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EVIDENCES OF EROSION ON THE WATERSHED

Conditions on the Boise' River watershed in west-central Idaho are
representative of many western drainages where accelerated erosion
constitutes a menace to agricultural communities. Under such conditions excessive run-off from rain and melted snow not only robs
the uplands of the fertile topsoil, but loads the streams which drain
them with silt and heavier material that clog the stream channels and
irrigation ditches, fill storage reservoirs, increase flood heights, and
frequently cover productive land with gravel or other debris. Unchecked, this process will lead to heavy losses of investment in land,
irrigation w^orks, and other improvements, and eventually to serious
land abandonment. Therefore the development of practices in
watershed management to meet this problem is a matter of first
importance.
The Boise River watershed, an area of approximately 1,700,000
acres, supports a dependent irrigated area of 355,000 acres of highly
productive agricultural land which is valued in excess of $53,000,000.
1 The writer gratefully acknowledges his indebtedness to several members of the Intermountain Forest
and Kange Experiment Station staff who have been especially helpful in the preparation of this renort
particularly to former Director C. L. Forsling, who helped to formulate the survey which collected the
data that are herein analyzed, gave direction to the organization and analysis of the data, and criticallv
reviewed the manuscript; to Reed W. Bailey, present director of the Intermountain station, for geologic
cOTitributions; and to (^xeorge Stewart for soils contributions and criticisms; also to the administrative
officers of the Intermountain national forest region for the conduct of the survey work
Preparation of this bulletin was completed at the Cahfornia Forest and Range Experiment Station.
68841°—36—1
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The developments on this stream include the Arrowrock (fig. 1) and
Deer Flat Reservoirs, having a combined storage capacity of 453,000
acre-feet.
Already enough silt has accumulated in Arrowrock Reservoir to
cause concern. Heavy deposits of gravel and sand choke several of
the tributaries that empty directly into the reservoir (fig. 2). It is
estimated, based upon water-storage data, that approximately
7,500 acre-feet of sût became lodged in the reservoir between 1915,
the year of the completion of the dam, and 1927, and thus storage
space that originally cost more than $100,000 to providewas within
12 years permanently lost. This silt has been deposited in the
reservoir notwithstanding heavy sluicing in the natural stream

1.—Arrowrock Dam on the Boise River in west-central Idaho. Completed in 1915 at a cost of
"over $4,600,000." Storage capacity of the 18-mile reservoir above the dam is being threatened by
accelerated erosion.

FIGURE

channel in the bottom of the storage basin every few years when the
reservoir was completely drained.
The mill pond of the sawmill at Barber, Idaho, several miles below
the Arrowrock Dam, is almost completely filled with silt. In spite
of semiannual sluicing, silt has also accumulated above the mill pond
until the efi'ective head of water for a hydroelectric plant situated
there has been reduced one-third, or from 30 feet to approximately
20 feet (fig. 3). The excessive silt load is meanwhile causing unnecessary outlays for its control at the intake of diversion ditches and its
removal from the canals.
A more serious aspect of the problem is the apparent excessive
quantity of material which has been eroded into the channels of
many of the smaller tributaries of the river and which, in turn, is
being gradually transported into the main channel by run-off during
the spring floods and summer freshets. Careful observation makes
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it clear that this material has in part been brought into the tributariea
from the adjacent slopes and in part has been dislodged from the
formerly stable stream channels. Unless adequate steps are taken
to control it, the erosiou burdeu can be expected to increase. Some
of the silt load of the stream obviously is the product of the normal
accumulation that results when any current is checked by a reservoir
or a diversion dam. The total present accumulation, however, is
far in excess of the normal load of the Boise River.
Evidence of an increase in the rate of erosion is to be foimd on
the watershed. The first observations of record for the general
region are those of Russell.' In 1902 he described "recent changes"
on the watershed lands adjacent to the Snake River plains, which

2.—Heavy deposits of erosion debris evident at low water level in the Arrowroek Reservoir at the
mouth of Grouse Creek. This stream, less than 7 miles in length, has within recent years brought down
an enormous amount of material.

FIGURE

include areas similar to those of the lower portion of the Boise River
watershed. He mentioned the appearance of fresh cuts with nearly
vertical walls of loose earth, gullies on hillsides formerly completely
covered with soil, gulches across roads necessitating wide detours,
and the drainage of luxuriant meadows and the replacement of wild
grasses by sagebrush. He attributed this recent change to the introduction of large numbers of sheep into the country about 1880. It is
reasonable to believe, judging from the present appearances, that
accelerated erosion had commenced on Grouse Creek, Willow Creek,
and other drainages which empty into the south fork of the Boise
River, about the same time as that observed by Russell, and that it
has been continuing ever since. The topsoil on this section is badly
depleted. Old erosion scars are in evidence and sheet erosion is still
very active on many of the slopes. The canyon bottoms are deeply
channeled and choked with gravel. As nearly as can be determined.
a BUSSELL, I. C.

GEOLOGY AND WATER RESQURCES OF THE. SNAKg RIVER fLAINS or IDAHO.

Survey Bull. 199, 192 pp., illus. 1903,

V. S. Gegl
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this widespread accelerated erosion did not extend to the liigher
parts of the watersheds until about 20 years later.
Officials of the Forest Service in 1926 observed that excessive washing of the soil was spreading to the higher elevations drained by the
Boise River, Gullies of various sizes on the slopes and abnormal
enlargement of the natural drainage channels were found in many
places. Heavy deposits of fresh debris were noted at forks and on
stretches of low gradient of some of the smaller tributaries of the
river. The exposed roots of living plants along the_ sides of_ washes
pointed to the newness of the guiñes. Many steep-sided gullies were
to be found which at best may remain steep-sided only temporarily
in the loose, coarse soil of the region. In a region where downy chess
(Bromus tectorum.) ordinarily takes possession of fresh soil surfaces

F241413

PiGURE 3.—Heavy deposits of sand below the diversion dam located a few miles downstream from the
Arrowrock Reservoir. These deposits, which have accimiulated since 1915, have lowered the available
head of water by 10 feet.

within a few years, many gullies and alluvial deposits were found
where this protective covering had not yet appeared. Sheet erosion
was observed to be very active on many of the slopes. In other
places where there have been deposits of soil, excavations around
the stem of shrubs indicate that in some places a foot or more of soil
has been deposited within 10 years or less.
The loss of the topsoil, richest in organic matter, over a rather large
part of the watershed is further evidence of accelerated erosion.
Numerous remnants of uneroded soil, found almost wholly in protected
places, indicate that this original topsoil was present over most of the
area to depths ranging from one-half inch to several inches. Beneath
this on the slopes was a second layer ranging from 3 to 10 inches in
depth, usually yellowish in color and containing considerable fine soil.
A third layer, of 20 to 40 inches in thickness, depending on the depth
of rock decay, contained little or no organic matter and little fine soil.
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Survey observations, supported by analyses of some 200 soil samples
indicate that on more than 50 percent of the area the top layer has
completely disappeared and over a considerable area the second layer
also is gone, leaving the third layer exposed.
Recognition of the potential seriousness of accelerated erosion on
the watershed led to the making of an intensive survey of erosion and
related factors on the most seriously affected parts of the drainage
withm the Boise National Forest. The purpose was to determine the
mñuence on erosion of the several factors, both natural and introduced, for use as a guide in planning protection and management of
this and other watershed areas where similar conditions prevail The
portion of the drainage lying between the Middle and South Forks of
the river was selected for study, and in 1929 and 1930 a total of
371,313 acres were covered by an intensive survey. This bulletin
presents an analysis of the data collected.
CHARACTERISTICS OF THE WATERSHED
TOPOGRAPHY, GEOLOGY, AND SOIL

The topography of the Boise Kiver watershed is characterized by
exceedingly steep slopes, narrow ridges, and numerous deep, V-shaped
canyons. Over the area covered by the survey the slopes average in
excess of 45 percent. The elevation of the watershed ranges from
2,700 feet (at Boise, Idaho) to numerous mountain peaks between
9,000 and 10,000 feet in height. Seventy percent of the area is more
than 5,000 feet in elevation and 20 percent is more than 7 000 feet
Moores Creek and the North, Middle, and South Forks of the Boise
River are the principal tributaries of the main stream.
This is essentially a granite country. Lava flows are common at
the lower elevations withm the watershed, but occupy a relatively
small portion of the whole drainage. Sedimentary rocks are practically absent. The granite in this section is a part of the intrusion
called the Idaho bathohth. It is a light-colored, coarse-grained gray
rock which weathers readily into a coarse sand. The amount of
weathering is striking, few fresh undecomposed pieces of rock being
evident on the surface. The minerals making up the granite are gray
quartz white and pink feldspar, mainly orthoclase but with some
plagioclase and biotite mica occurring in small flakes. The granite is
intruded by dikes, the commonest being quartz-diorite, and pegmatites. Few distinct outcroppings of these are commonly seen because
oí the weathermg of the granite but their occurrence is evident in the
float found on ridges and in stream channels. The pegmatites, made
up ol larger crystals of quartz, feldspar, and muscovite, are common
and seem to be quite general in occurrence. A few dark-green finegrained dikes, probably diabase, are found. The material that has
weathered from these intrusions has influenced the soil but httle.
The granitic rock of the region disintegrates readily, forming a
coarse, sandy, gray or yellowish-gray soil. At lower elevations and in
valley bottoms this soil mantle may be of considerable depth but over
most of the area the soil is shallow and the underlying rock is found
but a few feet below the surface. The coarseness of these Boise soils
IS weU illustrated by the mechanical analysis of representative
samples which shows that 31 percent (by weight) of the soil is made
up oí particles more than 2 mm in diameter. In addition to this
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the sand content of slightly smaller particles averaged 50 percent.
The percentage of colloidal material is very small, in most cases not
exceeding 5 to 6 percent, and in some instances even less. Soil of
this character erodes very readily in the absence of a good plant cover.
CLIMATE

Although weather records for the main watershed are comparatively few, those that have been kept for varying periods at numerous
stations show a fair correlation with the records at Boise, which
date back to February 1, 1864. Only one-third of the normal annual
precipitation of 13 inches at Boise comes during the 6 months of the
growing season—April to September. Scant precipitation during
the late summer, coupled with high temperatures, drying winds from
the adjoining Snake Kiver plains, and the resulting excessive evaporation, make difficult the maintenance of a vegetation cover on the
exposed slopes. While the precipitation during the 3 summer months
is ordinarily light, sudden, almost torrential showers causing severe
erosion over local areas are not infrequent.
The snowfall at the lower elevations is seldom greater than 25
inches, and usually comes in small falls, rarely staying on the ground
for more than a week or so. At higher elevations, the annual fall
increases and remains for the most part in place. Above 8,000 feet,
by the time melting starts in the spring the snow cover usually
reaches 7 to 12 feet in depth, dense and well packed. It is this
snow mantle that supplies the water to fill the storage reservoirs.
Climatic conditions during the past decade or so have been unfavorable for abundant water. For the 12-year period beginning with
1919, the average departure below the mean annual precipitation
at Boise was 21 percent for the critical spring months of April, May,
and June and 14 percent for the combined spring and summer seasons.
The annual deficiency amounted to 11 percent. Only in 3 of the
12 years was precipitation in excess of the 67-year average.
This
deficiency, in addition to infiuencing run-off, has been a material
factor in lessening the growth of vegetation on the watershed.
VEGETATION AND GRAZING USE

Wide differences in the vegetation are to be expected over a watershed with a range in elevation of more than 7,000 feet. Fifty-one
percent of the area covered by the survey is more or less open-timbered land; 13 percent has brush or timber too dense for grazing by
livestock; 13 percent is untimbered grass land; 12 percent is occupied
by a variety of shrubs; on 7 percent sagebrush is the dominant vegetation; and the remainder is composed chiefly of small areas of weed,
meadow, or aspen.
There is evidence, however, that much of the foothill country once
supported a fairly heavy stand of bunch grasses—^mainly wheatgrass
{Agropyron inerme)—^in mixture with big sagebrush {Artemisia tri"
dentata), but these grasses have been thinned out or almost completely ehminated by excessive grazing. Sagebrush has subsequently
increased until the cover, except where recently burnt over, now
consists of a stand of big sagebrush with a scanty mixture of downy
chess and other annual grasses and weeds. At the higher elevations
depletion has not progressed to the same extent, for there the annual
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rainfall is greater and the ranges have been under national-forest
regulation. The more succulent weeds are less abundant than is
usual on mountainous areas and from a stockman's viewpoint the
watershed is preponderantly a ''grass'' country. On the upper
reaches of the South Fork particularly are extensive areas where
wheatgrass makes up more than half of the plant cover. At the
higher elevations almost pure stands of Letterman's porcupine grass
(Stipa lettermani) and elk grass (Carex geyeri) are common. Areas
of a few to several hundred acres of brush are conspicuous features
of the landscape at moderate elevations. The common snowbrush
(Ceanothus velutinus) is the principal species, although bitter cherry
(Prunus emarginata) and common serviceberry (Amelanchier alnifolia)
are usually associated with it. Many of these areas are so densely
covered with brush as to preclude their use for grazing and practically all of them are at least partially inaccessible to livestock. The
openings in the timber are occupied by vegetation common to most
of the other plant types. The timber stands are quite open except
for occasional patches of lodgepole pine or Douglas fir reproduction.
Approximately 4,000 cattle and 154,650 sheep were grazed on the
ranges of the Boise National Forest during the summer grazing season
of 1908. Because of the favorable rainfall conditions which obtained
for some years thereafter, it was possible for the rate of stocking to
remain unchanged for the ensuing 10 years without overgrazing the
range. From 1919 to 1926, inclusive, the number of stock was
gradually reduced, but 6 of these 8 years were so deficient in precipitation that the forage produced was continually inadequate and the
ranges were depreciated. By 1930, the number of stock grazing on
the forest had been reduced to 2,825 cattle and 75,000 sheep, but it
was estimated that the sheep ranges were still 25 percent overstocked,
particularly in^ view of the fact that unfavorable climatic conditions
prevailed. Private and open public lands within the watershed but
outside the national forest have had but little grazing regulation and
are far more seriously overgrazed and depleted of the original plant
cover.
METHODS OF STUDY
FACTORS OBSERVED

The data were collected by a field party, following the usual Forest
Service methods of making intensive range surveys.^ Areas that
differed materially in character of plant cover, degree of erosion, soil,
rodent infestation, or accessibility to livestock were outlined on topographic maps and detailed observations on their condition were recorded. Individual areas were fairly large, averaging 310 acres.
Some that were mapped separately were as small as 10 acres but these
were rare. Specific information was obtained covering various points,
as follows: (1) Degree of erosion, (2) gradient, (3) aspect, (4) soil,
(5) plant type, (6) density of vegetation, (7) rodent infestation, (8)
accessibility to livestock, and (9) miscellaneous observations.
DEGREE OF EROSION

Each area was classified according to four easily recognizable degrees of erosion. As might be expected in any arbitrary grouping,
* UNITED STATES DEPARTMENT OF AGRICULTURE, FOREST SERVICE,
CONNAISSANCE ON NATIONAL FORESTS. 40 pp. 1927. [Mimeographed.]

INSTRUCTIONS FOR GRAZING RE-
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some were border-line cases, belonging to more than one class.

In

spite of this occasional overlapping, however, the classification proved,
quite feasible for the area as a whole. These classes are described below:
No erosion.—Areas upon wiiicli the surface soil was apparently in normal condition, having no indication of accelerated sheet erosion or gullies.
Sheet erosion.—Characterized by evidence of creep and movement of the surface soil on the slopes, the loss of topsoil, and occasional gullies not more than 2
feet in depth. One of the strilting indications of sheet erosion in the area studied
was the excessive accumulation of soil above the clumps of wheatgrass and other
vegetation, frequently accompanied by undermining on the lower side (fig. 4).

F275944

4.—Sheet erosion. Often obscure to the untrained observer, sheet erosion is evident here in the
soil "creep." Note tlie accumulation of the coarse soil on the uphill or left side of the wheatgrass plant.
This process, if unchecked, will result in serious soil losses and will deplete the vegetation cover by burying
and killing individual plants.

FIGURE

Shallow-gully erosion.—-Including areas upon which there was witliout exception widespread sheet erosion, shoestring gullies 2 feet or less in depth distributed
more or less over the entire surface, and gullies several feet deep in the canyon
bottoms (fig. ñ).
Deep-gully erosion.—In addition to the erosion characteristics previously
indicated, usually to be found here, these areas were seriously gullied, not only
in the bottoms of the canyons but on the slopes and in the bottoms of the tributary drainages as well (fig. 6).
GKADIENT

The gradients of the main slopes and stream courses in each area
were measured with an Abney hand level and recorded. In cases of
broken topography, sufficient slope readings were taken to obtain a
reliable average for the whole area.
Observations indicated that a marked variation in erosion occurred
on the different aspects and to obtain a measure of this variation the
general exposure, whether north, northeast, east, etc., was recorded
in each instance.
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The weed ia the most seriously eroded of all plant types, as shown
by the fact that 75 percent of the weed areas are eroded and more
than half of these are gullied." Past excessive grazing undoubtedly
caused the replacement of the original vegetation cover by one poorly
adapted to resist erosion. In contrast to the dense fibrous root
systems of the original bunchgrass cover, the present dominant
plants of this type are largely shallow-rooted annuals or perennials
with a single taproot. Among the latter are pentstemon {Pentstemon
spp.), lupine (Lupinus caudatus and L. tenellus) and alpine buckwheat
iAconogonum phytolaccaefolium). Such species are rarely mat-forming

FIOUBE 10." A transect through one of the lupines, a dominant plant in the weed type, showing how the
smgle taproot is forced down the slope and the plant partially buried by sheet erosion.

and their slender stems and scant root systems offer little resistance
to erosion. The character of the root systems of one of the more
common plants of the weed type is shown in figure 10. Since the
weed areas are usually found along sheep driveways or other exposed
sites where the soil is shallow and subject to considerable wind erosion,
it is to be expected that erosive conditions would be more serious in
the weed than in any other type.

The grass areas include open patches of wheatgrass, occasional
stands of giant ryegrass {Elymus condensatus), Letterman's porcupine
grass, and on the overgrazed areas at lower elevations extensive
•In the usual processes of plant succession in the Boise region, the bunchgrasses form the climax herbaceous type and weed areas are in themselves usually the result of some factor of disturbance. Although
they comprise but a small proportion of the entire area, the weed areas have been included in the analysis
because of this significance.

10
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Soil was examined in respect to the following: Origin (whether
granitic, lava, porphyry, or mixed); texture (whether coarse, medium,
or fine); color (whether light, medium, or dark); litter and humus
(whether lacking, medium, or deep); depth (whether shallow 0 to 1
foot, medium 1 to 2}^ feet, or deep 2}^ feet or more).
PLANT TYPE

Each area was classified according to the distinguishing plant cover
as grassland, meadow, weed, sagebrush, browse, timber, nongrazing
land in dense timber or brush, practically barren, and aspen.
DENSITY OF VEGETATION

Density of vegetation as recorded was considered to be that proportion of the ground surface actually covered by herbaceous and
shrubby vegetation, within reach of livestock Qess than 5 feet in
height), estimated and expressed on a percentage basis. A density
of 50, for example, indicates that one-half of the ground surface is
completely covered with such vegetation. The important species
were also recorded, and their relative abundance expressed as a percentage of total vegetation.
KODENT INFESTATION

In recording species and degree of infestation of rodents, infestation was estimated as none, light, medium, or heavy. The actual
number of rodents seen by the examiner and the abundance of
mounds, burrows, runways, or other evidence of their presence
governed the estimate.
ACCESSIBILITY TO LIVESTOCK

Degree of past grazing was recorded, at least in a measiire, in terms
of accessibility to livestock. Although conditions varied from overgrazing of the more open range to nonuse of the dense patches of
brush and timber, direct measurement of the accumulative effect of
past grazing use did not appear feasible. Since all of the range
normally accessible to livestock had, however, been completely
utilized, the degree of grazing varied with the degree of accessibility
in each case. Viewed in this light, the degree of accessibility of
any area offered an indirect measure of the grazing factor. The
accessibility of any area of range varies with such factors as steepness
of slope, character of the surface of the ground, size and density of the
brush and standing and down timber, distance to water, and natural
barriers. These factors were taken into consideration in rating each
area for accessibility.
MISCELLANEOUS OBSERVATIONS

In addition to the above, comprehensive field notes were made for
each area to indicate such other factors affecting conditions as evidence of heavy trailing, recently burnt-over areas, and the like.
METHODS OF ANALYSIS

In order to bring out the relationships between the classes of erosion
and each of the seven principal factors studied, the data were grouped
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according to the several classifications of a particular factor. These
various segregations are shown later in tables 1, 2, and 7 to 10.
The ratio of the variance of the means of the groups of a factor to
the variance of all the groups combined measures the influence of that
factor upon erosion. Hence it accounts for a definite percentage of
the variance in erosion. In statistics this ratio is often denoted by the
symbol yf-yo,, so that ^V= R{^— -y ^^^ ^^^ square root of this ratio,
'ï)yxy is called the correlation ratio oiyonx where y is the dependent variable and X the independent variable. In this study y represents erosion,
and X the particular factor whose influence on erosion is being considered. ^ In the above formula/ is the number of items in each array, y
the original items, y^ the mean of each array, and y the general mean.^
To test whether an observed value of the correlation ratio is significant is to test whether the variation between arrays is significantly
greater than is to be expected, in the absence of differentiation, from
the variation within the arrays. ^ This can be done by the analysis
of variance method.^ When this test was applied to the various
classifications of the erosion data the observed correlation ratio was
in every case found to be significant. This was true despite the
fact, as it will be noted later, that some of the ratios were quite small.
The ratios as described above not only show what percentage of the
total variance of erosion is associated with each factor but the relative
influence of one factor as compared with another.
The data for the 1,196 areas were coded and punched on cards for
sorting and tabulating by machine. Relationships on the basis of
5 For a complete description of the computations used in this bulletin see the following: MILLS, F. C.
STATISTICAL METHODS APPLIED TO ECONOMICS AND BUSINESS, pp. 442-450. New York. 1924. As an
illustration, the computations for determining the variance in erosion associated with accessibility follow:
Erosion

1
w >. 2

§3 4

^ Js

Total

1
1

4
2

134
23
29
57
202

20
10
22
44
531

\

6
83

1
0
1
1
20

445

627

95

23

9
3

Ar= 1,190

16
4
1

/

y

V'

156
34
56
108
836
1,190

181
46
89
167
1,593
2,076

239
72
169
303
3,393
4,176

Vx

1.1603
1. 3529
1. 5893
1. 5463
1. 9055

iv.-v)
0. 5842
.3916
.1552
.1982
.1610

{Vx —y)2

0. 34128964
. 15335056
. 02408704
. 03928324
. 02592100

S[f(.yx-y)^=S5.716b230i

S(y) =2,076
-my'
S(v)
M,=^ = 1.7445

Ñ

tr;„i,2=o.072030691

S(î/2) =4,176
CTyi

Mj,3

7? .vx2=0.154584

<Ti,2=0.4659634

Correction for grouping r]c^ =

j where k is the number of arrays (in this case /c=5).

Hence 17 c2=0.1532.

N
This means that 15.3 percent of the variance in erosion is associated with accessibility, the factor considered.
6 FisHEE, R. A. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 4, p. 233. Edinburgh and
London. 1932.
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number of areas and of acreage were found to be so nearly identical
throughout the study as to permit the use of either for the purposes
of this analysis. For example, table 1 allots 443 areas, or 37.5 percent
to the no-erosion class, and the acreage of this group is 125,858 out of
337,913 acres, or 37.2 percent. Because of the ease in tabulating the
smaller figures, areas were used in the analysis. ^ Areas on which
field data were incomplete with regard to some particular factor were
omitted in that connection. This accounts for minor differences in
the total number of areas in some of the tables.
INFLUENCE OF VARIOUS FACTORS ON EROSION
GRADIENT

The potential importance of gradient as a factor in the acceleration
of erosion on the Boise River watershed is indicated by the fact that

I

80

-

to

-

11
^ 20

1
0-5

21

1

6-15

1

55
56

1

46

4

\

8

16-25

26^35

i
1

1

36-45

GRADIENT

LJ NO EROSION
FIGURE

1

%

1

53

55

Íy,

58

y

6

1

46-55

7/

i
1

13

8

56-55

11

66-75

35

14

i
76-85

14

86 +

(PERCENT)

^ SHEET EROSION

Jj GULLY EROSION

7.—Gradient and degree of erosion.

the gradients on four-fifths of the areas examined are in excess of 35
percent. It seems obvious that, with other factors constant, the
greater the slope the greater the degree of erosion. There should be
opportunity for the soil on slopes of low gradient to absorb much of the
precipitation from ordinary rains before there is an accumulation of
water on the surface sufficient to start excessive erosion. The force
of gravity becomes more effective as the gradient increases, with the
result that water which falls to the ground tends to run off more
rapidly, and consequently greater opportunity is afforded for run-off
to accumulate into swift-flowing streamlets. Furthermore, the
steeper the slopes the more likely are slight disturbances by rodents,
grazing animals, and such agents as wind and frost, to cause a considerably increased downward movement of the soil.
As shown in table 1 and in figure 7,^ the proportion of eroded areas
increases sharply but consistently with increase in gradient up to
approximately 35 percent. The 21 percent of practically level
areas—those having gradients of 5 percent or less—that are eroded
7 In fig. 7, and in similar charts which follow, the data in the two gully-erosion classes have been combined
to bring out clearly the general relationship between the various factors and gully erosion.
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are subject only to sheet erosion. The percents of area with gully
erosion increase from 0 to 4, 8, and 16 for the respective four lower
gradient classes. Although 6 of the 117 gullied areas have gradients
of less than 26 percent, in each instance factors other than steepness
appear to account for the erosion. Five of them had been trailed,
overgrazed, and trampled much more severely than the others. On
the sixth, gullies had cut through from an adjoining area.
TABLE

I.—Distribution of areas in each erosion class according to gradient

Gradient class (percent)

0-5
6-15
16-25
26-35
36-45
46-55
56-65
66-75
76-85
86+
Total

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
11
12
22
36
96
89
115
49
6
7

Number
3
11
35
69
126
150
193
34
1

Number

Number

1
5
14
13
28
25
8

6
2
7
3
5

443

622

94

23

All areas

Number
14
24
62
125
237
274
336
96
7
7

Percent
1.2
2.0
5.2

1,182

100. 0

20.1
23.2
28.4
8.1
.6
.6

The trend toward increased erosion with increased gradient is not
found, however, on 36- to 65-percent slopes, and on gradients steeper
than 65 percent the degree of erosion is actually less serious. For
example, areas with 56- to 65-percent gradients have an even smaller
proportion of their number gullied and only a slightly greater proportion sheet-eroded than the areas with gradients of 26 to 35 percent.
It would appear, therefore, that some factor or factors other than
steepness are involved. The ratio of the variance of the means of
erosion classes for each gradient class to the variance of all the groups
combined was found to be 0.029, which indicates that 2.9 percent of
the variabihty in erosion is due to gradient, a figure of small size,
although significant.
ASPECT

^ Erosion conditions are found to differ sharply in the different directions of exposure. The data on the relation of aspect to erosion are
summarized in table 2 and shown graphically in figure 8. Areas
facing the south are in the most serious condition with four-fifths of
all such areas eroded. Erosion lessens gradually with change in exposure to the southeast, east, southwest, west, northwest, northeast,
and finally to the north, where it is only half as prevalent as on south
exposures. The proportion of areas guUied does not follow exactly
this order. The south and southeastern aspects are the most seriously guUied, but the northwest instead of the northerly exposed
areas are the least gullied.
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2.—Distribution of areas^ in each erosion class according to aspect

TABLE

Aspect class

South
Southeast-East
Southwest-.
West
NorthwestNo^theast-North

No
erosion

Sheet
erosion

Number
35
36
21
42
33
78
59
111

Number
109
78
49
111
54
86
45
67

Shallowgully
erosion

Deepgully
erosion

Number
27
23
9
7

Number
6
11
2
1
2
0
0
1

Number
177
148
81
161
97
170
110
185

Percent
15.7
13.1
7.2
14.3
8.6
15.0
9.7
16.4

1,129

100.0

92

415

Total-.

All areas

1 61 areas were either level or extremely varied in aspect and were excluded from this table.

These marked différences in erosion are traceable to conditions
inherent in the different aspects. The relative importance of gradient
*^ioo

I

^ 80

^
l^ 40

^

20

^
^

^

Trflpfl
SOUTH

SOUTHEAST

EAST

SOUTHWEST

I

WEST NORTHWEST NORTHEAST NORTH

ASPECT
[J NO EROSION
FIGURE

^ SHEET EROSION

J GULLY EROSION

8.—Aspect and degree of erosion.

as a factor in erosion has been brought out. It is apparent that the
same trend toward decreased erosion on steeper slopes is operating
here where north aspects, which have an average gradient of 55 percent, are eroded considerably less than south slopes with an average
gradient of 45 percent. Differences in soil, vegetation, degree of rodent
infestation, and accessibihty to livestock—factors natiu-ally associated
with aspect and whose importance in erosion is brought out later—
vary considerably with direction of slope and doubtless are more
responsible for excessive erosion on certain slopes than the exposiu-e
itself. The computations indicate that 10.6 percent of the variance of
erosion is associated with aspect.
SOIL

In analyzing the relation of soil to erosion, correlations were made of
the origin of the soil, its texture, color, amount of Utter and humus
present, and depth of soil.
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That origin of the soil has played some part in the degree of erosion
is shown by the fact that 63 percent of the areas having granitic soil,
containing a high percentage of new gritty material deficient in binding properties, were eroded, whereas only 49 percent of the areas having soil chiefly derived from lava or porphyry showed erosion. Furthermore, gullying was found only on areas with granitic soils.
Coarseness is an outstanding characteristic of the soils on the area
studied. Mechanically analyzed, representative samples have an
average clay content of 9 percent and an average silt content of only
10 percent. Coarser material makes up the remainder, the average
sand content being 50 percent with an additional 31 percent made up
of particles in excess of 2 mm in diameter.
Segregation of the data by soil-texture classes, together with the
degree of erosion found to accompany these soil conditions, indicates
that texture exerts an important influence upon erosion. As shown
in table 3, erosion, both sheet and gully, was less than half as prevalent on the fine as compared with the coarse soils.
TABLE

3.—Distribution of areas in each erosion class according to soil texture

Texture class

Fine
Medium..
Coarse ..
Total

. ..
._
- -

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
24
194
157

Number
10
147
406

Number
0
14
69

Number
2
3
18

Number
36
358
650

Percent
3.4
34.3
62.3

375

563

83

23

1,044

100. 00

All areas

While the color of the soil does not influence erosivity, variations in
color often indicate differences in other properties that do have that
effect. On this watershed, soil color is mainly an indicator of the
presence or absence of organic matter in the soil. Analyses of the
relation of soil color to erosion were found to agree closely with the
results on depth of litter and humus in relation to erosion, and only
the latter is here discussed.
Accumulation of a litter cover is normally a slow process under the
sparse vegetation of a semiarid climate. With heavy grazing use,
much of the vegetation material that otherwise might have gone into
enrichment of the soil either is removed through actual grazing or is so
broken up by the repeated trailing, inevitable under such use, that it is
easily carried away by wind and surface run-off. The extent of the
reduction in organic matter, in percent of nitrogen, and in water-holding capacity on eroded soils in the Boise watershed is shown in table 4.
Tremendous differences were found between uneroded soils and the
eroded phases of the same soils. Their significance is indicated by
correlations between water-holding capacity, a prime factor in the
erosivity of soils, and organic matter. The large size of this correlation coefficient (0.834 ±0.018) indicates that the ability of these soils
to hold water depends largely on the content of organic matter.
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4.—Chemical and physical analysis of comparable eroded and uneroded soils

TABLE

Uneroded
soils

Eroded
soils

Determination

Percent
2.37
.098
44.4

riro-Qnin TTiQftor

Percent
10.48
.392
80.9

That the amount of litter and humus has had an important effect
on the erosivity of the soil is shown in table 5. According to these
data, sheet erosion is more than three times as prevalent (57 percent)
on soil lacking in litter and humus, or having only a moderate amount,
as on areas with deep litter and humus (18 percent). In even greater
contrast, gully erosion is 25 times as prevalent where humus and
utter is lacking as on areas where this protective cover is deep. In
no case was deep gully erosion associated with deep litter and humus.
TABLE

5.—Distribution of areas in each erosion class according to depth of litter
and humus, and depth of soil alone
ACCORDING TO DEPTH OF LITTER AND HUMUS

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

-_

Number
80
234
86

Number
202
345
19

Number
56
20
1

Number
18
5
0

Number
356
604
106

Percent
33.4
56.7
9.9

- - -

400

566

77

23

1,066

100.0

Depth of litter and humus

Rhallnw

-

-

Deep
Total

---

All areas

ACCORDING TO DEPTH OF SOIL ONLY i

Shallow
IVTpdinm
Deep

- --_

__

_

-

^

Total

67
260
69

139
405
28

48
34
1

15
8
0

269
707
98

25. 1
65.8
9.1

396

572

83

23

1,074

100.0

1 Without the overlying litter, humus, etc.

A marked decrease in erosion was found with increased depth of
soil. As also shown in table 5 only 30 percent of the areas classified
as having deep soils were eroded, as compared to 63 percent of the
areas with soils of medium depth, and 75 percent of those with shallow
soil. More than one-half of the soil areas that were shallow and medium in depth showed sheet erosion, while only 29 percent of the deepsoil areas were sheet eroded. Twenty-three percent of the areas where
the soils were shallow were gulhed, as compared with 6 percent of
soils medium in depth and 1 percent of the areas with deep soils.
None of the deep soils was found to be deeply guUied.
However, these findings are probably not traceable to depth of soil
alone. The deeper soils were found to have greater accumulations of
Utter and humus, were also finer in texture, were found on gentler
slopes, and had a denser cover, whereas shallow soils were associated
with coarse texture, steeper gradients, and thinner plant cover.
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The computed variance in erosion, 12.8 percent, which is associated
with the combined quahties of depth of Utter and soil depth, indicates
the marked relationship between these soil characters and erosion.
While other factors have had their part in inducing erosion in the
Boise River watershed, their effect has probably been increased
manyfold by the peculiar character and present condition of the soils
of this area.
PLANT TYPE

The relation between plant type and degree of erosion is indicated
in figure 9 which represents graphically the erosion conditions found
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9.—Range type and degree of erosion.

for each type.^ Gully erosion is particularly bad where there is a
weed cover. Sheet erosion is widespread and gullies are serious in
grass, sagebrush, browse, and timber areas. Sheet erosion is found
over parts of the aspen and meadow areas but their acreage is so small
that they are unimportant. While both sheet and gully erosion are
found in the nongrazing type the percentages are relatively small.
The numbers of areas, by type, are given in table 6.
TABLE

6.—Distribution of areas in each erosion class according to range type

Weed..__
Grass
Sagebrush
Browse
Timber
Aspen
Meadow _Nongrazing

Total

_
_.._._

erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
6
23
16
41
223
1
5
,. 129

Number
8
111
57
84
340
3
3
21

Number
9
18
8
16
41
0
0
3

444

627

95

Number
1
7
1
3
11
0
0
0
23

No

Type

_

All areas
Number
24
159
82
144
615
4
8
]53

Percent
2.0
13.4
6.9
12.1
5L7
.3
.7
12.9

1,189

100.0

8 Still another type, barren, was recognized in the field work. The barren type includes areas with no
vegetation, or with practically none and is made up of rock slides, cliffs, etc. Having no soil to erode this
type has been eliminated from further consideration.
'
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F270705

5.—Shallow-gully erosion. With the main drainage channels already out out (see lower right corner) and rapidly enlarging and sheet erosion and shoestring gullies over the entire area, a serious breakdown has already taken place on this elass of area.

FIGURE

F2G2976

6.—Deep-gully erosion. The greatly enlarged stream channel here illustrated is characteristic of
the serious gullying found grouped in the deep-gully erosion class, in which sheet erosion and shoestring
gullying are also widespread. The lesser forms of erosion on the area illustrated have been temporarily
obliterated by livestock and the cover of annuals, and some evidences of healing are apparent.
68841°—36
2

FIGURE
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stands of downy chess. Weeds, or shrubs, or both, nearly always
occur in mixtures with the grasses.
Although erosion occurs on a large percentage of the grass areas,
by far the greater part of these (70 as against 15 percent) are sheet
eroded rather than gullied. The growth habits of the principal
grasses differ materially from those of the predominating weeds.
Wheatgrass in particular has a vigorous and penetrating root system
which tends to hold the soil in place and to prevent erosion. This
grass, however, rarely forms more than a relatively low density at
the present time on the Boise River watershed. The destruction by
past heavy grazing of the more succulent herbaceous plants in the
grass type and a tendency for the wheatgrass to lose much of its
grazing value as the dry summer season progresses result in considerable trailing, with its attendant trampling and breaking up of Utter,
and no doubt accounts for the widespread erosion in the grass areas.
That heavy grazing with its attendant trampling is the primary cause
of accelerated erosion in the wheatgrass type is further indicated by
the condition of the occasional wheatgrass area where grazing was
light.^ Even low densities of vegetation on steep gradients are there
effective in checking or preventing accelerated erosion.
SAGEBKUSH

The sagebrush type includes all untimbered lands where big sagebrush predominates. On shallow soils there may be Httle other
vegetation. On better sites, wheatgrass, balsamroot {Balsamorhiza
sagittata)j and mountain snowberry (Symphoricarpos oreophilus) are
commonly found mixed with the sage.
Sagebrush areas are the third most severely eroded, having less
gully erosion than the grass type. Conditions of sheet erosion are
nearly identical with those of the preceding grass type but the proportion of areas guUied is less. Under the present depleted conditions
generally found in this type, there is but a scant amount of perennial
herbaceous vegetation and, with the relatively low palatabihty of the
sagebrush itself, these areas are low in forage capacity. For this
reason they are less grazed by livestock than grass and weed types.
The considerable erosion found with sagebrush cover is attributed to
the sparsity of herbaceous vegetation and the slight obstruction to
the surface movement of soil afforded by the single-stemmed though
firmly rooted plants.
BROWSE

The browse type consists of a mixture of western chokecherry
(Prunus demissa), hitter cherry, mountain snowberry, serviceberry,
snowbrush, and niiscellaneous shrubs. Erosion conditions are somewhat less critical in the browse as compared to the sagebrush type.
Although a greater percentage of browse is uneroded, this is made up
for by the slightly greater percent of gully erosion. With much of the
vegetation in the browse types out of reach of grazing animals, there
is naturally a greater accumulation of litter, a contributing cause to
the lack of excessive erosion.
TIMBER

The timber type includes all areas in conifer timber except those
classified as nongrazing. The vegetation, other than the conifers,
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consists mostly of pinegrass (Calamagrostis rubescens), other grasses,
lupine, and small amounts of the shrubs identical to those found in the
browse type. Although 36 percent of the timbered areas were
classified as having no accelerated erosion, conditions are still rather
serious. Sheet erosion occurs on 55 percent of the areas, hght gully
erosion on 7 percent, and heavy gully erosion on 2 percent. Browse
and timbered areas are markedly less accessible than the previously
mentioned cover types. Moreover, the forage, generally speaking,
is less palatable to livestock. These conditions have resulted in
more moderate grazing and less loss of plant litter and humus, and
consequently less acceleration of erosion. In the denser timber
stands, even in the absence of herbaceous vegetation, the quantity
of litter resulting from the trees forms a very effective agent in
controlling erosion.
ASPEN

The aspen type includes all areas in aspen woodland. Geranium
(Geranium spp.), large mountain bromegrass (Bromus marginatus),
and snowberry are the predominating subordinate plants. The
aspen is of little significance on this watershed. Of the four areas
totaling 322 acres, one was without erosion and three showed sheet
erosion only. None of them was gullied.
MEADOW

Meadows are rare in this section, infrequently occurring along
streams. The vegetation consists mainly of sedges (Carex spp.).
Five of the eight meadow areas found were without erosion, the other
three with sheet erosion. None of them was gullied.
NONGRAZING

Dense timber and brush lands which have no grazing value, or
which have such low values that they cannot be economically used,
were classified in the nongrazing type. This condition may be due
to denseness either of brush or of standing or down timber, or to
sparseness of forage growth. Most of the nongrazing type consisted of dense patches of snowbrush, worthless for grazing. Other
areas not strictly in timber or brush, and yet so rough or inaccessible
as to make entirely problematical their grazing use, were included
in this classification. These areas have the least erosion of any of
the types, 84 percent of them being uneroded. Fourteen percent
are sheet-eroded only, and light gully erosion occurs on but 2 percent.
No deep gully erosion was found. While of no importance for grazing, this type is highly valuable for controlling the soil and preventing
erosion. The dense stands of timber or brush produce a great
quantity of fitter, and this is considered the factor chiefly responsible
for the little erosion. Lowdermilk ^^ has pointed out the very great
value of forest litter in checking erosion.
In general, fitter cover is most lacking in those types where erosion
is the greatest. The quantity of fitter and humus found on each
of the eight cover types corresponded closely to the order in which
they were eroded. For example, the weed type, which is the most
seriously eroded, had 55 percent of its areas lacking in fitter, the
10 LOWDERMILK, W. C.
Forestry 28:474-491, illus.

INFLUENCE OF FOREST LITTER ON RUN-OFF, PERCOLATION, AND EROSION.

1930.

Jour.
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grass type had 46 percent, and so on to the least eroded non^razing
type where but 35 percent of the areas were lacking in htter
A careful study of erosion in relation to plant type strongiy indicates that, although there is a relation between them to the extent
that certain types are eroded more than others, this is probably due
more to the action of other factors than to inherent properties of the
plant types. For example, the weed and grass areas which have the
most severe erosion have gradients characteristic of the more eroded
areas m general. Furthermore, except for meadow areas, the order
m which the types are eroded follows closely the order of accessibility
to hvestock, or m other words, the order of intensity of scrazing The
computed value shows that 13.4 percent of the variation in erosion
conditions is associated with variation in type.
DENSITY OF VEGETATION

The chief influence of vegetation on erosion is seen in its abihty
to obstruct run-off, produce a htter cover, prevent the accumulation
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11.—Density of range vegetation and degree of erosion.

LJNO EROSION
FIGURE

of water into streamlets, and cause the tiny streams to drop their
loads oí silt or litter. Thus it is reasonable to expect that the denser
the vegetation, the more effective it will be in preventing erosion
This was found true in the present study in the classes of grazable
vegetation above 25-30. Where the cover was less than 30, although
the erosion was much more prevalent and severe, differences in
density, as shown in figure 11, made less difference in the percentage
oí areas eroded. That 30 percent of the areas within the 5-10
density class are uneroded is accounted for in part by the fact that
12 out of the total of 18 areas in this class have rocks holding the
soil m place or timber reproduction with heavy Htter (not included
m the density recorded) and, being only 65 percent accessible to
livestock, are lightly grazed. The higher percentage of eroded areas
m the 65-70 density class, as compared to the otherwise regular
trend, is accounted for by the fact that all of the guUied areas in this
class fall on brushy areas on stock driveways which are excessively
trailed and trampled by sheep.
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The relation between erosion and plant densities in excess of the
25-30 class is further emphasized by the average densities found on
the areas having different degrees of erosion. The average density
varied from 33 on areas without erosion to 27 where there was sheet
erosion only, to 25 on areas Ughtly gullied, and finally to 22 on areas
with deep-gully erosion. It is significant also that, although 71
percent of all the areas have densities of 30 or less (table 7), only
167 out of 322 uneroded areas, or 52 percent, have these low densities,
as compared to 78 percent of the sheet-eroded areas, 81 percent of the
lightly gullied, and all but 1 of the 23 heavily gulhed areas. Ihe
single heavily gullied area with a density of more than 30 was subject
to excessive trailing and trampling.
TABLE

7.-—Distribution of areas in each erosion class according to density of vegetation
Density of vegetation i

5-10-15-20-.
25-30-35-40-,
45-50-.
55-60-.
65-70-.
75-80-,
Total-

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
18
60

Number
30
183
260
95
29
5
3
1

Number
8
23
43
12
2
1
2
0

Number
4
8
10
0
0
1
0
0

322

606

91

1 Density estimates were made in the field only to the nearest 5 percent.
are grouped by pairs

All areas
Number
60
274
402
195
70
21
11

Percent
5.8
26.3
38.6
18.7
6.7
2.0
1.0

1,042

100.0

In the above table these classes

The fact that the degree of erosion does not vary consistently with
variations in density under 30 is an indication of the interplay of other
factors. The areas with densities less than 30 include those on which
both the vegetation and soil have been heavily depleted by overgrazing. The origmal plant cover has been thinned out and the more
palatable plants have largely been ehminated and can now be found
only as remnants in isolated or protected places. The topsoil on the
maiority of the areas with low densities has disappeared and there is
httle if any plant fitter. The lower plant densities naturally occur,
also, on the thin, coarse-soiled southerly exposures.
Calculations of the relation between density of vegetation and
erosion for 1,042 areas indicate that 6.8 percent of the variation m
erosion is associated with density.
RODENT INFESTATION

Kodents, numerous and spreading over nearly 80 percent of the
Boise watershed, have undoubtedly been responsible for no small
part of the present erosion. Wholly dependent upon the herbaceous
plants for their food supply, their tremendous numbers have been an
important contributing factor, along with overgrazmg by livestock
and unfavorable climate, in depleting this covering, and thus have
greatly reduced the protection afforded the soil and subjected it the
more to increased sheet erosion. Even light rams on rodent-mfested
areas are hkely to start cutting which may develop into destructive
gully erosion, because of the almost immediate accumulation of runoff in the myriads of burrows and channels which these animals construct just under the surface of the soil.
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On one-third of the areas covered by the survey infestation by
rodents was medium or heavy. Pocket gophers (Thomomys juscus
fuscus) were by far the most abundant species, being found on 64
percent of all areas; ground squirrels (Citellus idahoensis) were found
on slightly more than 1 percent; and 14 percent of all areas were
infested with both species.
In general, areas badly infested with rodents are found to be
severely eroded. The close correlation between rodent infestation
and erosion is shown by the fact that only 44 percent of the areas
with no rodents were eroded, while with successive increase in infestation the figure jumps to 63, 73, and finally to 82 percent for light,
medium, and heavy infestations, respectively. As shown in table 8
and figure 12, gully erosion was likewise found on a much greater
joo-
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D NO EROSION
FIGURE

^ SHEET EROSION
(j GULLY EROSION
12.—Rodent infestation and degree of erosion.

proportion of the heavily infested areas than on those areas moderately or hghtly infested.
TABLE

8.—Distribution of areas in each erosion class according to rodent infestation
Rodent infestation

None
Light
Medium
Heavy
Total

_
■

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
156
196
78
19
449

Number
94
293
179
63
629

Number
19
32
27
17
95

Number
7
5
5
6
23

All areas
Number
276
526
289
105
1,196

Percent
23.1
44.0
24.1
8.8
100.0

Study of the data on the degree of rodent infestation in relation to
erosion, along with the data pertaining to the other factors treated
m this survey, further emphasized the importance of rodents, and
pointed out reasons for the aggravated erosion under certain other
conditions. For example, in the discussion of gradient it was found
that while erosion decreased rather uniformly with decrease in gradients under 35 percent, still, 19 percent of the level areas where degree
of slope could not have been a factor were eroded. That rodents
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have been an important factor in the erosion of these areas is indicated
by the fact that all of them are moderately or heavily infested while
the remaining 81 percent of the level areas are either uninfested or
only lightly so. In the analysis of the data on infestation on slopes,
the trends do not differ from the general^ trend toward increased
erosion where there is an increase in rodent infestation. ^
The excessive erosion on southerly as compared with northerly
exposures is partially explained by the fact that rodent infestation is
materially greater on the former, probably because of the warmer
situation and because the plant species there are more attractive to
rodents than on the northerly slopes. It can be seen that with 18
percent of the combined north, northeast, and northwest exposures
moderately infested, as compared to 30 percent of the south, southwest, and southeast aspects, and 6 percent heavily infested as compared to 10 percent, the infestation on southerly exposures is practically twice as severe. In view of the decided trend toward increased
erosion with increase in rodent infestation, rodents appear to have been
a contributing factor in the marked variation of erosion with aspect.
It is significant to note in the relation of rodent infestation to erosion
on areas with deep Utter and deep soil, that of the 49 eroded areas of
this description, only 1 was uninfested.
.
• i
Rodents also appear to have had an influence on the erosion m the
weed and nongrazing types, the formier the most severely eroded, and
the latter the least eroded of the eight plant types. In all of the other
types the percent of areas which were uninfested or only lightly
infested ranged from 50 to 65, while in the weed type it was 29, and
in the nongrazing type 91 percent.
^
^
i ,. '
i
Examination of the data on rodent infestation m relation to density
of vegetation revealed no trends other than the ones previously
indicated, i. e., an increase in erosion with the decrease in density
that is associated with increased rodent infestation. However, it
did show that no gully erosion, either shallow or deep, was found on
areas with densities greater than 30, except where these areas were
infested with rodents, indicating the importance of rodents in causing
gully erosion at these higher densities.
By calculation of the ratio of the variance of the means ot the
groups to the variance of all the groups combined,^ the variation m
erosion associated with variation in rodent infestation was found to
be 4.9 percent.
ACCESSIBILITY TO LIVESTOCK

The changes brought about by the continued use of a range area
beyond its capacity are usually very gradual, and at any one time
may be imperceptible. In the end, however, these changes may be
profound. It appears obvious on the Boise River watershed that
past excessive use has measurably thinned the stand of plant species
most valuable for forage—which frequently are the species most
valuable for control of erosion—and in places has actually caused its
replacement by a type less valuable as forage and much less effective
in controlling soil erosion. In this locality, characterized by coarse
loose soils, grazing sufiiciently light not to interfere with the normal
physiological functions of the forage species may still be heavy enough
to start erosion and to aggravate erosion already started. The yearly
removal by grazing of even a portion of the plant growth that otherwise would contribute to the utter cover is significant. More particu-
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larly, the breaking up and dispersion of tlie protective cover of twigs,
leaves, and other dead vegetal material by trampling, together with
the accompanying disturbance of the structure of the surface soil,
undoubtedly is of great importance in causing erosion.
It was pointed out, under the description of field methods, that the
accessibility of an area to livestock was considered to be the best
available direct measure of the cumulative effect of grazing use, and
therefore an indirect index of the effect of grazing on erosion. That
this is true is indicated by the fact that, on the average, the uneroded
areas are 63 percent accessible in contrast to the eroded areas which
are from 92 to 93 percent accessible.
^ The percentage of sheet erosion was found to increase fairly consistently as the areas became more accessible to livestock (fig. 13 and
-
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13.—Accessibility to livestock and degree of erosion.

table 9), from 13 percent on the less accessible areas to 65 percent on
those fully accessible. The trend in gully erosion was as pronounced
though less regular; except in three instances, no gully erosion was
found on areas less than 45 percent accessible. In these three cases,
other factors appear to account for the gully erosion. Two of them,
although at present practically inaccessible to cattle, were previously
overgrazed and trampled by sheep. The other area, with steep
slopes, is traversed by gullies originating on heavily grazed and more
accessible areas above.
TABLE

9.—Distribution of areas in each erosion class according to accessibility

Accessibility (percent)

0-25
26-45 __
46-65
66-85
86-100
Total

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
134
23
29
57
202

Number
20
10
22
44
531

Number
1
1
4
6
83

Number
1
0
1
1
20

Number
156
34
56
108
836

Percent
13.1
2.9
4.7
9.1
70 2

445

627

95

23

1,190

100.0

All areas
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Examination of data revealing the modifying influence of accessibility on the effect of other factors further indicates why erosion may
have been lacking under certain conditions and so pronounced under
others.
As brought out under the discussion of gradient, a coniplete reversal of the normal trend toward increased erosion with increased
gradient was found on areas with gradients in excess of 35 percent.
It is apparent that the greater use by Hvestock of the lower gradients
is one of the more important causes if not the principal cause of this
condition. That the steeper the slope the greater is the erosion,
provided grazing also is the same on all slopes, is borne out by the

26-45

0-25

46-65

GRADIENT

D.I NO EROSION
FIGURE

(PERCENT)

^ SHEET EROSION

J GULLY EROSION

14.—Gradient and degree of erosion on areas fully accessible to livestock

study of areas fully accessible. On such areas, as shown in table 10
and figure 14, erosion is progressively worse with increase in gradient.
TABLE

10.—The relation of gradient to degree of erosion on areas fully accessible to
livestock

Slope (percent)

0 25
26-45
46-65
66-1-

- --__
Total

No
erosion

Sheet
erosion

Shallowgully
erosion

Deepgully
erosion

Number
36
73
55
5

Number
43
157
265
13

Number
6
23
38
6

Number
0
8
7
4

Number
85
261
365
28

Percenl
11.5
35.3
49. 4
3.8

169

478

73

19

739

100.0

All areas

The grazing factor is also closely associated with the varying erosion
conditions found on different aspects. In general, the plants which
predominate on south slopes are more palatable to livestock than the
brushy vegetation common on northerly exposures. The fact that
south slopes are 82 percent accessible to livestock, while northerly
exposures are only 62 percent accessible, indicates the heavier degree
of use to which these areas have been subjected.
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It is also indicated that heavy grazing has contributed to the erosion
on the various types. The weed and grass types where the erosion
has been the greatest are approximately 93 percent accessible to livestock while the nongrazing type which has been least eroded is only
22 percent accessible.
Areas with vegetation densities of 30 or less were found to be eroded
much more than areas with higher densities. This difference may be
due in part to the fact that the areas with lower densities are grazed
and trailed considerably more, since they are on the average 89 percent accessible to livestock, while areas with densities in excess of 30
are on the average but 74 percent accessible.
The computations show 15.3 percent of the variance in erosion to
be associated with accessibility to livestock. A correlation of such
magnitude on more than 1,000 areas indicates that grazing by hvestock
has been a highly important factor in causing erosion.
DISCUSSION OF RESULTS

The variance in erosion associated with each of the seven factors,
expressed in percent, appears in ascending order of importance as
follows:
Percent

Gradient
Rodent infestation
Plant density

]

Aspect.

2. 9
4* g
6 g

]""":::::::::

loie

feoil conditions
Plant type
~
Cumulative effect of past grazing as expressed by accessibility of range to
livestock

12 8
i^ 4
25. 3

Hence, these factors account for approximately 70 percent of the
variation in erosion. While some of the percentages are quite small,
they are in every case significant. Table 11 is an analysis of the
variance by the Fisher method previously referred to. The last column in this table expresses the ratio of each mean square to the mean
square of the residual. The lower limit for significance would be not
less than 4.0; hence, all the factors are definitely significant in their
effect upon erosion.
TABLE

11.—Analysis of variance in erosion

[By the Fisher method explained on pp. 10 and 11]
Source of variation
Accessibility
Plant type
Soil conditions
Aspect
Plant density
Rodent infestation
Gradient
Residual
Total

Degrees of
freedom

Variance

4
7
7
7
7
3
9
1,092

0. 07203
.06395
. 07122
. 05157
. 03264
. 02287
. 01609
.14346

1,136

. 47383

Mean
square
0.01801
. 00914
. 01017
.00737
.00466
.00762
.00179
.000131

Ratio to
residual
137.5
69.8
77.6
56.3
35.6
58.2
13.7
1.0

The above points to grazing and more particularly overgrazing
and its attendant effects of depletion of plant cover and Utter and
trampling of the soil as the most important factor contributing to
erosion. However, as already mentioned, there are many interrelations between factors, which when more critically studied tend to
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minimize certain factors and to emphasize the importance of others.
These justify further discussion.
It is very evident that gradient, in spite of the importance which
might be attached to it on first thought, is largely significant as a factor
in accelerated erosion only as it affects the influence of other factors.
Other things being equal, it might be expected that the steeper the
slope the more erosion there will be. However, the results of this
study show that on the average, erosion increased with increase in
gradient only up to 35-percent slopes, after which erosion decreased
with increase in gradient. There was relatively less erosion on
slopes of 70, 80, and 90 percent than on slopes of 20 or 30 percent.
It is apparent that, over a long period of years, under natural conditions, a balance is established between plant cover, soil, and erosion
which takes into account various factors, including gradient. The
steeper the slope in excess of 35 percent, the less accessible it is to
livestock. Erosion increases very rapidly on the slopes in excess of
35-percent gradient when they are fully accessible to livestock.
Also, on the slopes under 26 percent which, on the average, have a high
degree of accessibility, erosion increased with increase in gradient.
The conclusions seem inescapable that gradient ispf minor importance
as a factor in accelerated erosion until the influence of other factors
is brought into play; that grazing is the chief disturbing factor which
operates in association with slope; and that on grazed slopes erosion
increases rapidly with increase in gradient. These lead to the further
conclusion that the heavier the grazing the greater the acceleration
of erosion with increase in gradient.
Rodent infestation shows a low percentage of variance associated
with erosion. Nevertheless it is of real importance in the erosion problem because it is one of the few controllable factors. Approximately
four-fifths of the area* surveyed was infested with rodents, approximately one-third having medium or heavy infestation. Moreover the
infestation was heaviest on the southerly slopes wliich are also the most
heavily grazed and which have the soil, plant types, and densities
naturally most susceptible to accelerated erosion. Grazing also plays
some part in rodent damage. Many of the runways of pocket
gophers are situated within 6 to 8 inches of the surface. Under these
conditions, Uvestock, in passing over the land, trample and cave in the
runs, which are soon cleaned out again by the rodents. This extra
digging further increases the disturbance of the soil.
Plant density, other things being equal, might be expected to have
an inverse relation to accelerated erosion, i. e., the greater the plant
density the smaller the erosion, because of the protection afforded by
dense vegetation and fitter cover. Although this is undoubtedly
true in the larger sense, it seems apparent on the Boise River watershed that, as in the case of gradient, more or less of a balance becomes
established under natural conditions between erosion and the plant
density afforded by the normal climate. Evidently, erosion is accelerated only when the normal density is disturbed by periods of
unfavorable climate, severe rodent infestation, or grazing. ^ On this
watershed the plant density has been reduced by a combination of
these three factors, but more especially by overgrazing and incidental
trampling by livestock.
It is shown that aspect has a high percent of variance associated
with accelerated erosion. It is apparent, however, that this is not
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due to aspect per se, but to the fact that certain of the other factors
are more effective on certain aspects. The relatively high degree of
erosion on southerly slopes is due in part to the fact that the soil on
these slopes is characteristically shallow, of coarse texture, and light
in litter and humus cover—all conditions that are conducive to
erosion. The plant types most susceptible to erosion, including
weed, grass, sagebrush, and browse, predominate on the southerly
slopes. Plant densities also are smaller there than on northerly
slopes. Rodents prefer the south slopes. The lower gradients on
these slopes indicate that normal geologic erosion has proceeded at a
more rapid rate than on other slopes and suggest the probabihty that
factors which induce accelerated erosion, if brought into play, would
be most effective on the southerly slopes. They are on the average
more accessible to grazing because of the lower gradients, and have
plant species more palatable to livestock. Furthermore, the soil and
Htter conditions on these slopes are more easily disturbed by grazing
animals and they are therefore more susceptible to damage by grazing
than other slopes. Grazing (especially overgrazing) of domestic
Uvestock and damage by rodents may be expected greatly to accelerate erosion on the southerly aspects.
Inherent characteristics undoubtedly account for the large degree
of erosion associated with soil. The coarse texture, paucity of clay
to bind the coarse particles together, shallow depth, and naturally
Hght Utter and humus cover in many places are natural conditions on
the Boise River watershed which account for high susceptibihty to
erosion, especially upon introduction of disturbing factors. These
characteristics, as will be evident, are most likely to be highly aggravated by grazing, or more especially by overgrazing, and rodent
damage.
Vegetation type has a fairly high association with acceleration of
erosion, owing in part to the greater protection value of some kinds
of plant cover. The weed and grass types, for example, produce the
least litter, sagebrush and browse types are next highest, the timber
type is next and the nongrazing type in dense timber or brush is the
highest in quantity of htter maintained. Again, the weed and grass
types have the greatest proportion of their areas infested with rodents, followed by the sagebrush, browse, timber, meadow, and nongrazing. Association of plant type with erosion occurs in the same
order. It is a fact also that certain of the plant types most susceptible to erosion, such as grass and sagebrush, occur more commonly
on the more accessible, shallow-soiled, severe south aspects, whereas
the denser timber and brush types are more frequent on the deepersoiled, more humid northerly aspects. Furthermore, the more
severely eroded plant types are composed of species more palatable
to Uvestock. It is difficult, therefore, to weigh the relative importance
of plant type alone in relation to accelerated erosion, but it is quite
evident that although some types are inherently more susceptible to
erosion than others, the secondary influence of grazing and rodent
activity is of equal or greater importance than inherent quaUties.
Of aU the causes of accelerated erosion studied, grazing stands out
as by far the most important; (1) because it is important in itself;
(2) because it is the one factor that most accentuates the influence of
nearly aU the other factors; and (3) because it is the one factor most
susceptible of control.
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APPLICATION OF RESULTS

The results of the study serve as a basis for the estabUshment of
protective measures, including the regidation of grazing on watershed
lands, and for planning studies which will develop further improvements in the management of watershed lands similar to those on
the area drained by the Boise River.
Depletion, disturbance, and modification of the plant cover and
surface soil by trampling and excessive grazing of livestock, as well
as consumption of vegetation and the construction of myriads ot
burrows, runways, and mounds by rodents, destroy many of the
properties of the normal plant and soil conditions which retard
surface run-off and erosion. It is apparent that under normal conditions surface run-off is delayed and absorbed by the soil to a degree
sufficient to prevent continual rapid erosion. When these normal
conditions are disturbed the run-off is permitted quickly to gather
into streamlets sufficient to speed up the normal process. Unless
halted, such erosion becomes a menace to stream developments for
irrigation and other purposes, and to the capacity of the soil of the
watershed to produce forage and timber. In view of the part played
by plant cover and surface soil, it is apparent that the slowing up
and ultimate checking of destructive erosion rests primarily on improvement of plant and soil conditions. Artificial barriers such as
gully dams, terraces, and silt basins doubtless have a place in the
solution of the problem, but it is evident, in considering the degree
of plant and soil disturbance, and depletion and cost of construction
of control works, that restoration and maintenance of more nearly
natural surface conditions are paramount.
The extent of improvement of plant and soil conditions necessary
to control erosion effectively for the different conditions of aspect,
gradient, plant type, plant densities, and degrees of plant and soil
depletion, and the best practices to follow, are still unknown. However, the more severe erosion where plant densities are below 30
emphasizes the need of restoring and maintaining a cover in excess
of that figure. Conditions on the ground indicate the possibility of
good results in many places from natural revegetation of the native
species, which may largely be accomplished through proper regulation
of grazing. Artificial reseeding and planting undoubtedly have a
place in the program, but further study is needed to develop economical practices and to determine the plants to use.
Rodents should be controlled to minimize the damage to soil and
vegetation from this source.
The results of the study do not show the permissible degree of
utilization or other information on the kind of management to
follow in grazing watersheds of the character studied. It is evident,
however, that utilization must be consistently lighter, and that
grazing must be more carefully managed, than has formerly been
thought necessary. The variation in susceptibility to accelerated
erosion of certain areas, such as south aspects, weed and grass types,
steep accessible slopes, and shallow soils in comparison to north
aspects, denser timber types, inaccessible slopes and deeper soils,
points to the need for care in selecting the grazing practice for each
local condition. Some of the steeper, thin-soiled, more badly depleted
areas should not be grazed at all until better plant and soil çondi-
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tions have been restored. These areas are of very minor grazing
value anyway. Grazing probably need not be eliminated on other
areas providing due caution is observed to prevent depletion of cover
and soil. Further investigation is needed to determine the manner
and degree of grazing which may be followed, for the several prevailing
conditions, without serious injury to watershed values; and until
these are determined, all grazing should be more conservative to
insure immediate improvement of plant-cover conditions.
It seems logical to assume that modifications of the plant cover
and soil have reduced the capacity of the surface soil to absorb run-off
and have contributed to the earlier flow of the Boise River, as compared to former years. Increasing the absorptive quahties of the
soil should deflect more of the run-off into subsurface channels and
make a greater quantity of water available later in the season. A
denser plant cover will use greater quantities of water, but it wiU
at the same time reduce the accelerated erosion. Further investigations are necessary to determine the relative importance of these
considerations. Until more of the facts regarding the influence of
herbaceous and shrub cover on usable water yield have been determined, effort should at least be made to maintain a cover adequate
to check erosion, since the erosion menace may be expected to continue or to increase as long as plant cover and soil conditions are
unsatisfactory.
SUMMARY

The irrigated lands of the Boise project in southern Idaho comprise
one of the more valuable agricultural areas of that State. These
355,000 acres, valued in excess of $50,000,000, are wholly dependent
upon the Boise River for water. This value is being endangered
by accelerated erosion in progress on nearly two-thirds of the portion
of the watershed examined in this survey, an area of 371,313 acres.
This study was made to discover just what factors have influenced
the present erosion, the relative importance of each of these factors,
and through which ones, if any, the erosion may effectively be controUed.^ The principal relationships involved in the association of
the various factors to erosion are summarized briefly in the following
paragraphs.
Gradient.—With other factors equal, the amount and severity of
the erosion was found to vary directly with gradient. Actually,
however, the erosion increased as the gradient increased only up to
approximately 35 percent; beyond this point, because other factors
are not equal on steeper areas, the erosion decreases. On the steeper
slopes, these factors, chiefly lighter grazing by livestock, are sufficiently powerful to reverse completely the trend toward increased erosion
with increased gradient.
Aspect.—The causes of erosion are found to be most operative on
southerly aspects. On northerly exposures, differences in temperature
and moisture conditions gradually have brought about a vegetation
cover which is more effective in its abihty to hold the soil and prevent
erosion. This vegetation in turn, and to a greater extent than on
southerly aspects, has improved soil conditions through additions to
the litter and organic matter. Moreover, the maintenance of these
improved conditions on northerly aspects has been favored by lighter
rodent infestations and less use by livestock.
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Soil.—Serious losses of the topsoil have occurred over extensive
areas. With their normally coarse texture and comparative lack of
binding properties, even the soils where this top layer can still be
found erode easily. The loss of litter and organic matter through
the removal of the top layer has still further reduced the soil's resistance to erosion and therefore has aggravated the effect of the factors
of steepness, scant vegetation, rodent infestation, and overgrazing.
Plant i?/2)6.—Erosion conditions differ sharply on the various range
types. The weed and grass types in particular have suffered severely,
and even in the sagebrush, browse, and timber types much damage
has been done. It is significant that the more seriously eroded types
are those whose soil conditions have been the most disturbed by
rodents and grazing.
Density oj vegetation.—A vegetation cover of less than 30 percent
appears to have ht tie appreciable effect in retarding erosion. Since
this scant cover is found on more than one-half of the watershed, the
vegetation in its present depleted condition is largely ineffective in the
prevention or control of erosion. As the density of the vegetation increases above 30 percent, the erosion rapidly decreases, and apparently
a cover of 40 percent is sufficient to prevent gully erosion under normal
conditions of grazing use. Thes^ facts indicate the necessity, in order
to secure full effectiveness of the cover, of maintaining a vegetation
density of 30 percent or more.
Rodents.—KoáeTLts appear to have been an important factor
contributing to the accelerated erosion. These animals have partially
depleted the vegetation and disturbed the soil over four-fifths of the
area studied. In addition, their effect upon erosion has probably
been increased by their habits of concentration on southerly exposures
and other areas which are heavily grazed by livestock.
Accessibility to livestock.—The erosion was found to vary directly
with the degree to which the vegetation cover has been depleted and
the surface conditions disturbed by the grazing of livestock. Almost
without exception, the areas which have been grazed most heavily
are examples of the most severe erosion. On an area with the steep
slopes, loose, coarse soil, and scant vegetation characteristic of this
watershed, the degree of use by hvestock appears to be of far more
importance in its effect upon erosion than any other of the factors
studied.
.
„ ^
The survey has brought to hght the seriousness of the erosion on a
valuable watershed and a knowledge of the factors which, under the
conditions pecuhar to the watershed, have been chiefly responsible for
the erosion. The results point to the immediate necessity of restoring
the plant cover to a density of at least 30 percent, reducing the
excessive rodent population, and initiating improvements in range and
livestock management which will reheve conditions on areas particularly susceptible to erosion. They also indicate the direction detailed
studies should take in the determination of management practices
which will utihze the range resources without endangering watershed
values.
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