






Figure 1.

A typical mountain meadow. The preservation
of such areas is of prime importance iri maintaining
a summer forage for livestock. Sardine Valley,
Tahoe National Forest, California.
Photo No. K-1055 Kraebel 6-21-33
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HANDBOOK OF EROSION CONTROL IN MOUNTAIN MEADOWS

Charles J. Kraebel and Arthur F. Plllsbury

Chapter I
Control of abnormal or accelerated erosion in mountain meadows is

an essential feature of any conservation work on the range lands of
National Forests. Mountain meadows can be defined as those open areas
vegetated with grasses and sedges kept green through most or all of the
summer months by a high water table which offers a constant supply of
moisture to the grass roots. Although such meadows compose only a small
part of the total area of grazing land, they provide the greater part of
the livestock forage through the hot, dry California summers.

Meadow erosion is characterized by sharp active gullies, from one
foot to fifty feet or more in width, and from a few inches to ten feet
or more in depth, which have cut through old meadows within recent years.
Their recent origin, evidenced by their present active operation and by
the testimony of ranchers, indicates that the disturbing factor has
entered the picture since the advent of the pioneer. These gullies have
caused not only a loss of fertile top soil and of meadow area, .but, more
•erious, have drained the meadows by progressive lowering of the water
table. With this increasing dryneas of the sub-soil, added to the punish
ment of heavy grazing, the original succulent grasses and sedges grad
ually disappear and are replaced by less desirable plants such as sage
brush and other drought resistant species which may have little or no
forage value.

Figure 2.
A badly gullied meadow once covered with a heavy grass sod, but now,
because of a lower water table, barren except for patches of "corn lily"
(Veratrum californicum) of no appreciable forage value. Nye Camp,
llendocino National Forest, California. Photo No. 278993 Pillsbury
7-7-33
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Process of erosion

Erosion is the transporting of soil by the actions of wind or
water. It is a natural geologic process whereby disintegrated rock and
soil is picked up and, in the case of transportation by water, is moved
to and deposited at a lower elevation.

For the purposes of this manual, we shall be concerned with two
types of erosion, namely: sheet and gully. Sheet erosion ia the
removal of layers of soil from continuous areas. Gully erosion is the
cutting of channels. In mountain meadows the natural sod of sedges,
grasses and herbs protects the soil from sheet erosion, but it does not
always offer protection against gullying.

The usual gullying action in mountain meadows is characterized
by gully-heads or waterfalls. As the water flows over the "head" it
gains considerable momentum and steadily undercuts the bank. The gully
works upstream, and once the bare gully bottom and sides are exposed,
it rapidly widens and deepens.

Figure 4 illustrates the typical way in which gullies cause a
lowering of the ground water table, and how that level can again be
raised by proper control measures.

A typical gullied meadow in which sagebrush has become established
along the banks of the gully is shown in figure 5.

Figure 3.
A tTpical gully-head working up through a mountain meadow. Gullying
started immediately after the watershed had been logged over. Unless con
trolled, this gully will work up through the rest of the meadow lowering
the water table with a result that many of the succulent grasses and
sedges will be replaced by sagebrush. J. W. Nelson, in charge of Range
Management, California Region, in view. Carmen Valley, Tahoe National
Forest, California. Photo No. K-1060 Kraebel 6-21-33
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Figure 5.

Looking down a deeply gullied meadow. The wide strips of sage on
each side of the gully are evidence of a low water table. Prior to the
eroding of the gully (which followed logging operations in this water
shed) grasses and sedges grew here, and the normal runoff was carried
down the valley in shallow swales distinguished only by the darker
color of sedges and other wet-soil plants. Russell Valley, Tahoe
National Forest, California. Photo K-1053 C. J. Kraebel
6-21-33

Causes of abnormal erosion

The basic cause of accelerated erosion in the mountain meadows of
California is the breaking up or depletion of the protective sod cover
by a number of means of which the most important are;

1. Excessive grazing of livestock. Such grazing depletes the
cover of grasses and sedges and decreases their soil-binding properties.

2. The breaking up and cutting of the protective sod, from which
breaks gullies often originate, by:

a. ) The trampling of stock over the meadow while the ground
is still wet and soft,

b. ) Trails, and casual wagon and automobile tracks.
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Figure 8.

An active gully-head that has been controlled with a brush and
rock gully-head plug and a check dam by the method illustrated in
Figure 7. Crouch's Meadow, Cleveland National Forest, California.
Photo No. 283990 Pillsbury 8-17-33

Steps in the control of gully-heads

There are generally four steps in the control of gully-heads,
the first two being illustrated in Figure 7. The steps, in the order
in which they are undertaken, are listed below:

1. Construction of either a plug or mattress against the gully-
head. These plugs and mattresses, constructed of any suitable material,
have the immediate but temporary effect of stopping the action of the
waterfall in undermining the head. This effect might be only temporary,
because of the possibility of a small opening starting behind the
structures, which would in time allow new gullies to form and work up
stream.

2. Construction of a check dam a few yards downstream from the
gully-head plugs and mattresses. The catch-basin formed behind such
check dams will fill with sediment within a few years, and as it will
eliminate or greatly diminish the height of any drop in the streambed
level between the dams and the gully-heads, the danger of a new gully
starting is minimized. Such check dams should be constructed in
accordance with methods described in Chapter V, CHECK DAMS.

3. The planting of appropriate vegetation. Usual methods
suitable for meadow erosion control involve temporary structures. To
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Of all the advantages, the last is the most important. In
California, where the weather is characterized by long, dry summers,
the roots of the grass in mountain meadows must obtain their moisture
from a high ground water level. As illustrated in figure 4, a sully
provides a channel through which ground water is drained from the meadow,
and the water table becomes too low to be available to the root systems
of grass and sedges. As these die out, the meadow is gradually taken
over by vegetation of low forage value, such as sage and weeds, which
require much less moisture and are able to survive on the limited amount
held in the soil (from the winter rains) against the gravity drainage.

Figure 16

A catch-basin behind a mountain meadow check dam almost complete
ly filled with silt to form a delta. The gully was originally over
eight feet deep. Note that the sagebrush, once covering the meadow, is
dying and is gradually being replaced by grass. Dixie Valley, Flumas
National Forest, California.

Photo No. K-1069 Kraebel 6-22-33

General considerations

Because, of the poor foundation conditions generally encountered
in meadow gullies, and for the essential reason of economy, the following
considerations should be adhered to in constructing check dams in moun
tain meadows:

dams.
1. Numerous low dams along a gully are preferred to a few hi^h
A "low" check dam is considered to be not over tLree or four feet
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Figure 32
Looking across brush and rock dam during construction. Note

the three rows of rocks holding the brush down. The center height is
three feet. Lower Doane Valley, Cleveland National Forest, California.
Photo No. 284004 Pillsbury 9-5-33

Figure 33
Looking downstream at brush and rock dam shown in figure 32

after completion. The litter on the upstream face is pine needle.
In the lower left-hand corner of the picture there is a gully-head
controlled with a brush and rock plug.
Photo No. 284002 Pillsbury 9-5-33
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tenda to bulk up. Fold the remaining lengths of poultry netting back
over the apron while the "dam brush" is being placed.

6. Place the "dam brush" in a compact interwoven mass across
the gully and up the banks, building up so that it will have a center
height of about 3 feet when finally forced down by the netting. This
will require that the brush be piled loosely to a height of 6 feet or
more. The branches should be laid crosswise of the gully.

7. Pull the loose ends of the poultry netting over the "dam
brush" and stake down as shown in figure 34. The stakes should be
similar to those previously used. It will probably be necessary to have
one or two men stand on top of the dam while staking the netting down,
otherwise the brush may not be forced into a compact mass.

8. Place a layer of litter across the upstream face of the dam
when the structure is complete.

Note: Some times rock is used to weight down the edges of the
poultry netting when difficulty is encountered in driving stakes into
the gully bottom. Such a dam is shown in figure 35.

Figure 35
A small brush and poultry netting dam in a mountain meadow

2ully. The poultry netting is held down with rocks. The dam has a
center height of two feet. A somewhat greater height could have been
obtained if the brush on the upstream end had been piled crosswise of
the gully. The gully is to be controlled progressively, that is, the
height of the dam is to be increased as soon as the catch-basin behind
has filled with silt. Photo No. 283987 Pillsbury 8-17-33-
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-Hogwire fence (either a single fence or o double
fenc» with brush piled in between.)
Note -• Bottom of hoqwire should be buried

about I feer below channel bottom.

Trees anchored
to dead-men

Brush anchored
to dead -men

Figure 41
Plan of meandering stream channel showing several types of

mechanical obstructions to control bank erosion.

Figure 42
Disposal of snags in a meadow gully. The channel has been

completely filled to force flood flows to spread out and irrigate
the meadow. Carmen Valley, Tahoe National Forest, California.
Photo No. 279012 Pillsbury 7-17-33
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Preface to Chapters VII, VIII, IX, and X

USE OF VEGETATION

Structures built to control gullying in mountain meadows are, in
general, of a temporary nature. Vegetation must be depended on to make
this control permanent. Ordinarily, controlled gullies will revegetate
naturally in time, but, to hasten vegetative growth and to make it more
effective, planting and seeding should be resorted to in many places.

Chapters VII, VIII, and X deal with the planting of cuttings, the
planting of sod, and artificial seeding, respectively. These are the
principal vegetative methods employed in erosion control in mountain
meadows, and it should be emphasized that such of these vegetative
mthods as are appropriate to the locality should be included in all
projects as a most desirable supplement to check dam or other mechanical
control methods.

Chapter DC deals with the construction of "wattles" which offer
both vegetative and mechanical protection to slopes which cannot feasibly
be controlled in other ways.

Figure 43
A gullied mountain meadow grazed heavily by sheep. It is

surrounded by a chamise chaparral covered watershed wherein there are
remnants of a sugar pine stand. Sheep men regularly burn over the
watershed at 3 or 4 year intervals to "maintain the grazing capaci ty of
the range", but such burning, coupled with heavy overgrazing, has un
doubtedly caused the draining of this once valuable r.eadow area.
Bendmore Valley, Lake County, California. ?:-1322 V/ieslar.der 4-15-34
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