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U N I V E R S I T Y O F U T A H 

A N T H R O P O L O G I C A L P A P E R S 

The University of Utah Anthropological Pape r s a r e a medium for reporting 
to interested scholars and to the people of Utah r e sea r ch in anthropology and a l ­
lied sciences bearing upon the peoples and cul tures of the Great Basin and the 
West. They include, f irst , specialized and technical record repor ts on Great 
Basin archeology, ethnology, l inguist ics, and physical anthropology, and second, 
more general a r t ic les on anthropological d iscover ies , problems and in te rpre ta ­
tions bearing upon the western regions , from the High Plains to the Pacific Coast, 
insofar as they a re relevant to human and cultural re lat ions in the Great Basin 
and surrounding a r e a s . 

For the duration of the archeological salvage project for the upper Colorado 
River Basin which the University has undertaken by contract agreement with the 
National Park Service, r epor t s relating to that r e s ea r ch program a re being pub­
lished as a s e r i e s within a s e r i e s , bearing numbers in the general sequence of 
the papers as well as their own identifying numbers . 

The Glen Canyon subser ies will represen t a wider range of the sciences and 
humanities than the parent s e r i e s itself. The project provides for studies of the 
natural his tory of the Glen Canyon area and its inhabitants so that the relations of 
the prehis tor ic cul tures and their sett ings will be understood in depth. As contact 
with Western peoples and cul tures has had a varying effect upon the native Amer i ­
cans and the land, some papers will be concerned with the Colorado in the more 
recent pas t . Most of the Glen Canyon publications, however, will be archeological 
r epo r t s . 
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FOREWORD 

This report is one of a series of papers dealing with investigations 
of the Colorado River arising out of the water storage program provided by 
Congress for the development of the Upper Colorado River Basin (Federal 
Public Law 4-8$, 84th Congress, 2nd Session). Under this program, a dam 
is being constructed across a narrow gorge in Glen Canyon, fifteen miles 
above Lee's Ferry, Arizona, which will back water 186 miles up Glen and 
Cataract Canyons and 71 miles up the San Juan River to form the Glen Can­
yon Reservoir, most of which lies in Utah. 

A by-product of this program is a plan of the National Park Service to 
salvage the archaeological remains that will be covered by the water of the 
reservoir. A part of this salvage program was undertaken by the University 
of Utah under an agreement with the National Park Service, dated July 23, 
1957. This salvage project, of which Dr. Jesse D. Jennings is Director, in­
cludes in addition to the main archaeological salvage program, a historical 
study of the region and an ecological study of the aboriginal people of the 
Glen Canyon region. 

At the request of Dr. Jennings, the Division of Biological Sciences 
undertook the ecological study. Dr. Don M. Rees, head of the Division 
called upon Angus M. Woodbury to organize the work. In doing so, he has 
had the willing cooperation of many staff members. During the course of 
these ecological studies, two reports have been prepared;; one dated Octo­
ber, 19$7, is a preliminary proposal titled "Working Plan for Ecological 
Studies", Glen Canyon Reservoir; the other, dated April, 1958, and titled 
"Preliminary Report on Biological Resources of the Glen Canyon Reservoir", 
was published in the University series of Anthropological Papers, No 31 
(Glen Canyon Series Number 2). 

When the Bureau of Reclamation found need for a program during the 
summer of 1958 to assess the vegetation in Glen Canyon before it is covered 
with water, an arrangement was made by Cecil B. Jacobson, chief of the 
Bureau's Upper Colorado River Office at Salt Lake City through the National 
Park Service, for the University to undertake the study. This report Is 
the result of that study. A part of the background for the study was pro­
vided by a field trip through Glen Canyon from Hite to Lee's Ferry by a 
group that included three representatives of the Bureaus Herbert S.Riesbcl, 
Denver; Don Barnett and Stanley Rasmussen, Salt Lake; and five representa­
tives of the University; Angus M. Woodbury, Walter P. Cottam, Stephen D. 
Durrant, Albert W. Granarnann, and Seville Flowers. During the progress of 
the work and preparation of this report, we have had the genial reoperation 
of Don Barnett, liaison officer for the Bureau; H. R. McDonald of the 
Denver office; Albert M. DeGering and others of the Salt Lake office. 
The design for statistical analysis used in studying the field data was 
provided by Dr. Lowell A. Woodbury. 
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Figures 1 and 2. The Bureau of Reclamation found a need to 
assess the vegetation along the Colorado River in Glen Canyon 
that will be covered by water of the Reservoir. Photos of 
Castle Butte near Red Canyon (above) and bend in the river 
below Hall Creek, 1957. U.S. Bureau of Reclamation photos by 
Stanley Rasmussen. 

vi 



A SURVEY OF VEGETATION IN GLEN CANYON RESERVOIR BASIN 

INTRODUCTION 

In cooperation with a study of the archaeological resources of the Glen 
Canyon Reservoir Basin being made by the Department of Anthropology, Univer­
sity of Utah, under an agreement with the National Park Service, dated July 23, 
195'7, an auxiliary study of the biological resources that may have been avail­
able to the aboriginal inhabitants of the basin was undertaken by the Division 
of Biological Sciences• 

During the summer of 1958, an expedition was sent by the University 
through ruggedly isolated Glen Canyon to study the biological resources . 
This expedition had three main objectives: (l) to obtain information about 
the plants and animals of the region that may have affected the lives and 
distribution of the aborigines, (2) the limnology of the Colorado River and 
its tributaries, and (3) a survey of the vegetation In the reservoir basin to 
determine the kinds and quantities of plants that would be lost when the re­
servoir is filled, figures 1 and 2. This report deals with the last objective» 

The survey of vegetation was made in cooperation with the Bureau of Re­
clamation through its Upper Colorado River Office at Salt Lake City. It was 
undertaken by University specialists under the leadership of Angus M.Woodbury 
of the University's Ecological Research Colorado River Project in consulta­
tion with the Bureau liaison officer, Don Barnett of the Upper Colorado River 
Officeo Plans for the expedition developed through negotiation with the 
University of Utah Department of Anthropology, the Utah State Department of 
Fish and Game, and the Bureau of Reclamation Upper Colorado River Office, pro­
vided for a trip from Hite to Lee's Ferry beginning about July 1 after the 
high water season had passed. Plans for the vegetation survey included a pre­
liminary trip to Hite during early June to establish detailed procedures for 
the later expedition. 

PRELIMINARIES 

In preliminary negotiations for this study, the Upper Colorado River 
Office supplied aerial photographs of Glen Canyon accessory supplies and cer­
tain other equipment. These photographs (18 x 18 inches) were provided with 
overlay sheets upon which to map the areas of vegetation in the field. The 
preliminary trip to Hite to plan methods and procedures was taken June 8 to 
10, 1958. Personnel of the trip, figure 3, included Bureau representatives 
H. R. McDonald, Denver, and Albert M. DeGering, Salt Lake', University of Utah 
staff specialists Drs. Angus M. Woodbury, Stephen D. Durrant and Seville 
Flowers; graduate students Harold G. Higgins, Grant 0. King and Delbert W. 
Lindsay;and Dr. Earl M. Christensen of the Brigham Young University. 

On this preliminary trip, it was agreed that on the later expedition 
the University personnel would map the different types of vegetation on the 
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Fig. 3« Personnel of the preliminary trip to Hite, June 8 
to 10, 1958. From left: Earl M. Christensen, Delbert W. 
Lindsay, Stephen D. Durrant, Harold G. Higgins, Seville 
Flowers, Angus M. Woodbury and Grant 0. King (behind); Albert 
M. DeGering not shown. Mile 166. Photo by H. R. McDonald, 
U. S. Bureau of Reclamation. 

Fig. A. Part of personnel of the summer expedition of 1958 
at mouth of Long Canyon, Mile 95.5, looking upstream, wet 
sand in foreground, July 18, 1958. Photo by Delbert W. Lindsay. 
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PRELIMINARIES 

overlay sheets, make ocular estimates of the vegetation on each such area and 
record the data on tabulation sheets. The specialized personnel making these 
estimates were to receive an initial period of training in the field and also 
check their ocular estimates weekly by a series of measured transects. 

THE SUMMER EXPEDITION OF 1958 

The expedition was planned for midsummer after the high water season had 
passed and when faculty and students of the University would be free to parti­
cipate. It was organized in May while many of the personnel were still other­
wise uncommitted for summer work. Arrangements were made with the Hatch River 
Expeditions of Vernal, Utah to provide river transportation and a complete 
camp including boats, camp equipment and food supplies. 

The technical personnel of the expedition assembled on June 29 at the 
University and left Salt Lake by bus next morning at 6 A.M. They arrived at 
Hite at 5 P.M., where they found the Hatch Camp established. They were also 
joined by a representative of the Utah State Department of Fish and Game. 

The complete personnel of the expedition consisted of the following? 
Dr. Stephen D. Durrant, field director of expedition; Dr. Seville Flowers, 
chief of the vegetation survey; James Crook, Don P. Gaddis, Heber H. Hall, 
Gideon Herrmann, Harold G. Higgins, H. Wendell Hyde, Grant 0. King, Delbert 
W. Lindsay, Merrill K. Ridd, and Bruce N. Smith, members of the vegetation 
survey crew; Donald D. McDonald, representative of the State Fish and Game 
Department, Guy Musser, and Gerald R. Smith, limnological study team; Nowlan 
K. Dean and Allen Lambert, animal study team; Bruce Lium, in charge of trans­
portation on the river, and Dale Winward, cook, Hatch River Expeditions em­
ployees; a total of 19 men. The camp was supplied weekly by Woody Edgell 
from his White Canyon Grocery across the river from Hite, Figure A. 

After the preliminary period of training and work around Hite and White 
Canyon, the expedition left Hite at 8:30 A. M. July A and continued moving 
downstream as the vegetation survey progressed until the group passed the 
Glen Canyon dam site at 8 A.M., August 7 and floated on down to Lee's Ferry 
late that afternoon. They left Lee's Ferry about 5 P.M., next day by bus 
and arrived in Salt Lake City about 5'30 A. M. next morning, August 9. 

Equipment on the river included two 26-foot rubber pontoons for hauling 
the crews, the scientific equipment and personal gear; one 10-man rubber raft 
manipulated by the cook for transporting camp and commissary supplies; two 
power boats, each with two motors, one supplied by Hatch and the other by the 
Department of Fish and Game. The latter was used primarily by the limnologists 
in their river studies. One pontoon was used on each side of the river in 
servicing the vegetation survey crews. The other power boat was used mainly 
in coordinating activities of the entire group. The river, which was flowing 
about 107,000 second feet on June 9, had dropped to about 22,000 by July 1 
and to about A,000 at Lee's Ferry on August 8. 
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SURVEY OF VEGETATION 

LOG OF THE EXPEDITION 

The log of the expedition from Hite to Lee's Ferry as abridged from the 
report of Dr. Durrant follows. All river miles indicate distance above Lee's 
Ferry. 

July 1 to 3« In camp at Hite engaged in preliminary training of the vegeta­
tion survey crew and in work around Hite. White Canyon and mouth of 
Trachyte Canyon. 

July 4. Left Hite at 8,30 A.M. river mile 162. Stopped at a big island while 
survey crew cruised the island and revised their scheme of mapping and 
tabulating data. Worked down river past Two and Four Mile Creeks and 
camped at mile 153, 9 miles. 

July 5° One pontoon with its crew floats down each river bank, dropping off 
men at appropriate places and picking them up lower down. This leap­
frogging continued downstream to Red Canyon, then on to the mouth of 
Ticaboo Canyon for camp at mile 148, 5 miles. 

July 6. Sunday. No work. The men busied themselves in camp chores, writing 
letters and hiking 3 miles up Ticaboo Canyon where we found springs of 
good drinking water and pools for bathing. Temperature over 100° F„ in 
daytime but dropped to 63° F. last night. 

July 7. Continued leap-frogging the vegetation survey crews downstream and 
camped at mile 142, 6 miles. The first supply boat caught us at the 
first rincon. It had a broken propeller and we loaned the boatman one 
of our motors to return to White Canyon. At supper, we were pleasantly 
surprised to find fresh steaks, vegetables and even ice cream. Hot all 
night. 

July 8. Before leaving camp, the supply boat arrived and returned our motor. 
We worked down river, stopping enroute to work.Seven and Nine Mile side 
canyons and then went on to Warm Spring Creek, mile 137 to camp, 5 miles. 

July 9. Camp kept here today while we worked Warm Spring Creek up to the top. 

July 10. Working downstream, we investigated Cedar and Knowles canyons about 
one-half mile upstream from mouths; continued on down river, stopping to 
investigate Smith and Hansen Creeks and camped on left bank of river at 
mile 129, 8 miles. 

July 11. Continuing downstream, we stopped for lunch at the mouth of Moqul 
Creek but could not ascend its canyon because of high precipitous cliffs 
and quicksand in the stream bed. We camped on the left bank at Mile 121, 
8 miles. Morale high. River still falling and difficult to put men 
ashore. 

July 12. Working downstream, we encountered heavy upstream wind that nearly 
neutralized the pontoon drift with the current. Camped on left bank at 
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LOG OF THE EXPEDITION 

mile 119.9 2 miles. After camp was established, crews visited Bullfrog 
and Hall's Creek, Camp life made miserable by wind and drifting sand, 

July 12, Sunday, Too miserable to stay in camp, so we decided to work. 
Worked downstream to mouth of Lake Canyon, mile 113, 6 miles, where we 
found a fine campsite. This is the area of Lake Canyon rapids and 
shallows where the river is flowing over a solid rock bottom of Kayenta 
sandstone. 

July IX, Day off, in lieu of yesterday. The supply boat arrived at 1:30. 
The operator had knocked his motor out on the rocks in these rapids and 
could not go back upstream. He proceeded downstream to the rincon where 
he was building a road. He had a truck there and planned to go back 
overland and leave the boat at that point. The vegetation crews climbed 
to the top of Lake Fork Canyon and surveyed the vegetation. They also 
found many archaeological ruins. Good spring water was found about 300 
yards above the mouth. 

July 15, We did not move camp today, but continued our work in Lake Canyon 
and other places in the vicinity. 

July 16. We worked downstream today, mostly between bare walls where vege­
tation was sparse. The winds were terrific, one gust blew the hatch 
cover off the power boat. It sailed 30 feet into the air, then fell 
into the river and was lost. We camped on a large sandbar at river 
mile 105, 8 miles, 

July 17, Continued downstream today to mile 101, X miles. We surveyed two 
unnamed canyons on the left side of the river, each of which had a lake 
and permanent water in it. 

July 18. We continued down the river today to mile 91, 10 miles. Much of 
the canyon had barren walls and sparse vegetation. At noon we stopped 
to work Long Canyon which is called Navajo Creek on some maps. 

July 19. We made a short run today and camped at the mouth of Escalante River, 
mile 88, 3 miles. We sent two vegetation survey crews up Escalante River 
to make an overnight camp and then work as far up the river as possible 
the next, morning. 

July 20. Without the crew working up Escalante River, we moved downstream 
to Hole-in-the-Rock where we stopped for investigation and allowed tne 
men to climb out on top. Later we moved downstream to mile 83, 5 miles. 
The power boat returned to the mouth of Escalante River and picked up 
the overnight camping party and brought them down to camp. 

July 21. Day off in lieu of yesterday. The supply boat did not arrive today, 
hence we were very apprehensive about supplies and decided to send our 
power boat back upstream if it did not arrive by morning. 

July 22. As we were striking camp this morning, the supply boat arrived. The 
supplies had been freighted overland to the Big Rincon and brought 
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SURVEY OF VEGETATION 

downstream from there by boat. We worked downstream to the mouth of the 
San Juan River, mile 78, 5 miles. The San Juan River was flowing about 
1,000 second feet. 

July 23 o A dark and dismal morning with high winds and showers. We were un­
able to ascend the San Juan River by boat, hence the survey crews worked 
up on each side of the river as far as feasible. One crew reached the 
top at the base of the Great Bend in the river. They returned about 11 
and we moved camp down to Music Temple, mile 76, 2 miles. The storm 
ceased in the evening, but we were pretty well soaked. Some of the boys 
carried their gear up to Music Temple to camp under the large overhang. 

July 24. We worked downstream as far as the mouth of Aztec Canyon, mile 68.5, 
7.5 mileso 

July 25. Without moving camp, we worked up Aztec Creek and Bridge Canyon as 
far as the Rainbow Bridge. All but two of the men returned to camp. 

July 26. The two men that stayed out last night had arrived by 7 A.M. Later 
we proceeded downstream until late afternoon and camped on a sandbar at 
river mile 63, 5.5 miles. Before leaving camp this morning the river, 
which had hitherto been clear, changed to a dark red color heavy with 
silt, brought down by a storm on the San Juan drainage. 

July 2'7. Going downstream this morning we encountered the expedition of the 
Department of Anthropology, University of Utah, at mile 61. We visited 
their camp and some of their workings, carried on by a crew of seven men. 
Later we moved on downstream to the mouth of Rock Creek, river mile 56, 
7 miles. The river dropped from 4 to 6 inches after the storm and the 
banks were left gooey with red mud. 

July 28. Without moving camp, the vegetation survey crews mapped the three 
forks of Rock Creek. We found good drinking water about a mile upstream 
from the mouth. After lunch, Heber H. Hall and Donald McDonald left in 
the Department of Fish and Game boat for home expecting to leave the 
river at Kane Creek. 

July 29. We worked downstream to the mouth of Last Chance Creek, river mile 
4-9.5, 6.5 miles. We camped on a tremendous sandbar across the river from 
the mouth of the creek. 

July 30. We surveyed the vegetation downstream to river mile 43, 6.5 miles. 
Enroute we surveyed two 'unnamed side canyons that were lush with vege­
tation. In both we found good drinking water a short distance up­
stream from the mouth. We camped on a large sandbar on the right side 
of the river. 

July 31. We worked downstream to tne mouth of Kane Creek, mile 40.5, 2.5 
miles,where we made camp. We surveyed the embayment on Kane Creek. 
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LOG OF THE EXPEDITION 

August 1. We laid over here today awaiting our last supplies. These arrived 
in early afternoon by truck brought in by Woody Edgell from White Canyon 
via Kanab and Wahweap. This is the point at which tourists coming down 
the river leave the canyon. In all, I counted 56 people landing on this 
bare rock. 

August 2. We continued our work downstream and camped on a sandbar at river 
mile 34-, 6.5 miles. 

August 3» We worked downstream to the mouth of Cottonwood Canyon, river mile 
28, 6 miles, where we camped on a wet sandbar across the river from the 
mouth of Warm Creek. 

August 4« We continued the survey downstream as far as river mile 21, 7 
miles where we found a fine spring at the water edge on the right bank 
of the river. We camped on a large sandbar across the stream from the 
spring. 

August 5. A day off for the crew. With Bruce Lium and Dale Winward, I went 
downstream 5 miles to the dam site where I arranged for our passage 
through that area on the morning of August 7th. We found that there was 
little vegetation along this 5 mile strip. 

August 6. We remained in camp and prepared for the trip through the dam site 
on the morrow. 

August 7. We struck camp at 6 A.M. and mapped the sparse vegetation as we 
went downstream to the dam site, which we passed at 8 A. M. and floated 
on down to Lee's Ferry. 

August 8. We were busy all morning beaching and cleaning the boats for load­
ing. The Hatch Expedition Crew departed around noon. At 4 P. M. our 
bus arrived and we loaded It quickly and departed about 5P.M. We 
stopped for dinner at Cliff Dwellers' Lodge and arrived at Kanab at 
about 10 P. M. 

August 9. After traveling all night, we arrived in Salt Lake City at 
5:30 A. M. 
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THE VEGETATION SURVEY 

During the preliminary trip to Hite, June 8 to 10, problems of computing 
the kinds and quantities of vegetation in Glen Canyon were discussed with the 
Bureau representative, Mr, H. R, McDonald, using the pamphlet "A Guide to the 
Density Survey of Bottom Land and Streambank Vegetation" prepared by the Sub­
committee on Phreatcphytes, Pacific Southwest Inter-Agency Committee, as back­
ground for the discussions, Mr, McDonald pointed out certain features of the 
vegetation along the river and outlined the kind of data desired by the Bureau, 
especially emphasizing kinds of data that the Bureau personnel could inter­
pret most easily, 

METHODS OF STuTJY 

Dr, Christensen discussed various methods of measuring vegetation and 
demonstrated types thought to be most suitable for the purpose of training 
and nesting the judgment of observers in making ocular estimates of the den­
sity, height and width of specific areas of vegetation. Some areas above 
Hite were ocularly estimated and then tested by making line transects of the 
estimated vegetation. In the areas selected for sampling, several transects 
(usually about 6), each 50 feet in length, were selected at random and measured 
by the line transect method. 

This line transect method was used by pacing off ten steps from any 
selected point and then arbitrarily stretching a 50-foot measuring tape taut 
In any random direction within the stand. The tape was anchored at each end 
with metal pins, . A second pair of metal pins was used in measuring the 
linear distance In inches that the tape extends across the crown of a plant 
and across bare soil, A second observer recorded on specially prepared sur-
vey sheets the distances read from the tape for each plant and for each bare 
soil exposure. Dead plants and litter were recorded as bare soil since they 
were not drawing water from the soil. These distances were tabulated in 
columns for each kind of plant, Appendix A—2* 

The total distance covered by the tape over or through each species of 
plant computed as a percentage of 50 feet was considered to be the density of 
that species on that line transect. The total of all species was used to in­
dicate tne density of vegetation along that line. The average of several such 
lines was used to indicate both the density of vegetation on the area being 
sampled and the percentage composition of each species. These figures were 
then compared with the densities provided by the ocular estimates and used as 
a guide for training purposes, 

INITIAL TRAINING 

Under supervision of the Bureau representative and University personnel, 
graduate students Higgins, King and Lindsay made ocular estimates of areas 
along the river from Hite to the mouth of the Dirty Devil River, in Trachyte 
Canyon and North Wash, In actual practice, it was soon found that the areas 
selected as units of vegetation were by no means fully uniform in composition 
and the aisas sampled by the transects were not necessarily representative of 
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