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Hydrologic and Biotic Effects of 
Grazing vs. Non-grazing Near 

Grand Junction, Colorado 1 

GREGG C. LUSBY 

Research Hydrologist, U.S. Geological Survey, 
Water Resources Division, Denver, Colorado. 

Highlight 

The effect of g-razing on the hydrology of salt-desert type 
rangeland has been studied near Grand Junction, Colorado 
for the past 14 years. Measurements of precipitation, run- 
off, erosion, and vegetation have been made in four pairs 
of watersheds. One of each pair has been grazed by cattle 
and sheep as is normal in the region, and the other has 
not been used since the beginning of the study. Measure- 
ments made 10 years apart show that all four grazed water- 
sheds have had a slight increase in the amount of bare 
soil and rock and a decrease in ground cover; cover on 
ungrazed watersheds has remained essentially unchanged. 
Runoff in the ungrazed watersheds has been about 30 
percent less than in the grazed watersheds and sediment 
yield has been about 45 percent less. The greatest change 
in each of the relationships occurred about 3 years after 
livestock were excluded from one watershed of each of the 
pairs. Preliminary studies indicate that within areas of 
similar physiography, runoff is directly related to the 
percentage of bare soil present on a watershed. 

The statement that a deterioration of rangeland 
and an increase in erosion and sediment yield took 
place in the western United States at about the 
time of settlement by white man has been made by 
numerous writers. This change has been attributed, 
in many instances, to the effect of <grazing by 
domestic animals and has been fairly well docu- 
mented. It would seem logical that if grazing was 
the cause of deterioration of rangeland, the elimina- 
tion of grazing would cause an improvement. 

Thousands of acres of land in the Colorado 
Plateaus Physiographic Province are contributing 
large quantities of sediment and relatively little 
water to downstream reaches of the Colorado River 
and its tributaries. This sediment yield and flashy 
type runoff not only perpetuate the nonproduc- 
tivity of the rangeland, but damage farmlands, 
irrigation works, and flood-control projects down- 
stream. The terrain in most of the area is rugged 
and highly dissected, making any kind of mechani- 
cal treatment very difficult and expensive. The 
control of livestock grazing is one of the most 
obvious treatments to be applied. The purpose 
of this study is, therefore, to determine the effect 
of the elimination of grazing on runoff, sediment 
yield, and vegetation on salt-desert type rangeland. 

l Publication authorized by the Director, U.S. Geological 
Survey. Received July 8, 1969; accepted for publication 
January 27, 1970. 

Description of Area 

The study area is located in the Badger Wash basin in 
western Colorado a few miles east of the Utah-Colorado 
boundary, about 25 miles west of Grand Junction, Colorado, 
and is tributary to the Colorado River (Fig. 1). The part 
of the basin being studied is at an elevation of about 5,000 
feet and drains the hilly land between the Book Cliffs and 
the flat, irrigated section of the Grand Valley. 

Although the entire Badger Wash basin is underlain by 
the Mancos Shale of late Cretaceous age, the lithology 
differs somewhat in various parts of the basin. The shale 
in the western and upper parts of the basin contains a 
number of thin sandstone beds less than 1 foot thick. Be- 
cause of their greater resistance to erosion, these layers 
cause an alternation of steep and gentle slopes. The gently 
sloping areas are on top of sandstone beds. Channels are 
similarly affected; they are moderately incised on the rela- 
tively steep slopes underlain by shale and have wide, shal- 
low cross sections on the sandstone. On the eastern side 
of the basin, the sandstone beds are absent, and the 
topography is more uniform, with very steep hillslopes 
merging with gentle colluvial slopes at their bases. Channels 
are everywhere incised into the shale. 

Soil in the area is poorly developed and generally con- 
sists of a shallow, weathered mantle overlying the Mancos 
Shale. The most extensive soil type in the area is a residual 
mixture of weathered shale and sandstone chips. 

The climate at Badger Wash is arid to semiarid. Average 
annual precipitation based on 38 years of record at Fruita, 
Colorado, about 16 miles southeast of the study area, is 8.7 
inches. Precipitation from April to October occurs generally 
from convective type storms. Temperatures during July 
range from about 55 to 98 F. 

Vegetation at Badger Wash is of the salt-desert shrub 
type, but several subtypes may be distinguished within this 
type. These subtypes reflect local differences in soil char- 
acteristics and available soil moisture. On the lower part 
of the main drainage, black greasewood (Sarcobatus vermicu- 
latus) is dominant. Pure stands of mat saltbush (Atriplex 
corrugata) occur on alkaline flats in the upper reaches of 
the main-valley alluvium. 

Big sagebrush (Artemisia tridentata) and rubber rabbit- 
brush (Chrysothamnus nauseosus) grow along the tributaries, 
mainljl on alluvial soils. On the uplands, sandy soils support 
shadscale (A triplex confertifolia) and a relatively dense 
understory of galleta (Hilaria jamesii). The predominant 
plant on clay soils is Nuttall saltbush (Atriplex nuttallii). 
On mixed soils, the vegetation is made up of species found 
on both clay and sandy soils (Lusby and others, 1963). 

In 1953, representatives of the U.S. Geological Survey, 
U.S. Forest Service, Bureau of Land Management, and 
Bureau of Reclamation, under the auspices of the Pacific 
Southwest Inter-Agency Committee, selected four pairs of 
watersheds on public lands within the Badger Wash drainage 
basin for intensive study. These watersheds range in size, 
from 12 to 105 acres. Each pair was selected to be as nearly 
similar as possible with respect to size, soil, aspect, geology, 
topography, and vegetation. One of each pair of watersheds 
was chosen at random to be fenced to exclude livestock. 
The other was to be grazed by both cattle and sheep during 
the winter and spring, as is normal for the area. A reservoir 
in which runoff and sediment could be measured was con- 
structed at the lower end of each watershed. Precipitation 
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FIG. 1. Index map of Colorado showing location of Badger Wash. 

recorders were established in each pair of watersheds to 
measure area1 distribution of rainfall. Precipitation amounts 
were computed using the Thiessen Polygon method 
(Thiessen, 1911). Gully cross sections and sidehill transects 
were established which could be surveyed to determine the 
relative magnitude of channel and hillslope erosion. 
Twenty-four vegetation transects were established in each 
watershed for use in determining cover, trends, and use. 
Records of cover were obtained along the transects using a 
loop method similar to that described by Parker (1951). 
Each transect also served as the side of a Z-foot wide belt 
transect on which forage utilization estimates were made. 

During the early years of the study, a trend toward more 
sediment yield and runoff from grazed areas than in un- 
grazed areas was noted. The change was attributed in a 
previous report (Lusby, 1965) to the trampling effect of 
livestock on soil that was loosened by frost heave. This 
report more completely defines the changes in runoff and 
sediment yield. 

Results 

The evaluation of the effects of grazing on the 
hydrology of the study watersheds is dependent on 
trend comparisons of paired watersheds, because 
there was no calibration period at the beginning 
of the study. The characteristics that determine 
runoff and erosion, including size, slope, aspect, 
vegetation, and soils, are similar for paired water- 
sheds. The trends in four pairs of watersheds 
should be indicative of the actual events taking 
place. 

Precipitation 

Rainfall during the study period 1956-66 was 
generally below the long term average. Average 
annual nrecinita tion at Fruita was 8.24 inches dur- 
ing the berio’d, which compares with the long term 
average of 8.75 inches. 

Of primary importance in this study is the 
equality of precipitation over each pair of water- 
sheds. Considerable variation of precipitation 
among the pairs of watersheds has been observed, 
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FIG. 2. Comparison of seasonal 
basins at Badger Wash. 

rainfall on grazed and ungrazed 

but differences between watersheds of each pair 
have been rather slight. The yearly difference in 
summer rainfall between grazed and ungrazed 
watersheds averaged 3 percent, but the total sum- 
mer rainfall for 13 years on each pair of watersheds 
did not differ by more than 1.8 percent. No 
definite pattern of rainfall was observed over the 
basins. 

Figure 2 shows the average seasonal precipitation 
for grazed versus ungrazed watersheds and indicates 
that precipitation amounts have been quite similar 
for paired watersheds. 

Runoff 

Runoff at Badger Wash occurs almost wholly in 
response to summer rains. Very infrequently, rain- 
storms may occur during the winter that produce 
some runoff. Snow generally does not accumulate 
enough to cause runoff in the spring. 

For the purpose of this paper, the comparison of 
average runoff from the four grazed basins with 
that from the four ungrazed basins is used to define 
the effect of basin use. Figure 3 (upper) shows a mass 
diagram, by years, of such a comparison. No run- 
off occurred in 1956, 1958, and 1966. The average 
slope of the line after 1956 is about 1.3, indicating 
that the grazed watershed was producing 30% more 
runoff than the ung-razed watershed. This change 
apparently started almost immediately after live- 
stock were excluded in the winter of 1953, but the 
greatest difference did not occur until about 3 
years later. The individual pairs of watersheds all 
show the same pattern as the average except for 
one pair that is complicated by the presence of an 
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FIG. 3. Mass diagrams. Upper, runoff in grazed and ungrazed 
basins at Badger Wash, by years; Lower, sediment yield and 
runoff at Badger Wash, by periods. 

upstream reservoir sediment deposit. The slope of 
the mass line for three pairs of watersheds ranges 
from 1.40 to 1.45 during the latter part of the 
study period. 

A plot of runoff in a grazed basin versus that in 
an ungrazed basin, by storms, indicates a different 
relation before and after the break in the mass 
plot indicated in Fig. 3 (upper). During 1954-55 
the points are characterized by the regression equa- 
tion Y = 0.0059 + 1.09X, with a correlation coef- 
ficient of 0.99. During 1956-66, the points are 
characterized by a regression equation of Y = 
0.0386 + 1.13X, with a correlation coefficient of 

0.98. 

Sediment Yield 

Sediment yield was measured by surveying the 
catchment reservoirs at the end of 10 periods dur- 
ing the study. The results of these measurements, 
along with runoff for the same periods, are shown 
graphically in Fig. 3 (lower). After the first period, 
April 1954 to July 1955, the mass curve departed 
from the line of equality and assumed a slope of 
about 1.8 to 1. At the same time the runoff line 
assumed a slope of about 1.4 to 1. The measure- 
ments of sediment do not assume so smooth a 
curve as that for runoff because of the compaction 
of sediment during dry periods. During periods 
of large runoff and sediment yield, the reservoirs 
usually contain water at survey time and measure- 
ments are of sediment that is not compacted. 
During dry periods, the reservoirs are usually dry 
most of the time, allowing the sediment to shrink 
and become compacted. The trend of the sediment 
yield lines is indicative of compacted sediment. 
Volume weight of deposited sediment has been 
measured at from 80 to 100 lb/ft3 or about 2,000 
tons/acre-foot. 

Watershed Cover 

Measurements of watershed cover made by U.S. 
Forest Service personnel indicate that at the be- 
ginning of the study no significant difference 
existed between plant cover on watershed pairs, 
although the ungrazed watersheds contained an 
average of 5% more bare soil than those that are 
grazed (Lusby and others, 1963). Periodic measure- 
ments of watershed cover indicate no large or 
sudden changes, but measurements made in the 
fall of 1953 and the fall of 1963 show some definite 
changes for the entire period. These changes are 
shown in Fig. 4. 

Although some of the changes shown are not of 
large magnitude, they appear to be important as 
far as percentage is concerned. From the bar 
graphs shown, it appears that the ungrazed water- 
sheds remained in about the same condition as at 
the start of the study and most changes took place 
in the grazed basins. The marked increase in bare 
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FIG. 4. Changes in watershed cover from fall 1953 to fall 1963. 
Change is expressed in percent of value measured in 1953. 

soil a .nd rock on all grazed watersheds, accompanied 
by a decrease in shrub overstory, litter and moss, 

FIG. 5. Percentage of soil which is bare versus average runoff for 
14 years in basins at Badger Wash (Loop method, 1967-68). 

and ground cover index, indicate that the grazed 
watersheds were in worse condition hydrologically of bare soil and runoff. Figure 5 shows this rela- 
at the end of the study period than at the beginning. tion for 17 watersheds on which measurements are 
This may have been caused by several dry years available at Badger Wash. The points have a sig- 
or increased grazing pressure because of the avail- nificant correlation coefficient of 0.81 about the 
ability of water in the area or by both. 

Source of Sediment 

At the beginning of the study, permanent cross 
sections were established on gullies in the paired 
watersheds and transects were established on the 
hillsides to determine the source of sediment being 
produced. The average change in elevation of the 
ground surface on cross sections and transects is 
used to determine these relations. Sections in all 
watersheds show erosion in the gullies. 

The gullies in grazed watersheds have about 
twice as much erosion as those in ungrazed water- 
sheds. The greatest amount of gully erosion ap- 
parently took place in one of the grazed, more sandy 
areas in which the channels are established in 
alluvium. The most erosion on hillside transects 
took place in one of the grazed, mixed soil type 
watersheds that contains the steepest topography 
in the Badger Wash area. 

Although no definite statement can be made 
concerning the actual volume of material removed 
by each type of erosion, the relative extent of each 
type may be obtained by comparing measurements 
of gully erosion and hillside erosion. Sheet erosion 
appears to be more dominant in three watersheds 
that contain the steepest topography. In two of the 
ungrazed watersheds, the ground surface was actu- 
ally higher in 1966 than in 1954, probably because 
of expansion of the soil from frost heave. 

Runoff fin Relation to Watershed Characteristics 

computed regression line. Although the fit about 
the regression line is not extremelyclose, the trend 
is indicative of a relation between bare soil and 
average annual runoff. Investigations in other 
areas indicate that the same sort of relation may 
exist, but at a different level. What may actually 
exist is a series of curves dependent on the particu- 
lar physiographic and climatologic characteristics 
of the region. If these curves can be defined by 
future work, they may be useful in predicting run- 
off from ungaged areas. 

Summary 
After the initial 2 years of study, ungrazed water- 

sheds at Badger Wash have averaged 30% less run- 
off than grazed watersheds, during periods of simi- 
lar rainfall. At the same time, ungrazed watersheds 
have averaged 45% less sediment than grazed water- 
sheds. 

The difference in runoff and sediment yield took 
place soon after livestock were excluded and was 
not accompanied by a corresponding difference in 
watershed cover, although at the end of 11 years, 
significant differences were noted in bare soil and 
rock, litter and moss, shrub overstory, and ground 
cover index. The reason for the hydrologic changes 
has been described in a previous report as being 
caused by the trampling effect of livestock on soil 
that was loosened by frost heave (Lusby, 1965). 

A definite relation between bare soil and runoff 
at Badger Wash was established. Investigations in 
other areas show that a series of curves for different 

Recent investigations by F. A. Branson and J. R. regions may exist. If further investigation is able 
Owen of the U.S. Geological Survey indicate that to define these curves more fully, the relation 
a useful correlation may exist between the percent might be a worthwhile predictive tool. 
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Biotic and Hydrologic Variables in 
Prairie Potholes in North Dakota1 

CHARLES E. SLOAN 

Hydrologist, U.S. Geological Survey, Denver, Colorado. 

Highlight 

Prairie potholes or sloughs are de- 
pressions of glacial origin that occur 
north of the Missouri River in the 
prairie region of the United States 
and Canada. Potholes provide valuable 
wetland habitat for migratory water- 
fowl and are widely used for stock- 
water supplies. Differences in climate, 
geology, topography, ground-water hy 
drology, and land use create wide 
variations in pothole hydrology. Plants 
in and adjacent to potholes are useful 
indicators of water permanence, depth, 
and salinity-variables that are im- 
portant in wetland management. 

Prairie potholes or sloughs (Fig. 
1) are water-holding depressions of 
glacial origin that occur in the 
prairies of the north-central United 
States and south-central Canada. 
Prairie potholes occur in greatest 
number and variety in hummocky 
knob-and-kettle topography (stagna- 
tion moraine) created by glacial 
stagnation. Potholes comprise one 
of the best wetland habitats for 
waterfowl breeding on the conti- 
nent, and also provide forage and 
water supply for livestock use. 
Drainage of potholes for agricul- 
tural purposes has destroyed many 
valuable wetlands throughout the 
region and threatens a large share 
of the remainder. 

lpublication authorized by the Direc- 
tor, U.S. Geological Survey. Received 
November 24, 1969; accepted for pub- 
lication January 27, 1970. 

Hydrology 

The U.S. Geological Survey ini- 
tiated a study of prairie-pothole 
hydrology in 1959 by using the 
mass-transfer method to evaluate 
evapotranspiration (Shjeflo, 1968). 
The initial study was followed by a 
study of ground-water flow systems 
and their effects on pothole hy- 
drology (Sloan, 1967 ; Eisenlohr 
and Sloan, 1968). It was appar- 
ent throughout the prairie-pothole 
studies that wetland plants were 
adjusted to a hydrologic regimen, 
but until the general hydrology of 
the potholes was understood the 
value of pothole vegetation as hy- 
drologic indicators could not be 
fully appreciated. 

Water supply to prairie potholes 
results from precipitation directly 
on the pothole, surface flow from 
the pothole watershed, and seepage 
inflow of ground water. Snowmelt 
runoff in the spring and precipita- 
tion on the pothole surface are 
the largest sources of water. Mean 
annual precipitation in the vicinity 
of the potholes that were studied 
ranges from 15 to 19 inches, 
whereas average evapotranspiration 
ranges from 32 to 34 inches. Thus, 
there is a strong tendency for pot- 
holes to go dry unless water loss 
is compensated by surface and seep- 
age inflow. Although seepage in- 
flow to most potholes is small, it 
has a marked effect on water 
quality. All inflow processes carry 
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dissolved solids into the pothole 
but in differing concentrations. 
Concentration of dissolved solids 
is extremely 10,~ in precipitation 
(less than 5 mg/liter), moderately 
low in surface flow (less than 50 
mg/liter), and relatively high in 
seepage inflow (more than 500 mg/ 
liter). 

Water losses from potholes with 
emergent vegetation result from 
evapotranspiration, overflow and 
seepage outflow. Dissolved solids 
in the pothole water can be re- 
moved by overflow or seepage out- 
flow, but evapotranspiration re- 
moves water only as vapor and con- 
centrates the dissolved solids. In the 
absence of overflow, outflow seep- 
age is the only effective mechanism 
for removing the solids dissolved in 
the water. Thus, the relative salin- 
ity of water in potholes without 
overflow is a measure of net seep- 
age, or the inflow-outflow balance. 
To a lesser extent, seepage influ- 
ences permanence of water in a 
pothole by hastening or retarding 
the rate of water loss, depending 
upon the dominance of outflow or 
inflow seepage respectively. The 
seepage balance in the pothole is 
controlled primarily by the position 
of the adjacent water table rather 
than by the permeability of the 
bottom sediments. If the adjacent 
water table is higher than the pot- 
hole, there is seepage inflow and 
the water in the pothole is relatively 
permanent and salinity is generally 
greater than 15,000 mg/liter of dis- 
solved solids. If the adjacent water 
table is lower than the pothole, 
there is seepage outflow and the 
water is relatively temporary and 
dissolved solids are generally less 
than 500 mg/liter. In most pot- 


