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I. FORESTRY

William R. Miles

AN INTRODUCTION

Our forests are a vital part of the nation’s history.
Trees have provided the raw materials to build our homes,
cities, and industries. We have cleared our forests from
coast to coast to build America, but we arc not really for-
est conscious. We don’t appreciate the part forests have
played in our natural welfare in the past and arc generally
unaware of their importance to us today. Each year the
average U.S. citizen uses 600 pounds of paper, 224 board
feet of lumber, and untold amounts of other materials
originating in the managed forest. No other country de-
mands as much in forest products.

Forests arc a great renewable natural resource, a heri-
tage that our generation must use wisely and pass on in
good condition to the next. Wiscly used, forests can pro-
duce all the lumber and other forest products we nced
and reproduce themselves through new growth.

No living thing of the forest can cxist without other
living things. A conservationist thinks of the forcst as a
combination of soil, water, plants, and animals, all closely
related to and dependent on each other. Plants depend on
the soil; soil fertility depends, in part, on the plants grow-
ing in the soil; animals need plants for food; and both
plants and animals need water. Streams and lakes dry up
when plant cover is too thin to conscrve snow and rain-
fall.

Through good forest management, the United States
is meeting its need for wood. We must continue to main-
tain our forests and develop new ones. To ignore our for-
ests would invite futurc social and economic disaster.

Water conservation, recreation, wildlifc protection,
forage, and soil stabilization also rcsult from good forest
management. Managing forests to produce lumber and
other wood products and the benefits just mentioned is
known as the “multiple use” concept. This concept can’t
be applied to cach forest area, but when applied to large
forest areas, the forest can produce benefits for the indi-
vidual owner and the public.

What is a tree?

A trec is a woody plant that is at least 20 fect tall
when fully grown. It usually has only onc stem or trunk
with branches at the top. Trees differ in size and shape.
Some grow short and squatty; others tall and slim. Woody
plants that have several stems growing up from the ground
and that grow less than 20 fect tall arc not trees but
shrubs.

There are two main types of trees: conifers (or soft-
wood trees) and broadleaf (or hardwood trees). Conifer
means conc-bearing; trees such as spruce, pine, cedar,

tamarack, and hemlock bear their seeds in cones. Conifefs 3
also have slender, pointed, needle-like leaves, or they maj
have overlapping scales. They are called evergreens b
cause most of them keep their green leaves all year. TP"'
tamarack is the only conifer in Minnesota that sheds ’[5‘3
leaves in winter. Hardwoods are trees with broad leave:
Because most hardwood trees lose their Icaves each fali]
they are called deciduous. They do not have cones. Figh®
1 shows the broad lcaves of the American clm and t|
necdle-like Norway (red) pine leaves. !
The names softwood and hardwood arc misleadiné :
The wood of some conifers may be harder than the wo®” .
of somc hardwoods; and the wood of some hardwoods B
somctimes soft. You will want to learn how to tell whethef

a tree is a hardwood or conifer. You may also wish ©| Figur

learn some of the more common hardwood and conif¢!'
species found in Minnesota.

f

Broad lcaves of
American clm
How does a tree grow? Y

Somcone once said: “Tall trees from little acorns gro™
Great strcams from little fountains flow . . .” Every t¢
was once a tiny seed, made and sct frec by an older tred
This tiny storchouse of cnergy is released to begin produc'
tion of another forest giant. '

Nature does many things to give the new seed a chan®’
to live and grow. The stored food inside the seed is P/
tccted by a coat. In addition, nature provides sceds W‘[h.
a ride to a new home where they will begin to grow. SO™ .
arc carried by wind; others float on watcr; and still othe
are catcn by birds or become attached to animals W'
may carry them long distances. J:

After reaching fertile, moist soil, the cnergy and fo0
stored within the seed becomes active and the sced start
to grow. First a small sprout breaks through the seed co? \
secking soil and water. This will be the root. Then anoth? [
sprout breaks out, sccking light. This will become !
stem. With sunlight, mincrals, and water, the little tre X
starts to make its own food and grows larger.

The branches and leaves are called the crown of 1
trec (sec figure 2). The crown has the important jOb 0,{

]
t]

making food for the tree. The leaves arc tiny “factori¢® ’ u

that manufacture food using water absorbed by the rOQr
and carbon taken from the carbon dioxide in the “;]e
These leaf “factories” get their energy, or fuel, from 1

Needle-like leaves o 0
Norway (red) pin® VT

Sun, ]
the g

ly
hgh tC ]
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Figure 2. Main parts of a tree

Sun. Figure 3 shows photosynthesis, the process of putting
t € sun’s energy to work. When the leaves have manufac-
» Wred the food (plant starches and sugars), it is carried
OWn the trunk to the root system for growth or storage.
2 i The trunk.providcs strength, supports the crown or
7/ € upper portion of the tree, and serves as a passageway
. or the fluids to move up and down the tree.
‘ the Many little tubes carry the plant foods up and down
Ty trunk of the tree fmd through the branches as a liquid.
lioese tubes, or pipelines, are made up of many small sec-
» 0s called cells. They fit end to end to form long tubes.
€se cells can be scen only through a magnifying glass.
milll{lece of wood, even as small as a toothpick, contains
lons of these cells.
. Roots anchor the tree to the ground so that it can
. 3nd erect and absorb water and dissolved minerals and

 prod?” . :ltrogen that arc used by the tree to make food. The min-
- fals and nitrogen obtained from the soil are called nu-

a chaﬂo’i triepg,

d is \P;/rlt th A trece grows in three ways: (1) up, from the buds on

ICdSSOIﬂ , re tlgs of the trunk and branches; (2) down, from the

L herS‘, a00t tips; and (3) around, by putting layers of wood

ill Otw ~ “found the Jimbs, roots, and trunk. ‘

1als The buds on the branches or limbs cause each limb
d f008” 1o 8row, making the tree taller. This also allows the limbs

"“:1 s SPread out to receive more sunlight.

¢ dscoﬁ | ; he root tips cause the roots to grow longer and

:efnothe | Pread out in search of more water and nutrients.

e 91 drj he trunk of the tree never grows upward. If you
‘Ottlc ref rerr‘llc'a nail into the trunk of a young tree, it will always
! « ovo8n in that same place. To understand how the trunk

0 ; . .
0 of the 4).WS, ¢xamine the cross section of a stump or log (figure

0
toricsﬂ ‘lsuThe covering on the outside of the stump or log is
ac Ally rough and does not rescmble the wood. This is
¢d the outer bark. It consists of dead cells and serves
as protection. Just inside the outer bark is a thinner,

Cr-colored layer called the inncr bark. The cells in

he ro(z‘r )
the " Only
erom t° + ligh

CO:

Food

The process of photosynthesis.

Figure 3.
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Figure 4. Cross section of a tree trunk showing A,
outer bark; B, inner bark; C, cambium; D, sap-
wood; E, heartwood; and F, pith.

the inner bark carry food, made in the leaves, to the
branches, stem, and roots.

Moving inward, we come next to a living and growing
layer called the cambium. It is a very thin, single layer of
cells just inside the bark that is invisible to the naked eye.
The cells in the cambium layer divide during warm
months to form new cells. Cells produced toward the out-
side of the trec form bark; cells produced toward the in-
side of the tree form wood (figure 5). Cambium is also
present in the limbs and roots, allowing them to grow
larger in diameter.

Next is a wide band of lighter-colored wood called
sap wood. It is the part of the pipeline system carrying
water and food from the roots upward to the crown. The




wood cells y !

cambium cells
bark cells

1. Cambium cells live be- 3. Then cambium cells di-
tween wood and bark cells vide, forming wood cells to-
and are visible only with a ward the center of the tree
magnifying glass. and bark cells toward the

4. -The new cambium cells
begin the growth process
again.

2. Growth widens tree
trunks, limbs, and roots.

Figure 5. Cambium layer — cells dividing

darker, inactive wood in the center of the stump or log
called heartwood provides support and strength to the
tree. The trunk core is called the pith.

Each year the cambium makes a new layer of wood
for the trunk. Each layer is made up of a band of lighter-
colored wood called spring wood and a band of darker
wood called summer wood. Usually the spring wood band
is wider than the summer wood band. These rings, formed
by the layers of wood, are called annual rings or growth
rings.

The tree’s age can be learned by counting the rings on
the stump. Remember, one light ring and one dark ring is
1 year’s growth. Count only dark or light rings to learn
its age.

What is a forest?

A forest is a living association of plants and animals
in which trees are the dominant species. From a distance,
the forest appears to consist only of big trees. The upper
layer of green vegetative crowns called the canopy is what
we sce first. As we come nearer, we see other plants —
medium-sized trees and shrubs. The layer of small trees
growing beneath the forest canopy is the understory. The
ground cover in the forest consists of small plants such as
shrubs, vines, herbs, wild flowers, mosses. They grow in
openings in the forest canopy where sunlight reaches the
ground. This beautiful storied effect in the forest is called
the forest structure (figure 6).

Canopy

Understory

N Ground cover
Forest floor and litter

J

Figure 6. Forest structure
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The base of the forest structure, called the forest floof lcalcium~
is an important part of the forest community. It is theidiu'm ‘
ground beneath the trecs. If the forest floor is swept 1 ,“aCe’clc
remove the dead leaves, humus is exposed. A humus lay®! Dlants ¢,
takes a long time to develop. It comes from the decay Of_ A0 mojs
forest litter — leaves, seeds, twigs, branches, and dead'right co
plants and animals. This combination of decomposed plant duce the
and animal matter gives the soil under the forest canop) A fc
a granular porous structure that makes it easy for roof %parate
to penetrate. _ ) Maintajy

The humus layer is also part of the organic mattef foresy. 2
that is necessary for the development and growth of futuf®; o
plant life. Experts cstimate that 2 tons of such debris a%° MINNE
converted to soil on each acre of forest floor every year |
Bacteria and fungi help to break down the debris. Worm™$ :  The
insects, mice, moles, and shrews also help to produce th° | ®treateg
fertile soil. Thesc forest dwellers find their food and shel : theets |
ter on or underneath the forest floor. K log larg

The root systems of plants play an important role 1* hter, w
the forest. They take up water and minerals, transp'ort Period, |
food materials, store food, and anchor the plants. Growif | listincy
roots also help to loosen up the soil as they push their way | Orest jr
through, and dead plant roots add organic matter to th°  “ntra] .
soil. ! Southwe

Species composition is a very important feature of the
forest. The composition describes how a forest “is put 1
gether.” A stand is an individual body of timber of simil® :
age, composition (spccies), and gencral appearance.
purc forest is one composed of a single specices, such 35
Norway pine plantation. A forest characterized by con®’
bearing trees is called a coniferous forest. One characte”
ized by trees which losc their lcaves is called a deciduo® |
forest. When the forest is composed of both conifers 2%
deciduous tree species, it is called a mixed forest, such &
the aspen-fir-spruce forest.

Forests may be classified by origin, that is wheth® |
they are grown from seed or from sprouts. Forests th?
have grown entirely from sced arc known as high forest |
Forests that have been produced vegetatively from stur? i
sprouts or root sprouts are called low or coppice foreSt.S"

Another set of terms describing the forest’s origin 5 X
virgin and sccond growth. The virgin forest is a natur® !
forest in which no logging has cver taken place. Seco® |
growth implies younger stands of smaller trees that ha
come in after logging. ¥

Other life in the forest community includes birds sing’ |
ing from the trectops, frogs croaking on the grou?”
grouse drumming on a fallen log. Some life can be see
but not easily heard — snakes slithering through the fore.s,r
litter for cover, caterpillars devouring a leaf, spiders Wf‘l
ing for their prey on webs that glisten in the sunshme"jpi
Plants and animals compete for living room both ﬂl?o.v | Sure
and below the surface of the ground. It is the joint actiV'” |
of all the living things of the forest as they live, gfo",’;
reproduce, and die, that improves the soil. And soil 18 ¢ '

. o . . The
sential for the livelihood of our forest community. ; Slop of
A plant is a combination of clements. Carbon, OX)’gese’ . “’hite, N

hydrogen, and nitrogen make up most of the plant. Th




|

¢ £l00 lzlen}ents come from air gnd water. Nitrogen, po.tassium,
s tetd{i]Clun}, silicon, magnesium, phosphorus, chlorine, so-
' um, iron, sulfur, and many other clements known as
1s layel ‘flace elcmgnts come from the soil. The plant cycle — from
cay of;,gams to litter, to humps, and back.to plants— depends
i dead:"\r-n m01sturf:, h.eat, nutnentsz and 'prlma.rlly the sun. The
d plart d‘ght combmgtlon of these mgrcdl_ents is needed to pro-
canopy uce the cont.muoqs'forcst community.
£ roofs ', A forest is a living organization made up of gquntless

*parate and neccessary parts. Forest communities are
Maintained because of the interrelationship of life in the

attef L .
flglturevi forest, A1l living things in a forest depend on one another.

i are |
;,n;eaar. lMINNESOTA’S FOREST REGIONS
Vorm$ - The forest of Minnesota originated after the glaciers
uce th° | Etreated some 10,000 to 12,000 years ago. These great ice
d shek sheets Jeft soils and topographic features that determined
_ Y large extent the type of vegetation that grew on them
role I ‘8ler, With the warming of the climate after the glacial
ZmSP,Ort ®eriod, plants gradually built up on these soils until three
rowins | f‘Stinct natural vegetational regions existed: the evergreen
eir w8 ‘ Ofest in the northeast, the hardwood forest of the east
to th ®ntra] apgd southeast, and the prairies in the west and
! Wuthwest of Minnesota (figure 7).
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Evergreen forest

he northeastern evergreen forest was the largest re-
f continuous forest. In the original forest grew the
» Norway, and jack pines; black and white spruce;

N o
efh Whs
))E%Itffese~ Nte

balsam fir, tamarack, northern white cedar; and some
broadleaf trees (notably the aspens and paper birch) that
grow with conifers. These trees did not grow in one grand
mixture but tended to occur in definite communities de-
termined by soil and moisture conditions and by the nat-
ural fire history of the area.

After the early cutting of these evergreen forests, par-
ticularly the pines, many forest fires swept this cutover
region. These fires destroyed seed trees and young conifers
and encouraged the reproduction of species such as aspen,
birch, and oak that can reproduce by sprouting from the
stump or suckering from the roots. Today most of the
evergreen forest arca is a mixture of aspen and birch, and
in places, oaks and other hardwoods, together with young
stands of pine, spruce, and fir where fires and logging did
not completely eliminate thesc trees or where new forests
have been planted- (figure 8).

Some conifers such as balsam fir arc now gradually
seeding in beneath aspen and birch forests. Balsam can
withstand the shade and competition of these trees; if fire
is kept out, part of the second-growth aspen-birch forests
will in time be replaced by fir and spruce. Unfortunately,
the pines are not successful invaders of the less valuable
aspen and birch stands because they do not grow well in
shade.

Hardwood forest

The original hardwood forest region of the southeast
and east central portion of Minnesota consisted of stands
of mixed hardwood species such as oak, elm, ash, black
walnut, basswood, butternut, Kentucky coffeetree, maple,
cottonwood, willow, aspen, and many others. These trees
grew on soils capable of growing agricultural crops.

As the white man homesteaded into Minnesota, much
of the hardwood forests of southeastern and cast central
Minnesota were cleared for agriculture. From 1820 to
about 1920, many of the trees of the original forests were
used in building homestead and farm buildings. In many
instances, the unused trees were simply felled, gathered
into piles, and burned.

Remnants of this hardwood forest still exist today
along the rivers and in many small woodlands. The same
types of trees are found today as originally covered the
area, but the more valuable species such as black walnut
and whitc oak are not nearly as common as they once
were.

Prairie Region

In the prairie region of western and southwestern
Minncsota, the original forests occurred along the valleys
and flood plains of rivers and streams. The species of trees
found here consisted of willow, cottonwood, ash, boxelder,
elm, and occasionally oak, maple, basswood, or other
hardwoods. Because this area of Minnesota receives less
moisture than the evergreen and hardwood forest regions,
not all the land in western and southwestern Minnesota
was covercd by forests. Few trecs have been cut in this
area, and the present forest closely resembles the original
forest.
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1909 — Before logging

1913 — Logged

1960 — Same arca 47 ycars later

Figure 8. A stand of Norway pine in northeastern Minnesota

PAST AND PRESENT UTILIZATION
OF OUR FORESTS

The forests of Minnesota were utilized by the Indians
long before the white man discovered Minnesota. The for-
est was a place for shelter; source of many forest products,
such as birchbark, poles, firewood, foods (maple syrup,
wild plums, berries, etc.), and medicines; and a place to
hunt game. However, the forest also hindered the Indians
and history tells of occasional fires set by them. These
fires opened the forest, increased browse for game, and
made better hunting grounds.

With the coming of the white man, the forests were
cxploited for timber products and agricultural lands. The
first large-scale cutting of trecs was probably by army
troops stationed at Fort Snelling, the site of the statc’s
first sawmill constructed in 1821. The first commercial
sawmill was built in 1837 at Marine-on-the St. Croix.
The white pine lumber industry attained its full develop-
ment in Minnesota from 1890 to 1930, and for several
years Minneapolis-St. Paul was the largest sawmill center
in the United States.

Because wood was in great demand for all types of
construction and for fuclwood, the cutting of trees was
encouraged. Agriculturists expected that practically all of
Minnesota would “go under the plow” and that farming
would be possible in all areas of the state. To clcar the
land for cultivation, logging the forest was encouraged
again. After logging, the stumps and logging debris werc
burned. This burning to clear lands for agriculture led to
some disastrous wild fires.

These fires are a vital part of forestry history in Min-

nesota. In 1894, the Hinckley Fire, which covered a large
area in Pine County, killed 418 people. The Chisholm Fire

in 1908 and the Baudette and Spooner Fires in 1912'13
swept vast acreages of northern Minnesota and caus® h
much loss and suffering. The last and most notable for® ¢ Pred
fire in Minnesota, in the Cloquet-Moose Lake arc2 m.sr“mb(
1918, killed 438 people.

The logging of Minnesota’s pine forests and th
tempts to farm unproductive land continued until aboU’ il
1930. By that time most of the original forests in nort '
castern Minnesota had becen harvested; only a few ¢ ¢l
nants of the virgin pine forests were spared from the ok | V
and land-clearing fires. One of these remnants becam¢ © | Min
first statc park (Itasca State Park) in 1891. The rctC"“O, Mo, t l
of this beautiful arca of old-growth virgin white and OtG
way pine was a culmination of cooperative efforts by St?ﬁs !
agencies, university professors, and forest industries. T is:?
park which includes the hcadwaters of the MississipP! It
today one of the fincst parks for its size in our natiof:
also reminds us of the original forest of northern Minf
sota. o

Minnesota now has 19 million acres of forest land: fit
which approximately 17 million acres are considerc® =
for raising commercial tree crops. Public agencics of 6 T
federal, state, and county governments manage about .
percent of the forests; farmers own 20 percent; other sm fl
owners own 20 percent; and our forest industries own 47 &
manage 4 percent (figure 9). [ ;
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What are Minnesota’s forest types?

Where once the pines dominated the forest areas (;Sf‘y
northern Minnesota, today the aspen-birch type C‘,’v C!F
over onc-third of the commercial forested area of anln -
sota. The spruce-fir forest covers about 15 percent: 5,!~‘
declining percentages are the lowland hardwoods, pi

oaks, northern hardwoods, tamarack, and cedar.
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. Figure 9. Ownership of Minnesota’s forest lands

in 19101
| caust X{Ota is growing more wood than it is cutting. However,
le fore f;‘ Predominant species of trees arc not those preferable
ared 10 , strt‘mber products or recrcation. Public agencies (federal,
t°>‘ county, and municipalities), Minnesota’s forest in-
| the at; gostrles, and small woodland owners have planted over
il abo ;.WO million trees, mostly evergreens, to reforest areas
n no?” ‘ e trees once grew (figure 10).
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. What do Minnesota forests produce today?
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MRt "ure 1, Planting trees with a tree-planting machine

$340 million into the state yearly. The mills employ more
than 9,000 people who earn more than $98 million a year.
These mills pay a yearly Minnesota freight bill of over
$30 million and purchase materials and supplies (exclud-
ing pulpwood) costing nearly $95 million each year. Pulp-
wood purchases exceed $24 million a year and provide
full and part-time employment for 9,000 workers.

Each year, Minnesota also harvests about 165 million
board fect of lumber, logs, and bolts; over 5 million Christ-
mas trecs and wreaths; 22,000 cords of matchwood, ve-
neer logs, and cooperage; 4.4 million posts and poles; and
245,000 cords of fuelwood. These forest products (ex-
cluding pulpwood) are valued at over $46 million. Other
forest products include wild berries, nuts, fruits, maple
syrup, concs, etc., that are tangible contributors to man’s
enjoyment and welfare.

Our forest industries employ over 45,000 people.
The total annual production of all of Minnesota’s forest
products and their distribution is worth over $500 million
cach year. This is Minnesota’s third largest industry, ex-
ceeded only by agriculture and mining. :

We cannot measure the value of Minnesota’s forest for
its contributions to recreation, protecting our soils and
water, and wildlife habitats. Our forest agencies and in-
dustries recognize and manage these products of the forest
for the public welfare.

What is the future of Minnesota’s forests?

In years to come, we expect even greater use of our
forests for products, recreation, and environmental pro-
tection. The public will demand more products from our
trees, and this will necessitate using tree parts now re-
garded as waste, such as branches and leaves. Scientists
at the Forest Products Laboratory in Madison, Wisconsin;
the Minnesota College of Forestry in St. Paul, Minnesota;
and many industrial research laboratories are conduct-
ing research on this and other aspects of forest utilization.
Environmental quality of our soil, water, and air must be
protected, and research is essential to determine the forest’s
role in providing a better place for man to live.

The future of Minnesota forests rests in the hands of
its citizens. Minnesotans must know the fundamentals of
forest and land management if they are going to be cus-
todians and stewards of our wonderful forest heritage.

MANAGING OUR FORESTS

The forest is a natural ecological area. Other easily
identifiable natural ecological areas are grasslands,
swamps, lakes, rivers, deserts, salt marshes, oceans, etc.
All existed before man. Man-made or artificial ecological
areas include cultivated fields, highways, parks, buildings,
school playgrounds, and sidewalks. Each natural or arti-
ficial ccological unit has its own environment; no two en-
vironments arc identical.

Man and many other forces affect each environment,
either for the good of or to the detriment of the environ-
ment. With the artificial ccological unit, man is the prime



force. But with the natural ecological area, specifically the
forest, man may or may not be the prime force. Man’s
manipulation for the betterment of the forest environment
is called forest management.

Forest management is to the forest as conservation is
to all natural resources. Gifford Pinchot defined conserva-
tion as “the wise use of the earth and its resources for the
lasting good of men. Conservation is the foresighted utili-
zation, preservation, and/or renewal of forests, waters,
lands, and minerals, for the greatest good of the greatest
number for the longest time.” So forest management in-
cludes utilization, preservation, and/or renewal of the
forest for greatest economic and social benefits now and
in the future.

Forest management includes a number of scientific,
technological, social, and administrative inputs. Each for-
est type and each acre of forest land have individual
characteristics that must be recognized for proper forest
management. The conifer forest differs from the hardwood
forest. Within the conifer forest, the pine forest is differ-
ent from the spruce-balsam fir; within the pine type, the
white pine stand is different from the jack pine stand. No
two white pine stands are identical, just as no two white
pine trees look exactly alike. This makes forest manage-
ment very complex.

The forester generally deals with forest stands and
types rather than the individual tree or the whole forest.
However, he must know much about both to be a forest
manager.

Reforestation

Nature accomplishes reforestation by spreading seed
by wind, water, birds, or animals. Often natural reforesta-
tion is not sufficient. If no parent trees exist with seed to
spread, a new forest can grow only from small trees or
seeds that men plant. ‘

Tree seedlings are young trees grown from seeds sown
in a forest nursery. With a good start in the nursery (from
2 to 5 years), most trees will flourish when used to re-
forest land.

Nurseries that grow trees for reforestation may be
large or small. Some of the largest ones cover 100 acres
or more. A large nursery grows several million trees a
year. Although nurseries may grow hardwoods, most of
them grow evergreens for reforestation. Minnesota nurs-
eries grow mostly pine and spruce. Operating a nursery is
a special kind of farming. The tree seed must be planted
carefully and the small trees properly fertilized, watered,
and weeded.

A forest nursery is a busy place during the spring,
summer, and fall. The nursery bed soil must be worked,
leveled, and fertilized. Seed is sown in the spring or fall
and is covered with just the right amount of soil. Chemi-
cals may be sprinkled on the beds to kill weeds and pre-
vent disease. When the young, tender trees begin to come
up, they usually must be shaded from the hot sun. During
the summer, trees are irrigated using a pipeline system.
In the fall, the 1st-year trces are mulched with sawdust or
other materials to protect them from the winter weather.
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In Minnesota most reforestation is done in the sprinf| .
Nurseries lift or dig trees and ship them out for plantinf-
A machine called a tree lifter is used to dig the trees. T/
lifter has a blade that is pulled through the ground undﬁf‘| M
neath the nursery bed. The blades trim off the deepe |-’
roots and loosen the soil so the trees can be removed witl, ;7
out damaging the roots. Trees are carried in boxes to? "
packing shed where they are protected from wind a®) ks
sun while they are being bundled for shipment. Wet moS o
is packed around the roots to keep them moist duriff}:*!
shipment. '

Trees must be planted in the right soil. Some tref|
grow well in sandy soil; others require a fertile, loar!
soil. Some trees stand the heat of the sun well; others d
not.

Proper trec planting is vital. The trce bed should be, .

cleared; grass and weeds should be “scalped” away with?| L+
hand tool or by plowing furrows. Trees should be plant
about as deep as they grew in the nursery. The roo®,
should be placed in a natural position in the planting hol®
rather than bunched up or turned into a U-shapc. Te
loose dirt should be packed firmly around each tree wil ¢ L
no air pockets left in the soil to dry out the roots. Usuam( fees
trees arc spaced from 6 by 6 feet to 8 by 8 feet apat ageq
When planting trees, keep the roots moist at all times. | Quali
Tree planting machines pulled by a tractor may \
used in reforestation. Most machines used in Minneso? ?mof
plow a shallow furrow and open a narrow trench int] ere
which the trees are set. A person riding the machine plan¥| “tad
the trees. Behind the planter are two wheels that pack thé| “he -
soil firmly around each trec. About 8,000 trees can ¥ srodl
planted a day with a tree-planting machine (figure 10)- dnd
Although slower than machine planting, trees can be, ehse
planted by hand. When large areas are being planted, thﬁ, A
workers are organized into crews. Each planter carries B mat.e!
trecs in a bucket, special bag, or box with enough walt pmf’
to keep the roots moist. He uses a special mattock mad nr0d|
for trce planting or a planting bar if he does not have 0} Ratur
“scalp” sod where the trec is to be planted. The tools 1156’1 bi C
in planting vary in different parts of the country, depeﬂde: l(;ne
ing on soil conditions, sizc of trees being planted, and o 8,
kind of vegetation on site (figure 11). i P{l ct
Plantations nced some care after they are cstablish® ysi
Sometimes trees are planted on land with brush th,ﬂl &ch'I]
threatens to choke out the trees. Brush or other undes’] % >
able vegetation should be removed from around each ¥ in'f‘
to allow growing room. In some arcas forest fires frof, “1Sea
adjoining lands threaten a plantation. Plantations can vol h
protected from this danger by clearing fire lanes and kcﬁlg. of ve
ing the lanes clear. Every plantation must be chcckCSI actSPJ
occasionally for signs of insect and disease damage. Tf‘fc,\ moe“
may have to be sprayed to protcct them from certain 1111l an dre

sccts. , d' Yeli
A large area of productive forest land in the Uﬂ‘ted hi }?‘

States will not grow timber unless artificially reforcstets'l &

The reforestation of this land will require vigorous effof

by the forest industry, federal, state, and county agCﬂC‘C{

and hundreds of thousands of individuals who own for®

land. » Mang

|
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The roo®,
nting holé
shape. TH
h tree wil Pruning is the removal of side branches from standing
ts. Usuall tees, Natural and artificial pruning should be encour-
feet apa®! 3ed in forest management to improve lumber and veneer
I times. | Wality.
or may ¥  Natural pruning occurs in all trees, the rate varying
Minncsowl imong species. As the lower stem diameter and tree height
rench i/ crease, lower branches are shaded and eventually die.
hine plaflts ad branches may remain on the tree for many years:
1t pack t#| ‘he result is live wood growing around dead wood. This
es can Prodyces “loose” knots found only in low-quality lumber
are 10). d veneer. Natural pruning can be hastened with a
ces can | “enser stand of trees.
lanted, thfi Atrtificial pruning assures production of quality wood
carries V¥ mat_erial at the earliest safe period in the tree’s growth.
yugh wal? tificial pruning speeds production of knot-free wood
tock ma% Poducts and eliminates the uncertainty and delay of
ot have | "tural pruning.
tools s’ . Conifers: In Minnesota only red (Norway) and white
y, depend‘, Pine should be considered for pruning to produce quality
d, and th, "°8s, poles, and piling. All other conifers are cut for pulp
chip wood markets or are unsuited cconomically or
:stab]ishﬁd' Phy siologically to pruning.
brush th.at Improving the quality of pine plantations can be
.r undes!’ chl.CVed most rapidly by thinning and pruning. Pruning
| cach t¢ “Oniferg may reduce risk of fire and retard insect and

Figure 11. Planting trees by hand.

Pruning

fires {ro” 'S€ase infestations.

ns can Hardwoods: Pruning in hardwood stands is more in-
and keef, Olved because these stands generally contain a mixture
e check?] * SPecics and ages. Also, some species, with special char-

age. Tr§65’ Ceristics suiting them for a high-value product, are worth
certain ¥/ 2 Ore than others. Species differ in growth characteristics
Iesponscs to cultural practices. Sugar maple, elm, and

he Uniled yiellow birch usually respond well to pruning and are of
reforcsted" & value for veneer and quality lumber.

ous effor si

/ agcnclesl’ Thinnings

own for®

Thinning, removing some of the trees in an immature
0d, increases the growth rate of remaining trees and

.8
|
|
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salvages trees that otherwise would be lost through over-
crowding. Thinnings are intermediate cuttings between
early weedings and the final harvest.

As trees grow, they compete with adjacent trees for
light, moisture, and soil nutrients, and fewer trees can oc-
cupy a given area. The crowns of those that thrive —
dominants or codominants — are above or in the general
level of the forest canopy. Those that fail to compete —
suppressed or overtopped trees — generally die out. Inter-
mediate trees, though continuing to live, do not grow
vigorously.

For most coniferous trees in Minnesota, thinning
should remove suppressed and intermediate trees. This is
called “thinning from below.” Only in rare situations can
“thinning from above,” or the removal of dominant trees
be justified.

Besides increasing the quality and quantity of products
removed from the forest, thinnings keep the stand free of
unhealthy and dying trees where insects and diseases de-
velop. Thinnings also may increase water yield from for-
ested areas by increasing snow storage and the period of
snow melting.

Species to thin: Thinnings are important for proper
forest management of pure and mixed stands of red (Nor-
way) pine, white pine, jack pine, Scotch pine, and up-
land white spruce-balsam fir stands. Thinnings are not
recommended, however, in pure or mixed black spruce,
white cedar, tamarack stands, or hardwoods.

ENEMIES OF THE FOREST
Fire

The forest needs protection from fire, its greatest sin-
gle enemy. Fire destroys wildlife, game cover, scenery, and
recreation as well as the future wood supply. It marks its
victories with blackened stumps, snags, and barren stretch-
es of land.

Big fires are spectacular. They sweep from tree to tree,
destroying every living thing in their paths. They make
headlines because their damage can be seen casily.

But even uncontrolled surface fires that travel along
the ground and never reach the big tree tops play havoc
with the forest. They scorch the bases of big trees and
open wounds through which wood rot can enter. These
fires kill young trees vital to future forests; they burn leaves
and litter on the forest floor and destroy soil fertility. They
burn birds’ nests and animals’ homes. Ashes sometimes
make the streams unfit for fish.

Fire towers with lookouts and many miles of forest
access roads help the forester in his unceasing war against
fire. Radios, airplanes, helicopters, trucks, pumps, and
other modern equipment aid his crews. Yet, in the United
States fires destroy millions of acres of forests each year.
Most of them are started by people who mean well but
act carelessly.

Insects

Insects are constantly injuring the forests. Small and
sometimes not scen, they can do great damage before



they are discovered. Many kinds of insects are found in
any forest,.and damage usually is rather limited. Some-
times insect damage is enormous, however, and the for-
ester has to fight it as a doctor fights an epidemic. Con-
trol is effected in some cases by introducing insects that
prey upon the damaging insects. In other cases spraying
the infested areas with a solution poisonous to the insects
may be the answer. Airplanes and helicopters have been
used in spray work. Whatever the control measure, it must
be based on research, study of the damaging insect, and
the effect of the control on the environment. It may, and
often does, take years of careful study and experimenta-
tion to find a means of conquering an insect so small
you’d have to put it under a magnifying glass to get a good
look at it. The men who do this research are entomolo-
gists. :
Diseases

Trees, like humans, are subject to diseases. When a
disease reaches epidemic proportions, it can destroy for-
est communities. Disease control, like insect control, is
founded in the research work of pathologists. Chestnut
blight, Dutch elm, and oak wilt, for example, are diseases
brought into this country before we had quarantine laws.
Insects and disease cause more yearly damage to our for-
ests than do fires.

Other enemies

You might not think of a cow as an enemy of anybody
or anything, but cows grazing in woodlands can do seri-
ous damage to young and mature trees. Cattle destroy
young seedlings, trample the roots of older trees, and pack
the ground so hard that water cannot be absorbed easily.
Horses, sheep, goats, and hogs also are harmful. Wood-
land grazing must be discouraged.

FORESTS AND WATERSHEDS

Forests protect our watersheds. The thick crown of the
forest trees breaks the fall of the raindrops. On the forest
floor, the water from rain or melting snow is intercepted
by leaf litter. It gradually sinks into the soft absorbent
soil beneath, and some of it eventually finds its way under-
ground to the springs and streams. This checking of sur-
face waters by forests tends to make streams flow regu-
larly and continuously throughout the year.

Where watersheds are unprotected, rains fall on bare
soil, and the water rushes down the slopes. During heavy
rains, streams rise quickly to flood stage. During a
drought, they dry up completely (figure 12).

No role of the forests is more important than protect-
ing watersheds. Adequate watershed protection insures
water for use in homes, irrigation of cultivated lands, and
river navigation. Watershed protection helps to make
constant the power that turns the wheels of many factories
and furnishes clectric current. It keeps the rain from wash-
ing away the soil, which, like water, is cssential for all
vegetable, animal, and human life.

Of our 630 million acres of forest land, some 320
million acres are of major importancc and about 150
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Figure 12. Preventing erosion by planting trees.

million acres are of moderate importance in watershed
protection. Thesc are called protection forests.

FORESTS FOR RECREATION

“The outdoors lies deep in American tradition. It 1% |
had immeasurable impact on the nation’s character and 0|
those who made its history. Today’s challenge is to asS“ff,
all Americans permanent access to their outdoor heritagé |
(The Outdoor Recreation Resources Review Commissio
Report). |

Our forests are vital in the development of recreation? ;
and aesthetic opportunities for our citizens. In the M‘}Y'l
June 1966 issue of The Conservation Volunteer, a “M¥
nesota Blueprint for Outdoor Action” presents a comPre‘}
hensive plan for future recrcational programs in our Swte:
The following excerpts deal with forest lands and recré®
tion: )

“The most urgent rccreational forest requirement i A

further investigate the possibilities of new forest 13“‘

and to establish and develop forest recreational pote? !

tial, particularly primitive campgrounds, hiking trail®

cycle and horseback trails, accesses, canoé routes 37

picnic facilitics.

“In acquiring new land for forests, particular emphas

should be given to the Minnesota Memorial Hardw0®’ ‘

Forest and the establishment of a companion Mi“,“e J

sota River Valley Forest, both closc to metropOl’?‘1 !

arcas. Such acquisition would help fill the recreat
demands from these heavily populated arcas and h¢
to preserve our remaining forest ‘arca.

is ¢

—— et —— ———p
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. 4| “The completion of land usec studies on all public and
- | privately-owned forest land will provide an inventory
of ‘existing recreational facilities, and the potential for
i dispersing usage and for development.
,ﬂ“To alleviate campsite deterioration and vegetative
losses in the Boundary Waters Canoe Area, campsites
Which have deteriorated severely should be removed
from public use temporarily.
“Continued research is needed with special emphasis
On Jong-term requirements, and/or developing and
Maintaining a primitive environment. Wood use tech-
Nology is a companion area of concern.
% | “There are two national forests, 54 state forests, 28
v ¢ | County forests and 34 school forests on a combined
area of 6,640,308 acres.
“The National Forest Service and U. S. Department of
| Agriculture manage 2,770,515 acres in the Chippewa
"+ and Supecrior National Forests. These national forests
. hfWe provided areas for camping, hiking, boating, skin
{4 70| diving, nature study, bow and arrow hunting, ex-
. .| Ploration, photography, rock collecting, horseback
~-J | Nding and outdoor education. Forest roads and trails
. Provide many opportunities for outdoor sports. The
Orest Service cncourages private and public agencies

€Cs. o develop winter sports arcas where suitable. “With-
I the borders of the Superior National Forest is
| the famed Boundary Waters Canoc Area — an ex-
vatershed Panse of 1,034,793 acres. Of this total acreage, the
Orest Service owns 736,656 acres. There are 162,819

Water acres in this unique area.
The Boundary Waters Canoc Area and Canada’s
I Nuetico-Superior Provincial Park together form an in-
n, It b% | ternatioml outdoor vacation mecca providing what is
r and 0 | Mown as the ‘best canoeing in North America,’ if not

0 assv? (I‘n the World.

eritag® ] Minnesota’s 54 state forests cover a total of 2,919,272
nmissi%® | Acres and are administered by the Department of Con-

' 1' Srvation, Division of Forestry (now Department of
reatloﬂa'{ atural Resources, Division of Lands and Forestry).
he Mz})l’ 1 addition, there are some 2,000,000 forested areas
a “MiP ; Managed under the sustained timber sales program ad-
compt” | Ministered in cooperation with the Department of Con-
ur stﬁte; SCrvation, University of Minnesota and the Highway
| recr®® Cpartment,

10! This forest resource represents a great reservoir in
ent lsﬂd “Ccreational potential, not fully realized today. State
est lﬂn’ Orests provide unsurpassed public hunting, fishing,
1 Pote.ls’ . Primitjye camping, picnicking, wooded trails for hiking
g traln Ad nature study, berry picking, canocing and out-
ates 5| Sanding patural scencry.
mphﬂsisf fOreere are 189 hunters’ cabin sites for lease on state
w00 ive’St land. and 36 campgrounds desgnated as ‘primi-
Mino® \ st Sot]?tsz:itlsfy the nceds of those seeking peaceful for-

olimﬂ\ « ude,
Z?eatioﬂ (;“37 of April 1, 1965, there were 34 school forests
nd helf »158 acres). Here students take part in forest man-

::n?mt with classes conducted in the forest com-
Nity,

r
|
|
s
|
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“There are 28 county memorial forests on 949,763
acres. These forests are set aside. through ®county
boards from tax forfeited lands suitable for forestry
programs. They are open to the public for hunting and
fishing.”

FORESTS AND WILDLIFE

If you were asked to define “forest,” you might say,
a large area of land covered with trees. But if you thought
about it or if you visited a forest, you would realize that
a forest contains many other things.

Nature, left to herself, maintains an almost perfect
balance between the number of wild animals and the avail-
able food. When man removes animals such as the coyote,
wolf, lynx, and wildcat, or birds such as hawks and owls,
nature’s balance is upset. These creatures, known as pred-
ators, normally prey on other animals for food and thus
keep them from overpopulating a given area.

People tend to disturb nature’s balance making it ne-
cessary to substitute a different balance, which the forest
conservationist calls wildlife management. It means pro-
tecting and managing the forests for the benefit of wild-
life by controlling fires, leaving sufficient cover and food
for various types of animals, and regulating hunting. If’
certain animals are scarce, they must be protected from
trapping and hunting. If they are too numerous for the
amount of food available, they will die. It is wiser to take
lives of the surplus animals through hunting and trapping
for human use than to leave them in the forest to die of
starvation and disease.

FORESTS AND THE AIR

Trees play a vital role in providing the basic require-
ments for life. Although trees are the largest plants in the
world, they are akin to the smallest plants, the phytoplank-
ton in the ocean, in their service to man. Both turn the
energy of sunshine into energy that is usable by man and
other animals. Through the processes of photosynthesis,
assimilation, transpiration, and respiration, trees consume
large quantities of carbon dioxide from the air and release
large quantities of oxygen into the air.

How Do Trees Produce Oxygen?

The photosynthetic activity of ocean plants supplies a
large portion of the free oxygen available in the direct
cycle to the atmosphere. Trees supply a large part of the
oxygen produced on land.

The actual process of photosynthesis can best be pic-
tured by comparing a tree to the factory. The raw prod-
ucts (carbon dioxide and water) are combined with en-
ergy (light from the sun) to form the finished products
(food, in the form of sugars, and oxygen, O.).

HOW Much Oxygen Do Trees Produce?

A recent publication states that for every ton of wood
produced, trees consume 1.47 tons of CO, and rclease



1.07 tons of O,. Each acre of a young growing forest can
produce 4 tons of oxygen per year while growing 4 tons
of wood per acre per year. This amount fulfills the oxygen
requirements of 18 people. If all the 19 million acres of
forest land in Minnesota were covered with a young, vig-
orous forest, we could support 324 million people with
oxygen to breathe.

Are All Forests Efficient Oxygen Producers?

The mature forest, although romantic and charming,
is not an efficient producer of oxygen. An old growth for-
est consumes as much oxygen as it can generate because
growth slows down and decay sets in. In this kind of sta-
bilized forest community, respiration of new oxygen is
balanced by consumption. However, a young, vigorous
forest is not in a state of equilibrium; it is a dynamic pro-
ducer of oxygen. For this reason, forest management is
necessary to maintain an efficient oxygen factory of
healthy conifers, hardwoods, or a combination of both.

Do Trees Help Clean the Air of Pollutants?

It is somewhat reassuring to learn that trees and plants
cleanse and purify our air. Besides producing oxygen, trees
and plants absorb certain gaseous pollutants such as ozone
and sulfur dioxide from the atmosphere. The degree to
which any one plant species can absorb gaseous pollutants
varies greatly. As we learn which tree, shrub, herb, or
other plant form is particularly able to absorb gases with-
out itself being harmed, we will be better qualified to man-
age our vegetation in’combating pollutlon

How Do Trees Affect Noise?

Trees also serve as sound barriers. During the last 30
years, the average community sound level has increased
eightfold. Noise is known to cause frustrations associated
with difficulty in concentration, disturbance of rest and
sleep, and aggravation of certain nervous disorders.

Stands of trees absorb 6-9 decibels per 100 feet. At
sound levels of 60-80 decibels (the unit used in acous-
tics to measure sound intensity ), which are the usual levels
for street noise, a grove of trees can make the difference
between unpleasant street noise and relatively pleasant
urban living.
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SUGGESTED READINGS

Conservation Education, A Selected Biography, The Inter
state Printers and Publishers, Inc.; Danville, Illinois
$2.40.

Forestry Activities, A Guide for Youth Group Leaders,
PA 457, Supt. of Documents, U.S. Government Print*
ing Office, Washington, D.C. 20402. $.15. \

Forestry for Minnesota Schools, Minnesota Education As ‘

sociation, 41 Sherburne Avenue, St. Paul, Minnesot?
55103. $2 25.

Managing the Family Forest, USDA Farmers’ Bulletif
2187, Supt. of Documents, U.S. Government Printing
Office, Washington, D.C., 20402. $.20.

Material on Education and Vocations in Forestry, Colleg
of Forestry, University of Minnesota, St. Paul, Minn¢
sota 55101. No charge.

Material on Forestry in General or Specific Questions
Extension Foresters, University of Minnesota, St. Paul; |
Minnesota 55101. No charge.

Or Bureau of Information and Education, Departmeﬂt
of Natural Resources,. Centennial Building, St. Paul
Minnesota 55155. No chargc

Material on Minnesota’s Forest Industries, Minnesota Fo¥
est Industries Information Committee, 200 Christi¢ |
Building, Duluth, Minnesota 55802. No charge.

Teaching Conservation Aids — Grades 4-12 Catalogi® !
American Forest Institute, 1619 Massachusetts AV
enue Northwest, Washington, D.C. 20036. No charg

Minnesota Forest Trees, Extension Bulletin 363, 1972
Bulletin Room, Coffey Hall, University of Minnesot#
St. Paul, Minnesota 55101. No charge.

Treasure of the Timberlands, American Industries Serie$ i
Scholastic Book Services, New York, New York. $. 35. |

Trees and Our Environment, Extension Folder 253, 1974
Bulletin Room, Coffey Hall, University of Minncsotd
St. Paul, Minnesota 55101. No charge.

Trees of Minnesota, Documents Section, Centennial Build" .
ing, St. Paul, Minnesota 55155. $.50. ‘

U.S. Forest Service Conservation Education Teachtﬂg
Aids Catalogue, Division of Information and Educ®
tion, U.S.F.S., 710 North Sixth Street, Milwauke®
Wisconsin. No charge. !

Knowing Your Trees, the American Forestry Associatiof
918 Seventeenth Street Northwest, Washington, D.C
20006. $7.50.

Trees, Examining Your Environment, Winston Press, 25

Grovcland Terrace, Minneapolis, anesota 55403
$3.00.
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II. WILDLIFE MANAGEMENT

William R. Miles
HISTORY.

Fisheries and wildlife management is a comparatively
new field that emerged during the early 1930’s when
wildlife administrators began to apply modern biology and
technology to conservation concepts and the age-old tech-
niques of game management and fish culture.

History records that in ancient China, fish eggs were
Collected from streams, hatched, and transferred to ponds,
and that the Great Khan set rules governing the killing of
wild animals and appointed keepers to protect and pro-
vide shelter for birds. However, the real source of mod-
¢rn fish and wildlife management in the United States
Probably was from Europe where fish, fishing waters, and
game animals were privately owned, and landowners hired
gamekeepers to prevent poaching, control predators, and
Otherwise care for their game flocks and herds. Also, old
?nglish law provided that the king owned all game in

Sacred trust” for all pcople. Because of this heritage and
Perhaps the fact that many settlers were among those who
Could not take part in hunting and fishing in Europe, com-
Mon Jaw in America has held that all fish and wildlife

Qlong to all people. This was important because the ad-
Ministration and management of these resources then be-
Came a public function. '

. Fish and game animals werc gencrally quite abundant
I America during the periods of settlement and early
development. There were reasons for the early abundance
of game and birds. Wildlife populations are modified as
abitat changes and vary in abundance according to cli-
Mate, soil fertility, and altitudes. With fine cover and plenty
Of food, and a minimum of hunting pressure from Indian
tribes, wildlife flourished in the new country. Conserva-
tion efforts throughout most of the 18th and 19th centuries
consisted mainly of establishing laws and regulations gov-
CIning the killing and capture of animals in more de-
veloped areas. As early as 1694, a law was passed in
eni(\iSSachusctts prohibiting ycar-long killing of deer. By the
st of the 18th century all of the colonial states had re-
ficted the killing of important game animals to certain
Eﬁ;‘oﬁi& and some had adopted laws against hounding and
Stri(?tt‘mg female deer. Thcse and other increasingly re-
wild lve law§ and regulations were part of fisheries and
life administration for many ycars.

n 1864, New York became the first state to require
in ng I}C(:pses;. and other states followed with both hunt-
Wgsand fls}}mg llgensc laws. The first public trout hatchery
Sion Cstablished in 1868, and the U.S. Fishery Commis-
mark}’vas set up in. 1871 to study and propagate fishes,
artif Ing the beginning of an era of frantic cffort to raise
tHicially and stock ncarly all forms of wildlife. The first

hunt

wildlife refuge, established in 1894, signaled the start of
the conservation effort to set aside certain areas for wild-
life. The 1890’s and early 1900’s also brought the estab-
lishment of fish and/or game commissions in most states
to regulate hunting and fishing and to improve enforce-
ment of wildlife laws and regulations.

The federal government entered fisheries and wildlife
administration during this period with the establishment
of the Fishery Commission, the authorization in 1885 for
the U.S. Department of Agriculture to study the distribu-
tion and habits of birds in relation to agriculture, the en-
actment in 1900 of a law regulating the interstate ship-
ment of game, the organization of the Bureau of Biological
Survey in 1906, and the passage in 1913 of the Migratory
Bird Conservation Act, which gave the federal govern-
ment responsibility for management of waterfowl.

The middle and late 1800’s and the early 1900’s saw
many new changes in conservation as wildlife diminished
under ever-increasing pressures from expanding human
populations, the development of rural America, and the
accompanying exploitation of wildlife resources and de-
struction of their habitats. In rapid order, interests turned
to requiring hunting and fishing licenses, artificial propa-
gation and stocking, establishment of protective refuges
and parks, predator control, and more and better admin-
istration of natural resources.

The first two decades of the 20th century were marked
by extensive efforts by fish and wildlife administrators and
conservationists to find means for restoring fish and wild-
life populations throughout the country. Still tighter laws
and regulations were enacted, and game wardens were ap-
pointed. Artificial propagation and restocking were ex-
panded, and cxotic species of fish and wildlife were intro-
duced. Refuges, parks, and other areas closed to hunting
were established everywhere, and attempts were made to
control all forms of predators. Disappointment followed.
These easy “common sense” approaches to conservation
and management didn’t prove to be the answer and sel-
dom led to an abundance of fish and game. Many little
fish stocked in a stream or pond didn’t provide an abun-
dance of big fish in a season or two, nor did stocking
birds and animals put more of them in the hunter’s bag.
The number of animals in refuges and areas closed to
hunting increased and decreased about the same as those
in areas open to hunting. “Better” laws and enforcement

" did not necessarily lead to improved fishing and hunting.
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As wildlife administrators and other conservation
workers discovered these unexpected results during the
carly 1920’s, they began to look further and more scicn-
tifically into the habits and needs of wildlife. In 1924,
the first investigation of the life history and habits of a
game bird, the bobwhite quail, was undertaken as a means



to management. A new look was taken at the land, and
surveys of game population were undertaken. The result
was the stark realization that fish and wildlife populations
are controlled by certain biological principles involving
the relationships between inherent requirements and the
behavior of animals and their environment. The abun-
dance of wildlife is limited by the quality of the habitat
in which it lives. Publication of these findings and ideas
in the early 1930’s in the books The Bobwhite Quail by
Herbert L. Stoddard and Game Management by Aldo
Leopold, brought biology and ecology to the fore, and a
modern era of scientific fisheries and wildlife management
began.

Conservation and fish and game departments were
generally small, poorly staffed, and geared largely to regu-
lation and enforcement. The enactment in 1937 of the
Federal Aid in Wildlife Restoration (Pittman-Robertson)
Act, and passage in 1950 of the Federal Aid in Fish Res-
toration (Drugell-Johnson) Act, enabled the statc agen-
cies to reorganize, to employ trained personnel, and to
make scientific management a reality.

Developments in the field have continued to expand
the knowledge and development of ecological principles,
as well as their application. Today all 50 states plus some
United States territories and possessions have active con-
servation or fish and/or game departments and active,
professionally staffed fish and game management programs
which include at least some research endeavors. Some 18
departments, services,.and bureaus of the United States
government are also either directly involved or have in-
terests in fish and wildlife management or closely related
outdoor recreation programs.

PURPOSE AND OBJECTIVES

Wildlife management is the branch of conservation
which deals with managing of land and water so that they
produce sustained annual crops of wild animals. Essen-
tially, this wildlife is for recreational use.

The objectives of wildlifc management are:

(1) Preserving species.

(2) Managing wildlife populations and habitats to
maintain maximum numbers consistent with other
uses of land and water. ‘

To produce wildlife populations that will provide
the greatest amount of recreation for people over
the longest period of time.

Controlling populations of “undesirable” species
where necessary.

(3)

(4)

ECONOMIC IMPORTANCE

Wildlife provides food, wearing apparel (made from
feathers, furs, and hides), manufactured articles (made
from furs, hides, and fish oil), and fertilizer.

Animals in the wild state provide scavenger service,
impoundment of water, crop saving by insect destruction,
and the control of harmful animal life.

16

In captivity, animals are used for zoo specimens, cir-
cus exhibits, and scientific experiments.

Wildlife has direct cconomic value. The hunter buys
a gun or shells, or a member of a bird watchers’ club buys
a pair of field glasses. The economic importance of our
wildlife resources cannot be stressed highly enough. Today,
more than 15 million Americans hunt and 50 million fish
annually. They spend over $4 billion each year in pur-

suit of fish and game. Tourism relating to the use and en- -3
_joyment of natural resources is a billion-dollar industry.

The development of our wildlife resource is big busi-

ness in the United States, and the demand for more pro-

duction of fish and game increases with cach passing day.
The shorter work week and more leisure time will en-
able more people to seek recreation in some form. More
sportsmen are taking to the field each year. Wildlife mana-
gers are faced with sustaining wildlife populations in such
quantity to insure recreation for the greatest number.

Increasing demands for food and fiber to support the

expanding population are placing tremendous hardships
upon wildlife and causing the destruction of thousands of
acres of wildlife habitat. Already, migratory waterfowl arc
suffering from the loss of habitat due to drainage of marsh
land for crop production. The prairie chicken population
has given way to modern agriculture as did the buffalo.
It is estimated that the population of the United Statcs
will be 300 million people by the year 2000. We must

realize the significance of this population increase. Peo- . -

ple will require more homes, food, clothing, living space
and other necessities of life. Wisc and careful use of ouf
natural resources is vital.

Modern sportsmen recognize that demand for wildlife
resources is great, but this demand is small compared t0
the material increase that our country will experiecnce 18
the next 30 years.
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ORGANIZATIONS AIDING WILDLIFE

Many professional and nonprofessional organizations
are working constantly to improve conditions in the wild-
life field. The United States Fish and Wildlife Service un-
der the Department of Interior is important to the man-
agement of wildlife. State Game and Fish Departments
Work closely with this government agency to insure effi-
Cient management of our wildlife resources.

The extension service carries on educational programs
f_0r farmers, 4-H, and extension clubs. The Soil Conserva-
tion Service assists farmers in planning windbreaks, wild-
11f<? plantings, pond construction, and grass seeding. The
Soil and Water Conservation Districts plant trees and
shrubs for farmers. The County Agricultural Stabilization
and Conservation Service assists farmers in cost-sharing
on tree planting, pond construction, and grass seeding.

armers maintain wildlifc areas by cultivating trees and
shrubs and planting grass for additional cover.

Some other national organizations that aid wildlife are:
Nationa] Wildlife Federation, the Izaak Walton League
of America, National Waterfowl Council, Sport Fishing

Dstitute, Water Safety Congress, the Wilderness Society,
Wildlife Management Institute, the Wildlife Society,
Merican Fisherics Society, and many others.
q Many towns in Minnesota, large and small, have
Sgortsmen’s clubs that belong to county organizations. In
reme areas of thc state, there may be one sportsmen’s club
Presenting several small counties. Most of the clubs in
tioe State belong to the Minnesota Cons.er\{ation Federa-
Ou?. The clul?s, largfa and small, meet periodically throqgh-
fio the year in the interest of wildlife. The state organiza-
N meets yearly to discuss wildlife problems.

KINDS OoF WILDLIFE

Aml\’lf)dern civilizati‘on has made it possible to classify
o Crican game species with respect to their range require-
o nts, Game usually is classified as big game or small
Me (including upland game birds, small game mam-
ﬁcaésband water'fo.wl).' American game also may be classi-
est y where it is produced or found, such as farm, for-
» Tange, wilderness, or migratory.
Shorlfarm. game cqnsists of §pecics Vyhich, because of. their
od cruising radius and high requirements for cultivated
Ciall’ Crops, or plants qssocnated with cultivation, are espe-
amz adapted to agricultural areas. Examples of farm
easal:tclude the cottontail rabbit, bobwhite quail, and

WildF]oreSt and. range gamec gonsists of s.pecies. inhabiting
. livand that is at least partially compatible with forestry
ton estock operations. Deer, antelope, black bear, ruffed
8¢, sharp-tailed grouse, prairie chickens, wild turkeys,
Snowshoe hares might be considered examples of this

Clas.sification.

a\;/‘fldCrncss game consists of species that requirc large
rmedrcl(; of dlsturpance by man, or are harmful to or
 pre y economic land uscs. These are most suitable

Servation in large public forests or game reserva-

are
ha
fo

tions or wilderness areas. Elk, buffalo, moose, caribou,
mountain sheep, and the grizzly bear are usually included
in this class.

Migratory game consists of certain birds that usually
move long distances between summer and winter. The
group would include waterfowl, shore birds, migratory
doves, and coturnix quail.

HABITAT

Wildlife requirements

Wildlife is a product of the land. Minnesota has a great
potential for the production of wildlife. Here in Minne-
sota, as elsewhere, the abundance of the different types
of wildlife depends on the amount and the quality of habi-
tats produced by the land and available to wildlife. When
sufficient amounts of the right kinds of food and cover are
present, the land generally will support a good game popu-
lation.

Food is the basic requirement of all wildlife; without
food, no plant or animal could survive. Sufficient amounts
of the right kinds of food for each particular form of wild-
life for all times of the year are the most important fea-
tures of good habitat.

Cover means shelter for wildlife. Its functions include
shelter, escape or refuge, loafing or roosting, nesting, and
feeding.

For somc kinds of wildlife, water may also be an im-
portant requirement. Water may be part of the cover re-
quirement, a source of drinking water, a source of food,
and/or place to live, as with fish.




Because of these requirements and the influence of
other environmental factors, most wildlife habitats are
capable of supporting or producing only a certain num-
ber of animals. The size of the game population that a par-
ticular environment will support throughout the year is
called its carrying capacity. Poor or inadequate habitat
has a low carrying capacity.

The people of our country use land and water to pro-
duce the food and fiber needed to feed and support them-
selves. In doing this, man modifies and changes the en-
vironment for wildlife and hence the wildlife populations
of the areas as well. Barren fields, naked or missing fence-
rows, and denuded stream banks will not feed, harbor, or
produce crops of wildlife.

Minnesota has a fine population of most farm, forest
and range, and migratory game in the wild.

Bobwhite quail, cottontails, pheasants, and fox squir-
rels are the farm game found in our state.

Whitetail deer, ruffed grouse, snowshoe rabbit, sharp-
tailed grouse, and the gray squirrel are the forest and
range games present.

The different species of shorebirds, ducks, and geese
that migrate through Minnesota each spring and fall are
too numerous to mention. Many of the shorebirds and
ducks stay in the state to nest.

Winter cover

Winter cover is vegetation that offers protection dur-
ing cold or blowing snow. The most essential property of
this cover is dense foliage. Idle fields with heavy weed
growths, brushy woodlots, brush growing along the road-
sides, ditches and streams, shelterbelts of sufficient depth,
shrubs growing along fence rows, all provide cover against
most winter storms. Severe winter weather can be harsh
on any game species and without cover losses can be
heavy.

Roosting cover

Game often will use different types of roosting cover
during the year. For instance, during the summer pheas-
ants will leave marsh, brush, and heavy cover where they
have roosted during the winter for more open habitat such
as hay land and other areas of light cover.

Fall roosting cover is little or no different from the
summer cover. However, late in the fall the birds will be-
gin their movement back to areas of heavy cover in prep-
aration for winter.

Travel lanes

Travel lanes and streets are important to some forms
of wildlife. These arc convenient routes of reaching or
leaving cover. These routes should connect with feeding
grounds and be clear enough to be traveled with case. But
they should have enough obstructions to be traveled with
safety.
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Brushy fence rows, gullies, and other strips of vege-
tation are travel lanes. When there is no safe route to
travel, most game birds fly to the feeding grounds.

Streets reserved for game bring isolated areas together,
providing nesting sites and travel routes and help to build
wildlife populations.

Nesting cover

Unless a given wildlife environment possesses suffi-
cient cover to facilitate nesting of upland game, the game

increasing or sustaining its numbers. Most breeding ranges
offer a large amount and variety of nesting cover after the
new green growth has started. But most waterfowl and
game birds tend to start nesting before the new green
growth becomes serviceable.

A bird building a nest in old grass of insufficient depth
is an casy prey for a predator. Once the nest is destroyed,
the bird most likely will attempt to find another nesting
site. Early spring growth of alfalfa provides an attractive
nesting site for the pheasant. The birds rcadily use alfalfa,
but many nests are destroyed during the first cutting.

Providing bait cover is one way to insure better nest-
ing. Marginal strips of hay or grain left standing from the
previous ycar can serve as bait. The establishment of grass
specics that have a tendency to remain ercect through the
winter and into the nesting.season will provide excellent
nesting cover. We can also provide safe nesting cover if
such areas as ficld borders, roadsides, waterways, and the
lightly cultivated areas.

Refuge cover

Refuge is cover from which game cannot be driven. It
protects wildlifc by concealing it from enemies or hinders
them in pursuing it, and protects it from severe weather
also.

Loafing cover

This is an area, large or small, that offers shade in
the summer and wind protection in the winter. Such areas
are often located near the sites of winter and refuge cover:

Farm windbreaks

It is generally recognized that trees are planted on the
plains for the primary purpose of reducing wind velocity-
In addition, the windbreak may provide food and cover
for wildlife.

A trec planting should be dense and continuous. Ope?
spaces in the planting caused by poor survival or destruc”
tion by grazing reduce its effectiveness. All wildlife an
windbreak plantings must be fenced to keep out livestock:

Trees and shrubs vary in their ability to grow in the
many different soil types of Minnesota. To produce a sat”
isfactory wind barrier we need to choose tree and shru!
species that will grow well on the area’s particular soil

Al

population living in that environment has little chance of |
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. type. To produce a dense and continuous wind barrier, the
. trees must be planted so that their crowns will join closely
i together by the time the trees have grown to their normal
3 height,
’ Shrubs that furnish food and cover for game should

be used in all plantings. Spacing between rows is less im-

Portant than spacing within rows to form a continuous

wind barrier. Conifers should be used in all plantings.
E They have the advantage over hardwoods of year-long
. Protection. For further information on windbreaks, see
. Extension Bulletin 196, “Planting Trees for Farmstead
| Shelter.”

ENVIRONMENT AND WILDLIFE

' ‘AF one time in America’s history, great numbers and
Arictics of wildlife roamed the country.

ut then we started to change the face of America.

D ts were cut down, prairies plowed, sheep and cattle
AStured on the plains, and swamps and marshes drained

' 'more Jand. ‘

‘ BUtWC did these things to make a better life for people.
. What we did changed the wildlife as well as the land.
ecaUSC of these changes and too much hunting (there

) ere o !aws to protect game and fish in the carly days),

i i Wildlife population began to decrease. The passenger

agicofl, Wwhich had a population in the billions 150 years

Lot e}alsdcxtmct, and the buffalo almost disappcared from

(;FOO much killing is not the whole story. As we civi-

. the country, therc were fewer homes for wildlife. Dif-

Sesntthammals need different kinds of homes. When man

Port IC land to produce the food and fiber needed to sup-

him, he also brings a change to wildlife environment.

Foreg

lize
er

Forest homes

Many of our animals have forest homes. In the early
days, the forests housed many species such as deer, elk,
bear, wild turkey, and passenger pigeons.

As more and more settlers pushed into the wilderness,
trees were cut to clear the land for cultivation. The tim-
ber was removed and used in building homes and barns.

As more trees were cut down, it became harder for
forest-dwelling animals to find food or a place to live.
Most of the carly settlers did not realize the importance
of planting new trees in areas where cutting had taken
place.

Animals in the forests were used for food, and dan-
gerous animals — mountain lions, bears, and wolves —
were tracked down and killed.

Men are still cutting down trees because we need wood
for such things as houses, furniture, and paper. To save
the wild animals of our forests, we do not need to stop
cutting trees. Trce harvesting should be controlled and
planned by people who understand the needs of our wild-
life.

Fewer grass homes

Not only the forests, but our grasslands werc once a
wonderful place for wild animals. Deer, antelope, prairie
chickens, and buffalo were among the wildlife found in
abundance on the grasslands.

The grassland was transformed into farms, and the
land was plowed. Where the land was too dry to farm,
water was brought in and the land irrigated. Not all of
the grassland was plowed; some was used to graze cat-
tle and sheep. Often the land was overgrazed. Some dry
lands never should have been plowed. The soil was light
and blew away, causing dust storms.

When the heavy grass disappeared because of the plow,
grazing, and wind erosion, it left birds fewer places to
nest and hide. As these homes disappeared, the number
of grassland animals also decreased. In places where soil
was carried away by wind, no plants would grow, so no
wildlife could live there. Good soil is very important for
all kinds of wildlife, and saving soil is one of the important
parts of saving our wildlife.

Fewer water homes

The wildlife of our ponds, lakes, and streams was once
as abundant as wildlife of the forests and grasslands. There
were ducks, swans, cranes, geese, herons, pelicans, and
plovers in great numbers.

But as people nceded more land for farms, the lakes,
ponds, and marshes were drained. Fewer water spots
meant fewer homes for water wildlife.

Birds were not the only ones to suffer as water spots
disappecared. Fish, frogs, and fur animals lost their homes.
Many remaining waterways were made unfit for animals
and fish. Dumping waste materials into waters polluted
the streams and lakes.



Predation

Many people believe that wildlife has disappeared be-
cause of predators. The coyote, bobcat, mountain lion, and
wolf were blamed for disappearing wildlife. People be-
lieved that the best way to save wildlife was to kill preda-
tors.

But in many cases, this idea has been wrong. Ranch-
ers kill coyotes, then their lands become overrun with ro-
dents and jack rabbits.

Most studies show that predators normally feed upon
surplus numbers of the prey species for which there is
insufficient habitat. Predators usually do not cause a loss
great enough to threaten breeding populations or to inter-
fere with the production of a normal crop under average
food and cover conditions. '

No animal can be classified as entirely good or bad.
Likewise, before you can judge a predator fairly, you
must learn how he affects other wild animals, domestic
animals, and people living around him.

Remember, all wildlife has a purpose and a particular
function in the animal world.

Pollution

Many fine fishing streams and lakes are ruined by pol-
lution. Many rivers carry away untreated sewage from
towns and cities. Also, much waste material from indus-
try is discharged into our watcrways.

Once the streams in our country ran clear and offered
fine fishing. Now many are spoiled. They are dirty, and
the smell of some is almost unbearable.

Many wastes dumped into the strcams kill fish quickly.
Other wastes kill the living things that fish eat. When
sewagc enters the water, decay bacteria begin breaking
it down. This process uses thc oxygen in the water, and
fish need some oxygen to live. They soon suffocate in wa-
ters where pollution is heavy.
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In recent years conservation groups have helped to
pass laws to control stream pollution. Private citizens, state
government, and the federal government are cooperating
to clcan up the streams.

A clcan stream means less hazard to public health and
more places to swim, boat, fish, hunt, and trap.

When we use the outdoors we often are guilty of set-
ting a bad example. We sometimes leave trash that tends
to clutter our camping, picnicking, and wilderness areas.
Everyonc must help keep our outdoor recreation areas
clean and free from spoilage.

WILDLIFE LAW ENFORCEMENT

The state governs the right to take fish and game, ex-
cept migratory birds. At the Constitutional Convention of
1787 the state delegates invested the federal government
with certain powers but did not include wildlife control.
Therefore, except for migratory birds or wildlife on fed-
eral lands, the control belongs to the state.

In his book, Wildlife Law Enforcement, W. F. Sigler
says, “Wherever the paramount interests of the people are
concerncd, the authority of the Federal Government takes
precedence over that of the states. This principle applies
to all argas of interest, including the area of wildlife con-
trol.”

Waterfowl — ducks, geese, swans — are migratory,
crossing state lines and international borders. Control an
management is an international problem subject to treaty
power. The power of making treaties is invested in the
federal government.

Control of wildlife in Minnesota is invested in the Divi-
sion of Gamc and Fish by the legislature. The laws ar®
contained in the Statutes of Minnesota. Fishing, hunting
boating, and trapping regulation books are issued cach
ycar for all interested persons. The books can be obtaint{d
in your home town from conservation officers, permit
vendors, and most sporting goods stores.

Federal regulations can be obtained from the U.S. FiS.h
and Wildlife Service, Washington, D.C. Each year this
division of government sends out pamphlets on migratory
bird regulations.

Laws and Purposes

Laws and enforcement are both part of good wildlif¢
management. Law enforcement is an aid in wildlife pres-
crvation.

Regulations concerning fish and wildlife are in the pro-
tection of the public interest. Animals of the wild belong
to the peoplc as a whole, not just the people who hunt
and fish. We must protect wildlife in the interests of fu-
ture gencrations.

Fish and wildlife rcgulations also provide necessary
control over the hunters and fishermen for maximum car®
of wildlife. Scason and bag limits are sct according to the
harvestable number of birds or animals on hand.
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WILDLIFE MANAGEMENT SPECIALISTS

Few people, if any, will disagree that wildlife is im-

Portant — it serves a purpose and is a resource to be used
wisely.
_ When wildlife preservation first became subject to leg-
Islation, we had little technology. One man’s opinion was
a3 good as his neighbor’s. These individuals saw only the
Surface of management problems and were concerned with
methods rather than basic causes and effects. Today we
must tailor wildlife management to solve modern problems.
_ Wildlife management specialists are biologists trained
In the new field of game and fish management. These tech-
Dicians use research, training, and scientific knowledge to
advance wildlife management. Many unknown and unpre-
dictable problems are dealt with, both in human and ani-
mal nature. Through science, wildlife managers have re-
Placed many old hit-and-miss techniques.

The Division of Game and Fish employs biologically
trained managers and research biologists who work to de-
Velop and improve Minnesota’s wildlife resources.

SPORTSMANSHIP

Sportsmanship may be defined as conduct involving
Onest competition and graceful acceptance of results.
Parents and teachers should stress to young people the
Unfairness and damage involved when game and fish laws
are violated. Seclect hunting and fishing companions who
Set a proper example in the field. Know, in your own
Mind, how important it is to show a high degree of sports-
Manship, Game laws are devised to control the harvest, to
Msure wise use, and to enhance wildlife development. A
Person who purposcly violates a game law cheats himself
and every other hunter or fisherman in his community.
_Good game management and good conservation re-
t(llure a spirit of cooperation, respect, and appreciation be-
Ween the sportsman, landowner, and the Division of Game
and Figh,

All sportsmen are the beneficiaries of wildlife conser-
vation.

On the other hand, many in agricultural work have lit-
tle time to hunt or fish, yet they sometimes endure con-
siderable loss supporting game animals on their deeded
land without reimbursement for the food consumed. They
arc inconvenienced further many times by thoughtless
sportsmen who leave dirty camp grounds and open fences
and in other ways damage personal property.

Wildlife conservation and management benefit Minne-
sotans. Hunting and fishing should be done for enjoyment,
and game laws should be respected.

SUGGESTED READINGS

Allen, Durward L. 1954. Our Wildlife Legacy. x 4 422
pp. Funk and Wagnalls Co., New York. $5.00.

Brown, Vinson. 1957. How to Make a Miniature Zoo.
ix 4+ 212 pp., illust. Little, Brown and Co., Boston.
$3.50.

Buckmann, Carol. Minnesota’s Mammals — Eighty Differ-
ent Kinds. 16 pp., illust. Bureau of Information and
Education, Minnesota Department of Natural Re-
sources, Centennial Building, St. Paul, Minnesota
55155.

Bureau of Information and Education, Minnesota Depart-
ment of Natural Resources, Centennial Building, St.
Paul, Minnesota. Conservation Information Bulletins
dealing with various species of birds and animals. Also,
Minnesota Fishing Laws Synopsis, and Hunting and
Trapping Regulations — State of Minnesota, “Let’s
Go Fishing in Minnesota,” and “Minnesota Waterfowl
Identification Guide.”

Burt, W. H. and R. P. Grossenheider. 1956. A Field
Guide to the Mammals. xxi + 200 pp. Houghton
Mifflin Co., Boston. $4.50.

Curtis, Brian. 1949. The Life Story of the Fish. xii 4
284 pp. Harcourt, Brace and Company, New York.
$3.75.

Dobie, John. 1959. The Itasca Story. ix 4 202 pp. Ross
and Haines, Minnecapolis. $4.00.

Dobie, J. Frank. 1950. The Voice of the Coyote. Xx -
386 pp. Little, Brown and Co., Boston. $5.00.

Eddy, Samuel. 1957. How to Know the Freshwater
Fishes. 253 pp. illust. Wm. C. Brown Co., Dubuque,
Towa. $2.75.

Eddy, Samuel and Thaddeus Surber. 1947. Northern
Fishes. xv -+ 276 pp. University of Minnesota Press.
$5.00.

Errington, Paul L. 1957. Of Men and Marshes. 150 pp.,
illust. The MacMillan Co., New York. $4.50.

Hochbaum, H. A. 1955. Travels and Traditions of Water-
fowl. x + 301 pp., illust. University of Minnesota
Press. $5.00.

Lagler, Karl F. 1956. Freshwater Fishery Biology. xii +
421 pp., illust. Wm. C. Brown Co., Dubuque, Iowa.
$6.75.

Morgan, Ann Haven. 1934. Fieldbook of Ponds and
Streams. xvi + 421 pp., illust. G. P. Putnam’s Sons,
Ncw York. $5.00.




Moyle, John B. 1962. Fish and Wildlife in Minnesota.
v -+ 47 pp. Minnesota Education Association, 41
Sherburne Avenue, St. Paul, Minnesota 55103. $1.25.

Peterson, Roger Tory. 1558. A Field Guide to the Birds.
xxiv 4 290 pp., illust. Houghton Mifflin Co., Boston.
$4.50.

Ruttner, Franz. 1953. Fundamentals of Limnology. xi 4
242 pp., illust. University of Toronto Press. $6.50.
Schwartz, G. M. and G. A. Thiel. 1954. Minnesota’s
Rocks and Waters. xviii + 366 pp., illust. University

of Minnesota Press, Minneapolis, Minn. $4.00.

Additional information about wildlife may be obtained by
contacting the following:

Bureau of Sport Fisheries and Wildlife

Federal Building, Ft. Snelling

Twin Cities, Minnesota 55111

Division of Game and Fish

Minnesota Department of Natural Resources
Centennial Building

St. Paul, Minnesota 55155

Department of Entomology, Fisheries and Wildlife
University of Minnesota
St. Paul, Minnesota 55101

Museum of Natural History
College of Biological Sciences
University of Minnesota
Minneapolis, Minnesota 55414

National Wildlife Federation
1412 Sixteenth Street, Northwest
Washington, D.C. 20036

I[1I. OUR WATER RESOURCE

Roger E. Machmeier and Evan R. Allred

THE WATER INVENTORY

Water is one of our most abundant natural resources.
Oceans cover three-quarters of the earth’s surface and
have an average depth of 212 miles. Most of the earth’s
water is in the oceans; snow and ice in polar ice caps and
glaciers form the second largest storage quantity. Water is
stored in ground reservoirs called aquifers and in sur-
face reservoirs such as natural and artificial lakes. Some
water is stored in the upper level of the soil and is avail-
able for plants. The atmosphere stores small quantities of
water but is constantly releasing water (precipitation) and
taking on water (evaporation and transpiration).

Table 1. Where the world’s water is stored

Location Percent of total water
Oceans, inland seas (salt water) 97.2

Icecaps, glaciers 2.15

Lakes, streams, ground 0.63
Atmosphere .001

Except in small amounts, water is neither created nor
destroyed in the laboratory or by combustion. (One of
the byproducts of combustion is water vapor.) Thus, the
world has as much water today as it had at any previous
time. However, water shortages due to natural or man-
made causes may occur in some areas.

Water has three forms — solid, liquid, or vapor. Water
is a fluid, usually in motion. It evaporates from open water

22
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surfaces, forms into clouds, and falls as precipitation. It
runs from the land into streams to find its way back t0 .
the occan. The ground water moves more slowly int0
streams and lakes and flows to the ocean or evaporateS
to be formed into clouds again. Even a glacier moves
slawly as the lower part melts and snow adds to the ice
pack at the higher elevations. The constant movement of
water is known as the water cycle or the hydrologic cycle.

THE WATER CYCLE

Water is exchanged constantly between earth and at- »

mosphere. Gravity and the sun’s heat act on water 10
accomplish this exchange. Water evaporates from wet
ground, lakes, streams, and occans. The use of water by
growing plants is called transpiration. Evaporation and

L1
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transpiration are often combined into a single word, evapo- .

transpiration, meaning the loss of water from land and
water surfaces as well as water used by plants.

Water is carried in the air as vapor. It is a gas which
may be visible, as in clouds, or invisible. As water vapof
condenses, it changes from a gas to a liquid and falls a$

rain. Precipitation may occur also as snow, sleet, or hail.
All precipitation replenishes the water supply in the

ground, lakes, and streams. Streams carry the water to the
occan where it may evaporate again. '

Thus, water goes from the earth’s surface to the at*
mosphere, back to the earth’s surface, in a never-ending
cycle (the water cycle or hydrologic cycle, figure 13). Hy”

drology is the study or knowledge of water (from hydros .-

having to do with water, and loge, knowledge of). _
The average annual precipitation in the United States .

is about 30 inches. About 22 inches, or 70 percent, returfis

directly to the atmosphere through evaporation and tran”
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