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PREFACE 

In an attempt to co r r e l a t e the in te r -depar tmenta l studies conducted 
separa te ly as a par t of the Upper Colorado River Basin Archeological Salvage 
Projec t , Angus M. Woodbury and I decided the most feasible manner in which 
to r e l a t e animal, plant and human ecology of the Glen Canyon was to collabo­
ra te , and compare the data (all published in the Universi ty of Utah Anthropo-
logical Papers ) collected by the Biological Sciences Division and the Department 
of Anthropology. Our intent was to pool our ideas and a r r ive at a comprehen­
sive repor t of the re la t ionships of cl imate, plants and animals to human occu-
pance of the a rea . 

This comprehensive repor t was not well underway when it was te rmina ted 
by the untimely death of Woodbury in an unfortunate automobile accident in the 
s u m m e r of 1964. However, Woodbury had already roughdrafted most sections 
of his portion of the repor t 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 
appropr ia te to a l te r his ideas and data by incorporat ing them with mine. Hence, 
this posthumous repor t is ent i rely Woodbury's contribution, even though c e r ­
tain editorial l ibe r t i es were taken with the ma te r i a l . These include cons ider ­
able format reorganizat ion, deletion of repet i t ive s ta tements and recombination 
and addition of conjunctive s ta tements that seemed to be necessa ry for c lar i ty . 

Never the less , the r e p o r t - - t h e ideas , concepts and d a t a - - a r e 
Woodbury 's . 

J e s s e D. Jennings 
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INTRODUCTION 

Archeological work has shown that the densest occupation of Glen Canyon 
and immediate ly adjacent highlands occur red between A.D. 900 and 1250, a 
re la t ively short period of t ime in the his tory of man on this continent. T h e r e 
were e a r l i e r inhabitants, probably during Baske tmaker t imes , but s i tes of 
this age a r e scanty. The re was also some s p a r s e use of the a rea by h i s tor ic 
t r i be s in nor thern Arizona during the sixteenth century. 

Archeologis ts have assigned a preponderant number of the s i tes to the 
Pueblo II period, approximately A.D. 900 to 1100, and to the Pueblo III period, 
approximately A.D. 1050 to 1300. Both cul tures were associated with pot tery 
and antedated the coming of the Navajos, who have apparently wandered in and 
out of this basin a r ea s ince t he i r a r r i va l , without establ ishing important habi­
tat ion s i t e s . 

Schulman (195 6, 69) indicates that the re was an ext raordinar i ly seve re 
drought in the Colorado River Basin from about A . D . 1215 to 1299, except for 
occasional relief about mid-century , and an ex t raord inar i ly wet period from 
A.D. 1300 to 1396. According to his data, these excesses far exceeded in 
duration and intensity anything found in modern r e c o r d s . On this assumption, 
the decline and d isappearance of these Glen Canyon people may have been par t 
of a general exodus of Pueblo inhabitants southward from the Four Corners 
region and of a shr inkage of the a rea of Pueblo dominance, all of which co r ­
responds with this long period of drought. If so, t he re 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 s imple . It has been challenged 
by Martin, et al. (1962, 191-206) and by Martin, Schoenwetter and Arms 
(1961, 78-92) on the bas i s of pollen analyses in eas te rn Arizona and western 
New Mexico. T h e i r proposed c l imat ic model for the ar id Southwest differs 
l a rge ly in the i r in te rpre ta t ion of cycles indicated as drought by the t r e e r ing 
studies because "it is difficult to reconci le the pollen record with a cl imatic 
in te rpre ta t ion of ex t reme 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 ra ins occur, the re a re few plants left 
to absorb the water , resu l t ing in i ts running off the surface cutting and denud­
ing the flood pla ins . They propose that if c l imat ic conditions have remained 
s table and changes in meteorological conditions a r e due to environmental shifts 
in weather , then " t ime horizons in which a r royo-cu t t ing is widespread may be 
considered per iods in which the re were more numerous s u m m e r s t o r m s . 
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Lance (1963, 35 3) has analyzed the aliuviation in Lake and Moqui t r i bu ­
t a r i e s to Glen Canyon, typical of many other canyons of the region. He indi­
cates that aliuviation to the depth of tens of feet followed bedrock cutting of 
the canyons during late Quate rnary t ime and evidence of severa l cycles of 
filling and erosion st i l l p e r s i s t s in the form of alluvial t e r r a c e s along the 
wal ls . After descr ib ing and analyzing the sediments in relation to the a r c h e -
ological s i tes in the canyons, Lance (1963, 362) indicates that the s t r eam 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 ear ly twentieth 
century. This down-cutting cycle has extended through much of the previous fill, 
exposing the depth of the deposit and showing its s trat if icat ion. Lance a s sumes 
that most of the sed imentary filling has been deposited by s t r e a m s , some of 
which had been captured in lakes , and some by blowing sand. Vegetation along 
s t r e a m s i d e s and in ponds and lakes had colored some of the fill. 

Despite the suggestion by Cooley (1962) that the re may have been a down-
cutting cycle between A .D . 1100 and 1300, with refil l ing of as much as 30 ft. 
of sediment after that t ime, Lance, after es t imat ing that filling of a previously 
cut canyon had begun ear ly in the Chr is t ian era , concludes that the evidence 
does not indicate a down-cutting erosional cycle until the beginning of this 
century, cer ta in ly not one affecting the habit ability of Lake Canyon during 
occupancy of the canyon by abor ig ines . Lance also has difficulty in cor re la t ing 
the eros ional cycle here with the s tandard sequence descr ibed by Hack (1942; 
1945) for the Tsegi Canyon far ther south. 

In te rpre t ing the aboriginal ecology of the Glen Canyon is , at best, a 
complex problem, but conflicting in terpre ta t ions based on meager data from 
t r e e r ings , pollen analyses , and geocl imat ic and aliuviation studies add to the 
confusion. A sa t i s fac tory and comprehensive integration of all l ines of evi­
dence will r equ i r e a grea t deal more investigative mate r ia l than is available 
at p resen t . But perhaps a few ideas derived from many ye a r s of ecological 
study in the s e m i a r i d West and specifically from investigations made by Uni­
ve r s i ty of Utah expeditions into that rugged e ros ion-d issec ted t e r r a i n of the 
Amer ican Southwest will be useful. The detailed repor t s of the investigations 
made by the Division of Biological Sciences a r e found in the Universi ty of Utah 
Anthropological P a p e r s (31, 36, and 40) and those by the Department of Anthro­
pology in Universi ty of Utah Anthropological P a p e r s (30, 39, 41, 43, 44, 49, 
52, and 63). 

The archeological invest igat ions, under the direct ion of J e s s e D. 
Jennings , included surveys and excavations of many of the s i tes used by abo­
riginal inhabitants that will be covered by s torage waters of the Glen Canyon 
R e s e r v o i r (Lake Powell) . P lant and animal r emains collected from these s i tes 
were l a t e r co r re la ted with s tudies of the p resen t flora and fauna. 
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Collections of biological r ema ins and art ifacts include large numbers of 
plant pa r t s and ve r t eb ra t e bones and s m a l l e r numbers of hides, horns , fur, 
and feathers , some of which had been worked for special u se s . Of the un-
worked plant r emains , studied by Seville F lowers , many were inadequate for 
accura te identification. Those identified belonged to 67 species of 30 families 
of present-day native plants , mainly g r a s s e s , shrubs and t r e e s . Of the un-
worked animal r ema ins , nearly 2200 identifications or part ial determinat ions 
have been made by S. D. Durrant . These r ep re sen t individual bones, horns , 
hides or other animal pa r t s and cannot be t rans la ted quantitatively into animal 
numbers but do r ep re sen t qualitatively the kinds of animals present at the 
archeological s i t e s . These indicate the p resence of ^unidentified; fishes, 
toads, l i z a r d s , and b i rd s . In addition, two species of birds and 22 species of 
mammals belonging to 13 families were identified. 

Biological investigations covering much of the same area, made under 
the w r i t e r ' s direct ion by biological spec ia l i s t s , emphasized the kinds, quanti­
t ies , and distr ibution of t e r r e s t r i a l vegetation and the animals associated with 
it . Studies of aquatic life included that of the r ive r , however the t r ibu ta r i e s 
proved to be much more productive of aquatic life. The resu l t s of the biolog­
ical invest igations made poss ib le the identification of much of the p resen t -day 
flora and fauna, from which the cor re la t ion with the archeological collections 
was made. 
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KINDS AND DISTRIBUTION OF VEGETATION 

The monotonous expanse of near ly uniformly spaced bushes of black 
b rush on the mesas above the br inks of Glen Canyon is broken by smal l washes , 
gulleys, a r r o y o s , and side canyon chutes draining upper catchment basins into 
the r ive r . The only erosion-producing dra inage flowing from these basins oc­
curs e i ther during rapid snow melt o r heavy ra ins , such as s u m m e r thunder-
shower s . Such drainage r ep re sen t s water loss from precipi ta t ion and hence 
loss to plant and animal u se . Other water from precipi tat ion soaking into the 
ground usually adds to the soil supply. On the m e s a s and sidehil ls there is no 
such thing as a water table derived from the meager precipi ta t ion in this s e m i -
ar id c l imate . 

In fact, in this highly d issected t e r r a in , water tables r a r e l y occur. Water 
of sub te r r anean aquifers a r i s ing in distant mountains may find outlets as seeps 
or spr ings in cliffs, s idehi l ls , or canyon bot toms. Run-off s t r e a m s supply 
wate r to s t o r e in bed and banks while the water is running but the amount 
s to red depends l a rge ly upon the s ize of the s t r e a m and length of the flow. P e r ­
manent s t r e a m s also supply water to bed and banks but this general ly flows 
in the soil of the banks slowly down canyon and, as the s t r eam 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 s ince this water a r i s e s in distant mountains. 
It is the water in banks of a r royos and side canyons a r i s ing from run-off floods 
in local catchment basins that is subject to great fluctuation. Since the thun­
d e r s t o r m s a r e so e r r a t i c in pa t te rn of distr ibution, some catchment basins 
may be missed for seve ra l y e a r s at a t ime while o thers may be hit in rapid 
success ion . 

This e r r a t i c distr ibution of run-off producing rainfall should have an in­
fluence on the amount and kinds of vegetation produced in a r royos and side 
canyons in different y e a r s and this makes it difficult to draw general conclu­
sions from vegetation in such places about the cl imatic conditions. Questions 
also a r i s e about the catchment basins above these drainage pathways. How 
do the pelting ra in drops of such heavy s t o r m s affect the surface of the ex­
posed soil between the bushes in respec t to soil absorption of the water and 
subsequent evaporat ion? How much more net s to rage of soil water useful to 
plants will be available from such s t o r m s ? Only investigation can answer. 
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Cycles of sediment filling and erosional cutting a re well known phenom­
ena in washes , a r royos , and side canyons. It is also well understood that 
vegetation has much influence on the p r o c e s s e s but differences exist in the in­
te rpre ta t ion of the causes and operat ion of the cycles . Observations during 
the w r i t e r ' s long exper ience suggest that after a cycle of cutting, t empora ry 
s t r e a m s begin to aggrade thei r beds above obstruct ions of rocks , logs, brush 
or other things lodged in the i r paths . Building the i r beds higher may continue 
even during l a r g e floods if the lodgements hold. Vegetation along the beds 
and banks of the flood plain is especial ly helpful in holding the sediment as it 
builds, often shifting the course of the s t r e a m from side to s ide . 

After a period of building, almost anything that will open the way for a 
flood s t r e a m to break out of its rock or vegetation bound course and let it cut 
through the plant root zone or around the obstruct ions in i ts path may s ta r t a 
cycle of cutting again. This is especial ly noticeable in game or l ivestock 
t r a i l s and in vehicle t r a c k s and roadways. Once s tar ted , l a rge floods, with 
more water , more sediment , and more force, will cut fas ter than sma l l e r 
ones . Several such cycles of filling and cutting can be observed in many of 
the open a r royos and side canyons of the Glen Canyon region. It is very diffi­
cult to c o r r e l a t e these with wet and dry cycles of c l imate . 

The falling pollen in Glen Canyon va r i e s with the t ime of year , the kinds 
of pollen being produced, the amount available, the force and direct ion of winds, 
the f lot ability of pollen in the a i r , propinquity to pollen sources , and many 
other fac tors . It is probable that the pollen ra in pa t tern changes continually 
during the season, changes radical ly from canyon to canyon and from place to 
p lace . It is difficult to see how pollen analyses from s i tes in high altitudes at 
the headwaters of s t r e a m s can be general ized into c l imat ic pa t te rns that will 
apply to the lowland s i tes of Glen Canyon. 

An intensive study of the vegetation in Glen Canyon, from the mouth of 
Dirty Devil River near mile 170 (measured in r i ve r miles above Lees F e r r y , 
Arizona) to the Glen Canyon dam si te at mile 15, covering about 28, 000 a c r e s , 
showed th ree general types of vegetation, the separa t ion being indicative of 
the availabil i ty of water . As repor ted by Woodbury, Durrant , and Flowers 
(1959), the cliff walls of the canyon a re mostly ba re of seed plants except in 
c r a c k s , c r ev i ces , and shelves , but most of the ba re surfaces a r e covered 
with l ichens o r m o s s e s . Most of the vascular vegetation occurs in the bottom 
of the canyon, on the t a luses below the cliffs, or on the mesas above the 
canyons. 

Vegetation on the hi l ls ide t a luses , depending solely upon precipi tat ion 
water , is widely spaced, covering only approximately one-fifth of the ground 
su r face . The r ema inde r of the surface is usually ba re except when extra 
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mois tu r e in the soil suppor ts a growth of annuals between the bushes . Other­
wise the ba re soil heated by the s u m m e r sun and pelted by infrequent summer 
ra ins is subject to run-off and erosion. Pe renn ia l s that survive only on p r e ­
cipitation water a r e adapted to pars imonious use of water by l imit ing the 
evapo- t ransp i ra t ion l o s s e s or by s tor ing water in the plant body when it is 
available and using it to t ide over dry pe r iods . 

Along the edge of the s t r e a m , where conditions a r e propitious for plant 
growth the p r i m a r y phreatophytic plants , with their roots i m m e r s e d in p e r c o ­
lat ing soil water supplied by the r i v e r to its banks, usually cover the ground 
completely so that the sun 's rays cannot reach the soi l . This dense vegetation 
usually provides a deep l aye r of l i t t e r on the ground that absorbs and holds all 
precipi ta t ion so that t h e r e is no run-off. Having plenty of water in the soil at 
t he i r roo t s , the plants a r e not adapted to pars imonious use of water and use it 
f reely in evapo-cooling by evapo- t ransp i ra t ion . 

On the t e r r a c e s behind the s t r e a m s i d e vegetation, where secondary 
phreatophytes use capi l lary water drawn from percolat ing sub te r ranean water 
s o u r c e s , the plants a r e usually in te rmedia te between the two ex t r emes . They 
cover approximately one-half of the soil a rea and usually include heavier 
c rops of annual vegetation between the perennial bushes than do those on the 
h i l l s ide . They usually have in te rmedia te adaptations for l imit ing the evapo-
t r ansp i r a t ion lo s ses and s to rage of water . 

Actually t h e r e a r e many in tergradat ions of plants in the i r adaptations 
for use of water . These range from the water edge sandbar willow outward 
through success ive p r i m a r y and secondary phreatophytes to the hil lside vege­
tation (Fig. 1). F igure 1 depicts an idealized a r rangement of plants in a 
c r o s s section t r ansec t in Glen Canyon as repor ted by Woodbury, Durrant and 
F lowers (1959, 32). The depicted sequence r e p r e s e n t s gradat ions, in a gen­
era l way, from the s t r eam bed outward from (1) dense to l e s s dense vegeta­
tion, (2) more to l e s s l i t t e r on the ground, (3) more to l e s s mois ture in the 
soil , (4) l i t t le to much ground surface exposed to the sun ' s rays and surface 
erosion, and (5) cooler to w a r m e r ground t e m p e r a t u r e s in the s u m m e r ( r e ­
ve r sed in the winter from w a r m e r to cooler) . 

Those plants farthest out on these gradat ions, having l e s s available 
water , can use l e s s of the supply for evapo-cooling. Thus they face the dan­
ger of higher t e m p e r a t u r e s from the s u m m e r sun. Those with smal l s tems 
and twigs may be able to r e - r a d i a t e heat and keep t e m p e r a t u r e s re la t ively low 
but those with thick bodies, such as the hedgehog cac tuses , may be heated by 
the sun to ex t remely high t e m p e r a t u r e s - - a s much as 130° to 135°F (Woodbury 
1956,, 15) . 
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Fig . 1. Typical t r ansec t of vegetation in Glen Canyon, r i v e r edge to hi l ls ide. 
(Adapted from Woodbury, Durrant and F lowers [ 1959, 32] .) 



This theore t ica l c ros s section gives a general idea of the gradations of 
vegetation from s t r e a m s i d e to hi l ls ide, but the re a r e many i r r egu la r i t i e s in 
the environment that upset this idealized sequence. While the re is a dec rease 
in available water from r i v e r to hil ls ide along the t r ansec t within the canyons, 
the sequence is , in general , r eve r sed in climbing to the high plateaus and 
mountains above the canyon. The re , with g r e a t e r altitude and the consequent 
i n c r e a s e in precipi tat ion, the re is usually g r e a t e r density of vegetation. 

The vegetation in dese r t a r e a s , with low quantit ies of precipitat ion, 
usually p resen t s a low shrub pat tern with the bushes widely spaced but with 
wide-spread ing root sys t ems that compete severe ly with one another for 
ground moi s tu re . With an i n c r e a s e in precipi tat ion, the root sys t ems a r e 
usually able to support l a r g e r propor t ionate foliage sys tems and the re is a 
consequent i nc r ea se in density of foliage cover . When the foliage density 
r eaches the s tage of complete cover, then the re is a general tendency for the 
foliage to lengthen upward. With sufficient water for this stage of competition, 
the dominant forms may be tall shrubs or t r e e s , somet imes t r ee s of huge 
s i ze . 

Among the things that may upset such order ly sequences a re the i r r e g ­
u la r i t i e s in topography that a re such outstanding features of the landscape in 
the Glen Canyon region. In the main canyon, the i r r egu la r i t i e s of the r iver 
a r e matched by i r r e g u l a r i t i e s of the land. In places , wide s t r ips of s t r e a m -
side vegetation a r e surmounted by canyon t e r r a c e s that extend backward to 
the slopes at the foot of high cliffs. In o ther p laces , the r i ve r washes the 
foot of s teep ta luses or even the foot of cliffs. In st i l l other places , alluvial 
or ta lus fans may push a c r o s s t e r r a c e s and cause a mixing hil lside vegetation 
with that of the t e r r a c e s o r even of the s t r e a m s i d e . 

Side canyons leading to the r i v e r a r e usually deep entrenchments in the 
rocks of the pla teaus and thei r branches often dissect the uplands into i r r e g u ­
l a r p ieces with grea t d ivers i ty in s teepness of slope and exposure. Where 
ba re rock is exposed, runoff water from s t o r m s may concentra te ext ra water 
in c racks or on ta lus slopes below the ba re rock, permi t t ing denser vegetation 
cover to develop. G r e a t e r evaporation takes place on southern exposures 
than on nor thern ; hence, denser vegetation may develop in the nor thern . 

To show quanti tat ive re la t ions among the vegetation, the more important 
spec ies of plants occupying at leas t 5% of the cover on any subdivision have 
been l i s ted in Table 1. This shows the total es t imated acreage each plant 
would cover sepa ra te ly in s t r e a m s i d e , t e r r a c e , or hi l ls ide a r ea s and the total 
in Glen Canyon. F o r further quantification, the mean height of each plant is 
given and the total foliage volume measured in a c r e fee t - - the total number of 
a c r e s the foliage would cover in i ts natural spread one foot in depth. 
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