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The Role of Ecology in Forestry
With Emphasis on Plant Indicators

Louis F.Javete

I.

INTRODUCTION

The requirements for the degree of Bachelor of Science

in Forestry at Oregon State College include a thesis the
subject matter of which should be closely related to the major
study of the student.

Since the work is to be done in con

junction v/ith a seminar course throughout the school year and
since the regular senior course of studies is included in
the

r'8 work there is little time to do original work.

Hence, it is intended that the theses be mainly "library
research", that is, that they represent the readings which
the students have done on their chosen subject.

The material for the present paper was found, for the

most part, in the Oregon State Library.

Some of the lit

erature was, however, obtained from the Lake States Forest

Experiment station, from the Pacific TT.";r. Forest Experiment

station, and from the Cornell Agricultural Experiment
Station.

Since the paper is only intended to be a general survey
and discussion of the work which has been done in forest

ecology in the past and does not represent any original work
credit for the contained information must go to those in

vestigators who, with their works, are listed at the end of
the thesis.

II

SCOPE OF ECOLOGY

Ecolog

has been defined as the science which considers
CO

organisms in relation to their environment.

This definition

also includes the relationship of animals to their environ
ment: however, in this paper we shall confine ourselves to a
discussion of plants and their environment.

Before plunging into a discussion of the theories, studies,
and results obtained by the many investigators it may be well
to review a few of the principles and natural laws upon
which the science of ecology is based.

First of all, the place in which a plant grows is known
as its habitat.

The more or less abstract term which includes

all the factors which influence the plant is " environment".

The factors which go to make up the environment are divided

into two groups; the primary and the secondary factors.

Temperature, water, oxygen, and light are recognized as the
-nrimary factors while those factors such as elevation, slope,

exposure, and wind which influence the primary factors are
termed secondary factors.

The subject matter of the science of ecology is the re lationship that exists between these factors and the plant,
that is, the changes that take place in the plant in response

to changes in the intensity of the various environmental
factors.

The changes may take place in the physiology,

anatomy, or the morphology of the plant and are, of course,
the result of natural law.

It is a common observance that

plants grown in dry habitats are usually smaller than the same
snecies of plant grown in more moist situations.

Here is

one of the simplest examples of the influence of the habitat

and environment upon the plant and probably one of the first
observations to be made by the earliest farmers.
In studying the changes in different plants which result

from a changing en ironment we find that some plants are rel-

;vely fixed in their growth habits while others are plastic
and will readily change with changing environmental conditions.

Those plants which are more or less fixed in their growth
requirements and habits are the more important indicator -niants
cause they ma}?- be depended upon to indicate the same condit

ions at all-times; t/iose that are able to grow in several

different habitats are not as reliable as indicator plants
and are the plants which cause so much confusion in the use
of indicator plants.

The explanation as to why certain plants will persist in
the face of changing environmental conditions lies in the

fact that a changing factor, say an increase in temperature,

will cause an increase in water loss from the plant.

Jhe

first change within the plant, then, which should take place

if the plant is to persist, is one which will supply more
water to the plant or one which will decrease the water loss.

The plant that does not adjust itself or change to meet this

new demand will die.

A physiological change is usually the

first that takes place.

This change, however, is not obvious

and so when this is the limit of the change and when struct

ural changes do not follow it is usually thought that the
plant has r.iade no adjustments.

Sha,ntz believes that in the

physiological changes of plants we have the best indicators.
It is obvious that a plant which grows in different

habitats may not be as readily used an indicator plant, how ever,

it is possible to use these plants of the same species

as indicators if we study the cellular structure of the
leaves.

It is

a well known fact that the cellular structure

of leaves varies greatly according to the site in fact
differences in cell structure may even be noticed in leaves
taken from opposite sides of the crowns of trees.

Since

some plants are exacting in their growth requirements while
others are not it is necessary to consider the entire plant
corjiiuunity rather than the single species when looking for
indicators.

The plant community, as a'whole, represents a

true indicator of the conditions existing on the site.

In applying their knowledge of Plant indicators ecologists have merely observed the species and forms of plants

growing in a known habitat and have then reversed this pro

cedure and judged other, unfamiliar localities by these
familiar plants and associations.

Ill

THE USE OF PLANT IHDICATORS IN AGRICULTURE

The use of plant indicators in agriculture probably
dates back to the time of the first farmer who found certain

plants to be of great help-in aiding him to judj;e the climate

and soil.

Although ignorant of what we .now know as the science

of ecology man has made use of the relationship which exists
between the plant and its environment for hundreds of years.
In the early colonization of the United States settlers

used trees and shrubs to aid them in selecting a fertile piece
of land.

Beech and Maple were considered as indicators of

good soil in the eastern states.

Later, after the farm had

become established, the farmer continued to use the native

vegetation in the management of his farm.

It was known that

when the maple of white oak leaves v.ere the size of squirrel's
ears or mouse ears or when the dogwood became white with

bloss-m it was time to plant the corn.(.1) Even in later years

after chemists had become familiar with the chemical compos

ition of soil farmers continued to rely u^on the native vege
tation for information.
analyze

It was true that chemists could

the soil and determine the amount of mineral nutrients

contained in it,but they could not correlate all the factors
of the environment and give the farmer information which

would materially aid him in determining what crops to plant,
when to plant them,and when to harvest them.
Kilgard and Bessey were the first in the United States

to organize the relationship of plant
They worked with crop plants.

and soil into a system.

In later years a scientific

approach to the study of plant indicators, as related to

agriculture, was made by such men as Shantz, Piemeisel,
and Zon who studied the native vegetation of the southwest

and of the plains regions.

Through these studies they have

attempted to correlate the vegetation with the soil and

climate in such a way as to be of use to the farmers and future
settlers.

Shantz (3) in his studies of the great plains area found

that Plants could not be correlated to any single factor

but must be related to the environment as a whole.

One of

the mistakes made by settlers in the past, Shantz maintains,

was that they knew plants only by common names and superficial
observation and hence when they moved to new areas and attempted

to judge soil fertility by the native plant cover they found
that quite often they were wrong in their selection of land.
For example, a farmer of the great basin region learns that

"greasewood" is an indicator of alkali land and that "sage
brush" prefers soil free from alkali.

However, when he moves

to southern Arizona or to southeastern California he finds that

"greasewood" ino.icates lack of alkali while "sagebrush" grows
in alkaline soil.

The trouble, here, is of course, that the

common names of plants are not dependable.

Other errors may

be traced to the fact that single species rather than commun
ities are used as indicators.

The results of Shantz's studies are given in a U.S.D.A.

bulletin of which a good part is devoted to descriptions of
the various associations found in eastern Colorado and their

indicator significance with respect to soil depth, water
content, and the yearly distribution of rain.

Shantz, to

gether with Piemeisel, in his studies in the southwestern
desert regions of the United States found that " the natural
plant cover, if properly interpreted,indicates the crop

producing capabilities of land as well, if not better, than
any series of meteorological observations or soil analyses."

The only qualification is that the vegetation be "properly
interpreted" and this calls for experimentation and study by
experienced ecologists.

In a subsequent study in the Tooele Valley of Utah (4)
Shantz, Piemeisel, Kearney, Briggs, and McLane endeavored to
find the vegetation which indicated soil and moisture cond
itions suitable or unsuitable for dry farming.

In the results

of this work are to be found lists of plant, associations

which indicate the soil qualities, both chemical and physical.

For example, the Greasewood ( Sarcobatus vermiculatus)- Shadscale
(Atriplex confertifolia) association indicates (a) that the
surface foot of soil is well-drained and usually dry during

the summer, (b) that moisture is present at slight depth
throughout summer, (c) a high salt content from the second
foot downward.

With such guides the farmer should be able to

select land which is suitable for the growing of a particular

crop without having to learn by experience and considerable
loss of time and money.

IV

Other Uses

of Plants as

Indicators.

A very interesting study has been carried on by Professor

Douglass(5) on meteorology and the relationship between sun
spots and weather cycles.

He has shown that fluctuations

in rainfall is shown by the different thicknesses of the growth

rings in trees.

The living trees he has studied are mainly

Ponderosa ^ine ( Pinus ponderosa), Sugar Pine ( Pinus lambert-

iana), and Redwood ( Sequoia washingtoniana).

His studies

have taken him over the

as far north

ward as Oregon.

southwest

and the west

The close correlation he found which exists

between the eleven year weather cycle, as found from astron

omical studies, and the cycle as indicated in the tree rings,
serves to substantiate the former theory and may be of pract-
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ical value in the field of forestry.

In planning a planting

program over large areas of denuded land it would be valuable
to know the weather cycle so that the proper time could be
chosen for the work.

Or, even in silvicultural practices

in regions where site conditions are very severe, seed cuttings

may be made at the beginning of a wet period so that seedlings
would have a greater chance to establish themselves.

Douglass

has noticed that during the wet seasons or periods the forest
trees encroach upon the desert brush while during the dry
periods the reverse is true.

The use of vegetation in locating underground water has

long been common and can be traced back to the Greeks and
Romans.

However, up until 1925 the United States Geological

Survey made little use of indicator plants when seeking ground
water.

0. Meinzer (6) writes that at the present time these

plants are being used especially in the drier regions.

He

gives them the name phreatophytes which means " well plants".
V.

U5E_ 03 PLANT INDICATORS IN FORESTRY

Silvics, or the foundations of silviculture, is ecology

as specifically related to forests.

The material which is

included in the popular books of silvics is purely ecological
and deals only with experiments and studies on forest trees

and communities.

Until recently all attention has been focused

on the relationship existing between the tree and the habitat;
the ground cover having been largely disregarded.
Interest in the ground cover as a possibility for use in
the classification of sites and as indicators of forest cond

itions was first shown in Euripe and Russia.

Of the many

investigators who have studied the possibilities of ground
vegetation for use in forestry the following few may be
considered the most outstanding.

In Finland and Germany Cajander and his co-worker Ilvessalo have carried on their studies of the ground vegetation

from 1909 up to the present date.

Cajander's work ( 1909 )

in German and Austrian forests, in which he attempted to

recognize forest types on the basis of living ground cover,

has influenced many later investigators.

He classified the

forests of Germany into three types, i.e. Oxalis type,

lyrtillus type, and the Calluna type.
ther divided into four sub-types.
Finland.

Each of these he fur

He made similar studies in

Later, in 1915 Ilvessalo conducted some growth studies

on the various forest types as classified by Cajander and
found that yield classes were indicated with sufficient accuracy

by ground cover classes to be of practical value.

This work

was done in the comparatively uniform forests of southern

Finland; Hellelman in Sweden and ^etrini in Russia, working
in regions with greater variations of topography, climate, and

geology, did not find tree trowth satisfactorily correlated
with ground vegetation.

However, Cajander's work has now

generally b^en accepted in Finland and there have been several
surveys made in which the forests have been classified accord
ing to his system.

In Russia, borosov and Sukachev may be named as the
outstanding workers along these lines.

In recent years many students in America have turned to

the study of plant indicators and their application to
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forestry.

Little has been done with the vegetative cover as

used for an index of site quality except in one or two cases.
The workers in this line, with a discussion of their studies
and conclusions will follow.

Frederick Clements, an ecologist working under the spon
sorship of the Carnegie Institution of Washington, has done

notable work in his studies of plant indicators.

His pub

lication Plant Indicators (7) is perhaps the most complete work
of its kind that has yet been published in the United States.
The first half of his book Clements devotes to the diseussion

of agricultural and range indicator plants and associations

and includes therewith references to the outstanding studies
along these lines.

In the latter half of the book he confines

his attention to the forestry aspect of the problem and here
also makes numerous references to the outstanding work which
has been done in forest ecology in recent years.

Besides the

discussions of the work of other ecologies, Clements has

included many of his own observations which, in a great
measure, agree with the conclusions drawn by other in
vestigators.

Among other things he concludes that plant

communities, rather than individuals and species,should be

used as indicators because they represent a better average
response to the environmental factors.

The species or individ

ual is more likely to be influenced by heredity or accident
and so does not serve the purpose as well.

Further, he states

that up to the present time indicator plants and their relationshi

v,ith the environmental factors have become known only

through empirical methods.

For most accurate interpretation

experimentation should replace experience and ooservation.
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In the way of indicator Plants he has listed many plants

of the West Coast which may be used as indicators of planting
sites, former cover, and of fire.

The following list is taken

from figure 25 of his book and will show the characteristic

vegetation which is present on. the different sites.

Fig. 25

Indicators of planting sites in the various

zones, Utah Experiment Station, Ephraim.

After Zon.

7,000-7,500 ft. Elev.
Rosa fendleri

Aiuelanchier alnifolia
^inus edulis

Juniperus utahensis
Artemisia tridentata

Chrysothamnus nauseosus
-eraphyllum ramosissum
Bromus

tectorum

7,500-8,700 ft. elevation YELLOW PIPE SITES
ercus gambellii
Purshiu tridentata
tula fontinalis

Berberis repens

Arctostaphylos pungens
Symphoricarpus occidentalis
Rosa fendleri

A.elanchier alnifolia
•us

trilobata

Cercocarpus parvifolius

8,00-0-8*700 ft. elev.

DOUGLAS FIR SITES

Symphoricarpos accidentally
Populus tremuloiues

.chystigma myrsinites
Lonic^ra involucrata
:)es SPP.

Sambucus microbotrys
rberis repens
8,700-9,000 ft. elev.

LODCEPOL^ PI

Rudbeckia occidentalis
)es inebrians

Symphoricarpus occidentalis
ulaster ualvaceous

9,000-9500 ft. elev.
LMANN SPRUC71 bITES
Abies lasiocarpa
Pachystigma myrsinites
"•udbeckia occidentalis
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Sambucus microbotrys
Pachystigma myrsinites
Populus tremuloides
Abies lasiocarpa
9,500-10,000 ft. Elev.
PROTECTION PLANTING- EIDER,
GOOSEBERRY, ALPINE FIR
Pinus flexilis

Abies lasiocarpa
Chrysothamnus spp.
Salix glaucus

It will be seen from a study of the list that some of the
species are present in two or three sites which shows that

these species are relatively inexacting in their requirements
also shi

hy the community as a whole is better

indicator than is the single species.
Studies of this type are quite numerous and characteristic

lists of plants as found by different investigators under
•ious forest types are to be found in much of our liter
ature.

However, few- have carried their studies farther than

to just li

hich they have noticed to be so

cteristic of a certain forest type.
A very interesting and practical piece of work was done

by Korstian and Baker (9) in their study of a large area of
semi-desert land extending from the Gulf of California to

st-central Montana and which supports nothing more than
sagebrush and a few scattered Junipers.

This area is surround

ed on all sides by timbered land which naturally leads one to wonder
why Ponderosa pine will not grow there.

Douglas fir and

juniper comprise the fringe forest and further complicate the
problem because Douglas fir is usually found just above the
Ponderosa pine.

Apparantly Douglas fir is able to endure sites

as dry as does Ponderosa pine but cannot endure as high

temperatures.

In 1910-15 attempts were made to establish Ponderosa

pine within the limits of this area without first making
a study of the site conditions.

The habitats, which are on

the lower edge of the Douglas fir belt in many places and thus

a logical place to plant Ponderosa pine, were apparently

unsuited to the pine because the plantings failed. The study
by Korstian and Baker was made with the idea of closely
considering all site factors and their influence upon the

native vegetation and thus to discover means of detecting
potential Ponderosa pine sites by using plant indicators.

They first attacked the problem by studying the physical
factors of the habitats such as the maximum and minimum

temperatures, length of growing season, amount and distribution
and

of rainfall, soil depth, structure, and chemical composition.
These data were taken for both the Ponderosa pine forests
surrounding the brushlands and for the brushlands themselves
and were compared.

They next turned to a study of the native plants in

order to find the relationship that existed between the types
of root systems and the moisture supply and different leaf

•sizes and cellular structure and their relationship to the
environment.

Their conclusions follow.

The native vegetation, by preempting the land tends to

keep out ^onderosa pine on sites that would be suitable

edaphically.

It was found that the shallow, spreading root

systems were the most effective in keeping out the trees and

that any planting would necessitate the removal of these.

Some use may be made of the deeper rooted species by planting
the pines in the shade of these.

This will tend to lower the

temperature and hence the evaporation rate.

Soil structure

and texture was also found to be a limiting factor in that
the denser and heavier soils were not suitable for Ponderosa

pine.

One of the most important conclusions was that the

distribution of rainfall is such that a dry period follows

shortly after the wet spring and the seedlings have little time
to become established.

In their studies of the structure of plants its was
found that certain leaf forms and cellular structure indicate

the suitability for tree planting.

Deep-rooted, thin-leaved

shrubs, which are usually present on the north slopes, were

found to be indicators of potential Ponderosa pine sites, but

these sites were rare.
their

Many species were rated according to

indicator value.

The practical value of such studies can hardly be questioned.
Instead of learning by trial and error and at a great expense,

this problem was solved in a scientific manner which explains

not only that Ponderosa pine won't grow on certain sites but
why it will not grow in those sites.
Korstian, in his studies in Northern Utah and southern

Idaho (10) found that Quercus gambelii is replaced by Ceanothus
velutinus which is indicative of potential Douglas fir sites.
In central Idaho, Purshia tridentata is found on the poorer

Ponderosa pine sites while luxuriant growth of Physocarpus
malvaceus, Ceanothus sanguineus, Vaccinium membranaceum,

Rubus parviflorus, and Ribes viscosissimum are indicative of
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Douglas fir sites.

In central Utah a great deal of ^onderosa pine has been

planted on the Oak-brush types but with little success.
Korstian's studies in this region show that permanent brush

lands are characterized by Oak brush(Quercus utahensis),

ServiceDerry (Amelanchier alnifolia),Manzanita (Arctostaphylos pungens), Wild apple (Peraphyllum 3amosissimum), Snowberry (Symphorocarpus oreophilus), Sagebrush (Artimisia
tridentata), or by an association of two or more of these

species. The temporary brush lands are characterized by
Snow brush (Ceanothus velutinus), Chokecherry (Prunus

melanocarpa), Ninebark (Opulaster malvaceus), Serviceberry
(Amelanchier alnifolia), and lyrtlebrush (Pachystima myr
sinites). The aspen type may be successfully underplanted
with Douglas fir, preferably with 5-1 stock.

In the higher

elevations aspen indicates suitable sites for Sngelmann Spruce.
In the Ephraim Canyon, Utah, Zon found that Rudbeckia

occidentalis, Ribes inebrians, Symphorocarpus occidentalis,
and Physocarpus malvaceous indicate good planting sites for

Lodgepole pine while Douglas fir sites are. indicated by the
presence of Lonicera involucrata, Pachistima myrsinites, Populus tremuloides, and Sambucus microbotrys.

He found that

unsuitable forest sites are indicated by the presence of such

plants as Rosa fendleri, Amelanchier alnifolia, Pinus edulus,
Artemisia tridentata, Chrysothamnus nauseosus, and Bromus tectorum.
be advises that when examining the snags of an old burn in
order to determine what the original growth was and hence what
the capabilities of the site are, that one should consider
the possibilities of site deterioration.

If the soil has been
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greatly changed by fire and weathering the original cover cannot
be at once planted back on the site.

That is to say, the

successional sequence must be considered and a more xero-

phytic and hardy plant must first be planted.
A recent study by Heimburger of the forest types of the

Adirondack regions has been published by the Cornell University

Agricultural Experiment station (ll)

The purpose of Heimburg

er 's study was to classify the forest lands of a definite
physiographic region, the Adirondack mountains of New

York.

Ground vegetation, as expressing biologically equivalent sites,
is used as a basis for subdivision of the forests into types,

and the types are named after the most characteristic ground
vegetation.

VI.

ROLE OF ECOLOGY IN PRESENT FORESTRY PROGRAM

Investigations in forest ecology are mainly being carried

on by experiment stations, universities, and by the Carnegie
Institute of Washington.

The Forest Experiment stations, which

are located in the different forest regions, are mainly con cerned with the more immediate problems of securing reproduction,

effect of the different types of silviculture treatment, etc.,
and have done little along the lines of plant indicators.

The intermountain Forest Experiment station in Utah is said

to be making , at the present time, a study which will give
the different indicator plants for various planting sites
in that region.

The work done by the Carnegie Institute of Washington

is usually of a highly technical nature and not readily
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applicable in forestry.

Clements, Douglass, Livingston,

and Shreve have done some noteworthy work some of which has

been touched upon in this paper.

Livingstone and Shreve made

a study of the various forest covers throughout the count:1
id their relationship to the climate.

In a study of the relationships existing between forest

tree roots and mycorrhiza Dr. Hatch found that the fungi play
a very important part in the life of the tree.

It is a well-

known fact that some plants when planted in a new and sterile
soil grow very slowly and are very weak.
ations

The failure of plant'

in South Africa and in Australia has been attributed

to the lack of soil mycorrhizae because in later plantings
in the same places, after the mycorrhizae had been added to

, the soil, the seedlings did well.

By taking samples of soil

from the plains region and planting seedlings in them Hatch
found that the seedligs in the un-inoculated soil grew very

poorly while those which grew in the soil with mycorrhizae
did very well.

The lack of such information may well be the

difference between success and failure on the Shelterbelt

project.
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able to come

in.

In reviewing the work which has been done and the work

which is being done along these lines it is well to remember

that we are yet

in the infant stages of forestry practice

here in the United States.

Our great resources of timber and

the consequent low value of forest products does not tend
towara and closer and more particular treatment of our forests.

As time passes, however, the more "theoretical" phases of ecology
will find their places in the forestry program.
VII

Future of Forest Ecology

One of the first things to be done in the way of forest
studies is the classification of all the vegetation, the
different successions and climaxes,and the indicator value
of various covers.

This immense work will take time to

accomplish but in the end will put our forestry practices on
a sound basis.

The acceptance of Cajander's system in Finland

shows to what extent forestry practices have advanced in

the old world and shows what we may expect here in the future.

If a system of indicator plants were worked out for many of
our denuded and bare areas the planting of these areas to

trees would be much simpler.

The season for planting and

the species to be used could 'be ascertained before the

work began and without any experimental plantations.

In the

past planting has been largely by trial and error and hence
quite costly.

The problem of planting cut-over lands is not as simple
as it seems.

When the climax cover is removed from the ground

the cover that* comes back usually represents one of the
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stages in succession and it is not for a period of years that
the original plant cover is restored.

This, of course, assumes

that some change is brought about in the site conditions.
Where the soil has not been changed and the land is not allowed
to weather and erode, the original cover may return without
being preceeded by a successional stage.
Studies made on many cut-over lands will show that the

species which was originally present on the land is not the
species to plant but that more drought-enduring species
should be used.

It has been suggested that Ponderosa Pine

be used to plant in the bare areas that are found in some
Douglas fir forests.
Weaver studied the plant succession in southeastern
Washington and adj-acent Idaho and found that Symphorocarpus

racemosus, Rosa nutkana, Rosa pisocarpa, Prunus demissa,
Crataegus brevispina, and Opulaster pauciflorus were fore
runners of the Pine association.

He brings out the fact

that plant indicators do not indicate what the positive climax
is but what stage should follow.

In the present case, Opulaster

pauciflorus indicates that Ponderosa pine would do well on
the site.

However, after the pine, the Fir-Tsuga association

is able to come in.

Studies of this type were made at the

University of Washington and suggestions were given as to the
proper species to replant on denuded areas.

In a very interesting discussion of the successional

stages of Ponderosa pine in eastern Oregon, Wiedmann (12)
brings out the fact that much of our silvicultural system.
is based on the original cover as found on the land.

He crit-
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icizes this procedure because he maintains that after a

forest has been cut or in any way disturbed by man it will
not return to the original form for many years.

If it con

tinues to be cut it will never return to the original form.

He discovered that the uneven-aged stands of Ponderosa pine
with which we are so familiar are the virgin stands but that

after cutting they will tend to become even-aged.

For proof

of this he mentions several stands in Sumpter Valley in
eastern Oregon which were cut over about 55 years ago and
which are now essentially even-aged.

Thus he maintains that

in our cutting systems we should treat this forest as an even-

i one, and suggests the use of clear cutting and the leav
ing of a few seed trees,

A difficu]

bolem which will soon become o;

economic importance is the proper classification and use of
our lands.

Many of our lands are being mis-used and there

fore they are not yielding the greatest returns which are
possible from such land.

Up to the present time quantitative and qualitative
studies of the physical properties of land have been used in

classifying land.

This classification is, of course,

based wholly on direct measurement.

A far easier and probably

more certain method would be to use plants as indicators of
and

the fertility, structure, moisture-holding capacity of the
soil.

In fact just such a use has been made of plant indicators

by the State of Minnesota in the classification of some of
their marginal lands.

As Shantz maintains, the plants should give a better
index of the qualities of the soil than should measurements
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and chemical analyses because there are a great many factors
to be considered and the plants take them all into account.

That is, they indicate the resultant, as it were, of all the
factors, while measurements and analyses deal only with the

bactors as separated.

Further, the plant is an index of the

average environmental conditions because it does not change

readily from year to year with the sometimes sudden changes
in climate.

The settlement of lands in the Midwest during the

rainy periods when the lands were productive has created a
problem.

When the dry'cycle comes around the farmers then

find that their land is practially useless and soon leave it.
The destruction of the grazing, grass lands was probably

brought about in such a manner and was, in a measure, the
cause of the damaging dust storms which have been common in

late years.

A preliminary study of the native vegetation of

this region before settlement would probably have shown what
the climate was really like and the land would never have
been settled.

VIII

SUMMARY

The science of ecology is not a new one; on the contrary

the

Jication of ecology was practiced by the first farmers

who used native plants to indicate habitat conditions which

they could become familiar with in no other way.

Without

any knowledge of chemistry or soil analysis they managed to
successfully estimate the capabilities of their lands.

Today,

after going through a period in which quantitative and qualit
ative soil analyses and direct factor measurements were the

rule we are again turning to the use of the native vegetation
in the study of site conditions.

The farmer of a few decades ago knew nothing of the science

of ecology, that is, he knew none of the principles which
underlie the science of ecology.

He did know, however, a

few of the practical uses to be made of the changes that
were wrought in plants by the natural laws that are the sub

ject matter of ecology.

Even today most people, if confronted

with the word Ecology, would shrug in disinterested manner

and label it as one more of those queer "-ologies" that

are the joy of professors.

To many,the practical applications,

as boasted by ecologists, would be considered highly theoret

ical and worthy of little consideration from the practicing
forester or farmer.

As specifically applied to forestry, the use of the more

complicated phases of ecology, such as plant sociology, is
first known in Europe and Russia.

The higher value of timber

products and the different attitude held by the populace

toward the forest, not to mention the better trained ecologists,
would naturally tend to favor the more technical investigations.
.In the United States due to economic conditions and the vast

extent of our forests fores, ecology must come later.
Cajander, one of the outstanding advocates of the use

of the ground cover for the classification forests into types,
made studies in Germany, Austria and Finland in which count

ries he attempted to classify the forests according to his
theory.

It was mainly in Finland that his classification
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scheme was generally accepted and put into use.
Ilvessalo, a co-worker of Cajander's, made intensive

studies of the yield of Finnish forests and correlated the
results on the different

by Cajander.

sites "with the classification as made

The results were sufficiently close to allow a

practical use of the plant indicators, in place of yield,
as the indicator of site quality.

Other investigators in

Russia, where the topography was much more rugged and broken,

found difficulty in correlating yield-sites with groundcover

sites.

In Russia Morosov and Sukachev are the outstanding forest

ecologists and have made studies similar to those made by

Cajander and Ilvessalo.

A great deal of ecology work was

done by the earlier Russians but it was mainly of a very tech

nical nature and not readily applicable to forestry.
In the United States the names of Clements, Tourney,

Korstian, and Baker are outstanding in the field of forest

ecology.

Clements, who at present is working under the spon

sorship of the Carnegie Institute,of Washington, has made a

study of the indicator plants both for use in agriculture and
forestry and has put his findings in a book entitled " Plant
Indicators".

Clements recognizes three types of indicators:

(a) those that have to do with existing forests, (b) those that
indicate former forests (these he considers most important),
and (c) those that indicate possibility of establishing new
forests.

The kinds of indicators which may be used are:

(l) individual species, (2) communities of plants, (3) growth

in height, volume, or diameter of the trees, (4) seedlings

( considering growth rate, habit, abundance, etc.), (5)
and lastly the minute structure of the leaves.

Of the many

indicator plants which he recognizes the following few are
best

known.

Indicators of past fires are: Chamaebatia foliolosa

( in Yosemite Park, California), Ceanothus velutinus (Burns,
Oregon), Anaphalis spp. and Epilobium spp. ( Wind River, Wash
ington), Pteridium aquilinum var. pubescens and Rubus spp.

("'estern Oregon in Douglas fir forests). Reforestation sites

are indicated by Bearberry (Arctostaphylos uva-ursi) for
Ponderosa pine in Kansas and Nebraska.

In Western Oiegon

the presence of Madrone (Arbutus menziesii) and Prunus
emarginata indicates that the site is suitable for Douglas
fir.

Korstian and Baker studied a great area of semi-desert

land extending from west-central Montana down to the Gulf of
California and attempted to explain why Ponderosa would not

grow on this area.

The question had been asked for many years

and plantations were even established in order to test the

suitability of the land for forests.

With forests on all sides

and with a climate that was not noticeably different from

that of the surrounding country it was no wonder that the area
offered quite a problem to the foresters.

By taking measurements on the site factors they found
that although the total rainfall was sufficient for tree

growth it was so distributed that a dry spell followed the
short rainy season and the young seedlings were killed before

they could get a good start.

Through their root studies they

learned that the land in the transition zones was preempted

by shallow-rooted brush which successfully kept the Ponderosa
nine seedlings from becoming established.

Recommendations

following the root study stated that the brush with shallowroots would have to be cleared away before the pine could be
planted.

The late professor Tourney of Yale University did most of
his work in silvics which he published in a book entitled
The Foundations of Silviculture on an Ecological Basis.

He did little or no work with plant indicators but confined
himself to the study of the fortst trees themselves and their
relation to the habitat.

One of the first attempts to use Cajander's idea of class

ifying the forest on the basis of ground vegetation was made
in 1934 by C. Heimburger of Cornell University.

He carried

on Ml investigations in the Adirondack region of New York

which he divided up into types.
listed all plant species.

For each of these types he

Except for a little work of this

kind which was done by Overly and Amehd, at the University of
Washington in which they listed all the characteristic species
for the Pack Forest, this is the only attempt at a detailed
description and study of forest types that has yet been done
in the United

States.

As the forests
conditions become

of America become smaller and economic

such that more technical

studies will be

economically practicable, ecology on a more technical basis

will come to be studied and investigations which are now-
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considered theoretical will become common and will find their

place in forestry work.

Plant indicators will eventually

come to be used in the selection of tree species for planting
on bare or denuded areas.

The problem of land classification

will be partially solved through the use of plants in deter
mining the quality of the soil.

This use has already been

demonstrated in the state of Minnesota where

land classificat

ion has been done on the basis of native plant cover.
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