
5 4 Introduction to Part One 

Adaptive change in direct respon se to the en ­
vironment was known as "neo-I .arnarckian" 
evolution, named after the French zoologist 
Jean-Baptiste Lamarck, who in 1809 proposed 
a theory of evolution based partly on the 
idea that characteristics acquired during an 
organism's lifetime could become hereditary 
(Lamarck 1984). In the late-nineteenth century 
most evolutionists viewed both Darwinian se­
lection theory and the neo-Larnarckian the ory 
of direct adaptation to the environment as 
complementary mechanisms of evolutionary , 
change. Spencer's writings did a grea~ deal to 
popularize Lamarckian evolution. Darwin him­
self was more accepting of th e inheritance of ac­
quired characteristics in later editions of the 
Origin, especially when he was faced with th e 
problem of explaining how habits evolved int o · 
hereditary instincts. 

Influenced by both Darwin and Spencer, 
Forbes was conc emed to show that despite the 
intensity of the stru ggle for existence, natural 
selection was a beneficial force because it tended 
to restore a healthy equilibrium to the com­
munity. Darwin's struggle for existence and 
Spencer's balance of forces combined to create 
an image of nature which was both benign and 
thrifty. By combining a Spencerian outlook 
with Darwin's theory of evolution, Forbes de­
veloped the theme of a "common interest" be­
tween a species and its enemies, the idea being 
that natural selection would adjust reproduc­
tive rates so that they balanced mortality. 

His classic description of the community 
along these lines was put forth in his essay of 
1887, "The Lake as a Microcosm," which set 
out the main goal of ecological research: to ana­
lyze how harmony is maintained through the 
complex predatory and competitive relations of 
the community. By using the metaphorical lan­
guage of the "sensibility" of the organic com­
plex , the essay drew attention to the way alr 'l 
species were bound up with others witniru 
the community. This concept of the ecologica l'' 
community had European precedents . Karl 
Mobius's pioneering study of oyster culture had 
been published in America in English transla­
tion in 1883. In this essay Mobius had proposed 

the term "biocoenosis" for a community of 
species inhabiting a definite territory (Mobius 
1883). Forbes's discussion developed the con ­
cept of the community in more detail and his 
essay exemplifies the ecological viewpoint at 
that time . His assumption of balance between 
reproduction and mortality was remarkably 
long-lived in the ecological literature. As late as 
th e 1950s David Lack had occasion to criticize 
this still-prevalent assumption; he proposed in­
stead that the reproductive rate in birds was ad­
justed not to mortality but to the food supply 
available to the young (Lack 1954). 

While animal ecologists focused on commu ­
nity structure and population dynamics, plant 
ecologists concentrated on ecological succes ­
sion. Henry Chandler Cowles, whose research 
concentrated on the sand dunes in the Chicago 
region , developed a dynamic perspective which 
he called physiographic ecology (Engel 1983). 
Trained as a geologist, Cowles stressed the con­
stant dynamic interaction between plant forma­
tions and the underlying geological formations. 
The physiographic viewpoint saw the flora of a 
landscape as an ever-changing panorama; the 
ecologist had to discover th e laws governing . ' 
these changes. Cowles's studies of the Indiana 
dunes yielded the first thorough working out 
of a complete successional series. Cowles was 
able to accomplish this task by assuming that 
vegetational changes in space paralleled succes- -, ... 
sional changes in time. Therefore, as one walked 
inland from Lake Michigan, one also walked 
backwards in time. By putting together the spa­
tial sequences of plant formations, Cowles re ­
constructed the temporal development of plant 
associations (Cowle s 1899). We have included 
here excerpts from his first maj or study of the 
dunes, published in 1899, which illustrates his 
view of ecology as a study of pr~cess. The refer­
ences accompanying his article reveal the impor­
tant pr ecedents in European ecological research 
that served as a foundation for the American 
school. 

Cowles's account of succession was never 
dogmatic. Though he believed that succession 
tended toward a stable equilibrium, he did not 
believe that this equilibrium state was ever 
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reached. Moreover, successional stages leading 
to the climax community-the final stage of 
succession-were never in a straight line, but 
could even regress in the normal course of 
events . I Iis concept of the community included 
not only the idea of a continuous, never-ending 
process of change, but also the idea that all the 
organisms were connected in a vast, compli­

cated symbiosis. 
While Cowles was tracking the ever -shifting 

landscape of the dunes, his colleague Frederic 
Clements was studying the more stable grass­
lands and conifer forests of the western prairie . 
He developed a theory of the plant community 
that differed in significan t ways from that of 
Cowles (Tobey 1981). Clements was important 
also for publishing the first American textbook 
in ecology, Research Methods in F.cology (1905) , 
which discussed the statistical and graphical 
analytical methods he and other Nebraskan 
ecologists developed from 1897 to 1905. His 
ecological theory rested on two ideas, the 
concept of ecological succession of plant forma­
tions, and the treatment of the plant commu­
nity as a "complex organism" undergoing a life 
cycle and evolutionary history analogous to the 
individual organism. The formal presentation 
of his theory appeared in 1916 in his monu­
mental stu d y Plant Succession. 

Clements was also influenced by Herbert 
Spencer and believed that organisms evolved 
by direct adaptation to changes in the environ­
ment. In America the neo-Larnarckian school 
was prominent during the 1890s, the decade 
when Clements was developing his ideas 
(Bowler 1983). He held fast to his Lamarckian 
ideas , even believing that body cells could mod ­
ify the germ plasm, long after the theory had 
been roundly challenged and mostly discred­
ited in America by the 1920s. In Clements's the­
ory, the plant community could be analyzed as 
a complex organism which grew, matured, and 
died like an individual organism. Following the 
Lamarckian model of evolutionary change, the 
process of plant succession entailed a continual 
interaction between the habitat and the life 

rocal way, until finally a stable state, the climax, 
was reached . If the climate remained stable and 
no humans intervened, the climax might per­
sist for millions of years. 

Clements belie ved that one of the important 
processes directing succession was c?~.t.ion 
between similar plants (Clements, Weaver, and 
Hanson 1929). Species of trees, for instance, 
were described as competing sharply when to­
gether, whereas the relation of shrubs to trees 
was thought to be one of subordination and / 
dominance rather than competition. Clements 
thought that the process of succession reduced 
the amount of competition within the commu­
nity as a whole by setting up stable dominance 
hierarchies among the species of the commu­
nity as it moved toward the climax stage . The 
overall character of the climax formation was 
defined by its dominant plant forms . Though 
Clements did come to appreciate th e impor­
tance of animal populations in succession,
 
largely through his collaboration with Victor
 
Shelford, a leading animal ecologist and former
 
student of Cowles's, he continued to think of
 
the community as structured mainly by its
 
plant formations .
 

Clements also used the idea of the climax to 
develop a system of classification for the units 
of vegetation . He subdivided the units of the 
climax formation into various categories with 
parallel categories of successional change. His 
use of esoteric Greek and Latin terms, a pen- •. 
chant that others found tedious, as well as his 
emphasis on quantitative methods reveal his ' ,' l 
desire to build ecology into a rigorous disci- v 
pline. His classification system and theoretical 
framework dominated American plant ecology 
in the first decades of the twentieth century. 

Clementsian doctrine did not go unchal­
lenged (Mcintosh 1985, pp.76-85) . On the 
agricultural front, wheat farmers in the mid­
western prairie criticized the climax theory 
largely because it advocated a more cautious 
use of these marginal lands and therefore 
threatened their livelihood (Worster 1979). The 
creation of the Dust Bowl in th e 1930s, how­
ever, showed the wisdom of the kind of eco­form s of the community. The habitat and the ) 
logical awareness that Clements had advocated.populations acted upon one another in a recip­
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it came to be used by ecologists in the 1930s 
who wa nted to stu dy po pu lation fluctuat ion s 
math ematically. Fisheries ecologists in particu ­
lar used and developed mathematical mod els 
bas ed on the logis tic equa tion (Cushing 1975). 

The logistic equa tion had also been used in ­
dependently by Italian physicist Vito Volte rra 
(1860-1940) to con struc t a basic mode l of com ­
peti tion between two species (Kingsland 1985). 
Volterra had become int erest ed in ecological 
problems in the 1920s w hen his daught er 's fi­
ance asked him to analyze cer tain cha nges in 
fish populations in the Adria tic during and 
af ter the First World War. Intrigued by the pos­
sibility of creating a mathematical science of the 
"struggle for exist enc e," Volterr a took up this 
cha llenge and devoted roug hly fifteen yea rs to 
exploring math ematical ecology. His form ula­
tions wer e so techn ical that they we re beyond 
the reach of mo st ecologists; even today on ly 
his simpler models are well know n . Apart from 
a model of competition , he also developed a 
model of p redation in a two-species system, 
which coinciden tally had been anticipa ted by 
Alfred James Lotka (1880-1949), an American 
mathema tician and dem ographer . The two ­
species mo del of p reda tion is now known 
as the " Lotka-Volterra equa tion s" and is th e 
starti ng po int for most mod em discuss ions of 
p redation . 

In 1925 Lotka published an unu su al treatise 
which inclu de d a math em atical study of e n~gy 

t~3.Il sfo~rpaJ!9 nS wi thi n the biosph ere, forming 
the basi s for a new science which he called 
\

'-" ph ysical biology" (Lotka 1925). Lotk a, trained 
as a physical chemis t, hit on the idea that on e 
cou ld apply thermodyn am ic principles to biol­
ogy along the lines of physical chemistry in 
orde r to create a new science that focuse d on 
energy transformations within the biosphere. 
Over twen ty years later his ideas on the subject 

I were gathered into the book Elements of Physical 
\'	 Biology. Though he was not an ecologist, his 

wide-ranging discussion touched on many eco­
logical problems, including such topics as food 
webs, the water cycle, and the carbon dioxide, 
nitrogen, an d pho sp ho rus cycles. Latka 's ef­
forts to analy ze the earth as .1 sing le undivided 

system, a kind of gian t engine or energy tran s­
former , were un preced ented in ecological the­
ory, alth ough his book coincide d with a similar 
biogeoche mical approach to ecology ad vanced 
in the 1920s by Vladimir I. Ve rnadsky in Russia. 
Lotka's clear exposition of the sys tems ap­
proach later in fluenced Eugene P. Od urn and 
Howard T. Odurn, who developed ecosystem 
ecology in the 1950s . 

Lotka's desire to make his new science 
mathematical led him into the s tudy of popu­
lation gro wth and preda tor-p rey in teractions . 
His demographic ana lysis of stable popula tions 
influe nced Patri ck H. Leslie, who developed a 
method of analyzing populations using mat rix . 
algebra in the 1940s. Lotka was the first to ex­
plore th e ana lysis of population in terac tions 
using se ts of simulta neo us differen tial equa­
tions , a method sim ilar to Ludwig von Ber­
talan ffy's "gene ral system theory " of the 1950s, 
thou gh Bertalan ffy did not give Lotka credi t for 
his p rior work. As far as pop ulation dynam ics 
were conce rned, Lotka was not especially inter ­
es ted in competition; the mathe ma tical ana lysis 
of competitive interactions was th erefore car­
ried forwa rd mai nly by Volterra. 

Gau se had read th e publicat ion s of Pearl , 
Lotk a, an d Volterr a and decided to test some of 
these simple models in a laboratory se tting . In 
hi s book he referr ed to the princip le of compe ti­
tive exclusion in passing, regarding it as a natu ­
ral extension of p rev ious work and not worthy 
of special attention. A second and more sophis­
ticated se ries of expe rime nts was pu blish ed in 
1935 in a French mon ograph that unfortunately 
was no t well known to ecologists (Gause 1935). 
In this second monograph he developed the 
idea th at competition wo uld force two spec ies 
int o separate ecological niches, thereby en ­
abling them to coexist in the confined spa ce of 
the test-tube envi ronment. 

Subseq ue n t fieldwor k on ecological succes­
sion th at b uttressed his labor atory expe riments 
led Gause to app reciate the idea that compe t i~l 

tive exclus ion was th e key to th e structu re of 
wh ole communi ties (Gause 1936, 1937). He be­
gan to think of the niche as a u nit struc ture over 
wh ich specie s fough t for po ssession ; each spe ­

cics' niche was the p lace where it alone en joyed 
fnll advantage as a compe titor. This mean t that 
at the basis of the structu re of the community 
lay the niche struc ture an d that the stable, regu ­
lated community was actua lly a result of the 
compe tition between similar sp ecies . The pr in ­
ciple of competitive exclusio n th erefore pro­
vided a way of relating community struc ture 
and the process of succession d irectly to the 
ongoi ng competi tive interac tions between th e 
po pulations within th e community. This expla­
nation of communi ty succession was compa t­
ible with Clemen ts's ideas abo ut comp etition , 
though Gause rejected the organismic me ta- . 
ph or as superfluous . In 1939 he asser ted the 
centrality of the competitive exclusio n principle 
in a com mentary to a revie w of population ecol­
ogy by Thomas Park (1939). 

Cause's historical importan ce is not that he 
invented a new pr inciple, but tha t he dr ew 
attention to wha t had been cons ide red an axio­
matic p rinc iple by making i t a focus of the eco­
logical theory of comm uni ty struc ture. As soon 
as competitive exclusion began to be used as a 
cen tral organizing idea, it generated contro­
versy mainl y because of the s tructure of the 
argument . Critics sugges ted that the principle 
was tautological and therefore was not useful 
because all it really' told us was that no two spe­
cies have identical requiremen ts, which is tru e 
but trivial. We do no t kno w the natu re of these 
ecological requirements in advance , however. 
The princip le focuses our atten tion on the fact 
that species must find ways to part ition limited 
resources in order to coexist. We can discover 
how they do th is by looking for cases where the 
princip le see ms not to apply and as king how 
species man age to live togeth er . What we find 
most ofte n is that the species have partition ed 
their resources in subtler ways than we had 
suspected . Therefor e, the principle of comp eti­
tive exclus ion is useful in s teering us toward a 
more profound ana lysis of ecological rela tion ­
sh ips . Dav id L Lack, C . Evelyn Hutchin son " 
and Robert H . MacArthur develope d Gause's 
hypothesis along these lines in their stud ies of 
compe tition . In the 1960s studies o ~ compe tition 
and the niche grew into major field s of research 

in evo lu tionary ecology, despite continuo us 
controversy over the mean ing of competitio n 
and the difficulty of measuring com peti tive in­
ter actions in the field. 

A rather different approach to competi ­
tion, population regulation and math ematical 
modeling was adv anced by Alexander John 
Nicholson (1895-1965), an Aust ralian ento­
mologist, who teamed up wi th Victor Albert 
Bailey, a physicis t, in a theoret ical analysis of 
host-parasite in teractio ns. Nicho lson devised 
the origina l arg uments behind the mod els and 
Bailey convert ed them in to mathemat ical form. 
Reasoning by physical ana logy, Bailey cons id­
ered the movement of parasites in search of 
host s to be analogous to Maxwell's theory of the 
mean free path of a particle in a gas. He assumed 
that density was uni form and that search pro­
ceed ed ran domly in the population as a whole . 
Volterra had used a similar analogy in his ow n 
models, but where Volterra and Lotka both used 
con tinuo us-time mod els, Bailey us ed more re­
alistic discrete-time models. 

Nicholson an d Bailey tried to improve on the 
Lotk a-Volterra pred ation model by taking int o 
accoun t the effects of comp etition from mern- ~ 
bel'S of th e same sp ecies, as we ll as delays 
cau sed by the age dist ributi on of the po pula­
tion s. Nicholson believed th at any fac tor con­
trollin g pop ulations had to act with increasin g 
severity as de nsit y increased (Nicholso n 1933). 

...., 

Only competitio n see med to fulfill this requ ire­
men t; therefore, he considered comp eti tio n the 
chief mechani sm of populat ion regulation . In 
their mod els, Nich olson and Bailey tried to take 
into account the competi tion occurr ing when 
animals we re e ngaged in a search for esse n tial 
resources, th ou gh th ey could not direc tly mea­
sure th e effects of such competition. With these 
and o ther adjustments, they found th at ins tead 
of the steady-sta te oscillation s of th e Lotka­
Volterra mo del, their models pr edicted an un­
s table sys tem of increa sing oscillations in their 
theoretical population s. In ge neral, th ey h oped 
for a more exact treatment of populatio n regula­
tion with more d etailed considera tion of the 
alte rna tive ou tcomes th at would res ult from 
making different biologica l assumptions . Th e 
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dynamics, and orga nism-environment rela­
tion s. Man y of the ideas and methods pre ­
se nted in these papers were con troversial, 
especi ally the complex-organism analogy and 
the use of mathemat ical techniques for mod­
eling population interactions. Mathematical 
modelin g was con troversial becau se it seemed 

\\overs impli fied and generated conclusions that 
went beyond th e avai lable data. Man y of the 
laboratory s tudies that grew (rom these theo­
retical forays were criticized (or being inappli-
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