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PLANT ECOLOGY AND ITS RELATION 
T O  AGRICULTURE1 

I. CONTENT OF ECOLOGY 

A. Nature and Scope.-In beginning 
this discussion, a brief statement as to the 
nature and scope of ecology seems to be de- 
sirable on account of the hazy popular no- 
tions on the subject. Outside of a rather 
narrow circle one usually finds a total ig- 
norance of the meaning of the word itself, 
and even among biologists, some are fa-
miliar only with the observational side, due 
probably to the early prominence of the 
( (  car-window" school of ecologists, while 
others consider that the subject-matter of 
ecology might better be divided between 
morphology and physiology, and frankly 
state their opinion that there is no such 
subject as ecology. 

However, there seems to be a mass of 
subject-matter belonging to neither depart- 
ment exclusively, but partly to each, which 
would fairly warrant the formation of 
another department. This has been named 
ecology, and may be defined as the science 
of organisms as affected by the factors of 
their environment. The connection with 
physiology is the closer of the two, and in 
fact, the two subjects overlap to a certain 
extent, but whether we call this overlapping 
segment ecological physiology or physiolog- 
ical ecology, the character of its snbject- 
matter is sufficiently different to warrant a 
separate category and different treatment. 

The methods of ecology have been, of 
course, largely descriptive, but they are 
also becoming increasingly quantitative, 
employing in many cases elaborate and deli- 

1 Delivered before the Illinois Academy of Sci-
ence, February 23, 1917. 
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cate instruments. The work is pursued 
both in the field and in the laboratory, and 
under experimentally controlled conditions, 
as well as under natural. The great task of 
ecology and the purpose of its ol~servation 
and experimentation lies in the interpreta- 
tion of the phenomena and the deduction 
from these data of the general principles 
underlying the reaction of plants to thcir 
environmental factors. 

B. Content of General Ecology. 1. Aut-
ecology.-This branch of ecology studies 
the plant as an inclividual, and is largely 
physiological in nature. I t  considers the 
general results of the relation of the plant 
to its environmental factors, as shown in 
the division of plants into great classes ac- 
cording to their reaction to each of the lcad- 
ing factors. 

'I'hese reactions come under three heads: 
First, the reactions in the activity only of 
the plant, as the increase of activity under 
favorable conditions and its diminution and 
even stoppage under adverse conditions. 
This group really belongs under the head 
of physiology, but when considered in the 
field under natural conditions it may be re- 
garded as within the scope of ecology. Sec-
ond, the effects on plastic tissues or organs 
of the plant. These may also be produced 
experimentally and frequently have an im- 
portant bearing on the economic value of 
cultures. Third, the effects on permanent 
structure and function of plant organs. 

Whatever may be our belief as to the 
method by which variations are produced 
and fixed in plants, it is evident that struc- 
tures correspond more or less to function 
and are conditioned directly or indirectly 
by the environment. A comparative study 
of plants in different habitats leads us to 
identify or construct from the imagination 
certain "normal" or original types of or-
gans. We find also modifications of these 
types, which are either temporary, where 

the plant tissues are plastic; or permanent, 
constituting variations. I n  tracing the 
correspondence of these changes to environ- 
mental differences we loolr for and fre-
quently think we find what may be called 
ecological causes. 

Plants are classified accorcling to these 
modifications, both plastic and permanent, 
on the basis of the factor which seems to be 
chiefly responsible for the change. Chief 
among these is the moisture relation, ex-
pressed in the more or less familiar divisiorl 
into hydrophytes or water lovers, xero-
phytes or dry-climate plants, and meso-
phytes inhabiting an intermediate habitat. 
A similar relation to light and temperature 
divides plants into sun-tolerant and shade- 
tolerant, heat-tolerant arlcl cold-tolerant, 
groups. The relation to the chemical ele- 
ments in the soil is not so marked as was 
once thought to be the case, yet we still hear 
such words as "calciphiles" and "calci-
phobes, ' ' and the terms probably represent 
to a certain extent a real situation. The 
best illustration of this is shown in a com- 
parison of organs, especially leaves, of hy- 
drophytic as compared with xerophytic and 
mesophytic plants. Here there seems to be 
a very distinct corresponclence between 
structure and the markedly different en-
vironments of these different habitats. 

2. Synecology, which studies plants in 
the nias,,, is largely ronecrned wilh distri- 
bution of plants, and may be regarded as 
an application of autecology in the group- 
ing of plants within greater or smaller 
areas of the earth's surface. I t  may be di-
vided into ( a )  "Phytogeography," in 
which the groupings are regional and the 
result of climatic factors, and ( b )  "Physio-
graphic Ecology," in which the groupings 
are local, as the result of physiography 
with attendant climatic modifications. 
These groupings are called plant associa- 
tions and the fact that different associations 
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follow each other successively is expressed 
in the term "Plant Succession." 

C .  Special Ecology of Structural Groups. 
-While all ecological groups have more or 
less specific reactions which are considered 
under their appropriate heads, there is one 
grouping which demands separate treat-
ment because it is based on the most strik- 
ing structural feature-the presence or ab- 
sence of woody tissue, and also because of 
its practical relation to man's activities. 
Although verging more closely on agricul- 
ture, i t  may still be classed as ecology be- 
cause the point of approach is from the 
side of the environmental relations. On the 
basis of woody structure we classify plants 
as trees and herbaceous plants with shrubs 
and lianas occupying an intermediate posi- 
tion, and i t  is at once evident that these 
two groups have decidedly different ecolog- 
ical reactions. 

1.Ecology of Trees and Shrubs.-This 
study would involve (a) description of 
leading species with their habits of growth, 
characteristic structures, and ecological in- 
terpretation of the same. This would be 
the autecology of the group. (6) The syne- 
cology would involve the distribution and 
range of the leading species and their rela- 
tion to ecological causes. (c) We might 
notice also the influence of the species on 
their environment as illustrated in the in- 
fluence of forests on soil moisture content 
through their control of run-off; and the 
influence of individual trees, as for ex-
ample, the eucalyptus in the reduction of 
soil water; also the influence of forests on 
soil in the formation of humus and the 
effect of trees on wind, as in protection by 
windbreaks. (d) It could include also a 
classification of trees according to the char- 
acter of their wood, including distribution 
of the different woods and methods of uti- 
lizing. Also a similar classification accord- 
ing to the character of their fruits, their 

chemical products and their value for orna- 
ment. 

2. Ecology of Herbs.-Here should be 
studied (a) the general characteristics of 
herbs as distinguishing them from trees, 
with the ecological diffe~ences involved, 
under the heads of shoot, root, flower and 
fruit, with the characteristic differences be- 
tween perennials and annuals; ( 6 )  a study 
of herbs as classified according to their 
value to man, as :valueless or "wild, '' those 
of economic value or "cultivated," and 
those undesirable or injurious, which we 
call "weeds." Uncultivated herbs are of 
interest chiefly synecologically as the asso- 
ciates of trees in their different groupings 
and as indicators of the characteristics of 
the environment, as hydrophytic, xero-
phytic, etc. As the subject of taxonomy has 
to do chiefly with the wild herbs i t  is, fre- 
quently included under ecology to-day. 

Cultivated herbs and their attendant, 
though undesirable forms, are considered 
more from the autecologi,cal side. Their 
reactions to and tolerance of extremes of 
temperature and moisture and chemical 
conditions, are of course of chief impor- 
tance. Original, habitat and distribution 
and to some extent taxonomic relations, art 
also important as indicating suitability for 
certain environments. This value is testi- 
fied to by the systematic search for new 
varieties carried on by the United States 
Department of Agriculture. He~xbs vary 
greatly in their reactions to environmental 
factors, and should be grouped as far as 
possible along the lines of similar behavior. 
Knowledge of these groups should be as 
complete as possible, but a thorough study 
of the ecological reactions of a few type 
genera and species should be included in 
any comprehensive course in ecology. 

3. The ecology of lower types of plants 
is not treated separately, but on account of 
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economic importance under the special sub- 
ject of bacteriology, mycology, etc. 

11. RELATION OF ECOLOGY TO AGRICULTURE 

A. Purpose and Scope of  Agriculture.-
The subject of agriculture is extremely 
complex and even the terminology is not 
uniform in usage. Even the word agricul- 
ture itself is employed in a general and a 
special manner. 'It is used here in the gen- 
eral sense of the cultivation of plant prod- 
ucts from the soil. Its complexity is made 
evident by consideration of the varied ends 
sought, which include size, strength, water 
content, and chemical contents of stem, 
leaves, roots, flowers, fruit and special 
parts such as fibers, cork, etc. 

The resulting subdivisions of the subject 
following largely the usage of Bailey's 
"Cyclopedia of Horticulture, are : Agri-
culture (in its special sense), which in- 
cludes the culture of grain, forage crops, 
bread stuffs, textiles, etc.; horticulture, 
which includes fruits, vegetables, flowers 
and ornamentd plants ;and forestry, which 
is the complete treatment of other trees, 
and includes subjects of sylviculture, men- 
suration and harvesting. Through all this 
complexity runs a general unity of purpose, 
namely, the preparing and maintaining of 
optimum conditions for the production of 
maximum returns. 'L'herefore the proc-
esses and principles are in the main the 
same, being varied in practise for the dif- 
ferent ends. 

H. Agricultt~ral Processes with their 
ecological significance. 

1. The preparation of optimum condi-
tions. The preparation of the soil is the 
first condition, but as the principles are the 
same as those in the preservation of opti- 
mum conditions it will be considered under 
that heading. The second important fac- 
tor is the securing of suitable stock, either 

seed or vegetative, for which the criteria 
are the taxonomic relations and the reac- 
tions to the environment. The choosing of 
this stock is a question of balancing specific 
reactions of the desired plant with the fac- 
tors of the necessary location, or vice versa. 
The securing of this stock is brought about 
eitlier through breeding, by pollination, or 
by grafting; and by choice, through the 
testing of known varieties, the selecting of 
the results of breeding, or the discovery of 
new varieties. Of course through all these 
methods runs the question of reaction to 
the desired environment. A third ecolog- 
ical factor in preparation of conditions con- 
sists in the choice of a suitable time and lo- 
cation for the culture. 

2. The preservation of optim.um condi- 
tions. (a) The condition of first irnpor- 
tance is the soil. In  its moisture content the 
maintenance of optimum moisture condi-
tions is of course extremely important. The 
maintenance of its physical condition is 
popularly called tillage. The chemical com- 
position is shown by analysis and experi- 
ments with plants, and is modified by the 
use of fertilizers and of other chemicals. 
The temperature of the soil is less consid- 
ered, but may be determined by the use of 
soil thermometers. (71) Optimum conai-
tions of light, wind and temperature de- 
pend upon exposure, and may be controlled 
by modifications of this exposure. Light is 
studied by light intensity experiments and 
controlled by screening or by thinning. 
The effect of wind is shown largely by 
transpiration, measured by the atmometer, 
controlled by thinning or by windbreaks. 
Temperature is observed by the thermom- 
eter and controlled by shelters and by pro- 
tective covering. ( c )  The importance of 
disease as a factor has been recognized by 
the great development of the subject of 
plant pathology. 

3. The third agricultural process is the 
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harvesting of crops, in which ecology does 
not function very largely, except in so far  
as i t  may assist in the determining of the 
time of maximum return's. 

C. Nature of Contributions of Ecology. 
-It is admitted by all, that agriculture is 
largely an art, and that its processes until 
rather recently were developed almost en- 
tirely by empirical methods. Evidences of 
this are still shown in many agricultural 
texts and farmers' bulletins, where proc- 
esses are recommended because of success in 
certain localities or condemned because of 
failure. 

As scientific knowledge and methods ad- 
vanced, the agriculturists began to take ad- 
vantage of these methods and we find many 
agricultural practises based on truly scien- 
tific work. This is especially true of the 
agricultural chemists from the days of Lie- 
big down, although their claim to the title 
agriculturalists in the ordinary sense of the 
word might be questioned by some. 

I t  must be recognized that many of the 
methods of agriculture are still empirical, 
and in some cases necessarily so.on account 
of the lack of equipment of the constit- 
uency, but it is admitted that the scientific 
are better where possible. Even in experi- 
ment station work, there is a danger pres- 
ent, through the tendency to accumulate 
masses of data with too little correlation 
and generalization. The purpose of experi- 
mentation is to determine causes and to 
draw general principles whose application 
will avoid the necessity of further experi- 
ments. Failure to generalize nullifies this 
purpose; in fact, unlimited experimenta-
tion is empiricism. 

The methods of ecology are scientific, its 
materials are largely the same as those of 
agriculture and its practical applications 
are found chiefly in the field of agriculture. 
For these reasons it is evident that ecology 
belongs both to 'botany and to agriculture, 

and in fact covers the debatable ground be- 
tween the two subjects. Instead of this 

' 	being, as is too often the case under such 
circumstances, the cause of rivalry and 
even conflict, it should furnish a common 
ground for cooperation and both parties 
should endeavor to maintain a high stand- 
ard in investigation and generalization of 
the condition of plant responses to environ- 
mental factors. 

The services of ecology to agriculture 
then are twofold, first in the developing of 
the principles on which agricultural prac- 
tices are to be based, and second in furnish-
ing a comprehensive source of information 
for the handling of specific cases and the 
answering of specific questions of agricul- 
tural policy. 

D. Illustrations from Definite Contribu- 
tions of Ecology.-Atmospheric moisture is 
observed quantitatively by means of the 
atmometer, which may be used as a meas- 
ure of plant transpiration. Recent results 
show a most remarkable detailed corre-
spondence between the curve of an open-
pan atmometer and that of a controlled 
plant of alfalfa. In  soil moisture content 
the mechanical determining of the wilting 
coefficient by the centrifugal method is a 
valuable achievement, and is having an in-
creasing application in the determining of 
the quantity of water to be applied in irri- 
gation. The study of the extension of root 
systems is having an increasing influence 
in determining the relation of plants to the 
soil moisture content. 

I n  light we have both the measure of the 
intensity of light by Wiesner and Clements, 
and recently the measurement of photolytic 
ability of light by a delicate apparatus de- 
vised by MacDougal. Under chemical con- 
tent the recent work of Coville with blue- 
berries is widely known on accomt of its 
publication in the National Geographic 
Magazine. One of the difficulties of this 
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quantitative work lies in the fact that the 
factors all work together on the plant, and 
measurement taken of individual factors 
may not indicate the true effect of the same 
factor working with others. Livingston7s 
suggestion of using the living plant as an 
index is aimed at  overcoming this difficulty. 

Along physiographic lines, Cowles's re-
cent work on so-called lakes of the Missis- 
sippi valley has applied the principles of 
plant succession in a very practical way. 
The control of moving sand is best accom- 
plished by application of ecological prin- 
ciples in the choice of plants for that ex- 
tremely xerophytic habitat,. 

E. Place of Ecology in an Agricultural 
Course of Study.-Up to the present the 
method in agricultural texts and courses 
has been to teach a little plant morphology, 
a chapter on plant activities, and then nine 
tenths of the work on agricultural practise. 
I n  addition to that we would recommend 
the insertion of a section on ecological prin- 
ciples, covering the content of ecology as 
outlined above. This should be general and 
theoretical, yet so related to agricultural 
practise as to form a suitable foundation 
for an agricultural course. A knowledge of 
these principles is fundamental to any real 
grasp of the subject. 

In  conclusion, emphasis should be laid on 
the fact that this discussion does not aim to 
criticize present agricultural activities, but 
to emphasize what is now being done along 
scientific lines for the development of thc 
general principles underlying the practise 
of agriculture, and the importance of its 
extension as far as possible. Secondly, to 
point out the opportunities in this growing 
brancli of science and to urge the teaching 
of some brief but comprehensive study of 
the principles of ecology in all agricultural 
courses. 

W. G. WATERMAN 
NORTH~~ESTERNUNIVERSITY, 


EVANSTON,
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FISH NAMES, ANCIENT AND MODERN, 

AND EARLY ILLUSTRATIONS 


OF FISHES 

11 FAVc3RlTE topic which has engaged the 

attention of ~laturalists in all ages has been 
the identification of the names bestowed on 
plants and animals by ancient authors, par- 
ticularly those of claasical antiquity. 

Probably no living naturalist has made 
more profound study of this subject than 
Professor D'Arcy Wentworth Thompson, of 
Dundce. whose " Glossary of Greek Birds" 
(1895) and new itransli~tion of Aristotle's 
" IIistory of Animals )'(1910) are monu~nents 
of patient industry and vast erudition, both 
philological and zoological. So  able a critic 
as the late Dr. T. N. Gill has recorded' in 
glowing terms his appreciation of the merits 
of Professor Thompson's researches. 

Dr  Gill's own labors ill the same field have 
illunlilzed many an obscllre point in the in-
terpretation of ancient Greek and Roman 
writers on riatural history. We may recall 
here an article of his in the American Nat -  
uralist for 18'73 (vol. 7, pp. 458463) "On the 
Status of Aristotlc in Systematic Zoology"; 
also his address beforc the American Associ- 
ation in 1896 on " Some Questions on Nomen- 
claturc." His scientific papers and reviews 
fairly teem with discnssions of fish etymol- 
ogies, axid his article 011 the Clanis of Aris- 
totle is a fine presentation of thc results of 
scholar1.y rcscarch.' 

Dr. D. S. Jordan also, to mcntioil only one 
other contemporary ichthyologist, has per-
formed, in association with 11. A. f-l~ffin~mn,a 
valuable service ill investigating vernacular 
names, ancient and modern, as applied to the 
fishes of the Grcelr penilisula and archipelago. 
A joint paper by Jordan and IIoffmann, em- 
bodying a catalogue of the fishes of Greece, 
was published in tho Proceedimgs of the Amer-
ican Pl~ilosophicul Society for 1802. 

Among ichthyologists of the last century, 
Georges Cuvier was probably at  more pains 
than any otller author to determine what spe- 
cies of fish were referred to under the appel- 

1 SCIENCE,VOI.33, 1911, pp. 730-738. 
2 Bull. George Washington Univ., Tol. 5, 1906. 


