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CHA&FTER I
INTRODUCTION

Colorado River Investigations V presents results of a fiva-
weel, civ—-zemester hour course (Geclogy S528-626) on the geology
and bioloay of the Grand Canyon. Mow in its fifth vyear, the
course is offered each summer by MNorthern Arizona University in
collaboration with the Museum of Northern Arizona and Grand
Canyon National Fark. While primarily designed to introduce
teachers to the natural history of the Grand Canyon and to giwve
them an opportunity to gather scientific information under the
rigorous supervision of experienced researchers, the program alsb
generates ongoing data about beach condition, vegetation, and
aquatic and terrestrial fauna in the Colorado River corridor of
the Grand Canyon.

In 1986, the course consisted of three weeks of classroom
and laboratory instruction and about two weeks of field work,
most of which was an ll-day research expedition down the Colorado
River from Lees Ferry to Diamond Creek (July 29 - August 7).
All Ffield investigations were conducted under the supervision of
Dr. Stanley 5. Beus, a professor of geology at Northern Arizona
University, or Dr. Steven W. Carothers, an adjunct professor at
Northern Arizona University and an ecological consultant. Both

scientists are Research Associates with the Museum of Northern

Arizona.
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The research reports are all at least partly outlined by
=tudents and offer the results of a variety of investigations.

Some  of the projects, most notably the beach profile and human

impact studies, have been underway since the couwrse was first
offered in 1982. The studies conducted in 19853 and 1984 are  of
special significance because they further document changes in
Grand Canyon beach conditions after the exceptional high water
flows of 1983 and 1984. The data collected, when compared to data
collected in the previous four years, provides information about

the effects of unusuwally high water discharges on the post-dam,
downstream (Grand Canyon) environmeant.

The 1584 investigations included studies of beach profile
changes, sedimentary structures in river beaches and bars;
beach sand-size analysis., turbidity values and concentration
total dissolved solids of the river water, temperature gradients
along the beaches, harvester ant densities on camping beaches,
reptile distribution, human impact on camping beaches, and &
frequency report on river raft-groups and aircraft sightings

along the 11 day expedition.
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CHAFTER TII
REACH FROFILE DATA FROM JULY-AUGUST 1986
SURVEYS IN GRAND CANYON
Stanley 8. Beus, Rebecca Cardon, Frances Fulton,

Al Pastrick, and Micheal Stock

INTRODUCTION

The topographic profile measurements made in late summer,
1986, are a continuation of long-term monitoring of selected
campsife beaches. The available data mow cover a li-year period.
0f the original 37 profiles on 20 beaches surveyed by Howard
(1975) in 1974 and 1975, B8 profiles on 4 beaches (Unkar, 109~
mile, Waltenburg Canyon, and Upper 124 1/2-Mile Canvyon) are no
longer monitored because the beaches are essentially removed or
=0 reduced as to be no longer used as campsites. In the period
1983-1985, & additional beaches (Awatubi, Nevills Rapid, 122~

Mile, Forster Canyon, Lower National Canyon, and 220-Mile) were

added to the list.

FURFOSE
The purpose of this survey 1is to provide a record of
topographic changes in beaches through time. This.research may
serve as a basis for management decisions by the Naﬁional Fark

Service and Bureau of Reclamation in maintaining the beaches as a

major resource to river recreationists in Grand Canyon.



METHODS

In 1986, %6 profiles on 18 beaches were suwveyed. Most were

done using a standard surveying transit. At a few sites, notably
Lower National Canyon beach at mile 1446.4&, a theodolite was used
and three new profiles were established. Table 1 summarizes the
rumbar of beach profiles surveyed in the past 12 years. Table 2
presents a comparison of the loss or gain of vertical feet of
beach zand between 1986 and 1985.

Selected individual beach profiles, particularly those with
measurable changes in the past year, are shown in Figwes 1-3, S-
17, and 19-2Z. The amount of gain or loss in vertical fill of
sand is shown in the bar graphs in Figure 23. In each case, the
inner-shoreward and outer-riverward, half of the profile is

represented by a separate bar.

DISCUSSION

~x

The results of the profile measurements presented in Table 2
and Figure 22, indicate a gradual depletion of sand on most of
the beaches studied between 1985 and 1786. Eight profiles on 5
beaches showed a modest net gain of 0.2 to 3.0 feet of sand
deposition. However, 17 profiles on 13 beaches showed a net loss
of 0.3 to nearly 4 feet of sand. At one beach, Lower lLava Falls
{(180.9-mile), the loss was attributed to & flash flood in the
summer of 1986. Seven profiles on 7 different beachgs showed
little or no change from 1985. The slight gain shown at Nevills
Rapid (73—-milel, appears to be the result of wind-blown
sandridges moving transverse to the shoreline.

fs indicated from the 1984 and 1983 data (Beus and others,
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1984), there appears to be a contimuiﬁg deterioration of the
beaches due to erocsion by the river and possibly other dynamic

erosive processes. A notable sxception is the small beach at 1750
Mile, where up to 4 feet of sand was added along most  of  the
profile. Tha C5 2 profile at Upper Granite, (93, 2-mile), which
euperienced both major erosion in 1983 and 1984, and substantial
deposition in 1983 (Fig. %), appears to have stabilized in 1934,
However, C5 1 profile at Upper Granite shows continued erosion.

The beach is nearly gone except for a footpath width {(Fig. @).

CONCLUSIONS

It seems probable that with the present controlled flow of
the Colorado River, which precludes heavy sediment-loaded floods,
the beach sands will be gradually lost by erosion. In the past
12 years, the only substantial departure from this appears to be
the unexpected high water spills of 1983 and 1984, which produced
substantially more deposition tham erosion on the beaches being
monitored (Beus and othetrs, 1985) . Lesser high water flows in
1985 may have added sediment to the few beaches that showed a n=t
gain between 1985 and 1986. Ferhaps occasional high water
"gpills" through Glen Canyon Dam may be necessary to maintain the

beaches as a recreational resource in the Grand Canyon.



Table 1. Beach prefiles surveyed.

B S 3 4 .

River Number of Profiles Measured

Mile Beach Nase 1974 1975 1980 1982 1983 1984 1985 1986

£18.2  Upper 18 Mile Wash 2 2 2 2 2

L19.3 19 Mile Wash 2 { 2 2 2

L34.7  Nautiloid Canyon 2 2 2 2 2 2

RS3.0  Lower Nankoweap 3 3 1 1 3 2 l

R41.8  Mouth of Little Colorado 1 1 1 1 1 2

L63.5  Tanner Mine 2 2 2 2 2 2

R72.2  Unkar Indian Village (gone) 1 1 3 2 1

L75 Nevills Rapid (New 1984) 2 2 2

L81.1  GBrapevine 2 2 2 1 2 2 -

L87.1  Lower Suspension Bridge 2 { 1 g

193.2  Upper Granite Rapid 2 1 2 2 2 2 l

R109.4 109 Mile fgone) 2 ! 2

R112.2 = Waltenberg Canyon (gone) 1 1 1 1 3

R120.1  Blacktail Canyon 2 2 { 2 2 2 2 I

R122 122 Mile Beach {new 1983) 2 2

R122.8 Forster Canyon (new 1983) 3 3 3 3

L124.4  Upper 124 1/2 Canyon {gone) i ! .

R131 - Bedrock Rapid ; 2 2 2 2 2 2 -

L151.6 The Ledges 22 |

L166.5 National Canyon 2 ! 1 2 2 3

L166.6 Lower National (new 1983) 2 3 l

L180.9 Lower Lava Falls 2 2 2 2 2 2

1190.2 190 HMile i 1 1 1 { i

£208.8 Granite Park 2 2 2 1 2 2 2 2 l

L220 220 Mile Beach {new 1983) 2 2 )

1974,1975 data from Howard (1973) I

1980 data froa Dolan (1981)

1982 data froa Beus and others ({982)

1984 data 4rom Beus and others {1984) '

1985 data from Beus and others (1985) :

1984 data froa this report I
6 l



Table 2. Sussary of loss or gain in vertical feet of beach sand on Colorado
River beaches between 1985 and 1986.

Beach Profile Ianer Cuter
Li8.2 £s 1 0 -0.5
£s 2 9 -2.0
19.3 No data in 1986
4.7 s ¢ 9 0
€s 2 -1.23 -2.5
R33.0 LS 1 No data in 1985
£s 2 -0.5 +0.5
R59.8 £s 1 -1.25 -1.73
Rét.8 £s 1 -2.0 -1.5
‘ £s 2 new 1986
L4535 £s 1 -0.5 -0,73
s 2 0 -0.2
R72.2 No data in 1986
L75.0 £s1 +1.5 +1.3
£s 2 +0,2 -0.1
L81.1 £s1 +1.0 -0.75
s 2 +0.75 -0.2
L87.1 No data in 1986
193.2 £s 1 -1.5 -0.3
£s 2 -0.25 -0.5
R109.4 No data in 1988, beach gone '
R112.2 No data in 1986, beach gone
R120.1 £s ! -0.5 -0.2
£s 2 0.0 0.0
R122 £s !t +0.75 +9.75
£s 2 +2,0 +1.5
1122.8 £st 4.5 +.0
£s 2 0.0 0.0
£s3 0.0 +0.3
L124.4 No 1986 data, beach such reduced
R13t st -1.0 -0.2
£s 2 0.0 0.0
R151.6 No data in 1986
L166.35 No 1986 data, beach mostly rocks
L166.6 £s 1 0.0 0.0
£s 2 0.0 -1.75
s 3 New 1986
Ls 4 New 1986
£s 3 New 1984
R180.4 £s 1 -0.23 -0.25
£s 2 -3.73 -3.0 Flash flood
L1%0.2 LS 1 +3.0 +3.5 !
L208.1 Cs t 0.0 +0,2
£s 2 0.0 -1.0
R220 £s 1 +0.75 -0.75
s 2 0.0 -0.3



Table
1. Beach Profiles Surveved 1974-178646

~y

. Loss or gain of beach sand between 1985 and 1786
‘beaches survevyed.
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Figure 2
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CSI UPPER GRANITE L93.2

Figure 8
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CS2 UPPER GRANITE L93.2
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Figure 14
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Figure 17
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CHAFTER II1I
FIVE YEAR COMFREHENSIVE 3TUDY ON BEACH SAND GRAIN SIZE
ON THE COLORADO RIVER IN THE GRAND CANYON

Frank B. Laojko

INTRODUCTION

Sand samples were collected from 11 beaches along the Colo-
rado River in the Grand Canyon {for a comparative grain
size analysis during the following years: 1982, 198%, 1984, 1785
and 1986. 270 samples were collected in this five year‘study
from established beaches as well as from new research sites. The
data was analyzed to determine any significant trends in the
textural parameters of the beach sands during these years.

This investigation is expected to provide definitive data on
the textural parameters of the sand and how they may be affected.
In adaition, from the grain size analysis it is possible to

predict the minimum water current velocity required to initiate

transportation and deposition of the beach sand.

METHODS

Six types of sites were sampled in this study:
1. Surface samples collected at previously sampled. transect
and non-transect sites for the purpose of comparison.
2. Surface samples collected at measured transect sites not
.

previously sampled.

Z. Random surface samples collécted at high dunes on beaches.

34

N N PR N g - A Ry RGN ey . 3 T o A



4. Surface samples collected slong perpendicular transect
which intersect established transect sites.

5. Frofile samples collected from ercded and exposed sand
banks.

6. Frofile samples collected from dug trench sites.

Transect samples were collected at selected points along =
tape stretched across the beach. Some of the transects were run
perpendicular to established transect sites in order to sample =&
greater area of the beach. This method of sampling results in &
T or a cross—-pattern. One or more of the following Ffield
techniques were employed to insure continued accuracy in future
sand studies: compass bearings, photographs, surveying, mapping
and transect measurements of the sample sites.

Sand samples ranging from 38 to 82 grams in weight, were
collected in small uniform plastic vials. These samples were
sieved through a standard set of Z-inch diameter sieves graduated
in 1/2 phi sizes. Each sample was shaken by hand for ten minutes
using a clamping device that held two sieve sets together. Each
size fraction was weighed, using a Ohaus triple beam balance
and/or a portable Ohaus battery operated field balance. The mean
phi size and Wentworth Scale rating (very fine, fine, medium,
coarse) were determined for each sample site. The samples were
saved for future reference and study.

The five years of composite data were entered into a special
computer program (Appendix A) which calculates the mean phi size,
Moment Measure Statistics, Folk’s Statistics, Folk™s Textural

Description and Inman’s Statistics. The results of this analysis

35



are presented in Appendix H.

In the 1982 study, samples were randomly collected at selected

il

sites on established beaches. The high water epill of 19283
causeq dramatic changes to the beaches and many of the 1932
sample sites were unable to be collected for CoOmparison.
Therefore, new sites were sstablished at these beaches and wers

consizstently sampled.

RESULTS

The sand was found to be generally fine— to medium-grained,
mdderately sorted, and composed predominantly of guartz. & river
current vglocity of 22 to 25 cm/sec was calculated {(from
Hijulstrom®s diagram, 1929) to be the minimum velocity required to
initiate erosion of any beach sand sampled.

Comparison of samples taken at the beginning of the study to
those collected at the end of the study, show that eléven out of
the eighteen sites exhibit little or no change in mean grain size
(Table 1). Those sites are as follows: Radger (T-2Zm and T-27m),
Shinumo Wash (T-19m), Nautiloid (T-12m), Lower Nankoweap (T-30m),
Grapevine (T-30m), Lower Bass (T-4m), Dubendorff (T-Z7m), Lower
Mational (T-38m) Granite Fark (T-6m) and Fumpkin Bowl (T-Z8m).
There are three beaches, (20 Mile T-34m, Forster T-6m and 220
Mile T-20m), which indicate noticeable changes in mean phi size
and two beaches which had slight changes in mean phi size
(Nevills T-é6m and Pumpkin Bowl T-3Zm). Althéugh fluctuétians in
grain size occur throughout the five year study, it appears that

the mean phi size in a large percentage of the beach sites tended

to stabilize close to their original (1982) measwed phi size.
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There was one sample site (220 Mile T-40m) which showad  =a
zignificant decrease in grain =size between the years 178371784
and 1985/1986. It was obssrved that in the first two yesars of
sampling at this site there was no gvidence of riparian
vegetation, while in the last two years of sampling, scowing

rush (Eguisetum hiemale) was present.

CONCLUSION

Data indicates that the majority of the sample sites
initially changed in mean phi size, vet the end results of the
study showed that the mean phi sizes stabilizred close to their
original measured phi size. What influence(s) prevailed to cause
such changes? The most obvious influence was the high water
spill of 1983, which altered temporarily the "normal” velocity
and sediment load through the Grand Canyon. With normal flow
discharge restored, the sand was equilibrated back to a steady
state.

‘Vegetation may have influenced the beach sand size at' 220
Mile (T-40). It seems reasonable to postulate that the growth of
scouring rush in the latter part of the study (1985/1986), was
effective in trapping the finer—-grained sand, thus accounting far

the significant decrease in grain size in this beach during thess

YEarS.

37
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Table 1. Mean phi size of sand samples {from selected beaches on
the Colorado River (Grand Canvyorn) from 1982 —-1986.

River Reach Sample Mean Fhi Size
Mile . Site 1932 198% 1934 1985 1285
s Badger T-Zm  1.97  2.08  2.11  1.94  1.91
T-27m 1.75 1.60 X 1.65 1.84
20 20 Mile T-Z4m 2.28 - 2.04 Z.09 1.88
29 Shinumo Wash T—-19m 2.16 1.8% 1.464 1.79 2.15
4.7 Nautiloid T-12m - 2.04 2,12 Z.11 1.97
55 Lower Nankoweap T-30m 2.35 - 2.21 1.96 2,35
75.5 Nevills T—-6m 2.13 - 2.63 1.94 1.80
81.1 Grapevine T-30m - 1.61 1.80 - 1.57
108.5 Lower Bass T-4m 2.54 2.65 2.56 2.17 2.60
122.8 Forster T—-6m - 1.61 1.83 2.06 -
132 Dubendoar++ T-27m - 1.80 1.6 - 1.95
166.6 Lower National T-38m 2.98 2.69 2.36 2.20 2.473
208.8 Granite Fark T—-6m - 2.13 2.10 2.27 2.16
213 Fumplkin Bowl T-3m - 2.14 1.93 1.70 1.82
T-Z8m - 2.09 - 1.8= 2.04
220 220 Mile T-20m - 2.57 2.45 2.32 2.17
T—-40 - 1.93 2.13 Z.13 3,05

(Xx) Not listed due to error in data/computer
(=) No samples collected

38
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CHAFTER IV
SEDIMENTARY STRUCTURES OF EBEACHES AND BARS
IN THE GRAND CANYON

Cynthia L. Burfield

INTRODUCTION
Eighteen beaches were surveyed betwean July and August
1986 to determine the types of sedimentary structures formed on
river beaches and bars in the Granmd Canyon. Recognition of an
association of sedimentary structures is useful in determining
the transportational and depositional history of the sand
deposits. Sedimentological data gathered along this 11  day
each

research trip may serve as a useful tool for studies of b

stability and maintenance.

ORJECTIVES

The purpose of this project is twofold. The first is to
determine what sedimentary structuwres are present on the beaches
and bars, and the second is to determine what relafionship'these
sedimentary structures have to depositional processes that

operate on the beaches.

METHODS
Materials: 2 shovels
trowel
3 cans of clear acrylic spray
2 packages cheese cloth
scissors
straight pins
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dispossble paint
oy 1]'“( latex acryv]
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Frocesduras

1. A trench was dug both parallel and
ji < af Fflow of the Colorado
k2
2. The selected site was smoobned with = ! .
photographed and sketched.
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anchored from sbove by a rock or

. The cheese cloth was then flipped back up off the
smocthed trench wall.

d. Clear acrylic spray was applied evenly over thhe
smoothed trench wall.

2. The cheese cloth was flipped back down and carszful
pressed against the sticky clear spray and held |
by straight pins on all edgs

. More clear acrylic spravy wa
chezese cloth.

than applied over the

9. Krylon latex was then applied to the chesse clobth
with light upward moticns and allowed to dryv.

Fi. A second coat could be applisd later that sams night.
i. In the morning the peel was rmmoved =
orizntation was written on the back of

RESULTS

During the sleveneday river trip, 7 peels and 26 photographs

were  taken. Sketches wére made at 18 sites. Listed below ars

ni

szlected beaches and sedimentary structures obssrved.

i Mile 18.2 (Figure 13
Tranches no. 1 and 2, climbing ripple laminations.
2. Mile 20,0 .”igure 23
Trerch no. 1, Ltop 20 cwm horizontal laminations, bhasal 20 om
ripple laminations.

Trench no. 2, horizontal laminations with heavy minsral
laminaa Z7 cm below the bheach surfa
- = o=
1,

Trench no. 3, intercalated horizonta
angle foreset bedding.

Lol n Jl
fii

laminations and 1ow-
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10.

11.

14.

Mile 4.7 (Figure )
Trench ro. 24 intercalated Morizontal  and ripple
laminations.

Mile S3.0 (Figure 4,5)

Trench no. 1, low-angle foreset bedding.

Trench no. 2, ripple lamination

Trernch nao. 3, structuweless bedding, horizontal lamination
" and climbing ripple lamination.

Mile 38.1 (Figure &)

Trench no. 1, fining—upward sequence of coarse-grained low-angle
foresets at the base, overlain by finer grained horizaontal

and ripple laminations.
Trench no. 2, low-angle foreset bedding.

Mile 61.9 Little Colorado River (Figure 7)
Trench no. 2., horizontal lamination and low-—angle foreset
bedding.

Mile 75.5 Nevills Rapid (Figure 8)
Trench no. 1, low—angle foreset bedding
Trench no. 2, climbing ripple lamination

Mile 81.1 Gfapevine (Figure %)
Trench no. 1, climbing ripple laminations
Trench no. 2, low-angle foreset bedding

Mile ?3.2 Granite Rapids (Figure 10)
Trernch no. 1, ripple lamination, convolute bedding, and some
low—angle foreset beddirng at the base.
Trench nao 2, climbing ripple lamination at the top, low-
angle foreset bedding { dipping to the west). (R [n]
photograph.

Mile 122.0 (Figure 11)
Trench no. 1, low—angle foreset bedding and ripple
lamination.

Mile 131.0 Redrock (Figure 12)
Trench no. 2, structureless bedding and indistinct
horizontal laminations.

Mile 132.0 Dubendorff (Figure 13)
Trench no. 1, low—-angle foreset bedding.

Mile 146.6 Lower National (Figure 14,1%) ,
Trench no. 1, low—angle foreset bedding near the top with
graded bedding, ripple lamination at the base.
Trench no. 2, low-angle foreset bedding with some beds
dipping slightly to the west.

Mile 180.7% Lower Lava Falls (Figure 16,17)
Trench no. 1, ripple laminations intercalated with low-angle
foreset bedding.
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Trench no. 2, convolute bedding, climbing ripple lamination,
arnd low—-angle foresst bedding.

15. Mile 1920.2 (Figure 18,19)
Trerch no. 1, climbing ripple lamination.
Trench no. 2, convolute bedding
1. Mile 196.0 (Figure 20)
Trench no. 1, ripple lamination, low-angle foreset bedding
dipping to the east at 30 degrees.
17. Mile 208.9 (Figure Z1)
Trench no. 1, ripple lamination, low-angle foreset bedding

dipping to the west at 31 degrees.

18, Mile 220.0 - middle beach (Figures 23)
Trench no. 1, convolute bedding.

The dominant sedimentary structure found on the beaches is
ripple lamination. Ripples form by migrating down current with
traction transport 'on their back slope and deposition on  their
vslip slope. "Climbing" ripple stratification occurs where
sedimentation is sufficiently rapid so there is deposition on the
back slope of the ripple form and suspension fall—-out is of prime
importance. Subsequently, the ripple marks are built upward in an
overlapping series rather than merely migrating forward {Mctkee,
1965). Almost all ripple structures are formed under tranguil or
waning flow conditions.

Horizontal laminations may form either by suspension {(under
low-flow regime) or by traction transport (under transitional *to
upper flow regime). Convolute bedding is a type of soft sediment
deformation formed from overloading of saturated or moist layered
stratum.

Low-angle foreset bedding is found where receding waters

deposit sand along a sloping surface, analogous to small-scale
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delta foresets (Mckee, 19465) . Structureless bedding forms  from
rapid sedimentation or physical disruption of the beds.
The diverse orientation of these structures within the beach

sands indicate a distinctive multi-directional cuwrent system.

COMCLUSIONS
Most beaches along the Colorado River were formed as &
response of flow separation in back eddies (Schmidt, 1984) .
Recirculating currents in these relatively slow-moving eddiess
deposit sand in areas protected from the main river current. The
association of sedimentary structures found within the beaches

and bars in this study indicate a fairly low-energy environment,

orne most likely deposited by periodic inundations of sediment- -

‘laden flood waters. In addition, the varied paleocurrent

directions support a recirculating pattern with upstream as well

as downstream currents.
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Frazier,

Mokea,

Schmidt,

REFERENCES

D. E. and A. Dzanilk, 1941, Faoint-bhar deposits, old
river locksite, Louisiana. Transaction of the Gulf Coast
Asscciation of Geological Societies, v. 11, p. 121-137,

E. D., 1965, Euperiments on ripple lamination. Im
Middleton, G. V. (ed.), Frimary Sedimentary Structures
arnd  Their Hydrodynamic Interpretation. Society of
Economic Faleontologist and Mineralogists Gpecial
Fublication, rno. 12, Tulsa, QOklahoma, p. &3-8Z.

J. C., 1986, Location and characteristics of alluvial
deposits, Colorado River, Grand Canyan, Arizona. The
Geclogical Society of America. Abstracts with Frograms
1986, FRocky Mountain Section, v. 138, p. 410.

58

- T b N PREPRS T e Ny



<

G

Sed\men#ary' Structures ovn Beaclhes Gad Bay s

\
Z
\

.
]

59



£,¢~(,\\rw'wev’\'\<1.,» Vv .C,*\"\LLMHW:S oo Do s Gooo bay s

Name o




"
| ' B ¥
Pl { ) } ‘- 4
; { G o
i ! at
! Ay
- JTﬁ.clv .‘. - - ) i ¥¥ ~—
. _,_ - R ﬁ i . >
YER _ ;
_ .
‘ i ,
LN
et
o]
/ \ \
N
{
H 1
|
'




l l I l l I l l l ,._IA. il., l l

¢
2

l?ﬁ(t)'

"

Cvoo
%,

N
<)
NV J
N -
J ,\\| -
< -
=) v ] ¥
o0 ooy
L
< - .
f.v A * -
w'
v G »
v~
= Ny :
- AW * + .
< 0
] vl .
C . ) N
> ~ S .
< .
+ o

¢
u< o /
)
Hr
-
3
|
Zz

]

eavmentary

C

62







Cf
B §
c |
,{10/ o o
=0

: N
O 12 3
. _ . -
Y .

v
[
{

. . N 1
S o
. £ion yi -l . uoy .“‘m. E ) W - .
SR £ S SONR RN ot 1




| . . o, - LU
C~cd\n“x€\’\l<w’>/ S‘H*uc'rm cq v el eSS Gone DAy s

| (K AR

- Name B

65




i
1

e

I

" -
s
; ’ .' 4 -

| ; ! PR e A T A S .
M e iy y ST rdCture s CVe Lot Goad T o
4
: !

.

\ - . P
st - v / e 73 I, -
J R - e Voo =

G T v
.
o«
L

- -

. 't
LA
e
Tl
U T
T

Nani=

~

e

‘ -

6b



! : i R R, P 8
Scc/\\memc\r)/ STV&LCTM!'CS v Dealinhes Goao

~
()

N\ .
Ga=Pline g R0
x

1
i

é/\ﬁ/igyjﬁlf/

6T



L - -

.

o m
P
o,

10

o8

’

»

-3 AuaO

RGN

s

)

l

'_..‘,- - -‘,'.‘,-v - - - - -

1

e

s 2



Sedimen ’lus"y S

Ctvuctures own Leacines oo bayr

-5 =
i\"\l\li Q /‘;// O

I3
2

S Name

N r s ) , ’ ro . .
(&V'jg S0 G TBesan Seru T i)

! ’- o ’ /:
L Cwel 5 N

- C N\
/2 1// /}///}/ i . ,\‘l
/ “/ /» H / < VYL
/, // N \ ; - ) f _»';\j
vy ot
U/ o \ J // 2

1 Q



2%

c\uﬂ&w

2
—

u)

—

/

—_—

76



> & Name

' RS v Beoches and Bars
Scd\mew\m"y Structures own Beaciy

CUPLND L \\’\.EQKK{)’R'C—U




.1,3
VAL
,4,),;: o
5S¢ 1 B
A e
t 'i
1, ’.'-;
ra ! >

SRR
5" 5 g

}5{;

Name

Scd\mer\'\my Structures

Lower Natizro

o BQ(:\CM CS oo ‘;ﬁ(u‘fp

N ANA

Mg

wya




T i'cjurc |5




.

SC(«\\YY‘\&F\'\U\Y*)/ 'S+YtLL'TL(r’tS Cn Seucin e Gooa Bavs

| _j, ¢ e —\ ‘ 7 :‘:
Name LO wer }/O 10 rat — Mot S LT

79



i

|
i

~J

-

~lavre

5



)

Namce

Codimerviia, v

K) er

:

- - .

S T



. AZ._ .
> ) .
g ’
— s

)
o/
—
'-\<
|I\
-

>

-

?”m
\ 9

a \%ufc,

77



' 1
: |

S+ructures

1

dimeniary

~—

S
V]

!

_

. —_—

. e e e = =7

-— -
! .-

cel

Lo}

Proto

!

-

|

;
%3y

Phneto

~ No,

78



79

vre D\

=\a



o
1

-

oo g i .-
\ . - . PR o ,
; Scd\men '\':"."”‘,/ CSHvructures v Dea oS Goon a0 6

B

AT BiAct (MiddleFad) Teooc

0

<
PN

.-

)

oo I e y N Byl A

. .

————————

|
i L
{ .
—-— Pheto — s l

|

F‘[Q!) re. _']_g‘ O



CHAFPTER V
SECCHI DISC READINGS OF THE COLORADD RIVER,
JULY Z0 ~ AUBUST 8 1986

Micheal Stock

INTRODUCTION
The turbidity (or conversely, the clarity) of the Colorado
River along its coarse through the national park'is important for
an understanding of the aguatic food chain. Clear water is
conducive to the growth of Cladophera algae, whi;h in turn hosts

Gammaris amphipods which are the food source for trout. (AT
Colorado River water is released from Glen Canyon Dam we find it
very clear and cold. Various tributaries and side canyons within
the park contribﬁte variable amounts of sediment and thus affect
the degree of turbidity along the coarse of the river. In this

study a quantitative value was placed on the turbidity of the

Fiver water at various locations by use of Secchi Disc readings.

FROCEDURE
A & inch diameter, black and white disc (Secchi Disc) was
lowered into the river water at designated locations. Observation
of the disc was madé from one meter above the water surface, and
the disc was lowered until it was out of sight. The distance at

which this occurs is estimated by use of the line which 1is

calibrated in meters aﬁd decimeters. The light conditions were
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al=o noted

220 mile

depth

0.40

had to construct
a dizc since the
original one had
been forgotten

20 mile 2 sunny
4.7 mile 1.8 shaded
Upper Nankoweap none night condtions
651.8 mile {(upper) 2.3 SUrny
61.8 mile (lower) 0.2 SUnmy
65.5 mile 0.2 sunny
81.1 mile 0.2 SUnnYy
1731 mile Q.3 sSUNMY
132 mile 0.3 sunny
133 mile 0.3 sunny
176 mile 0,35 sunny
1445 mile none
156.2 mile none
166.5 mile (upper) 0.3 sSUnny
166.5 mile (lower) 0.375 sunny
180.9 mile 0,32 sunny

?5 mile ©0.38 sunny

shaded, nesar bank

The Little Colorado has a dramatic effect on the turbidity

of the Colorado River. The clear flowing tributaries, Vasey’'s

Spring, Nankoweap, Bright Angel, Elves Chasm, Tapeats, Deer

Creak, Havasu, and National have a minimal clearing effect on the
clarity of the river. The combined diluting effects of these

flows causes a slight increase in water clarity.



CHAFTER VI

MEASUREMENT OF TOTAL DISSOLVED SOLIDS CONCENTRATION (TDS)
IN THE COLORADO RIVER, JULY 29 — AUGUST 7 1984

Micheal Stock

INTRODUCTION
This study was undertaken to detarmine the amount of
dissolved solids (TDS) in the Colorado River along 1its coarse

through the Grand Canyon. The sediment capacity of the river is
essential for biologists in understanding the biotic system, for
geologists in providing information on river dynamics, &and may be
important as well by providing more definitive data on beach

stability and maintenance.

EROCEDURE
A dissolved solids meter was used to measure the
concentration of dissolved solids (TDS) in parts per million in
the Colorado River. At each stop along the river water samples

were gathered and registered into the meter. The results are

listed in the Table 1.
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Table 1. Total dissolved solids (TDS) along the Colorado River
220,

from Lee’s Ferry to Mile Z20

River mile IDS (ppm)
Lee’s Ferry (mile O) 550

8 475
18.2 495

20 S00
33, S00
34,2 (VMasey' s Spring) 280 (meas. of spring water)
4.7 495

53 S0
58.1 480
65.5 540
63.5 490
75.5 500
76.5 SO0
81.1 510
?3.2 S10
108.5 530
122.8 S0
131 550
137 550
166.5 . 575
166.6 525
180.7 580
193 595
208.8 575
220 605

CONCLUSIONS

It is difficult to interpret the data since the measurement
device does not differentiate between organic and inorganic
solids. The data indicate a gradual increase in dissolved solid
concentration as the river flows from mile 8 to mile 220. The
initial decrease in concentration from 530 ppm to 475 ppm, seen
from Lee’s Ferry (mile O) to mile 8, may be due to an extremely

high concentration of TDS in the Paria tributary which enters the

Colorado at Lee™s Ferry.
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CHAFTER VII

TEMFERATURE GRADIENTS OF SELECTED EBEACHES ALONG
THE COLORADO RIVER BETWEEN LEE™S5 FERRY
AND DIAMOND CREEK, AUGUST 1786

Mark Weber

INTRODUCTION

Maximum/minimum temperature readings were taken over a 10
day period from July 20 through August 8 1986, on 9 different
beaches along the Colorado River in the Grand Canyon. The study
was undertaken by a group of students from Northern Arizona
University during overnight campsite stops.

Beach temperatures are an important factor in the ecological
system along the Colorado River in the Grand Canyon. Flant
distributions and some animal movements, particularly reptilian,
are. regulated in part by air and surface temperature. It is

therefore of interest to gain an understanding of the thermal

characteristics of the beaches in this area.

OBJECTIVES
The purpose of this study is to document the variability of
temperature along the slope of the beach from the water’s edge to
the highest point of the beach. In addition, relative humidity

and dew point profiles were recorded at each beach. River water

temperatures were measured as well.



METHODS
Thermometers were placed on wooden stakes set with screws
approximately 4 feet above the surface of the ground. The first

stake was placed at the river’s edge and successive stakes placed

Ui

m

in intervals of 10 meters up the slope of the beach, to the edge

of the talus slope. The slope of the beach was determined by eye-
height measurements taken with a Brunton compass.
The stations were generally set up before 8:30 in the

evening. and were read before 7:30 the next morning. The only
exception was the 2 day layover at National FBeach where the
stakes were in place for over 36 hours. Water temperatures were
taken with a lab thermometer at the water®s edge =ach morning.
Eighteen relative humidity and dew point- readings were
recorded each morning {(two at each beach). The first was taken
at the river®s edge, while the second was taken at the most
distant station. The data was collected using wet and dry bulb

readings with a sling psychrometer.

RESULTS

The highest temperature recorded was 110 degrees at Mile 220 at
station 7, located high on the beach. The lowest temperature was
44 degrees at Upper Nankoweap at station 1, near the edge of the
water. The mean high temperature of the entire trip was 93.4
degrees and the low mean temperatuwre fkor the entire trip was
3.3 degrees. Mille 220 beach had the highest mean temperature
(102.7 degrees) and Awatubi had the lowest mean temperature (45
 degrees.)

Many high temperature were noted away from the talus slaope.
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(Mile 20 - 23 degrees at station #IZ/3, Uppér Nankoweap -~ 99
degrees at station #4/8, Awatubi - 106 degrees at station 778,
Carbon Cresk -~ 99 degrees at station #3/4, and Upper National -
100 degrees at station #1/6). The lowest temperatures were
gernerally recorded at the river’s =dge, with the exception of
Mational EBeach.

The mean diftference in temperature from station #1 to the
talus slope or last station was 19.7 degrees. Greater differences
were noticed in beaches where the tape line exceeded 50 meters.

The relatively humidity and dew points at the river’s edge
had a mean of 32.6% for the first 5 days of the trip. Tha
relative humidity increased during the last 4 day; to a mean of
47%%, due to frequent rain storms. At the talus slope, the
humidity showed a mean of 24.47% the first 5 days and increased to
47.3% the last 4 days.

The average angle of slope of the ? beaches is 6.7 degrees.
The average difference between the highest point and the lowest
point on the eeach is 19.7 degrees.

The water temperature aradually increased with minor
fluctuations as the trip progressed. The average mean temperature
for the entire trip was S54.6 degrees. fluctuations as the trip
progressed. The average mean temperature for the entire trip was
534.6 degrees.

CONCLUSIONS
The high temperature readings noted were due not the the
distance from the water or the degree of slope, but to direct

exposure to the sun’s rays. One example of this would be the

reading recorded at National Beach, where the highest reading was
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at the water’s edge, where the thermometer had first sxposuwre to
the sun. At many other beaches, the highest reading ooourred
where the thermometer was in direct sunlight and unaffectsd by

large rocks, tress, and shrubs. At times this ococurred at  the

ii

highést point on the beach. Some high temperatwe did occur  at
the talus slope as esupected, but only when the rock wall had
been exposed nearly all day the'the direct rays of the éun.

The lowest temperature readings were directly correlated to
the prémimity of the water. This was due to the ccooling influnces
of the water.

The rise in relative humidity in the latter stages of the
trip was obviously due to the increased rainfall. There does not
seem to be any correlation between the degree of slope of the
beach and the temperature. Awatubi beach, for example, has a 6.5
degree beach slope (close to the mean), though the temperature

difference across the beach is fairly high (36 degrees).
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MAXIMUM/MINUMUM TEMPERATURE STUDY

I Location:

Mile: Set-Up Date: Tuly 29 g:50pm
CamP 0.0 Reading Date: Jyly 30 Gi4am
l— Station # | Zone Initial Max imum Minimum
Temp./Time Temp./Time| Temp./Time Comments
° 9° A Kwer Edee
l 1 4, 7 ? i Beech drec — Sandy
§:50p (237 (2 37a No Rocks [ Vecetekion
I ° Sandy Betch
2 s 7° 70 GRevel Fan 5.0 M Yo RIGHT
B 4 7.50, b3 L3t |T¢ ¥
0 Sandy Beack
3 4 1 ?3 . 73 . Gravel Fan to Runt
l g.50p (37« bi37 No {egsTATION
° Savdy Becgh
l 4 3 @ 7 . 73 , Gravel Fau to Ruewt .
g:50p (238 (38 Sowe 4. SHRUBS SUNVOUNDAE
° f Undeg Sheer Ruck wold. {oes
o .
. 5 ?7/ £s g9 ' 74 g laese Peicin Neavby <
2_ g:50p {38 638 Sandy Beock (THAWS)
I Noke: Lavie Stond o
' Tamarix +o Lett
I 8 /
- 92° Xy iy o .
1 AVERAGE / 2:50, /é: 3%e /L:B?TER . 51.8°F
BEACH PROFILE:
i (Stotins 16 Mekeps apert)
. -
l #a 5:*3 _ : -
e : 4.7° slope .
.L Relative Humidity: 4¢%  Time: $44p Location: Sfatiod | wet= 60 (15.5°C)
Dew Point: 17°%. bRy =13 (22.73"::)
Relative Humidity:2§%  Time: §:44p Location: Stetow &  WeT 20l (/6.[c)

DRy = g2 (37.9%)

Dew Point: 20°C

- -
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MAXIMUM/MINUMUM TEMPERATURE STUDY

Location: UPPeR Mile: 52 0 . Set-Up Date: July 30
di Date:
Nankoweep Reading Date TU'VB'
Station # Zone Initial Max imum Minimum
Temp./Time Temp./Time Temp./Time Comments
> o ° ] 2 &d¢
0 ?9 (A4 Ruwei € -
1 4 - Slope very Rocky & steep
‘ $:00p §:32a .33 |-Many sm- Roeks
0 o o Midde of Gravel FSN
2 4 80 74 (pg ' +sm. 'ram\q'& SC«P(‘V\GS
gco’OP 82391_ Q.32

) o o L Sandy Flat Surface
3 4_ go ?7 w L s - -t—amc‘(;x SC«.P‘;"‘?‘
g',wP g'/39c._ g3

800 770 , ééa ~RMk\{ (neline o
4 - omd incling
3 g'«wP 32 a 32 @ oot fg Some ‘

3 @ T [
2

S - V. lavse decd stomp 14
%00, §:33e 33 front R HS marker
. (/4,2 _ Sandy aRea ~ grassy
6 gob bé incling, Neay '(ﬂj.«;.
2‘ ©:33c |- brushy vea. to left
° ¢° - sandy , grassy GRec
7 Z_ & & < 3e - WW&ZZ abiompa
° ° - sandy, arec
8 2 Y & - em. brush everqwhua
l : ?iOOp ?534% g.:34< - Stalio WL&, ﬂnwm, buzhv
[+] o ég/ | .
AVERAGE &0 /{ D) 74/ 8:33c | /pafATER THHP.: 57p° =
BEACH PROFILE: - .
(4D meters uim ,emazk) | fows—
AT il

#3 4

P (p-so Slepe 13% ﬁ«adJL

WER
Relative Humidity: 39%  Time: :1Sp  Location: Stalive | D= 26-7°C
Dew Point: 7.5 °¢_ W= (17.2%

Relative Humidity: 24% Time: §:15p Location: Stetiom § D=-289°C
Dew Point: [4°C : W2 1°C

CQM\PW boyderel b\-( very ,__@_%L W -‘é,w b ,tg_a, ,Q.ﬁr('
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MAXIMUM/MINUMUM TEMPERATURE STUDY

lf Location:

BEACH PROFILE:

(gomems MW)

Mile: . Set-Up Date: July 3/
AWaf'UB} 58 | Reading Date: (g |
r Station #| Zone Initial Max imum Minimum
Temp./Time Temp./Time| Temp./Time Comments
o o )
5° g (0 K wver Edee
l ! 4 g ? ~lavge Willow {ree +o |ebt
I 4°45, 702« 702 - Sandy
o 0/ 0 (040 - Sand wssy Slope
| 2 4 g 4:45 / 7’07, 702 | '}‘"{'m seotng’
. P (‘% . a
2]
3 4 LS~° (A4 - Sandy qrarty slope
l 4;45’;) 7 0% e “2:0% o - . amelina
égo (‘40 - Samdy
4
l 3 4;4SP % - - Aome u.)sl[(m) SQ{A—G*&?&
1 2 (¢S A |- Ry, sandy slope
4:4s, 7:03¢ 7:03 e ]
o o
I ¢ 3/ &50 (00 A -deug,aosm&{,cGo\aAAL/
L 2— 445, ’7 03c 7:63a
° L’ 5
| ; 2 (05 A ' dR,L’, samoh.', ?ﬂwlj
l 4.4S, 7 03a 7:03a
o °
¢S 70 - Haluso
L i Z/l 7445, ’7.044, 7:04e | amn front ﬁ W{:‘i_&oc:
I AVERAGE é‘g%: s, ‘o‘_3./7: D3, &57 SNTER THHP . : 5p°
’L

#4
e i Aesh 5°sl
F#1 R, S AN b ope
Relative Humidity:%% Time: 5:04P Location: Statiew | D=35.(°c
Dew Point: 22.5°C W=20.0°C
l Relative Humidity: 10% Time:5204p Location: Sta+eon 8 D=37g°c
Dew Pomt ZI °c wW T (g.3%c
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MAXIMUM/MINUMUM TEMPERATURE STUDY

i i

Location: Mile: . Set-Up Date: Aue |
C@Rbord CEQQK 3.5 Reading Date: f4,c,
Station # | Zone Initial Max imum Minimum ‘
Temp./Time Temp./Time| Temp./Time Comments
(5° g7° %1° Ruwee sdece
1 4 , L Neay 7rwwe( baas
>10p b25a G 25% | ek teee Cover pelhind
° ° ° - samdy |
2 4 AY ?g §4 - Rocks 16 RigwT
210p 625« 6 25 |- larse TAmMARix 1o (edt
(S o ° - Sandy .
3 3 7? 34 - ‘alRC\\(e( fen ® RiaHT
9':/0p [AVAYS G625 - Ynelinred
o5 ° 50° ~Base of +eldus
4 3/ ?0 - Very 'la( W\-u +‘L’—‘-
2. 3'10p C:2Se .25 behmd brovichng shade)
5 //
] /
; //
. | /
&s® 96° g2/ . >
AVERAGE / 2:10p /4,:2{4_ b2 JATER THYP.: 57
BEACH PROFILE: -
G/D meliss i _Lunsth ) #4
: ##3
#2 : N
~ )
-t 7.3°5lpe
Relative Humidity: 7% Time: 2:30p Location: Statiow | w=ig.3°C
Dew Point: 2(°C. D=35°C
Relative Humidity:@7/%  Time: 2:30p Location: Stahw 4 W= 1(§.9°C
Dew Point: 22°C D =32.2°C
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MAXTMUM/MINUMUM TEMPERATURE STUDY

l Location:

Mile: Set-Up Date: ﬁUC- 2 g:50
Cémp (upgcl\pcb,ﬂ@ C/-O,? ‘ Reading Date: }Qu— P
¢ 3
l Station # Zone Initial Max imum Minimum
Temp./Time Temp./Time Temp./Time Comments
I 5]*45 103.° g2° -Very steep slopiné bewch
1 4 - puch tree £ sheub cover
l g:50p ¥:30a 9:30a
740 791, YZO - Talus sloPQ beneatin
2 AF/ sheere Rocw wWaLL
l 3 §:50, 932 g:32c
l 3 /
l ) /
l . //
; /
I | ] //
I ° /
A 924
AVERAGE 74/ 7750/ W Mp.: 5<°
I 9:5D, 21320, /?,‘_32'A"1:ER TEMP.: 54
BEACH PROFILE:
I (ZO Meters Mu@m?tg)
H#H2—
I e) .
. (Tree Col®®l——0 0° slope
,\,1 ny cree from RAYER 9. P |
Rejative Humidity: 35% Time: §:02a Location: Stato~ | W= 20.5°C
Dew Point: M C d=31.7'¢C
Relative Humidity: 33%  Time: €:04.. Location: Stato~ 2- w: 2(.1°C
Dew Poxnt Z4°C, D=333°C

==
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MAXIMUM/MINUMUM TEMPERATURE STUDY

Location: Mile: (22.0 . Set-Up Date: A'U&B
CGWlP ’ Reading Date:AUe4
Station # Zone Initial Max imum Minimum
Temp./Time Temp./Time Temp./Time Comments
o ) o - Sandy
S/O 84 70 - very steep inching ts ot
1 VYN
$:03p 3 4oc. 9 :4be - tRee cover +u left
g0° q1° 72° 7| - sandy beack
2 4 = lavge dapressodm . rRear
g:03p g:%(«, R:4bea w/ wet sand-
° 4° ® - fulus slope
3 4/3 q 73 - Roce Fface
2:039 Q 4be S doc.
4

%° & 775 |
AVERAGE / 5’503,, / Q: e, WATER TIMP.: 54°
BEACH PROFILE:

—_ _'_/;"’7.8 oS/o#e

Relatiye Humidity: 729 Time: $:26p Location: Steliw | D:.7L (22.2°C)
Dew Point: g6 W=l (18.9%)

Relative Humidity: 56% Time: 3:27p Location: Sliw 3 D =74 (23.3°c)
Dew Point: |g°C W= 3 (17.2°¢)
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MAXIMUM/MINUMUM TEMPERATURE STUDY

I -Location:

) Mile: Set-Up Date: |4U44
()PPQQ Nahonal [bl.5~ Reading Date: fyg 5
r Station # Zone Initial Max imum Minimum
Temp./Time Temp./Time| Temp./Time Comments
I goo IDOO 770 Sondy stRegam channel
i 4 - nater Receded dumnp Tha
. . higUt 25 mctie
I Xtoip (930Q' Noo&.« ~ o:g&wi Rw.e( Edse
8DD ??o 7g0 'Sanc.ly stream chamndl
2 4 - MinoR dep(essa'uw
l €02, (:30a [1:0la. |- sm. Rocws
- Sandy incling,
3 — RO Roccs
I [°0fc
- samdy wnclia
I 4 - no Roces
[1l0] e
~- Sanely, ansaf
I S - no R.ochR
[102%q
I : - falus slope
6 i - (3. desevt broome Yo left
l - §.02p b3l 11-03,
I ) 7 /
L 7
g0° 93¢ 79° | >
L AVERAGE /3502{, /(oISOq, //I!OWQER TEMP 57
BEACH PROFILE: -
l @0 mefers .,Q«jﬂé)

Nd; Df/?nss‘ [

#3

S3NPY

g.0°

'slope;

Relative Humidity: 249,

Dew Point: 23.5°c

Time:]0:5Sa

Location: Stahon (

W= b7 (205°¢)
D93 (33.49°%)

Relative Humidity: 35%
Dew Point: 25°¢

Time: 10:68a-

Location: statow~

W= 68 (20.0°¢)
D =%€ (3.(°c)

'ote:-swl*s'.l
- staron ®# t:“?_
- shaliim #

“aw SOV ar 9:00am )
lett @ woliy edee. s enenuce Wod Ao wdale 2CmM Loom vt B oimn

#L i shade due 0 Rock wWALL UNTIL APPROXIMATELY /(:30am .

f*
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MAXIMUM/MINUMUM TEMPERATURE STUDY
Location: ' Mile: : Set-Up Date: Aué& s
e UFFQ? Netone@ M€ J6b.S" Reading Date:fle ¢
Station # Zone Initial Max imum Minimum
Temp./Time | Temp./Time| Temp./Time | Comments
w e TS| G
i
| 4 (:3% 704 704
(/] [») 0°
) 4 79 g% 7
G-39p 7;04q, 704
D ° B
3 4/ Ui _ 73 70
3 (3% 7: 64 704
79° g4° £8°
4
3 ('39p 7:085c 7008 o
Iy ) f (] °
i 2 79 g0 68 ’
¢:39g 7:05a 7:05a
. 0 70 égo
6 e " 7 ,
(3% 7:08 7:08

-

° t9.2°¢

1
—

]
AVERAGE i / :
43%
BEACH PROFILE:

NN

X
RN

2
N
P

WATER TEMP.: o
7 04a 57

(see oo 9)

Relative Humidity: Time: 7: 204 Location: Stotoe | W=
Dew Point: b=
Relative Humidity: Time: 7:20a. Location: State~ W=
Dew Point: D=

\(ote : ek Ramn The previows duy) send was Very wet
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I Location:

MAXIMUM/MINUMUM TEMPERATURE STUDY

Mile: Set-Up Date: fue ¢

Camp 196 Reading Date: /e 7
r Station # | Zone Initial Max imum Minimum
Temp./Time Temp./Time| Temp./Time Comments
I g4o §5° 69° - sancly beuch
1 4 - mons olad persed Rgcks
r T:15p (o 'S5e (.55«
0 (-] o - Samcty becech
A b9 Y
2 4 g4 § - Some .Qa Racks
I 7415, L:S5e L:SSe
3 4 g4° G2° 70° - sandy beack
I /’5 7:(5, (.55 Cisse. | \elined
I ) 3 g4° [74% '72’ - Sandy beach
T:usp L:SGe (:S6a T Some i 5 @
l ) 3 K4° g6° 77/0 - 5§ndq beach
5 - Reome
' 745p G:Sta Giste ek ghet
| 84° gg° 7’ “Bondy beack
6 3 / . - Qome Rocies { Tﬂassn
> 7.‘l~(p (:S6e 6 Sla
l g40 8‘0 ) 7}0 - Sandy beccte
| . 2 - Zone 2 ve&eranion
I 7'L{P 6:S87a 657
° o 2/° - tolus nlope
' 8 >~ 84 . 7 8 - —Q? iRee 4o left
] /, T:15p LiSTa 65 Te ~
- .
l AVERAGE g4/7: i, ge.1 57 7% /& WATER TEMP.: 55 °
BEACH PROFILE: -
1 (190 mefis i Lungth)
#7 i
1 .

#2

é,(}béloPe.

(4

sanay

Relative Humidity: §59 Time: 75, Location: Stahon #( =Wp27C
Dew Point: 2g%c_ W= 23%
I Relative Humidity: 51% Time: 7:05c.  Location: Statwn #g D=w=- 3/1°c
Dew Point: 25° W= 236¢
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MAXIMUM/MINUMUM TEMPERATURE STUDY
Location: Mile: . Set-Up Date: fHueg 7 I
Camp 330 Reading Date: e o
Station #{ Zocne Initial Max imum Minimum '
Temp./Time | Temp./Time| Temp./Time Comments
] D [
00 74 -Ruver &d
. 4 85 | (wa.’re(?;.use sm du.unf l
) .
. T:10p T22e 7:22a |7 Samd 9 1
, 850 /025 ?00 - .—S&r\dk/,:axgaou., -
~ med. tamarix nea '
4 710 7:224 T22e ’ | |
o - s
3 4 8~ 104” 8l swd’: 4 |
-am MOrit peaR
. /3 7:10p 7:234 7:23e Q' l
) 3 ?50 (04° gl° - sandy, 'arno./w, I
7:10p 7:23c 7236 ,
- gs” 98 ° g/° ~ Somdy, ftassy |
: 3 - becch \nelined
710 7:23¢ 723
. 3 gso /0/0 J1° —SMM;MM'—Ml
6 ' - Aome -Qa,vgﬁ Rocks ..
7:10p 724 T2 l
' ( . -—SGMG(&’ :
7 - Momy shrubs »
— Some RoCES l
8 l
AVERAGE . . WATER TEMP. :
7-10}; 723,_, 7:23c [ 58 l
BEACH PROFILE: o 5
(70 meteas i Busth ) .

#7 ;
s 6 ‘ —I
pr #3 ‘f4 :
A 7/'

wee #( ! 4 ? 5/0,09—- .
éelative Humidity: Time: 7:30. Location: Sfa‘hum#’{ W= l

Dew Point: . =
Relative Humidity: Time: 7:304 Location: 5-(—;(;5?7 W= I

Dew Foint: D=

98



CH&FTER VIILI

4 BTUDY (OF CURRENT YELOCITIES WITHIM EDDIES
AND LOW-FLOW AREAS ASSOCIATED WITH MAJOR BEACHES
ALONG THE COLORADO RIVER

Mark Weber

Current velocity readings were measured along seven beaches
of the Colorado River in Grand Canvyon National Fark during a
eleven day river trip in July and August 1786. The direction of
the current svyvstem as well as the orientation of ripple marks
obzerved along the water’s edge were noted. This report is basesd
o data collected in the 75-mile reach immediately below Les’s
Ferry, to where the turbidity of the river makes it impossible to
observe the ripples marks beneath the surface of the water.
Integration of this analysis with photographic, topographic and
sedimentological data may permit an estimation of the effect of
river velocity on the erosion of establishsd beaches in the

future.

FROCEDURE

A hydrological flow meter was used to measure the spesed of
the current. It consistz of a long metal rod approximately 5.0
feet in length with a rotating blade on the bottom to measurs the

movement of the water, and a listening headset on the top to

count the blade rotaticn. The blade was placed approximately one
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foot beneath the surface of the water. When possible  the

strongest current was measuwrsd within satety limitations. &s thes

blade rotates during sach revolution, an audible "click" or
"soratoh" can be hesard through the headset. The conversion  of

audible clicks into feet per second was done wusing the following
formual as:e

LESE THAN 40 REVOLUTIONS: revolutions divided by time in ssconds
(X 2.18) + 0,02 = feet per second

MORE THAM 40 REVOLUTIONS: revolutions divided by time in seconds
(X2.17) + 0.03% = fget per second

i

Exémple: 25 revolutions (""clicks™)
= 0.7228 feet per second

Careful notes were taken by a second observer as to the

direction of the current. Two good indicators of flow direction =

are the orientation of sand ripples and +floating Cladop
algae. When neither of these were visible, a +loatin§ bob was
used to determine the directiocn of flow.

Collection of data started at the highest point of the beach,
with gach subsequent reading approximately 10 - 13 meters
downstream. Flan view sketches of the study area along with
current velocity values and ripple orientations are presented in
Appendix A The local water cuwrrents near the beach are

represented in blue, the ripple patterns in orange, and the main

current direction of the river in puwple.

OBSERVATIONS
Badger Rapid — 7.8 mile: Adjacent to a large boulder fam (3.14)
no sandy deposits observed. Just downriver a sizable back eddy

occurs (.&74 fps). A small back eddy (0.9465 fps) occurs around

100
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with some ripole marks on the lowsr end of bhe

gddy parallel to the basaoh. Ariother back sdody (00 7HD

s 1 -

a second rook contains largs ripple marks.

ifi

18,2 Mils:  Sand  strippsd asaway adiacent ho rook:

Current  decreased  at mouth of drey wash (00238

I

substantial  back eddy was evident (0.363 fps) wWith

Fipple marks. Two large boulders in the river showed  inc
currents (0,858 fps). Ripple marks seen in front of the boulders.

tack eddy through the rocks at (0,838 fps), no ripple marks ssan.

Middle HMNankoweap — 32.5 mile: No sand deposits seen adiacent to

bouwlder fan 2.358 fp=l. Just downstream a massive back eddy

©

sts covering the entirs inlet, with decrease in flow at  the

very bottom of the inlet (0.420 fps). A major increass was then

]
1

eddy

rnoted from (1.2%9 fps) to (2.556 fps). At this point the ba

and the main current merge (0.710 fps) into the main cuwrrent.

JI

Arother majior current over shallow submerged rocks also feeds the

main chamnel at this point (1.11 and 2.Z0 fps).

-

Lowsr Mankoweap — 53.0 mile: No sand deposits adjacent to boulder

.,.
Hil
-

i

fan upstream (1.36 fps). The large back eddy downstream continues

alorng & natural mud-silt shelf. No sand, but a2 silty, ouddy

o

sediment covered the bottom in this arsa, along with many sxposed

=t

tree branches. Some minor ripples wers seen at the upper end o

the back eddy (0.165 fps).

atubi — 58.1 mile: The whole current is a large back eddy. The

current is  somewhat slow (0.492 fps) to moderate (0.728 fps).

Many well-defined ripple marks can be seen in this arsa measuring

101
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approdimately 0030 om apart and Z-7 o =oim height.

Lower Little Colorado — &1 mile: Durrent flows in the direction

mt for a sped back sddy at the vight

L
i
+
e
i

(L2200 Fmsd. Mumerouws ripple marks are

i

part and 1-2 om in height. Marny similar dry

s

approdimately 17 om

saih with the

il
™y
i
)
u}
s
il
£
ar
o
n}
h
I
-
T
i
rr
iT

ripole marks  are also

dimensions, parallel to the water’s sdge.

Mevills s Rapid - 73.5 mile: Cuwrrent is running in &0 wnusus

manmer perpendicular to the beach (00529 and 00274 fps). At the

middle of the beach the current back eddies and speeds up

and 0.747 fps).

ONELUSIONS

Yy

=

Yelacity within the eddies varies greatly: from 0535 to
about .22 fps. There is a general absence of sandy deposits
whetre the water velocity excesds approximately 1.30 fps. This
generally occcurs arcund the large gravel fan deposits that border
the eddies. Although the current directions within the eddies are

:wtremely variable, the predominate flow direction appears to be

upstream.

)
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CHAFTER IX

RIVER EXFEDITION REFORT: SOCIOLOGICAL DATA
SUMMER, 1986

Jim MNovak

INTRODUCTICON

This sociological report presents data on the frequency of
human and aircraft contacts during an eleven day river trip on
the Colorado River through the Grand Canyon. Contacts include
commercial and private raft trips as well as aircraft sightings.
The results of this survey will be useful in determining if the
frequency of these sightings affezct the natural setting and
wilderness experience of recreationists in the Grand Canvarn.
The research party consisted of thirty—-three people using  four
motor-powered boats. The persconnel included: twenty-one students,
twao Ffaculty members from Northern Arizona University, one

photographer and eight boat crew members.

A total of fifty—-eight stops were made on this eleven day
river trip. Forty-four stops were for beach research, zix stops
were For attraction points, three for scouting rapids, one for
repairs, and two for takeOouts. The expedition had one lay-over
stop for two nights at National Canyon for a full day of

research. The stops are identified in Table 1.
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Contacts  with other raft trips on the river totaeled fifty-

aro. Sixtesn of these wers with private groupss thivty-+five wers
CommBr ol al groups. The majority of the commerclal groups

motor-powered trips. Most of the contacts wers ahore to river due

to  the many beach stops necessary for research. The

rumbier  of contacts occurred on day seven whers fourtsen

were made over 44.6 river miles. Daily group contacts  are

presented in Table 2.

AIRCRAET

To be recorded, aircraft had to be both seen and heard. High

altitude commercial airliners and military aircraftt were ot

¢
s

caounted. Since the observer traveled fairly quickly downstreanm

by motor-—-powered raft, it is probable that some planes wers
missed. The largest number of sightings were recorded on davs si

through nime, through the Inner Gorge section of the Grand

-

Canyon. The daily aircraft sightings are presented in Table 3.

CAMESITES
We camped alone the first nine nights of the river trip. The

last two nights ow campsite was in view of one other group.

AYERAGES

The average daily group contacts and airecratt sightings are
presented in Table 4. Group contacts averaged 4.7 per day, and

aircraft encounters averaged 146.9 per day.

Mileage (M), human contact (C), and aircraft sightinas ¢
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are presented for each trip day for the years

in Tables 3.

Table 1. Trip schedule: July 29 — August & 17856

Stop River fArrive Depart
Mumber Location Mile Time — Dav Time — Davy

2 Lees Ferry O ——— - 1320 Start
Radger Rapid 14:55 17330 BF, L

BR
BR
BER.C
ER
ER
ER
~F
aF,. L
BR
ER
BR
ER
ER, L
B, C

=]
16.9 Mile 156.5 2: 45
18.2 Mile 1g.2 17220
20 Mile OO 192 40
22.9 Mile 2.5 10235
Indian Dick 23,0 11200
Shinumc Wash 2.0 212
Vasey's Faradise 1.7 F 00
Redwall Cavern 2E.1 2230
10 Mautiloid I4.7 15: 30
11 32 Mile 37.0 19:08
2 Anazazi Bridge 4%.5 17:320
= Middle Nankoweap 32.5 19: 40
14 Lower Nankoweap 52.6 2: 30
15 Awatubi 8.1 16: 15
&1.3

19820
10:15
11160
11220
e 50
Z:18

15225

18:17
19: 21
18: 20
12:25
15200
10215

OO0 N G U s e RS e D

ORI R B % T o O T O I S OO DU o BB el sl

of

2

BLd GBI R BRI R R BRI B3 BRI e e e

16 Lower Little 1. 10:45 11:53 4 ER
Colorado River

17 Carbon Creek .38 12:15 4 P15 5 BR,L,C

18 Lava Canyon 5.5 14: 353 5 16:15 S ER

19 Nevills Rapid 75.5 10: 31 ] 12210 ] BR

20 Hance Rapid 76.5 12:15 3 12: 30 5 BR

21 Grapevine g1.1 123: 40 5 15: 25 5 Bf

22 Fhantom Ranch 87.5 14:04 = 17:21 5 aF . F

23 ?2.1 Mile g2.1 18: 15 5 P25 ) C

24 Granite Rapid gr.2 @:34 & 11200 ) ER

25 24 Mile 4.0 11:35 ) 11:45 & T

26 95.2 Mile 5.2 12:05 & 12: 35 & Repairs

27 Crystal Rapid 98.2 1300 & I A0 & Rapids

28 Lower Bass Camp 108.5 15: 00 & 16: 05 ) BR, L

z29 115.5 Mile 115.5 17:20 1) 17: 35 o) ER

Z0 Elves Chasm 116.5 17:40 & 17: 55 & AF

Z1 EBlacktail 12001 18: 03 ) 19: 320 & BR

=2 122 Mile 122.0 18: 30 5 125 7 BR,C

EE Forster 122.9 F: 13 7 10:15 7 EBR

=4 125.5 Mile 125.5 10: 30 7 1050 7 ER

25 Bedrock 1Z1.0 10:45 7 12215 7 BR

6 131.4 Mile 131.4 112320 7 1200 7 ER

37 Dubesndorff 132.0 11:45 7 12:45 7 ER

=8 Christmas Tree 135.0 1%3:14 7 Fa IO 7 Ak

Cave
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Table 1 {(continusd)

Stop River Arrive prﬂ.g Fea
Bhamber Location Mile Time — Dayv  Time —  Day For

a5 Dear Cresk 1724640 REEPEE 7 L3e a5 i BE

14215 7 AT
1540 7 L
165220 7 BR
10040 3 BR
Lay e

12822 G ER

40 Deer Cressk Falls 13400 13: 45
41 7 Pancho’s Eitchan 1TE27.0 14: 320
42 1728.5 Mile 128.5 165410
475 National Canvon 16606 192173

RN

)
33

44 Stairway 171. 11: 36

45 Upper Lava Falls 179.0 175240 7 14205 = wd il
46 Lower Lava Falls 1380.0 13245 4 14520 5 !
47 180.7 Mile 180.9 TS 4 15255 3 BER. L
48 184 Mile 25,0 16235 4 16255 4 ER
4% 170.28 Mile 170.2 Tels 7 19: 00 4 ER

'S L]

17217

17:35 7 EBR

-

'

S0 192.2 Mile 172,

=1 196.5 Mile 1746.5 18:20 7 25 10 BR,C

52 Farashant 198.5 SR 32 10 10:20 10 ER

53 207 Mile 207.0 11232 10 2:05 10 ER

54 Granite FPark 208.8 11230 10 14:50 10 ER, L

a5 Fumpkin Bowl 2 2.0 15: 30 10 16:05 10 ER }
a6 214 Mile 214.0 17:02 10 17:12 10 ER

57 220 Mile “”U 17:15 10 7:40 11 BR,C

58 Diamond Creek 225.0 g:30 11 FeT0 11 TO

Beach Research AF = attraction Foint
Lunch C = Camp
TQ = Take-out

o
3
ol
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Table 2. Group Contacts.

Day Miles River  River-River River-Shore Shore-Fiver Shore-Shore  Total
Covered Mile pC P C P C P C p LT
1 20.0° 0-20,0 0 0 1 0 1 ot 0 3 3
2 32,5 20.0-32.5 00 0 3 0 2 i 0 0 3 35
3 5.6 52.5-38.1 0 @ N 0 6 6 0 0 b6 &
4 5.4 5B.1-83.3 t 0 0 0 22 9 0 302 8%
5 28,6 83.5-92.1 0 2 ¢ 2 t 3 DD 1 7 8
b 29.9  92.1-122,0 0 0 2 0 90 (U 1 2 3
7 14,5 122,0-166.6 4 1 23 § 9 0 0 1 4 14
8 0.0 at 1666 0 0 0 0 P9 0 2 1 2 3
9 29.9 166.6-1%6.3 0 1 v 0 D0 o0 I B
10 23.5 196.3-220.0 O 0 0 1 0 2 U 0 3 3
11 5.0 220.0-225.0 0 0 ¢ 90 0 0 0 0 0 9
Total & 4 2 12 B 18 0 3 13BN
P = Private
£ = Coamercial
T = Total
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encounters.

Miles
Ravy Covered

20.0

5.4
28. 4
29.9

OO~ o3Pt

River Mile

D-=-20,0
20.0-32.5
52.5-98.1
SB.1-63.5
HE.5-92.1
F2.1-122.0
22.0-16b.6

at 16b6.6
1665.6-196.5
196.5-220.0

220.0-223.5

Single
Engine

-~
!

B3O~ W P e

l..‘l
i
]
i
i

B |
L

~

Multi-—-
Ergine

Helicopter Total




Table 4. Average group and aircraft encounters.

1. Group contacts per day.

River-River River-Shcre Shore-River Shore-Shore

0.5 0.4 10 0.18 109 L2 0.7 1.4 2.0 0.0 0.2 0.2

2. Rircraft encounters per day.

Single Engine Multi-engine Helicopter Total

1.9 13.0 1.9 16.8
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Table 5. Sumeary data for each trip day for years 1982-1986.

Day 1982 1983 1984 1983 1986

M LA n C A H C A N C A M C A
{ 190 27 200 4 0 4.0 4 | 19.8 3 0 2.0 3 I
2 15.0‘ 63 323 3 29.0 &6 4 8.4 4 5 325 5 4
3 4.5 2 2 0.0 0 8 7.5 3 4 0.0 3 1l S.6 6 2
4 2.0 304 19.8 3 4 15,0 5 4 9.3 3 12 3.4 3 10
5 27,5 313 2.4 6 1T 2.0 3 12 28.4 1+ 14 28,6 8 1D
6 . 0.0 4. g 29.4 2 3 23.5 3 38 150 3 8 299 3 45
7 13.0 3 7 0.0 3 38 0.0 3 9 29.6 5 5 MR
g 175 1 4 43,214 7 44,0 4 8 0.0 7 18 0.0 3 18
9 16.0 8 5 42,4 2 28 0.0 4 10 274 2 16 299 1 1B
10 285 25 111 2 42.8 9 10 26,0 1 & 235 3 18
il 260 33 ommemmmmee- 35.0 2 2 3.5 0 50 0 0
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side, the river we still call the Colorado is now

CHAFTER X

HUMAM IMFPACT ON THE BEACHES OF THE COLORADD RIVER

Sharon Staats, Tom Staats, Anne Ealinowski,
Linda Fuller, and Lillian Shellinger

INTREDUCTION
Within the past 20 years two major and distinctly
interrelated natura resowce management problems have arisen

along the river corridor of the Colorado River in Grand Canyon
National Fark. Specifically, the problems relate to: 1)y  the
extensive environmental changes that have taken place in  the
hydrological characteristics of the river as a result of Glen
Cariyon Dam, and 2) the dramatic increase in recreational use of
the systems by river runners.

Although located 15 miles upstream of the national park
boundary, Glem Canyon Dam changed the very nature of the Colorado
River in Grand Canyon almost as soon as construction began in the
mid 1950s. Fost—-dam changes in water flow, temperature, and
sediment discharge have all combined, often synergistically, to
alter the Grand Canyon river ecosystem. On one side of r&len
Carnyon Dam, the wildly variable and raging Colorado River has
beern buried beneath the deep waters of Lake Fowell; on the other

leased

i
1]

through turbines and gates as a predictable, computer-regulated,

icy cold, sediment-free, and partially tamed river. To further
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complicate the matter, the "new" dam-controlled Colorado River in
Grand Canyon has recently proven to ba one cf the  most popalar

white-water recreation areas in the world, with a strict Mational

Fark Service permit system regulating and allocating both privats

and commercial use of the 22% miles of Colorado River from Less
Ferry to Diamond Creek (NFS 1931). The high waters and anzuing

floods of 1987 unexpectedly disrupted the stabilizing patterns o
water flow established during the past &E0 years.

Given the above considerations, the present challenges to
developing an adequate system for rescurces management along the
river corridor of Grand Canyon National Fark include: EY]
determining the eventual ecological "gsteady state" of the dam-—
altered river in terms of sediment erosion and deposition,
vegetation and animal community composition, and overall
ecosystem stability: b) determining and evaluating the impacts of
river recreationists on the changing aguatic and terrestrial
systems; and c) mitigating such recreational impacts to the

wtent that natural park values are not compromised.

As mandated by "The Flanning Frocess of the Maticonal Fark
Service" in 1975, a Colorado River Management Flan {(NFS 1981) was
drafted to guide short—- and long-term management of the riverine
and riparian areas of Grand Canyon Mational Fark. Subseqgueaently,
a monitoring program was initiated to aralyze and guantify human
impacts and to determine how changes in management. policies
influence present resowce trends. This monitoring program wWas
designed to gather baseline data and show the impact (adverse and
otherwise) of visitof numbers and use patterns on  the riparian

environment.
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Heavy recreational use in other parhé hag caused changes in
plant species composition and vegetation density and diversity
(Burden and Randerson 19732: Whitson‘1974; Dolan & al. 1974
Bates 1935; Dotzenko et al. 19673 LaFage 1947; Liddle 1975
Greig-Smith 1973; Young and Gilmore 1975). Freliminary data from
Grand Canyon (Carcthers and Aitchison 1976) indicated that
similar changes or impacts were taking place on the principal 100
plus campsites (Borden 1976) of the river corridor. All of these
campsites are on a&alluvial terraces <{(sand and silt/sand
composition) that were deposited during pre—dam flood discharges.
In the 20 years prior to 198Z%, vegetation previously scoured fram
the beaches on an annual basis proliferated, whiie human related
debris incorporated into beach sands during normal camping
activities adcumulated. With no natural purging of recreation
related debris (organic as well as inorganic) there existed the
potential for poﬁular beaches to fill "cat box style" with any
rnumber of forms of human waste products. Additional problems of
a similar vein have recently been observed in backcountry
campsites where recreational use is clearly in excess of the
natural purging capacity of the system.

In an effort to clean up the beaches, the Colorado River
Management Flan requires that all wood and charcoal carried into
thEFCEHYDﬁ by river recreationists be burned in fire pans and the
ashes be carried out. Gas stoves are now required for most
cooking purposes. Regulations also require all river users to
haul out solid human wastes.

The 1987 floods cleaned the beaches, resorted the sand, and
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gave the system a fresh start. fBlong with this cleansing., new
beaches formed and others disappeared. The 198732 study
established important baseline data for future inveafigatianﬁ.
These data are the control for this study.

'Early in 1976, approximately 25 Colorado River campsites in
Grand Canyon were selected for the purpose of monitoring levels
cf recreational impact (see Carocthers 1977). In 1980-81, nine
additional beaches in the 15 miles of Glen Canyon below Glen
Canyon Dam were evaluated for levels of human impact {(Carothers
et al. 1781). Since 1974, the original Grand Canyon sites haQe
been monitored and re—evaluated several times (Carothers and
Johnson 1980 . In 1982, human impact data for 35 beach sites in
Glen and Grand Canyons were presented and compared with the
results of previous sampling efforts. |

In 198%, human impact data for 22 Brand Canyon besach sites,
including 17 of the beaches evaluated in 1982 and five new
beaches, were compared to the 1982 data. Eleven of the original
heaches were no longer comparable in 198Z and were dropped {from
ﬁhe sfudy. In 1984, two previously studied beaches were not

included; however, seven new beaches were added.

The objectives of this 1986 study are 1) to collect data on

the degree of sand discoloration and the incidence of charcoal
Van

and human litter present/an\tﬁlorado River beaches in the Grand

Canyon, and 2) to compare those data with the findings from

similar studies conducted in 1983, 1984, and 1985 to determine

the human impact on the beaches in the two years following the
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flood. It was hypothesized that human use in these vyears had
resulted in a significant increase in sand discoloration, and in

charcoal and litter on the beaches.

METHODS
1. A 40 meter transect line was run through the principal  usse
area of the beach along the same line established in previous

YEArS. 1€ the beach was had been so altered by the river as to

change patterns of use, a new transect line was established and

documented.

2. Black and white photographs of the transect, including  the
metric tape and river mile marker, were taken from each
direction. The river mile number was written on a chal kboard and

positioned in the sand for inclusion in the photograph.

3
3. Ten 1Im plots were laid out equidistant from each other in

an alternating pattern along the transect line.

e
-

4, Each m plot was inspected, and pieces of charcoal of 1 cm or
over and all pieces of human litter found in the plot were
counted and recorded. A dry sand sample from the surface of sach
plot was collected in a whirl pack. I+ damp sand was
unavoidable, it was collected anyway to be dried out later. Each

zample was labeled with the beach name, the river mile, and the

plot number.

S Sand samples were also collected at the sand/water interface

and from the terrace above the beach.

L. Each sand sample was sifted through a 150 micron stainless
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steel mesh apparatus until the amount of sifted material

completsly covered the bottom.

7. . A piece of No. 7 course grade filter paper was placed in the
lid, hatched side up, and the sifted material shaken against the

filter paper 75 times.

8. The Filter paper was removed and stored in a labelled petri
dish.
9. When all of the samples from a transect were shaken, the

discoloration on the filter paper was evaluated with a Colorguard

11 Reflectometer and recorded on a data sheet.

10. The Colorguard II Reflectometer is an instrument operating

with an optical system, photocell amplifier, digital readout and

portable power system, and is used to make reflective
measuremsnts. Hence, with a digital readout display, reflesctad
light can be measured from any source. The reflectometer was

used to obtain reflective values from the filter paper discs
which were discolored with filtrate from the sand samples. The
reflactometer was standardized prior to each series of readings

against a white standard and a grey standard to calibrate the

instrument.

11. Means and standard deviations of the reflectometer readings
fram the ten transect samples were calculated for each beach.

These were then tabulated with the 198%, 1983, 1984, and 1985

data. A - small sample t test for level of significance was
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calculated for the differences between the 1934 and 1985  data,
hetween the 198% and 1985 data, between 1984 and 178&4, arc

between 1989 and 19845 data.

RESULTS
Twenty~seven beaches were sampled in 19856. The lavels of
sand discoloration as measured by reflectometer reading are
presented in Table 1. For purposes of comparison, thesse data

are presented with equivalent figures fraom 1983, 1984, and 1984,
The differences in sand discoloration between 19284 and 1984 are
as follows: Ffive beaches showed a significant increase in
discoloration, two shiowed a significant decreasa in
discoloration, and 15 showed no significant difference in
discoloration. Due to lack of data from 1984, five beaches
tested in 1986 could not be compared. The differences in sand

ache

]

[t

discoloration between 1985 and 1986 are as follows: seven b
showed a significant increase in sand discoloration and eighteen
beaches showed no significant difference. Two beaches in 1985
could not be compared due to lack of data in 1985. Of the twenty-
five beaches that were tested in both 1984 and 1283, the
differences in sand discoloration are as follows: six  beaches
showed a significant increase in discoloration, five showed a
significant decrease in discoloration, and fourteen showed no
significant difference in discoloration. Four beaches could not
be compared in 1985 due to lack of data form 1984. 0OFf the 21
beaches that were tested in both 1983 (the year the flood

cleansed the beaches) and 1985, eleven showed a significant

ifncrease in sand discoloration, one showed a significant decrease
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in discoloration, and nine showed no significant difference 1in
discoloration. The results of & "t" test For level of
zignificance of differences in sand discoloration are presented
in Table = for 1984 and 1984, Table 4 for 1985 and 19284, Table I
for‘1?84 and 1985, and Table & for 1783 and 1935,

Charcoal and human debris accumulations are presented in
Table 2. The differences in charcoal level between 1986 and
1985 are as follows: thirteen beaches showed an incresase, o
beaches showed a decrease, and eight beaches showed no change.
There was little difference in the levels of charcoal found
between 1984 and 198G. 0f the 26 beaches for which there were
comparative data, gight showed a slight increase, eight showed =a
decrease, and ten showed no change. The difference between 1783
and 1985 was more significant. gut of 21 beaches sampled both
years, nine showed an increase, only one showed a decrease, and
11 showed no change.

Eetween 1985 and 1986, the amounts of human litter found on
the beaches increased on eleven beaches, decreased on three
beaches while ten beaches showed no significant change. Betwsen
1984 and 1985, the amounts of human litter found changed in the
following ways: five beaches showed an increasé, 11 beachss
showed a decrease, and ten beaches showed no change. Between
1983 and 1985, six beaches showed an increase, four showed a

decrease, and 11 showed no change.

CONCLUSIONS

The Colorado River beaches in 1986 appear to have suffsred a

deterioration in cleanliness compared to the previous vyears.
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Eetween 1984 and 1985, six out of twenty-five beaches showsd  an
increase in  sand discoloration while the remainder remainsd
unchanged. No beaches showed a decrease. Compared to the 1784
shiudy, five showed an increase in sand discoloration, while two
chowed a decrease and fourteen had no change. Retween 1984 and
1985, the beaches did not appear to have suffered appreciabls

degradation. Six of twenty-five beaches did show increased  sand

discoloration; however, fiv showed a decrease and 14 remained
unchanged. The same number of bzaches showed an  increase in
charcoal contamination as showed a decrease. A similar number

showed no significant change{

In terms of human litter found, =leven beaches showed an
increase from 1986 to 1985, while only three beaches decreased.
In the 1985 study, the beaches appeared to improve overall. Mors

than twice as many beaches shdwed & decrease (11) in incidence of

=

human litter as showed an increase (3). The levels of charcoal

and litter were small for both years. The mean value of charcoal

-
L

contamination for all beaches in 1984 was .27 cm/m j the mean

3

.

valua in 1985 was .29 cm/m , and in 1986 the mean value was 0.5

cm/mT2-T. The mean value of human litter in 1984 was .19 pieces

s
o=

per m ; the mean value in 1983 was .02 pieces per m , and in 1984

‘e

the mean value was 0.2 pieces per m"TZ"T.

This 1986 study indicates that the beaches have shown
significant increase in contamination in comparison to previous
years. While the 1985 data show that 1little overall beach
degradation has occurred since the 1984 study, if compared to
data collected in 1983, they do show an overall deterioration

since that time.
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Table 1.

Site
n0.

o G4 B3

w

Recults of sand discoloration analysis of beach
caepsites in Grand Canyon, 1983-1986 {means only).

Sand Discoloration {Standard Deviation)

Caapsite River
Name Bile

1983 (5.D.} 1984 ({5.D.)
Badger Rapid 8.0 71.63 (1.68) 89.89 {2.52)
20 Mile 20,0 66.74 (3.53) 4B.78 (3.14)
Shinuso Wash 29.0  70.01 {3,000 49.10 (3.16)
Anasazi
Bridge 43,5 73.28 (1,24} 70,53 {1.83)
Lower
Nankoweap 53,0 73.21 (2.33) 4.9 {3.18)
Awatubi 58.1 72.40 (1.34) 64,48 {5.73)
Lava Canyon
(Chuar) £5.5  70.56 (0.83)  45.91 {4.05)
Unkar {gone) 72,2 68,93 (2.67) 47.70 (2.28)
Nevills Rapid 75.5 72.00 (1,91) 65.80 (4.87)
Hance Rapid  76.5 £6.87 (5.14)
Brapevine 81:1 71,91 (1.43) 47,62 (2.18)
Branite Rapid 93.2 48.20 (2.49) 68.48 (3.28)
Lower Bass
Caap 108.5  66.53 (2.39)  $3.38 (5.69)
114 Nile 114.0 $9.22 12.06)
122 Mile 122.0 71.16 12,13)
Forster 122,.8 70.04 {3.05) 48.45 {5.16)
Bedrock 131.0 70.54 (3,40}
Dubendor$$ 132.0  $9.12 {3.38) 70.22 (2.51)
Deer Creek  136.0 £7.82 {2.03)
Pancho’s 137.0  £5.91 (3.11)  45.90 (3.79)
Kitchen
Upper National
Canyon 166.5 71.22 (0.96)  68.95 (3.00)
Lower National
Lanyon 166.6  £9.39 (2.73)  43.59 {3.00)

19835

{S.D.)

1986

70,55
64,29
48.62
71.13

69.33

66.97 {

68.56

72.21
63.82
67.39
62.33

64,46
83.77
68.55
§9.74
68.20
69.63
69,46
67.20

73.31

67.10

129

{1.82)
{3.01)
{3.03)

{1.80)

(2.66)

3.31)

{3.81)

{1.35)
12.92)
{2.93)
{3.50)

{1.69)
{2.39)
{2.63)
{0.74)
{2.02)
{2.35)
{1.38)
{3.81)

(0.98)

{2.42)

99.65
67.47
68.24

71,41

bb.67
64.96

67.24

70.94
65,00
69.38
68.55

67.87
71.44
71.44
73.27
71,30
69.62
6b.68
69.43

beach

£9.23

{5,39)
{4.54)
{5.14)

{1.79)

{3.51)
(4.21)

{2.87)

{2.98)
(4.12)
{3.95)
(2.08)

{3.71)
(2,30
{2.30)
{1.93)
{1.64)
{1.76)
{2.16)
{3.04)

gone

{1.66)



Table 1. (continued)

Site Campsite River Sand Discoloration (Standard Deviation)
no. Nase Mile
1983 (S.D.) 1984 (S5.,D.) 1985 ({S.D.} 198 ({S.D.)

23 Upper Lava

Falls 179.0  49.39 (2.50) 57.74 (1,65}  67.563 (2.52)
24 186 Mile 186.90 72,06 (1.50)  70.95 (2.18)  49.34 {1.23)
25 Parashant 198.3 63.94 (4.77)  68.39 {2.6B)  beach gone
26 Indian Canyon 207.0 . 71.09 (1.52
27 Granite Park 208.8 69.70 (3.78) 68.93 (2.17)  49.88 (2.13)  69.97 (2.48)
28 Puspkin Bowl 213.0 73.66 {0.94) 70.83 (1.75) 68.63 (2.41) 49.54 (1.81)
29  Trail Canyon 219.0 72.18 (1.45)  $8.78 {3.38) beach gone
30 220 Mile - 220.0  47.50 12.61) &7.71 () 46.93 {2,28)  6B.&7 (1.74)
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Table 2.

analysis

Beach Caapsite

No.

- Name

Badger Rapid
20 Mile
Shinumo Wash
Anasazi
Bridge

Lower
Nankoweap
Awatubi

Lava Canyon
{Chuar)

Unkar

Nevills Rapid
Hance Rapid
Brapevine
Branite Rapid
Lower Bass
Canp

114 Mile

122 Mile
Forster
Bedrock
Dubendor £
Deer Creek
Pancho’s
Kitchen

Upper National
Canyon

Lower National
Canyon

River

Mile

108.5
114.0
122.0
122.8
131.0
132.0
136.0

137.0

166.5

166.6

Charcpal ca/e2
1983 1984 1985 1986

0.0

0.0
0.2

0.0

0.0

0.0

O DO D O
- - . - . e
O O N NN O

[os B~ R = g = 2~ S and
- . . - .
oo oo owu

0.0

0.0

0.0

Results of charcoal and husan litter
of beach czepsites in Brand Canyon 1983-

1.3

0.0
0.9
0.0
0.0

0.4
0.0
0.0
0.0
0.3
0.3
2.0

0.1

0.0

0.0

accusulations

Hugan Litter a2
1983 1984 1985 1986

0.0

0.0

0.0

[= R -
. - - - -
OO O o A

D O DO N
. e - e = .
(=i~ 2 ]

0.4

0.0
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Table XV-2 continued.

Beach Campsite River Charcoal ce/a2
No. Name Hile 1983 1984 1985 1986

23 Lower Lava

Falls 179.0 0.3 0.7
2 186 Mile 186.0 0.2 0.6
2 Parashant 198.5 0.0 0.0
26 Indian Camp  207.0 .0
27 branite Park 208.8 0.0 0.1 0.0
28 Puapkin Bowl 213.0 0.0 0.0 0.2
29 Trail Canyon 219.0 0.1 0.0
30 220 Mile 220.90 0.0 0.4 0.0

Human Litter a2
1983 1984 1985 19B4

0.0

o D
. .

0.0
0.9

D D O D
- . . .
[ 2% B v B e

0.9

[ 2% I »e)

0.0
0.0
0.3

0.0
0.0
0.0
0.0
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Table 2. t test for level of significance of differences
between 1984 and 198& sarnd discoloration
measurements for Grand Canvon beaches.

Campsite Campsite t Value t test Significant
Number Namea Difference”
i EBadger Creek = 5.175 5.17522.101 Yes
2 20 Mile = 0,749 0.749<2.101 M
3 Shinumo Wash = 0.430 O.450<02,.101 MNo
4 Arnasazi Bridge t= 1.309 1.20942.101 No
5 Lower Nankoweap t= 0.3837 0.557<2.101 N
1) Awatubi = 0,213 021302101 Mo
7 LLava Canyon t= ©0.847 0.84742.101 No
(Chuar)
38 Unkar the beach is gone
? Nevills Rapid t= 2.287 2.28742.101 Yes
10 Hance Rapid t= 0.899 0,.89942.101 No
11 Grapevine = L 230 L2T002.101 ' No
12 Granite Rapid = 0.057 0,05742.101 No
13 Lower Bass Camp t= 2.088 2.08842.101 . No
14 114 Mile = 2,265 2.263542.101 Yes
15 122 Mile = 0,255 0.258542.101 No
16 Forster = 2.655 2.65542.101 Yes
17 - Redrock = 0,807 0.807<2.101 No
18 Dubendor+f = 0,619 0.619<2.101 Mo
19 Deer Creek = no data
20 Fancho’s t= 2.292 2.29242.101 Yes
Fitchen
21 National Canyon the beach is gone
(Upper)
22 National Canyon t= J$.222 5.222<2.101 Yas
(Lower)
23 Lower Lava t= no data
Falls
24 186 Mile = 4,131 4,1731<2.101 Yes
25 FParashant the beach is gone
26 Indian Camp = no data, new beach
27 Granite FPark = 1.000 1.00042.101 No
28 Fumpkin Eowl = 1.613 1.61342.101 Mo
2 Trail Canyon the beach is gone
0 220 Mile = no data

133



Table 4. t test for level of signiticance of differsnces
between 1785 ard 193854 sand discolaoratian
measurements for Grand Canyon beaches.

Campsite Campsite t Value t test Significant
Nuvmber Name Difference?

1 Badger Creek t= 1.8546 1.85642.101 No

2 20 Mile t= 1.838 1.838<2.101 MNa

3 Shinumo Wash t= 0.201 0.20142,101 Mo

4 Anasazi Bridge t= 0.&00 G.60042.101 Mo

S Lowsr Nankoweap t= 1.914 1.714<2,.101 Mo

b Awatubi t= 1.189 1.189<2.101 Mo

7 Lava Canyon t= 0.379 0,57942.101 MNo

(Chuar)

8 Unkar the beach is gone
? Nevills Rapid t= 1.223 L 22TE2.101 No
10 Hance Rapid t= 0.738 0.73842.101 No
11 Grapevine t= 1.276 1.27652.101 Mo
12 Granite Rapid t= 4.844 4,.844+2.101 Yes
1= Lower Bass Camp t= 2.6473 2.64712.101 Yes
14 114 Mile t= 7.304 7.30442.101 Yes
15 122 Mile t= 2.388 2.388<2.101 Yes
146 Forster t= 5.385 5.38542. 101 Yes
17 EBedrock t= 4.024 4.,024<2.101 Yes
18 Dubendor+ff t= 0.011 0.01152.101 No
19 Deer Creek t= 1.5068 1.506<2.101 No
20 Farncho®s t= 1.448 1.443<2.101 No
Eitchen
21 Upper National the beach is gone
Canyon
22 Lower National t= 2.290 2.29072.101 Yes
Canyon
23 Lower Lava t= 0.104 0.10442.101 No
Falls
24 186 Mile t= 1.783 1.785<2.101 No
25 Farashant the beach is gone
26 Indian Camp no data, new beach
27 Granite Park t= 0.087 0,08742.101 No
28 Fumpkin Bowl t= 0.958 0.958<2.101 No
29 Trail Canyon the beach is gone
30 220 Mile t= 1.7212 1.1922<2.101 No
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Table G. t test for level of significance of differences
between 1984 and L 585 sand discolaration

measurements for Grand Canvon beaches.

Campsite Campsite t Value t test Significant
Mumber Mame Difference?
1 Badger Creek t= Z.210 1.21042. 101 Mo
2 20 Mile t= 4.180 4.180x2.101 Yas
A Shinumo Wash t= 0.440 0., 44002.101 M
4 Arnasazi Bridge t= 0,500 Q.90042,. 101 N [a]
5 Lower Nankoweap t= 4.700 4,70052,101 Yes
& Awvatubi t= O.770 0O.27042.101 Mo
7 Lava Canvyon t= 1.210 1.91042.101 HNo
(Chuar 7)
3 Unkar the beach is gone
9 Nevillg Rapid = 4,270 4.29052.101 Yes
10 Hance Rapid = 2.060 2.06042.101 Mo
11 Grapevine = 0,280 0.25042.101 No
12 Granite Rapid = 5.120 S5.120x2.101 Yes
(Granite 4
13 Lower Bass Camp t= 0.730 0.73042.101 Na
14 114 Mile t= 5.350 5.35052.101 Yes
15 122 Mile = 3.640 2.64032.101 Yes

16 Faorster = 0.910 0.21042.101 No

17 Bedrock = 1.620 1.62002.101 No

18 Dubendorf+ = 0.510 0.51042.101 No

19 Deer Creel no data for 1984

20 Fancho’™s = 0,720 0.72042.101 No
Eitchen

21 National Canyon t= 5.530 5.530x2.101 Yasg
(Upper)

22 National Canyon t= 2.780 2.7805x2.101 Yes
(Lower )

235 Upper Lava no data for 1984

Falls
24 1846 Mile t= 1.680 1.68042,101 No

25 Farashant = 3.250 *»2.101 Yes
286 . Branite PFPark = 1.230 1.25002.101 No
27 Fumpkin Bowl = 7.780 7.78052.101 Yes
28 Trail Canyon t= F.730 F.730x2.101 Yes

29 220 Mile no data for 1984
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Table 6. t test Ffor level of significance of differences
betwaen 193% and 17845 sand discoloration

measuremants for Grand Canyon beaches.

Campsite Campsite t Value t test Significant
Number Mame Difference?
i Badger Creek = 1.778 1.798<2.101 Mo
2 20 Mile t= 2.170 2.170x2.101 Yes
% Shinumo Wash = 1.840 1.84042,101 Mo
4 Anasazi PBridge = 3,720 I.92052.0101 Yeg
S Lower Nankoweap t= 4.390 4.390x2.101 Yes
6 Awatubi = 4,580 4.,68052.101 Yes
7 Lava Canyon t= 2.150 2.150x2.101 Yes
{(Chuar I)
3 Unkar the beach is gone
2 NMevills Rapid t= 0.360 0, 36042,.101 No
10 Hance Rapid t= 2.0560 2.060:2.101 Mo
11 Grapevine t= 5.510 S5.510:2.101 Yes
12 Granite Rapid t= 5.450 S5.450x2.101 Yes
(Granite 4)
13 | ower BRass Camp t= 2.710 2.710:2.101 Yas
14 114 Mile no data for 1983
15 122 Mile no data for 19873
16 Forster = 0,380 0.380<2.101 No
7 RBedrock no data for 1983
i8 Dubendorff = 0,360 0.36042,101 No
19 Deesr Creek = F.860 Z.860x2.101 Yes
20 Fancho’s = 0,790 0.79022.101 No
Kitchen
21 Mational Canyon t= 2.140 2.140>2.101 Yes
(Upper)
22 National Canyon t= 1.920 1.9220<2.101 MNo
(L.ower)
2= Upper Lava t= 2.140Q 2.14052.101 Yes
Falls
24 186 Mile no data for 1983
23 Farashant nao data for 1983
26 Granite Fark = 0.610 0.610<2,.101 No
27 Fumpkin Bowl = 7.780 7.780x2.101 Yes
28 Trail Canyon no data for 1983
29 220 Mile = 0.660 O.660:2.101 No
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FURTHER INVESTIGATIONS ON Fogonomyrmex sp. ANTS
ON COLORADD RIVER BEACHES IN GRAND CANYON NATIOMAL FARE

Chris Fike and Steve Ward

INTRODUCTION
This work is a continuation of studies done by Northern
Arizona University Colorado River Investigations in 1982, 1987=,

1984 and 1985. The Red Harvester Ant Fogonomyrmex sp. was studied

on 34 beach sites along the Colorado River during July and August |

in 1986. An effort was made to correlate ant densities to the
degree of human use of the beaches, and to doccument the foraging
habits of the Harvester ant.

The Harvestor ant 1is of concern on the beaches of the

Colorado River because they have the ability to inflict & painful

sting. The sting is from injection of formic acid under the
skin. The sting is similar to that of a honey bee in terms of
the degree of pain suffered. Multiple stings are common and

cause differing amounts of pain depending on individual reactions
to the ant venom. The workers are 5.0 to 6.5 mm in length, and
have have well developed mandibles which can also inflict painful

- bites, or combinations of bites and stings.

OBJECTIVE

This study is & continuation of efforts to test the

hypothesis that Harvester ants densities along Colorado River
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LFeaches in Grand Canyon are higher in areas of  heavy human

LLSE . The control used for this study is two beaches which Fave

1ittle or no camping activity on them. At mile 2173.5, & density
2

e
—

af 0.23 ant hives per 100m , and at mile 214.3 & density of 0.13

-
<

arnts  per  100m were determined. Assuming that ouw non-hman

impacted beaches are typical, it would then be expected that an
2

ant hive density of greater than 0.18 hives per 100mh is being

influenced by extraneous factors. These extransous factors ocan

be from human activity or specific characteristics of the

individual beaches.

Our basic hypothesis is that given easy access to a human
supplied source of food, ant hive density will increase. We are
also attempting to establish that there is a trend for ant hive
densities to return to the density levels prior to the 1983 high

waters. The 1983 high water level scoured out most of the ant

populations up to and including the old high water lines.

METHODS

Thirty four beaches with varying levels of human use2 were
surveyed. Every ant hive was plotted on a freehand drawing of
the beaches to determine the preferred habitat aof the harvester
ants. There were 18 ant food swveys done to establish the types
of foods being taken into the hives by the foraging ants. Our
food survey data was taken from what appeared to be well
established hives both near the common kitchen areas and %ar
enough away from the kitchen areas to be out of range. It was

observed on several occasions that foraging ants have a range of

up to 60 m. No ants were ohserved ranging from their hives

139



greater than that distance. To determine beach size the average
length and width of the beach was paced off and recorded.

Temperatures of the soil at 2.85" and 7" were recorded and

ambient air temperatuwes were always measured as close to  the
food study hive as possible and in a shaded area. Felative
Funidities were determined with a sling psychrometer. The time
of day was also recorded. Typical specimens of ants and their

food sources were collected and preserved in isopropyl alcohol.
We relied on the professional boatmen’s experience in designating
beaches either high, medium, low or no human use levels.

Food items foraged by the ants were classified into five

categories: seeds, plant parts, insect parts, human food

i

particles and lumped sand grains. The lumped sand grains wsar
either grease laden or moisture saturated.

ant hives were discovered by transecting the length of the
beaches at approximately 10 m intervals from the river’s edge up
to and approximately 10 m beyond the old high water line.
Using two people for these methods allows for completion of a
typical beach survey in 20 minutes. A food survey takes an

additional 15 minutes (see typical beach maps).

RESULTS
Figure 1 is a typical beach drawing used to locate ant
hills. Figure 2 is a representation of how we identified these
Table 1 sums up all observations on individual beaches. It
seems to show that ant hive densities increase as you go down

river. Also, smaller beaches have more hives per square metar
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than larger beaches.

Tables 2 and & show that ant hives wera destroyved in 12832 by

the flood and now seem to be returning to pre—-flood level. e
épparent correlation betwsen human use and number of hives was
found.

Food charts 1-18 show type of food. They seem to show that

ants are very opportunistic in that they utilize the mast
available food source. This usually was bléck flies and seeds.
Food from human sources was used when available. Table 4 shows
1785, 1986 food data. The black fly population is strong
throughout the study area as seen from individual data. Greater
than 90% of all insect parts taken by the ants were the non-
biting black flies of the family Simuliidae.

The Harvester ants not only fed on dead flies foraged at the

water’'s edge, but were also observed attacking live, resting

flies. Often, we found flies concentrated in depressions in the
sarnd by the wind. These depressions in the sand were caused by
both footprints and wind ripples. The ants took advantage of
this concentrated food source. We also observed whiptail and

spiny lizards utilizing the flies in the same fashion.

An  unusual observation we encountered with the black flies
was the fact that we watched ants remove black flies Ffrom the
hives after the rains the night before. The ants were apparently
drying the flies on the perimeter of their mounds in the sun.
Thousands of flies were piled around the mounds. By mid—-morning
the ants were observed checking several individual Fflies with

their mouth parts and antennae prior to selecting a fly to retwn
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collected from  the mound

Y
n

to the hive. The fly specimens w
perimeters were found to float in alcohol, whereas, the normally

foraged fliss would sink.

i

CONCLUSIONS

Harvest ant densities are increasing. The increasse  in

Tuly!

o

density does not cseem to correlate to the degree of human be
use. Blacktail and Bedrock are medium— to low-use beaches, but
have the largest number of hives per 100 square meters. We think
the size of beach is a more important factor. Another factor is
food source. Our highest density beach (at Mile 122), had a large
eddy and the ants were concentrated near back of eddy where black
flies were prevelent.

An interesting observation was that we found black flies
placed around the hive mound perimeter in the sun. These flies
floated in alcohol instead of sinking, indicating that the ants
were probably drying their food to prevent fungus growth. If the
ants have the ability to control the hive humidity within certain
ranges, it may be important for further study. "During
excessively wet weather, if the seeds get wet, they are taken
out, allowed to dry and returned to storage" (Wheeler, p. 47).

Rlack flies, the major food supply for the Harvester Ant,
must have running water to complete their larval life stage. The
larvae live in clear, rapidly flowing streams with high oxygen
content. The larvae ére fiiter feéders that attach themselves to
rocks. They feed on diatoms and bacteria (Milne, pp. 647-648).
It has been observed that the fly populations have drastically

increased since the dam was constructed. The habitat wtilized by
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the fly has been improved to better fit their needs. Simce
primary food source of the harvester ant is insect parts (up

3% of total food supply). it sz=ems logical to assume that

greater the black fly population the greater the ant density.

Suggested Future Methods

L]

the

Durable maps should be made from air photos of each beach

containing pertinant information (i.e. beach size, ant densitwv,

human use). Have tables for RH that goes well above 40 C.  Try to

find humidity in nest, maybe with an electric probe. Carry aitra

thermometers.

143



v e
X
A : X
ooz 504393 Glo ¥ _ X
Juoz .uﬁ\&wm:\ vl o Lo
[ \S i
® Yavaq ?155 e S T
UM .m.u, A
x oo Vo) 5
o .,,.. p\
olWoZ ‘A,./, /./, . a W
§o\\~\s\v\m.xciw\ — 7 / ,. X
, . L X

S42p|99 = ﬂ\xw

L5 uayAy
uowmmo) )sow =[]

any \N\{w i n.®

Suot1690| ALY uX

54011020 A1y Jub 0332&
fuo  seuoz :o..*ﬁumm\, Aney 244 m..u}?ﬂm Yavaq ?umxb, 4

144



S G N SN N A I Em BE aE =

E tEE TN aE Eam am &

L]

/}9<€H/€a/ l‘ﬂf-?ﬁl ’I’/“’)cf o‘f the ro/ haryes ter g T (o) o(fe;}_
a)or)g the Ca NM}&’ u/er 179 (/r’s 0586) to {‘,/f(a sty 7'7:'.;
ants as Foqonomwmpx californicvs.

|, Fntire bpa/ wnw/”m% /:c,Az‘ -\ferruunecug r:]
2 /4\)?)”0&8 baa))/ /Pncfﬂ) O'F 75'mm

3, Dorsq | View of /79'/'/0}{ and /osf/pef/o/e of worker.
()

q, Righf lateral view of head tontour of werker.

5. /Q,g/zf lateral view of antenna SAou/)nﬁ basal scape.

b Lateral view of thoray, )Oe‘Ho/e,anA posf‘loeffo)e..

3359(&. 2



Table 1. Ant

data for individual beaches.

Beach Badger 23,25
Mile 8 20 23.25
§ of Hives 4 4 3
Vegetation

lone 213 2/3 2/3
Husan Use

Low, Medium, High H H L
Density/100 a 09 .37 73
Soil Temperature

{ C) at 2 in, -- 25 28.8
Soil Temperature .

{C) at __in. == -- -
Asbient

Teaperature ( C) 4 24 34

Wet Bulb ( C)
Dry Bulb ( ©)

% Relative
Husidity

Time at Beach
Size a

Food Count

9:00-5:10

4269

ND

9:00-9:435

1075

NO

10:30-11:00

684

YES

Shinuso Wash

Tatahatso

Nanokoweap

2/3

06

39.4

12:36-1: 11
1153

YES

146

36

18.8

38.8

21
5:35-6:07
693

YES(2)

34

18.3

35

17

11:27-11:54

7520

NO

- ?‘u”__”-..
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Table 1. Ant data for individual beaches (continued)

Awaitubi

Beach Nankoweap LCR
Mile 3 58.1 61.8
# of Hives 1 9 1
Vegetation

one 213 2/3 2/3
Husan Use

Low, Medius, High H H L
Density/100 a .02 .12 . 041
Soil Temperature

( ) at 2in. 30,5 4.6 37.2
Soil Teaperature

( C) at __ in. 26 39 30
Asbient

Teaperature ( () 37 39 41
Wet Bulb ( C) 18.3 17.7 20
Dry Bulb ( C) 35.3 30 31.1
1 Relative

Husidity 17 25 16

Tise at Beach

Size a

Food Count

12:39-1:20

4284

9:40-9:59
5:24-5:355
7352

YES(2)

11:25-1: 49

2400

YES

Carbon Creek Nevills

Hance

43

20

3.7

16

4:09-4:47

Bod4

YES

1T A9

43.8

34

37

21

31.7

18

10:42-11:30

11682

NO

2/3

A7

37.7

3t

n

12:15-12:25

1166

ND



Table . Ant data for individual beaches f{continued).

Beach Grapevine  branite Bass
______ - _Rapids

Creek
Mile 81.1 93.2 108.5
# of Hives 3 7 15
Vegetation
Ione 1 2/3 2/3
Human Use
Low, Medium, High H H H
Density/100 a .2 .29 .81
Soil Temperature
{C) at 2 in, 40.3 3.1 40
Soil Tesperature
{C) at __in. 47 32 32
fsbient
Teaperature { €) 39 31 42
Wet Bulb ( C) 20 21.1 22.2
Dry Bulb ( L) 31.7 33.3 40.5
1 Relative
Husidity 18 31 10

Tine at Beach

Size a

Food Count

2:30-3:12

1500

NO

9:38-10:31

1241

NO

3:01-3:33
1843

NO

Blacktail

38.8
40

37

31.7

17
6:27-6:41
660

YES

148

122 Mile

2/3

32

28

18.3

28.8

32

8:01-9:06

4264

YES

Furster

9:33-9:57

4025

ND
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Table 1. Ant data for individual beaches (continued).

Beach Branite Unused
_____ Park____ Beath
Mile 208.9 213.5
§ of Hives 24 4
Vegetation

lone 213 273
Husan Use

Low, Hedius, High H L
Density/100 s .3 .23
Soil Temperature

{ C) at 2 in, 35.3 40
Soil Teaperature

(C) at __in, 32 39
Asbient

Teaperature ( C) 1)) 47
Wet Bulb ( C) 22.7 22.2
Dry Bulb ( ©) 39.4 40.5
% Relative

Humidity 22 18
Tise at Beach 11:41-12:02 3:31-4:21
Size a 4800 1773
Food Count NO YES

Unused

13

333

47

4

21.b

43.3

10

4;58-5:40

1540

YES

.31

30.35

32

48

7:14-7:45

NO
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Table 1. Ant data for individual beaches (continued)

% of Hives

Vegetation
Lone

Huaan Use
Low, Mediua, High

Density/100 a

Soil Teaperature
{ C) at 2 in,

Soil Teaperature
{C) at __in.

fAmbient
Teaperature ( C)

et Bulb ( L)
Dry Bulb { C)

1 Relative
Humidity

Time at Beach
Size a

Food Count

Upper Lava Lower Lava 181 192 196 Creek  Parashont
179 180.9 181 192 198 198,35

4 3 3 5 b 5

4?7 2/3 2/3 213 213 273

H H | L L L

.57 .03 .09 .23 73 A3

- 40 -- 31.7 20.8 28.8

- 34 - 38 29 30

38 41 4 38 29 36

- 23.8 -- 21.1 2.1 2.1

- - 40,3 - 36,6 21.7 33.3

- 25 - 21 58 33
1:35-1:50  2:19-2:48  2:55-3:09 S:41-6:10 8:40-9:06  9:50-10:19
702 3472 5428 2147 817 3906

NO NO N0 YES YES YES
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Table 1. Ant data for individual beaches (continued).

Beach 125.5
Nile 125.5
% of Hives 0
Vegetation

Lone ?
Huaan Use

Low, Medius, High L
Density/100 a 0
Soil Teaperature

(C) at 2 in, --
Soil Tesperature

{ € at __ in, --
Asbient

Teaperature { [) 38

Wet Bulb ( C)
Dry Bulb ( C)

1 Relative
Huaidity

Tisme at Beach
Size a

Food Count

10:33-10:47

2250

Bedrock

1.6

26.6

11:35-12:02

192

NO

Dubenhot ¢

98F

20.5

36.6

2

12:24-12:39

1092

ND

4:04-4:2¢
1170

ND

151

Lower Cove
National

166 174.5
7 12
273 2/3
H "
.06 26
33 37.7
35 31
33 31
20 21.6
K 32.2
3 32

10:17-10:52 11:31-12:07

12434 4640

YES(2) YES



Table 2. A List of Saaple Sites,

1982, 1984, 1985, 1986 (1983 no data)..

River Beach 1982 1984 1985
Mile

8 Badger —.m- 0,00 ----
20 ——- s 0T

23.25 ceme mmee eeen
29 Shinumo Wash ~ ----- ==-- J—
3.7 Nautiloid ---- 000 125
36 Tatahatso ceem mmem cee-
43,5 Anasazi Bridge 0.00 0,00 223
Y 1,40 ~---  --e-
53 Lower Nankoweep 1.10 0.00 ----
58.1  Awatubi - 0.00 .25
60.5  Upper LCR ——- 0,00 ----
61.8 Lower LCR cm—. e meea
63.5 Carbon Creek SO —
45.5  Chuar Canyon == 0,00 &7

72,2 Unkar -—-- 0.00 ----
75.5 Nevills Rapid .56  0.00 .093
76.5 Hance —— e 33
81.1 6Brapevine ---- 0,00 .293
87 Cresation e § K
93.2 Granite Rapids .56 ---=  ----
108.5 Lower Bass 0.00 0.00 .55

120.1 Blacktail A9 0,00 .31

122 122 Mile Creek --—- --== 413
122.8 Foster -——- 0,00 ;---

1986

09

37

I3

.06

.86

.09

12

. 041

.92

l14

A7

.29

.81

1.2

.33

.30

Husan Use in
1986 or last

Harvester Ant Density and the
Relative Frequency of Human Recreational Use of the Sites for

- P

H
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Table 2. (continued)

River Beach 1982 1984 1985
Mile

125.5 ———— 0,00 ----
131 Bedrock - 000 ----
132 Dubendor {4 0.00 ---= =---
134 2.5  mmmm meee
138.5 e mamm e
166  Lower National .77  ---- .04
179 Prospect Canyon 0.00 ---- ----
179 Upper Lava --=- 0,00 ----
180.9 Lower Lava - 0.00 .03
181 cmee mmem mmem
190.2 190 Mile Beach ---- ---- .04
192 ——— mm—— e
194 194 Mile Beach ---- ---- ,14b
196 Creek -——— mmee meea
198.4 Parashont 2,30 == ----
208.9 Granite Park b7 0,00 .7
213.5 Unused Beach cm—e mmen mmee
214,53 Unused Beach m—mm cmee emee
219 Trail Canyon .50 A7 .18
220 - 0.00 .77

.31

.06

37

.05

09

.23

A3

ls

.23

A3

.S

Hugan Use in
1986 or last

None

None
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CHAFTER XIT

REFTILE STUDY — 1936
Fatricia Garges, Jean M. SBchwarz, Shirley Bonner

and Doug Adams

INTRODUCTION

The data gathered in this project attempts to gquantify the
preferred reptile habitat and density in the Colorado River®s
riparian zones. In the Grand Canyon, four distinct environmental
rones may be observed (Figure 1). Zone 1 is the environmental
desert zone furthest from the river and uninfluenced by it.
Zone II marks the old high water flood line (OHWL). It 13 a
stahle community of woody vegetation such as acacia and mesquite.
During the flooding of the Colorado River in 1983, this OHWL was
replenished. Zone III, below Zone II, is an unstable vegetative
zone dus to human impact. This beach area is primarily used for
camping. Zone IV, the new riparian zone, consists mainly of the
exotic tamarisk species as well as the native arrowwsed and
willow. The proliferation of this type of vegetation is a direct
result of controlled river flows from Glen Canyon Dam. It was
thought that the tamarisks or salt cedar species, in the new high
water line (NHWL), is of little or no value to most native
wildlife. However, recent findings indicate this NHWL zone to be
not only richly inhabited by reptiles, but possibly the preferreaed

habitat.
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The obiectives of this project are as tollows:

1) to compare the densities of reptiles in all four zones
with particular emphasis between Zone II, the OHWL, and Zone
111, the NHWL zone.

22 to determine the types of vegetation most inhabited by
reptiles, particularly in Zone II and Zone IV.

=) to determine a correlation between temperature  and

reptile density.

The initial hypotheses is that of éll the species of
vegetation in the riparian zones of the Colorado River corridor,
the tamarisk {salt cedar) is utilized to a far greater extent
than other trees and shrub species. In addition, the vegetative
zone most closely associated with the river (Zone IV-NHWL) has

the greatest density of reptiles.

METHODS

This project attempts to sample all four zones at as many

beaches as possible. The most critical factors are as follows:

1) For this study two cbservers are consistently used in  eac
Tone.

2 keep accurate records of the species observed.

) Keep an accurate time of the length of observation - the

data are computed on the number of lizards seen per minute.

4) Keep an accurate record of the vegetation associated with
each reptile observation.

3) Sample the habitats in a consistent manner throughout the
river trip.

6) Feep an accurate ambient temperature in each observed zone.
Data sheets are provided to facilitate the gathering of
information (Figuwre 2). On each data sheet the following
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information 1ig included: 1) obssrvers =) date; ) ambient

temperature  {(this is the air temperatuwre starting the sample
period); 4) the beach name and/or river miley; 5) the time the

observation period starts and ends, as the svaluwation results are

based on the number of individual reptiles cobserved per minute.

Materials Used:

1) clipboards for chservers
2 data sheets

) watch (es)

43 perncils — no ink

=) 2 thermometers

Observefs are familiar with the species of lizards and
plants listed on the data sheets. I+ a reptile is not
identified, it is marked unknown in the space provided on the
data sheet.

Flant species associated with the sightings are indicated.
The consistency with which the observer moves through a specific
vegetative zone is very important in comparing the study team’s
data sheets. Each observation is & minimum of 10 minutes and not
more than 40 minutes. Although the 4 zones are not always present
at each beach, attempts to sample as many habitats as possible

are made when available.

RESULTS
Table 1 and Figures 2, 4, and 5 represent the results of
reptile usage in the various species of vegetation, and those
found on rocks and sand. Of all individuals 6bserved, IS% were

found in tamarisks as compared with 7% and 4% of all individuals

found in acacia and mesquite, respectively. It is significant to
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note that S35% of the total individuals chserved werse  found  an
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Figures & and 7, and Table 2, represent the results of the
reptile densities. Total number of reptiles seen in all four
Tones. are 398 individuals in 1,044 minutss. In Zone I, 71
minutes were spent observing 13 individuals for an  individual
total of 0.18 per minute. Im Zone 11, 459 minutes wers spent
ohserving 88 individuals for an individual total of ©.19 per
minute. In Zone III, 27 minutes were spent observing 2ZI
individuals, for an individual total of 0.81 per minute. In Zone
IV, 487 minutes were spent observing 273 individuals, for an
individual total of 0.56 per minute.

Figure 8 shows the effect of temperature on numbers of
reptiles sighted per minute. It is observed that as the
temperature increased in Zone IV, a greater number of reptiles
were sighted per minute. It appears that the opposite is true in
Zane II. |

A total of 5 snakes, 4 rattlesnakes and 1 bullsnake were
observed during the course of the river trip. Without exception
these snakes were seen in ane V. Two of the rattlesnakes were

observed at night laying in wet sand under tamarisks near the

river®s edge.

CONCLUSIONS
Zone IV represents the Colorado River®s new high water mark.
Zone II represents the old high water mark. It is obvious that

the new riparian zone accounts for a dispropartionately highetr

number of reptiles than Zone 1I. We can safely say that Zone IV,
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a zone created by the effects of Glen Canvoan Dam, iz providing
habitat for a considerable number of native reptile species. It

appears that as a result of Glen Canyon Dam, the reptile density

Maszs  doubled. It seems apparent that up to 50%  of observed
raptiles are there because of the NHWL habitat. Howevar  a
corresponding loss of vegetation in Zone II results from lack of
water. In the case of the Western Whiptail, individuals per

minute sighted in Zone IV was five times higher than in Zone I1.

Overall, tha number of individuals per minute found in Zone IV

was almost three times the number found per minute in Zone Il.

A pattern emergsed which shows a relationship betwasn
reptiles observed per minute and temperature. The number of
reptiles per minute was generally greater with increasing

temperatwes in Zone IV. This was not the case in Zone I1I. Zone
11 showed a decreasze in reptiles as temperatures increasesd.

It appears to ws that reptiles in Zone IV could remain
active during higher temperatures because of the dense shads
created by the tamarisk thickets. Zone II offers relatively less
shade for its inhabitants. It appears that at some crucial
temperature, reptile activity decreases in Zone II. Further
investigation is needed in order to determine what this
temperature might be. One beach would have to be selected which
could be measured throughout the day. Using one beach instead of
many would eliminate some of the variables, such as differing
amounts of shade available from beach to beach.

1t was also observed that the fringe areas of tamarisk
thickets were much more productive than the middle of the

tamarisk thicket. Our observations indicate that thin bands of

179



tamarisk are more productive per given area than are thick band

ii

of  tamarisk. Further study would be necessary to  substantiate

qass of tamarisk growth

this observation and determine what thick

is optimum.

One question arose {from this study as to whethsr or not  the

density of reptiles in the Zone I area just above Zone II iz as
high as in a comparable distance from the river. It woulad bes

interesting to look inte this gquestion further.

Néxt year we recommend that ground temperature =also be
taken. It appears to us that ground temperature is as at least
as important as ambient temperatwe in determining reptile
habitat. Also, some notation on the data collecting forms
indicating whether the reptile was located in the shade or sun
may provide useful information. We observed that reptiles were

often not far from the shade line.
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Z0NE 1—Typical Vegetation (Desert), -
" Uninfluenced by River Regime .°
(Stahle Community)

ZONE zb—Eigh Flood Zone Woody Vege-
tation Prosopis, Acacia, Cercil,

) camen i . c&ltil (Stable Con\mity)
- ZONE 3—Ephemeral Plant Zone, Period-
2008 . ically Scoured (Unstable

Comaunity)

Figute 12A. A profile of the vogout:lvc zones of the Colorado River flood-
plain in the Grand Canyon prior to the construction of Glen
Canyon Dam, After Carothers et al. 1979.

ZONE 1--Typical Vegetation (Desert)

Uninfluenced by River l‘u.u
(Stable Community)

Z0NE 2--High Flood Zone Woody Vege=

tation Prosopis, Acacia, Ccrch,
Celtis (Stable Commumnity) -

ZONE 3--Zone of Short Lived Invasion

Species Alhagi, Salsola,
Descurainis, Bromus, Festuca

(Unstable c_mity)

ZONE 4--New Riparian Zone - 'hufix,

Salix, Pluchea, Baccharis
thu’l Proliferstion)

rer

Figure 12B. A profile of the vegetative zsones of the Colorado River flood~
plain in the Grand Canyon 13 years after the impoundment of
Colorado River waters by Glen (:anyou Du After Cuothorn c: 11. :

1979.
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Table 1. Number and percentage of reptiles by zones found in different vegetative types.

lone | Tone 11 lone 111 lone IV All Zones

Nusber Number Nuaber Nuaber Nusber
Observed % Observed 1 Observed ¥ Dbserved 1 Dbserved 1

Tamarisk 0 0 5 b 0 0 133 48.4 138 4.7
Desert

Brooa 0 0 4 9 0 0 b 2.2 10 2.5
Seep

Nillow 0 0 0 0 0 0 1 .4 1 .3
Willow 0 0 ¢ 0 0 0 23 BO4 23 5.8
Arrow

Need 0 0 0 0 0 0 ) 2.2 b 1.5
Beach

Brass 0 0 2 2 0 0 7 2.5 9 2.3
fcacia 0 0 26 30 0 0 0 0 26 6.5
Mesquite 0 0 17 19 0 0 0 0 17 4.3
Desert

Scrub 0 0 3 3 0 0 0 ¢ 3 .8
Prickly

Pear 3 23 0 0 0 0 0 0 3 .8
Rock 10 77 28 32 21 95 79 28.7 138 34,7
Sand 0 0 3 3 i 3 20 7.3 24 6.0
Total 13 100 88 100 22 100 273 100 398 100
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Table 2. Nusber of individuals per minute of reptile types found in each Zone.
lone IV
- Nusber of Individ/ Number of Indi;;a;-- Number of Ind;vid/ ﬁﬁnber-of Indiv;ai
Individ. Minute Individ. Minute Individ. Ninute Individ. Minute

Side-
Blotched 7 .10 29 .06 0 .00 81 . A7
Desert
Spiny 1 .01 i1 .02 2 .07 40 .08
Western
Whiptail 0 .00 12 .03 2 .07 735 W15
Tree 5 .07 it 07 1B .67 63 13
Dthers 0 .00 3 .01 0 .00 16 .03
Total 13 .18 88 .19 22 .B1 275 b
Observation
Tine/Ione
{ninutes) 71 459 27 487

‘I

187



: : - . ,d.v? xc.ovm mue_uu.o.gw
- L.wfﬁo. UQLL Vfuwmmﬂ“ 343530 2P1S

—— e m

,._-.,%..188 co e [P

g e

|
- i : — .* ! m m H : . :

i _ o meoN O\J\w | 4
dwwsc. 2/ .GQ ,w eswo;%cuw mww vo\uw\ oao \wb .wc.wQ, .w.\,,ww.dw.uv\, T
o S - | L L g 03.&.‘\_

e



qudwlm, MY

e e (P RS e R ..LT‘ -] 9
- uoz | o ,
R w e om ow “ —
- o}.

_ | i S S AN I S
. | i . i B _ J H "
: ) i | ! : m i
S B O & *y e Lo S SRS F
; i i ; 1
! i 1 H
b g JRPRUOR SNUU SR | -
i - I ' l i
i i i |
- { - i - — - et

bz sevez gy vz

uwsc,y\ti m\dsya;aoch mww wQ\mm\ .;\0 \Auihch ,.d.S,N*d\uY
o&.hb\

lllﬁtllllllllllllllx



N - N * - B - . - . .
' i .
! -

_ . , !
_ _ ; - S
E - - - -
1 . R
1
p -
j : 3 1
- - . - - B - . po- -
! i 3 [} m. YR ! ;
' - v H
{ N i
i
§ H
e ——t i

Sls NP ' . G oAty , 22

7

'D%‘ AR _l.;a/ L }“u.v-. J;‘{ )

1

v W,.:nN ;MQ;L :
T ise _
o ..m_v.l..,r.«.fu e - e ( -
. [T S S : JRS D S N L
L m L
T P
] x.a\‘q .~kavu\_l.§w-;0.,. ﬁ:.u\\iuc.o%n v sp
P . . : . . , R ...;“.uto wr - XEC\ L,uk QG: s\ g..vwmwg .
f..)fc,_u_im..* »






