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RECENT VEGETATION CHANGES ALONG THE COLORADO RIVER
BETWEEN GLEN CANYON DAM AND LAKE MEAD, ARIZONA

By Raymonp M. TURNER and MARTIN M. KARPISCAK

ABSTRACT

Vegetation changes in the canyon of the Colorado River between
Glen Canyon Dam and Lake Mead were studied by comparing photo-
graphs taken prior to the completion of the Glen Canyon Dam in
1963 with those taken afterwards at the same sites. The old photo-
graphs, taken by J. K. Hillers, T. H. O’Sullivan, William Bell, F. A.
Nims, R. B. Stanton, N. W. Carkhuff, N. H. Darton, L. R. Freeman,
E. C. LaRue, and others, document conditions as they were between
1872 and 1963. In general, the older pictures show an absence of
riparian plants along the banks of the river. The new photographs of
each pair were taken in 1972 through 1976. The most obvious vege-
tation change revealed by the photograph comparison is the in-
creased density of many species. Exotic species, such as saltcedar and
camelthorn, and native riparian plants, such as sandbar willow, ar-
rowweed, desert broom, and cattail, now form a new riparian com-
munity along much of the channel of the Colorado River between
Glen Canyon Dam and the Grand Wash Cliffs.

The matched photographs also reveal that changes have occurred
in the amount of sand and silt deposited along the banks. The photo-
graphs show that in some areas erosion has been significant since the
time of the earlier photograph while at other locations sediment has
accumulated on river bars and terraces.

Detailed maps are presented showing distribution of 25 plant
species. Some of these, such as Russian olive and elm, were unknown
along the Grand Canyon reach of the Colorado River before 1976.

Relevant data are presented to show changes in the hydrologic
regime since completion of Glen Canyon Dam. Flooding, as expressed
by annual maximum stage, has decreased in amplitude, and its sea-
son of occurrence has changed from spring (May-June) to a longer
period from April through October. Dam construction has had a
moderating influence on several other hydrologic variables. Com-
pared to the predam era, discharge through the year now varies
within narrow limits, changing little from month to month or season
to season; annual maximum discharges are now strikingly uniform,
and sediment load has materially decreased. Increases have occurred
in some characteristics, however, such as daily variation in river
stage and median discharge.

The interaction of decreased flooding, decreased sediment load,
and increased riparian plant coverage makes the future of existing
river fans, bars, and terraces uncertain. The establishment of a new
ecological equilibrium at the bottom of the Grand Canyon may re-
quire many decades.

INTRODUCTION

When viewed as a water conveyance system, the
Colorado River is unspectacular. Its long-term average
annual discharge is 16,600 hm? (Stockton and Jacoby,
1976), only about one-thirtieth the flow of the

Mississippi—less than the flow of such well-known riv-
ers as the Snake, the Missouri, and the Potomac, and
less even than such little-known rivers as the Atch-
afalaya (Louisiana), the Skagit (Washington), or the
Apalachicola (Florida). Yet, if measured in terms of its
impact on regional and national requirements for rec-
reation, energy, and water, it is, for its size, of dispro-
portionate importance. Many of our national parks and
monuments lie within its scenic basin and the Colorado
River is the erosional force that shaped the Grand
Canyon, one of the great scenic wonders of the world
and the main attraction in one of the more heavily
visited National Parks. The Colorado River serves as a
major power source for the region’s cities and indus-
tries, and as a major water source for its domestic and
agricultural users. When measured in terms of the im-
pact it has upon the daily lives of the many human
occupants of the arid southwestern United States and
northwestern Mexico, the Colorado River’s presence
must be accorded far more importance than would be
ascribed to it on the basis of discharge alone.

Until recently man was not a major factor affecting
the vegetational and fluvial features along the Col-
orado River within the Grand Canyon. But during the
last few decades the river has become one of the most-
used rivers in America—both in terms of recreational
use and in terms of water consumption. To provide a
perspective for viewing the changes along the river,
some examples are cited. During the first 86 years of
river travel through the Grand Canyon (1869-1955),
only 185 persons traversed the canyon by boat (Wal-
lace, 1972); in the 1970’s roughly 15,000 persons travel
through the canyon by boat each year (Larson, 1974).
Coupled with the heavy recreational use has been an
increasingly heavy use of the river’s water. By the con-
struction of the four units of the Colorado River Stor-
age Project (Flaming Gorge Dam [1962], Navajo Dam
[1962], Curecanti Unit dams [1965-66], and Glen Can-
yon Dam [1963]) in the Upper Colorado River Basin,
man has been able to control the flow in the river,
curbing the spring floods and distributing throughout
the year the water normally carried during these an-
nual events of high flow. The modifications in flow re-



2 VEGETATION CHANGES ALONG COLORADO RIVER, ARIZONA

gime have disrupted the equilibrium which formerly
existed within the Grand Canyon, the reach of the
river of primary concern in this report. But even before
major dams appeared in the Upper Colorado River
Basin, the Lower Colorado River was impounded by a
series of dams beginning with Hoover Dam (1935). By
far the greatest diversions from the river occur from
these impoundments lying below the Grand Canyon.
Before the first diversions were made, approximately
16,600 hm?® (Stockton and Jacoby, 1976) of water
reached the Sea of Cortez (Gulf of California) annually.
Today, less than 1 percent of its virgin flow ever
reaches the mouth of the Colorado River.

Glen Canyon Dam probably has had greater impact

on the riparian habitat within the Grand Canyon than
the combined effects of all other river system
modifications in the Upper Basin. It is difficult to con-
ceive of a change in regional climate of sufficient mag-
nitude to reduce average annual maximum flows from
2,486 m?/s to 803m?/s, to increase the median discharge
from 210 m?s, to increase the average diurnal fluctua-
tion in stage from a few centimeters to several meters,
to reduce the average annual water temperature from
a range of 0.2° to 28°C during the predam period
(1949-1962) to a range of 5.5° to 18°C during the post-
dam period (1962-1976), and to simultaneously reduce
the median sediment concentration from 1,500 to 7
parts per million (ppm). Yet the foregoing changes
have all been recorded at Lees Ferry, 26 kilome-
ters downstream from Glen Canyon Dam. Each of
these changes, and others, has had an effect upon the
riparian ecosystem since the completion of Glen Can-
yon Dam, and inevitably, adjustments in the biota and
the physical setting have occurred. Although estab-
lishment of a new ecological balance requires many
years in response to the new fluvial regime, sufficient
time has elapsed since the dam’s completion in 1963 to
reveal many vegetational and riverine shifts.
The study was undertaken to determine the nature of
these transformations and to provide a basis for pre-
dicting future trends. Conditions existing prior to the
regulation of flow in the Colorado River were estab-
lished by examining photographs and hydrologic rec-
ords made between 1872 and 1963. Postdam conditions
were documented by referring to recent hydrologic rec-
ords, by photographically matching scenes shown in
the predam pictures, and by recording in detail the
distribution of riparian plant species.

In the following material, frequent reference will be
made to localities along the Colorado River. In keeping
with common practice, “mileage” designations
downstream from Lees Ferry will follow those estab-
lished by the U.S. Geological Survey in 1923 (Birdseye
and Burchard, 1924). Lees Ferry, at the stream gaging

station, is taken as kilometer 0. All distances are based
upon this datum. Distances upstream are taken from
Glen Canyon National Recreation Area map (National
Park Service, no date). The metric system is given
preference in this report; accordingly, distances are
given in kilometers. Convention and long usage has
firmly established proper names along the river such
as Seventyfive Mile Rapid and Two Hundred and
Ninemile Canyon. Where these place names appear
they are used alone without metric equivalents. For
the few localities lying upstream from kilometer 0, dis-
tance will be shown as kilometers above Lees Ferry.
The long-established convention of referring to river-
banks as left or right when viewed downstream is fol-
lowed here. The altitude given in the captions refers to
altitude at river level, regardless of the camera’s posi-
tion.

Before examining the changes, certain features of
the Colorado River and the canyon through which it
flows should be reviewed. The reach of the Colorado
that we examine in this report lies between Glen Can-
yon Dam, 26 km above Lees Ferry, Ariz., and Pearce
Ferry, Ariz., at kilometer 450 below Lees Ferry (pl. 1).
This segment of the river is only a small reach of the
2,700-km-long river, yet because it traverses the
Grand Canyon, it is the best known and most famous
portion. Strictly speaking, the Grand Canyon extends
from the mouth of the Paria River near Lees Ferry
downstream to the Grand Wash Cliffs; the reach above
the Paria is part of Glen Canyon. The Grand Canyon is
21 km across at its widest point, with a depth of as
much as 1,800 meters. Various divisions of the Grand
Canyon have long been recognized: These include such
reaches as Marble Canyon, Conquistador Aisle, and
Upper, Middle, and Lower Granite Gorges.

In its course through the Grand Canyon, the Col-
orado River moves through a narrow valley and is con-
fined by steep, high walls of mostly hard and resistant
rock. There is no flood plain along much of the Col-
orado’s course through the Grand Canyon, and the ab-
sence of a flood plain broad enough to reduce the force
of annual floods produced a predam valley devoid of the
dense riparian community typical of other streams of
the region. If one ignores the alternating pools and
rapids, the river profile is smooth and nearly straight
{(Leopold, 1969). The river gradient is under dominant
control of the tributary fans. The river’s tendency to
move laterally is greatly reduced compared to rivers in
unconfined channels (Leopold, 1969), and the river’s
poorly understood proclivity for vertical entrenchment
rather than lateral movement has served to maintain
through millions of years the narrow gorge that today
is viewed annually by nearly 3 million people.

Although no river width and depth data exist for the
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entire reach described in this report, data are available
for selected shorter segments (Leopold, 1969). The
available depth measurements made in 1963 represent
predam conditions with a flow of 1,375 m?s. Through
the first 223.7 km below Lees Ferry, maximum river
depth was 33.5 m (kilometer 183.9). Roughly 20 per-
cent of the depth measurements, taken at 0.16-km
intervals, equaled or exceeded 15.5 m, and 50 percent
equaled or exceeded 11.0 m. Width measurements have
been taken at 0.16-km intervals from 1965 aerial pho-
tographs for the reach between kilometer 45.1 and
kilometer 177.0 (Leopold, 1969). Although only gen-
eralized width values were given, these provide a broad
picture of river conditions. For example, of the approx-
imately 800 measurements, fewer than 5 percent were
less than 61.0 m, 50 percent of the observations
equaled or exceeded 97.5 m, and 20 percent equaled or
exceeded 125.0 m. In general terms this is the river
examined here. In following chapters specific charac-
teristics of the river will be discussed with particular
emphasis on the impact of Glen Canyon Dam.
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CHANGES IN COLORADO RIVER STREAMFLOW
REGIME

Construction of a dam across a river produces many
changes in the hydrologic regime of the river system
both above and below the structure. The changes im-
mediately upstream from the dam, such as water im-
poundment and silt accumulation are often the most
striking. The more subtle downstream hydrologic
modifications include smoothing the flow duration
curve, lowering maximum stages, and increasing base
flow (Leopold and others, 1964). The downstream al-
terations in the discharge regime may directly affect
riparian biotic communities. In the present chapter,
pertinent streamflow records for the periods before and
after construction of Glen Canyon Dam are presented
as a basis for interpreting the vegetation changes that
will be noted in later sections. In the chapter following
this, we have also examined channel changes and some
of the causes for the altered channel geometry.

FLOODS

Before the construction of dams along the Colorado
River, flooding was commonplace. One of the better
known floods occurred in November 1905, when the
Colorado River left its old channel via a manmade
canal and flowed into the Salton Sink, thus forming the
Salton Sea (Sykes, 1937). The river was not returned to
its original channel until February 1907 (Grunsky,
1907; LaRue, 1916). With completion of a series of
dams along the lower Colorado River, a recurrence of
this event is unlikely. Similarly, floods through the
Grand Canyon have been curtailed by the construction
of Glen Canyon Dam.

A river characteristic that is closely associated with
flooding is annual maximum stage (fig. 14). Stage rec-
ords for the Colorado River at Lees Ferry and near
Grand Canyon, Ariz., have been used to illustrate gen-
eral changes in maximum stage throughout the reach
of the Colorado River examined in this report. (The
stream gage “near Grand Canyon” is 0.4 km upstream
from Bright Angel Creek and 7.5 km northeast of
Grand Canyon, Ariz.) Because of variations in channel
and valley geometry, the values provide only a relative
measure of the height to which banks might be inun-
dated by flood waters.
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FIGURE 1.—Yearly range between minimum daily and maximum discharge (A) and yearly range between
minimum and maximum stage (B) of Colorado River at Lees Ferry and near Grand Canyon.

Excluding 1965, an anomalous year, the yearly | (mean = 3.48 m; std. dev. = 0.19 m). (The high dis-
maximum stage (fig. 14; table 1) has varied little at | charge in 1965 resulted from the release of water
Lees Ferry since Glen Canyon Dam was completed | through a diversion tunnel and hollow jets as a means
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TaBLE 1.—Mean, standard deviation, and coefficient of variation of
yearly maximum stage for the Colorado River at Lees Ferry and
near Grand Canyon

[Data, based on water years, are values for the total period of record, the predam period, and
the postdam period]

TABLE 2.—Mean, standard deviation, and coefficient of variation of
yearly minimum stage for the Colorado River at Lees Ferry and
near Grand Canyon

[Data, based on water years, are values for the total period of record, the predam period, and
the postdam period]

Period of record Predam Postdam Period of record Predam Postdam
(1921-76) (1921-62) (1963-76) (1963-76, (1922-76) (1922-62) (1963-76) (1963-76,
excl. 1965 excl. 1965)'
Lees Ferry Lees Ferry
Number of years________________ I 56 42 14 13 Number of years.__________ e ___..__B5 41 14 13
Mean (meters)______._______ 5.04 3.56 3.48 Mean (meters)_________ R _-- 168 176 1.46 147
Standard deviation (meters) .96 .35 19 Standard deviation (meters) 21 17 15 15
Coefficient of variation _____ e .. .23 19 .10 .06 Coefficient of variation . _.__________ .12 .09 .10 .10
Near Grand Canyon Near Grand Canyon
(1923-76) (1923-62) (1963-76) (1963-76, (1924-76) (1924-62) (1963-76) (1963-76,
excl. 1965) excl. 1965)'
Numberofyears_ ____________. ________ 54 40 14 13 Number of years__.__________ e 58 39 14 13
Mean (meters)_________ I I 6.35 6.89 4.79 4.69 Mean (meters)________ [ . .52 .46 .67 .70
Standard deviation (meters) __. ee- 157 1.40 .85 19 Standard deviation (meters) - .31 .23 45 45
Coefficient of variation______________ ... .25 .20 18 17 Coefficient of variation__________________ .61 .50 .68 .65

'The year 1965 was anomalous. See text.

of fulfilling downstream commitments before all the
generators were in operation. Since 1965, with all gen-
erators operating, flow has been sufficient to meet
downstream requirements (A.O. Dewey, U.S. Bureau
of Reclamation, oral commun., 1975).) A similar but
less marked stability is apparent in the record from
near Grand Canyon (mean = 4.69 m; std. dev. = 0.79
m). Annual minimum stage (fig. 14; table 2) appears
little changed at Lees Ferry (mean = 1.47 m; std. dev.
= 0.15 m) although the record from near Grand Can-
yon (mean = (.70 m; std. dev. = 0.45 m) shows a slight
increase in these minimal values.! (This increase is the
result of a December 1966 flood on Bright Angel Creek
which deposited new bouldery debris in the Colorado
River channel, altering the control for the Colorado
River gaging station (Cooley and others, 1977).) At
both gaging stations the range between annual max-
ima and annual minima has been narrowed, especially
because of reduced maxima. Thus, the effect of flowing
water upon shore-zone plants is now characteristically
confined to a rather narrow band at these stations and
presumably elsewhere in the canyon.

The maximum stages in figure 14 clearly show the
reduction in the streamflow amplitude after comple-
tion of Glen Canyon Dam. The stage, which had
reached 11.43 m near Grand Canyon in 1921, has not
exceeded 6.07 m since 1963. Proportional changes in
the maximum stage have also been recorded at Lees
Ferry.

Means based on the predam and postdam records are
shown in table 1. The mean maximum stage at Lees
Ferry for the postdam period is 3.48 m, excluding the
anomalous values for 1965; the mean for the period
prior to the dam is 5.04 m. The mean value for the

'These values have been obtained, in part, from unpublished data, including recording
charts. When no stage was recorded, estimates were made from available data.

'The year 1965 was anomalous. See text.

postdam period is slightly greater than the smallest
maximum value (3.37 m), recorded in 1934, for any
predam year (fig. 14). Mean values for the Colorado
River near Grand Canyon are also given in table 1 and
show that as a result of dam construction, mean stage
has fallen more than at Lees Ferry. This difference
largely results from differences in valley and channel
configuration at the two sites.

The coefficients of variation (CV) of yearly maximum
stages (table 1) during these two periods emphasize
further the postdam stability of streamflow. This
statistic is a measure of the magnitude of the standard
deviation relative to its mean. At Lees Ferry, for the
42-year period before 1963, the CV is 0.19; for the 13-
year postdam period, it is 0.06 (table 1). Near Grand
Canyon the CV’s for the predam and postdam periods
were 0.20 and 0.17, respectively. The decrease in CV is
far less near Grand Canyon than at Lees Ferry, a fact
largely attributable to flow from the Little Colorado
River which enters the Colorado River between the two
gaging stations. Flow in the Little Colorado is erratic,
there being no large dams along the river, and the
unregulated streamflow during flood stage is great
enough to affect the flow of the Colorado mainstem.

Prior to 1963, maximum discharges (fig. 1B) were
almost always greater at Lees Ferry than farther
downstream near Grand Canyon. This downstream de-
crease in maximum discharge probably occurred be-
cause of channel storage along the 140.8-km channel
from Lees Ferry to the gage near Grand Canyon. In
almost all cases, the peaks at Lees Ferry and near
Grand Canyon occurred during the same runoff event.
Since completion of Glen Canyon Dam, annual peak
flows at these stations have not been temporally corre-
lated, and annual peak flows near Grand Canyon have
usually been greater than those at Lees Ferry. Before
1963, annual peak flows near Grand Canyon exceeded
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those at Lees Ferry by more than 10 percent during
only two years out of 40 (1923 and 1955). In contrast,
during the relatively short period 196376, peak flows
at Grand Canyon have exceeded those at Lees Ferry by
more than 10 percent in 1969, 1971, and 1973 (fig. 1B).
The major reason for the greater peak discharges each
time was the flow contributed by the Little Colorado
River. In this connection LaRue (1925, p. 116) noted
that the large increase in flow at the gage near Grand
Canyon in 1923 was produced by a flood on the Little
Colorado River.

The reduced flooding along the Colorado River has
provided stability in a habitat that was previously
highly unstable. Sites along the riverbanks below Glen
Canyon Dam are likely to experience approximately
the same maximum water depth each year. Before
1963, most newly established plants were subject to
possible inundation and uprooting by floodwaters that

reached levels considerably higher than those of the
postdam period. The dam effectively diminishes the
ability of the river to maintain a bank that is periodi-
cally stripped of its vegetation.

DAILY STAGE

Figure 2 illustrates daily variations in river stage at
Lees Ferry for two randomly selected years: one (fig.
2A) prior to the construction of Glen Canyon Dam and
the other (fig. 2B) after dam construction. In the pre-
dam period, depicted by water year 1939, daily varia-
tion in stage was usually only a fraction of a decimeter
except for periods of flooding when changes of several
decimeters might occur. (Freeman (1930, p. 363) men-
tioned that when the U.S. Geological Survey party was
on the river at Lava Falls in September 1923, the river
rose 4.27 m during one night.) In the postdam period,
as depicted by water year 1973, daily variations of
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Ficure 2.—Daily variation in river stage during two selected years, Colorado River at Lees Ferry: (A) water year 1939, before Glen Canyon
Dam was built; (B) water year 1973, after Glen Canyon Dam was completed. Bars connect the daily maximum and daily minimum stage.
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more than 1.5 m became typical, and daily variations
of less than 0.3 m are almost nonexistent. In 1973, the
abnormal releases during March and April resulted
from a court decision preventing water of Lake Powell
from rising to the base of Rainbow Bridge (Mann,
1976). The predam water year, 1939, shows no differ-
ence between stages on any periodic basis. However,
the post dam water year, 1973, shows a significant
7-day periodic drop in stage on most Sundays with
some striking drops seen on holidays such as Christ-
mas, New Year’s, Memorial Day, and Labor Day, as a
consequence of decreased power demands on Glen
Canyon Dam generators. One additional note that
should be made is that 1939 was a year with below
normal runoff at Lees Ferry (less than 11,714 hm®) and
with a relatively small maximum discharge (less than
1,416 m¥/s).

ANNUAL DISCHARGE

Within the Grand Canyon vast differences in annual
streamflow occurred prior to the construction of Glen
Canyon Dam (fig. 3). Discharge, as recorded at the gage
near Grand Canyon located 141 km below Lees Ferry,
ranged from a low of 5,200 hm?calendar year in 1934
to 24,500 hm®/calendar year in 1929. Since 1962, how-
ever, annual flow has ranged from a low of 2,000 hm?/
calendar year, when Lake Powell was filling, to 14,500

hm?/calendar year in 1965. Postdam streamflow gen-
erally falls within the range of 9,900-12,300 hm?/
calendar year. The greater flow at the Grand Canyon
compared with that at Lees Ferry, averaging approxi-
mately 493 hm?® annually, results from the contribu-
tion of the Little Colorado River (Thomas and others,
1960).

MONTHLY DISCHARGE

Prior to construction of Glen Canyon Dam, the
maximum monthly mean discharges generally oc-
curred during the month of June as a result of spring
snowmelt in the high mountains at the headwaters of
the Colorado River. During postdam years the
maximum monthly means have occurred in May and
are primarily the result of power and irrigation de-
mands.

During the predam period the maximum monthly
mean discharge, 4,300 hm?, was more than ten times
greater than the lowest monthly mean discharge. Dur-
ing the postdam period, the ratio of maximum to
minimum is only 1.8: 1. ,

The seasonal variability was strongly unimodal dur-
ing the predam period with a maximum during May
and June and a minimum during December, January,
and February (fig. 4). Much of the old pattern is now
lost. The timing of the annual peak is little changed,
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Ficure 4.—Monthly mean discharge as a percentage of total an-
nual discharge, Colorado River, Lees Ferry: open bars, period
before Glen Canyon Dam (calendar year 1901 through calendar
year 1962); solid bars, period after Glen Canyon Dam (April 1963
through March 1977).

but the relative magnitude of the monthly values now
shows little variation.

CHANGES IN CHANNEL AND ALLUVIAL
DEPOSITS IN THE COLORADO RIVER BELOW
GLEN CANYON DAM

Except through the Marble Gorges where the canyon
is narrow and its walls descend steeply to the river,
there are few reaches of the Colorado through the
Grand Canyon in which recent alluvium is not a con-
spicuous feature of the fluvial environment. In some
reaches, such as those between Glen Canyon Dam and
Lees Ferry, from Lava Canyon to Unkar Creek, and
the segment above and below Granite Park, the canyon
floor is fairly broad and alluvial flats are well devel-
oped (figs. 27, 30, 33, 47, and 64).> In most other places,
however, deposits of fine alluvium are discontinuous,
commonly appearing at the tributary mouths, in eddy
zones upstream from rockfalls and boulder deposits, or
as scattered flood deposits on lower talus slopes.

The characteristics of alluvial deposits are deter-
mined by the interplay among channel features and
recent discharges of water and sediment. The extent of
deposits and their textural composition are controlled
by the nature of recent streamflow events. The predam
sediment deposits along the Colorado River probably
underwent seasonal variations due to the strongly sea-
sonal character of streamflow events. Because the
postdam hydrologic regime shows little seasonal var-

*Figures 26-73 are matched photographs found at end of report.

iability, the deposits have had to adjust to the new
fluvial environment. Marked changes in riparian plant
cover would also affect these deposits through the
stabilizing influence of the plants.

The amount of silt carried by rivers has long been
known to depend largely on the characteristics of the
precipitation producing the runoff. These precipitation
characteristics include intensity, duration, frequency,
distribution, and season of occurrence (Daines, 1949;
Thomas and others, 1960). Nevertheless, there is a
close relationship between discharge alone and the
amount of suspended sediment recorded at Grand Can-
yon (Daines, 1949; Thomas and others, 1960; Kister,
1964). Interestingly, the relationship between these
two streamflow variables shifted markedly in the early
1940’s. Figure 5 shows that prior to 1943 a given an-
nual discharge in cubic hectometers (hm®) at Lees
Ferry was related to sediment yield in megagrams
(Mg) by a regression line slope of 16.46. From 1943 to
1963, the slope of the regression line was 5.74. During
the postdam period the near absence of sediment at any
discharge has resulted in a regression line with a slope
of approximately 0. Similar shifts in the sediment-
discharge relationship for the station near Grand Can-
yon occurred at the same times. The 1943 shifts in the
sediment-discharge relationships have been discussed
by Daines (1949), Thomas and others (1960), and Kis-
ter (1964) and may be the result of changes in meas-
urement techniques or of the regional drought in arid
watersheds.

That Glen Canyon Dam has a dominant effect on the
entire reach to Lake Mead is shown by comparing the
predam and postdam sediment yield at the station near
Grand Canyon with that at Lees Ferry (fig. 5). In spite
of contributions from the Paria and the Little Colorado
Rivers below Lees Ferry, sediment yield near Grand
Canyon is greatly reduced in the postdam period and is
little more than the Lees Ferry values.

In a predam analysis of monthly sediment data,
Thomas and others (1960) observed a consistent sea-
sonal trend in sediment load. A spring period, usually
May and June, was characterized by high sediment
load which correlated with high discharge values.
These high values coincided with the period of snow-
melt in the river’s headwaters. A secondary maximum
in runoff and sediment load coincided with the period
of summer rains and usually came in August or Sep-
tember. During this late summer and fall period the
concentrations of sediment were usually higher than
during the spring period.

With the closure of the Colorado River by Glen Can-
yon Dam, sediment carried by the Colorado River is
being trapped in Lake Powell at an estimated annual
rate of 128x10% m?® (Gessel, 1963). Releases from the
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dam are therefore of clear water and the river’s ca- | minished and the nature of transported sediment has
pacity to transport sediment has sharply increased. | changed. The changes in fluvial regime have brought
Because closure has lowered the peak stages, the | about channel changes, many of which were antici-
river’s competence to rework tributary debris has di- | pated before dam construction began.
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Twenty channel cross sections were surveyed by the
Bureau of Reclamation in the reach of river between
Glen Canyon damsite and Lees Ferry during 1956, the
year dam construction started. These measurements
provide base-line data for later observations. The same
twenty sections were resurveyed in 1959, 1965, and
1975 (Pemberton, 1976). Erosion occurred at an accel-
erated rate immediately below the damsite during the
construction period from 1956 to 1959 (fig. 6). The de-
gradation that first occurred just below the dam pro-
gressed downstream during the next measurement
period between 1959 and 1965. By 1975, within the
26-km reach between the dam and the mouth of the
Paria River at Lees Ferry, resurveys showed that
about 9.87x10% m® of bottom sediment had been re-
moved from the channel. As this sediment has been
removed coarser material has been exposed, resulting
in considerable channel armouring by gravel. Approx-
imately 10 gravel-cobble control bars occur through
the 26-km reach above the Paria, effectively stabilizing
the channel. Comparison of 1975 profiles with those
from 1965 indicate that the channel has been quite
stable during the past decade with only 12x10* m? of
sediment being scoured from the river bottom during
this period. As another indication of stability, Pember-
ton (1976) noted that some sandbanks were being held
in check by increasing plant cover.

In a study of postdam sediment transport through
the Grand Canyon, Laursen and others (1976) found
considerable evidence of bank erosion between Glen
Canyon Dam and Lees Ferry. They found that most
talus slopes and beaches either had vertical slump
faces or they were protected by exposed rock. The
beaches that remain, they found, were in the lee of
obstructions or other bank configurations that produce
lee eddys. They noted: “On the few sizable beaches left
the ‘campsite’ sign has had to be moved back several
times as the beachline retreated.” They concluded that
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since completion of Glen Canyon Dam, channel degra-
dation had progressed to the vicinity of Lees Ferry and
that continuing degradation could be expected
downstream through the Grand Canyon. Extrapolat-
ing from the known rate of degradation above Lees
Ferry, they concluded that somewhat more than 200
years will pass before most of the beaches vanish from
the reach below Lees Ferry. '

In view of the anticipated changes noted in the
foregoing, we have looked in the photographs pre-
sented in a later section for evidence of geomorphic
changes related to dam construction.

A HISTORY OF PHOTOGRAPHY ON
THE COLORADO RIVER

A brief chronological history of photography on the
Colorado River will be presented here. Several cen-
turies of exploration preceded the development of the
photographic process; it was not until 1871, at the time
of Powell’s second trip and the Wheeler Survey, that
photographs were taken along the Colorado River
within the Grand Canyon. There are several sources
giving the history of earlier explorations. Notable
among these is Dellenbaugh (1903).

The first trip by boat through the Grand Canyon was
made by Major J. W. Powell and his men. Powell left
Green River, Wyoming, on May 24, 1869, with a crew
of nine. Although photography had been developed to a
crude but dependable stage by this date, no photog-
rapher accompanied this first historic trip. By the time
the expedition reached the mouth of the Virgin River
on August 30, 1869, four men had quit the group. Pow-
ell and two others left the canyon at the Virgin River,
leaving four to continue toward the Gulf of California
(Smithsonian Institution, 1875; Powell, 1895; Kolb,
1914).

Because of the numerous problems encountered on
the first trip, including the loss of much equipment, the
results were not as desired and Powell later arranged
to make a second trip. The second trip was made in two
parts. Powell and a group of 10 men left Green River,
Wyoming, on May 22, 1871, and arrived at the mouth
of the Paria River on October 23, 1871 (Dellenbaugh,
1908; Thompson, 1939; Bartlett, 1962). After a lapse of
several months, Powell’s second passage down the Col-
orado River was resumed at Lees Ferry on August 17,
1872, and ended on September 7, 1872, at Kanab Can- -
yon (Dellenbaugh, 1903; Kolb, 1914; Thompson, 1939;
Bartlett, 1962; Fowler, 1972).

Among the members of this second expedition, as it
left Green River, was a professional photographer, E.
0. Beaman, who made approximately 350 photographs
during the next few months, both on and off the river
(Darrah, 1948). Beaman did not continue past Lees
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Ferry, and his duties were taken over for a brief period
by Clem Powell, who was later replaced by James Fen-
nemore, a professional photographer (Thompson,
1939). Fennemore photographed the river from Fre-
mont Creek (Dirty Devil River) down to Lees Ferry.
Because of ill health, however, he was forced to quit
after having taken some 70 photos (not all on the
river). His replacement was J. K. Hillers, who, al-
though initially hired as a boatman, was quick to grasp
the photographer’s art with the aid of Fennemore.
Hillers later became chief photographer for the U.S.
Geological Survey. He took some 3,000 photographs
between 1872 and 1878 on Powell’s expeditions in the
Colorado River region (Darrah, 1948). Hillers had a
keen eye for composition, and many of his photographs
are regarded as masterpieces.

While Powell and his party were making their sec-
ond trip down the Colorado River, the Wheeler expedi-
tion started out on September 16, 1871, from Camp
Mohave to go up the Colorado some 322 km to Diamond
Creek. On October 19, 1871, after 33 days of very dif-
ficult travel, they arrived at their destination
(Wheeler, 1872; Dellenbaugh, 1903; Horan, 1966). T.
H. O’Sullivan, who took his photographic apprentice-
ship with M. B. Brady and became the first photog-
rapher of the U.S. Geological Survey, was a member of
the Wheeler expedition (Horan, 1966). He took some
300 photographs while with Wheeler, a few of which
were taken in the Grand Canyon (Wheeler, 1889; Ho-
ran, 1966).

The following year (1872) William Bell, an English
physician, took O’Sullivan’s place as photographer, ac-
companying the Wheeler Survey into the canyon
(Wheeler, 1874; Horan, 1966; Watkins, 1969) both
along Kanab Creek and at Lees Ferry. Bell was appar-
ently the first Grand Canyon photographer to experi-
ment with dry-plate photography but with little suc-
cess (Watkins, 1969).

In 1873, O’Sullivan again joined the Wheeler Survey
as photographer. He visited and photographed the
river at Lees Ferry during that year.

By the time the Powell and Wheeler Surveys had
ended, approximately 3,500 photographs had been
taken of the Grand Canyon region. That so many pho-
tographs were taken during this early period of Col-
orado River exploration is all the more surprising
when one realizes that the most advanced photo-
graphic process at the time was the wet-plate tech-
nique which required that the photographer make his
own negative by applying wet chemicals to a glass
plate just prior to its use. He then had to develop the
negative without delay following exposure. The opera-
tion required a portable darkroom with many chemi-
cals, jars, bottles, and glass plates. This fragile, bulky

cargo, including a large box camera, accompanied the
first photographers of the river and often must have
been an unappreciated extra burden. After about 1874
this method was replaced by other processes requiring
less bulky equipment.

In 1889, two decades after Powell’s first historic trip,
a railroad survey for the proposed Denver, Colorado
Canyon, and Pacific Railway was organized by F. M.
Brown, with R. B. Stanton as chief engineer and F. A.
Nims as photographer. The expedition started out on
May 22, 1889, from Green River, Utah, and ended
about 51.5 km below Lees Ferry. By the time the party
had reached this point, three men, including Brown,
had drowned—needlessly, it seems, for Brown had re-
jected recommendations to take life jackets for the
men. The surviving members of the party climbed out
of the canyon near Vaseys Paradise (Stanton, 1965).

A second expedition, with Stanton now in full charge
and with all hands supplied with specially designed life
jackets, resumed the survey on December 10, 1889. The
new boats were hauled overland from Green River,
Utah, to the mouth of Crescent Creek in Glen Canyon
(Stanton, 1965; Smith, 1967). The party entered Mar-
ble Canyon below Lees Ferry on December 28, 1889
(Stanton, 1965). Four days later on January 1, 1890,
Nims was seriously injured in an accident. He was
lifted and carried out of the canyon, and the expedition
continued without him. At this time Stanton decided to
assume Nims’ duties as photographer, never before
having taken a photograph. He was to take some 2,200
photographs during the entire trip but did not know
until after the first 1,200 were taken whether any of
the photographs were properly exposed. The cameras
on this trip used roll film and were far easier to employ
than those used earlier on the Powell and Wheeler ex-
peditions. The photographs taken by Nims and Stanton
are a particularly rich source of data because the cam-
era was used—as an adjunct to the surveyor’s
transit—to show an almost unbroken panoramic view
of the river from its headwaters to its mouth (Stanton,
1965).

Several years elapsed before other photographers en-
tered the canyon. G. W. James and his companion,
Nathan Galloway, started from Lees Ferry in about
1898 and travelled up the river through Glen Canyon,
then down river past Lees Ferry a few kilometers to
Soap Creek Rapids (James, 1907). James took many
photographs of the river. H. G. Peabody made numer-
ous photographs of the canyon around 1900 using dry-
plate negatives (Watkins, 1969). In 1901-02 photo-
graphs were taken along the lower Colorado River
from Gregg’s Ferry (Walapai damsite) to Yuma on two
trips led by J. B. Lippincott (Lippincott, 1903; Lippin-
cott and Ahern, 1903). F. S. Dellenbaugh also took pic-
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tures of the Colorado River in 1907 (Dellenbaugh,
1908). Many others including F. H. Maude, A. F. Mes-
singer, and Oliver Lippincott were to capture the Col-
orado and its canyons on film (James, 1907).

Other photographs were taken by a group in¢luding
C. S. Russell, E. R. Monett, and Albert Loper who
started downriver from Green River, Utah, on Sep-
tember 20, 1908. Four days later below the junction of
the Green and Colorado Rivers, Loper’s boat was dam-
aged along with his camera and plates thus ending the
photographic coverage for that trip. Loper remained
behind for boat repairs at Hite while Russell and
Monett proceeded to Lees Ferry to wait. They got tired
of waiting for Loper and continued on to Needles.
When Loper finally arrived at the Paria and found that
the others had continued on without him, he left the
river (James, 1910; 1914).

In 1909 a trip was organized by J. F. Stone and
Nathan Galloway to go down the Colorado River for
the specific purpose of taking photographs. They were
accompanied by a photographer, R. A. Coggswell, and
by S. S. Deubendorff and C. C. Sharp (Kolb, 1914). The
party left Green River, Wyo., on September 12, 1909,
and arrived at Needles on November 19, 1909 (James,
1910; Kolb, 1914; Stone, 1932).

The first motion pictures of the canyon were made by
the Kolb brothers, E. L. and E. C., using a Pathé cam-
era. They began their trip at Green River, Wyo., on
September 8, 1911, and arrived at Needles on January
18, 1912 (Kolb, 1914).

The U.S. Geological Survey made studies of potential
damsites along the Colorado River in the early 1920’s
(LaRue, 1925). In the fall of 1921, Cataract Canyon
was surveyed by W. R. Chenoweth, E. C. LaRue, Sid-
ney Paige, Frank Stoudt, E. L. Kolb, and, as photog-
rapher, E. C. Kolb (Freeman, 1923, p. 360). L. R.
Freeman and several others went up the Colorado
River from Lees Ferry to Halls Crossing and then down
again with LaRue and others to Lees Ferry in 1922,
surveying Glen Canyon for a damsite and also taking
photographs (Freeman, 1930, p. 76-77).

Another U.S. Geological Survey team left from Lees
Ferry on August 1, 1923, arriving at Needles on Octo-
ber 19, 1923, some 734 km downstream (LaRue, 1925,
p. 126). Lt. Col. C. H. Birdseye, Chief Topographic En-
gineer of the Geological Survey, was the leader. Some
other members of the expedition were R. W. Burchard,
R. C. Moore, E. C. LaRue, and L. R. Freeman
(Freeman, 1937). E. C. LaRue, L. R. Freeman, and E.
C. Kolb were responsible for taking still and moving
pictures con the trip (Freeman, 1930).

After the studies by the U.S. Geological Survey were
completed in 1923, the exploratory phase of the Col-
orado River travel ended. Detailed maps of the river

and its canyon from Lees Ferry to the Virgin River
were published in 1924. Trips by boat through the
Grand Canyon continued, but until large inflatable
boats became available in the 1950’s the trip was too
dangerous to appeal to most people.

In 1968 a U.S. Geological Survey expedition was
orgnized by E. M. Shoemaker with H. G. Stephens
serving as photographer. The party followed the route
of the second Powell expediton and successfully se-
cured new comparison photographs of 95 percent of the
Powell photographs that are preserved in the National
Archives. Ten photographs from this 1968 expedition
have been published with their earlier Powell expedi-
tion counterparts, but these are all from the reach
upstream from Lake Powell (Shoemaker and Stephens,
1975).

The National Park Service, in 1974, began an ecolog-
ical survey of the reach of the Colorado River we study
here. Using photographs assembled for the present
study, a number of camera stations were found and
duplicate views recorded on film (Karpiscak, 1976).

VEGETATION

The difference in altitude from the plateaus flanking
the Grand Canyon to the Colorado River at the canyon
bottom locally exceeds 1,520 m. This great range fos-
ters a varied vegetation pattern within the vertical 1.5
km above the river. Dense coniferous forests at the rim
may overlook open desertscrub far below on the valley
floor, and several vegetation zones occupy the interven-
ing slopes. Much less variety in vegetation occurs on
the arid slopes along the floor of the canyon through
the 474.7 km reach from Glen Canyon Dam to Pearce
Ferry. At the lower end of this reach, the vegetation is
predominantly an extension of Mojave Desertscrub; at
the upper end, Great Basin Desertscrub (Brown and
Lowe, 1974a; b). Through this reach there is a fall of
571.5 m, an associated rise in temperature, and an ap-
parent increase in desert plant biomass. The gradual
increase in temperature is correlated with changes in
species distributions along the river valley; none of the
floral changes affects the basic open shrubby appear-
ance of the arid-slope communities.

The Colorado River, in its passage through the arid
environment along the bottom of the canyon, creates a
moist riparian habitat along its banks. Sand and silt
deposits, gravel bars, rock piles, and cliff faces all pro-
vide more or less suitable substrates for plants at the
water’s edge. These varied habitats contribute greatly
to the variety of plant life along the river.

Several early travelers through the Grand Canyon
made brief notes of vegetation. Powell (1875) noted the
high waterline marked by scattered hackberry trees.
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Stanton made few references to vegetation, although
he did record the presence of mesquite groves from
Point Hansbrough to a point 22.5 km below the mouth
of the Little Colorado (Stanton, 1965).

Several botanical observations were made along the
Colorado River at locations accessible from the canyon
rims and below the Grand Wash Cliffs. The reach of the
Colorado River from the mouth of the Bill Williams
River to a point 96.5 km upstream was traversed by J.
M. Bigelow, a member of the Whipple expedition of
1853-54. The most common species along the river
noted were cottonwood, mesquite, and willow (Bigelow,
1856). J. S. Newberry and a Mr. Mollhousen, who were
members of the Lt. J. C. Ives expedition of 1857-58,
made some plant collections along the lower sections of
the Colorado River including the mouth of Diamond
Creek. They commented on the common presence of
arrowweed along the banks of the Colorado for the first
805 km above the mouth of the river. In addition, mes-
quite and catclaw were found to be common below
Black Canyon (Ives, 1861). Cannon (1906) noted that a
species of Baccharis was one of the primary plants
growing along the river at the foot of Bright Angel
Trail.

Aside from these brief observations, there was no
general description available of the vegetation in the
canyon until the detailed floristic study of Clover and
Jotter (1944), who were with the party led by N. D.
Nevilles. Their route followed the course of the Green
River from Green River, Utah, to the river’s confluence
with the Colorado River and then along the Colorado
River to Hoover Dam. The trip by boat through the
canyon was made in 1938. Additional observations and
collections were made in 1939 at a few localities that
could be reached by foot or vehicle. Although their
purpose was mainly to collect and identify plants and
record plant distributions, they gave brief descriptions
of the plant habitats and dominants of these sites. They
described five habitats found along the canyon bottom:
a margin of moist sand next to the river; above that,
dry sandy shores; rubble and boulder areas; talus
slopes; and areas about springs and waterfalls. One of
their general observations of the vegetation is
noteworthy: “Owing to constantly changing conditions
of the talus by landslides, and of the river’s edge in
consequence of periodic floods, there is little climax
vegetation in the Canyon of the Colorado. However,
vegetation may remain undisturbed for years, chiefly
at springs and on stabilized portions of the lower talus”
(Clover and Jotter, 1944, p. 620).

Several lists of plant species have been published for
the Grand Canyon or for adjoining areas (McDougall,
1947; Deaver and Haskell, 1955; Gaines, 1960; Phillips
and Phillips, 1974; and Phillips, 1975).

In a description of postdam riparian conditions in the
Grand Canyon, three zones were recognized by Dolan
and others (1974). According to their scheme, the low-
est zone is at the river’s edge and consists of postdam
fluvial sediments. The dominant plants here are ar-
rowweed, saltcedar, coyote willow, and Bermuda grass.
The second zone is of predam fluvial sediments, re-
worked by eolian processes, and may lie as much as 5.5
m above the present highwater. The common species
here are arrowweed, red brome, camelthorn, and Rus-
sian thistle. The third zone, of predam flood terraces
and eolian deposits, forms the highest beach zone de-
scribed and may lie as high as 9 m above present high-
water. The important species in this area are Apache
plume, catclaw, western honey mesquite, and desert
broom.

DISTRIBUTION Of MAJOR PLANT SPECIES

In September 1976, we made virtually continuous
observations of the occurrence of the dominant plant
species growing along the valley of the Colorado River
from Lees Ferry to Diamond Creek. These data are
based largely upon observations made from the river
while aboard boats. A few collections were made dur-
ing the same trip. Low plants such as Bermuda grass
were difficult to sight from the raft and are probably
underrepresented in our data. These detailed sightings
were supplemented by more casual observations be-
tween Lees Ferry and Glen Canyon Dam during the
same period and from Lees Ferry to Lake Mead in
1972. In addition, unpublished records of sightings and
collections by scientists from the Museum of Northern
Arizona and from P. S. Martin, University of Arizona,
(written commun., 1970 and 1971) have added
significantly to the record. Sightings and collections
based on the 1938 trip of Clover and Jotter have also
been included as have Jotter’s 1939 records from lo-
calities accessible by foot (Clover and Jotter, 1944).
Data from all these sources are presented in a series of
distribution maps (pls. 2, 3, figs. 7-25) showing the
occurrence of 24 species at 1-mile intervals along the
river beginning at Glen Canyon Dam.

The use of miles instead of kilometers for plotting
distributions was mainly for convenience. Because no
map with distances marked off in kilometers was
available for field use, we used as a base for recording
distributions a map with river distances in miles
(Belknap, 1969). When referring to the maps, the dif-
ferences in data reliability should be kept in mind:
Casual observations were made for the Glen Canyon
Dam-Lees Ferry reach and the Diamond Creek-Pearce
Ferry reach, and virtually continuous observations
were made for the Lees Ferry-Diamond Creek reach.

The distribution records are based on occurrences



14 VEGETATION CHANGES ALONG COLORADO RIVER, ARIZONA

near the floor of the main canyon; thus, plants growing
nearby in tributary canyons have been intentionally
excluded. Observations were confined to the area ex-
tending from the present water level to the band of
vegetation immediately above the predam flood line.
The habitats in which most of the plants occur are
postdam fluvial sediments, predam fluvial sediments,
and predominantly fine-grained stabilized talus slopes.

The communities in which these species occur are
narrow with sharply defined boundaries. The com-
munities on the stabilized talus slopes are apparently
limited on the upper side, now as in the past, by unsta-
ble conditions or by too little soil. The lower edge of this
community was generally sharply defined by the scour-
ing action of major predam floods. Because large floods
of predam magnitude no longer occur, this boundary
may become less sharp with time.

The written descriptions of distributions that follow
indicate which species are apparently undergoing
broad changes in distribution and which are merely
becoming more abundant within their preexisting
range. The set of maps will be useful to future observ-
ers for detecting trends in plant range variations.

Five of the 25 plant species for which we present
distribution data are introduced to this area. Those five
are discussed first.

BERMUDA GRASS

A native of Eurasia, Bermuda grass is almost ubig-
uitous in warmer parts of the world and was growing
along irrigation ditches in Tucson, Arizona, as early as
1891 (specimen, University of Arizona Herbarium).
Clover and Jotter (1944) cite occurrences of the species
at a few places on or near the Colorado River in 1938,
and the grass was probably well established at that
time. They found it as far upstream as Bright Angel
Creek (kilometer 143.2) but not in the main canyon
(fig. 50). Our records (pl. 2, fig. 7) for the Colorado River
valley show its first occurrence 144.8 km farther
downstream (kilometer 228). Clover and Jotter (1944)
also noted that it was apparently a recent colonist
rapidly becoming established along the shores of Lake
Mead. This plant probably occurs throughout the reach
of river we studied, although our records do not show
this.

RUSSIAN OLIVE

Russian olive is a common naturalized species in
Arizona and adjacent states. It is found along the Rio
Grande as far south as El Paso but is better adapted to
more northerly environments along that river above
Elephant Butte Dam (Campbell and Dick-Peddie,
1964). Christensen (1963) reports the plant established
in nature by 1925 in Nevada, by 1942 in Arizona, by

1948 in Utah, and by 1954 in Colorado. Its ability to
spread rapidly into a new area is shown by Harlan and
Dennis (1976) who noted that the species was planted
in Canyon de Chelly National Monument, Arizona, in
1964; by 1974, it was one of the dominant trees of the
canyon bottoms.

The tree was first noted in the Grand Canyon at the
mouth of Kanab Creek in 1973 (R. R. Johnson, U.S.
National Park Service, written commun., 1978), and it
is known from the Paria River near Lees Ferry (M. G.
Simons, written commun., 1978).

Four of the recent sightings of this tree along the
Colorado River have been within 16 km of Lees Ferry
(pl. 2, fig. 8). Two collections by the Museum of North-
ern Arizona at kilometers 231 and 232 (shown as one
locality in figure 8) are just below the mouth of Kanab
Creek. The tree may have entered the valley of the
Colorado River via the Paria River and Kanab Creek
and will likely spread from the present localities near
these tributaries.

SALTCEDAR

Saltcedar was probably brought to Arizona before
1900 and was found in the wild state along the Salt
River in 1901 (Robinson, 1965). It was reported along
the Colorado River near the mouth of the San Juan
River during the period between 1933 and 1938
(Woodbury and Russell, 1945). Tidestrom (1925) lists
Tamarix gallica, a species often confused with T.
chinensis,? as an escaped plant along the Virgin River
near St. Thomas, Nevada. Thus, by the late 1920’s and
1930’s, saltcedar was probably a common plant
throughout the Colorado River drainage basin, al-
though as Christensen (1962) noted, the fastest rate of
invasion may have occurred during the 20-year period
from 1935 to 1955. Clover and Jotter (1944) noted that
saltcedar was found in 1938 in the entire length of the
area we later mapped, except for “a considerable
stretch in Marble Canyon.” In 1936 it was noted from
Nankoweap Creek to the base of Tanner Trail (Patraw,
1936) and at the mouth of Bright Angel Creek (Dodge,
1936). McDougall (1947) did not mention it in his
checklist of Grand Canyon plants. Robinson (1965)
mapped the occurrence of saltcedar in the western
states and showed it along the Colorado River both
above and below our area. On his map it was conspicu-
ously absent from the entire Grand Canyon. The ab-
sence of this species in all but one of the early photo-
graphs (fig. 364) indicates that it occurred during the
predam period merely as widespread isolated plants.
Wtatus of the introduced and naturalized saltcedar 1s unsettled. If several
species of this difficult group occur in Arizona, as claimed by Baum (1967), then it is possible
that our observations along the Colorado River include more than one species. Until the
confusion over the identity of the introduced saltcedar is cleared, we prefer to regard all the

saltcedars recorded along the Colorado River through the Grand Canyon as one species,
Tamarix chinensis Lour.
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We believe that its nearly continuous presence today
(pl. 2, fig. 9) postdates Glen Canyon Dam. This plant
reproduces vigorously from seed that remains viable
for only a few weeks (Horton and others, 1960). The
seedlings require high levels of soil moisture for a pro-
longed period before establishment occurs. The daily
flooding of river bars provides a reliable source of water
during the critical period of seed production (approxi-
mately April to October). The plants are prolific seed
producers; the soil surface may receive as many as 17
viable seeds per square centimeter per season (Warren
and Turner, 1975). Saltcedars grow densely along the
Colorado River today because of the uniform, depend-
able moisture supply on the river bars, because of the
stable habitat, and the abundant seed source that is
available through most of the warm season.

ELM

In 1976, A. M. Phillips III, Museum of Northern
Arizona, (oral commun., 1976) found elm at several
places near Glen Canyon Dam (pl. 2, fig. 7). It presum-
ably reached the Colorado River from plantings almost
directly above at the Page, Ariz., golf course. We know
of no other wildland occurrences of the plant. A related
species, Siberian elm (Ulmus pumila L.), has been
rapidly increasing in lowland areas of Utah since its
establishment in about 1935 (Christensen, 1964).

CAMELTHORN

The spiny shrub camelthorn was introduced from
Asia. The plant entered California via shipments of
alfalfa seed prior to the 1930’s (Robbins and others,
1941) and has been known in Arizona since the 1930’s
when it was collected (specimens at the University of
Arizona Herbarium) along the Little Colorado River
west of Leupp in 1934 and on the Gila River at Gilles-
pie Dam in 1937. Camelthorn was first reported along
the Colorado River in 1970 (P. S. Martin, University of
Arizona, written commun., 1970) at kilometer 269.5
and at Cardenas Creek, 114.2 km below Lees Ferry,
where it had only recently become established. We
found it (1976) 1 km below the mouth of the Little
Colorado River, and A. M. Phillips III, Museum of
Northern Arizona, collected it just below the mouth of
the Little Colorado River (written commun., 1978). It
occurs at many sites downstream from there, but we do
not know of its occurrence above this locality (pl. 2, fig.
10). The shrub probably reached the Colorado River
valley via the Little Colorado drainage. It spreads
rapidly by means of underground rootstocks and thus
is not dependent upon special surface-moisture condi-
tions for seedling establishment. This may explain why
it commonly occurs above the zone of daily inundation.

CATCLAW

The shrub catclaw occurs in warm, arid areas of
Arizona and adjacent states (Little, 1976) at altitudes
up to 1,830 m. The plant was first seen at kilometer
63.4 on the left bank (pl. 2, fig. 11). Downstream from
this locality it is an almost constant component of the
predam flood-line community which commonly occurs
on stable talus and predam alluvial deposits. Predam
scouring action of floodwaters produced a sharply de-
fined lower limit to this community (figs. 43A, 44A,
45A, 47A, 64A, and others). Today, many catclaw seed-
lings occur below the old community boundary and
foretell future conditions. For example, in an area
below the old flood line on the debris fan at the mouth
of Horn Creek, we counted 22 catclaw seedlings grow-
ing in an area of 100 m? This is equivalent to 4.5 m®
per plant, a value not unlike that for dense catclaw
thickets. These data suggest, assuming that no plants
die and that the plants reach a size typical of nearby
areas, enough seedlings have already become estab-
lished here to produce a dense thicket.comparable to
the predam flood-line community.

WESTERN HONEY MESQUITE

The western honey mesquite, a shrub or small tree,
is widespread in southwestern North America where it
and the other varieties of mesquite are among a
number of shrubs and trees that have increased in
prominence within their ranges in the last 100 years,
especially in grassland areas bordering the desert. It is
first encountered on the right bank at kilometer 63.4
across the river and slightly upstream from the first
occurrence of catclaw. Mesquite was noted by Powell
(1875) at approximately the same location, indicating
that its range in the Grand Canyon has not expanded
during the past century. Stanton also recorded having
seen mesquite but farther downstream, between the
mouth of the Little Colorado River (kilometer 98.8) and
kilometer 120.7 (Stanton, 1965).

Western honey mesquite is part of the predam flood-
line community growing on stabilized talus and on
dunes, occuring almost continuously from its first ap-
pearance until kilometer 120.7, after which its pres-
ence becomes discontinuous and sporadic for the next
148 km (pl. 2, fig. 12). It reappears near National Can-
yon (kilometer 267.9) and from that point downstream
shares dominance in the flood-line community with
catclaw. Scattered young individuals of western honey
mesquite can be seen growing with saltcedar, sandbar
willow, and other members of the postdam riparian
strip vegetation. Few of these new entrants have yet
grown to tree size, but indications are that this species
will become a minor but significant member of the
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riparian community. It is also expected to occupy the
niche between the river and the predam flood line that
was devoid of woody plants during predam times.

Infestation of western honey mesquites by mistletoe
begins abruptly at kilometer 282.9 approximately 25.7
km downstream from the parasite’s first occurrence on
catclaw (P. S. Martin, University of Arizona, written
commun., 1971).

FREMONT COTTONWOOD

Fremont cottonwood is found along the entire Col-
orado River mainstem from the river’s mouth to its
headwaters (Little, 1971), at least to an altitude of
1,515 m (Benson and Darrow, 1954). Along the lower
Colorado River it was a common occupant of silt flats
(MacDougal, 1904; Sykes, 1937), but its position there
has now been taken over by saltcedar. Except for figure
60A, we found no evidence of Fremont cottonwood oc-
curring along the banks of the Colorado River through
the Grand Canyon until after the completion of Glen
Canyon Dam. The seedlings typically become estab-
lished in the open on newly deposited moist sediment.
Through most of the Grand Canyon these deposits were
among the more unstable habitats, and the trees were
probably repeatedly uprooted by floods.

The tree was noted by Clover and Jotter (1944)
within the Grand Canyon at two locations but only
within tributary canyons. P. S. Martin, University of
Arizona (written commun., 1971) noted several occur-
rences of the tree that seemed to predate Glen Canyon
Dam. It is still seen only infrequently along the river
(pl. 2, fig. 13). Apparently its establishment is less suc-
cessful on the postdam sediments than that of the other
riparian species, such as saltcedar and sandbar willow,
and once the sediment is occupied by the other species,
Fremont cottonwood seedlings are effectively excluded.
Fremont cottonwood is a preferred food of the beaver,
and most trees observed showed signs of having been
cut. Perhaps the plant’s limited occurrence is related to
the heavy use it receives from these animals.

ARROWWEED

Arrowweed is often seen in pure stands in alluvial
soils along streams in Arizona and adjacent states up
to an altitude of about 915 m (Vines, 1960). The ri-
parian habitat with which it is usually associated is
also ideal for saltcedar, and the area formerly occupied
by arrowweed has decreased in some regions (Turner,
1974) since the spread of saltcedar along many water-
courses in southwestern North America. This willow-
like shrub was recorded in 1938 at several locations on
the Green River by Clover and Jotter (1944). It is first
seen within our area at Lees Ferry (pl. 2, fig. 14). It is

common along the Lower Colorado River near Yuma
(McDonald and Hughes, 1968).

Apparently unable to withstand the scouring action
of floodwaters, this plant occurred only sporadically
through the Grand Canyon before Glen Canyon Dam
was built. It sprouts readily from roots and most stems
in a thicket may be connected by a common root system
(Gary, 1963). Its ability to reproduce vegetatively ena-
bles the plant to rapidly colonize open alluvial deposits.
Arrowweed has become one of the more prominent
members of the riparian community throughout the
reach of the Grand Canyon we studied.

LONGLEAF BRICKELLIA

This shrub occurs in northern Arizona, Utah, and
California at altitudes from 535 m to 1,830 m or
higher. It is commonly seen as a subdominant of the
arid communities on the slopes above the flood-line
community. It is notable in the postdam ecosystem (pl.
2, fig. 15) as one of the species to first dominate the
coarse debris fans and talus slopes lying below the pre-
dam high flood line (fig. 54 B). Whether it will retain
this dominant role as these habitats approach an equi-
librium with the present flood-free regime is unknown.

RABBITBRUSH

This species barely enters the study area, occurring
along the Colorado River only upstream from Lees
Ferry. There are several sites at which it forms dense
thickets in the 1970’s within that short reach; other
areas that were dominated by this plant in the late
19th century now support other species, mainly
saltcedar (pl. 3, fig. 16; figs. 26, 27, 28, 30, 32, and 33).

DESERT BROOM

Desert broom is a common shrub in Arizona and ad-
jacent states at altitudes below 1,675 m. This ruderal
species is a common early occupant of disturbed areas
such as roadsides, streambanks, and abandoned fields
and is uncommon in more stable habitats. Clover and
Jotter (1944) recorded it from only two localities—
Lava Falls (kilometer 288.3) and Two Hundred and
Fivemile Canyon (kilometer 330.5). P. S. Martin, Uni-
versity of Arizona (written commun., 1971), noted its
abundant occurrence at kilometer 265.5 and its com-
mon occurrence at Lava Falls and downstream from
there. Our records show it at a few localities upstream
from kilometer 265.5 (pl. 2, fig. 8), but it is nowhere
abundant until that section of the river is reached.
Where found, desert broom may be seen next to the
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river or in the formerly bare strip above the beach but
below the predam flood level. It was present in the
predam flood-line community, but these older plants
are now dying in many places. Perhaps its early estab-
lishment on the formerly flooded canyon slopes repre-
sents an early stage in a series of stages leading to a
permanent, more complex, community.

WATERWEED

Waterweed and desert broom are morphologically
and ecologically similar. The two are difficult to distin-
guish in the vegetative condition, but during the fall
when both are in flower they may be distinguished by
floral differences. The two occur together near the river
and as ruderal species on the canyon sides below the
predam high flood line. Waterweed is not known
upstream from kilometer 46.7; it is found at Stanton
Cave (kilometer 51.5) and sporadically downstream
from there; and it is missing, according to our records,
between kilometer 281.6 and kilometer 493.3 (pl. 2, fig.
16). It is much less abundant than desert broom
throughout the region of their range overlap.

SEEP WILLOW

Seep willow is a common willow-like plant along
water courses in Arizona and adjacent states at al-
titudes below about 1,525 m. It occurs near permanent
or semipermanent bodies of water where the water
table is near the surface. This tall shrub was the domi-
nant species on recent alluvium throughout much of its
range until the introduction of saltcedar. Judging from
the early photographs of the Colorado River through
the Grand Canyon, this plant was not commonly seen
before the construction of Glen Canyon Dam. Today
seep willow occurs through the Grand Canyon at short
intervals especially at Buck Farm Canyon (kilometer
66) and downstream from there (pl. 3, fig. 17). It is
found at Lees Ferry but apparently is not a common
plant above this locality. Gaines (1960) collected it on
the Colorado River in predam Glen Canyon during
1957 at a locality 8.8 km below Klondike Bar, San
Juan County, Utah. Clover and Jotter (1944) recorded
it at Lees Ferry in 1939 but not on the river above that
location. Today the plant is generally subordinate to
saltcedar and sandbar willow in the narrow riparian
community at the edge of the river. As the riparian
habitat reaches stability in the postdam period, seep
willow will probably remain a conspicuous but minor
element along the banks of the Colorado River.

EMORY SEEP WILLOW

The shrub emory seep willow is strikingly similar,
ecologically and morphologically, to seep willow and is

difficult to distinguish from it except during late sum-
mer and fall at which time both species are in flower
and differences in the position of inflorescences may be
used to distinguish the two, even at a distance. Emory
seep willow occupies the same habitat as seep willow
but according to our records is slightly less common
than the latter (pl. 3, fig. 18). The shrub was common
near Green River, Utah, in 1939 (Clover and Jotter,
1944), and it has been recorded 12.9 km above Lees
Ferry.

APACHE PLUME

Apache plume is an evergreen shrub found from
western Texas to southeastern California and south
into Mexico. It is normally found at altitudes from
1,065 m to 2,285 m. It reaches its lower elevational
limit in the Grand Canyon and distinctly marks the old
flood line from Glen Canyon downstream to about
kilometer 93.3; it is rare below that locality (pl. 2, fig.
10). Its position of dominance in the old flood-line
community has not changed during the postdam period
(fig. 35).

NETLEAF HACKBERRY

The netleaf hackberry, a widespread deciduous tree,
is usually found in valleys from Oklahoma and Col-
orado to northern Mexico. In the Grand Canyon it is
characteristic of steep slopes at or above the old flood
line and occurs discontinuously over the full length of
the canyon (pl. 3, fig. 19). It has recently become estab-
lished below the predam flood line at kilometer 12.6 (P.
S. Martin, University of Arizona, written commun.,
1971) and can be expected to appear in this newly
available habitat at other localities.

REDBUD

The redbud is a small tree inhabiting mesic situa-
tions such as alcoves on north-facing slopes, seeps, and
the old predam flood line. It is commonly seen from
Glen Canyon Dam to the vicinity of ‘Nankoweap
(kilometer 85.3). It has recently become established
below the old flood line at Vaseys Paradise (kilometer
51.5) (P. S. Martin, University of Arizona, written
commun., 1971). Redbud is more abundant than our
map (pl. 3, fig. 20) indicates; it is commonly seen from
the river in habitats above the predam flood line for
which we do not show data.

CATTAIL

Two similar species of cattail, Typha latifolia and T.
domingensis, occur in the Grand Canyon; in the field
close examination is required to separate them. Our
sightings were made mostly from a raft on the river,
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and we could not see the plants on the shore clearly
enough for identification. The two are ecologically
similar and are not separated in our records (pl. 3, fig.
21). These plants are practically limited to aquatic
situations with quiet water; the rhizome requires com-
plete and permanent immersion (Ridley, 1930). These
plants are important food for beavers and muskrats,
the seeds are eaten by some waterfowl, and the dense
cover produced by these plants provides shelter and
nesting cover for marsh birds, waterfowl, and
songbirds. Stands of these plants were probably rare or
absent in the predam period but are common today
(figs. 37B, 65B, and 68B) and contribute importantly to
the new postdam ecosystem along the Colorado River.

REED

The large grass called reed is a cosmopolitan species
found in most of the temperate and tropical parts of the
world. It characteristically occurs in marshes, at seeps,
and along rivers and streams in our region. Clover and
Jotter (1944) observed the grass in 1938 at three loca-
tions in the Grand Canyon: at the mouth of Bright
Angel Creek, near Deer Creek Falls, and downstream
from Upset Rapids at kilometer 244.6. The plant was
probably well established in the main canyon at seeps
above the predam flood level and within tributary can-
yons. It now occurs as a common member of the new
riparian community (pl. 3, fig. 22).

SPINY ASTER

The spiny aster is a green, broom-like herbaceous
perennial with poorly developed leaves and sparse
thorns. It is a widespread plant in moist habitats up to
altitudes of about 1,200 m from Texas to California and
south to Costa Rica. In 1938-39 Clover and Jotter
(1944) found it at Lees Ferry and downstream from
there at several places. It is present along the Colorado
River from Glen Canyon Dam to the Sea of Cortez (Gulf
of California) in moist alluvial deposits where condi-
tions are stable enough to permit establishment. Spiny
aster spreads by rhizomes; it quickly colonizes open
areas and can be expected to become common through-
out the Grand Canyon (pl. 3, fig. 23).

SANDBAR WILLOW

Sandbar willow is a shrub that attains heights of 2 to
4 m (rarely 5 m). It is one of the more abundant shrubs
along the Colorado River today (pl. 3, fig. 24) and is
found throughout the Colorado River basin and along
most of its tributaries to an altitude of about 2,100 m.
In 1970 Martin found it spreading very rapidly along
the river below the flood line (P. S. Martin, University

of Arizona, written commun., 1970). The shrub is re-
stricted to substrate near river level except at seeps,
such as those at Vaseys Paradise, Deer Creek Falls,
and Lava Falls. In 1938, Clover and Jotter (1944) re-
ported it at localities from Lees Ferry to kilometer
308.9. Sandbar willow spreads rapidly from roots and
is an important beach stabilizer (R. R. Johnson, U.S.
National Park Service, written commun., 1978). This
plant and saltcedar are the dominant species of the
riparian community. Because of its short stature, this
shrub may be partially replaced as equilibrium is
reached in those areas where it grows with taller
plants such as saltcedar (Campbell and Dick-Peddie,
1964). In recent years, its rapid establishment on bare,
unstable mud bars below saltcedar has been observed
(A. M. Phillips III, Museum of Northern Arizona, writ-
ten commun., 1978).

GOODDING WILLOW

The only large willow growing along the Colorado
River below Glen Canyon Dam is Goodding willow (pl.
3, fig. 25). Clover and Jotter (1944, p. 602) observed
that willows in the lower part of the Grand Canyon
“became so well established in some locations as to
attain a height of thirty or forty feet.” The few places
that tree willows appear in predam photographs are
from the lower part of the Grand Canyon (figs. 624,
63A, and 66A).

DESERT ISOCOMA

The species desert isocoma is normally less than 1 m
tall and is typically found as scattered individuals in
the riparian community. It was found at Lees Ferry in
1938-39 (Clover and Jotter, 1944) but has not been
reported upstream from this locality. Our records show
it (pl. 3, fig. 20) at scattered locations along the Col-
orado River to the vicinity of Rampart Cave (kilometer
442); it probably occurs downstream from there. Desert
isocoma is nowhere important in the habitats below
the predam flood line, but in old alluvial deposits above
this level it may be the dominant plant.

PHOTOGRAPHIC DOCUMENTATION
OF CHANGES

The use of photographs for recording changes in
landscapes has many advantages over other methods
because the camera records in great detail many fea-
tures that would otherwise be overlooked. The camera
faithfully records such subtle features as highwater
stains on streamside outcrops, the intricate details of
hexagonal soil cracks on alluvial silt beds, vertical
banks formed by recent floods, the presence or absence



SUMMARY OF CHANGES 19

of plants on flood plains, and numerous details that
would easily be overlooked or could be described well
only by making painstaking drawings, measurements,
and verbal descriptions. Photographs provide an un-
biased and unusually complete record of conditions
existing at a specific time (Malde, 1973). And when a
new photograph is exactly matched against an old, any
difference between the two can be readily discerned
and taken as evidence for change.

In this section are 48 sets of long-interval, time-lapse
photographs. In most instances, the photographs are
paired, oblique, terrestrial views—one taken in 1963
or earlier, the other dating from 1972 through 1976.
The exceptions are (1) the single aerial photograph
series in which the oldest view was taken in September
1952, repeated in May 1965(about 2 years after the
dam was completed) and again in June 1973, and (2) in
one instance where three matched photographs in one
set were used instead of two.

The photegraphs are arranged, for the most part, in
an orderly sequence beginning with the station farth-
est upstream. The photographs in this report represent
approximately one-third of those acquired during the
study. The unpublished photographs may prove useful
to future students of the Grand Canyon. Negatives for
all the recent photographs have been retained in Tuc-
son, Ariz., by the U.S. Geological Survey, Water Re-
sources Division, or by the Museum of Northern
Arizona, Flagstaff, Ariz. Most of the predam photo-
graphs are from the files of the U.S. Geological Survey
Library, the New York Public Library, or from the Na-
tional Park Service Library at Grand Canyon. The
source of all photographs used in this publication is
given, with appropriate credit, in table 3. The location
is shown on plate 1 of all sites at which published
matching photographs were taken.

SUMMARY OF CHANGES

In the preceding section we have attempted to docu-
ment changes occurring along the Colorado River from
the period prior to 1963, the year water impoundment
in Lake Powell began, and the early 1970’s when our
field work was accomplished. Changes can be consid-
ered within three separate communities: the commu-
nity of postdam fluvial sediments lying nearest the
river, the zone of predam fluvial sediments found next
above, and, the highest of the three zones, communities
of predam flood terraces, eolian deposits, and stabilized
talus slopes.

ZONE OF POSTDAM FLUVIAL SEDIMENTS

Because all predam photographs show the near ab-
sence of plants in this situation, we believe that in the

short period of 13 years the zone of postdam fluvial
deposits has been transformed from a barren skirt on
both sides of the river to a dynamic double strip of
vegetation. Here conditions for plant establishment
and growth are excellent, and under the new hydro-
logic regime many plants now grow densely. Foremost
among these are saltcedar and sandbar willow. In addi-
tion, there occur desert broom, Bermuda grass, carrizo,
seep willow, Emory seep willow, and cottonwood. Cat-
tails grow on submerged deposits, as do horsetail and
great bulrush.

The photographs show that this community accounts
for most of the striking changes observed. It is doubtful
that equilibrium has been reached, and the community
is probably still undergoing change, both in compostion
and density. From our observations of the rapid spread
of camelthorn since 1970 and the recent appearance of
Russian olive and elm along the river, we feel that
these species, at least, will continue to expand in im-
portance within this zone causing some changes in
riparian community composition. Moreover, many of
the new plants have not reached full size; as they do,
increased community coverage will result.

The increase in plant biomass in this zone has doubt-
less had effects on the fauna of this habitat. Recent
work (Carothers and Johnson, 1975; Carothers, Aitchi-
son, and Johnson, 1976; Ruffner and Carothers, 1975;
Tomko, 1975) has shown profound responses to the new
habitat by insects, reptiles, small and large mammals,
and birds. Beavers are becoming common as a ready
source of food has developed. They will obviously influ-
ence the composition and density of the zone of post-
dam fluvial sediments because of their preferential
harvesting of cottonwoods and willows. Numerous
large cottonwoods as well as willows were observed to
have been downed by beaver, but no beaver sign was
observed on saltcedar. The increasing population of
beaver would appear to be a factor favoring plants
other than cottonwoods and certain willows within the
postdam fluvial zone.

ZONE OF PREDAM FLUVIAL SEDIMENTS

Prior to construction of Glen Canyon Dam, this pre-
dam zone and the previous zone were indistinguish-
able. Both were under control of frequent floods, and
few plants became established. In situations where the
floor of the canyon is broad, the scouring action of
floods is reduced. If the fluvial deposits are thick and
ground water is shallow, the zone of predam fluvial
deposits supports plants like arrowweed and desert
broom. Thick predam eolian deposits with even greater
depth to ground water support dropseed (fig. 40B). Free
now from flooding, this zone possesses the stability for
new community development but lacks the water to
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TABLE 3.—Camera station descriptions, including dates, location, altitude, and photograph credits

Filgure [koca(tion Direcftion Altitude Original photography Repeat photography Remarks
0. m {mi)/ o at river ~ i i i
riverbank view level Date Photographer Credit dgggé?%}:%ln Date Loch on l\llgﬁgggﬁ
left, right, (m) negative
center)
26 +24/.é Upstream ______ 957 1889 F.A Nims _____ ___NYPL' R. B. Stanton 11 June USGS? 757 Stanton, 1932, facing p. 25.
(15.0) #23 1975
27 +20.6 ____do.__..______ 956 1889 ceedo NYPL R B Stanton 11 June USGS 754
(12.8)/L 239 1975
28 ;11/.]% Downstream . .__954 1889 JE | NYPL R B Stanton 11 June USGS 752
(7.0 #244 197
29 +6.4 Upstream ______| 953 1889 _do NYPL R. B. Stanton 11 June USGS 750
(4.0)/L #245 1975
30 +4.8 ____do--_._______ 953 1872 William Bell __________ USGSD®* Wheeler photo 11 June USGS 756
(3.0/L album #68 1975
31 (03[))[6 Downstream ____951 1923 L.R.Freeman ________ USGSD Topo. Div. #6 22 1;;12gust USGS 710
32 0 Across... . _____ 949 1873 T. H. O’Sullivan ______ USGSD Wheeler photo 22 August USGS 706 Bartlett, 1972,
(OYL album #70 1972 facing p. 361;
Horan, 1966, p. 270.
33 0  Downstream ____949 ceedo USGSD Wheeler photo 27 June USGS 671
(/R ca. 1873 album #47 1972
34 1.0 Aerial __________ 947 24Sept. . ___________ USGSA* Box #10
0.6) 1952 Photo #20-54 16 June USGS 003 WRD
14May USGS®*  Roll #1 1973 6-16-73
1965 Photo #1
35 6.9 Upstream ______| 942 21 Oct. R.S. Leding __________ NPS® NPS #2354 21 August USGS 704
(4.3)/C 1952 1972
36 12.6 Downstream _.__939 19 June oo NPS NPS #2297 21 August USGS 705
(7.8)/L 1952 972
37 ——do__________ 933 2August E.C.LaRue __________ USGSD E.C. LaRue 22 August USGS 672
(11 0)/L 1923 #338 972
38 Across__________ 907 6August ___.do. .. ________ USGSD E.C. LaRue 23 August USGS 714
(21. 5)/R 1923 #353 1972
39 Upstream ______ 893 6August _._do. . __________ USGSD E. C. LaRue 16 Sept. USGS 797 Karpiscak,
(24. 5)/[. 1923 #355 1976 1976, p. 8.
40 _do__________ 884 20 August J. K. Hillers__________ USGSD J. K. Hillers 23 August USGS 673 Darrah, 1947, facing p. 9;
(28.3)/L 872 #445 972 Dar!‘ah 1951 Tus. #12
Stegner, 1954,
following p. 238;
LaRue, 1916, plate 9A;
Dellenbaugh, 1903, p. 321;
James, 1910, facing p. 248;
Rusho, 1969, p. 3
41 51.3 Across..________ 875 8 August L. R. Freeman Topo. Div. #27 17 March MNA® 2 Karpiscak,
(31.9)/C 1923 1974 1976, p. 10.
42 53.83 Downstream ____873 (August?) _._.do________ _______ Grand Canyon 17 March MNA 3 Karpiscak,
(33.1)/L 1923 #173 1974 1976, p. 12.
43 748 ___do______.__ 858 11 August E.C.LaRue ______ N E. C. LaRue 18 March MNA 5
(46.5/R 1923 #390 1974
44 846 ___.do__________ 847 (August?) E.C.Kolb .. ____ Grand Canyon 19 March MNA 9 Karpiscak,
(52.6)/R 1923 #45 1974 1976, p. 14.
45 98.8 Upstream ._____| 826 1872 J. K. Hillers J. K. Hillers 23 August USGS 685 James, 1910,
(61.4)/C #885 1972 facing p. 159.
46 988 ___do..________ 826 13 July J. Blaisdell NPS #4288 2 Sept. USGS 730
(61.4)/L 1963 1973
47 105.4 Downstream -___817 1872 J. K. Hillers J. K. Hillers 26 July MNA 46
(65.5)/R #858 1974
48 1231 ___.do__________ 780 (August?) L.R.Freeman____..___ USGSD Topo. Div. #36 23 August USGS 715
(76.5)/L 1923 1972
49 1263 ___do_.__. _____ 770 1872 J.K.Hillers . _______ USGSD J. K. Hillers 20 March MNA 11 Darrah, 1951, Illus. #9;
(78.5)R #449 1974 LaRue, 1916, plate 24A;
Dellenbaugh 1903, p. 219
James, 1907, p. IIL.
50 1406 ____do..__.______ 741  October R.S.Leding __________ NPS NPS #2349
(87.4YL 1952 23 August USGS 716
19 June J. Blaisdell & NPS NPS #4251 1972
1963 A. Wolfe
51 143.1 Upstream ______ 732 February D.T.MacDougal . ___. ARHS" Al-41 20 Sept. USGS 801
(88.9)/L 190 1976
52 174.7 Across__________| 666 1901 N. W. Carkhuff ______ USGSD N. W. Carkhuff 23 August USGS 688
(108.6)/L #A62 1972
53 185.8 Upstream ______ 645 February R.B.Stanton _____ NYPL R B Stanton 22 Sept. USGS 802
(115.5)LL 1890 1976
54 200.8 Downstream ____623 6 Sept. E.C.LaRue __________ USGSD E C LaRue 22 Sept USGS 691
(124.8/R 1923 1976
55 202.7 Upstream ______ 619 1872 J. K Hillers ._________ USGSD J K Hillers 31 July MNA 54 Darrah, 1951, Illus. 11;
(126YL #879B 1974 Dellenbaugh, 1908, p. 218.
56 219.1 Across_.________ 588 10 Sept. E.C.LaRue _.________ USGSD E.C. LaRue 24 August USGS T17A :
(136.2)/L 1923 #546 972
57 231.2 Upstream ._____. 572 10 Sept. ceedoeo USGSD E.C. LaRue 24 August USGS 718
(143.7)/L 1923 #553 1972
58 287.4 Downstream ____511 18 Sept. edo__ USGSD E. C. LaRue 3 July USGS 697
(178.6)/L 1923 601 1972
59 288.5 Across_.__._____ 511 19 June William Belknap, Jr. __NPS C-57 26 Sept. USGS 803
(179.3)/R 1950 1976
60 313.6 Downstream __..471 25 Sept. E.C.LaRue _________._ USGSD E.C. LaRue 25 August USGS 720
(194.9)/L 1923 #628 1972
61 328.9 Upstream ______ 454 27 Sept. eedo_ _...USGSD E.C. LaRue 3 August MNA 60
(204.4)/R 1923 #633 1974
62 336.0 Across.._.._.___ 442 28 Sept cedOo USGSD E. C. LaRue 30 March MNA 30
(208.8)/L. 1923 #643 (left halh) 1972
63 33 edoo 442 28 Sept Y ' T USGSD E.C. LaRue 30 March MNA 30 Karpiscak,
(208.8)/L 1923 #646 (right half) 1974 1976, p. 28.
64 33 Upstream ______ 439 28 Sept do________ IR USGSD E. C. LaRue 27 March MNA 21
(209.2)/L 1923 #643 1974
65 350.3 Downstream ___.424 30 Sept. edo . USGSD E. C. LaRue 4 July USGS 703
(217.7/L 1923 #653 1972
66 3581 ___do__ . _____ 413 1 Oct. eeedo USGSD E. C. LaRue 25 August USGS 722
(222.5)/L 1923 #664 1972
67 360.7 ____do__________ 408 2 Oct. R 1« S USGSD E. C. LaRue 29 Sept. USGS 804
(224.2)/L 1923 5 1976

See footnotes at end of table.
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TaBLE 3.—Camera station descriptions, including dates, location, altitude, and photograph credits—Continued

Fiﬁure [I];ocatiqn/ Direcftion Altitude Original photography Repeat photography Remarks
0. m (mi) ol at river i i i i
riverbank view level Date Photographer Credit d%gglg(;% %‘n Date Locgl; on I\rlﬁgggevg
left, right, (m) negative
center)
68 363.0 Upstream ______ 408 1902 N.H. Darton ________ USGSD N. H.Darton 25 August USGS 723B
(225.6)/L #911 1972
69 3632 ___.do._..______ 407 22 Sept. E.C.LaRue __..___ __.USGSD E.C. LaRue 29 Sept USGS 805 LaRue,'1925, plate 45-A;
(225.7)/L 1922 #675 1976 Karpiscak, 1976, p. 34.
70 368.0 Downstream ____395 7 Oct. dooo . USGSD E.C. LaRue 26 August USGS 724
R (228.7)R 1923 #690 972
71 406.0 Upstream ______ 322% 13 Oct. ceedoo oL USGSD E.C. LaRue 26 August USGS 725
(2562.3)/L 1923 #747 972
72 4376 Downstream ____282% 15 Oct. ceedoe USGSD E.C. LaRue 6 August MNA 72
(272.00/R 1923 #759 1974
73 4413 ____do._..______ 280% 15 Oct. ceedOe USGSD E.C.LaRue 6 August MNA 73
(274.3)/L 1923 #761 974

'New York Public Library, New York, N.Y.

2J.8. Geological Survey, Project Office, Tucson, Ariz.

3U.8 Geological Survey, Photographic Library, Denver, Colo.
“U.S. Geological Survey, Arizona District Office, Tucson, Ariz.

rapidly produce dense plant growth. Changes here are
slow, and although underway by the time of our study,
few signs of change were detected photographically.
The new community, judging from recent plant estab-
lishments, will comprise species commonly found
upslope. These include catclaw, Apache plume, west-
ern honey mesquite, dropseed, brittle bush, and rab-
bitbrush. Camelthorn, an exotic species, is also rapidly
becoming an important member of the community.

Man’s influence on the vegetational changes along
the Colorado is not limited to his control of river flow.
He has become an important element for change by his
presence on the river. The annual passage of approxi-
mately 15,000 people through the Grand Canyon facili-
tates the downstream movement of plant disseminules
from one beach to another. Species that inhabit the
zone of predam fluvial sediments are likely to be af-
fected. The zone below may be similarly affected, but
most of the migrant disseminules there are probably
carried and deposited by water.

ZONE OF PREDAM FLOOD TERRACES, EOLIAN DEPOSITS,
AND STABILIZED TALUS SLOPES

Predam terraces, eolian deposits, and stable talus
slopes were situated above the zone of annual inunda-
tion and in many places even above the zone reached
by extreme flooding. This habitat was marked by gen-
eral stability and by little competition from plants
along its lower margin. As a consequence, the plants
composing this community grew to large size and were
mostly closely spaced. The effect of dam construction
on this community will probably be a decrease in its
density, especially on level flood terraces that no longer
are periodically inundated. The change is conspicuous
at several sites above Lees Ferry and is illustrated in
figures 33Aand B. In this same zone on stabilized talus
slopes, there are signs in some areas of a decline in the
size and number of the woody plants comprised in this
community. This is not a widespread phenomenon and

*National Park Service, Grand Canyon, Ariz.
SMuseum of Northern Arizona, Flagstaff, Ariz.
“Arizona Historical Society, Tucson, Ariz.
*River level prior to filling of Lake Mead.

was recorded in only one photograph pair (fig. 34 A and
B) of the several herein, showing the dense fringe of
predam flood-line vegetation. The dominant plants
here are rabbitbrush, Apache plume, western honey
mesquite, catclaw, and canyon hackberry. These
species provide the seed source for the plants newly
occupying the predam fluvial deposits on the zone next
below.

On talus slopes clearly above the influence of predam
flooding, the vegetation is remarkably stable. The pho-
tographs in this series do not support earlier conclu-
sions (Clover and Jotter, 1944) that landslides made
the talus slopes so unstable that a climax vegetation
did not develop. From field observations and from the
photographs, we judge that most talus is stable as is
the vegetation it supports. Unstable talus is seen in
figure 48 and a recent rock fall in figure 57B. In the
many other views of talus, unstable surfaces are not
evident.

Man is directly influencing the stability of this zone
above annual inundation by his destruction of plants at
camping areas and elsewhere. Trampling of vegetation
and trail cutting are especially evident at prime attrac-
tions such as the ruins at Nankoweap or at Deer Creek
Falls in the area above the old high water line com-
munity. These heavily disturbed areas are inhabited
predominantly by ephemeral species which thrive on
disturbed ground, and many complete their life cycle
before the river runners start their season.

GENERAL CONCLUSION

Any serious attempt to predict future changes must
await passage of additional time. The vegetation has
probably not reached an equilibrium with the new en-
vironment, and the final stage cannot be foreseen.

The problem of assessing equilibrium lies only partly
in the lack of data for determining rate of vegetation
change. It lies partly in our inability to predict changes
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in river flow, for even though relatively stable, stream
discharge still has the potential for causing great
change.

The flow in the Colorado River through the Grand
Canyon is determined by power-generation needs, by
water-supply needs, and by water availability. The last
variable in this complex relationship is dependent on
regional weather and is unpredictable. The other vari-
ables are under man’s control yet their effects are
hardly more predictable and there is still a large ele-
ment of uncertainty. As an example, diversion of the
dependable allocated water supply relies upon comple-
tion of long range programs such as the Central
Arizona Project. Completion of this program is behind
schedule, and as a result Colorado River flow may be
affected. As was noted by the Bureau of Reclamation
(1976), “the dependable water supply [of the Colorado
River] has been allocated but some of the facilities for
its use have not yet been constructed. Since 1962, the
resulting temporary excess of supply over demand has
been stored in new facilities [such as Lake Powell]. In
the near future, storage facilities will be filled to their
operating limits requiring the frequent release of ex-
cess water. This condition will then continue until the
allocated water supply is fully used or a period of defi-
cient water supply occurs.” Thus, for the foreseeable
future, flow through the Grand Canyon was expected to
be greater than during the earlier postdam period, al-
though this prediction was tempered by the acknowl-
edged effect that regional precipitation deficiency
would have on any surplus.

The spring of 1977 provided a timely example of the
unpredictable effect of drought on the flow of water
through the canyon. Instead of the predicted excess wa-
ter, the river below Glen Canyon Dam actually carried
flows far below average. The discharge rate was so low
that in one instance river parties were stranded in the
canyon and a special release of water from Glen Can-
yon Dam was required to flush them out.

Should release of excess water become necessary
then effects on the riparian vegetation are likely to
occur. To the extent that the greater flows inundate
established vegetation for longer periods or to greater
depths than before, there may be a change in the zones
of plants within the newly established riparian strips.
If, as occurred during April 1973 (fig. 1), increased flow
from Lake Powell is accomplished by maintaining near
constant daily flow, some plant species may be elimi-
nated from positions they now occupy because of
inability to withstand inundation for long periods. If
release of excess water is accomplished by increasing
the daily maximum values while maintaining the old
minima, then plants now established would probably
remain intact and new plants would become estab-

lished at higher positions on the banks. This release
pattern would presumably increase the breadth of the
riparian strips, unless, of course, the increased daily
maxima result in scouring and uprooting of plants. The

_exact form of the future plant communities along the

Colorado River will in the final analysis depend on the
interplay between the whims of man and the vagaries
of weather and is therefore probably unpredictable.
Yet it is apparent that the future relatively stable
riparian vegetation will be dense and will probably in-
clude the species that are there now plus new introduc-
tions that will occasionally reach the valley of the Col-
orado River.
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