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INTKODUCTION

Ten years a bo a diligent search of the literature would not have

disclosed a single reference to the relationship between wildlife manage-

ment and soil conservation. Today it is not surprising to run across the

reference that "soil and soil crops are the capital stock " with which wild-

life managers deal and "wildlife is the interest on this capital" (Rush 194-0}

Neither is it unusual now to find in The Journal of Midlife Management,

trie official publication of the recently organized professional Wildlife

Society, an article which claims that "the success of pheasant stocking ...

is very closely related to the average productivity of the soil. Increase

of pheasants on the less productive soils can be brought about only by

land management practices that will improve food and other habitat con-

ditions" (Moss 1939) . During the past decade the interest developed in

Midlife as a product of the soil had as background much pertinent

biological work in related fields plus a nation's aroused concern with

the conservation of soil and soil resources, among which wildlife is

rightfully included.

It is the purpose of this treatment to snow first, as a necessary

prelude to the place of wildlife management in soil conservation, the

development of America's interest in preserving soil from colonial days

to the present, when such interest has found concrete expression in

National, State, and local action. Following the general sketch of the

soil conservation movement is a statement of the relationship of wildlife

management to soil conservation, and, after this, a discussion of specif" it

soil and water conservation practices and wnat they contribute to Midlife

welfare on agricultural land. Finally, tnere are some concluding state-

ments and a list of the references cited.





- 2 ~

THE SOIL CONSERVATION MOVEMENT

Early
r

Interest

Although widespread public interest in soil conservation and

concerted National action against accelerated soil erosion in the United

States is a very recent development, the depletion of soil resources

accompanying our use of agricultural land is nothing new. In 1749

Peter Kalm, a Swedish botanist traveling in New Jersey, observed wasteful

tillage methods and wrote that "the late rain had in many places washed

away great pieces of the ground sown with wheat and rye" (Kalm 1937, v.

1, P. 264).

George Washington v;as troubled about soil erosion, for, in 1769,

he experimented at Mount Vernon to determine "whether the land was not

preserved more by harrowing than by lying in furrows." By the close of

the eighteenth century, much of the previously productive cultivated land

along the rotomac River had become practically worthless. Soon after the

revolution Patrick Henry is said to have claimed that "since the achieve-

ment of our independence, he is the greatest patriot, who stops the most

gullies." Thomas Jefferson, in 1817, wrote that "fields were no sooner

cleared than washed," and two years later James Madison, in an address

before the Agricultural Society of Albemarle, Virginia, stated that

without soil-saving methods of cultivation,, ownership of Piedmont farms

was little more than a short-time lease (Hall 1937).

So, in the early history of the Nation, accelerated erosion was

considered to be a very real problem. rrogressive steps were taken,

for Virginia farmers, more than 100 years ago, employed most of the

principal methods of controlling erosion known today, including the
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use of legumes and grasses to hold and improve the soil, green

manuring;, contour or horizontal plowing, terracing, and confinement

of clean-tilled crops to the more flat lands, bven a type of strip

cropping was used in vhich a strip of sod or alfalfa was maintained

between rows of corn (Hall 1937.; Hall 1940).

jjfes_tward "Expansion

The westward expansion of our Nation during the nineteenth

century laid dormant an active public interest in erosion control, for

new lands were ever available to those who, dissatisfied with worn-out

fields, elected to move westward. Conservation was eclipsed by the

opportunity of the moment, and not until the National pattern settled

within circumscribed geographic limits did Americans once more look

carefully to the use of the land.

During this period man-induced erosion had not diminished, of

course, as attested by the notes of contemporary observers. For ex-

ample, a Mississippi traveler, in 1833, deplored the destruction of

soil by cotton cultivation without safeguards against erosion and the

inevitable abandonment of the land (Ingraham 3-835) • Twenty years

after this observer wrote, P. P. Calhoun (1855? pp. 266-267) stated

that in spite of attempts to develop a soil-protecting grass cover in

the South Carolina piedmont "the eye wanders over agricultural

desolation ... a country that might be an Eden, repels the vision

with its sedge fields, rotten fences, gullied hillsides, and un-

drained flats."
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In 1364 George P. Harsh published the first edition of what was

later to appear as the well known work, "The Earth as Modified by Human

Action." Although not primarily interested in the erosion of agri-

cultural land, iviarsh nevertheless dramatically described in some de-

tail the process of soil removal as it occurs on slopes denuded of

forest cover. By 18% F. H. King offered suggestions for the control

of wind erosion on sandy soils of Wisconsin. The same year the U. S.

Department of Agriculture published one of its earliest bulletins on

soil conservation, entitled "Washed Soils: How to Prevent and Heal

Them" (US DA 1894); it gave instructions on cultural methods of erosion

control and stressed the importance of vegetation in holding soil on

farm lands.

In the Yearbook of the Department of Agriculture for 1896, B. E.

Eernow, botanist and forester, wrote about the relation of farm forests

to erosion control. He considered it a necessity to plan the treatment

not only of the farm woodland but of the entire farm in order to

accomplish the best continued use of the land's resources, and his

recommendations would do credit to modern farm planners. At that time,

nearly a half century ago, the problem of soil wastage was believed by

some to be so acute that N. S. Shale r, Harvard geologist, wrote (1896)

that "it is now a question whether human culture, which rests upon the

use of the soil, can devise and enforce ways of dealing with the earth

which will preserve this source of life so that it may support the men

of the ages to come."
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Renewed Interest

By tne turn of the century many persons began to think about

accelerated erosion, in 1904, °. IV. Tourney stressed the importance of

forests in preventing v/ind and water erosion; the same year Ten Eyck

wrote of flood-damaged lands and how to renew them by revegetation.

Articles on the waste from man-induced soil erosion began to appear in

popular magazines (Ashe 1909), and, in 1909, the famed geologist T. 0.

Chamberlain stated before Congress that "when our soils are gone, we,

too, must go, unless we snail find some way to feed on raw rock or its

equivalent." In the same year, ». J. McGee pointed out to the First

National Conservation Congress that through settlement and short-

sighted agriculture erosion of tne soil in the united States had be-

come appalling, and two years later a U. t». Department of Agriculture

bulletin on soil erosion appeared under his name (McGee 1911). In 1914,

the Yearbook of the Department also carried an article on "Economic

Waste from Soil erosion" by it. C. E, ^avis, in which methods of erosion

prevention wore given.

"bout this time F. H. li, Calhoun (1913) presented definite

suggestions for controlling gullies in North Carolina, i-iaddox (1915)

discussed ftest Tennessee gullied lands and their reclamation, and Baker

(1916) wrote of terracing in North Carolina as a soil and water conser-

vation measure. Brooks (1916) suggested the engineer's responsibility

in erosion control, listing remedies; and in 1917 Dana further emphasized

erosion as "one of the most serious dangers that threaten our farms."

Miring this period there was also considerable attention directed toward

the control and reclamation of drifting sand ( Lams on-Scribner 1895,

Hitchcock 1904, Baker 1906, Free and Westgate 1910).
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Soil Conservation was deemed of sufficient national importance

by 1911 that in an address that year before the National Conservation

Conference at ^ansas City the ^resident of the United states, William

Howard Taft, declared that "The first great step that has to be taken

in reformed agriculture is the conservation of the soil. Under our

present system the loss to the farmers of this country by the erosion

of the soil is hardly to be calculated" (Taft 1911). Textbooks on

soil management then began to give attention to the subject; that by

F. H. King (1914) was one of the first to include specific recommenda-

tions for preventing soil washing.

The literature that appeared during the first and second decades

of the present century shows well the impetus the soil conservation

movement was gaining; the following decade may be said to have crystal-

lized the movement, buring this latter period, Leopold (1924), among

the foresters, sav; the importance of vegetation as an effective tool

against erosion, and advocated vegetative as well as mechanical means

of controlling silt movement in streams of the Southwest. Bates (1924),

Munns (1923), and Zon (1927, 1932) further stressed the importance of

forest cover in controlling erosion. By this time range men as well

as foresters and agriculturists were considering accelerated erosion

with respect to use of the land. Sampson and Weyl in 1918, for ex-

ample, presented experimental evidence to show the relation between

plant growth and erosion on western grazing land. Forsling (1928a,

1928b, 1931) also empnasized the importance of erosion control from

the range ecologist's standpoint.

In 1928 H. H. Bennett and 17. R. Chapline vividly described soil

wastage in a Circular of the ^ . S. department of Agriculture entitled
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,rSoil Erosion a National Menace." Figures were given to show soil

losses and, in his part of the paper, Bennett stressed particularly the

destruction of agricultural lands by accelerated erosion. In numerous

subsequent articles Bennett continued to emphasize the serious conse-

quences of the process throughout tue United States and to declare the

effect, not only upon agriculture, but upon the general socio-economic

welfare of the Nation. Such presentation of the National situation

vas accentuated by intensive local studies, such as that by Bates and

Zeasman (1930), who pointed out the gravity of the problem in west-

central Wisconsin and made appropriate recommendations.

During the past ten years so many persons have contributed to

soil and water conservation literature that this brief sketch cannot

attempt to review the accomplisnments of that period. It is sufficient

to indicate tnat a recent annotated bibliography on soil erosion and

soil and water conservation (Gaines 1932) includes 4,338 references,

the great majority of which represent work of the past decade.

Similarly, a bibliography on land utilisation (Bercaw and Hannay 1933),

for the years 1918 to 1936, contains more than 7,300 citations.

Recent attention to accelerated soil erosion and its control is

not confined to writing about the subject, however, for, early in the

present century, State agricultural experiment stations and the U. S.

Department of Agriculture began to study erosion by field trial and

experiment. £>y 1928 appropriations were authorized for the establish-

ment throughout trie United states of ten erosion experiment stations

in order to learn more about erosion as a process affecting the land,

to determine rates of infiltration as well as soil and water losses
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under various types of plant cover, and to accumulate other information

upon which a sound program of soil and water conservation might be

based. Today such research is being conducted at 125 appropriately

selected locations where important, useful data are being accumulated.

Previous to the inauguration of this National experimental

program, some valuable watershed observations and experimental studies

had already been undertaken. These included important work on run-off

and erosion in the Appalachians (Glenn 1911); at Wagon t.heel ^ap,

Colorado (Bates and Henry 1922, 1928); in the Angeles National forest,

California (Ivlunns 1920); and in the &anti National forest, Utah

(Barnes 1910; Reynolds 1911). Some significant experimental results

had also been obtained at Nolly Springs, Mississippi (Ames 1914); at

Spur, Texas (Conner, Dickson and Scoates 1930; Nickson 1929); and in

Missouri (Duley and Miller 1923).

The Soil Conservation Service

Writing and research, however important, do not necessarily

result in practical achievements; they alone could not accomplish the

conservation of soil and soil resources. There was need for a National

action program to apply what was already known about conserving soil

and water, as well as to learn still more about practical methods for

achieving that purpose, buch a program was initiated when, in September

1933* there was organized, in the department of the Interior, an agency

known as the Soil erosion Service to conduct erosion-control work as a

means of unemployment relief, it was believed that the control of

erosion could be most widely accomplisned through the example of actual

farm demonstrations, and during the year and a half that the Soil
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Erosion service remained in the Department of the Interior, 41

demonstration projects were established, and approximately 50 C.C.C.

camps were assigned to erosion-control work.

Shortly after its creation, the new Service conducted, in 1934,

a Nation-wide erosion survey which showed that 282,000,000 acres of

land, an area larger than the States of Texas and California combined,

were so impoverished by erosion that they were no longer fit for

farming or grazing. An additional 775,000,000 acres have been damaged

to the extent that conservation measures must be applied to insure

continued productivity. Thus more than half of the total land area

of the United States has been shown to be seriously affected by

accelerated erosion. These figures, furthermore, do not include

rougii mountainous area:, and lands rendered useless to agriculture as

a result of geological erosion, such as arid mesas and western badlands.

Of our present cultivated land, about 60 percent is considered to be

subject to continued erosion under current agricultural practices or

so poor as not to return a satisfactory income at assumed price levels.

In terms of reduced yields, abandoned acres, and loss of fertility,

the estimated cost of erosion in the United otates Is Q3, 844,000,000

each year.

In March 1935 the Soil erosion Service was transferred to the

Department of Agriculture; tiie following month of the same year, April

1935, it became the Soil Conservation Service. A much broader program

of demonstration in both projects and C.C.C. camp areas spread rapidly

throughout the country, and the Soil Conservation Service undertook

more extensive cooperation with land owners and operators in the appli-

cation of soil and water conservation practices'. Two basic requirements





- 10 -

were then as now considered essential to the successful accomplishment

of sound conservation on farms and ranches. They were: (1) A complete

farm plan, by which the use of each piece of land on the farm or ranch

is planned according to its capability as determined by soil type,

degree of erosion, slope, and other physical characteristics, and (2)

coordinated attention to all of the aspects of farm operation and

economy, including tiie properly balanced application of several

technical fields such as soil science, agronomy, biology, range

management, forestry, and engineering, wherever they contribute to

the satisfactory development and execution of the farm or ranch plan.

In 1938 the Soil Conservation Service was assigned additional

responsibilities, such as flood control work in cooperation with other

agencies, action phases of the water facilities program in the 17

western States, the cooperative farm forestry program, drainage and

irrigation work of the Department of agriculture, and such land

purchase as may contribute toward relief of social and economic ills

in rural areas. The Soil Conservation Service has, therefore, evolved

from an emergency erosion-control agency, in 1933? to a, permanent

Government bureau concerned with the whole broad problem of land use

adjustment on the farm and range lands of the Nation.

Soil Conservation Districts

National interest in soil and water conservation has culminated,

not only in the establishment of a Federal agency charged with re-

sponsibility for conserving soil, but in the development of local units

of government that are specifically organized for "the prevention and

control of soil erosion and the conservation of soil and soil re-

sources" — soil conservation districts. Such districts are legally
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constituted subdivisions of a State, usually operating over naturally-

bounded areas and organized in response to the petition and referendum

of the farmers operating within their boundaries. During 1937, the

boil Conservation Service began to cooperate with soil conservation

districts in several States. These districts have developed so rapidly

since the close of 1937, '//hen there were 14 embracing 3,619,000 acres,

that in May 1941 ,
oniy four years later, tnere were 501 districts em-

bracing 306,099,469 acres in 38 States, Through soil conservation

districts, soil and water conservation measures proven practical on

demonstration projects can be extensively applied by farmers them-

selves.

It is apparent, therefore, that luring the past few years the

Nation's concern with the conservation of soil and soil resources has

developed tremendously. This development has been shovffi by soil

conservation work on the part of federal and State agencies and by

the people tne 1.1selves tiirough the passage of soil conservation dis-

tricts laws in 41 States and the creation of hundreds of soil conser-

vation districts through which farmers are democratically and co-

operatively attacking tne problem of man-induced soil erosion in

America. The way is now clear, therefore, to coordinate local, otate,

and Federal efforts so effectively that v.idespread conservation of

soil and soil resources ultimately may be achieved.
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MIDLIFE MP SOIL CONSERVATION

The relationship

Leopold (1933) and Darling (19 34-) were among trie first to

suggest the desirability of converting eroded areas into wildlife

habitats. About the same time Holt (1934b) began to stress the im-

portance of integrating wildlife conservation with soil conservation,

and during the next few years won consideration for wildlife welfare

in the rapidly developing Nation-wide program of soil conservation

aimed by the Federal Government at better use of agricultural and

range lands, wildlife management is now accepted as an integral

part of soil and water conservation operations.' 1
'

Beginning with the notion that by establishing vegetation to

control- erosion, habitats for game birds, such as quail, can be so

developed on farms as to produce a marketable
'

game surplus, ideas

about the integration of soil and wildlife conservation have progressed

until today attention is being given to all tne biological phases of

soil conservation. These include not only the production of &ame to

supplement the usual crop production of a farm, out deal as well with

rodent populations in relation to range vegetation and soil and water

conservation structures, such as terraces and ponds, insects with

respect to modern agricultural practices, such as strip cropping and

winter cover crops, fish in farm ponds and streams, and other

biological aspects of operations undertaken to conserve the Nation's

agricultural resources.

* (See Bennett 1936, 1939 ;
Holt, 1935b, 1936a, 1937, 1939b; Graham 1937;

Van iJersal 1937a; annual reports of the Soil Conservation Service,
Biology Division, to the U. o. House of Representatives Delect Committee
on tne Conservation of Wildlife itesources, 1936 to date; U. S. Senate
ueport No. 1203; and the annual reports of the Chief of the Soil Conser-
vation Service to the Secretary of Agriculture, 1935 to date.)
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One of the first considerations of wildlife in relation to soil

conserve' tion appeared in a U. u. Department of Agriculture bulletin in

1934. Written by Wallace B. Iran ;e and L. L'cAtee, it dealt with the

improvement of the farm environment for wildlife and treated the value

of thickets and other types of wildlife cover for checking erosion.

Another treatment of ,:
:,ame management on the farm (Darling, Sheldon, and

Gabrielson 1936) that stressed the soil conservation implication

appeared two years later. This was followed by practical suggestions

for improving wildlife habitat as part of an erosion-control program

in tne Appalacnian Piedmont, in a bulletin by ^. 0, Stevens (1937).

More recently hdminster (1941) iias produced a similar bulletin for the

Nortneast Even though it is such a young field of endeavor, wild-

life conservation as a part of soil conservation has developed so

rapidly that it is impossible here to cite all tne articles on the

subject that have appeared, many of them in farm, sport, and State

conservation magazines, i'he interested reader is referred instead to

two mimeographed lists of current literature, appearing periodically,

that include most of the references on the subject, namely, " wildlife

Review, " issued by the Fish and ftildlife Service, of the Department

of tne Interior, and "boil Conservation literature," compiled by the

library staff of the Soil Conservation Service.

Tnat wildlife management and soil conservation are complementary

activities is due largely to tne fact tin t vegetation established to

Among others who have treated the subject are: Cnase 1933; darling

1935; Kenneth S. i^avis 1936, 1938; Gabrielson 1938; 'dill and Bradt 1940;
Jenkins 1940; Kriebel 1938; Lehmann 1937; ^igon 1940; Mershon 1936;
Morton 1938; Eowalt 1938; Rule 1938; Terres 1936; Turner and Hatch 1938;
Wallace 1937; Westveld and Bennitt 1936.
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conserve soil and water can, if properly managed, provide food and

shelter for wildlife. More and more it is becoming evident that

vegetation is the primary tool with which erosion can be controlled,

and wherever plants are to be used to cneck soil washing, whether in

woodland, pasture, crop strips, terrace outlets, gullies, pond edges,

or elsewhere, they can at txie same time be made to contribute to the

welfare of wildlife . This concept is a distinct advance over earlier

thinking about wildlife and land usa, which held that wildlife could

best be encouraged on areas not suitable to any other use.

Although there is great need for large wildlife refuges, es-

pecially to preserve migratory waterfowl and vanishing species,

progressive wildlife managers today recognize that there is very

little land, whether it be strictly agricultural, range, or forest,

which cannot, by modii'ications less detrimental than beneficial to

the primary use of the land, sustain an especially adapted wildlife

population. To maintain populations of mammals or birds on land not

devoted primarily to their welfare is ecologically sound and has been

stressed in recent articles by holt (1939a) and *«cAtee (1939). In

this connection, tne importance of applying ecological principles to

land use programs has been emphasized by Bennitt (1939), Clements

(1935), Graham (1940), Hanson (1939), -cAtee (1937), and Taylor (1934,

1935b).

Tiie significance of improving conditions for wildlife on agri-

cultural land is emphasized by the fact that 35 percent of all tne

land in the united States is used for agricultural purposes, including

grazing, furthermore, it has been estimated that 85 percent of all
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nunting takes place on agricultural land, and that 70 percent of the

wild fur crop is caught there, primarily by farm boys, it is therefore

evident that unless it can be produced on areas primarily devoted to

agriculture, the wildlife of our Nation must remain a small fraction of

its r'jal potential.

The diology Sivision of trie Soil Uonservation servi ce

Just as public interest in soil and water conservation is re-

flected in the organization and history of the Soil Conservation Service,

so interest in the biological phases of a National soil conservation

program is indicated by the development of the Biology Division of that

Service. The beginning of this part of the program was due, to a great

extent, to the suggestions of Jay N. Darling and Aldo Leopold; its

development has depended largely upon the foresight of II. M. Bennett,

Chief * of the Soil Conservation Service, and the direction of Ernest G.

licit, Chief of the Biology Division, a biologist was placed on the

technical staff of trie first soil conservation demonstration project,

established in 1933 • Shortly afterward, additional biologists were

assigned to projects in various states throughout the East and Middle

West, bhen, in 1935, the Soil Conservation service was reorganized under

trie Department of agriculture, taere was authorized, in November of that

year, a Section of wildlife Lianagement coordinate with other operating

sections of the Service. 'Die following month a small staff was set up

in Washington to effect the organization of the new section. Since that

time its work has expanded until, in all land use plans developed and

operations conducted by the Service, consideration is being given to tiie

needs of wildlife.
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In June 1939, commensurate with a change in the status of all

technical sections of the boil Conservation bervice, the Section of

"Wildlife Management became tne Biology Division and, in line vdth in-

creased responsibilities assumed by the service, tne functions of the

Biology division were enlarged. The jdvision now formulates the

biological policies of the Service and collaborates vdth other

divisions on surveys, plannin0 , and procedures; it likewise super-

vises and coordinates tne development, evaluation, improvement and

application of the biological phases of boil Conservation Service

programs and practices to aid in the attainment of Service objectives,

it furthermore approves work plans and procedures, inspects field

operations to insure technical quality, adequacy of treatment, and

adherence to policy; assembles and disseminates operating information

pertinent to the biological phases of trie Service programs; encourages

application in tne field of new, improved, or promising biological

measures adaptable to Service programs; and maintains cooperative

relations with the Fisn and 'Wildlife oervice, Department of the

Interior, the Bureau of Jintomology and Plant Quarantine, and other

agencies concerned witn biological problems. In brief, tne biological

work of the Soil Conservation Service now involves not only the

integration of wildlife management vdth soil and water conservation,

but also the application of biological principles and practices to

programs aimed at better agricultural land use and permanent systems

of fc'.rming.
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oQIL COHbKRV: TION PRACTICES BE?IEFICLiL TO v.TLDLIFE

One of tiie most significant things about the soil conservation

program of the Nation is the change in land pattern vrhich it is pro-

ducing. Mow, instead of square fields, there are strips of crops lying

across the slope of the land, formerly bare gullies are clothed with

vegetation and pastures and v.'oodlands protect the steeper slopes.

This new agriculture produces a pronounced cnange in habitat, and

considerable attention is being directed toward effectively modifying

tiie changing pattern for the benefit of wildlife.

To render agricultural J.and more useful to wildlife may require

special types of vegetation or particular attention to those plants

normally grown for crops, forage, and wood products. kvitfoin recent

years tiie erosion-control and wildlife values of certain groups of

plants have received definite consideration. McAfee (1936) prepared

the first published list of plants valuable for wildlife utilization

and erosion control. This was followed by an exhaustive treatment of

the erosion-control and wildlife values of the native woody plants of

the United states by Van uersal (1938a), who has written shorter

articles on special phases of the same subject (1938b, 1939, 194-0).

In tne same vein, kusser (1939) has written of the usefulness of

coralberry, and Graham (1939a, 1939b, 194-1) has treated the erosion-

control and wildlife values of legumes. The use of natural vegetation

for the same purpose has been stressed by svhitaker (1937), Osborn and

..nitaker (1936), and Osborn (1940).

rrofits to the landowner from wildlife produced on tiie land,

incidental to normal agricultural operations, have been discussed by

Dambach and ;}ood (1939), Towns (1939), and Edminster (I94O). In
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connection with payments for agricultural crop adjustments , the same

subject has been treated by Jneldon (1935), Clark (1939), and Hill (1939).

That erosion-control measures beneficial to wildlife are worth their

cost, alone, in the soil conservation they accomplish has been attested

by an economic study of wildlife as a supplementary farm enterprise,

undertaken jointly by the Fish and wildlife Service, Department of the

interior, and the Bureau of Agricultural economics (Foster 194-0). The

investigators concluded that the most profitable objective of wildlife

management on agricultural land is a "coordinated conservation program

that will integrate wildlife production and utilization into all land-

use and soil-conservation programs."

The relation of soil and water conservation practices to biological

phenomena lias captured the imagination of many who are not practically

concerned with land use operations. For example, wodenouse (194-0) has

claimed that a cure for hay fever is soil conservation, for when idle

and eroding lands are clothed with appropriate erosion-control vegetation

there will be little place for ragweed to persist. 'hie relation of bee

keeping to soil conservation has also been pointed out (Paddock 1937),

for good seed and fruit production of many crop legumes and wildlife food

plants useful in controlling erosion is dependent essentially upon

pollination by bees.

Strip Cropping, Crop Rotations, and Cover Crops

The practice of cultivating crops in contour strips has become

widespread only recently in this country. The practice consists of

alternating strips of close-growing vegetation, such as meadow, alfalfa,

or small grain, with strips of clean-tilled row crops, such as corn,
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cotton, or tobacco. L»uch strips are particularly effective in checking

soil removal when tney are placed across long gentle slopes, for they

serve to interrupt the flow of water at regular intervals, thus reducing

its erosive power. Although the change from large fields in single crops

to fields in strips is theoretically helpful to wildlife because it

produces, between the types of crops, an increase in "edge" and because

it creates a greater diversity of food and cover, it was not until

uambach and dood (1940) censused tiie populations of breeding birds on

some Ohio farms that strip cropping was determined to be definitely

beneficial to wildlife. The studj revealeu that in fields consisting

of strips of corn, small grain, and meadow, there were approximately

twice the number of breeding, ground-nesting birds per acre as in

comparable non-strippea fields (see also ivambacn 1941). Further un-

published evidence by hdminster and others indicates that increased

bird populations are characteristic of strip-cropped areas, due probably

to tiie establishment of smaller acceptable territories within the

limits of each strip than prevail in large fields of single crops, but

additional studies must be undertaken to prove that this effect is

universally true

.

Another ecological interrelationship involved in strip cropping

is the effect of the practice upon insect populations, as already

pointed out by Bishopp (1938, 1939), Harris (1939), and Annand (1940),

injurious insects may winter in permanent meadow strips used in strip

cropping systems. Chinch bugs, for example, may thus be harbored near

areas to be planted to corn the following spring. On the other hand,

tnere is evidence to show that strip cropping may increase tiie effective
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control exercised by predaceous insects upon harmful species (Marcovitch

1935), and it is possible that increased bird populations, due to strip

cropping, may to some measure assist in controlling insects. Other

insect-wildlife relationships have been pointed out by the authors just

cited and by Strong (1938). V/hatever they prove to be, however, the

biological complexes resulting from soil conserve,. ti on practices, once

they are known, must be balanced against the actual effectiveness of the

practice as an erosion control measure, because it has been shown that,

in spite of possible disadvantages, properly applied strip cropping, for

example, aids materially in the control of accelerated erosion.

The use of proper crop rotations is highly recommended as an

erosion-control measure. Whether in solid fields or strips, crops are

frequently rotated in such a manner that hay or meadow occupies a given

piece of land for several consecutive years. This device for soil im-

provement and erosion control creates, in such fields, permanent,

although perhaps rotating, habitats for ground-nesting birds. In such

rotations the proximity of grain fields or strips to nesting areas

likewise provides available wildlife food.

Although at first it may not be apparent, the practice of contour

cultivation itself may be beneficial to wildlife. This is due largely

to the reduction of muddy run-off, for thus much silt is excluded from

streams. It is now believed, with some definite evidence at hand

(Ellis 1936, 1937), that siltation may be generally as detrimental to

aquatic organisms and aquatic habitats as industrial stream pollution.

Another soil and water conservation practice of benefit to wildlife

is the use of cover crops. Permanent ground cover in orchards provides

food and shelter for wildlife. Winter cover crops, many of them legumes
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employed to improve and hold the soil during the months when erosion

might otherwise be severe, frequently provide food for wildlife at a

season when food is normally scarce. xn the Southeast, for example, a

winter cover crop of Augusta vetch ( Vicia angustifolia ) ripens its seeds

early in the spring before other plants have matured. Complications

may exist here too, however, for there is some question as to whether

such leguminous winter cover crops may increase the insects injurious

to cotton, such as the cotton root aphid.

In or dei' eventually to arrive at a proper understanding of the

entomological implications of such soil conservation practices as the

use of winter cover crops and strip cropping, the Soil Conservation

Service is cooperating with the Bureau of Entomology and Plant Quarantine

and with State entomological agencies to learn more about the influence

of soil and water conservation practices upon insect populations, and to

properly adjust desirable conservation measures to possible attendant

changes in insect populations.

Terraces and Diversion bitches

Terraces designed to conserve rainfall and dispose of excess run-

off from cultivated fields may be retained in permanent vegetation that

provides food and cover as well as protected lanes of travel for wildlife.

Similar wildlife benefits are derived from diversion ditches tnat run

across the slopes of cultivated fields to divert excess run-off, for not

only is the ditch itself planted to a grass-legume mixture, but a wide

desilting strip parallel to it on its upper side is also maintained in

permanent vegetal cover. Such ditches and terraces must empty into well

vegetated outlets which, in the Southeast at least, nay be protected
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with Bermuda grass sod in the bottom of the outlet channel and Lespedeza

ser icea on the channel berms . The lespedeza prevents the grass from

encroaching on adjacent cultivated fields and the channels, thus flanked

with borders of a tall herbaceous perennial, provide wildlife with

excellent shelter and travel lanes.

i'leld Borders and Roadsides

In the Gulf and Atlantic Coast States, particularly, there has

long existed an erosion problem perplexing alike to tiie farmer, forester,

and agronomist. This is the border of crop fields adjacent to woodland,

where the shade and root competition from the trees prevent or stunt the

growth of the crop. On such areas also, water accumulates from the crop

rows and, coursing down the edge of the field, wasnes the soil and creates

an unsightly and unproductive condition. The biologists interested in

soil conservation saw in this area an opportunity not only to save soil

but also to develop a strip of cover for wildlife on land otherwise useless

Although to create desirable cover on such a site some plant was needed

that was at once an herbaceous perennial, able to grow in a depleted soil,

and capable of competing with trees for sunlight and soil moisture, a

satisfactory plant has been found. It is the introduced Asiatic Lespedeza

sericea . ks now established on thousands of farms in the Southeast,

border strips of this plant effectively prevent erosion, afford turn

rows for teams working the field, and furnish a useful habitat for wild-

life.

The establishment of field border plantings has been eagerly

adopted by the farmer and has been found equally acceptable to the

agronomist and forester. Biologists have observed cottontail rabbits,

bobwhites, and other birds in the border strips, and studies to determine
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the effect of such strips upon populations of insects, birds, and mammals

are being cooperatively arranged by trie boil Conservation Service and

the Fish and wildlife Service of the Department of the Interior. Hie use

and establishment of these field borders, inaugurated by R. 0. Stevens,

has recently been described by uavison (1939a, 1939b), who is largely

responsible for their vri.despread development. Davison (194-0) has also

made suggestions for the establishment of a strip of shrubs between the

Herbaceous lespedeza border and the trees, in order to produce a more

satisfactory edge to the woodland and to provide a more beneficial cover

and food supply for wildlife thus encouraged. Mulching as an aid in the

establishment of field borders and in the development of vegetation on

similarly eroded sites has been described by Franklin (1939a, 1939b).

Vegetation along roadsides in many cases may not provide particularly

desirable wildlife habitats because of the proximity of traffic, but

uavison (1941) aas pointed out that in the Southeast widespread use of

-^espedeza sericfta , or other vegetation that prevents erosion, on road

cuts and fills may contribute to the improvement of aquatic habitats by

decreasing siltation in streams

.

Ponds, Reservoirs, springs, Marshes and Swamps

The restoration of eroded land in the eastern States frequently

requires the damming of gullies, resulting in ponds which, when planted

and properly protected, as with a fence, become small wildlife refuges,

"'•ater for stock is made available in a tank or trough outside the pro-

tected pond area below the fence. Throughout the western States one of

the ways of conservatively using the range and thus reducing soil loss

by erosion is to provide well-distributed stock-watering ponds, in the
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Great Plains larger impoundments of water are useful in retaining a

supply of water during periods of drought. It is frequently impractical

to completely fence these larger reservoirs, but if a fence is provided

around the upper more shallow part where vegetation is encouraged to

desilt inflowing water, ideal sanctuaries for waterfowl may be created.

Ponds that are properly managed for fish are likewise a source of

supplementary food for the iarm family, and may contribute cash through

fishing fees and the sale of bait minnows. The modification of eastern

farm ponds for the benefit of wildlife has been described by ^ecil N.

Davis (1937, 1939a, 1939b), «. d. Davis (1939), ^agel and Clark (1937),

and Osborn (194-0); comparable use of western ponds has been discussed

by Allan (1939). Allan andDavis (1941) now nave in press a general

bulletin treating the management of ponds for wildlife.

Springs, like ponds, may prove of distinct value to wildlife when

their immediate environs are protected from grazing. In such instances

water is made available to stock below an enclosing fence in tanks or

troughs in which the water remains freer from contamination and cleaner

for stock than in unprotected water holes. The water also remains purer

as well as less Hazardous to birds and mammals , if there are built into

one side or end of the tank Inclined steps up which wild animals may

crawl to safety if they fall into the water, which they frequently do in

areas where water is at a premium.

Gabrielson (1939) has pointed out that the "maintenance of small

bodies of water, the more numerous the better, is one of the positive

actions looking toward the creation of recreational facilities and wild-

life values that can be made a part of any flood control program, and

with the minimum of cost." Undoubtedly tiie establishment of numerous
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protected ponds and reservoirs throughout the Central otates, as part

of a widespread soil and water conservation program, may do as mucn for

waterfowl as larger, more widely scattered lakes. The smaller bodies of

i ater present more "edge" or margin for nesting and feeding areas; also

the spread of waterfowl diseases should be minimized where large

concentrations of birds are avoided.

j-'he experience of agriculturists has shown that it may be un-

economical to drain marshes and swamps , for the cost of drainage is

frequently greater than the profit to be gained from the use of the

drained land, it is fast becoming recognised that one of the best uses

of a swamp or marsh is the production of wildlife, such as muskrats,

thus programs designed to conserve soil and water incident to proper

land use benefit desirable birds and mammals.

drainage and Irrigation

Luch of the drainage work deemed essential to intensive agri-

cultural operations in the East involves the construction of ditches to

drain water from flat land productive only when properly drained. In

the Southwest and the Pacific Coast, drainage ditcnes dispose of excess

irrigation water, and there water is supplied to farmland by means of

irrigation canals and ditcnes. These drainage and irrigation canals

and ditches are most satisfactorily maintained in some kind of vegetative

cover that checks weeds, prevents the banks from eroding, and does not

choke the channels. trials are being undertaken to determine the plant

species, the most desirable perennial grasses, legumes, and shrubs, that

will reduce ditch maintenance to a minimum, prevent erosion, and, at the

same time, provide a homy for wildlife. In intensively farmed areas,
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where corn, small grain or some other seed crop usually is available

adjacent to such vegetated ditches, agricultural land can produce wild-

life, as shown by high pheasant populations in northwestern Ohio. In

semi-arid areas such ditches, when properly managed, can likewise serve

as unusually favorable wildlife habitats.

Stre

a

ms and Streambanks

The value of contour cultivation in preventing siltation of streams

and thus improving habitats for fish and other aquatic life has been

pointed out. Yet, so long as a watershed lacks tiie protection of

adequate vegetation there will be erosion, silting, undercutting of

streambanks, and drastic cnanges in habitat not only in the stream

itself but on adjacent land areas, ^ne need not look far to see bare

streambanks cutting into fertile bottomland, and even tnough reasonable

protection of the watershed is achieved, something should be done to

expedite recovery of such raw, eroding areas. For this purpose fencing

and the use of willows and other vegetation iiave proven successful (Fry

1938a, l.iorehead 1939, Stanek 1940). The willows not only stabilize the

banks but transform previously bare areas into suitable habitats for

many birds and small mammals.

rf-s an erosion-control measure beavers nave been stocked in streams

of the western States, especially in forested headwaters where they can

do no damage to crops or orchards. The dams built by these mammals have

been highly effective in conserving water and retaining silt, In

Washington, the value of one dam constructed by beavers, in less than

two years time, was estimated by engineers at -*2500 (Scheffer 1938).

Eeavers are soil and water conservationists of long experience (Fox

1940), and the occurrence of many natural meadows throughout the western
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States is now recognized to have been the result of beaver activity

(Finley 1937). -hi fact, the reintroduction of beavers to western regions,

v.'uere they were once cor .on, has caused mountain meadows once more to

produce a natural hay crop as a result of the increased moisture retained

by beaver dams

.

Woodland

In planning the best use of his land, trie farmer frequently finds

some areas too steep or potentially unprodu ctive for crops or pasture.

Such land can profitably be maintained in trees, for a good farm forest

is the source of useful wood products. Yvhatever its primary purpose, a

farm woo aland can be so managed as to be of distinct benefit to wildlife.

The integration of wildlife, woodland, and erosion control has been

emphasized by Holt (,1934a, 1935a), hclntyre (1936), bode (1938), and

iidminster (1939a). -41 order to save soil and to maintain natural re-

production of the trees, grazing and fire is excluded from the well-

managed farm forest. This, in itself, is of the utmost importance to

woodland wildlife, for it makes possible much more shelter and food than

exists in a grazed, burned woodland. In Ohio the studies of barnbach and

Good (1940) showed that ungrazed woodland supported more than twice as

many pairs of breeding birds as comparable grazed woods. Strikingly

analagous results viere shown by similar studies of L'iayall (1938) in

Ontario. Hawbecker (1940) has also written of the greatly increased

use by both birds and mammals of a 120-acre weedj tract in central

California three years after it had been planted to trees and shrubs.

The preservation of den trees and an occasional piling of slash

from cuttings will also make tne woodlot more suitable to wildlife.
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uther conservation practices, such as selective cutting for sustained

yield, are highly beneficial to woodland midlife, for they maintain a

comparatively open and stable woodland habitat. A woodland management

measure of interest to the forester and biologist alike is the development

of tne woodland edge. It is well known that in the ecotone or "edge"

between two types of vegetation there usually exist more animal species

and individuals than are characteristic of either vegetation type alone.

Lay (1938) found in margins of vroodland clearings in eastern Texas

approximately twice the average number of birds that occurred within

the woodland itself. More species as well as individual birds were

also represented in the thicket of the woodland edge. To each new

woodland established as part of a coordinated farm conservation plan,

a few rows of shrubs are recommended for the periphery of the woodlot

in order to simulate to some degree a natural woodland edge (Van Uersal

1937b) . Such a border of shrubs not only provides food and cover for

wildlife but also excludes desiccating winds from the forest interior

and checks windthrows by deflecting wind above the trees.

Much has been written within recent years about woodland manage-

ment practices that are beneficial to wildlife. Tne present discussion,

however, attempts to adhere primarily to soil and related wildlife

conservation measures, and for strictly woodland-wildlife practices

the reader is referred to a recent Selected Bibliography of North

American Forestry (Munns 194-0).

Hedgerows, Windbreaks, and Buffer otrips

Every quail hunter knows enough to look for birds along old rail

fences overgrown with shrubs, briers, and vines, ^any farmers, on the

other hand, believe that overgrown fence-rows harbor harmful insects

\
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and are a source of reed seeds; as a result they have become devotees of

"clean" farming, fhe type of fence-row or hedge that may be desirable

from, a wildlife and erosion-control standpoint, however, is not an un-

attended growth of volunteer vegetation, but a planned and managed stand

of selected plant species. Furthermore, entomologists are fairly well

agreed today that many other factors, in addition to the protection tnat

may bo afforded by fence-row cover, play important parts in determining

insect populations.

That a farm fence or hedge can usefully serve as a wildlife

habitat and, if placed on the contour, as a barrier to soil erosion,

has been emphasized particularly by Edminster (19384*, 1938b, 1939b,

1939c), and Enlow (1939). Practical suggestions for the establishment

and management of shrubs in hedges, as well as in other situations,

have also been made by Davison (1940) . Certainly he-I'gerows, tracing a

diverse pattern across a countryside, mean a great deal in the way of

travel lanes, food, and nesting cover to wildlife, and they help greatly

in creating, on the farm, an environment pleasing to man. Numerous

field studies are being made in various parts of the country to determine

tne insect, bird, and mammal populations of hedges ar.d fence-rows, so that

we may some day be able to properly evaluate the part they should play

in the most desirable agricultural pattern for American farms.

Just as hedgerows in the i^ast may help to hold soil when they are

established across the slope, so in the Great Plains windbreaks and buffer

strips may act as effective barriers in reducing wind erosion and re-

taining snowfall. Whether in the form of a narrow wind )reak, a shelter

belt composed of several rows of trees flanked with shrubs (O'Connell

193S), or a buffer strip of a single row of shrubs, such plantings may





- 30' -

perform the dual role of controlling wind erosion and creating on semi-

arid agricultural land a habitat more suitable to midlife.

Wildlife food patches of crop plants have been given considerable

attention (Fry 1938b) and under certain conditions may prove useful. In

the Great Plains
,
however, food patches fit best into agriculture in the

form of herbaceous buffers (Harper 1937, Fox 1939) of sunflower, corn,

or other tall plants that effectively protect major crops from the wind

and control wind erosion. In fact, buffers, windbreaks , and hedgerows,

like other measures useful both for erosion control and wildlife, are

best employed when they are established as integral and permanent parts

of the farm pattern.

Pastures and Keadowland

Although at first thought it may seem that pastures do not matter

much to wildlife, never tiieless, when they are maintained in grass-legume

mixtures designed for sustained forage yield and maximum erosion control,

pastures may supply much in the way of both food and nesting cover for

wildlife. Rotating pasture systems, using two or more kinds of pasture

to provide a maximum of good forage throughout the grazing season, may

provide undisturbed areas for ground nesting birds, inhere deferred

grazing is practiced as a forage- conservation measure, attention to

nesting dates can provide time enough for birds to raise a brood before

grazing is permitted, Meadows of permanent hay, frequently recommended

as part of a strip cropping system or otherwise as part of a soil conser-

vation farm plan, provide benefits to vdldlife similar to those furnished

by well-managed pastures.
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There is another significant wildlife benefit to be derived from

the establishment of pastures as part of a balanced conservation farm

plan. }% converting steep eroding areas to pasture as an erosion-control

measure, livestock grazing may be United to areas more specifically

adapted to that use. Thus stock may be kept out of fields and woodlots

that are thereby rendered more suitable wildlife habitats, as previously

pointed out

.

Range -j-and

The proper management of range land is of inestimable benefit to

wildlife because it creates shelter, food and water for many wild birds

and mammals. There also is considerable evidence to show that jack rabbits

and rodents are less troublesome on well-vegetated range. Antelope, sage

hen, prairie chicken, and other animals of the Great Plains and the inter-

montane West can better be conserved by maintaining an environment as

natural as proper range use will permit. Trie relation between wildlife

welfare and conservation practices on range land has been pointed out by

Ligon (1930 ) and Compton (1939), and unpublished studies by Gale Monson

indicate that the number of wild animals on moderately-grazed range is

approximately twice that on comparable overgrazed areas. In addition to

better food and cover resulting from the adoption of good range management,

the development of well-distributed stock ponds may be highly beneficial

to range wildlife. On semi-arid ran~e lands of the western otates,

water-spreading and water-retention devices, such as contour furrows,

produce a heavier stand of grass that is useful to livestock for forage

and to wildlife for food and shelter.
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The intimate relationship between range conservation and soil

conservation has long been emphasized by far-si ;hted persons. Likewise,

wildlife benefits are known to accrue by proper range-management methods

just as they do by adequate attention to other conservation measures

designed to accomplish good land use. The numerous publications on

management of western ranges, livestock, and wildlife in relation to

soil conservation cannot be discussed fully here, but a recent bibliography

(Renner et al 193&) on the subject includes more than 8,000 references,

with a large number on wildlife.

oubmarginai Land, Qullies and Odd 5pots

In the past, many large tracts of land unsuited to agriculture

have been settled and farmed in vain attempts to gain a livelihood from

the soil. It is now realized, however, that submarginal areas are more

wisely managed when utilized for their forest, wildlife, or recreational

values. The conversion of submarginal land to uses other than crop

production usually brings great advantages to wildlife and the manage-

ment of such land now includes attention to tiie wildlife resource

(Peterson 1939). Numerous submarginal areas scattered throughout the

Nation have now been readjusted to non-agricultural use and many of

them are proving to be refuges for range, woodland, and marshland wild-

life.

Just as large tracts once misused by man can profitably be con-

verted to wiser and less intensive use that is beneficial to wildlife,

so small severely-eroded sites may be made to serve wildlife also. J-he

revegetation of gullies, galled spots, and similar eroded areas with

plants useful to wildlife has been so widespread that many persons think
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of gully planting as the chief erosion*-control wildlife-management

endeavor. Adapted trees, shrubs, and herbaceous plants have been variously

used in clothing such areas with protective vegetation suitable for food

and cover, and although few counts are at hand, such rehabilitated sites

are known to be mucn used by many kinds of wildlife, i'rom the standpoint

of the wildlife manager, the use of vegetation for controlling gullies

nas been described by Stevens (1937) and iJesbit (1940). Many otners,

to whom reference has been made, have offered suggestions useful for the

same purpose.

On almost every farm tnere are small eroding areas standing within

pastures or cropland that are too small to be effectively managed as

woodland. There are rocky outcrops and small coiners of fields which,

for one reason or another, are not adapted to crop, pasture, or woodland

use. blight attention, perhaps only the prevention of burning and pro-

tection from grazing., transforms these areas into island refuges highly

important to wildlife, for they increase the interspersion of convenient

cover and food throughout the farm.

In planning the best use of his land a farmer may want to confine

his cropland to the least erodible parts of the farm; this frequently

necessitates the conversion of former cropland to pasture, woodland, or

wildlife areas. As with larger submarginal tracts, proper attention to

the wildlife benefits involved in this conversion of small areas upon

individual farms can accomplish much for wildlife.





- 34 -

CONCLUSION

Wildlife and Agricultural Land Use

'Hie management of wildlife in this country is a comparatively recent

endeavor and wildlife management as an integral part of land use programs

has only begun to take definite shape. Already, hovever, we know that

much can be accomplished for the benefit of wildlife by agricultural oper-

ations. Trie farmer, soil conservationist, and wildlife manager together

must determine the practices that jointly meet their objective — the

best sustained use of the land. Pernaps the most significant development

in the coordination of soil and wildlife conservation is the fact that it

has become apparent that a plan of wildlife management need not be super-

imposed upon a program of farm management. The two can be wholly integrated

and a sound program of soil and water conservation can serve at the same

time as an acceptable wildlife management program for the farm. One plan

can answer both needs, and many of the ways in which both, objectives are

attained by the same operations have been described above.

The Need for Research

Notwithstanding the substantial progress that is being made in

wildlife management, we need to know much more about animal populations,

even of common species, particularly as they relate to conservation

operations. This is a field of study practically untouched in this

country. Man^ conservation practices now recommended for their known

erosion-control values must be evaluated in terms of their effect upon

animal populations, both harmful and beneficial, before we can know the

true importance of those practices to agriculture. For example, what is

the effect of strip cropping upon populations of birds, mammals, and
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insects? We must know whether winter legumes harbor insects injurious

to the crops which follow them; likewise whether hedgerows by harboring

insects are detrimental or by sheltering birds are helpful in reducing

injurious insect populations, i-jiowledge of these interrelationships is

accumulating and when we know whether or not such conservation practices

are biologically advantageous, we will be in a position to recommend

modifications beneficial to crop production.

Throughout the Great rlains one of the most notorious enemies of

agriculture is the grasshopper. Although much effort is expended to

solve the problem by such methods as poisoning, perhaps further study

of grasshopper populations, their behavior and their natural relation

to the land may help us to work with, rather than against, these insects.

Much is known about grasshoppers, but not enough. The damage caused by

unusually large animal populations may be handled more intelligently

when vie know more about population beiiavior. ouch knowledge may aid

materially in the use of cultural or "naturalistic" methods of control,

not only of grasshoppers but of many otiier harmful species.

The relation of predators and rodents to the proper management

of western range lands is a biological problem that is associated so

intimately with the use of the range that wild animals are often blamed,

to the exclusion of other influences, for the deterioration of range

land, burrowing rodents are frequently charged with causing erosion and

breaks in terraces. These animals undoubtedly are associated with such

damage, but they may frequently be more a symptom of poor land manage-

ment, "animal weeds," than causes of the ailment. Bond and. Borell (1939)

have stated some of the problems involved in such rodent-range
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relationships, and others have recently written objectively on the subject

of soil and animal interdependence (Bond 19^1, Holt 1936b, Taylor 1935a,

Van Dersal 1937c, and Vorhies 1936a, 1936b).

There are other biological matters about v/hich the agriculturist

needs further practical information, but little reference can be made to

them here, buffice it to state that they are as divergent as the proper

stocking and fertilizing of farm ponds for tne production of food fish,

the controlled burning of southern pine lands as a quail and forest

management device, and the use of SLubble mulch as a wind erosion control

measure in dry farming areas with respect to its effect upon injurious

insects

.

In brief, there is distinct need for research on biological

phenomena as they relate to soil and water conservation practices, for

as yet there is only scant knowledge of biological processes with

respect to land planning and management, it will be a long time before

our knowledge is adequate, but those who use the land cannot afford to

lose sight of the biological implications that result from their efforts

(Taylor 193&) • Vnatever else the future holds for us, it may be said

that insofar as the success of conservation and man's future happiness

are concerned, two things must come to pass — first, we must command a

broader knowledge of natural phenomena than we now possess and, secondly,

we must apply that knowledge to land use operations as well as to other

human endeavors if we are to cope successfully with tne complicated

world in which we live.
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