animal always approaches from the rear. Most squeezing occurs between 
juveniles. We have interpreted squeezing as a mechanism to avoid confron
tation by being so close to another animal as to make confrontation impos
sible, or as a means of admitting subordinance by the squeezed. Generally, 
the animal who approaches a feeder slowly and progresses toward the food 
source in several successive squeezes is successful in producing a minimum 
of antagonism. The animal who rushes in is usually confronted and forced 
out. Squeezing is an antagonism-reducing mechanism. 

In general, we conclude t hat the increase of squirrels in an area 
makes for fewer formalities. Act ivity, vocalization, and short, quick 
encounters are increased. When 10-12 animals feed together, very little 
agonistic behavior occurs. Chases and tumbling are prevalent. In spite 
of interaction between juveniles and adults, there is no seeming dominance 
over the juvenile by the adult. Such behavior may be explained by general 
excitement over new and more abundant food (as was the case). Increased 
encounters in turn, influence the duration of encounters which influences 
their gravity. Thus, the greater the number of animals present, the less 
serious each encounter is, and the less pressing is hierarchy pressure. 

Agonistic behavior is increased immediately after a major encounter 
between two animals. The initial encounter may occur without provocation. 
The immediate reaction is grinding, pushing, and chasing among other mem
bers of the colony. The pattern may also be interpreted as a reshuffling 
of positions around a food source and a natural reaction of chasing and 
tumbling to make space for each animal in the new formation. 

The study involved problems which should be discussed. First of all, 
the study was limited in length due to the early date of hibernation among 
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the animals in the Jackson Hole area. Hibernation occurs during the 
third week of August, generally between August 20-24. Because the study 
did not begin until the first week of July, agonistic behavior occurring 
in the spring was not observed, therefore, the study does not give an 
accurate picture of general agonistic behavior. 

Secondly, the population used was a domesticated population living 
in unnatural circumstances. Although it was free-living, it did not 
occupy the accustomed habitat of its species. The colony inhabited the 
grounds of the Research Station, and was habituated to humans. It was 
chosen for its familiarity with humans which facilitated observation, 
and for clear visibility of the population during feeding periods due 
to short grass in the field. Although it is believed that the actual 
postures of the animals were not altered by their "domestication", the 
frequency and circumstances of encounters might have been different from 
those in the field. 

Thirdly, the data-taking process could not help but be subjective. 
Encounters occurred so rapidly that it was difficult for an individual 
observer to remember and record all postures preceding, during, and fol
lowing an encounter. Recording vocalization was equally difficult without 
a tape recorder. Vocalizations varied with the circumstance and with the 
listener. 

Lastly, data results and conclusions are not entirely accurate as few 
encounters included all postures designated in categories. Observation 
was at fault in part, however, many encounters did not follow or include 
expected sequences. In compiling the data into a coherent whole, encounters 
and their related postures had to be juggled one way or another to fit into 
some kind of logical framework. As a result, a margin of error exists in 
the data. 

Supported by National Park Service. 
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The purpose of this work was to throw light upon the appearance of 
Lepidoptera in the Jackson Hole Research Station area during the summer 
of 1969. Personally to me, the comparison between the Lepidoptera fauna 
of this area (high altitude) and the one of Finland (high latitude) has 
been very fascinating. Unfortunately the lack of literature and earlier 
works made it impossible to identify all the different species captured. 
It seems to be obvious that a part of the collected material can be keyed 
out by using literature and comparing the species with those we have in 
the Lepidoptera collection of the University of Helsinki. But at least 
some of them have to be sent to the specialists in the U.S.A. for identi
fication. If the identification turns out to be successful, the results 
will be sent to the Research Station. 

Methods used: For capturing, a sweeping net and a light trap were 
used. Lepidoptera flying at daytime (mostly butterflies) are captured 
with a sweeping net; those flying at nighttime (moths) are captured with 
a light trap. 

The light trap used was type Jalas (made in Finland), the bulb was 
lSOW (normal) and the poison was carbontetrachloride. The trap was set 
in a small pine wood forest at the Research Station area approximately 
20 yards from the Snake River. The light trap was in action through 45 
nights. 

About 60-90 hours were spent to capture Lepidoptera during the day
time with a SNeeping net. The poison used \'las KCN. Altogether about 
1100 individuals were taken for identification. A few observations about 
the weather while capturing · were also made. 

(Mr. Terhivuo also assisted Dr. Michael Parker on his limnological 
studies of lakes in the region. See Dr. Parker's report for results of 
this study.) 

Supported by National Park Service. 
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PHYSICAL FACILITIES 

The Station continued to add to and improve facilities, including 
the following: 

1. The installation of gas heating in the large laboratory, 
replacing a wood-burning stove. 

2. The installation of a new, large water heater in the bathhouse. 

3. The addition of a considerable amount of new furniture which 
was used primarily to add to the comfort and utility of the Library
Seminar room. Other furniture was added to some of the cabins. 

Other improvements, of a minor nature, involved the upkeep and care 
of the buildings and grounds. 
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COOPERATION WITH OTHER AGENCIES 

Among the most important cooperative activities with other agencies 
were the following. 

1. Wyoming State 4-H Field Program. 
Station facilities were made available for the high school 
students participating in the 4-H Field Program of the 
University of Wyoming. 

2. Teton Sciences Field Biology School. 
High schoo 1 students under the supervision of t'-1r. Ted Major, 
science instructor at Jackson-Wilson High School, visited the 
Research Station. In addition to an explanation of the Station 
and its operat ion, students were given an opportunity to visit 
with research workers and learn of the various research activ
ities being carried out at the Station. 

Other high school and university groups also made use of the 
Station facilities and attended seminars. 

3. The Research Station maintained a close cooperation with the 
Park Service, the Forest Service and the Game and Fish Depart
ment throughout the summer. As a result of the continued 
interests of Willard Dilley, Naturalist, Douglas Houston, 
Biologist, and Peter Hayden, Assistant Biologist, of Grand 
Teton National Park, cooperation on research projects at the 
Station continued to be excellent. 

4. During the course of the summer a large number of scientists 
visited the Station. 
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SEMINARS 

An outstanding series of seminars was held at the Research Station 
during the summer of 1969. The series included reports by many of the 
investigators at the Station as well as a number of visiting scientists. 
The discussions which followed each seminar were also very highly inform
ative and stimulating. The seminars were very well attended by both 
Station personnel and other scientists in the area. In fact, our seating 
capacity of about 65 people was exceeded on at least two occasions, with 
people seated on the floor and even listening from outside the building. 

Following is a list of the seminars presented. 

June 26 - Glen Cole - Biologist, Yellowstone National Park 
Elk Research and Big Game Management in National Parks. 

July 3 - Willard Dilley - Chief Naturalist, Grand Teton National Park 
Bird Fauna of Jackson Hole. 

July 10 - Margaret Altmann - University of Colorado 
New Views on Big Game Observation. 

July 17 - James Guest - University of Wyoming 
Distribution and Description of Natural Salt Licks. 

July 24 - Norman Negus - Tulane University 
Population Dynamics of Rodents. 

July 31 - Michael Parker - University of Wyoming 
Why Are Not All Algae Small? 

Aug. 7 - Robert Bergstrom - University of Wyoming 
Parasites of Ungulates of Jackson Hole. 

Aug. 14 - William Calder - University of Arizona 
Diving and Singing: Some Physiological Aspects of Fast Living 
in Small Birds and Mammals. 

Aug. 21 - Edwin Gould - Johns Hopkins University 
Comparative Behavior of Some Small Mammals. 

Special Seminars 

July 13 - Jack Englert - Visitor to Grand Teton National Park 
Wildlife Photography. 

July 23 - Malcolm Gordon - University of California at Los Angeles 
Adaptations for Terrestrial Life in Amphibious Fishes. 

July 30 - Nick Dietrich - Jackson, Wyoming 
Kodachrome slides of Jackson H~le. 



Item 

Research Project 
Part-time Assistants 
Equipment 
Supplies 
Contractual 
Travel 
Fixed Charges 

FINANCIAL REPORT 
1968-69 

December 10, 1968-June 30, 1969 

Budgeted 

$ 382.50 
399.50 

1,532.15 
724.46 
896.12* 
480.52 
359.00 

$4,774.25 

$ 

Expended 

399.50 
629.55 
106.17 
238.39 

$1,373.61 

*Includes $300.00 transferred from Fixed Charges and 
Lower Valley Power and Light. 

July 1, 1969-0ctober 31, 1969 

Item Budgeted* ExEended 

Research Project $4,065.00 $4,040.00 
Part-time Assistants 2,500.00 2,200.00 
Equipment 4,692.60 2,839.13 
Supplies 1,707.93 1,015.22 
Contractual 2,023.65 1,283.39 
Travel 742.30 273.91 
Fixed Charges 459.00 36.00 

$16,190.48 $11,687.65 

so 

Carried Over To 
Next Year's Budget 

$41.71 

$ 

902.60 
617.93 
657.65 
369.30 
359.00 

$2,906.48 

rebate from 

UnexEended 

$ 25.00 
300.00 

1,853.47 
692.71 
740.26 
468.39 
423.00 

$4,502.83 

*Includes money carried over from previous year, therefore, does not indicate 
amounts appropriated for one year. 

Rent received in the amount of $680.00 was placed in the General Fund of the 
University. 
The New York Zoological Society contributed $500.00 toward the Director's 
salary in the form of an honorarium. 
Grants-in-aid in the amount of $1800.00 were given to investigators by the 
New York Zoological Society. 
National Park Service support to Student Conservation Program - $2000.00. 



Altmann, Margaret 

LIST OF PUBLICATIONS ON RESEARCH 
AT 

JACKSON HOLE RESEARCH STATION 

University of Wyoming 
and 

New York Zoological Society 

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

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

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. Zoologica, 41(2):65-71. 

Two ma~king devices for large land mammals. Jour. of Wildl. Mgt., 
20(4):464. With Richard D. Taber and Anton de Vos. 

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

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

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

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

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

1961 "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. Rheingold. John Wiley 
& Sons, pp. 233-25~ 

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 Hm-rell). Anat. Rec., 134(3):529. 

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

1962 Social behaviour of a colony of the yellow-bellied marmot (Marrnota 
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(III). 

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

Hypocaryophyllaeus gilae n. sp. (Cestoda: Caryophyllaeidae) from the 
Utah chub, Gi l a atraria, in Wyoming. Proc. Helm. Soc. Wash., 20(2): 
113-117. Published by Jacob H. Fischthal using Bangham's material. 

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

Beetle, Alan A. 
1957 A study of range condition classes in the Jackson Hole region of 

Wyoming. Wyoming Range Management Issue No. 104. (Mimeo.) 

1960 A Study of Sagebrush. Bulletin 368, University of Wyoming Agricul
tural Experiment Station, June ~ 

1961 Range Survey in Teton County, Wyoming. Part I. Ecology of Range 
Resources. Bulletin 376, University of Wyoming Agricultural Experi
ment Station, Harch. 

1962 Range Survey in Teton County, Wyoming. Part II. Utilization and Con
dition Classes. Bulletin 400, University of Wyoming Agricultural 
Experiment Station, December. 

1968 Range Survey in Teton County, ~yarning. Part III. Trends in Vegeta
tion. Research Journal 26, University of Wyoming Agricultural 
Experiment Station, December. 

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 Nautilus, 71(1):12-22. 

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

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

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

9:77-78. 

An ecological survey of the herpetofauna of the Grand Teton-Jackson 
Hole area of Wyoming. Copeia, 3:170-174. 

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

1954 A study of amphibian movement in the Jackson Hole Wildlife Park. 
Copeia, 3:197-200. 

Craighead, Frank C. 
1951 A biological and economic evaluation of coyote predation. N. Y. 

Zool. Soc. and the Conservation Found. July (booklet) 

Craighead, John J. 
1952 A biological and economic appraisal of the Jackson Hole elk herd. 

N. Y. Zoo!. Soc. and the Conservation Found. November (booklet) 

Craighead, Frank C. and John J. Craighead 
1949 Nesting Canada geese on the Upper Snake River. Jour. Wild!. Mgt. 

13(1):51-64. 

1950 The ecology of raptor predation. Trans. 15th No. Arner. Wild!. Conf., 
pp. 209-223. 

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

Madrono, 16(6):201-203. 

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(1) :58. 

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

Diem, Kenneth L. 
1967 Banding Studies of Water Birds on the Molly Islands, Yellowstone Lake, 

Wyoming. Yellowstone Library and ~1useum 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 

Cor.mlission, Cheyenne, Wyoming. 
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Edwards, William c. 
1964 A preliminary investigation concerning the plant ecology of the willow 

flats on Jackson Lake, Jackson Hole, Wyoming. Proc. 74th Annual 
Meeting of the Nebr. Acad. of Sciences, May 1 & 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. 

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, l'Jyoming. Entomological News, 74(9):233-239. 

1964 Observations on the ethology of digger wasps of the genus Steniolia 
(Hymenoptera:Sphecidae:Bembicini). Amer. Mid. Nat., 72(2):257-280. 
(With J. E. Gillaspy) 

1965 Simultaneous care of more than one nest by Ammophila azteca Cameron 
(Hymenoptera, Sphecidae). Psyche, 72(1):8-23. 

1966 The Comparative Ethology and Evolution of the Sand Wasps. Harvard 
Univ. Press, 526 pp. 

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

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

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

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

Jour. Mammal., 32(1):118-120. 

A record of moose speed. Jour. ~1ammal., 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. 
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French, Norman R. 
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 wilderness area management. Jour. Wildl. 

Mgt. , 18 ( 4) • 

Houston, Douglas B. 
1968 The shiras moose in Jackson Hole, Wyoming. Grand Teton Nat. Hist. 

Assoc., Tech. Bull. #1. 

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 Ecology of the chub, Gila atraria with special 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 North

western Wyoming. J. of Range Mgt., 18(4):218-220. 

Kennington, Garth s. 
1957 Influence of altitude and temperature upon rate of oxygen consumption 

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

1961 The influence of temperature and atmospheric pressure on the rate of 
oxygen uptake in Tribolium confusum. Ecology, 42(1):212-215. 

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 Mammal., 38(1):132-133. 

1958 The initial pattern of revegetatjon .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. 

A report on land snails of the Jackson Hole region, Wyoming. The 
Nautilus, 65(2):60-65. 



6 

Licl1t~ardt, Robert W. 
1967 Zygospores and spore appendages of Harpella (Trichomycetes) from 

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

LoNr i e, Donald C. and Willis J. Gertsch 
1955 A list of the spiders of the Grand Teton Park area, with descriptions 

of some new North American spiders. Amer. Museum Novitates, No. 1736. 

1967 

1968 

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

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

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

Zoologica, 43, Pt. 1, No. 1, April 4, 1958. 

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

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

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

Nakamura, Mitsuru 
1950 A survey of Pasteurella tularensis infection in the animals of the 

Jackson Hole area. Zoologica, 35(11):129-131. 

Ne gus, 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. 

1964 Evidence for echolocation in shrews. J. Exp. Zoo!., 156(1):19-38. 
With Edwin Gould and Alvin Novick. 

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

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

1958 Coprozoic protozoa from Wyoming mammals. J. Protozoal., 5(1):69-74. 
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Noble, Glenn A. (cont.) 
1961 Stress and Parasitism. I. A preliminary investigation of the effects 

of stress on ground squirrels and their parasites. Exper. Parasit., 
11(1):63-67. 

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

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

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

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

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

Zoologica, 34(1). 

Rausch, Robert and Everett Schiller 
1949 A contribution to the study of North American cestodes of the genus 

Paruterina Fuhrmann, 1906. Zoologica, 34(1). 

Reed, John F. 
1948 Botanical investigations in the Jackson Hole Wildlife 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, Hyoming. Am. Hid. 
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. 

1961 Blood constituents of Amblystoma tigrinum. Anat. Rec., 140(4):337-340. 

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 ~Jeights 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. 
1952 The relation of metabolism to climate and distribution in three finches 

of the genus Carpodacus. Ecol. Hon., 22:121-152. 

1957 An analysis of avifaunas in the Teton Hountains and Jackson Hole, 
Wyoming. The Condor, 59(6):373-393. 
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Scherba, Gerald 
1961 Nest structure and reproduction in the mound-building ant Formica 

opaciventris Emery in Wyoming. J. of theN. Y. Ent. Soc., 69:71-87. 

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

1964 Analysis of inter-nest movement by workers of the ant Formica opaci
ventris (Hymenoptera: Formicidae). An. Behav., 12(4):508-512. 

Species replacement as a factor affecting distribution of Formica 
opaciventris Emery (Hymenoptera: Formicidae). J. of the N. Y. Ent. 
Soc., 1!:231-237. 

Analysis of inter-nest movement by workers of the ant, Formica 
opaciventris. Amer. Zool., i(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 
tvildlife Park. 

The Wyoming or Yellowstone moose. Wildlife Series No. 2, Jackson 
Hole Wildlife Park. 

Smith, Dixie R. 
1959 Changes in interspecific associations as related to grazing pressures. 

Jour. Range Ngt., 12(6):309-311. 

1960 Description and response to elk use of two mesic grassland and shrub 
communities in the Jackson Hole region of Wyoming. Northwest Science 
34(1):25-36. 

1961 Competition between cattle and game on elk winter range. Wyo. Ag. 
Exp. Sta. Bull. 377, 16 pp. 

Solheim, ltJ. G. 
1960 Mycoflora Saximontanensis Exsiccata. Centum XI and XII. U. of Wyoming 

Publ. 24(3 & 4):22-33; 34-55. 

S.pencer, Warren P. 
1950 The Drosophila of Jackson Hole, Hyoming--a taxonomic and ecological 

survey. Am. Mid. Nat., 43(1):79-87. 

Thornton, Charles Stead 
1956 Epidermal modifications in regenerating and in non-regenerating limbs 

of anuran larvae. J. Exp. Zool., 131(2):373-394. 

The relation of epidermal innervation to the regeneration of limb 
deplants in Amblystoma larvae. J. Exp. Zool., 133(2):281-300. 
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Thornton, Charles Stead (cont.) 
1957 The effect of apical cap removal on limb regeneration in Amblystoma 

larvae. J. Exp. Zool., 134(2):357-382. 

1958 The inhibition of limb regeneration in urodele larvae by localized 
irradiation with ultra-violet light. J. Exp. Zool., 137(1):153-180. 

1960 Influence of an eccentric epidermal cap on limb regeneration in 
Amblystoma larvae. Dev. Bioi. 2(6):551-569. 

Regeneration of asensory limbs of Amblystoma larvae. Copeia. No. 4, 
pp. 371-373, Dec. 30. 

Thurmond, William 
1967 Hypothalamic chromatophore-stimulating activity in the amphibians 

Hyla regilla and Ambystoma tigrinum. Gen. and Comp. Endocrinology, 
8(2):245-251. 

Onset of chromatophore-stimulating activity by the hypothalamus and 
adenohypophysis in Hyla regilla and Arnbystoma tigrinum. Gen. and 
Comp. Endocrinology~2):252-257. 

Intermedin-like activity by the pars distalis of the salamander 
Ambystoma tigrinum. Amer. Zool., 7(2):7, May. 

1968 Onset of melanophore-stimulating activity of the pars distalis and 
pars intermedia of the tiger salamander Ambystoma tigrinum melano
stictum. Amer. Zool. 8(4):113, November. 

Tiner, Jack D. 
1951 Observations on larval carnivore ascarids in rodents. Jour. Parasit., 

37(Sup.):21-22. 

1952 Speciation in the genus Ascaris: Additional experimental and morpho
logical criteria. Jour. Parasit., 38 (sup.):57. 

1953 The migration, distribution in the brain, and growth of ascarid 
larvae in rodents. Jour. Infect. Dis., 92:105-113. 

Fatalities in rodents caused by larval Ascaris in the central nervous 
system. Jour. Mammal., 34:153-167. 

Williams, Olwen 
1959 Food habits of the deer mouse. Jour. of Mammal., 40(3):413-419. 



Addendum 

Houston, Douglas B. 
1969 Immobilization of the Shiras moose. Jour. Wildl. Mgt., 

33(3):534-537. 
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