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The University of Utah Anthropological Papers are a medium for
reporting to interested scholars and to the people of Utah research in
anthropology and allied sciences bearing upon the peoples and cultures
of the Great Basin and the West. They include, first, specialized and
technical record reports on Great Basin archeology, ethnology, lin-
guistics, and physical anthropology, and second, more general articles
on anthropological discoveries, problems and interpretations bearing
upon the western regions, from the High Plains to the Pacific Coast,
insofar as they are relevant to human and cultural relations in the
Great Basin and surrounding areas.

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, reports relating to that re-
search program are being published as a series within a series, bearing
numbers in the general sequence of the papers as well as their own

identifying numbers.

The Glen Canyon subseries will represent a wider range of the
sciences and humanities than the parent series itself. The project pro-
vides for studies of the natural history of the Glen Canyon area and
its inhabitants so that the relations of the prehistoric cultures and their
settings will be understood in depth. As contact with Western peoples
and cultures has had a varying effect upon the native Americans and
the land, some papers will be concerned with the Colorado in the more
recent past. Most of the Glen Canyon publications, however, will be
archeological reports.
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PREFACE

In an attempt to correlate the inter-departmental studies conducted
separately as a part of the Upper Colorado River Basin Archeological Salvage
Project, Angus M. Woodbury and I decided the most feasible manner in which
to relate animal, plant and human ecology of the Glen Canyon was to collabo-
rate, and compare the data (all published in the University of Utah Anthropo-
logical Papers) collected by the Biological Sciences Division and the Department
of Anthropology. Our intent was to pool our ideas and arrive at a comprehen-
sive report of the relationships of climate, plants and animals to human occu-
pance of the area.

This comprehensive report was not well underway when it was terminated
by the untimely death of Woodbury in an unfortunate automobile accident in the
summer of 1964. However, Woodbury had already roughdrafted most sections
of his portion of the report and had presented his ideas and compiled his data.
While I felt that these views should be presented, I also felt it would not be
appropriate to alter his ideas and data by incorporating them with mine. Hence,
this posthumous report is entirely Woodbury's contribution, even though cer-
tain editorial liberties were taken with the material. These include consider-
able format reorganization, deletion of repetitive statements and recombination
and addition of conjunctive statements that seemed to be necessary for clarity.

Nevertheless, the report--the ideas, concepts and data--are
Woodbury's.

Jesse D. Jennings
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INTRODUCTION

Archeological work has shown that the densest occupation of Glen Canyon
and immediately adjacent highlands occurred between A.D. 900 and 1250, a
relatively short period of time in the history of man on this continent. There
were earlier inhabitants, probably during Basketmaker times, but sites of
this age are scanty. There was also some sparse use of the area by historic
tribes in northern Arizona during the sixteenth century.

Archeologists have assigned a preponderant number of the sites to the
Pueblo Il period, approximately A.D. 900 to 1100, and to the Pueblo III' period,
approximately A.D. 1050 to 1300. Both cultures were associated with pottery
and antedated the coming of the Navajos, who have apparently wandered in and
out of this basin area since their arrival, without establishing important habi-
tation sites.

Schulman (1956, 69) indicates that there was an extraordinarily severe
drought in the Colorado River Basin from about A.D. 1215 to 1299, except for
occasional relief about mid-century, and an extraordinarily wet period from
A.D. 1300 to 1396. According to his data, these excesses far exceeded in
duration and intensity anything found in modern records. On this assumption,
the decline and disappearance of these Glen Canyon people may have been part
of a general exodus of Pueblo inhabitants southward from the Four Corners
region and of a shrinkage of the area of Pueblo dominance, all of which cor-
responds with this long period of drought. If so, there would have been no
population left in Glen Canyon to take advantage of the wet period of the next
century.

But this hypothetical explanation is too simple. It has been challenged
by Martin, et al. (1962, 191-206) and by Martin, Schoenwetter and Arms
(1961, 78-92) on the basis of pollen analyses in eastern Arizona and western
New Mexico. Their proposed climatic model for the arid Southwest differs
largely in their interpretation of cycles indicated as drought by the tree ring
studies because ''it is difficult to reconcile the pollen record with a climatic
interpretation of extreme drought. "' Neither do they agree with Antevs'

(1955) hypothesis that in the Southwest during the intense cyclical droughts, the
vegetation cover is reduced and, when rains occur, there are few plants left

to absorb the water, resulting in its running off the surface cutting and denud-
ing the flood plains. They propose that if climatic conditions have remained
stable and changes in meteorological conditions are due to environmental shifts
in weather, then 'time horizons in which arroyo-cutting is widespread may be
considered periods in which there were more numerous summer storms. "



Lance (1963, 353) has analyzed the alluviation in Lake and Moqui tribu-
taries to Glen Canyon, typical of many other canyons of the region. He indi-
cates that alluviation to the depth of tens of feet followed bedrock cutting of
the canyons during late Quaternary time and evidence of several cycles of
filling and erosion still persists in the form of alluvial terraces along the
walls. After describing and analyzing the sediments in relation to the arche-
ological sites in the canyons, Lance (1963, 362) indicates that the stream in
Lake Canyon, flowing over bedrock, is now in a down-cutting phase of an
erosional cycle believed to have begun in late nineteenth or early twentieth
century. This down-cutting cycle has extended through much of theprevious fill,
exposing the depth of the deposit and showing its stratification. Lance assumes
that most of the sedimentary filling has been deposited by streams, some of
which had been captured in lakes, and some by blowing sand. Vegetation along
streamsides and in ponds and lakes had colored some of the fill.

Despite the suggestion by Cooley (1962) that there may have been a down-
cutting cycle between A.D. 1100 and 1300, with refilling of as much as 30 ft.
of sediment after that time, Lance, after estimating that filling of a previously
cut canyon had begun early in the Christian era, concludes that the evidence
does not indicate a down-cutting erosional cycle until the beginning of this
century, certainly not one affecting the habitability of LLake Canyon during
occupancy of the canyon by aborigines. ILance also has difficulty in correlating
the erosional cycle here with the standard sequence described by Hack (1942;
1945) for the Tsegi Canyon farther south.,

Interpreting the aboriginal ecology of the Glen Canyon is, at best, a
complex problem, but conflicting interpretations based on meager data from
tree rings, pollen analyses, and geoclimatic and alluviation studies add to the
confusion. A satisfactory and comprehensive integration of all lines of evi-
dence will require a great deal more investigative material than is available
at present. But perhaps a few ideas derived from many years of ecological
study in the semiarid West and specifically from investigations made by Uni-
versity of Utah expeditions into that rugged erosion-dissected terrain of the
American Southwest will be useful. The detailed reports of the investigations
made by the Division of Biological Sciences are found in the University of Utah
Anthropological Papers (31, 36, and 40) and those by the Department of Anthro-
pology in University of Utah Anthropological Papers (30, 39, 41, 43, 44, 49,
52, and 63).

The archeological investigations, under the direction of Jesse D.
Jennings, included surveys and excavations of many of the sites used by abo-
riginal inhabitants that will be covered by storage waters of the Glen Canyon
Reservoir (Lake Powell). Plant and animal remains collected from these sites
were later correlated with studies of the present flora and fauna.



Collections of biological remains and artifacts include large numbers of
plant parts and vertebrate bones and smaller numbers of hides, horns, fur,
and feathers, some of which had been worked for special uses. Of the un-
worked plant remains, studied by Seville Flowers, many were inadequate for
accurate identification. Those identified belonged to 67 species of 30 families
of present-day native plants, mainly grasses, shrubs and trees. Of the un-
worked animal remains, nearly 2200 identifications or partial determinations
have been made by S. D. Durrant. These represent individual bones, horns,
hides or other animal parts and cannot be translated quantitatively into animal
numbers but do represent qualitatively the kinds of animals present at the
archeological sites. These indicate the presence of (unidentified) fishes,
toads, lizards, and birds. In addition, two species of birds and 22 species of
mammals belonging to 13 families were identified.

Biclogical investigations covering much of the same area, made under
the writer's direction by biological specialists, emphasized the kinds, quanti-
ties, and distribution of terrestrial vegetation and the animals associated with
it. Studies of aquatic life included that of the river, however the tributaries
proved to be much more productive of aquatic life. The results of the biolog-
ical investigations made possible the identification of much of the present -day
flora and fauna, from which the correlation with the archeological collections
was made.



KINDS AND DISTRIBUTION OF VEGETATION

The monotonous expanse of nearly uniformly spaced bushes of black
brush on the mesas above the brinks of Glen Canyon is broken by small washes,
gulleys, arroyos, and side canyon chutes draining upper catchment basins into
the river. The only erosion-producing drainage flowing from these basins oc-
curs either during rapid snow melt or heavy rains, such as summer thunder-
showers. Such drainage represents water loss from precipitation and hence
loss to plant and animal use. Other water from precipitation soaking into the
ground usually adds to the soil supply. On the mesas and sidehills there is no
such thing as a water table derived from the meager precipitation in this semi-
arid climate.

In fact, in this highly dissected terrain, water tables rarely occur. Water
of subterranean aquifers arising indistant mountains may find outlets as seeps
or springs in cliffs, sidehills, or canyon bottoms. Run-off streams supply
water to store in bed and banks while the water is running but the amount
stored depends largely upon the size of the stream and length of the flow. Per-
manent streams also supply water to bed and banks but this generally flows
in the soil of the banks slowly down canyon and, as the stream fluctuates, water
in the banks follows suit with considerable lag.

The thrifty vegetation along the edge of the Colorado River in Glen Can-
yon depends upon this water in the banks and is not likely to be affected by local
environmental shifts in weather since this water arises in distant mountains.

It is the water in banks of arroyos and side canyons arising from run-off floods
in local catchment basins that is subject to great fluctuation. Since the thun-
derstorms are so erratic in pattern of distribution, some catchment basins
may be missed for several years at a time while others may be hit in rapid
succession.

This erratic distribution of run-off producing rainfall should have an in-
fluence on the amount and kinds of vegetation produced in arroyos and side
canyons in different years and this makes it difficult to draw general conclu-
sions from vegetation in such places about the climatic conditions. Questions
also arise about the catchment basins above these drainage pathways. How
do the pelting rain drops of such heavy storms affect the surface of the ex-
posed soil between the bushes in respect to soil absorption of the water and
subsequent evaporation? How much more net storage of soil water useful to
plants will be available from such storms? Only investigation can answer.



Cycles of sediment filling and erosional cutting are well known phenom-
ena in washes, arroyos, and side canyons. It is also well understood that
vegetation has much influence on the processes but differences exist in the in-
terpretation of the causes and operation of the cycles. Observations during
the writer's long experience suggest that after a cycle of cutting, temporary
streams begin to aggrade their beds above obstructions of rocks, logs, brush
or other things lodged in their paths. Building their beds higher may continue
even during large floods if the lodgements hold. Vegetation along the beds
and banks of the flood plain is especially helpful in holding the sediment as it
builds, often shifting the course of the stream from side to side.

After a period of building, almost anything that will open the way for a
flood stream to break out of its rock or vegetation bound course and let it cut
through the plant root zone or around the obstructions in its path may start a
cycle of cutting again. This is especially noticeable in game or livestock
trails and in vehicle tracks and roadways. Once started, large floods, with
more water, more sediment, and more force, will cut faster than smaller
ones. Several such cycles of filling and cutting can be observed in many of
the open arroyos and side canyons of the Glen Canyon region. It is very diffi-
cult to correlate these with wet and dry cycles of climate.

The falling pollen in Glen Canyon varies with the time of year, the kinds
of pollen being produced, the amount available, the force and direction of winds,
the flotability of pollen in the air, propinquity to pollen sources, and many
other factors. It is probable that the pollen rain pattern changes continually
during the season, changes radically from canyon to canyon and from place to
place. It is difficult to see how pollen analyses from sites in high altitudes at
the headwaters of streams can be generalized into climatic patterns that will
apply to the lowland sites of Glen Canyon.

An intensive study of the vegetation in Glen Canyon, from the mouth of
Dirty Devil River near mile 170 (measured in river miles above Lees Ferry,
Arizona) to the Glen Canyon dam site at mile 15, covering about 28,000 acres,
showed three general types of vegetation, the separation being indicative of
the availability of water. As reported by Woodbury, Durrant, and Flowers
(1959), the cliff walls of the canyon are mostly bare of seed plants except in
cracks, crevices, and shelves, but most of the bare surfaces are covered
with lichens or mosses. Most of the vascular vegetation occurs in the bottom
of the canyon, on the taluses below the cliffs, or on the mesas above the
canyons.

Vegetation on the hillside taluses, depending solely upon precipitation
water, is widely spaced, covering only approximately one-fifth of the ground
surface. The remainder of the surface is usually bare except when extra



moisture in the soil supports a growth of annuals between the bushes. Other-
wise the bare soil heated by the summer sun and pelted by infrequent summer
rains is subject to run-off and erosion. Perennials that survive only on pre-
cipitation water are adapted to parsimonious use of water by limiting the
evapo-transpiration losses or by storing water in the plant body when it is
available and using it to tide over dry periods.

Along the edge of the stream, where conditions are propitious for plant
growth the primary phreatophytic plants, with their roots immersed in perco-
lating soil water supplied by the river to its banks, usually cover the ground
completely so that the sun's rays cannot reach the soil. This dense vegetation
usually provides a deep layer of litter on the ground that absorbs and holds all
precipitation so that there is no run-off. Having plenty of water in the soil at
their roots, the plants are not adapted to parsimonious use of water and use it
freely in evapo-cooling by evapo-transpiration.

On the terraces behind the streamside vegetation, where secondary
phreatophytes use capillary water drawn from percolating subterranean water
sources, the plants are usually intermediate between the two extremes. They
cover approximately one-half of the soil area and usually include heavier
crops of annual vegetation between the perennial bushes than do those on the
hillside. They usually have intermediate adaptations for limiting the evapo-
transpiration losses and storage of water.

Actually there are many intergradations of plants in their adaptations
for use of water. These range from the water edge sandbar willow outward
through successive primary and secondary phreatophytes to the hillside vege-
tation (Fig. 1). Figure 1 depicts an idealized arrangement of plants in a
cross section transect in Glen Canyon as reported by Woodbury, Durrant and
Flowers (1959, 32). The depicted sequence represents gradations, in a gen-
eral way, from the stream bed outward from (1) dense to less dense vegeta-
tion, (2) more to less litter on the ground, (3) more to less moisture in the
soil, (4) little to much ground surface exposed to the sun's rays and surface
erosion, and (5) cooler to warmer ground temperatures in the summer (re-
versed in the winter from warmer to cooler).

Those plants farthest out on these gradations, having less available
water, can use less of the supply for evapo-cooling. Thus they face the dan-
ger of higher temperatures from the summer sun. Those with small stems
and twigs may be able to re-radiate heat and keep temperatures relatively low
but those with thick bodies, such as the hedgehog cactuses, may be heated by
the sun to extremely high temperatures--as much as 130° to 135°F (Woodbury
1956,, 15).
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