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An Entangled Bank
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periods of time.
—CHARLES DARWIN, On the Origin of Species

CHARLES DARwIN presented an ambiguous picture of nature in his
greatest work, On the Origin of Species. Nature was a battlefield on
which individuals ceaselessly struggled in the “war of nature,” but it
was also a stable complex of interacting parts. Indeed, a recurring
theme in the book is the “entangled bank” covered with diverse plants
and animals interacting according to definite laws of nature similar to
those governing the movement of the planets.' Darwin marveled at
nature’s “web of complex relations.” Take for example, the close in-
teractions among flowering plants, humble-bees, mice, and cats near
Down House. According to Darwin, experience showed that red clo-
ver almost totally depended upon humble-bees for pollination; other
bees did not visit the clover because they could not reach the nectar in
the narrow, tubular flowers. The population of humble-bees was reg-
ulated by field mice that destroyed the bees’ nests. The number of
mice depended on the number of cats in the neighborhood. Thus,
Darwin concluded, the population of clover might well depend 5&-‘
rectly on the population of cats.?

Darwin’s example provides an excellent illustration of basic ecologi-
cal principles. Species do not exist completely independently, but they
often form interacting groups. Regulation of one population by an-
other may be indirect. Sometimes a single species may have a perva-
sive influence on several other members of the web. For the modern
reader all this is immediately obvious in Darwin’s writing. Yet
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despite his confidence that the struggle for existence could explain
natural order, Darwin did not rigorously do so in 1859. His discus-
sions of nature’s “entangled bank” were short, literary passages inter-
spersed in his more technical discussion of speciation and the
evolution of adaptations. Only during the twentieth century did biolo-
gists propose general theories to explain the type of observations that
Darwin made near Down House. This became the intellectual domain
of community and ecosystem ecology.

Darwin’s two views of the living world—machinelike stability and
chaotic warfare—appear anomalous. But were they? Historians dis-
agree on this matter. In his history of ecological ideas, Nature’s Econ-
omy, Donald Worster emphasizes the inherent contradiction between
these two views.* In fact, he claims that this intetlectual dichotomy
reflected a fundamental division in Darwin’s psyche. His pastoral ex-
istence at Down House and the competitive professional life of Lon-
don represented psychological poles analogous to the entangled bank
and the battlefield of nature. Both intellectually and psychologically
he struggled with these polarities, but in the end they remained unrec-
onciled. According to Worster, Darwin may have been a reluctant rev-
olutionary, trying to temporize the idea of the struggle for existence,
but violent encounter remained the dominant theme in both his evo-
lutionary writings and psychological character.*

Quite a different interpretation is presented by Edward Manier.
According to Manier, Darwin’s concept of struggle for existence was 2
deliberate choice, a compromise between Thomas Hobbes’s war of
nature and Charles Lyell’s idea of nature in a steady-state.* For Dar-
win, the struggle for existence was an extremely flexible concept that
included not only face-to-face competition, but also differential re-
production, parasitism, mutualism, and adaptation to the physical en-
vironment® The indeterminacy implied by natural selection fit
somewhat uncomfortably with the Newtonian clockwork universe so
central to the Victorian world view, and, in the end, evolution proved
profoundly subversive to Victorian beliefs in stability, natural order,
and progress.” But this was not obvious even to Darwin, who, though

“tending toward a view of natural laws as statistical summaries of phe-

nomena, never completely broke with the more traditional notion of
deterministic laws of nature.®

"“Several prominent ecologists have recently argued for a historical
int¢rpretation curiously similar to Worster’s, with its emphasis upon
Eowmmnﬂd&ﬁoignﬁagcg.mnoavo&ﬁ<mm20m=mac-.n._.

These ecologists, all critics of the idea that nature is in equilibrium,
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have drawn sharp distinctions between determinism and indeter-
minism, stability and instability, stasis and change. These dichotomies,
so it is claimed, reflect antithetical intellectual positions deeply rooted
in different cultural matrices. Historically, these ecologists contend,
their discipline is grounded in a dogmatic commitment to the idea
that nature is in equilibrium; only recently have ecologists recognized
that the living world is characterized by pervasive disturbance and
instability.

Whatever scientific merits nonequilibrium ecology may have, the
historical claims of its proponents can be challenged on two grounds.
First, like Darwin, other nineteenth-century proto-ecologists sought
an intermediate position, one that could account for both stability and
instability in the natural world. Second, it appears that the transition
from the Victorian clockwork universe to a more indeterminate world
of instability and change produced a creative tension in biology. Far
from dogmatic adherence to naive notions of equilibrium, late nine-
teenth-century biologists forged a set of flexible concepts for dealing
with the evolutionary complexities of the natural world. These con-
cepts were inherited by ecologists when the new discipline began to
form during the early decades of the twentieth century.

The Social memam.ﬁ

Although Darwin’s work remained largely within the conceptual
framework of nineteenth-century natural history, natural selection
suggested strikingly new ways of looking at life, in general. For
example, in an essay review of Ernst Haeckel's The Natural History
of Creation, Thomas Henry Huxley speculated that natural selec-
tion might be extended into the realm of physiology. According to
Huxley, :

Itis a probable hypothesis, that what the world is to organisms in general,
each organism is to the molecules of which it is composed. Multitudes of
these, having diverse tendencies, are competing with one another for op-
?ﬁ:ﬂw to exist and multiply; and the organism, as a whole, is as much
the product of the molecules which are victorious as the Fauna, or Flora,

of a country is the product of the victorious organic beings in it."

Physiologically, Huxley believed, both heredity and adaptation could
be explained in terms of the differential multiplication and survival of
organic molecules. _



Viewing an individual organism, or even a cell, as a kind nw:.o—u:f.
tion, community, or ecosystemn composed of interacung mIiCTOSCOPIC
parts is an old and amazingly resilient idea.” During the late nine-
teenth century, Huxley was not the only one to envision the struggle
for existence occurring within the apparently stable, multicellular or-
ganism. An even broader claim was made by Herbert Spencer. Al-
though Huxley extended the notion of natural selection to the
mhicrocosm of the individual organism, Spencer’s evolutionary philos-
ophy employed the struggle for existence as a mnbw_.m_ ._mi of nature
acting at all levels of organization. For example, in his early essay,
“The Social Organism,” Spencer applied the struggle for existence to
both the physiological microcosm and the social macrocosm.? As the
title of the essay suggests, Spencer saw a close parallel between the
physiological body and the body politic. . ]

Despite the fact that Spencer’s 1860 essay dealt specifically with hu-
man societies, it is particularly important to consider within the con-
text of the history of ecology. The essay is perhaps the .n_nmnomn and
certainly the most concise statement of Spencer’s organic analogy, a
concept that was borrowed by a diverse group of late nineteenth- and
early twentieth-century intellectuals. Historians have &ummnn&
sharply over the extent of Spencer’s influence, particularly in Amer-
ica. But, even those historians who have challenged the popular por-
trait of Spencer as a kind of late nineteenth-century American folk
hero have acknowledged that his ideas, though often .Emﬂﬂamﬁsmu&
and frequently modified, had a significant impact on En:ﬂa.uoam.
thought.” Historians of biology have argued that directly ON.EQ_Ho&w
Spencer influenced the first generation of American nno_om.mg.m.: Spe-
cifically, the idea that a group of plants and animals, or w_c_ommg_
community, can be thought of as a kind of organism became an im-
portant element in the conceptual framework of ecology.

Spencer’s programmatic goal was to explain society in _u_o_.cw._nmu.
and ultimately physical, terms.” What emerged from “The Social Or-
ganism” was a mechanical/organic model that, although somewhat in-
congruous, was widely copied by later thinkers. Unlike many later
thinkers, however, Spencer quite carefully defined exactly what he
meant by “organism.” For Spencer, organic entities, whether E.&.A&-
ual organisms or human societies, shared a number of distinguishing
characteristics. An organism increased its mass through an orderly
process of growth. Unlike the type of growth characteristic of non-
erganismal objects such as crystals, organic growth entailed differentia-
#ion, an increase in complexity and division of labor. Finally, organisms
exhibited important part/whole relationships. The parts of an organism
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were interdependent; ultimately the operation of a single part of the
organism depended upon the smooth operation of other parts. The
whole organism had a more prolonged life than had its parts. The
organism persisted as several generations of individual parts arose,
grew, did their work, reproduced, and died.

Spencer was also careful to discuss possible differences between in-
dividual organisms and social organisms. For example, critics might
argue that while individual organisms have definite boundaries, soci-
eties rarely have a well-defined external form. But this was only a
problem if one compared societies to higher animals; if one were to
consider lower plants and animals, Spencer argued, one would find
the same indefinite boundaries encountered in human societies. How-
ever, Spencer considered one difference between individual organ-
isms and social organisms critical. Although physiologically one could
speak of the parts of an individual organism being subordinate to the
whole, Spencer’s commitment to laissez faire precluded such a rela-
tionship in human society. In society the welfare of the individual
could never be sacrificed for the welfare of the whole. This difference
apparently was not sufficiently troubling for Spencer to reject the or-
ganic analogy, but some others did consider it a serious problem.

Spencer’s organic analogy provided later intellectuals with concepts
and a language for discussing social groups in terms of development,
part/whole relationships, interdependence, and integration. But the
essay illustrated some inherent problems with comparing commu-
nities—whether human or biological—with organisms. Indeed, the
very brevity of the essay highlighted the inconsistencies in Spencer’s
thought. A glaring weakness in Spencer’s argument is the rather
naive anthropomorphism of his organic analogy. Ironically, he him-
self was aware of this problem. Early in the essay Spencer criticized
Plato and Hobbes for drawing analogies between social structures and
organs in the human body: “Both thinkers assume that the organiza-
tion of a society is comparable, not simply to the organization of a
living body in general, but to the organization of the human body in
particular. There is no warrant whatever for assuming this.”"® How-
ever, his conviction that both social and biological evolution followed
a progressive, linear path from simple to complex, undermined this
cautionary note, and Spencer proceeded to draw parallels between
Victorian society, the apex of social evolution, and the vertebrate (if
not the human} body. Using the type of mechanical-organic images

commonly employed. by Victorian writers, Spencer compared tele-
graph lines to nerves, railroad systems to arteries, and currency to red
blood celis.” This tendency to equate social groups not just with some
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type of organism, but specifically with the highly integrated verte-
brate organism has been an inherent problem with the organic anal-
ogy. During the twentieth century, biologists—both adherents and
critics of the analogy—have all too willingly assumed that if biological
communities or ecosystems are like organisms, then perforce they
must have structures analogous to nervous systems or endocrine
m—.g%._w :

A deeper problem in Spencer’s essay, and one shared with Darwin’s
“entangled bank” passage, is the ambiguous relationship between
competition and social stability. Although Spencer supported the so-
cioeconomic status quo, the social theory that he advocated was, as
Sidney Fine suggested, “but one step removed from anarchism.”
Written early in his career, “The Social Organism” reflects Spencer’s
optimism that unregulated competition produces social stability. Elab-
orating on the struggle-of-the-parts theme discussed earlier, Spencer
compared competition in society to the physiological competition that
supposedly occurred within the body. According to Spencer, “differ-
ent parts of the social organism, like the different parts of an individ-
ual organism, compete for nutriment; and severally obtain more or
less of it according as they are discharging more or less duty.” Just as
during exercise blood is diverted from digestive organs to muscles,
Spencer believed that certain economic activities such as railroad ex-
pansion would temporarily divert capital from other less active indus-
tries. For the individual human within society such competition might
lead to bankruptcy, and for the individual parts of the body competi-
tion might lead to atrophy; but the social consequences of competi-
tion, in both cases, were stability and progress.

It is ironic that Spencer used the expansion of railroads to demon-
strate how laissez faire leads to social stability and progress. In the
United States, where Spencer was so widely admired, the expansion
of railroads during the post—Civil War era resulted in social strife and
contributed to the economic depression of 1873—1878.% Contrary to
Spencer’s vision of unregulated competition among independent in-
. dividuals, this expansion eventually resulted in the growth of indus-
“and governmental bureaucracy. Fearing bankruptcy, both
d managers and investors sought to minimize ruinous competi-
1 increasingly turned to consolidation, integration, and coop-
22

biguity of portraying the well-regulated social organism asa

egulated competition was not lost on Spencer’s critics. Hux-
& no difficulty accepting competition among molecules in
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the body, balked at Spencer’s attempt to explain social stability in the
organic body politic in terms of laissez faire.” The organic analogy
could not be used to justify unregulated competition among individ-
uals in society, Huxley argued, “if the analogy of the body politic with
the body physiological counts for anything, it seems to me to be in
favour of a much larger amount of governmental interference than
exists at present.”

- For this reason, Huxley was not particularly drawn to Spencer’s
organic analogy, but a diverse group of philosophers, political scien-
tists, sociologists, and historians later embraced both the organic anal-
ogy and the belief that this analogy justified a greater regulatory role
for government. For example, the historian and social critic Charles
Beard, whose work exemplified the newer form of cultural organi-
cism so influential by the end of the century, cited both Darwin and
Spencer. Beard argued, “It is generally recognised that society is
more than a mere aggregate of individuals; that the individual is not
only a sharer in the life of the organism, but is also capable of modify-
ing by his inter-social activities its structure, function and lines of de-
velopment.”™ Rejecting Spencerian individualism, Beard called
instead for a rational, planned economy. Beard and other observers
of human nature could use teleology to explain stability in the social
organism, but this option was less acceptable 10 biologists. Thus the
question remained: If the biological community were to be compared
to an organism, could the struggle for existence explain the apparent
stability of this organic entity? If so, exactly how did this occur? If not,
what other mechanisms might be involved in maintaining stability?

,_Hrn Lake as a Social Microcosm

The themes developed in Spencer’s “Social Organism” were elabo-
rated in ecological form in a classic essay written by Stephen A.

- Forbes. First published in 1887, “The Lake as a Microcosm” is gener-

ally recognized as one of the first statements of the ecological concept
of the biological community.® So popular was this essay that it was
reprinted in 1925, and it continued to be read and commented upon
by ecologists for several decades thereafter. Writing during a period
of professionalization and increasing specialization, Forbes was a
transitional figure in the history of modern biology. Largely self-
educated, he was one of the last great naturalists whose interests
spanned the gamut of topics in traditional natural history: botany,
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entomology, ichthyology, and ornithology. At the same time, his semi-
nal writings helped to define the newly emerging specialties of ecol-
ogy and limnology.”

Born in Illinois to a poor farming family, Forbes’s early educa-
tion—one year at Beloit Academy in Wisconsin—was interrupted by
military service during the Civil War. After serving in the llinois cav-
alry, Forbes entered Rush Medical College, but he left without a de-
gree after becoming “infatuated” with botany.” His early scientific
research, particularly in entomology, was sufficiently impressive that
he was named curator of the natural history museum in 1872 and
professor of zoology at the Hlinois State Normal University in 1875.
But only after being appointed chairman of the zoology department
at the University of Hlinois in 1884 did Forbes receive a somewhat
unusual academic degree. “It was also in 1884,” Forbes later wrote,
“that Indiana University gave me the degree of doctor of philosophy
‘on examination and thesis,’ entirely the product of private study, as 1
had taken no academic college course and had no bachelor’s degree.™
Shortly thereafter, at the height of his career, Forbes wrote “The
Lake as a Microcosm.” .

In his famous essay Forbes drew a vivid picture of the aquatic envi-
ronment and the interacting organisms living there, a picture strik-
ingly reminiscent of Charles Darwin’s entangled bank. According to
Forbes, the natural order and lack of chaos that characterized this
“fitle community” could be explained by two general ideas.* First,
there was a community of interest even among predator and prey; each
prudently acted to maintain the optimal population size of the other.
“The interests of both parties,” Forbes wrote, “will therefore be best
served by an adjustment of their respective rates of multiplication
such that the species devoured shall furnish an excess of numbers to
supply the wants of the devourer, and that the laster shall confine its
appropriations to the excess thus furnished.” Second, this well-
ordered community had evolved and was maintained by the “bene-
ficent power of natural selection,” which, though destructive,
promoted the common interests of the constituent species.

Reading Forbes’s description of the aquatic community one is
struck by the richness of description and the highly literary style of
the essay. But one cannot help feeling that Forbes was struggling to
develop an appropriate technical language with which to describe the

interactions between aquatic plants and animals. In describing these
interactions, Forbes relied upon a variety of metaphors: mechanical,
organic, political, and economic. Perhaps the dominant image sug-
gested by Forbes’s essay is that of nature as a battlefield of each
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against all. Life in the lake was a “fearful slaughter” of prey by preda-
tors, a constant “scramble for food” among competing individuals,
and a continual challenge of adapting to an endlessly fluctuating
physical environment.” Within such an unstable environment few
lived to maturity, but Forbes, like Darwin and Spencer, believed that
this ceaseless strife was also a mechanism for insuring social harmony

and progress:

In this lake, where competitions are fierce and continuous beyond any
paraliel in the worst periods of human history, . . . where mercy and
charity and &E%m&wowsm magnanimity and all the virtues are utterl
unknown; where robbery and murder and the deadly tyranny of mcdn.m-.w..
over weakness are the unvarying rule; where what we call wrong-doing is
always triumphant, and what we call goodness would be immediately fatat
to its possessor,—even here, out of these hard conditions, an order has
been evolved which is the best conceivable without a total change in the
conditions themseives; an equilibrium has been reached and is steadily
maintained that actually accomplishes for all the parties involved the
greatest good which the circumstances will at all permit.™

This natural equilibrium, however tenuous and imperfect, sug-
gested other images to Forbes, both mechanical and organic. For
Forbes, the lake was both a complex machine and an organism.* Spe-
cies within the community were parts of a larger whole, and any
change in one had ramifications for other parts and the entire com-
munity. From a careful analysis of the stomach contents of black bass,
Forbes knew that this important predator relied upon numerous spe-
cies of insects and crustaceans for food.* Directly or indirectly, it
depended upon nearly every animal in the lake. This mutual depen-
dence was a general rule in the microcosm, and the intricate interac-
tions among species maintained a regularity and stability in the
community as a whole. Life for the individual was a chaotic existence
of ceaseless competition and predation, but at the level of the species

. this led to optimal population size, and at the level of the community

it led to a stable equilibrium between predators and prey.

The term community that Forbes used to describe the mteracting
plants and animals in the lake became a fundamental ecological con-
cept during the twentieth century by suggesting a close analogy be-
tween human affairs and biological processes. Forbes’s lake was not
only a microcosm of nature but also a reflection of American society.
The economy of nature was dictated by the same law of supply and
demand that served as an invisible hand in regulating the mar-
ketplace. In both instances, success went to the best adapted and most
efficient competitor. “Just as certainly as the thrifty business man who
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lives within his income will finally dispossess his shiftless competitor
who can never pay his debts,” Forbes wrote, “the well-adjusted aquatic
animal will in time crowd out its poorly-adjusted competitors for food
and for the various goods of life.” However, Forbes's essay did not
evince quite the same optimism in unregulated capitalism as Spencer’s
early writings. By 1883 Forbes's America had suffered through a re-
cent economic depression, a decade of labor strife, and the uncertain-
ties of a new industrial capitalism increasingly dominated by large
corporations. Forbes’s aquatic microcosm may have exhibited a har-
monious balance, but this balance could be easily disturbed. For
example, unpredictable changes in water level might lead to cata-
strophic death among vulnerable species in the lake.

Forbes’s essay, so anthropomorphic in its description of life in a
lake, was not aberrant; it was quite typical of proto-ecological litera-
ture. For example, a similar style was employed by the botanist Con-
way MacMillan in his early descriptions of plant communities.
MacMillan had studied with Charles Bessey, an eclectic botanist and
gifted teacher, who established one of the most influential American
schools of ecology at the University of Nebraska.” After completing a
master’s degree at the University of Nebraska, followed by a year of
additional study at Harvard and Johns Hopkins, MacMillan was hired
as an assistant professor of botany at the University of Minnesota in
18873 Four years later he became chairman of the department and
state botanist, posts that he held until he resigned in 1906.

One of MacMillan’s duties as state botanist was to complete a botan-
ical survey of Minnesota, part of which appeared as an eight hundred—
page list of species, The Metaspermae of the Minnesola Valley (1892).%
Tucked in the middle of this ponderous description of regional flora
was a brief discussion of the dynamics of vegetation, a discussion that
anticipated important areas of research in early twentieth-century
plant ecology. According to MacMillan, the apparent stability and
permanence of the plant cover was an illusion; vegetation was actually
in a constant state of flux. For economic botanists this fact became
obvions when introduced weeds spread quickly at the expense of
valuable crops. This was but one example of a general biological and
$ocial law: “Every individual plant must make its way in the world. It
fiust either win new territory, maintain what it has already won, or
céde its place of abode and growth to some plant better fitted to cope
with the conditions peculiar to that particular spot. It thus happens

 thiai the flora of any region—that is to say the plant society of the
€gion--is in the same condition of mutual interdependence and mu-
éompetition that we discover in human society.™ Competition,
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for MacMillan, was more than simply the war of each against all. It
involved a complex set of interactions at a number of levels: the indi-
vidual, the species, and the plant community as a whole. Individual
plants, like humans, competed with one another, but they also coop-
erated by banding together in mutual self-interest against other groups
of plants. , .

Each species competes with those around it and in this competion [sic] the
individuals might be said to stand shoulder to shoulder against the com-
mon foe, as may vm seen in the united efforts of a human tribe or nation
against some warring body. And again groups of species, having perhaps
a common line of movement or a common need to be supplied, band
themselves together and find arrayed against them other united groups
of species competing for the same necessity or striving to move in -,Wn
opposite direction.”

. This form of high-level competition was most evident at the boundary
between the forest and prairie, where the two great communities—
- each made up of hundreds of species—engaged in “silent warfare”

over contested territory. Thus, like Darwin and Forbes, MacMiilan

. interpreted the struggle for existence broadly. This process occurred
. ata number of levels and worked hand in hand with cooperation.

Themes and Metaphors

By about 1900 the major themes of ecological discourse were estab-
lished: change and uniformity, instability and equitibrium, competi-
tion and cooperation, integration and individuality.” These did not
constitute mutually exclusive positions but rather alternative prefer-

. ences or guiding ideals. If the dominant themes of Darwin’s work

were competition and change, then this did not necessarily preclude a
high degree of uniformity, stability, and interdependence in the natu-
ral world. Similarly, the stability of Forbes's aquatic microcosm did
not reflect a static equilibrium. For the individual fish, the lake was a
hurly-burly of endless strife, and entire populations might be imper-
iled by unpredictable fluctuations in the environment. Stability was an
important concept for Forbes, but he was not a prisoner to some rigid,
dogmatic commitment to equilibrium. Like the other proto-ecologists
of the late nineteenth century he used this idea flexibly. This is an
important point to emphasize. In his book, Discordant Harmonses, Dan-
iel Botkin accuses Forbes and other early ecologists of viewing biolog-
ical rhythms in terms of pendulum-like regularity. Forbes actually
used this metaphor in his work, but he was careful to note that the
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amplitude of the biological pendulum in his aquatic microcosm was
constantly altered by disturbing forces.* Stability and instability, like
other thematic polarities, established a range of possible explanations;
they did not define incommensurable positions or dogmatic schools of
thought.

The most striking stylistic feature of the literature considered in
this chapter is the rich use of metaphorical language. Scientists often
dismiss metaphors as mere figures of speech, but it seems likely that
these linguistic devices play important, constructive roles in scientific
discourse.* Metaphors are explanations; when Stephen Forbes de-
scribed the lake as a battlefield he was providing an explanation of
something poorly understood (limnology) in terms of something well-
understood by many members of his post—Civil War audience. Meta-
phorical descriptions suggest analogies, some perhaps strong enough
to count as testable predictions. To claim that an aquatic community is
an organism suggests a certain level of interdependence among its
parts. Forbes, in fact, claimed that every member of the community
was dependent upon every other.” Such extreme interdependence
might exist in nature, but it also might not. This claim, a clear reflec-
tion of Forbes’s organicism, was open to empirical refutation. Meta-
phors also suggest new questions or lines of research, some of which
the originator may not fully recognize. To compare a biological com-
munity to a machine in the 1880s would have suggested somewhat
different attributes to an audience than the same comparison made a
century later during the age of computers. Finally, because they are
so suggestive, metaphors may become easy targets for criticism. Op-
ponents can emphasize incongruities and thus potentially discredit
not only the metaphor but also the theory it represents. But as explan-
atory tools, hypothesis generators, heuristic devices, and targets for
criticism, metaphors may stimulate the intellectual development of a
new area of research.

Ecologists had 2 number of metaphors to aid in explaining the com-
plex interactions and interdependencies that they encountered in na-
ture: community, organism, and machine, All these were already
" used in the proto-ecological literature of the late nineteenth century.
.Deespite its obvious limitations—it was inherently anthropomorphic,
it externalized the physical environment—the community be-
important concept in ecology. The idea that plants and ani-
a kind of community is natural enough. But “community”
ing concept. During the period in which Forbes and
e writing, America was being transformed from a na-
vely autonomous, rural “island communities” to an ur-
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banized, industrial culture.® The informal social patterns of rural life
were giving way to more centralized patterns of authority. Laissez
faire, a doctrine that held such appeal for earlier generations, was
being replaced with more hierarchical, regulative views of govern-
ment and economy. The clash of social and economic ideas is re-
flected in the essays of Forbes and MacMillan. Indeed, the literary
style of these writings highlights the influence of social thought upon
science. Such influences would be partially, but never completely, ob-
scured by the more technical style of twentieth-century scientific liter-
ature. ,

Today, the idea that plants and animals together form a kind of
superorganism is anathema to most ecologists, but it was a popular

. mode of explanation for early ecologists. The concept of the organ-
. ism implied organization, stability, and orderly change. As late nine-

teenth-century writers showed, however, organismal metaphors

.. could also be used to discuss struggle, instability, and random disturb-

ances. The belief that there is a kind of molecular struggle for exist-
ence within the body was commonly expressed. In Forbes’s aquatic
microcosm, which he compared to an organism, the stability of the
whole only partially masked the uncertainties of struggie, conflict,
and unpredictable change.

That organismal metaphors held such appeal for ecologists shouid
not be too surprising. Organisms are natural objects familiar to all
biologists. Through observation, classification, dissection, and experi-
ment on this class of objects the neophyte biologist learns about or-
ganic structure and function. Organisms most clearly exhibit those
characteristics seemingly unique to life: growth, development, metab-
olism, and reproduction. For ecologists during the early twentieth
century organismal metaphors may have been particularly compel-
ling for two other reasons.”” Physiology, the queen of the life sciences
during the late nineteenth century, had established an enviable reper-
toire of exact experimental techniques for studying organisms. Early
ecologists often looked to physiology as a model of rigorous, experi-

- mental science. The cell theory, well-established by the late nine-

teenth century, provided a conceptual framework for discussing
organic relationships, both in terms of part/whole and structure/func-
tion. Was it not reasonable to suppose that similar relationships exis-
ted between the individual organism and the biological community?
Mechanical metaphors played a similar, if somewhat less important,
role in early ecology. In fact, the ideas of nature as a superorganism
and nature as a machine were often used interchangeably.® The ap-
parent equilibrium of a biological community could be compared to
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either the self-regulation in an organism or a machine controlled by a
governor. In his essay on the aquatic microcosms, Forbes implied this
relationship between self-governing machines, organisms, and biolog-
ical communities. However, he did not fully develop his mechanistic
descriptions of the lake. For much of the early history of ecology,
mechanical metaphors remained an intellectual undercurrent. Only
with the development of complex cybernetic systems during World
War II did metaphors in ecology shift from organic to mechanical.®
Community, organism, machine: all these metaphors are consistent
with Darwin’s idea that nature forms a web of complex relations. But
one might interpret Darwin in another way: perhaps his entangled
bank is only an illusion. Perhaps the apparent order of nature is
owing to populations independently adapting to a.common physical
environment. A community, if you care to use such a term, may be
little more than a collection of autonomous populations that just hap-
pen to occupy the same place at the same time.” This “individualistic”
view of nature, absent from the proto-ecological literature of the late
nineteenth century, remained a minor eddy in the mainstream of
early ecological thought. It too had to await the Second World War
before it gained large numbers of adherents.

2

A Rational Field
Physiology

ﬁ«. aaagﬁa‘&:%a%&s%%%&%&%%&;&:&
ology. .

—FRrEDERIC EDWARD CLEMENTS, Research Methods in Ecology
L] [ %
THE IDEA OF A GROUP of interdependent organisms, what Stephen
Forbes referred to as a2 “community,” became a central concept in
étology. Although Forbes and others discussed it during the late nine-
teenth century, the biological concept of community was most fully
developed by midwestern botanists beginning about 1900. These bot-
ts, among the first scientists to self-consciously identify themselves
s ecologists, often claimed to be revolting against the genteel tradi-
Wca of collecting and identifying specimens. Traditional botany, the
- young Frederic Clements claimed, “lends itself with insidious ease to
_chance journeys or to vacation trips, the fruits of which are found in
*. . vague descriptive articles.” In contrast, ecology was to be a rigorous,
o €xperimental science dealing with biological processes and their
.- causes. Indeed, for Clements ecology was “nothing but a rational field
m:ﬁmo_omw.& Midwestern plant ecologists were never quite so revolu-
' tionary as they sometimes claimed, and others were not always im-

~ pressed with their vision of a new experimental science.

- Critics sometimes dismissed plant ecology as a glorified agricultural
science, but Clements and his contemporaries were interested in more
nES. applied botany.® Ecologists, at the turn of the century, also were
Passionately interested in the broader biological problems of adapta-
tion, n.nqn_oanbr and distribution. For these ecologists change was
the primary characteristic of the natural world, and they called for a
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dynamic, process-oriented science that could explain this change. The
physiological perspective that these biologists embraced had a perva-
sive influence upon the later development of ecological thought. Not
only did this perspective suggest innovative methods for studying na-
ture, but it also provided an explanatory framework that was both
organic and mechanistic.
At the turn of the century, the midwestern United States provided
a fertile environment—both physically and intellectually—for ecolog-
ical studies. Most ecologists believed that fundamental biological
probiems could be studied best in natural laboratories: forests, lakes,
dunes, and prairies. The frontier may have been coming to a close in
1900, but ecologists could still find pristine environments to study,
and these natural laboratories were readily accessible from mid-
western universities. Intellectually, the Midwest also provided a stim-
ulating environment for the young science of ecology. New
institutions such as the University of Chicago were breaking with tra-
ditional approaches to education.® As universities in the Midwest pro-
liferated, biologists with new ideas about the nature of their science
had unique opportunities to shape departments and research pro-
grams along nontraditional lines.’ In a more subtle way, the mid-
western environment may have influenced the way that ecologists
approached their work. Writing at the wrn of the century, the histo-
rian Frederick Jackson Turner suggested that the frontier was a pow-
erful force capable of shaping human character.® Using a variation of
this frontier thesis, Paul Sears later argued that ecological theory was
significantly influenced by the midwestern environments within
which early ecologists worked.” One need not accept this environmen-
tal determinism too literally to imagine the powerful impress that
dunes and prairies made on the minds of early ecologists. It is per-
haps not too surprising that the themes informing the historical writ-
ings of Turner at the University of Wisconsin—organic development,
adaptation, evolution, and the interaction of organisms with their
physical environments—also appeared prominently in the early liter-
ature of plant ecology.®

Henry Chandler Gowles
and the Life History of Sand Dunes

Typical of this new breed of midwestern botanist was Henry
Chandler Cowles. After graduating from Oberlin College in 1893,
Cowles began graduate studies at the newly opened University of Chi-

A RATHONAL NVIRLE FRYSMUOLUGY .

cago, an institution where he remained throughout his professional
..Bu.mnw.o During its early years, the University of Chicago was an excit-
ing ..En:oﬁ.:m- environment for an aspiring young scientist. President
William Rainey Harper was luring many outstanding scientists to de-
uﬁ.rw_u new research and teaching programs at the university." Cowles
initially began studying geology under T. C. Chamberlain, a noted
geologist recently recruited from the University of Wisconsin. How-

ever, captivated by professor John Merle Coulter’s discussions of

plant life on the sand dunes of Lake Michigan, Cowles soon switched

10 botany. His dissertation described the long-term
S process of vegeta-
~_ tional change, or succession, as it occurred on the dunes.” 8

. Cowles’s research was a stimulating mix of careful observation and

rather speculative theorizing. He described in great detail the envi-
»:" ronmental conditions and the various “plant societies” that existed in
. the dunes: perennial herbs, shrubs, heath, coniferous forest, and de-
L Da1o=m forest. He then arranged these societies into developmental
. series. As Cowles envisioned the process, small embryonic dunes
. formed on the beach as sand washed up on shore. Some of these
% dunes were stabilized by colonizing plants, whose fibrous roots
ﬂﬁﬁv& the .QE& and prevented it from blowing away. The dune and
% its commuriity of plants formed a symbiotic relationship, and over
- several hundred years both developed in a fairly predictable manner.

Given proper environmental conditions the terminus of this develop-

mental process, the climax community, was a large sandy hill covered
- ‘with a deciduous forest dominated by beech and maple trees.

Cowles’s research was inspired by earlier investigations of oceanic

dunes in northern Europe, particularly those conducted by the Dan-
- ish botanist Eugenius Warming." Gowles shared Warming’s enthusi-
- asm for a physiological approach to the study of plant communities.

Both men were committed to explaining the structure and distribu-

- tion of plant communities in terms of the relationship between physi-
.. cal factors in the environment and physiological adaptations in plants.

However, in a number of ways, Cowles’s study differed from its Euro-

_ pean model. Despite his new-found love for botany and his interest in

_uw.wm.mo_ommnm_ adaptation, geology continued to hold a powerful at-
traction for Cowles. It provided a model for creating the new, dy-
namic ecology typified by his study of succession: “Such a study is to
structural botany what dynamical geology is to structural geology.
Just as modern geologists interpret the structure of the rocks by seek-
ing to find how and under what conditions similar rocks are formed
8%?. so ecologists seek to study those plant structures which are
changing at the present time, and thus to throw light on the origin of
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plant structures themselves.”* Geology also provided an important
part of Cowles’s explanation of succession. Changes in the topogra-
phy of a region were the ultimate forces causing vegetational changes,

‘Cowles’s perspective was more than geological, however; he also em-

ployed the organic metaphors so common in American inteilectual
life at the turn of the century. ]

Cowles never claimed that a plant community was an organism, but
organic analogies were common in his writing. Throughout his classic
paper Cowles portrayed ecological succession as a2 developmental proc-
ess. The dune began as an embryo, passed through a series of devel-
opmental stages, attained maturity, and eventually died. The fact that
this complicated process did not always occur in exactly the same way
did not alter the fact that the ecologist, studying a2 number of dunes,
could describe the idealized life history of a dune.

Idealization is an important step in theory construction, and Cowles
moved from observation to abstraction in a sophisticated manner. No
single dune necessarily went through a particular series of develop-
mental stages; the physical forces controlling succession were too un-
predictable for that. “The simple life-history just outlined is the
exception,” Cowles wrote, “not the rule. . . . These processes of depo-
sition and removal, dune formation and dune destruction, are con-
stantly going on with seeming lawlessness.”* Nonetheless, the
simplified developmental scheme provided an explanatory frame-
work for understanding the relationships among the various individ-
val dunes making up a “dune complex.” Using the metaphor of
ontogeny Cowles systematized the seemingly chaotic changes in the
soil and vegetation of the Indiana sand dunes.

Cowles’s sand dune, like Darwin’s entangled bank and Forbes’s
aquatic microcosm, was a scene of seemingly chaotic, lawless change,
and at the same time, the site of orderly, law-governed processes com-
parable to those in a developing organism.” Both the predictability
and the unpredictability of succession could be explained by the

. causal web underlying this developmental process. What Cowles de-

scribed as a symbiotic relationship between the dune and its commu-
nity of plants was not a simple interaction, but rather a shifting
balance between two powerful agents of change. Plants could capture,
stabilize, and modify the dune, but this outcome was not inevitable.
Even though the dune provided the necessary resources for the de-
velopment of vegetation, it also constituted a harsh and unpredictable
environment for plants. Intense sunlight reflecting off the sand, lack
of moisture, and a nutrient-poor soil, all provided extreme challenges
to life on the beach. Most important, however, was the destructive
sand-blasting effect of winds blowing off the lake. Living tissue could
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hardly withstand such abrasion. The windward branches of trees

. were often stripped bare of soft tissue, leaving only a network of

tougher fibers. Even more dramatic was the destructive effect on
nonwoody plants. “Fleshy fungi have been found growing on the
windward side of logs and stumps completely petrified, as it were, by
sand-blast action”; Cowles noted, “Sand grains are imbedded in the
soft plant body and as it grows the imbedding is continued, so that
finally the structure appears like a mass of sand cemented firmly to-
gether by the fungus.”® Wind not only destroyed individual plants,
but it could also destroy whole plant communities. Under the influ-
ence of wind the sand dune was never a completely stabilized environ-

' ment. Rather, this restless maze could break away, uprooting an

established plant community and burying other communities as it ad-
wanced across the beach. This was not an uncommon event; the area
was dotted with the “graveyards” of forests buried by wandering sand

- «dunes. At any given time, therefore, the relationship between dune
-~ and plant community could develop into one of several possibilities.
_ An uninhabited, wandering dune might be captured and colonized by

plants. Together the dune and its inhabitants might grow and de-
velop toward a climax community. Or the dune might break away

- from the stable relationship and destroy its symbiotic living partner in

the process.
.. -Competition played an important role in succession. The regularity
of succession could be largely explained by replacing established spe-

... cies with better adapted competitors. For example, in certain moder-

ately moist areas pines were replaced by oaks, not because the pines

i were poorly adapted to moist soil, but because oaks were better
- -adapted.” Unlike Forbes’s lake, however, competition on the sand
~ dune was less a matter of struggle among individuals, than a struggle

* _between the individual and its physical environment. The extreme

. ‘conditions found on the dune posed a continual challenge to plant
- life, and only a few, well-adapted forms could meet this challenge. To
. successfully capture a wandering dune, a plant had to have an exten-

- sive system of roots to trap and hold sand. But even for those plants

with networks of fibrous roots there was an ongoing struggle to hold

.- sand against the eroding force of the wind. To be successful, there-

fore, the plant had to be capable of growth even when buried by the
shifting sand. And, most important, it had to survive periodic expo-
sure of its roots as the dune was eroded by wind. “In short,” Cowles
concluded, “a successful dune-former must be able at any moment to
adapt its stem to a root environment or its root to a stem environ-

‘ment.”® Thus, on the sand dune, adaptation often meant adaptability

to a relentless and unpredictable physical environment. Cowles was
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particularly interested in the physiological adaptations that allowed
individuals to successfully compete with this physical environment,
but he was also interested in cooperation among individuals within a
society of plants. A single plant was generally no match for a moving
sand dune; the successful capture of the dune required the coopera-
tive effort of many individuals.” Competition and cooperation, im-
portant causes of succession, both occurred on the dune.

Cowles’s study of succession on the sand dunes of Lake Michigan
became a classic in the literature of ecology. Its careful description
and analysis became a model for Cowles’s students and a source of
inspiration for later ecologists, particularly those interested in ecosys-
tems. Half a century later, Jerry Olson, another University of Chicago
graduate student, returned to study succession on the dunes. His
award-winning research placed dune succession within an explicit
ecosystem context.? At about the same time, Eugene Odum, the dean
of ecosystem ecologists, favorably compared Cowles’s influence in
ecology to that of Gregor Mendel in genetics.” Like many of his fellow
ecosystem ecologists, Odum considered succession a fundamental
ecological process. .

Odum emphasized the dynamic nature of ecosystems, and his dis-
cussions of succession were rooted in the same physiological perspec-
tive that so attracted Cowles. Despite his enthusiasm for physiology,
Cowles himself never fully developed this approach to research. His
early work was primarily descriptive, and later in his career he pub-
lished relatively little original research of any kind. As a young man,
Cowles suggested that a plant community was analogous to an organ-
ism and that its internal processes could be studied physiologically,
but he never made the transition to a truly physiological ecology.
Ecology, for Cowles, remained firmly within the domain of naturat
history. Hiking across the dunes toward Lake Michigan, the ecologist
could walk backwards in time, retracing the developmental history of
the plant community.

.. Frederic Clements:
‘The Physiological Perspective in Ecology

Inteliectuaily, Gowles and Clements had much in common, and they
both played important roles in establishing plant ecology in America.
However, it is difficult to imagine two individuals so profoundly dif-
ferent in personality and scientific style. Cowles was a popular teacher
whose warmth of personality and sense of humor were legendary.®
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- He attracted a large and devoted group of students who continued
- - the research program that he began during the 1890s. To a great extent,
- Cowles's legacy rests upon the intellectual lineage that he started
at the University of Chicago. In contrast, Clements was often arro-
gant, priggish, and distant, inspiring little warmth even in those who
- knew him best. Although he trained a few students, most of his career
was spent outside academia as a research associate at the Carnegie
Institution of Washington. Unlike Cowles, who taught much but
wrote little, Clements’s influence arose from his voluminous writings;
his books and articles touched on virtually every topic in ecology.
Something of these differences is captured in photographs of the two
great ecologists: Cowles, always looking a bit rumpled, often with a
battered hat on his head and a boyish grin on his face, is a study in
eontrast with the stiff, neatly pressed, and unsmiling Clements (fig-
gres I and 2). Clothes may not make the man, but these contrasting
yortraits mirrored fundamentally different intellectual styles. Cowles
often referred to the chaotic state of ecological thought as it existed
arly in the twentieth century, a situation he seemed to accept as inevi-
table. Ecology was to be a search for natural laws, but the nature that
Cowles encountered on the sand dunes of Lake Michigan often ap-
Peared capricious.” In Cowles’s ecology there remained a tension be-
~tween order and disorder. Clements abhorred chaos in ecological
- thought as much as in his puritanical personal life. Out of his search
- for order emerged a theoretical ecology that was sweeping in its
. breadth and audacious in its simplicity.
- When Clements entered the University of Nebraska in 1891, the
botany department was gaining a national reputation. Charles Bessey
was attracting bright young students and training them in the “new
botany.” Loosely patterned on a German educational model, Bessey’s
new botany emphasized experimentation and laboratory techniques,
: particularly the use of the microscope. However, according to Ronald
?, Tobey, there was something uniquely American in Bessey’s pragmatic
- @pproach to biological education.” Like other American intellectuals
* during the late nineteenth century, Bessey and his students were in
- Tevolt against what they perceived as the sterility of traditional educa-
ton. Botany was to be learned not through rote memorization of text-
books but through experience in the laboratory and in the field. And
1t always had an eye toward the practical problems of agriculture and
forestry.®

Bessey’s new botany with its emphasis on experimentation and lab-
oratory technique shaped Clements’s approach to the study of ecol-
~ogy. Throughout his career, Clements liked to portray himself as a
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radical educator and a scientific innovator.” However, his vision of an
experimental, physiologically oriented ecology did not crystallize im-
mediately. Like Cowles’s study of sand dunes, Clements’s early re-
search was descriptive. His doctoral research, done jointly with fellow
student Roscoe Pound, was a fairly conventional study of regional
vegetation. Inspired by the earlier geographical studies of Oscar
Drude, Pound’s and Clements’s The Phytogeography of Nebraska cata-
logued species, described plant formations, and correlated these for-
mations with general features in the environment.” But unlike the
later Clements, he made no consistent attempt to mecasure environ-
mental factors or to investigate causal relationships through experi-
mentation, The book was a transitional work; the authors used
ecology as one of several useful perspectives from which to study
plant distribution. By 1905, Clements, then an associate professor at
the University of Nebraska, reversed this relationship. In his first ma-
jor ecological work, Research Methods in Ecology, a book that brought
him international recognition, plant geography was presented as a
small part of a more inclusive and rigorously experimental science of
ecology. In the jargon of his new book, the descriptive geographical
research that he had done as a graduate student was reconnaissance, a
necessary but rather mundane prelude to.more ambitious ecological
experimentation.

The Plant Community as Organism

Running through Cowles’s classic study of sand dunes is the idea that
the plant community is like an organism; however, he never fully de-
veloped this suggestive analogy. Frederic Clements made this idea ex-
plicit and used it as a central concept in his theoretical ecology. For
Clements the plant community really was a “complex organism,” and
succession was its life cycle. In wrning to these organismal ideas,
Clements avoided the naive anthropomorphism that Herbert Spencer
suctumbed to in the “Social Organism” and the traces of romantic
imlagery that lingered in the writings of Stephen Forbes, Conway
MacMillan, and Cowles. Clements saw himself as a tough-minded
professional struggling to create a technical vocabulary for ecology.
The “complex organism” was not just a suggestive image; it was an
important theoretical term for ecologists.

What did Clements mean when he claimed that the community is a
kind of organism? It most certainly was not an organism in the same
sense as a vertebrate animal or even a higher plant. What Clements
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* seemed to have in mind as models for the community-organism were

much simpler plants and animals, perhaps what we would refer to
_ today as protists.® But even these models were not to be taken too
- literally. The similarities between simple organisms and complex or-

- ganisms were not to be found in naive isomorphisms; parts of a forest

were not precisely comparabe to any anatomical structure. The simple
rganism and the community had in common a number of general
biological characteristics. The community was an organic entity made
up of interacting parts, much the way an individual was composed of
interacting cells. It had spatiotemporal continuity, and it developed in

fairly predictable manner. Finally, the community had a kind of
physiology, a set of processes through which it interacted with the
physical environment to maintain a dynamic equilibrium. The com-
munity was capable of adapting just as any organism did.

- ‘Given the historical context within which he was working, Clem-
ents’s suggestion that a plant community is a kind of organism was
quite unremarkable. Organismal analogies had long been popular,
and they continued to be characteristic of the intellectual landscape of
early twentieth-century America.® Clements, however, was unusual in
the way that he tied his organismal concept to a broader physiological
perspective. Above all, Clementsian ecology was the study of processes,
and physiology provided a successful model for ecological methods
Nﬁ&.nxw_ubwﬂ.o:m. Clements considered physiology to be the paradig-
matic example of a rigorous, experimental science. If ecology was to
become “a rational field physiology,” then ecologists would need to
develop equally rigorous methods for studying plants outside the lab-
oratory. One purpose of Research Methods in Ecology was to acquaint
ecologists with new quantitative and experimental techniques. Physi-
alogical theories, notably cell theory, provided an explanatory model
for ecologists. Just as the physiologist could explain the functioning
organism in terms of cellular activity, Clements hoped to explain the
fanctioning of the “complex organism” in terms of the activities of its
‘Late in his career, Clements dabbled in philosophical holism, but
Em physiological perspective actually reflected an extreme form of
mechanistic reductionism. At all levels—individual, species, or com-
munity—Clements explained change in terms of simple, stimulus-

ponse reactions. The physical environment acted and organisms
§ ~reacted. By the ime that Clements began writing, physiologists were
- 'moving away from such simplistic explanations, and the physiologists
§ ~  vho read Research Methods in Ecology were universally hostile toward it.*
- Certainly today it is easy to smile at his naive mechanistic ideas.
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Although he was wrong in the details, Clements provided future ecol-
ogists with a compelling intellectual approach to research. As we see
in later chapters, other ecologists also looked to physiology, both for
methodologicat and explanatory models. For now, however, we must
examine Clements’s physioclogical approach in greater detail.

Adaptation, Evolution, and Succession

The operation of Clements’s organismal concepts and his broad phys-
iological perspective can be seen in the way that he explained individ-
ual adaptation, speciation, and succession—three processes that he
considered closely related. In Research Methods in Ecology he discussed
several examples of adaptation to the physical environment. For ex-
ample, he described what he believed to be the causal chain linking
light intensity, photosynthesis, and the gross morphology of leaves.”
An increase in light intensity (a “stimulus”) caused a proportionate
increase in the rate of photosynthesis (a “response”). Within the cell,
this caused an increase in the number and size of starch grains. More
important, the number of chloroplasts increased, optimizing the ab-
sorption of light.® These intracellular changes caused changes in the
arrangement of cells and tissues and ultimately led to gross mor-
phological changes in the leaf. In retrospect, it is easy to dismiss this as
speculation, and Clements himself admitted that no conclusive exper-
imental evidence supported his hypothesis. However, he did cite
some indirect evidence to support his claims. It is a well-known fact
that shaded leaves and sun-exposed leaves, even on the same plant,
frequently exhibit distinct morphological features. As Clements at-
tempted to demonstrate through microscopic examination, these
gross changes were correlated with changes at the cellular and sub-
cellular levels.
From this example it is clear that adaptation meant something more
than the Darwinian fit between organism and environment. For
~ Clements it also meant the physiological process of adjustment of
which all organisms are more or less capable. This physiological adap-
tation had important evolutionary implications. As a neo-Lamarckian,
Clements believed that environmental changes could directly cause
the evolution of new species. He attempted to demonstrate the inher-
itance of acquired traits by transplanting low-aititude species into ex-
perimental gardens located on Pike’s Peak in Colorado. As the
transplants developed in their new habitat they took on characteristics
typical of alpine plants, and in some cases Clements claimed that they
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became indistinguishable from species native to the mountain.® He
concluded that by modifying the environment of a plant he could
artificially induce speciation within several generations.

Clements’s experimental neo-Lamarckism was within the main-

stream of evolutionary biology during the first decade of the
wwentieth-century when he began his work, but much less so in 1945
.when he died. His later career, discussed in chapter 3, increasingly
became a quixotic attempt to document his evolutionary claims. The
point I stress here, however, is not the long-term significance of Clem-
ents’s evolutionary views, but rather the breadth of his physiological
sperspective. Beginning early in his career Clements proposed a uni-
fied mechanical scheme to expiain both physiological and evolution-
«ry adaptation. During the course of a single generation, individual
#plants adapted physiologically to changes in the environment. Over
she course of several generations, species evolved in response to per-
sistent changes in the environment. According to Clements, the same
type of reasoning could explain the successional changes in plant
seommunities.
: Clements’s reputation rests primarily upon his contribution to the
study of succession. He outlined his theory of succession in Research
i iMethods in Ecology (1905) and expanded these ideas in his most impor-
% .sant book, Plant Succession (1916). This massive tome immediately be-
«eame the definitive work on the subject, and today it remains a point
sof departure for many discussions of succession. For Clements, suc-
wession, a complex process of development, led from an embryonic
eommunity, through a series of stages, to the mature climax commu-
mity. Despite its complexity, this developmental process could be re-
iduced to a few simpler processes: plants invaded an area, they
zeompeted, they reacted to the physical environment, and they mod-
sified it.* Each process could be understood in terms of simple
stimulus-response mechanisms.

Succession began when species invaded a previously uninhabited
area. The success of the various migrants in establishing themselves
depended upon their competitive abilities. But this was primarily in-
#direct competition, more physical than biological. “Competition,”
Clements wrote, “is purely a physical process. With few exceptions . . .
am actual struggle between competing plants never occurs. Competi-
tion arises from the reaction of one plant upon the physical factors
- “about it and the effect of these modified factors upon its competitors.”

. Thus, for example, water absorbed by one plant was unavailabie to
- others. Although such competition acted only indirectly on individ-
- tals, it played a decisive role in structuring the community: “The
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inevitable result is that the successful individual prospers more and
more, while the less successful one loses ground in the same degree.
As a consequence, the latter disappears entirely, or it is handicapped
to such an extent that it fails to produce seeds, or these are reduced in
number or vitality.”*

The composition of a community at a given time reflected the rela-
tive adaptation of various species to a particular physical environ-
ment. However, this composition was not static; each stage in
succession was characterized by a different set of species. Invasion
and competition alone could not explain this dynamic nature of the
community; another process was also involved. As plants reacted to
their physical surroundings they modified important environmental
factors. For example, by shading previously bare ground, pioneer
species increased the moisture of the soil. This change in an impor-
tant physical factor allowed new invaders to become established,
which then altered the competitive balance in the community. Thus
species were often replaced as an indirect result of the very environ-
mental changes that they had caused. “The reactions of the pioneer
stages may be unfavorable to the pioneers,” Clements wrote, “or they
may merely produce conditions favorable for new invaders which suc-
ceed gradually in the course of competition, or become dominant and
produce a new reaction unfavorable to the pioneers.”” In either case,
the pioneer species were replaced by a new assemblage of plants. This
developmental process continued until a climax community was es-
tablished, a community that he described as “more or less perma-
nent.” Unless some external disturbance disrupted this process, the
eventual establishment of the climax was as inevitable as the develop-

ment of an adult plant from a seed.®
' The persistence of the climax community could be explained in a
number of ways. Through successive modification of physical factors
such as light and moisture, the community progressively stabilized its
environment. In contrast to early successional stages, which were in a
constant state of flux, the climax was in equilibrium with its physical
environment. As a result, the climax community formed a kind of
biological barrier to further invasion; potential invaders could rarely
compete successfully with established species. Once formed, this cli-
max could persist indefinitely. According to Clements, “such a climax
is permanent because of its entire harmony with a stable habitat. It
will persist just as long as the climate remains unchanged, always pro-
viding that migration does not bring in a new dominant from another
region.™
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Equilibrium and the Climatic Climax

No aspect of Clementsian ecology has proven so controversial as his
ideas on climax. A later generation of ecologists reacted against what
they referred to as the Clementsian “monoclimax” concept, the idea
that within a given climatic region succession always ends in a single
type of community. Historians have also criticized Clements for his
apparent determinism. For example, J. Ronald Engel argues that
Clements accepted Herbert Spencer’s deterministic worldview, a view
that Engel compares unfavorably with Henry Chandler Cowles’s be-
fief in the flexibility and indeterminacy of succession.® Clements was a
determinist of sorts, but the monoclimax is a parody of Clementsian
thought. Of course, a parody requires something to imitate, and
€lements’s pedantic style lent itself to easy ridicule. But critics have
ored the important qualifications that Clements added to his the-
. Clements was not some naive, armchair theoretician. Although
eply committed to his theories of succession and climax, he was a
en observer who knew about the complexities of nature.

Henry Chandler Cowles once characterized the developing equilib-
between plant community and physical environment as “a vari-
approaching a variable, rather than a variable approaching a
tant.”' Clements refused to go that far, but he, too, held a dy-
ic concept of equilibrium. The community was an organism, and
¢ all organisms it was constantly adjusting to environmental fluctua-
ns. “The most stable association is never in complete equilibrium.
ven where the final community seems most homogeneous and its
rs uniform,” Clements warned, “quantitative study by quadrat
instrument reveals a swing of population and a variation in the
ntrolling factors. Invisible as these are to the ordinary observer,
are often very considerable.”® External factors might drastically
the equilibrium between the community and its environment.
-community, even the climax, was completely closed. There was
s the possibility that a foreign species might successfully invade
community.* Natural disasters or human interference could also
climax patterns. Forest fires, logging, erosion—any one of
might damage or destroy the climax. In these damaged areas
sion would begin again, but the overall result would be a land-
pe resembling a mosaic of climax and subclimax vegetation.
*Clements’s little-known study of forest fires in Estes Park is a case in
Point.“ Periodic fires in the area often prevented the establishment of
the theoretical climax forest, a forest dominated by Engelmann
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Spruce. Lodgepole pine, an early successional species particularly
well-adapted to seeding burned areas, sometimes persisted as the
dominant species indefinitely. This was also true of aspen, which
could quickly regenerate from underground roots after a fire. From
experiences such as this, Clements knew that nature was complex;
vegetation formed a mosaic, not a monotonous continuum. But ecol-
ogy had to do more than simply describe this mosaic; it had to explain
it. For Clements the concept of organic development provided the
explanation.

The Individualistic Challenge

One could, of course, argue that Clements’s particular explanation
was badly misleading, that, even ignoring complicating factors, suc-
cession is not analogous to development and the community is not
analogous to an organism. Precisely this charge was made by Henry
Allan Gleason.® Like Clements, Gleason was born and raised in the
Midwest. After completing bachelor’s and master’s degrees at the
University of Ilinois, he went on to receive the Ph.D. from Columbia
University in 1906. He then taught at the University of Michigan for
ten years, after which he moved to the New York Botanical Garden,
where he remained for the rest of his career. Until the late 1960s he
continued to publish papers on diverse topics in ecology, taxonomy,
and plant geography.

In a series of short papers written over a twenty-year period,
Gleason put forward what he referred to as the “individualistic con-
cept” of the plant community.* Gleason claimed that the similarities
between succession and ontogeny were superficial; succession was not
a developmental process in any meaningful sense. Rather, this much
less deterministic process depended to a large extent upon random
events. As a consequence, the planis found in a particular area did not
form an organic entity, but simply an assemblage of individuals.

” Gleason based his reasoning on three premises. Environmental fac-
tors, particularly physical ones, always vary both in space and time.
Each species of plant has a range of environmental tolerances, as does
each individual member of the species. Plants tend to disperse seeds
randomly. Thus, according to Gleason, the distribution of plants in
any particular area was the result of fortuitous immigration and envi-
ronmental selection. As the environment changed, so did the distribu-
tion of various species of plants. Gleason suggested, therefore, that
succession was nothing more than a statistical replacement process.
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Better adapted species gradually replaced less well adapted ones, but
replacement also occurred by the more random process of seed dis-
ersal.

Wnﬁ?g this indeterminism in plant distribution, what then was the
status of the plant community? Certainly not objective units, Gleason
argued, but “merely abstract extrapolations of the ecologist’s mind”.*
Af environmental factors varied continuously in space and time, if ev-
species (indeed, every individual) had a unique range of environ-
tal tolerances, and if immigration were fortuitous, then ecologists
d often find plant communities with poorly defined boundaries.
general, species would be distributed independently across the
dscape, and any two geographical areas, no matter how small,
uld contain slightly different assemblages of species. For Gleason,
biological community was little more than a coincidental assem-
ge of independent species sharing an area arbitrarily defined by
2 ecologist. “In conclusion,” he wrote, “it may be said that every
ecies of plant is a law unto itself, the distribution of which in space
pends upon its individual peculiarities of migration and environ-
tal requirements.”

uch has been made of the “Clements-Gleason controversy.”
cason liked to portray himself as an “ecological outlaw,” and a later
neration of ecologists popularized this image of Gleason as the em-
itled critic of ecological dogma, a critic whose ideas were later vindi-
ed by rigorous experimental testing.* Such stories should not be
too much credence; within the historical context of pre—-World
11 ecology, the controversy amounted to very little. In his two
famous articles, Gleason never mentioned Clements’s work di-
. And Clements, who held Gleason in rather low regard, never
nded to the younger ecologist’s critiques.” But why was the indi-
istic concept so unpopular prior to World War II? To claim that
gists of the 1920s and 1930s were dogmatically committed to
entsian ecology is historically false. But even if true, it would not
/e as an intellectually satisfying historical explanation. The ques-
ns still remain: Why were ecologists so committed to Clementsian
icism? And why did they find the individualistic concept unsat-
DYY?

ggest a number of alternative explanations. One explanation is
mstitutional. Other ecologists supported the individualistic concept,”
but prior to World War I1 nore of these biologists developed an effec-
Bve research program. Gleason may have thought that the individu-
alistic concept was important, but he did not pursue it very far. He
Bever collected data to support his claims, and his theoretical writings
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on the subject were limited to three short papers. As we shall see in
chapter 3, Clements was a more astute “empire-builder” than his
critics. During the 1920s he mustered the considerable resources of
the Carnegie Institution of Washington to effectively promote his or-
ganismal ideas.

Politics was only part of the equation, however. There were also
sound intellectnal justifications for rejecting Gleason’s individualistic
concept. Lack of data was one. To an empiricist, Gleason’s theoretical
sketches would have compared rather unfavorably with the massive
body of information collected in Clements’s Plani Succession. Theo-
retically t0o, Gleason’s argument was flawed. The suggestion that
communities are not organisms because they lack distinct boundaries is
an obvious non sequitur. Humans and some other animals may have
rather definite external boundaries, but many other types of organ-
isms do not; this distinction was pointed out by organismal thinkers
both before and after Gleason’s day.” In a broader sense, Gleason’s
concept lacked a convincing theoretical justification. For many biolo-
gists today, the individualistic concept is attractive because it fits nicely
with recent theoretical trends in population ecology. Gleason was no
population ecologist, however, and the apparent modernity of his
ideas is deceiving. Evolution may have been implicit in his arguments,
but Gleason did not use natural selection to justify his claim that ecol-
ogy could be reduced to the activities of independent individuals. Nor
did he refer to the theoretical population ecology or population ge-
netics that was beginning to develop during the period in which he
was writing. Clementsian ecology, whatever its problems, did have a
well-developed theoretical foundation. In short, without substantial
data or a satisfactory theoretical foundation, Gleason was asking his
readers to abandon an apparently successful approach to research.
Not surprisingly, even some ecologists who were highly critical of cer-
tain aspects of Clementsian ecology refused to embrace the individu-
alistic concept.

One can get some sense of the response to Gleason’s ideas from a

“student notebook of Raymond Lindeman.® Lindeman went on to

write one of the formative papers in ecosystem ecology, but in 1937
he was a beginning graduate student in W. S. Cooper’s plant ecology
course at the University of Minnesota. Cooper’s course was a mixture
of lecture and discussion; the discussions often continued informally
at the Cooper home. Cooper, a University of Chicago graduate,
stressed the importance of carefully describing successional patterns
and discovering the laws governing these patterns. The organismal
concept was important, too, although Cooper believed that Clements
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ushed it too far. Gleason’s paper was thought provoking but flawed.
rom the class discussion, Lindeman wrote down a long list of criti-
«£isms. Gleason’s emphasis on accident and coincidence seemed to rule
iut the possibility of general laws of succession. The idea that a com-
munity is only a chance collection of individuals seemed unreason-
sable. Indeed, Gleason’s heavy emphasis on randomness and
pdeterminacy seemed unjustifiable. Most important, the idea that in-
ite boundaries vitiated the concept of community seemed unten-
ble. “Do not transitions occur between everything?” Lindeman
joted. “Then why throw out the idea of community because it can’t be
harply defined?” Like most of his contemporaries Lindeman did not
ept Clementsian ecology in its entirety, but he did believe that use-
gl parallels existed between organisms and communities. From Coop-
¥, he imbibed modified Clementsian ideas of succession, climax, and
quilibrium, and he accepted the Clementsian notion that ecology is
study of physiological processes—ideas that later found expres-
when he attempted to define the scope of ecosystem ecology.

Succession and the
Physiological Perspective in Ecology

history of scientific controversies is not always neat and tidy, with
winners and losers. The continued influence of Clementsian
even after their apparent defeat, is a case in point. Shortly after
ld War 11, Gleason’s individualistic concept was partly vindicated
the field studies of 2 number of ecologists. Using a new technique,
nt analysis, John T. Curtis and his students at the University of
onsin and Robert H. Whiuaker at the University of Illinois dem-
ted that in many cases communities lacked dearly defined
daries. As Gleason had predicied, populations scattered along
Bvironmental gradients formed continua rather than discrete units.
mccession did not appear to follow neat linear sequences, and the
ax seemed an indefinite mixture of species. “Climaxes are rela-
” Whittaker wrote, “and there are all degrees of climaxness.” For
ttaker and most later ecologists, the climax was a mosaic of vege-
n, an entity definable only in statistical terms. During the 1950s
ttaker became an outspoken critic of Clementsian ecology. He
d others often portrayed their work as destroying a Clementsian
aradigm.* But Whittaker's work itself provides a good example of
-#he tenacity of Clementsian ideas. When he discussed the structure of
Fommunities, Whittaker was an avowed Gleasonian individualist.



However, when he discussed the processes that occur in communities
and ecosystems, Whittaker often slipped back into more organic or
physiological descriptions: populations were parts of a larger whole,
and each played a specific functional role to maintain the integrity of
that whole.*

Much of Clementsian ecology has not stood the test of time. His
continued belief in the inheritance of acquired traits, long after it was
rejected by most other biologists, was aberrant. His mechanistic no-
tions of cause and effect were considered simplistic even by many of
his contemporaries. His insistence that succession is always progres-
sive was also rejected by many ecologists of his day. His ideas of climax
and the organic unity of the community were more influential, but
they too have been modified or abandoned. Yet, despite all this,
Clementsian thought has been enormously influential. As even his
critics admitted, the very scope and systematic nature of Clements’s
work integrated ecological thought, and it stimulated both further

research and criticism.” More important, Clements emphasized the

importance of process in ecology, and he suggested a useful physi-
ological perspective for studying it. H.Em had a powerful influence on
the development of ecology.

Few ecologists after World War I believed that a community or
ecosystem really was an organism, but in important ways they contin-
ued to believe that these higher level systems behaved somewhat like
organisms. Succession was the paradigmatic example. Although the
Clementsian explanation was wrong in its details, the general idea
that succession is a developmental process continued to serve as an
important heuristic argument and a useful framework for explana-
tion.” The physiological perspective suggested other important anal-
ogies between organisms and higher level systems. After World War
II ecosystem “metabolism” and “homeostasis” became important
areas of ecological research. Clements never considered these ideas,
but they fit neatly into his general view that ecology was to be “a ra-
tional field physiology.”
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An Ambiguous Legacy
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i#s to work on new problems than by the correctness of specific research results.

—Davip M. Ravp, The Nemesis Affatr

man who states a general theory which leads subsequent workers along the most
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—A. G, TaNsLEY, “Frederic Edward Clements, 1874—-1945
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c CLEMENTS is an enigmatic historical figure. Universally rec-
as one of the founding fathers of ecology, he has, nonethe-
me a conventent “fall guy” for some modern ecologists.!
his lifetime Clements’s opponents ridiculed his ideas by char-
g them as “flights of fancy,” “fairy tales,” and “laughable ab-
s.” Yet much to the consternation of modern critics, these
mentsian ideas persist in modified form today.* How can one
this ambiguous legacy? The story of the Clements-Gleason
ersy, so popular among ecologists today, provides few in-
ndeed, the answer to this question is not found in intellectual
isons removed from social context. The ambiguities sur-
&:m Clements’s historical reputation are better explained by
msidering the fate of the research group that he formed during the
ond decade of the twentieth century.

its details, Clementsian ecology was vm&< flawed. But being
, perhaps even being egregiously wrong, is not antithetical to
e w&oﬂno. Most scientists are wrong most of the time, and even
€at scientists turn out to be wrong much of the time. What is really




