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Introduction

Eugene Odum has called ecology the link between the natural and the social
sciences. While that may be a little strong, ecology does probably have more
in common, conceptually and methodologicaily, with the social sciences than
with any other natural science, and in this respect it occupies a unigue position
among the span of scientific disciplines. Furthermore, the history of ecology
is rich in foundational controversy and philosophicat debate. Finally, given
ecology’s fundamental role in the design and implementation of environmen-
tal policy, it is hard to imagine 2 science that has more social and practical
relevance. For these reasons, one would expect ecology to be one of the more
visible targets for the philosophy of science. However, philosophers have
been slow &0 turn their attention loward ecology; there has been very litile
sustained examination of foundational controversies in the discipline. This
book contributes toward filling that void. It does so primarily by examining a
number of central foundational issues in ecology; in the process, both the na-
ture of ecology as a scientific field and its role in the process of environmental
decision making are clarified.

To a first approximation, issues in the philosophy of ecology can be di-
vided into two groups. In one group, the questions are internal. They involve
uncertainty over the nature of genuinely ecological questions, conflicting vi-
sions of sound ecclogical practice, and related matters. The external questions
come in all shapes and sizes, but for the most part, they involve a relationship
between a core notion of ecology and other kinds of scientific disciplines and
programs of inquiry. They are questions that involve levels of organization
along (at least) spatial and temporal dimensions. For the most part, internal
questions are conceptually prior to external questions ~ one must be clear on
the nature of ecology before examining relationships with disciplinary neigh-
bors. The work to follow is part of a larger project involving, in the first stage,
the investigation of a number of significant internal questions for philosophy
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of ecology, followed in the second stage by the application of the results to
significant external questions. With the exception of a boef look ahead in
the Epilogue, this book is directed toward the first part of the project — the
internal questions. Before looking at these internal questions, let e first say
something about the external questions.

Imagine a square kilometer of the earth’s surface and follow the happenings
there for a year or so. We can get some initial sense of level of organization
by asking what might seem a rather o0dd question. The question, which we
can ask for individual scientific disciplines, is this: How densely populated is
that region with the kinds of events that your discipline studies? There are, for
example, more instances of chemical interaction throughout this region during
this time period than there are interactions between organisms. Presumably
the landscape ecologists would find even less going on. Of course, these higher
levels of inquiry do recognize that there is lots going on at the lower levels,
that sometimes the details of lower-level processes make a difference for their
own work, and perhaps even that there is some sense in which higher levels
are nothing but the lower levels. The significant point, however, is that higher
levels can get by, in large part, ignoring the details of lower-level processes.
That is what gives us levels.

The standard gloss on what levels there are goes something like this:

Physico-chemical interactions
Individual organismic behavior
Population phenomena
Comumunity structure
Landscapes

Ecosystems

One set of external questions in the philosophy of ecology concerns the re-
lationship among these levels of inquiry. To begin with, there are questions
about-the list itself. Do landscapes belong, for example? Are some levels
the epiphenomenal products of interactions at lower levels? Is, for example,
community structure simply settled by the population behavior of organisms?
There are also questions of integration. G. E. Hutchinson, way back in the
1940s, used to speak of the two central modes of ecological inquiry. He called
them the biogeochemical and the biodemographic. He wanted to unify the
two and, ever since, ecologists have pursued this elusive unification. How are
we to bring together the physico-chemical perspective of ecosystem ecology
with the organismic focus of population/community ecology?

.These are some of the central external guestions for philosophy of ecology
that are generated by what might be called issues of spatial scale (see, for
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example, Allen and Hoekstra, 1992, for a good, though partisan, discussion
of these matters). Questions of temporal scale generate external questions as
well. Another highly touted but elusive unification has been between popula-
tion genetics and population ecology (see Lewontin, 1985, for the pessimistic
line). Certainly the disciplines have moved toward one another. From the
evolutionary direction, ecological genetics has demenstrated that evolution-
ary processes intrude into what we might call ecological time. From the
ecological side, evolutionary ecology has been busy demonstrating the adap-
tive character of the properties and behaviors of organisms. But questions
remain. Is ecological genetics simply a powerful instance of interfield in-
quiry, or is it what much of ecology, at least population ecology, is des-
tined to become? Has evolutionary ecology largely morphed into the study
of adaptation, a project mere appropriate for evolutionary studies than for

" ecology? Just what is the relationship between ecology and evolutionary

biology?
These external questions are both tough and important. This book answers

none of them in a philosophically thorough way. 1 bring them up here for
three reasons. First, it is worth something just to get them on the table.
Second, 1 believe that the work to follow does advance the investigation
of these questions, even if it never manages to get all the way there; I
discuss some of the implications in the Epilogue. Finally, recognizing these
questions helps make sense of the overall strategy of the book. 1 will explain
this last point momentarily, but first consider some of the significant internal
questions for philosophy of ecology.

One of the most long-standing controversies in the philosophy of ecology
concerns, in a broad sense, the idea of a balance of nature. The controversy
takes on a number of distinct forms - sometimes as debate on density
dependence, sometimes surrounding the question of whether competition is
the queen of ecological factors, sometimes involving equilibrium, stability,

. and cognate notions. Closely related to these debates is the question of just
" how much order is to be found in ecological phenomena. Are there ecological

laws? How much general ecological knowledge is possible? Is ecology

" essentially a historical science? These questions, in turn, lead to a series

of further questions surrounding the process of model building in ecology.

" What is the point behind this activity? Or are there a number of points and
" a number of model building strategies as vehicles for pursuing these distinct
" cognitive aims? If the latter, how are we to characterize this variety? How do

we test models? How is model building related to more empirically oriented

" ecological endeavors such as the accumulation of descriptive statistical
' patterns and experimental results?
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Though not an exhaustive list, these are some of the central internal
questions that the book does investigate, In the course of wrestling with
foundational problems in ecology, the book also tackles a number of vexing
problems in the philosophy of science. What is a law of nature? Are there
Jaws in the biological sciences such as ecology? What cognitive role does
theoretical modeling play in a science like ecology, where the phenomena
are exceedingly complex and the existence of fundamental laws can be
questioned? Does model building in such circumstances amount to the search
for predictive instruments, or is it a genuinely explanatory enterprise and,
if the latter, what kind of explanation is involved? Each of these guestions
points toward an active area of inquiry in the philosophy of science; for the
most part there are no settled and widely accepted positions on any of these
matters. Yet the analysis of ecology cannot proceed without philosophical
tools. Thus it will be necessary, during the course of the investigations to
follow, to develop working accounts in each of these philosophical areas.

Returning now o the idea that the extemal questions are important
for understanding the strategy of the book, here is the story. The book is
structured around the search for an adequate definition of ecology. In fact, it
was first conceived as one long argument to the effect that Haeckel's ori ginal
definition, which sees ecology as the science that studies the Darwinian
struggle for existence, remains a good abstract characterization of the science.
There are two reasons for adopting such a strategy. First, much foundational
controversy has been fueled by uncertainty over just what ecology is supposed
to be about. What sorts of phenomena appropriately fall under the domain of
ecological study? Investigating the soundness of the Haeckelian definition
provides the occasion for clarifying the scope of ecology as 2 scientific
field, as well as its relationships to other closely allied fields. A second and
related reason is that the search for an adequate definition can itseif be a
valuable tool for foundational inquiry. Because a definition is supposed to
abstract away less relevant detail, leaving behind the essential relationships,
objections to a proposed definition often reveal differences of opinion at a
very fundamental level. Such is the case with Haeckel’s defimition.

Unfortunately, using the adequacy of Haeckel’s definition as a tool to
probe for foundational controversy has yielded an embarrassment of riches.
Put another way, if this book is, in a sense, one long argument for that
definition, then it never gets to the end of the argument. In part, this is because
the book spends a good deal of time clarifying issues in the philosophy of
science proper. In part, it traces back to the complexity of the foundational
controversies that are explored. In any case, dealing with the foundational
issues internal to the practice of ecology, which has a kind of conceptual
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priority over examining the relationships between ecology and its disciplinary
neighbers, has proven to be handful enough for one book. I will say something
in the Epilogue about how I think the argument should go forward, and about
the progress that has been made. However, tackling the sorts of external
questions mentioned here must remain a project for another day. I conclude
with a brief summary of the part of the argument that the book does make.
The first chapter of the book describes the Darwinian conception of the
struggle for existence and the emergence of Haeckel's definition of ecology
from this conceptual backdrop. It also serves as an introduction to the overall
project by (1) explaining the way in which the examination of Haeckel's defi-
nition serves as a tool for probing foundations, (2) providing an initial formu-
lation of the foundational controversies at issue, and (3) outlining the response
that will ultimately be developed for each of the foundational problems. The
second chapter also has two central goals. The first is to provide a brief, histor-
jcally oriented description of the field of ecology — a primer those familiar with
ecology might choose 1o avoid. The second goal is to provide a historical intro-
duction to the foundational issues, both internal and external, described earlier.
~ Chapter Three takes up the old balance of nature idea. There is really a
cluster of related issues involved here. To what extent are naturat populations
regulated? What is the relative significance of density-dependent over
.. density-independent factors? What is the relative significance of biotic over
o abiotic factors? To what extent should we expect certain kinds of ecological
interactions, such as interspecific competition, to play a dominant role in
‘. shaping the ecological world? To what extent are ecological communities
_ structured by relatively invariant rules for community assembly? All of
these guestions have been, for significant periods of the history of the disci-
- pline, loci for heated debate in ecology. For an outsider, the most striking
 feature of this debate is the inability of the discipline to let empirical evidence
~"settle what are so obviously empirical questions. The explanation for this
tendency to rush to judgment is complicated, and parts of it, such as the
desire to solidify evolutionary foundations and the pursuit of mathematical
theory, are taken up in later chapters. But there are more immediate reasons
as well. One is the belief that there are certain broad ecological claims,
~'such as the inevitability of population regulation, that can be established
on purely logical grounds, by arguments a priori, as it were. Chapter Three
reconstructs and critically evaluates these attempts to establish, by deductive
. means, substantial conclusions about the degree of biological organization
- of ecological phenomena and the causes that must lie behind it.
“'A second reason behind this “balance of nature™ debate traces back to
the desire to establish the scientific legitimacy of ecology, and to misguided
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_expectations, largely imported from a philosophy of science that has taken
physics as its exemplary science, about the kinds of ecological laws required
{0 secure this legitimacy. Chapter Four addresses this issue by developing
a philosophical framework for thinking about generalizations in ecology,
one that avoids the extreme Views — both the belief in MacArthur's “perfect
crystals” and the contemporary celebration of the contingency and histoncity
of ecological phenomena — by developing the machinery for recognizing
that there are degrees of conlingency among ecological generalizations.

The next four chapters are devoted to the controversies surrounding math-
ematical modeling. Chapter Five begins with a detailed survey of the var-
ious empirical and philosophical challenges that have been leveled against
the modeling tradition. It then tums to the responses that have been made to
these criticisms by the theoreticians themselves. In some cases, the challenges
point up genuine weakness in the early theoretical work, and the response has
been to modify model building practice, for example, by adopting a more
pluralistic attitude toward theory and calling for the construction of more
mechanistic models. In other cases, the theoreticians have met the skeptical
chatlenges head-on, often with considerable success. Arguments that the cnl-
ics have often misunderstood the cognitive role of mathematical models are
an example here. Overall, the debate has had a salubrious impact on the the-
oretical tradition. But significant philosophical problems remain. The most
fundamental of these is that theoretical ecologists tend to believe (1) that
successful theoretical models are genuinely explanatory and (2) that there are
no fundamental ecological laws for theoretical models to capture. But most
philosophical accounts of theoretical explanation hold that theories explain by
virtue of capturing laws. If there are no ecological laws for ecological theories
to approximate, then how do ecological theories manage to be explanatory?
Chapters Six through Eight explore this and related problems and develop an
account of scientific explanation that escapes the dilemma, further clarifying
the cognitive role of theoretical models in the process.
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The Struggle for Existence

1.1 INTRODUCTION

" Most foundational controversies involve, sooner or later, questions of disci-
" plinary identity. It must be part of the philosophical project, therefore, to say
something about what ecology is. The strategy 1 have chosen is to defend

a particular definition of ecology ~ the Haeckelian definition of ecology as

the science that studies what Darwin calls the struggle for existence. I am

interested in defending the definition, but, at the same time, the defense of the
. definition serves as the occasion for a larger, and ultimately more important,
> project—the examination of two fundamental foundational controversies that
- have featured prominently throughout the history of ecology. The two issues
. are (1) the interminable debates over competition, density dependence, the
“ role of biotic versus abiotic factors, and the idea of a balance of nature, and
(2) the controversies over theoretical modeling.

This first chapter sets up the issues and outlines the central course for the
remainder of the book. Specifically, it describes Haeckel's original definition
~(sections 1.2 and 1.3), defends the idea of worrying about a definition (sec-
tion 1.4), describes four basic ways in which Haeckel's definition can be seen
" as inadequate (section 1.5), and outlines four foundational controversies that
_underlie these objections, together with a brief description of how the con-

troversies can be handled so as to pose no problems for Haeckel's definition
- (section 1.6). Foliowing a deeper look into the controversies in Chapter Two,
‘subsequent chapters will examine the two foundational issues described in

L _ the previous paragraph.




The Science of the Struggle for Existence
12 DARWINIAN ORIGINS

For Darwin, the struggle for existence follows from the Malthusian insight
that populations increase geometrically whereas their resources do not. In

Darwin's words:

A struggle for existence inevitably follows from the high rate at which all
organic beings tend to increase. Every being, which during its natural lifetime
produces several eggs or seeds, must suffer destruction during some period of
its life, and during some season Or occasional year, otherwise, on the principie
of geometric increase, 1ts numbers would quickly become so inordinately great
that no country could support the product. Hence, as more individuals are
produced than can possibly survive, there must in every case be a struggle for
existence, either one individual with another of the same species, or with the
individuals of distinct species, or with the physical conditions of life. (Darwin

1859: 78)

Of course it is this struggle, together with the fact that some organisms come
better equipped to face the struggle than others, as well as the fact that these
advantageous traits can be passed on to offspring, that is responsible for
evolutionary change by natural selection.

These evolutionary changes, and their implications for the diversity of
living beings, were obviously Darwin’s central concern. Still, he recognized
that the struggle itself represented an interesting and important domain of
biological phenomena. He made some concrete forays into this territory — with
earthworms, for example — but his general discussions are also sprinkled with
insights about the nature of this struggle. A typical example is his anticipation
of what has come to be known as the distinction between r-selected and
K-selected species. As Darwin puts it, in the former, “A large number of eggs
is of some importance to those species which depend on a fluctuating amount
of food, for it allows them to rapidly increase their number” (Darwin 1859:
80), while in the latter, “If an animal can in any way protect its own eggs or
young, a small number may be produced, and yet the average stock be fully
kept up” (Darwin 1859: 80).

‘Darwin viewed the struggle for existence as both orderly and exceedingly
complex. In a famous passage he gives the following description:

When we look at the plants and bushes clothing an entangled bank, we are
tempted Lo attribute their proportional numbers and kinds to what we call.
chance. But how false a view this is! Everyone has heard that when an American
forest is cut down, a very different vegetation springs up; but it has been ob-
served that the trees now growing on the ancient Indian mounds, in the Southern
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United States, display the same beautiful diversity and proportion of kinds as
in the surrounding virgin forests. Whal a struggle between the several kinds of
trees must here have gone on during long centuries, each annually scattering its
seeds by the thousand; what war between insect and insect — between insects,
snails, and other animals with birds and beasts of prey —all striving to increase,
and all feeding on each other or on the trees or on their seeds and seedlings, or
on the other plants which first clothed the ground and thus checked the growth
of the trees! Throw up a handful of feathers, and all must fall to the ground ac-
 cording to definite laws; but how simple is this problem compared to the action
and reaction of the innumerable plants and animals which have determined,
in the course of centuries, the proportional numbers and kinds of trees now

growing on the old Indian ruins! (Darwin 1859: 86)

The tangles in the “entangled bank” are intricate indeed, but not chaotic,
as the convergence of the Indian mounds to the surrounding vegetation
demonstrates.

The struggle for existence is a nice image. But is it more than an jmage?
What is this order that is grounded in a complexity which exceeds the grasp
of even our most sophisticated physics? Darwin admits that the struggle for

. existence is a metaphor. The notion comes closest to being literal when it

describes physical combal, as when two coyotes batle for the last scraps of a
mule deer carcass, but it is intended to reach out metaphorically to all kinds

~. of trials and ribulations. Here is one last lengthy Darwin guote:

I should premise that I use the term Struggle for Existence in a large and
metaphorical sense, including dependence of one being on another, and includ-
ing (which is more important) not only the life of the individual, but success in
leaving progeny. Two canine animals in a time of dearth, may be truly said to
struggle with each other which shall get food and live. But a plant on the edge
of a desert is said to struggle for life against the drought, though more propexly

_ it should be said to be dependent on the moisture. A plant which annually pro-
duces a thousand seeds, of which on an average only one comes {0 maturity,
may be more truly said to struggle with the plants of the same and other kinds
which already clothe the ground. The mistletoe is dependent on the apple and

. a few other trees, but can only in a far-fetched sense be said to struggle with
these trees, for if too many of these parasites grow on the same tree it will
languish and die. But several scedling mistletoes, growing close together on
the same branch, may more truly be said to struggle with each other. As the
mistietoe is disseminated by birds, its existence depends on birds; and it may
metaphorically be said to struggle with other fruit-bearing plants, in order to
tempt birds to devour and thus disseminate its seeds rather than those of other
plants. In these several senses which pass into each other, ] use for convenience
sake the general term of struggle for existence. (Darwin 1859: 77)
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The Science of the Struggle for Existence The Structure of the Argument
referred to by Darwin as the conditions of the struggle for existence. {quoted

As a metaphor, the struggle for existence is obviously laden with all sorts
in Stauffer 1957: 141)

of social or cultural associations (Beer 1985). 1 do not propose to discuss such
matters here. I am concerned, instead, with the extent to which the Darwinian |

metaphor succeeds in pointing to a coherent and significant domain of bio-
togical phenomena, Here it must be admitted that we have something more

This short version of the definition, though an accurate representation of
' Haeckel’s position, doesn’t really go much beyond Darwin’s metaphor. The
" earlier book had more 1o say and is worth quoting at some length:

than metaphor. There are examples of Darwin’s investigations of particu-
lar concrete instances of the struggle for existence. From these one gets a
sense of how to render the metaphor more concrete in other sorts of cases.
There are also general insights about the nature of the struggle sprinkied
throughout Darwin’s writings; the distinction between r and K species was
mentioned above. Finally, there is the connection with what Darwin calls
the “conditions of life” — those factors which, to put it somewhat anachro-
nistically, are “causally relevant” to the flourishing of the organisms. The
struggle for existence is the confrontation between the organism and its
conditions of life. Thus, the pieces are there, in Darwin, for sharpening
the metaphor by providing a general account of the struggle for exisience.
Of course, given the fearful complexity of the relations that comprise the
tangled bank and the dearth of studies directed toward these phenomena
in Darwin's day, such an account would still have had a decidedly spec-
ulative air. Perhaps a less cautious Darwin would have taken the bait. In
any case, it wasn't long before Emst Haeckel, for whom caution never
seemed to be an obstacle, put the pieces together and offered a general
account of the struggle for existence and named the science that might

study it.

1.3 THE SCIENCE OF THE STRUGGLE FOR EXISTENCE

Just seven years after the appearance of The Origin (Darwin 1859), Haeckel
published his Generelle Morphologie der Organismen. As the title suggests,
this was primarily a study in morphology from the new Darwinian perspective,
but in a short passage the book defined a distinct domain of biological inquiry,
which Haeckel christened “Okologie,” as the scientific study of the struggle
for existence. Three years later, in an inaugural lecture at Jena, he gave his
most quotable {and quoted) formulation:

By ecology we mean the body of knowledge concerning the economy of nature —
the investigation of the total relations of the animal both to its inorganic and to
its organic environment; including, above all, its friendly and inimical relations
with those animals and plants with which it comes directly or indirectly into
contact — in a word, ecology is the study of all those complex interrelations
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By ecology, we mean the whole science of the relations of the organism to the
environment, including, in the broad sense, all the “conditions of existence.”
These are partly organic, partly inorganic in nature; both, as we have shown,
are of the greatest significance for the form of organisms, for they force them
10 become adapted. Among the inorganic conditions of existence to which
every organism must adapt itself belong, first of all, the physical and chemical
properties of its habitat, the climate (light, warmth, atmospheric conditions of
humidity and electricity), the inorganic nutrients, nature of the water and of the
soil, etc.

As organic conditions of existence we consider the entire relations of the
organism to all other organisms with which it comes into contact, and of which
most contribute either to its advantage of its harm. Each organism has among
the other organisms its friends and its enemies, those which favor its existence
and those which harm it. The organisms which serve as organic foodstuff for
others or which live upon them as parasites also belong in this category of
organic conditions of existence. In our discussion of the theory of selection we
have shown what enormous importance all these adaptive relations have for

. the entire formation of organisms, and specially how the organic conditions of

existence exert a much more profound transforming action on organisms than
do the inorganic. The extraordinary significance of these relations does not
correspond in the least to their scientific treatment, however. So far physiology,
[the science] to which this belongs, has, in the most one sided fashion, almost
exclusively investigated the conserving functions of organisms (preservation
of the individual and the species, nutrition, and reproduction), and among the
functions of relationship [it has investigated) merely those which are produced
by the relations of single parts of the organism ta each other and to the whole. On
the other hand, physiology has largely neglected the relations of the organism
to the environment, the place each organism takes in the household of nature,
in the economy of all nature, and has abandoned the gathering of the relevant
facts to an uncritical “natural history,” without making an attempt to explain

them mechanistically.
This great gap in physiology will now be completely filled by the theory of

*“selection and the theory of evolution which results directly from it. It shows

us how all the infinitely complicated relations in which each ofganism oCcurs
in relation to the environment, how the steady reciprocal action between it and
all the organic and inorganic conditions of existence are not the premeditated
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plan but are the

arrangements of a Creator fashioning nature according to a
perties and their

necessary effects of existing matter with its inzlienable pro
continual motion in time and space. Thus the theory of evolution explains the

housekeeping relations of organisms mechanistically as the necessary conse-
quences of effectual causes and so forms the monistic groundwork of ecology.
(Haecke), translated in Stauffer 1957: 140-141)

This is a rather remarkable passage in the history of science. In the first
place, Haeckel is defining an entire field of scientific study which, at that
time, does not exist. Nor was it “right around the comer,” 50 o speak.
As we will see in the next chapter, the first exemplary ecological works,
except for Darwin, were still about thirty years away (e.g., Schimper 1898,
Warming 1895), the emergence of ecology as a self-conscious discipline
still about forty years away. To be sure, there is a long tradition of natural
history studies that antedates the definition, but as Haeckel points out, this
“uncritical” accumulation of information is not the same as the scientific
pursuit of mechanistic explanations. In the second place, the discipline is
being defined by someone who had not been, and would not be, a practitioner
in that discipline. In fact, Haeckel was downright antagenistic toward the
quantitative distributional studies, such as Hensen's (1887) pioneering work
with plankton, that were (o become one of the central elements in ecological
inquiry (Stauffer 1957). Finally, the Haeckel passage is remarkable for a third
reason. It remains today, nearly a century and a half later, a good absltract
characterization of what ecology is all about. The scientific practice that has
come to be ecology is essentially directed at the same phenomena that Haeckel
identified in the Darwinian scheme.

This last point will be controversial. In a broad sense, this conlroversy
is the central theme around which this book is organized. Before turning to
these matters, however, there is a prior issue to address. Why care about a

definition of ecology in the first place?

14 WHAT'S IN A DEFINITION?

It might be thought that the attempt to define a field of scientific inquiry is

wrong-headed from the start. At best, itisa waste of time, since any acceptable
definition will have to be so abstract that it will carry little real information.
At worst, it is positively misleading because it attempts to impose an arbi-
trary conceptual structure on a domain which is fluid and continuous, both in
terms of its relationships with other disciplines and in terms of its historical

development. And in any case, as the history of debates over definitions of
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;- ecology reveals, the enterprise is destined to become entangled in a morass
. of semantic squabbles that have little relevance beyond its own self-defined
_., " project. What matiers, so the objection continues, is not the philosophical
* " attempt to abstractly carve out a chunk of disciplinary space as characteristi-
= cally ecological, but an examination of what ecologists actually do. The place
. for philosophy of ecology to begin is with ecological practice itself. What do
.- the scientists that call themselves ecologists actually study? What kinds of

* methodological and conceptual issues are obstacles to the smooth progression
.- "of these studies? Perhaps the individual practices that fall collectively under
" the rubric of ecology will ultimately lend themselves to concise definttion,

perhaps not. Surely that is a question to be answered after Emmvmaos.onwrmm
" been done.
This objection makes a good deal of sense and therefore deserves a re-

_sponse. My response, to be developed in this section, will be in terms of
‘the following points. First, while the bottom-up, case-by-case approach rec-
. ommended above certainly makes sense as a philosophical strategy in gen-
‘eral, there are considerations that militate against it in the present context.
Specifically, the heterogeneity of ecology, the immaturity of the philosophy
- of ecology, and my desire 10 locate the philosophical discussions in at least
“athinly historical context all work together to render an exhaustive examina-
tion of the varjous subfields of ecology impractical. Second, it is both possi-
" ble and valuable to reason abstractly about the structure of interdisciplinary
e. Third, the search for an adequate definition can actually function as
- a tool for probing foundational issues in the discipline. Finally, when def-
initional inquiry is used in this way, as 2 guide to the major controversies
within a field, it is the foundational investigations themselves that are central;
the emergence of a satisfactory definition, if one does in fact emerge, is an
ancillary, though welcome, consequence. Let me address each of these points

spac

in turn.
_The central obstacle standing in the way of any attempt to move directly

from the various ecological practices to a comprehensive examination of
issues in the philosophy of ecology is the enormous variety in types of inquiry
that have been classified as ecological. Part of the problem is the plasticity of
the term ecology, and in particular, the tendency to apply the ecological label
to work that might more properly be thought of as environmental philosophy.
Ihave in mind here studies with an essentially nofmative cemponent — from
investigations of ecosystem health and integrity (e.g., Costanza et al. 1992)
to deep ecology (Naess 1973). But even if one manages to sort ecology the
science from these broader concerns, the heterogeneity is still staggering. To
illustrate, Robert Ricklefs (1979) influential textbook, which he titles simply
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Ecology, is nearly 1,000 pages long, yet there are central subfields in ecology,
such as limnology, that are not even discussed.

The difficulty is compounded by the need to incorporate history. The *“his-
torical turn” in the philosophy of science involves, in part, a recognition that
foundational inquiry can be deepened and enriched by considering the histor-
ical development of the issues under investigation. For ecology this presents
special problems because large portions of the relevant history have not yet
been written. In the most comprehensive history of ecology to date, Robert
MelIntosh confronts what we might call the complexity problem. Here is what

he says:

The intrinsicaily polymorphic nature of ecology as a science, the widespread
distortion of its content and competence which accompanied its meteoric rise in
public awareness during the period of environmental concern, or ¢risis, of the
1960s and 1970s, and the lack of historical studies combined to allow diverse,
even contradictory, opinions to persist about the roots or origins of ecology.
Hence, what I call retrospective ecology encounters problemns in identifying
roots because ecology is, to continue the botanical metaphor, more 2 bush with
rmultiple stems and a diverse rootstock than a tree with a single, well-defined
trunk and roots. (McIntosh 1985: 7)

MecIntosh responds to the problem by doing a kind of phenomenology of the
history of ecology; he charts the temporal pattern of significant events while
remaining relatively silent on the causal story that underlies that pattern. Thus
he describes his work as dealing with the “antecedents” of ecology rather than
the history of the discipline. The situation is rapidly improving, as historians
break off bits and pieces of the discipline and do the relevant history (e.g.,
Kingsland 1985, Hagen 1992, Goliey 1993), but the parts that have been
tackled do not yet add up to the whole.

Setting the historical problems to one side, it would be possibie to take a
more direct, bottom-up approach to the conceptual and methodological prob-
Jems of ecology if there were more shoulders to stand on. If the philosophical
spadework were done for the various styles and domains of ecological in-
vestigation, then a more comprehensive treatment could be constructed on
this foundation. Unfortunately, that is not the case. Confining attention to
book length treatments, there are just three works that systernatically atternpt
to apply the conceptual tools of philosophy of science to the foundational
problems of ecology.'

! [ leave out the work by Tim Allen and his colleagues (for example. Allen and Hockstra 1992)
because, while clearly directed at foundational problems, it makes little attempt to explicitly
incorporate the machinery of philosophy of science. The volume by Haila and Levins (1992)
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The most recent work, by Pickett et al. (1994), does an admirable job

" both of identifying significant philosophical issues that an adequate philos-
....oEQ of ecology must address, and also of canvassing relevant work in the
- " philosophy of science. But it is overly catholic in appropriating ideas from
- philosophy. incorporating positions that, from the viewpoint of those work-
ing in the philosophical trenches, are not compatible in any obvious sense

" (see Cooper 1996). In fairness to the authors, they explicitly announce that
“this is a book “by practicing ecologists for practicing ecologists” (Pickett
et al. 1994: xi), and their work is to be commended for introducing fresh
. nto the ecological arena. Even so, be-

¢ ideas from philosophy of science 1
' cause these ideas lack philosophical cohesion, the work tepresents more a

" Mclntosh-style phenomenology of issues in the philosophy of ecology than
a philosophical treatment that can serve as the foundation for further philo-
sophical inquiry. A second work, Shrader-Frechette and McCoy (1993), is
more explicitly concerned to apply a coherent and defensible philosophical
position; however, it is also more narrow in its focus. The authors are pri-
- marily concerned with the role of ecology as a guide to environmental policy
-and less directly with the broader sweep of issues in the philosophy of ecol-
. ogy as such. Like the episodic histories mentioned above, Shrader-Frechette
.. and McCoy are pursuing a divide-and-conquer strategy, isolating a particu-
' tar cluster of issues and subjecting them to detailed investigation. The third
" book, Peters (1991), is an attempt to be both comprehensive and philosophi-
cally grounded. Unfortunately, as we see in Chapter Five, itis grounded ina
 rather impoverished view of science as a cognitive activity, a view that takes

- predictive success as the sole criterion for genuine science. This positivist
: ers to stand on, but they are narrow shoulders

._.nmmnw may provide should
‘indeed.

. Thus, the heterogeneity of ecology as a scientific discipl
- the relatively underdeveloped nature of both historical and philosophical stud-
‘jes of the field, conspire to discourage a comprehensive approach to the phi-
losophy of ecology, especially one that is grounded in a kind of seriatim
investigation of the various cognitive projects that have been classified as

ine, together with

and the orentation of this book is largely sympathetic
the overall focus of their work is on the social context
anthologies that make important contributions. The
massive compendium of classic papers with commentaries edited by Real and Brown (1991) is
a tremendous source for the historical development of key ideas. A recent volume on ecological
experimentation (Resetarits and Bermnardo 1998) focuses on an important area of ecological
methodology. However, neither volume contains much by way of explicit deployment of philo-
sophical ideas. The recent anthology by Keller and Golley (2000) does the best job, in both terms
* of scope and the blending of ecological and philosophical ideas.
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ever, at this juncture the philosophy of ecology needs, in

ecological. How
it is crucial that any

my judgment, something more comprehensive. Clearly,
philosophical inquiry into the foundations of a science be as informed by, and
as faithful to, the practice of that science as possible. That desideratum is kept
in the forefront throughout the course of this study. Furthermore, given the
of associations that the term ecology calls to mind in contemporary
lectual) culture, it is impertant to indicate, at least
s kinds of scientific activities that have tradition-
Chapter Two presents such an overview.
s that have just been given, to
mework; the search for

variety
intellectual (and not so intel
in broad outlines, the variou
ally been classified as ecological.
But it still remains necessary, for the reason
structure the investigations around an organizing fra
an adequate definition is the framework 1 shall use.?

Thus goes the argument that, given the contemporary situation, a com-
sophy of ecology must take a kind of
top-down approach to the field. T now want to argue that such an approach
can be valuable in its own right. Over roughly the last two decades, the in-
vestigation of the disciplinary structure of science has become an important
domain of inguiry for science studies. Three broad areas of investigation
can be recognized: (1) what Rechtei (1986b) calls the “cognitive” aspect,
(2) the social and institutional aspect, and (3) the historical aspect. Within the
e can, following Kuhn (1962}, distinguish between the
al. What I am arguing is that philosophical
cture of interdisciplinary space
oversies. I will illustrate

prehensive examination of the philo

cognitive domain W
substantive and the methodologic.
investigation of the substantive/cognitive stru
can be a useful tool for exploring foundational contr
with three examples.

As a graduate student
into ecology, I was astonishe
Animal Ecology by Allee et al., a defi
I had been attending rather closely to Carnap’s wWo
he knew anything about ecology. As it turns out, I was rght; b
anything about ecology the discipline, about ecological practice. He had,
instead, deduced in an a priori fashion, in the course of developing his program
of unified science, that there was a significant domain

ought to be the tar

in philosophy of science making my initial forays
d to find, on opening the massive Principles of
nition of ecology by Rudolf Camnap.
ik and I had no idea that

prehensive as it set out to be.

2 As noted in the preface, this book has not managed to be as com
definition of ecology would

Obviously the case for structuring the investigations around Haeckel 's

be stronger were this book to tackie not on
the significant externak questions as well, those questions that penain to the retationship between

ecology and its close disciplinary neighbors.
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' are referting to:

1938) recognized “physics” as a common name for the nonbiological
field of science and stated that “the whole of the rest of science may be called
biclogy (in the large sense).” He immediately saw the necessity of dividing this
wider biology into two fields, the first of which contains “most of what s usually

. " called biclogy, namely, general biology, botany, and the greater part of zoology.”

. The second part “deals with the behavior of individual organisms and groups of

organisms within the environment; with the dispositions 1o such behavior, with
ses in organisms as are relative to the behavior, and with

such features of proces
certain features of the environment which are characteristic of and relevant

to the behavior, e.g., objects observed and work done by organisms.” .. He
continues by saying that “there is no name in common use for this second

field” (Allee et al. 1949: 13)

Carnap {

definition is not bad for someone essentially clueless about the

s the power of an abstract interdisciplinary perspective.

Camap's
- practice; it iljustrate
. Allee et al, draw a similar moral;

of high attainments compounded logical
and present development of biologi-
scovery of the field of “bionomics,”
" This happened at the Univer-

Thus, in the late 1930s, a philosopher
necessity with ignorance of the history
cal ideas, and announced as new the di
«" “ethology,” “ecology,” or “relations physiology.
sity of Chicago, where research and teaching concerning the relations between
organisms and their environments had been an active feature of the biclogical
program since the late 1890s. . . . Carnap’s statement. . . demonstrates anew that
"ecology fills a natural niche in biological science. It also gives warning of the
lack of general knowledge among scholars as to the mass of information in this

. field. (Allee et al. 1949: 13)

hical approaches to foundational preblems in the

: ,wwnow& sciences do get better if they actually pay attention to scientific
practice, and there is good work in this domain to which we can point.
Bechtel’s (1984,1986b) use of cognitive/substantive considerations to explain
the emergence of biochemistry as 2 distinct scientific field, and the papers in
the Bechtel (1986a) volume generally, illustrate the utility of Jooking at foun-
dational issues from the standpoint of the structure of interdisciplinary space.
*'The examination of proposed definitions of a discipline is a natural place to
‘begin such an inquiry. The search for an adequate definition for the field is

just where one would expect differences about the substantive/cognitive com-

moannn.OM the field to emerge — after ali, a definition seeks to abstract away

details to isolate what is essential.

ot Of course, philosop

11
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Some might think I have fussed too much over the justification for struc-
turing the book around the search for an adequate definition of ecology. But
the issues discussed in this section serve a second purpose; they also clarify
both the context and the orientation of the philosophical project that is to

follow. For others, perhaps, no amount of fussing will do; the question of a -

definition of ecology is simply uninspiring. There is a fallback argument for
those who find none of the foregoing convincing. The bulk of the book looks
at issues that have featured prominently throughout the history of ecology.
Those issues should be seen as worth addressing by anyone concemed with
the advancement of the science, even if they are not much given to searching
for an adequate definition.

1.5 FOUR FUNDAMENTAL OBJECTIONS

Haecke! finds, in Darwin, a vision of what the science of ecology should be
about. However, though the term stuck, the vision has not played a very promi-
nent role in the subsequent development of the discipline. Major textbooks
either fail to mention Haeckel altogether (Putman and Wratten 1984) or they
give only a brief nod in his direction as the one who coined the name of their
discipline (Ricklefs 1979, Krebs 1978). There is the occasional polemic 10
the effect that ecologists should pay more attention to their Darwinian roots
(e.g., Harper 1967}, but even here the emphasis tends to be more on the larger
Darwinian enterprise than on the more restricted science that Haeckel defines.
Haeckel never really engaged in ecological investigation, and the definition
antedated the emergence of the discipline by close to half a decade - two
points that go some distance toward explaining this lack of attention. A de-
tailed historical study would, 1 am sure, turn up other reasons as well. But
part of the explanation traces (0 conceptual problems with the definition it-

self. This section outlines four such objections. Subsequent sections of this -

chapter look at the four objections in more detail, and subsequent chapters
examine the foundational issues that underlie these objections, though, as I
have said, I do not get to them all.

As the passages quoted above reveal, Darwin viewed the struggle for exis- .

tence as involving both bictic and abiotic factors. Two canines may struggle

with one another for the last morsel of food, but the plant growing on the
edge of the desert also struggles, albeit more metaphorically, with the cli- -
mate. Still there can be little doubt that Darwin regarded competition among.
organisms, especially among closely related forms, as the most significant

factor in the struggle for existence. He says, for example, that “not until we
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in the Arctic regions or on the borders of
" (Darwin 1859: 89). Darwin was also
y of nature” — the notion that through

reach the extreme confines of life,
an utter desert, will competition cease
famously fond of the idea of an “econom

" the workings of a kind of biological hidden hand, the struggles of the various
* individuals produce an overall balance or order in the entangled bank. As he

puts it, “Battle within battle must be continually recurring with varying suc-
cess: and yet in the long-run the forces are so nicely balanced, that the face of
nature remains for long periods uniform” (Darwin 1859: 85). Sometimes the

* two ideas, the struggle for existence and the economy of nature, are exphicitly

related to one another. Thus, he says, “For as all organic beings are striving,
ach place in the economy of nature, if any one
improved in a comresponding degree
it will soon be exterminated” (quoted in Stauffer 1957:

portance of biotic factors and on the economy
extended definition. Thus in the passage

" of nature is preserved in Haeckel’s
ic conditions of existence exert a

' quoted above he emphasizes how “the organ 1
“much more profound transforming action on organisms than do the inorganic,”
and he sees the role of ecology as the investigation of “the place each organism
takes in the household of nature, in the economy of all nature.” And here
“we have the basis for the first objection, what we might call the “biotic bias"
: objection. Do biotic factors really have this tendency to swarmp abiotic factors
in the struggle for existence? Is competition really so ubigquitous? U.o the
. ,nS.:Eax organic relations among beings really generate the biological hidden
“‘hand that smooths over the influences of local history? Is there a balance of
nature? The biotic bias objection worries that at least some of these questions
should be answered in the negative, and that, as a result, Haeckel's definition
is flawed. .
“The second objection, which I will call the “theory bias” objection, 1s
cather difficult o state succinctly. We can get an initial sense for the problem
by proceeding indirectly, via the convergence of two relatively &m::nﬁ.:nmm
of argument. The first begins with some criticisms developed by Peters in his
book on the philosophy of ecology (Peters 1991). In that work, he is concerned
o argue against the misuse of what he calls “logico-deductive argument” in
ecology. Peters has no problem when “practitioners wisely explore ﬁoﬁ:-
tial new routes for research logically, before expending resources to examine
them empirically” (Peters 1991; 60). But, on his view, this deductive, a priori
pproach has closed in on itself to become a kind of self-perpetuating enter-
prise, insulated from empirical criticism because it is predictively barren and
wasteful of the resources for ecological investigation. The merits of Peters’s
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cnitique will be taken up in the second half of the book. The jmportant point

ow is that he sees this theoretical dead end as having its roots in the
cology. In his review of Peters’s

for n
attempt to establish a Darwinian origin for e
book, Mclntosh puts the matter as follows: “Because the original definition
of ecology was predicated on Darwinian ideas of struggle for existence, it
is no surprise that Peters describes natural selection as ‘one of the major
influences making ecology a new scholasticism’ {p. 60), and a failure as a
theoretical predictive science” (MclIntosh 1992: 495-96). So, on the first line
of argument, the attempt to erect a definition of ecology within the Darwinian
theoretical framework is inevitably biased in favor of a particular tradition of
deductive theorizing in ecology, and one, on Peters’s view at any rate, that
has been singularly unproductive.
Admittedly, Peters is something o
ecology, nor the philosophical pesitions that underlie them,
thing near the mainstream of either discipline. Thus it is appropriate to €x-
amine another way of formulating the theory bias objection. In 1934 the
Russian ecologist G. F. Gause published a book that explicitly recognized the
Darwinian roots of ecology. The book was, in fact, titled The Struggle for Ex-
istence. Lamenting the fact that “our knowledge of the struggle for existence
has since Darwin's era increased to an almost negligible extent,” Gause re-
solved to investigate “the elementary processes in the struggle for existence,”
and to do so for the most elementary cases s0 that, at least for these simple
cases, “we can give a clear answer to Darwin’s question: why has one species
woasiﬁonocmoéqmscﬁnﬂsﬁsn

f an iconoclast; neither his views about
represent any-

great battle of life?” (Gause 1934: 1-2)
The book was a brilliant synthesis of two emerging research traditions: the
tudy of populations in the laboratory (e.g., Chapman 1931)

experimental s
deling of populations based on the sem

and the mathematical mo
Lotka (1925) and Volterra (1926).
this second tradition.

Tn the course of his investigations, Gause made a con
as Eiton had used it {e.g., Elton 1927}

nection between the

concept of the niche

matical representation of competition between two species. Eltonian niches
Darwinian economy of nature dis- -

were very much like the “stations” in the
cussed above. Here is Gause's interpretation, tog
insight about the struggle to occupy these stations that traces
“A niche indicates what place t
i.e., what are its habits, food and mode o
of competition two similar species scarcely ever occup
displace each other in such a manner that each takes possessi

ether with the qualitative
back to Darwin:
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inal work of
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and the mathe- -

he given species occupies in a community,
£ life. It is admitted that as a result .
y similar niches, but
on of certain’
peculiar kinds of food and modes of life in which it has an advantage over its
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" competitor” (Gause 1934 19). The connection with mathematical competi-
" Lion theory is as follows: “It is the place to note here that the equation (12)
 as it is written does not permit of any equilibrium between the competing
, s occupying the same ‘niche,” -and leads to the entire displacing of one
other. This has been pointed out by Volterra (*24), Lotka ('32b)
Haldane ('24), and for the experimental confirmation
roblem the reader is referred to Chapter v
Gause was not the first to point out

specie:
“of them by an
" and even earlier by
- and a further analysis of this p
" (Gause 1934: 48).3 As the quote indicates,
 that the early competition models gave quantitative expression to the insight
- about competition for wsrations”; however, perhaps because of the “empirical
confirmation” of the idea with his laboratory populations of protozoans, his
;. name became intimately bound up with the notion of competitive exclusion.
principle, the idea that organisms occupying identical niches cannot
ame environment, became the fundamental theoretical prin-
struggle for existence. As such, it was to become
* \he foundation of a flourishing wradition of theoretical model building in ecol-
ogy, extending through the seminal work of G. E. Hutchinson and Robert
MacArthur to contemporary theoretical ecology.

We can now formulate the second line of argument behind the theory bias
¢ ...o.E.noao:. It is, in brief, that the Haeckel definition, through the connection
with Gause and his investigations of the struggle for existence, singles out
‘ this highly visible theoretical tradition as being in some sense paradigmatic of
. ecological inquiry, and it does 5o at the expense of other forms of ecological
. investigation. In other words, defining ecology as the science of the struggle
© for existence, given the role of this idea in the historical development of the
comnes too close to defining ecology as the theoretical investigation of
s of competitive exclusion. We can also see how this line of
earlier argument — that the definition gives pride’
y. It does so because, for the most
scholasticism” coincides
f the Gausian

= Gause's
- ‘coexist in the s
- ciple of the science of the

science,
the consequence
argument converges with the
,&. place to deductive theorizing in ecolog
part, the tradition that Peters singles out as the “new
with the tradition of theoretical ecology that has grown out o

focus on the struggle for existence.
Tn ‘contrast to complaints about biotic bias and theory bias, the third and

ourth objections can be succinctly put. The third objection, which we can
labe! the “autonomy threatened” objection, is just this: under the proposed
.n_...,...n.amo? ecology loses its status as-an autonomous discipline and becomes
‘instead 2 subdiscipline of a subdiscipline of evolutionary theory. Specifically,
.mno_.omw becomes that part of the theory of natural selection, itself a part of the

.c..._:.. “equation (12)," Gause is referring to the standard Lotka-Volterra competition equations.
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theory of evolution, that deals with the circumstances that generate selection
pressures. How is this supposed to follow? The argument is straightforward.
The struggle for existence is the engine that drives natural selection. Ecology
is the science of the struggle for existence. So, ecology is part of the theory
of natural selection. Furthermore, since the theory of evolution is concemed
with evolutionary change, understood as change in gene frequencies, and
since natural selection is one mechanism for changing gene frequencies, the
theory of natural selection is part of the theory of evolution. Thus, ecology is
a branch of a branch of evolutionary biology. But, so the objection goes, there
are lots of ecologists who do not consider themselves evolutionary biclogists,
and therein lies the flaw in the definition.

The fourth objection is the “levels of organization” objection. The central
idea is that there are all sorts of practices that are properly seen as ecological
but that are not captured by the Haeckelian definition. [ will mention two ex-
amples, both ultimately based on the idea that the definition is too organism
centered. The first complains that, by focusing entirely on the demographics
of individual populations, the Haeckel definition rules out a priori the possi-
bility of genuine community level properties, and therefore the existence of
a legitimate body of ecological inquiry that focuses on this level of organi
zation. A second sort of complaint is that the definition completely excludes
ecosystem ecology. There is, after all, no mention of the flow of energy and/or
matenals through ecosystems. Given the historical context from which this
definition emerges, this should come as no surprise, but it does represent, so
this objection goes, a fatal flaw in the definition.

|6 FOUR FOUNDATIONAL ISSUES

The four objections discussed in the previous section are Jargely hypothetical b

in the sense that they cannot be located in specific discussions of the ade-
quacy of Haeckel’s definition. But that is a refiection of the paucity of serious

examinations of Haeckel’s definition, not the centrality of the objections. We.

can be confident of the following counterfactual: were Haeckel's account o
be put forward as an adequate abstract characterization of what the science of
ecology is about, the objections raised earlier would be offered in response.

The reason we can be confident in such a counterfactual is that the objections

themselves are grounded in foundational controversies that have dogged ecol-

ogy throughout its history. The next chapter substantiates this claim and, in

the process, looks in more detail at the nature of these foundational issues. Be-
fore turning to that discussion, however, I conclude this chapier by presenting
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a preliminary outline of the foundational issues involved. In the case of the
first two objections, I also give a preliminary indication of the kind of re-
sponse that can be made on behalf of the Haeckelian definition. A detailed
investigation of the third and fourth objections is beyond the scope of the

. present work; however, 1 return to these issues for a brief look forward in the

Epilogue.

'1.6.1 Biotic Factors, Density Dependence, and the Balance of Nature

" On the face of it, the biotic bias objection seems to lum on straightforward em-

pirical considerations. It is an empirical question whether organisms mostly

. struggle with one another or with the abiotic factors in their environment;

whether, among the biotic relationships, competition is the dominant force,
whether populations are regulated in such a way as to produce finely balanced
conumunities. Such questions are foundational in the sense that they raise fun-
damental issues about the nature of ecological organization, but they do not
. appear to be foundational in the sense that they turn on philosophical consid-
erations. At one level, this impression is accurate; this is a debate that should
be settled on empirical grounds. But there is a philosophical side to the matter
as well. When it comes o this particular cluster of issues, ecologists have had
an especially difficult time letting nature settle the matter. Why, throughout
the history of the discipline, has there been such a strong propensity 1o adopt,
‘a5 an article of faith or an a priori axiom, an extreme stance on these matters?
There are a number of reasons (Cooper 1993), of which [ discuss two. Let me
say something about each in turn.

- What I call the “balance of nature argument” is a pattern of reasoning that
has been influential in shaping the controversies associated with the biotic
ias objection. Itis hard to find versions of the argument explicitly stated, but
ii often lurks in the background, shaping expectations about the determinants
of ,_noo_ommom_ phenomena. The argument begins by pointing to an obvious
empirical fact — by and large, populations manage to persist, or, as Darwin
put i, the face of nature remains relatively unchanged for long periods. But
this would be impossible, so the reasoning goes, were it not for density-
sensitive processes regulating population size and/or community structure.
From here the argument can go in several (not mutuaily exclusive) directions.
Since this balance is supposed to be the product of natural selection, we
should look toward biotic interactions, and perhaps competition in particular,
for these density-dependent factors. The existence of this density-dependent
w.c_wzo: might also be used to justify the assumption of equilibrium as
a kind of “zero force state” for populations andfor communities. This way
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of thinking has, of course, generated substantial controversy throughout the

history of ecology-
Closely related to this question of the

legitimate science, and particularly, expectations about the kind of general
knowledge ecology must produce in order to solidify its status in the scien
tific pantheon. For a variety of reasons, not the least of which has been a
philosophy of science that has typically looked to physics as its model sci-

ence, the standards have been perceived to be quite demanding. Real science ;

special — they are spatio-temporally universal,

produces laws, and laws are
be confirmed with just a few positive cases,

support counterfactuals, can
and so forth (see van Fraassen 1989 for a general
set so high, it is not surprising to find ecologists exploiting & priori strategies
looking to equilibrium to erase the effects of history,
selection to produce the nomothetic struc-

to increase generality,
and generally, relying on natural
tures that would sustain the genuine laws that a science of ecology needs.
The consequence, once again, has been a tendency to rush to judgment about
the relative importance of biotic over abiotic factors, about the significance
of competition as an ecological determinant, and about the prevalence of sta-
bility and balance in ecological situations. Unlike the a priori argument from
persistence, however, this pursuit of ecological generality cuts both ways.
Those arguing that abiotic factors, such as climate, are the truly important
determinants of ecological phenomena have frequently been just as dogmatic
in their attemnpt to project limited studies across the broad sweep of ecological
situations.

Chapters Three and Four are devoted to diffusing the two sources of con-
troversy that have just been described. Chapter Three begins by taking a close
lock at the pattern of reasoning associated with various versions of the balance
of nature argument. A detailed reconstruction and examination of the relevant
arguments reveals that En_,m is no a priori route to the balance of nature, to
the prevalence of density dependence, or to biotic bias generally. The discus-
sion then turns, in Chapter Four, to the question of ecological generalizations.
Here the debate over biotic bias and the balance of nature makes contact with
number of influences have come together to suggest that there:
a revolution afoot in ecology. Recent philosophy of

larger issues. A
might be something of

biology has begun to press the idea that there really are no laws in biology |

(Beatty 1995, Gould 1989). It has become fashionable to see ecology itself
as an essentially historical science (Kingsland 1995 and references therein,’
Kritcher 1998). Botkin (1990) and others (see papers in Duke Environmental
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Law & Policy Forum, vol. 7) have come to view the balance of nature idea

%" as a dominating myth that has distorted ecological inquiry, and that must be

“ outgrown if the science is to advance. From the philosophy of ecology itself
(Shrader-Frechette and McCoy 1993) we get the idea that ecology is destined
to become a science of case studies, with little real prospect for the genera-
‘tion of portable ecotogical knowledge that can be applied across a range of
situations. Even among theoretical ecologists themselves, where we might
-expect the pursuit of generality to be strongest, there is a call for pluralism
and a view of theories as little more than a collection of tools (Roughgarden
- 1984, Diamond and Case 1996, Loehle 1983, Haila 1988). Ecology once had

aspirations of becoming a genuine nomothetic science; the pendulum seems
“to have swung quite dramatically in the other direction.

The issues raised by this celebration of contingency and historicity spill
over into other controversies beyond the scope of this book, but clearly ques-
tions about the nature of ecological generalizations lie close to the heart of the
matter. Thus it is important to develop a conceptual framework for thinking
about ecological generalizations not just as a means to resolve conflicts about
biotic bias but also as a resource for dealing with this larger {and related) clus-
ter of issues. Chapter Four develops such a framework. Specifically, through
. an examination of ecological methodology and an analysis of the concept
‘of a law of nature, the chapter supplies a way of thinking about ecological
generalizations that does the following. First, it clarifies the various kinds
" of general knowledge claims that ecologists pursue. Second, it locates these
varjous kinds as part of a larger cognitive endeavor. Third, it develops a con-
ception of lawfulness (what I will call “nomic force™) that recognizes that
the nomicity of ecological generalizations comes in degrees and with domain
‘restrictions — one acknowledging that while there might not be anything in
.mno._omu‘ to match the nomicity of physics and chemistry, it does not follow
‘ that everything in ecology is equally contingent.

-Returning, then, to worries about how the definition of ecology as the sci-

ence of the struggle for existence might illicitly incorporate a bias in favor
of biological factors, T argue the following. There are good reasons to worry
about the problem; there has been a historical pattern of controversy between
those who emphasize the biological organization underlying ecological phe-
nomena and those who deny it, and the struggle for existence idea has mostly
been associated with the former. However, the nature of the determinants of
ecological phenomena is an empirical question that can be decided only by
looking at those phenomena. Released from any a priori baggage that for
historical reasons it might be carrying, and placed in 2 framework where

' misguided philosophical expectations no longer distort the pursuit of general
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basic skepticism about the susceptibility of ecological phenomena (o the kind
'of theoretical systematization that the abstract model builders pursue. This is
connected to the celebration of contingency and historicity mentioned above;
‘model building, on this view, is doomed to failure because of the uniqueness
" andfor causal complexity of ecological situations.

..> second grounding, for the more extreme challenges, comes from phi-
losophy. Peters is the example 1 have been using, but there are 2 number

ecological knowledge, the struggle definition is no longer susceptible to the
biotic bias objection.

1.6.2 The Controversies Surrounding Theoretical Modeling

The theory bias objection really involves two distinct objections, correspond-
ing to the two lines of argument used to describe the objection initially.
The worry that Haeckels’ definition gives unwarranted pride of place to the ;2" of distinct views here. What they share is a commitment to philosophical
Gause/Hutchinson/MacArthur theoretical tradition is closely related to the '+ positions that leave little room for the scientific legitimacy, or at least the
constellation of issues just discussed. There is a tendency, in this tradition, to " explanatory potential, of theoretical modeling as a cognitive activity. The less
emphasize biotic factors, population regulation, and the kind of equilibrium ;7. extreme criticisms are more concerned with the particular way the tradition
i of modet building in ecology has developed. They criticize the way in which

theoretical enterprises tend to float free of the evidence, explain patterns that

or balance that erases loca! history — all the factors that make the world a}

friendlier place for theory (Kingsland 1985). In part, then, the theory bias ob-
are not really there, and idealize their way into irrelevance. In general, they
raise questions about the role of model building in ecology and about its rela-

jection can be seen as a reluctance (o settle these empirical issues prematurely
by the definition one gives of ecology. As such, the appropriate response is
tionship to other, more empirically oriented styles of ecological investigation.
Chapter Five takes an extensive look at the various kinds of criticisms

the same as before — a bias toward balance and biotic factors is not essential
to the definition of ecology as the science of the struggle for existence. :

The theory bias objection as {liustrated by Peters’s criticism is a different ', that have been leveled against the model building tradition, and then exam-
matter. In this case, the objection is to a particular style of ecological investi- ines some of the ways theoreticians have responded to these challenges. It
gation — the deductive elaboration of theoretical ideas, or what we might call {- argues that many of these Criticisms have been successfully addressed, either
mode! building. In the extreme form of Peters, it is an objection to the wradition &, through direct philosophical argument oF through recent modifications in the

. practice of model building, such as the call to build more mechanistic models
and the tendency 0 look at model building as the construction of a kind of

of theoretical model building - period —on the grounds that it does not consti
" theoretical tool kit. However, while many of the challenges have been ad-

tte legitimate science. But we should be prepared to recognize milder forms.

of the objection as well. For example, there are potential objections that hav )
dressed, at a deeper level fundamental philosophical questions remain. Here
is a sampling. In what sense are theories tools? Is this classical instrumental-

no complaint about theoretical model building in principle, but that do worry |
about the way it has been practiced in ecology. Finally, there are objections
that worry not about the legitimacy of theoretical modeling, even as practiced ism? Are {heoretical models genuinely explanatory, ot is their value heuristic
but about the way in which the struggle definition appears to place this style in nature? How do we understand the call for more mechanistic models in
the overall context of theoretical modeling as an explanatory enterprise? If
¥ testability is overblown and deductivism fails, then what is the relationship

of ecological inquiry on center stage. Let me grant at the outset that Haeckel's

definition does conjure up images of a competition-based theoretical ecology. .

There are good historical reasons for these images, just as there are for the v..,.,..%an: theoretical models and the underlying phenomena they are supposed

association between the struggle for existence and an emphasis on competi- i to systematize? Finally, perhaps the most fundamental question stems from
e fact that one can make a decent case for each of the following propositions:
1) some theoretical models are genuinely explanatory, (2) there are no fun-

H.:,.muE nomological truths (i.e., laws) for ecological theory to capture, and

tion and biotic factors generally; but there is no essential connection in either &
case. | am more interested here in potential complaints that are grounded in %

3) laws are a necessary condition for successful theoretical explanation. The

oblem, of course, is that the three propositions are not mutually consistent.

the controversies over modetl building itself, because it is these controversies s
qﬁu,.,:aﬁ three chapters (Chapters Six through Eight) tum Lo the philo-

that form the second of the foundational issues to be examined.
The tradition of theoretical modeling in ecology has been challenged ona;
vw_nw_ literature to provide the resources for wrestling with these difficult
blems. In effect, what is needed is 2 philosophical clarification of the

wide variety of grounds and, as the previous paragraph suggests, some of these 3
challenges have been more extreme than others. The more extreme challenges:
tend to be grounded in one of two ways. The first is empirical and reflectsa
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ecologists have shown tremendous interest in evolution-based approaches to
- traditionally ecological domains of study; optimal foraging theory is an ex-
ample. Textoooks that cover the standard ecological fare are often given titles
“\ike Evolutionary Ecology (Pianka 1983). Papers writlen from the perspective
of evolutionary ecology frequent and sometimes dominate journals that have
historically been venues for ecological work. One might be tempted to think
that the phrase “‘evolutionary ecology” has become redundant, and that the
appropriateness of a definition of ecology in terms of the struggle for exis-

“theories as tools” idea that is s0 prevalent among the model builders. Chap-
ter Six surveys the resources in current philosophical theory for such a project !
and finds them wanting. Chapter Seven then develops a theory of explanation
that explicitly recognizes two independent sources of explanatory virtue —
explanation as telling the causal story and explanation as unification. Finally,
Chapter Eight clanifies the role of model building in the pursuit of theoretical
explanation. Taken together, the three chapters provide a way of understand-

ing the idea of theories as tools, a way that answers the questions raised in the
previous paragraph. 1 will not try to summarize the position here. Suffice itto tence is simply symptomatic of that fact, It is just such a temptation that the

say, for now, that this view of theoretical modeling also generates a response | ‘autonomy-threatened objection is supposed to reflect.
to the theory bias objection. Understood correctly, the Haeckel definitionseest [ mentioned above that there is a second potential interloper. There isa
style of investigation that combines the biometrical approach of agricultural

model building as one way to study the struggle for existence.
genetics with field studies of evolution tracing back to E. B. Ford and his

students. I call this field “ecological genetics,” but some may prefer a dif-
ferent name (€.8., “quantitative genetics”). Though I must paint in rather

The “autonomy-threatened” objection, as formulated above. is a rather ab bold strokes here, a sense of the relationship between ecological genetics and
stract worry. Perhaps no ecologist would be troubled by the problem put; more traditional domains of ecological inquiry can be gained by comparing
in quite this way. Stll, there is a long history of ambivalence among ecolo- & the former with both evolutionary ecology (as defined above) and population
gists about the relationship between their discipline and evolutionary biclogy. ‘genetics (where there is explicit representation of genetic loci). Evolution-
Defining ecology in this Darwinian way, in terms of the study of the struggle ¢ ary ecology studies the ways in which the sources of selection pressures play
for existence, is bound to resonate with some and raise the hackles of others. g _themselves out in evolutionary time, yielding the adaptive traits of organisms,
Once again, this is symptomatic of a foundational issue that is yet to be but it fudges the genetics. Population genetics studies the ways in which the
satisfactorily resolved. & "consegquences of selection pressures (among other factors) play themselves
In this case, there appear (o be iwo poiential interlopers - evolutionary ecol- out in evolutionary time, yielding changes in gene frequencies, but it fudges
ogy and ecological genetics. Begin with evolutionary ecology. Early work by the ecological story. By focusing on phenotypic performance as a kind of
David Lack (1947) and Larnont Cole (1954) introduced the concept of strate- universal measure, ecological genetics studies both stories at the same time.
gic thinking nto ecology. Very roughly, strategic thinking involves viewing Using statistical and/or experimental methods to create a kind of stable back-
the traits of organisms, including behavioral traits, in terms of their impact ground, it manages to identify significant patiems of statistical relevance that
on the fitness of the organism. Cole in particular pointed to the tight connection can be pantitioned into two fundamental categoties of causal relevance — the
to be expected between life history strategies and the demographic patterns} genetic and the environmental. Put another way, ecological genetics focuses
that are the province of population ecologists. This connection between €vo ; ,....WBEJS_ patterns at the expense of a detailed understanding of the causal
Jution and ecology bore further fruit in the “selection thinking” of MacArthur - rocesses that underlie those patterns and, in this way, is able to investigate
and Pianka (1966) and ultimately in the appropriation of the methodology of imultaneously both ecological and genetic phenomena. Ecological genetics
optimality modeling. This research tradition, which has come to be known i, in a sense, the econometrics of evolutionary biology.
as evolutionary ecology, has undergone tremendous growth over the last two 5. ‘The techniques of ecological genetics can be quite powerful. Consider
decades. Might it be seen as an appropriate locus for the autonomy threatened jii:the following idealized example of ecological inquiry. Suppose one has a

objection? After all, its Darwinian pedigree is impeccable, and as MelIntosh &, population of clones and a sequence of environments that are perfectly ho-

points out: “A major aspectof current ecology hopes to develop ecological the-§: mogeneous except for one ecologically relevant factor, which itself varies

ory from the life history properties of organisms (life history theory is one of k¢ across the environments. Let the clones live out their lives in the various envi-
the central elements of evolutionary ecology]” (MclIntosh1985: 11). Certainly. ronments and then measure ecological performance (i.e., short-term survival

1.6.3 Ecology and Evolution

9
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and reproductive success). Here one has as
ecological relevance of the varying factor as one can get (see Brandon 1990 for ;
more detailed discussion and some real examples). Of course the tables can be
turned; phenotypic performance can be used to study genetic changes as well.

Unfortunately, the response to this objection involves a detailed look at:
the relationship between ecology and evolutionary biology. While such an:
investigation is beyond the scope of the present work, I will return to these |
potential interlopers in the Epilogue, indicating there the direction that a’
response to this objection is likely to take. ;

1.6.4 Levels of Organization

It is a commonplace, these days,

familiar image is that ecology studies systems at vaous points along the |
hierarchical scheme from individual organisms 0 populations to communi-
ties to ecosystems; recently there have been attempts to wedge another level,
the landscape level, in between the community and the ecosystem. But this

problems. There has been, for example, a long history of controversy sur-
rounding the existence of the ecological community as 2 legitimate level of
ecological organization. No one, of course, doubts that there are, in some
sense, ecological communities; what they have doubted is whether such com-
munities are more than fortuitous assemblages of populations that happen to
be living in the same place. A second area of perpetual frustration involves the
relationship between the ecology of organisms (the first three levels in the -
erarchy) and the ecosystem perspective, which embedies a physico-chemical
as opposed to an Organismic,
been continued calls for integration between these two points of view (Allen
and Hoekstra 1992, Pickett et al. 1994), but little real progress has been made.
The “community autonomy” issue arises in ecology in two ways —one for
plant ecologists and another for animal ecologists. The issue in plant ecology
has venerable roots. In 1905, Frederick Clements developed what has come’
to be known as the superorganism view of ecological communities. On this
view, communities have a cohesiveness akin to the cohesiveness of organ-
isms, and for this reason they are just as legitimately seen as natural kinds as
are organisms. This view held sway for quite some time until, around mid- !
century, plant ecologists began to seriously question whether these natural,
Kinds were so natural after all. We will discuss these ideas in the next chapter
the important point here is that for plant ecologists this issue has been largely
a descriptive one: When we describe existing patterns of vegetation across

g
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good an empirical measure of the

'the problem ha .
" mulated first by Charles Elton. He asked the question of limited membership:

. Why are communitics only a Ii

" that govern th
! cesult is this limited sam

that ecology is a hierarchical science. The |

easy recognition of hierarchical structure conceals underlying foundational .,..,.,w__. all, and thus that there

" comemunity ecology to study: OTg
. regular and systematic ways that would be
" kind of community Bauplan. The issue is, at bottom, a question of levels of

- causal organization,
this book does help clarify the

stance toward ecological systems. There have | with the transition from communities to ecosystems, Or as

501 do not dwell on it here. Once again,

..provides, the outlines
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regions, do we find the regular associations that would be required if commu-
nities were really natural units? For the animal ecologists, on the other hand,
s taken a more theoreticat cast. Here the issue was clearly for-

mited subset of the kinds of organisms that

v might be found together? The theoretical problem for community ecology,

from the animal ecology perspective, has been to find those “assembly rules”
e development of ecological communities such that the end
ple from the regional fauna. Though both issues are
discussed in subsequent chapters, 1 confine my attention in this chapter to the
second version of the commupity autonomy problem.

" In starkest terms, the discussion on this issue has been dominated by two
camps. One group holds that organisms interact, primarily by competition,
g0 as to carve up the potential niches that a community presents, and that
it is ultimately the availability of these niches that determines community

. membership — the assembly rules are to be found in the partitioning of re-

sources. The other group doubts that there are any assembly rules to be found
is really any legitimate domain of phenomena for
anisms simply do not interact in the kinds of
necessary for the existence of any

and as we see in the Epilogue, the account developed in
matter. However, problems surrounding the

relationship between individual, population, and community ecology will not

be taken up in detail.
Perhaps the most dramatic gulfinthe hierarchical scheme of ecology arises
described above,
between the organismic and ecosystemic perspectives. The fundamental prob-
"lem is that the two approaches sort nature in terms of fundamentally distinet

*categoties —the demographics of organisms versus the flow of energy and the

cycling of matter. We get a deeper view of the problem in the next chapter
while a thorough treatment of this
quire a deeper investigation of the levels problem than this book

issue would re
of a response will be developed in the Epilogue.

17 A CONCLUDING COMMENT
1 have tried in this first chapter t0 lay out the overall structure of the argu-

.aa._: that this book develops, including the central conclusions that will be
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defended. It is, of course, risky business to present the conclusions before the), N
arguments have been made. [ have had to speak, at times, rather dogmatically, ;-
and at other times, 1 fear, rather cryptically. Sull it can be useful as a poin
of orientation to know where the argument is headed, and if the discussion i
provocative enough to prompt the reader to press on, so much the better.

It is perhaps even riskier to end a book on a speculative note, yet that i
what the Epilogue will do. This book set out to address a number of significant;
external questions for philosophy of ecology that proved, ultimately, beyond
its scope. Still the analysis that is developed does, in a sense, prepare thes
ground for that work. For that reason, I have kept these issues as part of th _
discussion in this chapter, explore them in a historical context in the nex
chapter, and return to them at the end of the book.

The Roots of Controversy

2.1 INTRODUCTION

* The previbus chapter outlined four basic objections to the definition of ecol-
i ogy as the science of the struggle for existence. Not surprisingly, these four
respond to four enduring foundational issues in the practice of

itself. The goal of the present chapter is to deepen the analysis
- and to gain a clearer picture of what is at stake with each of these issues
< while, at the same time, substantiating the claim that each of these four areas
" has indeed been a significant locus for ecological controversy. The strategy

K ultimately at some of the ways these foundational controversies

is to loo
3 have been manifest in the history of ecology, and I do this in two ways: first,

evelopment of the various intellectual traditions

by outlining the historical d
{hat collectively comprise the feld of ecology (section 2.3), and second, by
, nal debate that Robert May has

exploring a series of eruptions of foundatio .
dubbed ecotogy's twelve-year cycle {section 2.4). Before embarking on the

historical study, some time is devoted to clarifying the philosophical frame-
‘work for the investigations; attention is devoted, in particular, to the concept
of a scientific field. This is the task of section 2.2.

- objections co
. the discipline

22 FROM THEORIES TO FIELDS

philosophy of science has been preoccupied with
the scientific theory as the unit of scientific structure most germane 10 philo-
sophical analysis. The interesting questions all seemned to involve theory in ﬁ.v:o
orm or another. What is the structure of a scientific theory? How are theories,
which typically involve unobservables, connected to the empirical basis of 2
science? How are scientific theories tested? What makes a theory genuinely

' For most of its early history,
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explanatory? Explications of scientific disciplines involved the axiomatization. (Darden and Maull 1977), research programme (Lakatos 1970), discipline

of the theories characteristic of that discipline. Even questions of interdisci- (Bechte! 1986b), practice (Kitcher 1993), and this Jist is not exhaustive.
plinary relationship were approached in terms of the inferential connections, There are, of course, important differences among these concepls, but for

(such as deductive subsumption) that could be demonstrated o hold between, our purposes we can understand all these terms as referring to a unit of scien-
the characteristic theonies of the disciplines involved. tific structure that is constituted by commitments in the three categories just

However, beginning in the 1960s, the picture began to change. With the] mentioned.
publication of Kuhn's (1962) seminal work and with the increasing infusion Second, there are problems with the individuation of fields. As Bechiel

of a historical perspective into the philosophy of science that this work stim-; (1986b) points out, the degree of disciplinary structure that can be distin-
ulated, philosophers began to pay closer attention to the actual practice of" guished depends on the level of resolution of the investigation — from the

science. In the process, they began to recognize interesting structure beyond;, broad categories such as physics, chemistry, and biclogy at one extreme Lo
the scientific theory. Practitioners in a scientific discipline may be wedded: Price’s (1961) “invisible colleges™ at the other. Except, perhaps, for the lowest
cwoonusrn_g:oonn&: fundamental theories, but they typically share;, level, turning up the resolution always reveals fields within fields. As we will
..moo.Ewmomzwmsanm foundational confusion in a number of ways. Practition-

much more than that, including the commitment to regard certain nxn::u_ma-_w

achievernents in the field as “paradigmatic” of successful inguiry, the commit:; €S in one subfield might fail to appreciate the work of others in a different

ment to certain kinds of broad methodological norms, a shared framework for subfield of the same discipline because they see their own work as constitu-

determining which kinds of questions are worth pursuing, and a comumon sel ive of the discipline. In the other direction, practitioners who happen to be

of presuppositions about the entitics and properties that comprise the domat working in the intersection of two fields may undervalue work that fails (0
ntegrate because they have come to see the interfield work as constitutive of

of phenomena for the field.
Since this “historical turn™ in the philosophy of science, there has cagm).o:n of the originally distinct fields. To further complicate matters, sometimes
a great deal of work on the structure of ccientific disciplines, on the way: the kinds of judgments that have just been described as mistakes, based on

in which this structure changes over time, and on the various kinds of in the misapprehension of disciplinary space, are actually correct because the
teractions that occur between disciplines (Shapere 1974, Darden and Maullj, nature of that space has changed — disciplines can merge, bifurcate, and so
1977). 1 will adopt an essentially Kuhnian view, the view associated with hi on. Some of the foundational controversies in ecology actually trace back to
original concept of the scientific paradigm and later articulated in terms of}; these kinds of differences in the perception of the structure of disciplinary
the idea of a disciplinary matrix (Kuhn 1970). Following Bechtel (1986b:10),}: space. The present chapter attempts to steer clear of these matters as much as
the relevant considerations can be distilled into the following three cate; possible, presenting instead a generic overview of the kinds of investigations
gories: (1) characteristic problems, (2) methodological practice, and (3) laws ;that have typically been classified as ecological.
and theories. Commitments in these three categories go a long way towards Finally, there is a potential objection that must be anticipated. The idea,
determining the cognitive identity of a discipline; they form what we migh broached in the previous paragraph, of there being a correct account of the
call the constitutive basis for the field. The overall goal of section 2.3 is tof. structure of disciplinary space might give pause to some. The objection really
describe, in a general way, the commitments of ecology in these three areas &> comes in two forms. The strong version holds that while there might be
with emphasis being given to the first area - to the questions that have typified I sorts of interesting ways to classify and categorize the larger scientific
ecological inquiry. Before tuming to these matters, however there are sever terprise, there is no basis for grounding judgments about the cotrectness
further preliminaries to address. : incorrectness of particuiar accounts. A milder version acknowledges that
First, there is a question of terminology. The proliferation of investigations ere is something to get right here but maintains that it has nothing to do

of disciplinary structure has been accompanied by a proliferation in terms for th foundational investigation. Rather, it is 2 matter of getting the sociolog-
describing the basic units of the scientific enterprise. As mentioned, Kuhn cal and institutional facts straight — memberships in professional societies,

initially talks about the paradigm but later shifts 1o disciplinary matrix o_E,,.w_ affiliations, patterns of comrespondence and citation, student-teacher
response to ambiguities in the former term. Once the philosophers got busy relationships, and the like. ] do not find the first cbjection persuasive, though
in this area, further terms were introduced: domain (Shapere 1974), bss_w will not argue the matter here. The second objection is more interesting.
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One of the legacies of the “historical tum” in the philosophy of science b
been an increased recognition of the importance of the social aspect of sci
ence. While I agree that there is interesting material to investigate here and
evant to the kinds of questions 1 want to pursue, 1 do not
entire story. Because I am
(and related) phenomena and believe that these various kinds of phenomena
cleave into fundamental types Or categories, I treat the social and institutional
phenomena, in the best cases, as a useful guide to the foundational study and?.
in the worst cases, as Noise t0 be filtered out in the philosophical analysis. T
put the mattes another way, 1 believe it is perfectly possible for a scientific]
field, gua sociological entity, to imisconceive either its own phenomena of it
relationship to other felds and that there is, as a result, more (0 the matte

than just Soci0lOgY.

that it can be rel
think it constitutes the

23 AN OVERVIEW OF THE FIELD OF MOOFOQ.K.

big game. By focusing primanly on the kinds

This section tackles rather
ethodological

of questions being put to nature and to a lesser degree on M

practice and characteristic laws and theories, itidentifies a number of relatively

distinct programs of investigation that have €0
as a scientific discipline. Of course {be story 18 vastly more complex than
the thumbnail sketch that is provided here. 1 have attempted to paint in bold
strokes, and I have chosen to emphasize historical development rathet than the
CONteImporary scene, by and large, I have not atternpted to push the historical;
discussion much beyond the 1950s. The goal of this section is to generate an,
image of the science of ecology that can function as an adequate background,

for the foundational investigations that are 10 follow.!

2.3.] Conditions of Existence

Ecology has sometimes been defined as scientific natural history (see. &2 ,
Elton 1927). Though this does accurately reflect the natural history roots of
the discipline, it is not a very satisfying definition. To begin with, just what
constitutes natural history is not immediately apparent. We can attempt 10
spell this out, for example, by saying that natural historians aré interested

| Por those who would like to se more of the history, I recomunend Kingsland (1995}, Melntoshi
(1985), Hagen (1992), and Goliey 1993); for those who want an overview of the no_._nnavoqpa_,.
science, 1 recommend the most recent editions of introductory texts such as Ricklefs (197% o

Krebs (1978).
30

:_. what organisms there are,
when we do
¢cology; the three questions associated with
into relatively distinct scientific fields — namely,
and ecology. So the proposed definition is too broad.
If we confine attention to t
organisms live, we miss a great deal
as ecological inquiry- Even if the scientific
workasa nanR:n:m?n account, however,

aspect of ecology. The goal

a realist about ecological

" One of the strongest channels of influence is through

.a.n,s:. He suggests that the effect of the environment

me together to form ecology:
physiology: he
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in where they Hve, and in how they live. But

so, natura! history does not appear as the unique antecedent of
early natural history have evolved

systematics, biogeography,
But it is also too narrow.
hat part of natural history concerned with how
of what has traditionally been thought of
natural history definition does not
it surely does capture a significant
of the present section is to elaborate on this aspect

of ecological investigation. ,
.* As Mclntosh (1985) points out, the emergence of ecology as 2 science

represents the crystallization of a number of distinct intellectual traditions.
physiology. We have

already seen that in Haeckel's view, ecology is physiclogy taken out of the

e was not alone in adopting this perspec-
ecology, Thomas Park (in Allec et al.
physiological studies in some
on the organism can be

f whether it has BoG:owamwoﬁomwnm_ conse-

lassified roughly in terms ©
quences oOf behavioral consequences. (For Park, these were both aspects of

called the former am<£om.3n=5_. maintenance, and/or tolera-
e latter response physiology.) The distinction, as Park
mutually exclusive, but it is useful nonetheless.

The distinction also has important implications. Firstof al}, itis a distinction
about the physiology of organisms, not organs. The separation of these two

mm.vnna of physiology was recognized by K. G. Semper in 1881. He o_m:doa
that the physiology of organisms was concerned with “reciprocal relations
nd the nat-

which adjust the balance between the existence of any species a
ural, external conditions of its existence, in the widest sense of the term’”
Semper 1881). As this passage reveals, this “new” physiology focuses atten-

_ lationship between organism and environment. Although Semper

iononthere
ﬁﬂcmnaﬂ_._nﬁd: ecology, the connection is obvious between these studies

E.,E the investigation of the «conditions of existence” that Haeckel targeted
as the subject matter of ecology-

This physiology in the field is one of the earliest manifestations of the
scientific natural history theme. The question, then, is what were these
ologists doing as they worked in traditions that came together to be

called ecology? What kinds of questions were they asking? How were they

attempling to armive at answers to these questions? The short answer is that

laboratory and into the field; and b
ive. In one of the carliest histories of
949) discusses the emergence of ecology from

tion physiology and th
points out, 1S neither sharp nor
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they were using the techniques of experimental physiology to study the effects
of environmental factors on the morphological, physiological, and behavioral
properties of organisms. I do not intend to discuss this literature in any de-
tail, but a few examples illustrate the kinds of questions that were being
addressed.

One of the environmental factors that attracted interest was salinity.
Experiments were conducted to determine the consequences of various
degrees of salinity on a variety of organisms (e.g., amoebae, freshwater flag-
ellates), and sufficient research had been done by the turn of the century to
enable C. B. Davenport (1897) to conclude that “the capacity for resistance
to stronger salt solutions seems to be closely correlated with the conditions
of the medium in which the organism has been reared” (reprinted in Allee
et al. 1949). As evidence for this generalization he referred to field experi-
ments on mollusks from environments with varying salinity and laboratory
experiments that radically altered the “natural” salinity tolerances of organ-
isms by raising them in settings in which the salt content of the environment.
was gradually altered. Other features of the environment that attracted inter-|
est were light (e.g., the consequences of wavelength for photosynthesis}, heat
(e.g., the acceleration of growth accompanying an increase in temperature),

The Roots of Controversy

never really managed to connect. Why? No doubt this is an involved story, but
there are two salient differences between the two traditions that had an impact,
and that have continued to play a role, in the emergence of ecology. The first
one concerns the nature of the environmental factors against which organisms
were seen o struggle. The physiological focus was on the role of the physical,
or abiotic, environment. The reasons for this emphasis, whether grounded in a
" conviction that these factors are the most causally relevant or in the amenabil-
ity of physical factors to mensuration and experiment, are hard to disentangle,
. Inany case, as we have seen, the Darwin/Haeckel emphasis was just the oppo-
“site (Coleman 1986, Melntosh 1985). They emphasized the interaction with
‘other organisms — the biotic environment ~ as exerting the dominant influence
in the organisms’ struggle 1o exist. A second important difference concerns
.the notion of adaptation. The experimental physiologists were interested in
how.the properties of organisms served to adapt them to their environment.
' But whereas Darwin, and Haeckel behind him, had definite ideas about where
these adaptations came from, the experimental physiologists tended to have a
..a:._mwv. critical attitude toward the mechanisms generating adaptations. They
" talked about “adaptations,” but this should not be construed as implying a
-firm commitment to the Darwinian tradition. In addition {and sometimes in

air (¢.g., the effect of changes in barometric pressure on oxygen tension), and & 0pposition) to natural selection, they frequently accepted various means of

water (e.g., the mechanical consequences of its movement). The many inves
tigations undertaken and the information amassed enabled Davenport {1897)
to generalize at a bit higher level: “When dynamic conditions vary quantita

tively, a quantitative variation in metabolism will follow such that metabolism_

= .direct action by the environment (e.g., Buffon’s principle of environmental
-induction or Lamarck’s principle of the inheritance of acquired characteris-
tics) as a major source of adaptation. But more important, it was the properties
f the organisms themselves rather than the historical causes responsible for

begins to slow down as limiting conditions are approached” (reprinted in Allee k- these properties that were the primary objects of interest.

et al. 1949). Earlier work on the relationship between soil minerals and Ema,. :

growth resulted in a related generalization, one of the first of many ecological
“laws,” known as Liebig's “law of the minimum.” Roughly, this “law’" states
that “the rate of any process is limited by the least, or slowest, factor affecting

it” (Mclntosh 1985: 149). Later, V. E. Shelford (1911) expanded Liebig's

idea of limiting factors in his “law of toleration,” which included the ideas o
maximum and optimum values. The principle remains today and, according
to Krebs, it 35 “the major conceptual tool of the physiological ecologist.” In
its modern guise it receives the following formulation: “The distnbution of
species will be controlled by that environmental factor for which the organism
has the narrowest range of adaptability or control” (Krebs 1978: 20).

As already mentioned, there is, in retrospect, an obvious connection b

tween this field physiology and the investigation of the conditions of existence

that form the basis of the Haeckelian definition of ecology. Yet this expe

imental tradition and the Darwinian-based discipline described by Haeckel
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This last point can be seen more clearly if we intrcduce an impor-
E.E distinction between two kinds of causal processes that might interest
the biologist — the distinction between proximate and ultimate causes
?._,&._. 1961). One may ask why male white-tailed deer typically enter the
“rut in early November. One answer would be that the shortening periods of
daylight at that time of year cause certain hormonal changes in the deer, which
n turn are responsible for the behavioral and morphological changes associ-
with the rut. This answer gives the proximate mechanism at work. But
..E&.&mo be asking a question about why male white-tails are organized
such a way that the pituitary gland responds in this way to decreasing
riods of irradiation of the retina. This is a more difficult question, but it
also a different kind of question. It asks not what the properties of the
o_.,.m_wama are but why they are this way and not some other way. In this
particular case the question is, given a cluster of properties of the white-
iled deer such as the kind of mating system they have, the consequences of
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increased levels of testosterone in the blood, the gestation period, and so on mergence of evolutionary ecology, which ence again brings the physiolog-
why does the pituitary gland respond to decreasing photoperiodicity (rathe ical, morphological, and behavioral properties of organisms irto focus, this
than the opposite, for exampie}? I do not know the answer, but I can imagine; time inan explicitly evolutionary context (Wainwright and Reilly 1994, Krebs
the kinds of considerations that might be involved. For example, it might be and Davies1984, Townsend and Calow 1981). Whether such studies are ask-
that the timing of reproduction is controlled by the timing of estrus in the (.ma.m proximate questions about ecological mechanisms or ultimate questions
fermnale and that males who do not synchronize their reproductive readine about the Darwinian histories behind the properties of organisms is a difficult
with this event are at a distinct disadvantage when it comes to passing o 'and controversial issue, one that lies beyond the scope of the present work.
their genes. Or it may be that the timing of the entire process is controllef.. The second, and related, factor involves the pursuit of a more mechanistic
by the gestation period together with an average fitness advantage ne.cm&\”\_\._.:inag&um of population phenomena — the so-called individual-based ap-
by young born during 2 certain period of the year. In any case, the attempt i ‘proach to population ecology (Schoener 1986a, Lomnicki 1988, Huston et al.
to understand not what the properties of the organism are but why it has th 988, Smith and Huston 1989, Huston 1991).
properties it does. .

Returning now to the study of adaptaticns by the early experimental ecal

ogists, the nonevolutionary flavor of these efforts can be seen as stemnming::
from a preoccupation with proximate, rather than ultimate, questions. Man “The previous section was devoted largely to the early development of animal

of these investigators were unconcerned with giving ultimate explanations o ecology, and itemphasized the role of experimental physiology in this process.
the properties of organisms, rather they were preoccupied with understandin ‘amimmo_ommnm_ considerations were no less important in the emergence of
the proximate mechanisms at work in the interaction between the o_.wmsmm%.,v_»a ecology. However, plant ecologists developed a conceptual structure
and its environment. This is not to say that the connection between moo_Omu.s.E.- which to systematize their observation much sooner than did animal
and evolution was not on the minds of some ecologists. C. C. Adams, fai7ecologists. This pioneer ecological theory is the subject of the current section.
example, published a study of snails in 1915 in which he discussed bo % » fier an examination of some of the antecedents of this theory, we turn to
evolutionary and ecological issues, and similar examples would not be hari’a brief overview of the theory itself. The section concludes with a look at a
o find. Furthermore, it is not surprising, especially from a contemporan Taajor challenge to this theoretical framework, one that has had a significant
perspective, that such examples exist. The central issue behind the physiol impact on the development of ecology.
logical studies was, after all, the environmental limitations on the survival A major impetus to the development of ecology as an autonomous science
the organism — the connection with natura! selection is obvious. “£was the development of a physiologically oriented German botany near the
This interest in the properties of organisms in relation to their environmen: 2,&. of the nineteenth century. Of most significance for the emergence of ecol-
tal circumstances has remained a consistent theme throughout the develop: 0gy, these investigators were taking their experiments out of the laboratory
ment of ecology up to the present day. It takes at least the following form Ea turning to the physiological investigation of plants in their natural setting.
(1) investigations of the “ecology” of particular species, and (2) more detaile{:In this way they provided a conceptual alternative (o the floristically oriented
and mechanistic studies in general ecophysiology (e.g., Larcher 1995). Howk tural history tradition, an alternative that saw the approach to plant distribu-
ever, such studies faded into the background once ecologists began 1o mog% ion _..on.._a terms of the historical development of the region but in terms of the
on patterns of distribution and abundance — what Eiton cailed the :uo_uc_ﬁ._ow impact of the current eavironment on the lives of plants. Among the leaders
problem.” In part this 1s because of the inherent importance of the _mﬁW_u this tradition were two German biologists, Andreas Schimper and Oscar
and in part it is because looking at patierns of distribution and abundang Up...umn. But perhaps the most influential of the group was not a German, but a
came 10 be seen as an alternative way to study the relations between organgt ,,,n,."mcmmacm Warming. In Warming’s work we find the “conditions of life”
isms and their conditions of existence without looking directly at envire perspective of Semper and Haecke! applied to the problem of distribution. In
mental physiology. More recently, there has been a resurgence of interesti ::E.n_,no_oamnw words: “How, he repeatedly asked, does the structure
the properties of organisms. There appear {0 be two central factors respon:a d physiological capability of a plant or a group of plants fit an organism
sible for this development. By far the most significant impetus has been E% ‘community to a definite place in nature and - this being the essential

2.3.2 A New Natural Kind
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question - what conclusions can we draw from such knowledge regarding the;, social conditions under which it lives” (Warming 1895: 119-120). As we
distribution of plants?” (Coleman 1986: 185—186). For Warming, the way to ‘shall see, this individualistic perspective did not go unrepresented in the early

address this question was to focus on the factors, both biotic and abiotic, history of plant ecology, but a source must be found for the emergentist per-
causally relevant to the success of the plant. pective that played on center stage during this period, and it is apparently
Whereas Haeckel recognized, in the analysis of Darwin’s entangled bank, ot o be found in the work of Warming.
the conceptual domain of ecology but did not pursue it, and Semper, as we., The man most ¢losely identified with the “community as superorganism”
shall see, pursued it but never used the term ecology, Warming not oau.v tradition is Frederick Clements, who, together with Henry Cowles, was one
attempted to unravel the tangles but also recognized that “ecology was the of the Jeaders in establishing plant ecology as an autonomous science in
science that needed to be invented to deal with these matters” (Coleman 1986 " america. Cowles and Clements shared a common emphasis on the physio-
190). This, together with his subsequent influence, makes him another candi ogical nature of ecology, an emphasis that both inherited from the European
date for the “father of ecology” epithet; in fact, he was designated as such by wradition just discussed. But there were appareatly different lines of trans-
Tansley (1935). It would be nice if the story were so simple: Darwin setting’ mission at work. According to R. Tobey (1981), 2 historian of this period in
the conceptual framework and, after a lengthy labor, the birth of ecology,, American biology, Clements saw Oscar Drude as his inteliectual ancestor,
both in name and deed, in the work of Eugenius Warming. Alas, nothingé whereas for Cowles it was Warming. Furthermore, there was, Tobey argues,
associated with ecology is 0 straightforward. In this case there aré problems}; 2 difference in philosophical orientation between Drude and ‘Warming, the
both fooking backward and looking forward. In the former case, there are a?;former being under the influence of German Naturphilosophie and the latter
least three considerations that distance Warming and Darwin (Coleman1986).: more prone to mechanistic reductionism. The twin influences were explic-
First, Warming, like so many other influential figures in the early history of Ex“nnnOmEmon_ by Cowles (1898): “It may be too early to predict whethet
ecology, was not in step with Darwin on the origin of adaptations. He shared i’ the direction of future work in plant geography will be given by Warming
with others under the sway of physiology, the tendency to put much more stockt: or by Drude; and so whether we shall speak of ecology or phytogeography,
in the dircct action of the environment than we find in Darwin. A related poinfor of life forms or of vegetational forms, or plant societies or formations
has to do with the nature of the causes shaping the tangled bank. Coleman, ‘yet to be decided.” Tracing the philosophical roots of the holistic and
following Ospovat (1981), argues that Darwin settled on a formulation of} ndividualistic traditions would be interesting, but it cannot be undertaken
natural selection that de-emphasized the role of the abiotic environment; the; a._...m....,_.__o. important point is the emergence of these two contrasting per-
struggle for existence was largely an organism to organism affair. As pre-i:spectives in ecology; they serve to divide ecological camps right up to the

viously indicated, the early physiologists had quite the opposite orientation/7,p sent day.

Although Warming did consider biotic factors, his approach is more closelyg o see how the holistic tradition developed, we will take a brief lock
i & at the ideas of Clements, in particular as represented in his 1905 Research

aligned with the Jatter group. Finally, there is the question of history. As al at
ready noted, Warming was after ahistorical explanations. Darwin, on the other a.wu..& in Ecology. His work represents the first attempt at the construction
hand, was much more directly concerned with the historical causes behin f a comprehensive theoretical framework in ecology. The guiding idea was
the characteristics of organisms. that .,Ea.,.mcmmon of the planet is divided into distinct natural units that he
Looking forward, Warming does not seem (o be squarely in the middte of nw_:om plant formations. There are, for example, fourteen such units in North
subsequent developments in ecology. Perhaps the most salient characteristic -America. Each unit is defined by a climax community, the community that
of early twentieth-century plant ecology is the conception of the biologi- 3 .E.w_._mm&oa time and in the absence of disturbance will occupy the site.
cal community as a superorganism. But, as McIntosh (1985: 43) points oul, e climax community itself is a function of climate. The climax vegetation
“Warming’s emphasis was on the individual plant, and he was critical df oﬂw, given area js the only plant community that is able to perpetuate itself in
higher-level units, such as formations, Or causes which could be applied that location; so long as climatic conditions do not change, the climax wili
such entities.” For Warming, the goal was “to provide a scientific demol # L main in stable equilibrium. But, as McIntosh points out, Clements’s view of
E,o balance of nature was anything but static, The climax formation is the end

f a process, a process in which internal structures change in a unidirectional

T

stration of how each member...of 2 ¢ommunity exists in morphological
anatomical, and physiological agreement with the diverse ecological and
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development governed from above by the higher level unit. In short, the pla

formation is like an organism:

The developmental study of vegetation necessarily rests upon the assumption
that the upit or climax formation is an organic entity. As an organism the
formation arises, grows, matures, and dies. Its response to the habitat is shownin
processes or functions and in structures which are the record as well as the result
of these functions. Furthermore, cach climax formation is able to reproduce
itself, repeating with essential Adelity the stages of its development. The life
history of a formation is a complex but definite process, comparable in its chief
features with the life history of an individual plant. (Clements 1916: 33)

The process of development in plant formations 18 called succession,
Whereas the climax community is vltimately determined by climate, su¢
cession is driven by the successive modifications of the habitat by each of the
stages of the process. An example is perhaps the best way to illustrate how
this works. Because succession, in plants at least, is generally a slow proces
in “academic” time, ecologists tend to ook for
stages are sirultaneously present. Warming, the pioneer i

concept, found such a place in the dunes on the coast of Denmark. Emulatingg

his approach, American ecologists Henry Cowles and Victor Shelford studied

the sand dunes on the southern shore of Lake Michigan (Cowles focused o
plants and Shelford on animals). Iillustrate succession with a

of Cowles’s results.

The shoreline of Lake Michigan is in the process of a slow retreat. By

moving steadily away from the lake, one starts with young uncolomn
terrestrial habitats, the newly formed dunes, and successively enters olde
habitats. In the process the vegetational cover changes. The barren sand dung
are first invaded by perennial grasses such as bluestem. The rhizomes fro
these grasses stabilize the dune and the accumulation of organic litter begin
With the increase in soil fertility, colonization by a variety of annual plan
becomes possible. Further accamulation of detritus makes the habitat suitabl
for the growth of shrubs such as sand cherry and juniper. Eventually E.._A.
invade, but after several gencrations they lose out to competitively superi
shade-tolerant beech and maple that dominate the climax community of
region. Of course all of this takes a long time, but the results of the proce
are laid out in the spatial dimension from the lake shore to the inland clim
community.
The beech and maple, by shading the forest floor, create a habitat that
more favorable to their own offspring than to any of the colonizing candidate
and in this way they are able to sustain their position of dominance. In
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the preceding stages (the entire sequence is calied a sere, and each stage
“js a seral stage) the invading organisms alter the site in such a way that
. eventually put themselves at 2 compelitive disadvantage with respect
invaders. Thus, though the outcome is controlled by the climate
the transition between seral stages is determined by events

they
10 potential
of the region,

i in previous stages. Of course the area around Lake Michigan is not one vast

.,”...E._uarnn stand of beech and maple except for the transitional zone around the
"~ lake: But this can be explained. The process that has been described is primary
‘succession, the successive colonization of a previously uncolonized site. But
climax communities do not go undisturbed, nor does the succession of seral

i'stages always proceed without a hitch. These eventualities give rise to the

‘concept of secondary succession, meaning the return o the climax following
ntervention. Possible agents of disruption include fire, wind, frost, and other

1
situations in which severdi s 0
n developing theg ecology has been presented. But even here,

£453

brief description;

s psendoclimaxes,

nmm.s._maw. most notably thal great intervenor, the human. In addition to the
" climax community, a given area is likely to contain communities that represent
arious stages in the process of secondary succession.

nly the barest bones of Clementsian-style early twentieth-century plant
one sees a theoretical framework
which there is much for ecologists to do. The natural units must be dis-
overed and their relations to climate investigated. The various seral stages
that characterized each of the seres must be described and the mechanisms
mnmﬂmanm the transitions elucidated. But there were problems with the ap-
proach. For one thing, the natural kinds were not quite natural enough. A
emnantic jungle grew up as Clements and his followers attempted to supplant
e conceptual scheme with subcategories and what not, 50 that they might
aueeze an increasingly uncooperative natural world into their theoretical
_.E._.m,o.c: there were subclimaxes, disclimaxes, postclimaxes, preclimaxes,
\ and my favorite, the anticlimax (see Krebs 1978; 1 have men-
ecnmm. jess than half of the categories he cites.) Another problem was that the
ks of description and classification were so absorbing that there was little
ime left to look for the underlying causal mechanisms that fueled the pro-
ces .mﬂ.vn.”w: ‘the touting of the physiological nature of the new discipline,
there was surprisingly little physiological field experimentation conducted
cIntosh 1985). The organismic analogy may have been a fruitful heuristic
fithe initial search for pattems, but it offered little assistance in the effort
3%&,».5 those patterns. When it came to the question of why, for example,
mmm.,n__.oawnmﬁn seral stage in the Lake Michigan dune sequence lasted
ew generations, the answers seemed to have a lot to do with the life
es of individuat species involved, and little if anything to do with the
:.omns.mon as a SUPErorganismic entity giving direction from above. As a
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ts began to challenge the Clementsizabout. But the faith was strong and it played an important role in shaping
system. the conceptual terrain of theoretical ecology. As with individual organisms,

As previously mentioned, the seeds of individualism were already sown it:there was a homeostasis of communities, and the designer of the system in
Cowles for example, and ultimately tracing back to Warming, before Clement each case was evolution. This reliance on a background theory of evolution,
began to develop his Emo.ﬂm:n& framework. But the relationship betwes undeveloped though it was, was perhaps the most important strand in the

Cowles and Clements is uncle :
dividualistic alternative, and it comes a

result of these problems, some ecologis

ar. The first really clear statement of the ix oo.uomem_ net sustaining the superorganismic view of biological comumuni-
s a direct response to the excesseties. As we shall see, this perspective proved to be very tenacious. Gleason
of the Clementsian approach, is in the work of H. A. Gleason (1926) w:amm.nomomnn_ his individualistic hypothesis in 1926, but he was viewed by the eco-
Russian ecologist named L. G. Ramensky (1924). Thave focused on Gleasor ._o.mm.omm community as something of a heretic; as he puts it, he was the “good
He advanced the individualistic hypothesis - in essence, the thesis that plaf EE_ gone wrong” of ecology. The serious attempts at resolution that we are
communities do not come in natural kinds with distinct boundaries but ar;about to discuss did not come along for twenty-five years. Why were his
distributed in a continuous fashion, and that the distributions we find are ke yiews so neglected? It seems likely that the absence of a background theoreti-
result of the individual species’ life histories, the vagaries of initial conditioncal framework comparable to the evolutionary foundations of the Clementsian

. . . . . . L . .
and the interactions of plants with the physical environment and with theview played a major role (see Mclntosh 1995 for further discussion),
neighbors. To see what is at issue between the individualistic perspective a

qﬁa_nmoam:.nmo_ismEnnonﬁoﬁawcngoms Enmagos.mimo_q
the “communities as mcﬁoao_.mpamam: approach, it1s useful to look at a mokcommunity organization focused on the way species were distributed along
no:ﬁBﬁoBQw:m_wmmem Eam.:cmmg“:..nw:m_wm._mpm w:vu:mmgﬁo:._

environmental gradient (for example, variation in soil moisture). If the

ecologist Robert Whittaker {1975). ‘#¢ommunity-unit theory is right about the discrete boundaries, then there
According to Whittaker, two issues are involved. One is the existence of &m.&oca be points along the gradient where there is rapid species replacement,

sharp, well-defined boundaries necessary for discrete community units, sgfand these should be interspersed with longer stretches in which there is lit-
the other is the existence of the close associations between species that wo tle‘change in species composition. Fusthermore, co-evolved members of a
be required if communities came in distinct kinds. According to the individus community type shouid have similar patterns of distribution. The consen-
istic school, neither of these phenomena is very widespread in nature, whe \w_.,p,m ‘that has emerged from observations of species distributions is that in
for Clements and his followers, the sharply delineated and tightly integrat m.p,._mn measure, Gleason was right. Species are distributed individualistically
community unit forms the backdrop against which community studies d-communities tend to intergrade continuously into one another. There are
carried out, Whittaker and other plant ecologists, most notably . T. Curtisg:cases of close distributional association between species and there are cases
Wisconsin, set out to resolve the controversy beginning around 1950. &n_..m there is a sharp discontinuity between communities, but these are spe-
Whittaker presents the issues in more contemporary dress. One of licial cases that call for special explanations. Furthermore, although it remains
features he adds is an account of the mechanisms that would purportedguseful 1o classify communities on the basis of certain properties, the nature of
be responsible for the discrete boundaries and close associations. Intenisthe. classification has changed. For those who follow Gleason, classification
competition, excluding one species or another, is the supposed mecha not a process of describing natural categories; rather, it involves the 1mpo-
that would generate the disunct boundaries between community types. 1 =.m»..nouno§.=a categories, judged primarily by their utility, on a reality
close associations between species in a community type would be the r dividual populations.
of co-evolved adaptations for life in the presence of one another. Clems Y .n...oxvnzaouﬁ_ ecologists discussed in Section 2.3.1 tended to look
did not have such an account, cast in terms of specific mechanisms, 10 prop| d the “response physiology™ of the individual animal, but the project
the assumptions on which his community-unit theory rested. But the theugwas, wgn_m__.wn. the accumulation of descriptive information. As pointed out,
did have evolutionary underpinnings. One of the characteristics of early ec nnwoa a Eoonoanm_ framework. The work of Clements was essentially a
ogy was a widespread belief in the fine-tuning of higher level biotogical unfresponse to the accumulation of descriptive information as well, but the plant
(such as communities) by evolution. This belief was, by and large, an article omw_owm.,ma. of the day tended to accumulate information on patierns of spatial
faith because there was littie articulation of how this was supposed to ,Egnou.w_ﬁ the ways in which populations of plants tended to cluster
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L ‘
ether into characteristic communities. While the Clemenisian theoreticexperimental physiology into the succession/climax framework of the plant

tog .

framework has been largely superseded, the descriptive focus on spatial Ew,mm&owﬁm (e.g., Shelford 1511, and to a lesser degree Adams 1915); however,
tern has remained. The theoretical structure of Clements has been qmﬁwmoaa__wmmm@.wnn never to take hold. Elton focused on limiting factors as well. But
a different kind of kind of theoretical structure — the mathematics of mﬁamaew.n.ﬁwui the major category of Jimiting factors not as a set of physiological
and multivariate analysis. But the goal rema

ins essentially unchanged: Wheonstraints, mzormwﬂomnnmannOmmm:m:w. nm.wumﬁn:rn.cﬁmmm :.5:2
are the patterns in vegetalion? In contrast to animal ecology, plant ecolog En”..moﬁc—o@ and economics of animals.” He recognized, of course, the
has been infused throughout its development with the conviction that the _am‘,oﬁ of the physical environment in the lives of organisms, but he was inter-
to uncovering underlying mechanisms and processes 15 first to describe tested in the behavior of populations, initially for the economic implications
distributional patterns that vegetation exhibits. ‘such behavior. On the Clementsian approach, the behavior of populations
m_c_mammo@ grounded in physiological response to climate. This might work
233 Charles Elton .mw,—‘.,n_»._._a. but ,mow mE.E. uovﬁ.mmos size in E.mmam_dm n._.nmo&m w”_mamnmz:w

ion what he calls “the interrelations between organisms.” In his view, animal

Asnoted, ecology has diffuse beginnings. Although the science did soﬁmnmnmomo_omw was in need of a theoretical framework with which to explore this

the minds of a few great thinkers, Charles Elton was perhaps the first @oo_o%_,-swoﬂm.uﬁ. and exceedingly complex phenomenon.
y ways is still the moc_.amgﬁwﬂ_ Elton introduces his verbal model of the community as an effort to fill this

for several contemporary ecological traditions. This section departs from lyoid It is based on four principles, one of which is the principle of the niche.
pattern of the previous sections by concentrating on the work of a sin :R.i:,a..nrn had been used earlier by Grinnell (1917) to refer to the kinds
individual. It outlines Elton's most significant conuibutions and in 50 doing .n.uﬁnouaona (in a broad sense) in which an organism could live, He saw
introduces themes that will become the focus of later sections as we ::BM lose correlation (if not an identity) between a species’ niche and the set of

to supply 2 concepiual framework that in man

the approaches that have come to characterize contemporary ecology. .wsmosinna in which it was actually living. Elton did not use the term in this

In 1927 Elton was “commissioned” by his teacher, Julian Huxley, to EW.. i he thought of niches as being analogous to the professions of a human
a book on animal ecology. In eighty-five days he wrote Animal Ecology, an ﬁm&«.@. The species’ niche was a function of its relations with other species
Auential book that Hutchinson has called one of the greatest biological cocm__ﬁ the community. The idea is abstract in the sense that radically different
of the century (see Cox 1979 for details). The significance of this work fiki

i ‘of organisms {(in the taxonomic sense) could inhabit the same niche.
not so much in the novelty of the ideas — as Elton himself points out, mgﬂ_g:a:m&wgm and bees, for example, 10 the extent that they are both related
ogists had for some time been zeroing in on the principles he enunciatey

6/plants as CONSUMErs of nectar and dispersers of pollen, occupy the same

but in the way they are put together to create a verbal modet of the biologicniche: *. .
community. The book offered a conceptual framework that differed fr3 The principle of the niche can also be used to examine what Elton calls
the then-dominant Clementsian tradition in the following two ways. First, i&niq structure,” but the structural rules are not like the developmental
downplayed the descriptive, species-list approach to communities that _,Wm, straints ,o_m the Clementsian program. For Elton, community structure is a
been so predominant among plant ecologists, offering instead a new sely t f of the ways in which the interactions of the various kinds of organisms
categories in terms of which communities could be viewed. Second, it i Ea community are organized. A simple example, though Elton (1927)
gested a new way 10 look at community dynamics. Rather than looking f id Eu,.ﬁ m.._c.w. it the status of a principle, is the way in which communities
the causes of community change in an overarching developmental bluepnia organized into pattems of nocturnal and diurnal activity — the different
Elton focused attention on the relationships among the populations that dspecies of the communpity can be grouped in terms of the period during the
up the community, and in particular, on the ways these relationships determir iEm,E., cycle in which they are active. In the same way, animals can be
the sizes of populations. ped in terms of the kinds of interactions they have with other organisms.
As we have seen, in the early decades of this century, ecology was ton had at least two distinct Kinds of virtue in mind for this sort of abstract
n:moawimamnanmmcnoo: w:zao_om._ou_ :an:mmmﬂoa.;pmimm partig : ;

”.ngnﬁ.nummon of community structure; both can be illustrated by recalling
larly true of animal ecology. There had been efforts to incorporate the datath important concept of limitation.

g
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In addition to recognizing the limiting factors of the experimental phy
iologist,

in the animal community. The soundness of this move is testified to by tvarious foo

W..

It may turn out that there is no unifying theme among the comumnunity properties ° w.mmw._mnmno: of trophic

following passage from a contemporary treatment of community ecology:

suggested as evidence of structure. However, it seems worth trying to find 2

Elton extended the notion to include factors that limit Bm_,:co_.mrmw i complexity.

The Roots of Controversy

: m food cycles (Elton 1927: 58), but the examples differ from food chains only

“That is, they portend to be fairly complete mappings of the
d relationships of some particular comumunity — a kind of exhaus-
‘ve description of the trophic structure. The resulting weblike structures are
rore reminiscent of the food webs that later replaced food chains in the
relations. But there is an alternative interpretation,
e i which food cycles are not simply complicated patierns of food chains.

unifying theme and the best candidate seems to us 10 be Elton's (1927) phrase & .?,mno_. ding to M clntosh:

“imited membership™: Why is it that what does occur together constitutes a 3
limited subset of what might occur together? (Roughgarden and Diamond 1986: §
335) g

If community structure is what limits community membership, then the pri
ciple of the miche can give us s0me understanding of it. Elton argues 2
follows: “It seems probable that, since the number of niches that exist at &
for vegetarian animals in a community is limited, we have a glimpse 0
the number of species is rather limited” (Elton 1933: 28). As we will
in Chapter Four, the idea that available niches limit community EoB_umaz.r
was to be a central theme of later ecologists.

As the previous quote illustrates, Elton was preoccupied with the fi
niches of animals. His second principle, the principle of food size, is a g
eralization about such food niches. Animals (aside from parasites) typicalk
feed on prey of a particular size range, usually much smaller than themselv
This leads in the following way to the third principle, the principle of fi _
chains and the food cycle.

This sort of relation between the sizes of predators and the animals they prey
upon is very important in splitting up the animal community inte food-niches.
The limitations placed by size of food on feeding together with other special
food preferences give rise to food-chains, leading usu ally from smaller to farger

forms, and starting of course from scme herbivorous or scavenging form, which £

in turn depends directly or indirectly on plants. (Elton 1933: 29)

In other words, the feeding niches of animals are organized into sequences
which one organism is eaten by another, which is in turn eaten by 2 third, a
o on. Among animals, these chains are uitimately grounded in organis
that make their living by consuming plants, and as Elton indicates, the §
relations between predator and prey typically issue in chains that proce
from smaller to larger organisms. (This idea was anticipated by Semper wi
his 10 percent rule.)

It is less clear what Elton had in mind when he talked about food cyc
When he first introduced the idea in his 1927 book, he provided two examp
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f i%ﬂﬁ.nn is some evidence for Mclntosh’s interpretation,
discussion of the fourth principle, (¢ which we now turn. We have seen that

EE <

yrami ..
rophic ladder, resuiting in a kind of pyramid shape when each trophic level s

m.nc.m cycle improved on Jood chain in providing the essence of what was to be
‘called the biogeochemical cycle because it integrated the organic food chains
with the nonliving environment, an essential attribute of much early ecological
-thought that was later christened the “ecosystem” (Tansley 1933). (Mclntosh

1985: 91)

especially in Elton’s

one travels up the food chain, the animals typically get larger. There are
z,nn& factors that, in conjunction with this tendency, act to set upper bounds
o the length of food chains. First, there are physical limitations on body size.
ofe important, a limit is placed on population size of higher level predators
'the occurrence of a reduction in what Elton calls “the original plant pro-
ced living matter” available to each successive link in the chain. The result
En.e._.mn_nq recognized phenomencn that Elton dubs the principle of the
id of numbers — organisms get less numerous as one proceeds up the

vnnu..“.__._:w.a in terms of numerical abundance. This pyramid of numbers was to
me the pyramid of biomass, once the biogeochemical perspective was
! .Em incorporated into ecology. Whether in terms of nurmbers or biomass,
QB.EE is, in Elton's view, & pervasive aspect of community structure; it
ides another glimpse of a reason behind limited community membership.
These four principles, then, form the core of Elton's theory of the commu-
itv. Heconcludes, “As & result of these principles we find that the organization
r tricture of an animal community is not widely different in almost any habi-
iowh nr supports a rich fauna at all” (Elton 1933: 32). Itis for these ideas that

Ellon.is most widely known; as we will see, they provide grist for the mills of

m.m_,&woncma ecologists. Ironically, however, the most influential aspect
s_ﬂ,_,m_mpoum.! may not lie here at all. His focus on the organization of

ohc lationships within the community s primarily ip service of another

rid;: th .,._mwm he takes to be the most significant and least understood aspect
nimal ecology - the population problem.
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population size might result in a shortage of food or increased levels of pre-
dation. Elton also saw behavior as an important density-dependent regulating
Enn._.._w.umma. Thus, increased migration rates might be a density-dependent
one moment. The dynamics introduce movements in tim population response 10 overcrowding in a particular habitat. The upshot is that
The snapshot view of populations that Elton labels “statistics” is essentiall the existence of these regulating factors provides, for Elton, another reason
the spatial distribution approach to ecology discussed at the end of the pre¥ for thinking that a sojution to the population problem presupposes an adequate
vious section; we will not spend time on it here. The focus on populati heoretical framework for dealing with the interrelations of organisms.
dynamics, however, is Elton's contribution {0 2 then-emerging iradition _,am This need to do community ecology, even if one’s interest is ultimately in
behavior of populations, places Elton among the sources of an important

] theme of ecology. We look at this tradition in thesthe
we highlight some of Elion's nouﬁgsosm conceptual tradition in ecology. The significance of this early work lies in
a-:Elton’s emphasis on the importance of synecology and 1o the way he used

w2'his community principles — all of which were already in the literature — 0
fashion 2 rudimentary theory of the community. We move next to an area in
hich Elton’s contributions to ecology were something of a novelty.
He begins the last chapter of his 1927 book somewhat apologetically,
inting out that “it may at first sight seem out of place to devote one chapter
f.a book on ecology to the subject of evolution” (Elton 1927: 179). Indeed,
must have seemed a significant departure when other ecology texts of the
did not even include “evolution” and “natural selection” in their indices
ee Chapman 1931 for a typical example and Kingsland 1985: 220, note 11,
further discussion). Elton’s views on the relationship between ecology
d-evolution (in the period under consideration) can only be outlined here.
1 argument in the above-mentioned chapter can be paraphrased as

In its broadest sense, the population problem involves understanding t

hows and whys of animal numbers, Elton distinguishes two aspecls to the;

problem: “The statistics are what we find out about animal populations at an
e” (Eiton 1933: 48}

was Lo become a cenira

next section, but before doing 50,
Elton begins his discussion of population dynamics by noting an imporl

generalization about animal populations. Contrary to the historically pop
lar “balance of nature” view, it must be recognized that animal populati
“Auctuate greatly in numbers.” The simplest hypothesis is that the cau
of these fluctuations lies in the variability of environmental factors such
climate. While this is no doubt a significant factor, it will not do in general
other important generalizations that must be recogni

nimal populatio
s — qutecoly

cause there are two
The first is that there is a close interdependence among 2
Ecologists, then and now, distinguish two kinds of investigation
and synecology- Roughly, the distinction is that the formes studies specieso
at a ime and the latter studies species as groups of interacting population;
For Elton, “it is clear that the study of the autecology of the numbers of an
species involves inevitably a study of the synecology of the community &
which it lives™ (Elton 1933: 69), What was clear for Elton has been less th

ubsequent ecologists; the relative merits of autecological

clear for many s
synecological approaches 10 ecology remain a matter of controversy (o

day, and we will have more to say about the issue later in this chapter a0

¢ centra

ollows: . -
aturak selection, though of doubtless importance in the evolution of
haracters, cannot be used to explain many of the (adaptively insignifi-
ant) differences in polymorphic organisms and closely allied species.

»:nns.?n explanation is available once it is recognized that the forces
_.oumoamwgn for the struggle for existence are the limiting factors studied
E,Eo population ecologist, and that in many cases (e.g., rapidly expand-
ing ,movc_,m.nonmv these limiting factors are not exerting their influence.
r cases, nonadaptive characters can spread with impunity {until
the checks on population growth — the selection pressures — once again
become important).

ether this particular argument works or not, it indicates the general
, Kmx.mnxirm.nz the ecological study of population dynamics is relevant to
e study of evolution.

also in the next.

The other important generalization to be reckoned with — and for El
the element of truth in the balance of nature perspective = is that ani
populations are regulated by “antomatic control” mechanisms. The relat
constancy of species compositions in a community, even though the indivi
ual species’ populations are fluctuating in size, can be accounted for by !
fluctuations’ being bounded by these regulating factors. Elton uses the al
familiar distinction betwesn density-dependent and density-independent f
tors (first discussed by Howard and Fisk 1911) to make the point. In con T
to density-independent influences, which exert their effect regardless of po
ulation size, density-dependent factors act as a function of population si
In large part, the density-dependent regulating mechanisms involve relatio
with other organisms, especially trophic relations. For example, increa ogy;at their peril.

5 «nE:cQ of reasons, then, evolutionary biologists ignore population ecol-
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¢ direction? Does the study of evolution (especiaily
ection) have implications for ecology? On this score
Elton’s views are much more difficult to unravel. Al one pointhe says that the
study of special adaptations — for «“attack and defense,” for example — “form
a subject of their own” (Elton 1933: 32). Yet he also points to the need 0
understand the behavioral adaptations related to competition for mates and
the advantages of social organization if one is to have an adequate theory
of the organization of the community. It is hard to make a final pronounce-
ment here. Perhaps the best one can say is that Eiton dimly perceived but
did not exploit the significance of evolution for ecology. We will get to this
exploitation later in the chapter. The most important point here, however, 18
that Elton was one of the first ecologists to recognize explicitly and to put o
work the connection between the factors {hat regulate population size and the
circumstances responsible for natural selection.

Elton was truly a man at the crossroads. We have seen his role in the
development of “macro-community” theory (with food chains, the pyramid of
numbers, etc.); we have seen him as one of the first to recognize the importance
of demographic studies and to advocate 2 synecological approach to the study
of animal numbers; we have seen him as one of the pioneers in pointing out
the connections between ecology and evolution. Yet he stands as a central
figure in the emergence of still another tradition.

Recall Mclntosh’s suggestion that Elton’s food cycles were more than com-
plicated food chains. The something more is supposed to come from the fact
that the food cycles integrate the organic and inorganic worlds. When Elton
talks about quantities of “living matter,” this does seem to suggest thinking
of the organic and inorganic as parts of a single system. Just how far Elton
pushed these ideas is a matter of controversy. What is important is that in
the 1940s a Minnesota limnologist named Raymond Lindemann took Elton’s

ideas on trophic structure, Tan
unit with biotic and abiotic parts,
pation with the gross physical features of lakes
self-contained systems
tual revolution in ecology. Lind
on the flow of energy (in the form of cal
ents such as nitrogen and phosphorus) through th
perhaps most revolutionary about this perspective is tha
as a kind of “black box” transducer of energy and/or nutrients
in terms of the more traditional ecolo

What about the othe
via the mechanism of sel

2 pore will be said about this idea in section 2.3.6.
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sley’s idea of an ecosystem as an integrated
and his inherited limnological preoccu- -
(which are relatively handy
), and executed, virtually single-handedly, a concep-
emann’s “trophic-dynamic” ecology focused
ories) and materials (rypically nutri-
e lake ecosystem. What is
t it treats the organism
2 rather than

gical categorics, which tend to have
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M_HM_._.MEWH.: in the relationship to life history features of the organism. Thus
" w_m «UMH_H: MS Wn .Smam between organism ecology and ecosystem nno_.
: e idea being roughly that the former is i .
. : be concemned with organi
gua biological entities and the latt i i ot 0.
. er with organisms gua
'trient transforming nodes in a i e
. physical system. We look at th
this ecosystem tradition a bi i e
it later in the chapter, af ini
& , after examining the oth
three traditions - population d i :  lotionary
ynamics, community ecolog 1
. y, and evolutio
ecology — to which Elton made seminal contributions. . "

2.3.4  Population Dynamics and Community Ecology

M_ M_:w MMM_W Hmh.wom Moo_omw was advancing in two fairly distinct areas (Allee
. , Kingsland 1985). On the one hand, the

. : : . , study of the behav-
._oE_. morphological, and physiological properties of organisms from M:

,”, mmwﬂo_,__wosﬁ perspective was accumulating vast catalogues of information
. ultaneously, the study of the distribution and development of U..o_omm..

“cal ¢ iti i i
ommunities as natural units was generating an ever more cumbersome

- theoretical apparatus. The former area was dominated largely by animal ecol-

ogists, Wi :
ow ant o”nmnmm the community approach was, as we have seen, characteristic
.otp ology at the time. But ecologists were becoming increasingly aware

. WMM H.:o distinction cﬂ.ﬁ.ao: the ecology of planis and the ecology of animals
C in many ways artificial. The importance of plant/animal interactions is

.m.p .o_”_ Em_m._: wn ecology, tracing back at least to Darwin. The emergence of
an.interest in the behavior of populatio i .
anir ns traces, in part, to the desi
-a middle ground in which the i _ PR
study of organismic functi i

dynamics could be related. H tactons ot played
. . However, there were other factor.

; s s that
B_m in the development of population ecology. pleyed s

> . ..
! M:m.BSocmq suggested, p._._o study of the interaction between organism
ironment was proceeding at a rapid pace during this period; however,

,&nnn s_mm.::_n oou.yno?:m_ structure in which to imbed the various bits and
- pieces of information that were being accumulated. To be sure, many of the

<M<chmm§..m E._wn.& the _mnmcm% of adaptation, and from our contemporary
mn mmw point, it is tempting to view their efforts as working out the details
of particular examples of natural selection. But that would be a mistake in a

: .m”MmH Hu.msw mmmnw. .Hda. focus of this era in ecology tended to be on what the
_properties of an organism were, rather than on why they were this way and

ot that — on proximate rather than ultimate causes
- Evoluti i iti ]
. onary theory was notin a position to function as a fruitful theoretical

».Mawa&o_.__uh within which to organize the accumnulating mass of expertmental
data. We have already seen that as late as 1927, Elton felt the need to offer a
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concluding his book on animal ecology with a chapter
on evolution. We also noted that the first great wave of texts on animal ecology
in the late 1920s and early 1930s were conspicuously silent en the subjects
of evolution and natural selection. As a final piece of evidence, consider
the comments of one of the most influential ecologists of the “experimental

physiology” era:

special justification for

f view for biological investigation. One is

that of evolution; the other, that of physiology, of the explanation of the

o in terms of physics and chemistry. . . . In this paper we &€ concerned
s 1o natural environments. (Shetford

There are two distinct points ©

organis
with the physiological relations of animal

1911: 554)

While these experimental physiologists were not directly asking gvolution-
ary questions, evolutionary theory did eventually supply, at least indirectly,
a fruitful conceptual framework for animal ecologists — one that had shown
itself much earlier in the plant ecology tradition. By the third decade of the
century, ecologists were looking with increasing frequency at 2 certain kind
of environmental factor; they were looking at what Semper had called much
“conditions of existence.” As Victor Shelford (1918: 21) put it,
rtance only in so far as they affect the life and death
a focus on life and death processes, 1t is a
rmore, the dynamics of populations,
otherwise piecemeal inves-

earlier the
these factors “are of impo:
processes of organisms.” From
short step to changes in number. Furthe:
at least potentially, brings a certain unity to the
tigations of onmmu._mnc_nsﬂ:oaagn interactions. The responses of organisms
to environmenta] factors become jmportant not just from the point of view of
g the organism but from the point of view of understanding what
dance of the organism. And the latter was important, fre-

ns but also because, a8 frustrations with the holistic
4, the structure of communities began to be

understandin
determines the abun
quently for £COROMIC Feaso

community perspective mounte
seen more and more as 3 function of the behavior of individual populations.

Additional reasons have been given for the emergence of population ecol-
ogy. For example, Kingsland (19853} mentions a focus on populations as 3 Way
for animal ecologists to agsert their autonomy from the community-oriented

plant ecology that dominated the ecolog
ecology has along history of emphasis on popu
impact on the emergence of theoretical population
MclIntosh 1985, Alleeet al. 1949). I will not discuss inputs
but there is one additional factor that shaped developments in this emerging
branch of ecology — namely, the development of mathematical models t0
represent population processes. It is to this story that we now wm (I present

lation studies thathad a major
ecology (Kingsland 1985,
from these SOUrces,
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ical scene. In addition, economic -
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the barest of outlines: for an excellent historical account see Kingsland 1985
and for the models themselves see any introductory ecology ..nxw "’ .
In the second decade of this century, and jargely at the hands om. Raymond
Huom.: .@mm. for example, Pear] and Reed 1920), ecology had Hn&mno,\.nw\na Hﬂ
_omaﬁ._o equation for population growth originally formulated by Verhulst .;n
B:ﬁ._om yields the familiar sigmoid growth curve, with population H.oﬁm
tapering off as population size approaches the carrying capacity of Emn envi-
:..,B_._..nsr In the mid-1920s, two non-ecologists (Lotka 1925, Volterra 1926)
.m_EEH.m:oo:m_w and independently introduced mathematical .Bononm extend-
ing this modeling strategy to the important ecological interactions of compe-
tition and predation. Before long these models came to be seen as the c%wm
for a theoretical framework that could, at last, give some order to the welter
of unstructured observational and experimental results that animal ecologists

" had been accumulating.

.E the early 1930s, a Russian ecologist named G. F. Gause undertook
m.n:om of laboratory experiments designed to test the logistic model of po, Emm
tion growth and its extension to interspecific competition (he also 5<omv: _umﬁm
the rwﬂw.mu.\o:nam predator-prey models, but this will not be &mocmmm% B
associating the level of toxic wastes (ethyl alcohol) in a growing yeast cou.EM

m_on E.:w the carrying capacity of the logistic, he was able to create 2 situation
"+ in which all the parameters of the logistic could be measured. Furthermore

by measuring the alcohol-producing capacities of two kinds of yeast, he was
able to E.En.mmo the effects of an individual of one yeast population into the
terms of individuals of a second population. Thus, by using the production

| of nﬂswm .m_ooro_ mm.Ea common currency, he was able to assign values to
- competition coefficients, thereby creating an experimental setup for testing
_the Lotka-Volterra competition model. The evaluation of Gause’s experi-

Bnam. is not a n_nm_.wocn matter. In ecology texts the results of these classic
experiments are typicalty represented as achieving a “reasonably good fit”

<. with the predictions of the model. But both the significance of the experiment

(Hutchinson 1978) .E.a the underlying details of the experimental setup (Salt
1984) have been criticized. For present concermns, however, it is not the suc-

-cess of failure that is significant. Rather, it is the nature of the experiments
“and the conclusions that Gause went on to draw.

I Gause’s mmualaosa did not issue in resounding success for the logistic-
based competition model, they at least revealed what it is like to test the

‘model. In particular, extracting predictions from the model means finding

something about organisms or their environment, something that can be mea-
sured, to associate with the various parameters of the model. Furthermore
¥

if the test is (o have credibility, there must be reasons for thinking that the
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associations are appropriate. For example, in Gause’s case there were xm. been characterized as the “Golden Age” of theoretical ecology (Scudo
ons — an account of the inhibitory effects of alcohol on msmw.un Ziegler 1978). This framework gave ecologists a way o present the
hards 1928) —for associating alcohol levels with momc_a__&mﬁ.ﬁmnm of populations as sensitive to population densities — both intraspe-
inhibition. When one reflects on the kind of detailed information Ep:m_,&wm fic and interspecific. Thus it brought the idea of population regulation, long
the goings on in Gause’s yeast cultures, the paucity of tests involving umﬁgw  element of the background picture in ecology, into the forefront of ecologi-
populations comes as 10 surprise. When it comes to the complexities of G m.onmnmocmnnmm. The principle of competitive exclusion, and the associated
eoretical models like the Lotka-Volterra competition mot, ea of the niche as the key to community structure, also had a profound

ffect on the development of animal ecology. It focused ecologists' atten-

ural situations, th
seem 10 play a somewhat different conceptual role.
ﬁ.mou on the compelitive relationships that govern the ways organisms carve
zoans were for Gause an attempt to establish whether the competition 3&% ihe resources available in a locality. Together with the theoretical mod-
od way to think about population behavior. There was m_q&w
the analogy with physical systems from which the mathematical structy ow had the tools to begin executing the Eltonian program of delermining the
und rules for community structure. Some of the manifestations of this pro-
lar cases, even if they involved simple organisms in artificial situations, i
one would be justified in using this tool 10 address broader concems, suchi iat one of the central consequences of these developments was an ecology
jth: ﬂ.w_mnnm considerable emphasis on population regulation, density depen-
role of theoretical models is taken up in detail in later chapters; for now 1hage
simply focused on the significance that Gause attached to his nxwmnagﬂ.

dependent reas
Rm_.oncn:o: (Ric

In a sense, the yeast expel
an initial plausibility t0 the model, perhaps deriving in large measure Empﬁanmoum among organisms give shape to ecological communities; they
w_.ma._t.,: be described in Chapter Four. For now, I simply want to emphasize
the nature of the for

riments and subsequent experniments with prott
at hand was a go mva.namsn.?ow relationships, ecologists could begin to unravel how the
was obtained. If it could be shown to hold approximately in a few __umnj‘ 11
ces structuring biological communities. The concepieist.
‘lence, biotic interactions, and in 2 general sense, on the idea of a balance of

..,,.5 the publication of The Distribution and Abundance of Animals in
4, H. G. Andrewartha and L. C. Birch presented a systematic alternative

e conceptual framework that ecology, in its “Golden Age,” had devel-

investigations.
Gause drew two conclusions that are of particular significance for &

present study. First, he linked the mode! to the concept of the nno__omwm%?
niche, drawing his famous (though by no mearns original) conclusion %m:mm for thinking about population and community structure, In the process,

species 0ccupying the same niche cannot coexist. As he put it, “they also attempted, for all practical purposes, to put community ecology
H5t of business. At bottom, the complaint of Andrewartha and Birch embod-

an Eu empirical challenge. It represents the same response to perceived
:alousness on the part of theoreticians that we saw earlier in the case of
n. The difference is mainly in the target: for Gleason, the issue was the
o:,ﬁmmn account of spatial distributional patterns; in the present case, it
e Emﬁoawmo& representation of temporal dynamics, and specifically the
_..,_ummo:. with synecology and density dependence. To see the nature of
hallenge, we must return to the idea of population regulation. A second
of work of 1954, The Natural Regulation of Animal Numbers, published
y ﬁ.wu%ﬁ Lack, illustrates the population regulation perspective.
; Lack begins with a simple observation: “Most wild animals fluctuate
. m_“__m,m.._w in numbers between limits that are extremely restricted compared
pith what their rates of increase would allow” {Lack 1954: 1). He calls this
i m..:wmno: problem; in its barest terms, it resolves into the following
om...“ How is it that such a balance between replacements and losses is
n% Lack found his answer in the density-dependent population models

It seems as that the central ecologicat problem of regulation in the compositiot
of complex biotic communities is in these analytical investigations reduced
to simplest terms. In light of alf this evidence (essentially the mathematical

analysis and the laboratory experiments] one may claim that if {wo or Mo
d species live in the field in a stable association, these specits

neasly relate
s different ecological niches. (Gause 193%: 255)

certainly posses

ond conclusion concemed the relationship between ecolopy 3
evolution. He regarded the Lotka-Volterra models as a way to quantify ongin
ecological scale the struggle for existence that drives Darwinian selectio
we will see, both of these conclusions — the principle of competitive excl
and the idea that the factors determining the fates of populations are the s
forces that are responsible for Darwinian selection — were to have a signifi
impact on the course of ecology-

The population studies that flourished following the development of
abstract mathematical framework for thinking about population pheno

Gause's 5e¢
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of A.J. Nicholson (Nichelson 1933, Nicholson and Bailey 1935). The cen-
tral idea is that stability of numbers suggests regulati
plies sensitivity to population densities. That is, populations must be subject
to determining factors that are
Andrewartha and Birch had a differe
as they reconstruct it, is as follows:

In a favorable “environment,” nurnbers would go on increasing without limnit

(until they “filled the universe™) unless they were prevented from doing this by
some density-dependent factor. Alternatively, in an unfavorable “gnvironment,”
numbers would go on decreasing indefinitely until the population became
extinct unless the “environment’’ were ameliorated by a “density-dependent
factor.” When stated in this way, the fallacy of this view is apparent. In nature
the conditions of life do not remain continuously favorable or continuousiy
unfavorable. Circumstances are perpetually changing. (Andrewartha and Birch

1954: 21)

This passage is instructive for at least two reasens. Firs

played out again and again in the
namely, missing the point of the opponent’
derlying the population regulation view is not sim
upper and lower bounds, but that they secm to be boun
that numbers remain relatively constant from year to year.
further argument, this fact is not explained by simply pointing out
nature, the conditions of life are always changin

Andrewartha and Birch must either repudiate this observation or explain it in

" the terms of their own theory.

This leads to the second way in which this
the cornerstone of the authors’ theory in the ide
are essentially responses 1o fluctuations in the conditions
tions include other organisms, but the other components of the environment
food, weather, and shelter — are given 2 m
behavior. For Andrewartha and Birch, populatio
by autecological factors rather than synecological factors.
both space and time, of autecolog
population growth and ultimately,
lation behavior we find in natare.

Much more could be said about the details of Andrewartha and Birch's .
or part of their

y on density-dependent processes such
ption of the nature of the causes

approach, but with this brief overview we can scé that a maj
objection to theories that rely heavil
as competition is based on & different conce:
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on, and regulation im--

functionally dependent on population levels. .
nt view of this argument. The reasoning,

t, it reveals a theme -
subsequent history of this controversy,
s argument. The observation un-
ply that populations have
ded in such a way
In the absence of -
that in
g. To answet the argument,

passage is important; it expresses
a that population phenomena
of life. These condi

ajor role in determining wowimzo—_,
ns are stuctured primarily’
The patchiness, in
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that underlie population leve! regularities. Thus it comes as no surprise that

 they find the basic Lotka-Volterra competition model “so unreal as to hold

practically no interest for a biologist” {Andrewartha and Birch 1954: 411).
Theirevaluation of the model makes reference to specific considerations, such
as its being based on the logistic equations that they also find unrealistic and
concermns that the competition coefficients of the model are not likely to be
constant in nature; but the real issue is that they do not see competition as an

.._o%nnhm:w useful category when it comes Lo sorting out the forces that drive
:demographic change.

' The Gausian program suggests — even demands — a kind of reductionist

‘approach o community ecclogy. Community structure emerges out of the
behaviors of the component populations, and - in principle at any rate — the

population interactions can be represented with competition models, predator-
prey models, and the like. But what if the interactions among populations are
only weakly responsible for community structure? What if the fates of popula-

" tions of one kind of organism depend very little on the fates of populations of

the other kinds of organisms that might be about? One could still do commu-
nity ecology in the sense that one could pick out geographical areas and do the
population ecology of the species one found there; but that is ail one would be
doing —the ecology of this particular set of populations. Theoretical commu-
nity ecology would seem (0 be out of business in such a world because there
46:5 be no phenomena 1o theorize about. Itis in this sense that Andrewartha
and Birch’s chalienge to the density-dependent population regulation tradi-
tion is, at bottom, a challenge to the entire program of a vonim:ou.gmna
answer 6 the Eltonian guestion, “What limits community membership?”’

2.3.5 Ecology and Evolution

We have already seen that among the earliest antecedents of ecology — for ex-
ample, among plant ecologists such as Semper and Warming — the conneclion
WEQ.O_EE: was quite strong, even if not self-consciously so. As ecology
began to take on more of the character of experimental field physiology,
this link began to weaken; the investigations tended to be directed at prox-
mate questions about organism/environment interaction. This was not the
_Emmou for long however, at least not for plant ecology. The introduction of
the Clementsian paradigm brought with it an explicit evolutionary orientation.
‘As Lewonlin points out, the Clementsian view “is nothing if not an evolution-
ary theory of the community” (Lewontin 1969: 13). Evolutionary it was; but it
was not very Darwinian. Clements was deeply committed to Lamarkianism,
believing that individual plants adapted directly to the environment, and even
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thatthe environment could induce speciation in just a few mgg.mcosm (Hagen

1992). _
Clements’s evolutionary views were not something he took lightly. Hecon-
ted the Lamarkian

ducted transptant experiments that he pbelieved, demonstra
influence, and he took 3 great deal of criticism late in bhis careel for his
evolutionary views - cnticism that he weathered, anonnmmom:% with an
unbending resolve: Clements was perhaps atypical i this respect. Much of
early ecology was related 10 2 rather loose Way {0 evolutionary views. For €x-
ample, ecologists even into the 1960s tendedtobe rather profligate aboutlevels
of selection. Whereas Darwin clearly thought tong and hard about whether
of the individual Organism, gcologists

natural selection occurs above the tevel
tendedobe rather cavalier about invoking the good of the species, andeventhe
ole, who did as

community, iR their evolutionary reasoning. Even Lamont C
connection between ecology and gvolution,

much as anyone to galvanize the

mxwanmmoa confidence ipn these highet levelsof selection (Cole 1957). The mat-
ter came 10 2 head in 1962 with the publication of Em::a-maémam,m book on
dispersion and social behavior. The blatantly group selectionist character of
the account, 0 gether with the existence of a recently emerged self-conscious
tradition of evolutionary ecology (to be described shortly), resulted in @ seri-
k taking (Williams 1966) and uitimately in 2 much tighter relationship

Qus §t0C
petween ecology and evolution. And where did this new evolutionary ecology
that we now turn.

come from? It is to this story

As mentioned above, when Elton wrote his 1927 book on apimal ecologys

he felt the need t© apologize for including 3 chapter oD evolution. It did not
ntly. Within 2 decade or 50, Elton’s

\ake long for matters to chang® significa

central argument of that evolutionary ‘chapter had itself been incorporated
into theoretical ﬁo?:m:os ecotogy and was one of the central connections
being pursued. Recall that Elton had argued for 2 restriction in the scope of
selectionist accounts. In his View, patural selection is at work shaping the
wraits of organisms only when voviwaosm are straining against the carTying
capacity of the environment. When this is not the case— and for Elten, with his
ﬁnoOnncvmaou with uov&»&om cycles, it frequently is not — then nonadaptive
“spread with impenity” through the con&mﬁo? The upshot, as Was

section 2.3 3,isthatan ecolo
eling the evolution of raits. A very similar

models of an Australian ecologist named

traits can
pointed out n
dynamics is essential to unrav

view emerged from the vov&p:os

A. J.Nicholson.
Zworo“mon,m primary focus was on the idea of vonc__w...-o_._ regulation; how-

ever, he 2lso had a ﬂonm-mﬂms&sm interest in
position (see, Tor example, Nichols
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Baile i
o Ew MMWMVV ﬂ_mmﬂo:%r_w\ as follows. To begin with, he took as “axiomatic™
tors; he saw this mm.v ﬂ%ocOMM“M:MOH..__M_WGMNHWEMWQ ww e e
" : nation for the stability o
mow MWMMMWMWMMOMWM.BN% msoﬂ.:nn fundamental mwmnawmo:“w SM Hmnmﬂw
o D ation Oc<p.m mn%oam:m:nm.cw competition among the members
O uiaton cnom:.ﬁ ® jously, competition would increase in severity as the
B demeiy e oMmawna more .Eoﬁdna“ thus it would act in just the
e ieh am:n.ﬂ.: ent Rmimmnm factor should, exerting its strongest
e e itect q” ies and n&mx:”_m as density decreased. But if compe-
fdon s e iy, N Hmﬁon population Rm&m:om. it was not itself a direct
e able gé‘oz.:‘:wnao. son mm.s_ population regulation as a matter of in-
o o crpwds o :ﬂm.:m%m on a movc?:o: when density-induced
o romment .on ﬁ_ﬂ the GnBcnam into these less hospitable portions
O e ace o.E us M e environment — physical factors and trophic re-
o o st acs or e e vagtaion o
. ough the. nly indirectly in the re i
| ﬂosua,“_am““u MH_MM.N ” “m Wzﬂw nn%o:m:u._w for natural selection; &Smww_”_:”_uhmwm
e e amder EM : .n %: noavn::o.s becomes strong enough, it forces
s ada w m,. of natural selection, and here is where the significant
o e e on i.:m M ions take place. On.mm:wm:.m also evolve in response Lo
B anme) UE_N. »“o:_ﬂ 8. resnain invisible to the selection forces
the covivons . icholson viewed this as less significant - a kind of
g; in a later work (Nicholson 1960: 507) he referred to this fine-

= Eﬂ—.—ﬂ.m as ..U%ﬁﬂ &Dﬁnmﬂ.o al n_. n—@ ne: .- _u 0 C Ve nt _

t ra on i1 m n— 1t as i i i @ € a
. 1 ~0 1 D.H 1m
,. i m TO m sa
L _ﬂm_.uw.ﬁ.oﬁ natur N.— mm. —00.:0.5— Uﬂv_ouﬂa H».—Nn ﬁ@ﬂﬂmwﬂuw H.Q-. z..ﬂ —-Sﬁmﬂ.nﬂ—dﬂﬂhﬂ OM. ;.-@
i mnm.qu—:.w O»u a mﬁﬂﬂwﬂm i is Gvn.-mﬂwnwm ﬂ—ﬂcmﬂoﬂnaﬂﬂﬁ..

Nicholson iti } 1
on's position on the interaction between population regulation

~ ¢ and natura ion i idi
1 selection is somewhat idiosyneratic and was not well received

(Kimler 1986). It led him to the view that paradigm “adaptations” such

" as mimicry were, 1 igni
. ry were, in fact, not significant adaptations at all but cases of the

fine-tuning j i
g just mentioned, However, 1 will not spend more time unraveling

‘Nicholson's vi i igni
lson's views. What is of significance here is that he exemplifies the

Eltonian i
moannrm_s_anﬂ that one cannot understand natural selection without knowin
g about the ecology of populations. On the face of it, there is mw

‘ even stronger similarity with Elton. Recall that Elton had urged the efficacy

¢ . .
of selection only during the crunches associated with high population

' densi . -
ensity, for it is only then that the species could really be said to struggle

for existence. Nicholson li i
. son likewise used populati i
. ation dynamical i i
o : P y cal consideratio
€= MMM” &nﬁmooua of natural selection — in his case he decoupled the ‘..o_.mw
H—. - o . !
! y intraspecific competition) responsible for population regulation
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of clutch size in birds. H
) . He argued, largely on empiri
size W AR pirical ground
, msonnmwwcﬂmcﬂﬁa by u.a_no:o: so as to maximize the Mcawnnm. »_,E: nE., ch
e ov y Sm.mna to independence. The details of his Emnao offspring
S wo vomEMHﬁM_m Mswq of attending to its significance. Here I'want %ﬂﬁﬂmﬂ oy
cpecies is set M 954: 3). m:mﬁ.. if the reproductive rate (clutch awnw oﬂm“Mm
selection), the! ) .:mEa; selection (and this is individual-level Darwini :
e the m_uo.nwnm: M_M is not, as had been supposed, adjusted to the mortalit ::m%
a species-lev P a._uonc_mconm are regulated, then it is not accom :m:wa_.ﬂw
: .m..m i el adjustment of reproduction and mortality. In fact M:Q ,ﬂ. .u\
, ¢ important point, the populati . . » is is
. . » on regula .
by density-dependent mortality factors gulation must be accomplished
The first point is signi .
" gnificant because it exempli
important i plifies the treatment
s M: nxmawwwwﬁwg _%E»BQQ from an evolutionary perspective m:aomswz
e kind of unification tha S
. t Lack w i
the esta it . as urging. It chal
nno_ommnm__ms:aa Rma.so.m of theoretical population nno_omwmﬁo Ew:_h_w__wmaa
. no::oo:ozvc%ﬁannm in n<oE.:o=mQ terms — to exploit Gause's Enoﬂoﬁ.o:”
. tions that anzw o.a the determinants of population dynamics and the oohmm..
e acod of EMHMH.WMMWE_E? struggle for existence, rather than Rc.n“.p
perspective that had i
though i so typified the evoluti
de nm_ n_wswm aoo_o.m_ﬂm. The second point, the commitment to _Mﬂm_.oswé
: .=_m=n Snumc?.:m:o: regulation, is significant because it entangled :m:ﬁ
then .mm_am debate over the reality of density-depend 8 wn
regulation discussed in the previous section pendent population
Before turni )
?w&%oa nm.““”m to the oosmap.connmm of Lack’s challenge to theoretical
point — the Sgw we should briefly explore the implications of this second
no,aiﬁ.a o g %«En:ﬁ in the density-dependence debate. From Darwi
: as been a strong associatio : n
. o n between natural selecti
M”.. Mmmwi_:m two intuitions. First, there is a kind of cm_m:noﬂnﬁwsoz o
it i n )
,,B%mﬁ Uno—Mm mMa n%BE:E.:nm are stable sorts of things, and to be MSEMM_-MR.
e nonmmc mﬁ. by various factors that act to keep them in roughl Hmw
e aiior Em,”..m:m:. Second, the factors that achieve this kind o%onmﬂ _n
aﬂéws.m ..mEoW WoMME_Hox clusters of interrelationships among oqmmam”_ d
_ angled bank™). This is just the ki : s
Lack is pushi . J ¢ kind of evolutionary concepti
S m_ MM_M As we saw in the last section, Andrewartha M_w m:wmm._o:
e eove, spills MHE.J.»: intitions. Thus, the density-dependence ancﬁnna
: s ver into the question of th i . , in
and evolution. ; . e relationship between e
%-.w: anuon ML ack is now at odds with Andrewartha and Birch not .cww_omw
Saaﬂa:mn: Maon but over the evolutionary character of no?.__m_ao:oén__.
o W Hnoo. 0gy as Eo_m. This is, in fact, just how Gordon Orians a.ma
ases the sifualion- In a review of these matters, Orians makes the foll e
owing

and balance from the selection forces that produced the traits enabling
populations (o successfully exploit their environments.

Both Elton and Nicholson aré in a sense exploiting Gause’s idea that
in modeling the dynarnics of vovEE.__ozm one is modeling the struggle for
existence OR which Darwin based his notion of natural selection (though
Elton obviously did not have Gause's work In mind). However, the Teasoning
involved falls somewhat short of actual theoretical integration. To begin with,
the inferences Tun in only one direction — from ecological considerations 10
evolutionary ones. More important, the arguments express only a negative
relationship between ecology and evolution, @ limnitation on the phenomena
that cught to be regarded as falling under the domain of the theory of natural
selection. For a positive exploitation of Gause’s connection We must tum (o

David Lack.

Lack’s book on the regulation of natural vov&»:oa combined an interest

in the _.won&maos Eogoa.. (i.e., the nature of the factors that regulate

) with a long-standing interest in the evolutionary significance
ganisms. His views on population dynarnics were very
icholson through 2 close association with G. C. Varley,

the first 10 investigate Nicholson's population models

and 1983) Lack agreed with Nicholson that

e regulated bY density-dependent factors,
¢ about the efforts of the mathematical

(model builders. In a discussion of the logistic model be comrments, “The
Pearl-Verhulst logistic curve was valuable in introducing precision in 2
new field of biology, and its use has greatly, stimuiated further research on

een paid to it and it does

populations. But undue veneration has sometimes b
ﬁimaou mnoés,.: (Lack 1954: 17). wWhat kind of

not, of course, ‘explain’ po
ys, “A simple and unifying theme is...needed

approach is needed? He sa
in population research. The approach atternpted in this book 18 factual and
jcal, the facts being oﬂmms.ﬁoa round the

analytical, not abstract of mathemat

biological concepts of competition, natural selection, and the interaction 0
predators and parasites with their prey. For this reason, the best introduction
{0 the subject 18 still that given in Chapter 3 of The Origin of Species” (Lack

population size
of the traits of or
rmuch influenced by N
who had been one of
nannagﬁf (cf. Kingsl
populations must obviousty b
but he was never overly enthusiasti

1954: 4). ,.
In short, anderstanding ecological gn:oﬁm:m for Lack Bmwam._snon-
e framework of Darwinan evolutionary theory- In

explaining the nature of his project, he rrots out the familiar distinction
between proximate and ultimate causes discussed in the previous section
indicating that his interest is primarnily in the latter. His contribution to th

task in the 1954 volume concerned the determination, by natural selection,
58 |

porating them into th
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chaim: “The rejection of community ecology b
the corollary of a still more basic position, namely, that evolutionary concepts
have no place in ecological theory” (Orians 1962: 258). I think QOrians is cor-
rect to make the connection, but I believe he has the order of dependence just
backward. Birch, for example, was ahead of his time in warning ecologists
about the possibility of genetic changes in the organisms during the course
of an ecological study (Birch 1960). Furthermore, as Collins (1936) points
out, both ecologists had been sensitized to this possib
time” evolution by their encounters with evolved resistance 1o insecticides in
cultural pests. Andrewartha and Birch are not suggesting that ecologists
have no business paying attention to evolutionary considerations; rather, they
are proposing that one should not import a particular
of ecological significance simply fo solidify the evolutionary
ecology.

Lack’s first theme, treating significant population parameters from an
evolutionary perspective, fell on more fertile soil. That same crucial year,
1954, saw the publication of an important paper by Lamont Cole treating
significant demographic characteristics from an evolutionary point of view.

Cole's paper was probably more influential in this respect because he made

explicit connections with demographic theory whereas Lack, never a big fan

of mathematics, simply pointed in the appropriate directions. Cole’s paper

agri

foundations of

signals the birth of the important area of life history theory in evolutionary .
r influences — see Coliins 1986 and

ecology (there were of course othe
Korfiatis and Stamou 1994 for more of
Williams (1957) applied the methodology of
of organisms as strategies for solving the problem of reproduction —
phenomenon of senescence. Evolutionary ecology was off and running.
“This emerging connection with evolutionary biology has bequeathed a
kind of schizophrenia to ecology- In 1959, Hutchinson published his fa-
mous “Homage 10 Santa Rosalja” pa
kinds of animals? The question inspi
gation. But the
the proximate/ultimat

the history). Three years later,
“selection thinking” — the view

e distinction to get an initial sense of the possibilities.

It might be asking about the ultimate causes of the diversity we find in nature—
1t might also be asking about the prox-
el of diversity that we find in the
limited membership. Of
same question.

t Hutchinson had in mind. The moral for

a kind of macroevolutionary guestion.
imate mechanisms responsible for the lev.
communities around us — a question of Eltonian
course, it is always possible that these are in some sense the

I will not speculate here on wha

now is that the question is not as simple as it might first appear. Things are
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- mot always as they seem,; after all, as Lewin (1983) points out, Santa Rosalia
-was a goat.

2.3.6 Ecosystem Ecology

" As discussed in the previous chapter, there appears o be a curious tension in
g .U»?.E.m thought. On the one hand, there is the image of individual organ-
isms struggling for existence both with one another and with their physical
circumstances, a largely competitive nature, red in tooth and claw, in which no
_quarter is given, and none expected. On the other hand, there is the balance of
mﬁER. with the various components of the entangled bank so exquisitely fash-
, ioned to suit one another that the face of nature remains largely unchanged

. at least at the scale of human observation. How could such stability o:._namm

from such unbounded struggle? These days, as we will see, it has become
fashionable to question the existence of this stability. But it was clearly part of
the Darwinian canon, and the idea has exerted a profound influence on the de-
.<&ow502 of ecology. We have already seen its influence in the Clementsian
view of the community as a superorganism and in the Eltonian view of com-
" munity structure; in this section we will see that it is the seed from which
-ecosystem ecology has grown as well.
_ Our story begins with one of the remarkable figures in the early history
,,0m the discipline ~ Stephen Forbes. Forbes, a midwesterner with virtually no
formal training, used his gifts as a natural historian, together with a solid grasp
of Darwinian principles, to emerge as one of the most prescient thinkers among
nineteenth-century ecologists. Though his direct influence was limited by the
rather obscure places in which his work was published, he clearly articulated
themes that were to occupy ecologists far into the future. His most famous
work, “The Lake as a Microcosm” (Forbes 1887), is of particular relevance
here. .

Tn this essay, Forbes emphasizes the interdependence of lacustrine phe-
u.oannm_ not just the complex web of biotic interactions among the organisms
living there but also the impact of the physical circumstances of the envi-
“ropment. The consequence of this interdependence is that one cannot hope
to study parts of the aguatic system in isolation from the whole; rather, to
understand some component one must “run through the whole no..:uznm.__.oa
mechanism of the aquatic life of the locality” (Forbes 1887: 537). This focus
on an ecological community in the context of its physical setting is perhaps
the first expression of the ecosystem perspective in ecology. In fact, as Golley
(1993) points out, Forbes actually goes beyond the recognition of the ecosys-
tem a5 2 significant ecological entity. Thus he speaks of the way in which
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matter circulates in the system, an idea that was (o resurface much later as

one of the central themes of ecosystem studies.
Forbes’s view of the 1ake as a Microcosm also iltustrates a second theme that

has been important throughout the course of ecosystem ecology- He was very
much under the sway of Darwinian ideas, especially as these ideas had been
developed at the hands of Spencer, and like Spencer, he was prepared to see the
struggle for existence as producing order at a variety of levels of organization.
According to Forbes, “Perhaps no phenomenon of life . .. is more remarkable
than the steady balance of organic nature, which holds each species within
the limits of a uniform average number, year after year, although each one is
always doing its best 10 break across boundaries on every side. The reproduc-
tive rate is usually enormous and the struggle for existence is correspondingly
severe, . . . yet life does not perish in the lake, nor even oscillate to any con-
siderable degree, but on the contrary the little community secluded here is as
ProSperous as if its state were one of profound and perpetual peace” {Forbes
1887: 549). What explains this balance? “Two ideas are thus seen to be suf-
ficient to explain the order evolved from this seeming chaos; the first that
of a general community of interests among all the classes of organic be-
ings here assembled, and the second that of the beneficent power of natural
selection which compels such adjustments of the rates of destruction and
of multiplication of the various species as shall best promote this common
interest” (Forbes 1887 550). In short, the various organisms share a com-

in the stability of their aquatic world, and natural selection has

rmon interest
ms so that this common interest

shaped the life histories of the various organis

is served.

Thus, two important themes emerge from Forbes's work. First, 2 complete
ecological understanding can be achieved only if we look at ecological com-
munities as complex systems of interaction, where the influences flow not
just between the organisms living together, but also between the organisms
and the abiotic circumstances in which they live. Second, there is 2 kind of
organic unity or balance that emerges at the level of the biological microcosm
itself; the eyes of natural selection are not just on the individual organisms

but on these more holistic ecological entities as well.
This view of the unity of the biota and their gwmmno-owmawn& circum-

lay fallow for close to fifty years until, in 1935, Tansley

stances
concept of the ecosystem. Tansley was motivated by worries of a metaphysical
e dominant view of communi-

nature. Specifically, he was concerned that th
:mmoﬁmﬁaaa.ﬂro Clementsian superorganism view, was being saddled

with a scientifically suspect holi
tion of Clements's ideas in 2 series of papers by John Phillips that em
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the holistic philosophical ideas of Jan Christian Smouts (see Golley 1993: 1
3_.. the ?c story). Tansley’s ecosystems were an antidote to :._mwn . .:.»..
Mﬁ.-%ﬂﬁ%.wﬁ .nxoommnm because they connected ecology not to the EMM“MM_HMMQ
ain of holistic entities, but to the solid structures o i isty.
ﬂﬁ mno.m.wEmB was seen as the sum total of the vrwwmnmmmﬂﬁhmwwm_amwﬂmﬂw.Q.
ical entities and processes in a given place, with emphasis on the inter Q.om-
between the physico-chemical and biological components. e
, H.rocm: Tansley never explored them himself, this emphasis on the ¢
nection between the biota and their abiotic circumstances opened up av o
for the exploration of biological processes in physico-chemical S_u:.: Qm_.nm
mcsmﬁmzonm were ripe for such exploration. We have already seen how _WS _w.
wmmmm oa.ﬂ trophic structure (e.g., food cycles and the pyramid of numbers) : m
in the direction of physical and chemical processes playing a constrainin no=~:
on the structure of ecological communities. At the same time, and for w:-“.w

.. years prior, limnologists had been developing a physico-chemical framework

for nu.ﬁ_.ﬁinm Forbes’s lacustrine microcosms. Finally, the Russian polymath
<_m93.: Vernadsky (1944), had recently outlined a new field of wnmnnwmn in-
mEQ |.sn called it biogeochemistry. Biogeochemistry looked at these mmS-
interactions between physics and chemistry on the one hand and the biot g
the other, though at perhaps broader temporal and spatial scales e

All three of these influences came together in the work om.m single in-

" dividual — G. E. Hutchinson. There can be little doubt of Elton's influence

on Hutchinson; in fact, he called Elton's first book (Elton 1927) one of the

- mwnmﬁmp biological books of the century. But Hutchinson was also a limnol

: m_.m_ and one of the central figures in that field during the period in _: o

. m.:»:.w. he was quite familiar with Vernadsky's work on Eomoo.u:a:Mm”w ﬁ._ -
- terestingly, Vernadsky’s son was one of Hutchinson’s colleagues at ﬁm_w\m““

Hagen Woww for a more complete account of Hutchinson’s role in the emer-
gence of ecosystem ecology). Hutchinson was able to bring these influences to

s .bear to supply a firmer physico-chemical grounding of the Clementsian com-

munity than Tansley had been able to supply. Clements was enamored with

...E.Q&o_cmw. and he believed that ultimately a kind of superorganismic phys-
| jology drove the process of succession toward the climax state. Hutchinson

was now able to supply the underlying “physiological” mechanisms - the “en-

“Q.mommm: of ecological systems. In other words, the fundamental processes at
work in ecosystems could now be seen in the capture of solar radiation M
the ﬁ:.mmn_. of this energy across trophic levels, and in the cycling of mat m5_

(e.g., nitrogen) across these Jevels. These nutrient cycles and M:nn M:m .
. moan_ be seen as the province of Vernadsky's new science of bio o :os.m
m_ﬁ. and Hutchinson could now claim that there are two nn=Qm_mwMoo%m”M”
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of ecological inquiry — the biogeochemical and the biodemographic (Hagen
1992: 68).

Hutchinson worked on these id
e and his students did cary

eas from an abstract and mathematical
out intensive sudies of Linsley
imnologists in general could, with some _.sm:mnm:o?
pting the biogeochemical perspective for decades;
pective that had a serjous impact on the
n to Raymond Lindemar. Lindeman

perspective. H
Pond, and of course 1
claim that they had been ado
but for the first work from this pers
entire discipline of ecology We must tu
was a graduate student at the University of Minnesota and he did his graduate

research on Cedar Bog Lake, a small senescent lake in the region. In this
work he introduced his trophic-dynamic concept, which involved sorting the
organisms in the \ake not in terms of taxonomic affinities but by their feeding

habits; he then located these “trophic levels™ in the context of the lake as 2
physical system that both received and exported energy and nutrients from
its external surroundings, and then empirically tracked the energy flows and
nutrient cycles within the sy the first time an entire ecosystem Was
being studied, and it was heing studied qua ecosystem, that is, as a physico-
chemical systemofe n which the organisins were

pergy and nutrient ransfersi
essentially assigned the role of black box transducing nodes that influence
.swmmmoémmsn:m:&na.

In his insightful history of ecosyst
summary of Lindeman’s impact:

stem. For

em ecology, Golley offers the following

rate effort 1o imple-
namic processes
s was energy.

e see for the first time 2 delibe
oncept. His focus was on the dy
n which he expressed this proces
the major guestions and concepts of modem
stions about the length of food chains, the
ge of energy at different levels, the rates
correcting energy values for losses
ition, and the role of bacteria and
¢ In addition, he made clear the
succession and are tied to the
at nutrient cycling, as food
s coupling one ecosystem

With Raymond Lindeman W
ment Tansley's ecosysiem €
of the ecosystem. The idiom i
Lindeman introduced most of
ecological energetics, including gue
efficiency of rophic transfers, the stora,
of primary productivity, the problems of
due to respiration, predation, and decompos
rmicroorganisms in cycling dead organic matte
idea that ecosystems develop through ecological
energy dynamics of the system and the concept th
cycling, is linked to the wider biogeochemical cycle:
with anather. (Golley 1993: 59-60}
Unfortunately, Lindeman never lived to pursue the agenda t
laid out for ecosystem ecology. He died
cle appeared in print, the paper that set out his tro

(Lindernan 1542). Nor did his i
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hat his work -

even before his most farmous arti-"
phic dynamic approach -
deas fall immediately on receptive ears; the,
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paper just cited was widely ;
. panned by the influential li ;
bei i ential limnologist
EMNHMM Emﬁmq.n:nm_. and a concerted effort by Hutchinson iwm HM om.:._ﬂamw o
mosawo published (for the details of this fascinating story, see MMMM _%qw%
1, ecosystem ecology was not without i ! :
WarlI, Eu ithout its apostles. Followin
ol extbo MMMM Mﬂw: JMW_WMQ O%:B took up the cause. Eugene Oacau.mw..wmﬁn_
, which used the ecos i )
concept ; L ystem as its central izi
mnomwmm:% wM owvnn_mzw effective in spreading the word about .rno“mmhn_m_sm
the nnomwm_n:,“mom“.“.__w‘”m.. wM_ exploiting the physico-chemical _uanwvmnmww MM.
. ’ as able to articulate a number of princi
. . nincipl
. M”M M:m”w to mnﬂom_oa studies. Atlast ecology had its :mﬂ% o% M.w:”rm” -
. Vi R 15
e _msmw.m””.wa EM. the m:uo_Ewm. at least the most defensible o:mmn “”“.H
Tre dovlo rmodynamucs, were not really biological principles at all
"' others and its M“”ME OM Mmcm_w‘m.n_.: ecology at the hands of the Odums E._Q
L with big biology in the Internati i
is an interesti ) ational Biological P
eosgs MHMEW tale that, fortunately, is ably told in two recent _._mmﬂoan““mm.wra
mnomwmsﬁmhmmmgnr Q..me: 1992, Golley 1993). Suffice it to say here 2” "
What is im on_mw flour _m: today as an established domain of scientific inqui "
- mommnﬂ EME here is that the two fundamental areas of no::.o«.nnmn ﬂ_:J”
o es of EEQMMMNWME approach throughout its history continue Vho Mn
B e present day. Recall Forbes’
claims: (1) t orbes’s two fundam
grasp EM awﬂmoczaoassa any part of an ecological community one M____”m”
- ehronistic _~mwm85. both organic and inorganic, of which it is a part m.
. ally, one must adopt the ec ' . —pu
 this isti i osystem perspective; a
| ﬁacﬂoww:_._o:m:n perspective, one sees a kind of balance or caama.rﬁ NW .m_d:_
- en one’s attention remains focu atis not
. o sed on the parts. 1
. ,.n_m,__h,”m lie the seeds of controversy; let us reflect for a w:o:ﬁ:..” M”nw o_”. these
S The e : : ach.
i e MMMWSB manwnan..ncﬁ can be adopted, in any practical unsMn onl
. arance of the conceptual fra » Oy
He provi . mework developed by Li
b vno“,nom.ﬁ:w tools for systematically adopting what IWH:EMQ:_”MHEMP
€ 1 3 .
v _.N mn_m_.nwn““_nw : ﬁwﬂn ow. Inquiry. Speaking of this biogeochemical mode m.,w _o
- ll oﬂmmamsmwm .“w “.<.n single living organism recedes from view; the mc.:_ .S.a
, ,i.e,, living matter, is what is im » !
This shift e o portant” (Vernadsky 1944:
" even from Mﬂmwo@oms .Hso life r_w.SQ struggles of individual owmmamau M__vn_
central feat p Wﬂ(msoz dynamics that record these struggles is clearly th
. ure of Lindeman’s ecosyst y e
“Lindem . . .w em approach. As Hagen poi
o A their swm_qma“_n._uon earlier ecologists for taking a too Eo_ommmna %o_.m:wn._u.“p
,onm\nsmou ».H.oa_amﬂnunm.ﬁ&m Lindeman removed the traditional E.owo mmmﬂ.
materials for ou mnoo ogy” (Hagen 1992: 98). And here we have Eom
3 iy oc i :a "qawn controversy. Is ecosystems studies a field of biolo m.ms_,
‘ ot? Put another way, how are we to reconcile, within a mmmz_Mw
’ e
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scientific discipline, both the biogeochemical and the biodemographic modes

of inquiry that Hutchinson recognized?
Turning to the second of Forbes's fundamental claims, we recognize im-

mediately a hoary philosophical problem — the problem of emergentism. We
have already seen this issue in the debate between the superorganisms of
Clements and the individualistic approach of Gleason, and in a way, it is not
surprising to find it resurfacing here. As our brief history reveals, the ecosys-
in at least some of its manifestations, is the intellectual heir
ew: the developmental blueprint shaping the superor-
bust notion of ecosystem function. But the
same difficult questions arise. What is this ecosystem function? Where does
om? Does natura) selection really see through to 2 community of

it come fr
interests among the members of an ecosystem, as Forbes suggests?

temn approach,
to the Clementsian vi
ganisin has been replaced by aro

2.4 ECOLOGY'S TWELVE-YEAR CYCLE

nference was held at Wakulla Springs, Florida, on some
1 issues that had been vexing community ecol-
jentists tum to an explicit discussion of

foundational controversies, the attempt to shed some light on the problems
generated considerable heat as well. The papers presented at that conference
were collected for publication in the usual way, and the task fell o Robert
May to write the introductory overview for the volume. May’s (1984) piece
y an ecumenical attempt 10 build a conceptual tent commodious
of the disputants, and part of his strategy for doing so
re familiar terrain. To this end, he pointed out
e was just the latest installment in what

In March 1981, aco
conceptual and methodologica
ogists. As is so often the case when s¢

was clearl
enough to house all
was to locate the debates in mo
that the Wakulla Springs conferenc
he dubbed “ecology’s 12-year cycle.
included the 1944 meeting of the British
Cold Spring Harbor Symposium, and the Brookhaven Symposium of 1969
on the “Diversity and Stability of Ec
aims, involved debate on broadly simi

ings, he cl
e representing the latest go-round.

Springs conferenc

There is clearly a tongue-
the cycle, and I would not want
pattern-seekers.” Still, there is an element o
. A number of fundamental issues have divided ecolog

These issues do tend to
course of ecological inquiry, and th

to be counted among his “naive and eager

ists for a long time.
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" Previous manifestations of the cycle
Ecological Society, the famous 1957 .

ological Systers.” Each of these meet-
lar themes, with the Wakulla

in-cheek element behind May's elaboration of

£ truth to the observation as well. -

remain in the background throughout the normal
e meetings May singles out served as
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. - -
occasions S..—.-W.Hﬂ ﬂTﬂmﬂ 155Ues GEOH.WQQ into the ﬁOHﬂmHO.—H—JQ Om. wﬂhﬁlﬁo_umﬂmoc.m
nmﬂmumﬁﬂ. H—J ﬁm.—..:ﬂ.cwpﬂ- the ﬂOF:.. %.Oﬁnuamnmo_uﬂm -.mm_.—am described in o_._mhvnﬂﬂ Ou._ﬂ

enter m, _..- 5C ﬂ_UH.WOQH.O deb H—wh.m H.m not to wm.w that —.——OMO
have been at the ¢ of the ates,
ﬁOﬂ.m. [ENCEes W _..__( i e
[ C ere _..:G O 0occasions STWH@ —.muﬂm H-O n" i i
P : " -] un Ncosmm I1ssues came to
* r WW i F i i
.:_ﬁ :: ﬂ. 10 QECOGHE :_.OHO 1500 54, estion _nﬂhﬂ that u @t i5 U i1} ﬁ—-—ﬂ 1S5ue.
. i wie S5 S
..———.ﬂﬁ@m:Oﬂ.mHmﬂ UOONEG OosqccﬁﬂmumH mn GOOHOWV‘ - ﬁwﬁ_mﬂﬂ 50 Oc_.:..u.m.q >m our
_UM 1€ 4 , .
‘ Hu._mﬁonﬁm_. surve H@cﬂbﬂmw n?ﬂmﬂ WO.C—-._QN:OEWH .ﬁﬁocmﬂh:m trace GWOW WO_—. :._0
“V N 1 w_ :W m .u i am HM.—MNWOMH:HW ;_Nn n_.—OWO
H.uunvw_ art, to HTO Ve, O ns Al n_uﬁ Q SC1 H:_O. _Lo_.‘ i
1S5UES wWere Eﬂ Oﬁuw -.,w,w..—ﬂm u.n.-cO—cﬁﬂ Q.C—“_..Z —.:0 controve C
W i
. ﬂmhm_ ﬁOﬂ.»;OH.ﬂ—.— €5
W i i :
p_:vcm_— H ﬁ—on U. anﬂfﬂ ﬂ_-ﬂw WEIe amon :-0 OOZ:NH 15508, H._H-N:w- Hjn H.OF.:.-
_n-:_un—mzﬁu:m 1ssUes were not OQ_.—N=w. Oﬂ:qm— to ONOT
) OM. :.-ﬂ OOH;ﬂuﬂ:ﬁﬂm Huf.._
ﬂNNE@wW ﬂﬂﬂﬁnm:._ﬂ! NUO_._ﬁ R._ﬂ rela .O i —uﬁﬂfe_@ﬁ orgamsmic Gﬂc~om v.. m.:Q
. 3 _ t1 —.—m?mﬁ n i i
) . W
mwmﬁﬂaw OOOHQWT was not even a muOm.m._.U—O 1ssue at the mﬂMﬂ or even E\-O MNQOBQ -

co 5 - M
- though other manifestations of the levels of organization issue were involved

St . .
ﬁ o::m hz_:._r"romm. caveats in place, we can use the twelve-year cycle to gather
:Mn :m_. the <m:o%.5m:;.nmﬁm:o=u. of the four central areas of controversy as

y have appeared in the historical outlines just completed, and at the same

..tim i i
: e, o substantiate the claim that these have been resilient and enduring

issues in the history of ecological investigations.
monq."ww ma.%_moan _.m_ May’s cycle, the 1944 meeting of the British Ecological
y, was tled “Ecology of Closely Allied Species.” Specifically, the

me_ﬁ“&. 39” of ”“a conference was on the Gausian principle of competitive
" sion. According to an account of the eve i i
. nts published in the J,
: ournal
of Animal Ecology (Anon. 1944), there were six central protagonists. Lack

‘Elton, and Varley argued for the validity of the Gausian notion, and Blackman

' Di .
iver, and Spooner argued the other side; a host of others also contributed

to the “lively .&mncmmmon: that followed, in which “the arguments pro and
,M%E_._.m were fairly evenly balanced” (Anon. 1944: 177). C:moncnmﬁn__uw osq”
omoﬁwwv“w .ww Lack Eh_a m__ﬂo_.. were published, so the resources for an m:w_wu_.w
: e are rather limited; we are forced to rel

. . W y on these papers, the
brief report on the session, and various recollections of the event m%nr as in

3 .._w.wnw,m short autobiography (Lack 1973).
-~ §till, there is enough material to get a pretty clear sense of the issues fu-

eling the debate. The contribution by Lack was his first attempt to present

the implications of two ideas he had “rediscovered” in 1943 (Lack 1973): the

M_”“ wqmmﬁmﬂ_wvm.m:wnunmvno itself, and the second was the idea, introduced by
Huxley , that size differences between rel ies livi

Hu ated species living together
might have been evolved to reduce competition. Elton's paper shares m sim

jlar i i inci
i mwwcmw 5“9 H.?w as.v:mm; on Gause's principle of competitive exclusion
eports 0 the discussions reveal that resistance to this principle traces cmn_m
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to two familiar sources: the venerable balance of nature Eanmaaw_doqn
vance of the new abstract BwE@Bmzn&

recent set of worries involving the rele
approach to ecological theory. In the first case, an emphasis on the signifi-
cance of competitive exclusion seemed to presuppase 2 particular image of
gical phencmena, one that emphasizes population regulation by density-
dependent factors and the central importance of biotic interactions, especially
competition, in the determination of ecological phenomena. The criticisms of
mathematical theory, pressed fargely by Cyril Diver, also echoed a perennial
theme — the mathematical models leave out too much relevant biology.
Perhaps the most novel aspect of the conference involved another side (0
Gause's work. AS noted earlier, he saw his work in population ecology as
an investigation int arwinian struggle for existence.

o the workings of the D
The second central questi the evolutionary significance of

on under debate,
phenotypic differences (e.g., 10 size) among closely related sympatfic species,
suggests that ecologists were beg

wns..:mnonm,maonm ﬂ:mszomnaoﬁo Eo:
Darwinian foots. In particular, {he Lack/Elton/Varley camp appeared 1o be
al imptication of the

exploiting a fundament Gausian perspective: if ecological
factors express the struggle for existence, then it should make sense to look
for the evolutionary consequences of the operation of these factors. It should
be possible, in other words, to do 2 kind of evolutionary ecology. Subsequent
ecologists have taken up this theme in spades, to the point that evolutionary
ecology is considered in some circles to be simply another name for ecology
1. However, this increased activity at the interface between ecology

in genera
and evolutionary biology has not always clarified the relationship between

the two fields, and in some respects ith

Unfortunately, a detailed investigation of thi

scope of the present work.?
The next installment of the n«o,_o
raphers, mathematicians, ecologists, and
pulation problem. The most

Cold Spring Harbor for a sympeosium on the po
conspicuous feature of the conference was the heated debate over the na-

wure of the factors that determine population size: the parti
Hutchinson’s words, “a heterogeneous and unstable population.
of the debate was the old balance of nature
the issue of population regulation via density-depe

ecolo

¢ contraversy lies beyond the

occurred in 1957. In that year, demog- -

evolutionary biologists

" At the heart

volutionary ecology is devot
\e ecological questions. 1o
falling within the

3 Much contemporary work in €
questions rather than proxima
this investigation is more properly seen as
rather than ecology proper-

the Epilogue,
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as muddied the waters even further. -

gathered at -

cipants formed, in

theme once again: specifically, -
ndent (primanly biotic)

ed to answering ultimate evolutionary -
1 suggest that much of

broad field of evolutionary biology .
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factors versus po i
tors pulation control at the hand ity-i
Amnﬂﬂwni abiotic) factors such as the weather. nds of density-independent
o >an=ﬁ_“:w85moa.ma in this debate were Nicholson on the one hand
hange UMM. a m,_..a Birch on the other. Particularly revealing was w:mM :
umvaw i:.ormo_.__ Nicholson and Birch following the presentation of wwn:m.
ond E.z. m:hw amﬁ:mmﬁm 9»». for some populations of grasshoppers the EmmEn__..m
ity-sensitive mechanism, determi :
and abund ; ) ines patterns of distributi
o mnawﬂwmmw Mnm_u..a Spring Harbor 1957: 216-217). Nicholson objects pﬂ””
ese populations in such a circu
. ator mstance would requi
M_a._._:mMM.ﬁ h..%_n_.ovw En.anmcdn:ﬁ influence of the weather should vn””“m
n_.wwmn - Mﬂnmﬂnanﬂ_v__ﬁ just manage to counterbalance the nmvmo.memo_. msn
population. For Nicholson, “The f ;
o . Ao » act that grassho
anwww MEHW_M. do mx._wﬂ in a stable state in environments with Ean_nuao%m .
- _.w mvm Mmﬂ.me.onw_u::w shows that something adjusts the forces EEHM.& o_um,““
: ion at an intensity which just co
i definitely” . unters the tendency to i
”;n m”.._“.n.qz (Cold .mv_.:._.m Harbor 1957: 216). Such an w&cm:dnﬂ_.. is :...“:.M“w
_ Eown i __m moam?.um ._m responsive to the density of the voncum:osvmsm_.:n
e :Ennnu_\.. mechanism is competition. Birch replies, with equal nﬁwnrm:n \
_ ommswm:ocwwnowwwm a mewwwonno_‘ finding food is independent of the :cav%
. X arching for food” (Cold Spring Harbo . .
._oow in detail at this impasse in Chapter .S:Mm g Harbor 1957: 217). We will
. Though i .
for the mmﬁqﬁm Oop_qa Spring Harbor conference is perhaps most remarkable
e Erle _ﬁw of the .n_..w_uma over density-dependent regulation, there was
ala 3« rx ensive n:m_nm_ examination of the utility of the abstract theoret
. onmomﬂuo%ﬁw. to population ecology. Andrewartha presented a paper largel .
o e ” enterprise, and in the discussion that followed he mcno._smnzw
. discard the _mmnssw_ reason for rejecting these abstract population Soao_mv.‘
o m because they are so unrealistic that one can not find a way t ,
ically wh against a natural papulation. If a hypothests cannot be tested an. ;
. W_ z,w_ is the use of framing it?” (Cold Spring Harbor 1957: 234) m_ﬂﬂ
) ence predic . . )
says: predict unreasonable population trajectories, he

e MMW:MW.HMMMM M”.o_uoe“pomm are,  do not doubt, accurate representations of
" usefulness as starting v“u%,c .m.ﬁu mqose and ﬁ._m%nau_. I think they have their
" picture, if ot EuSQEuM.n m:_s elping us to .cEE a more complex and realistic
" see how they can be u nn__ .m y, then at least in imagination. However, I cannot
in nataral uov_.:m:o:mmom wﬂ“qﬂ“ﬂwﬁmucu”ioﬂn us as to what should bappen
. ore fact i L
the natural populations than are considered in :_noh M.”Mﬂwﬂ% “MMHMMFM
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go. 1 cannot see that they g0

situations . . - The models may be trué as far as they
ear it. (Cold Spring Harbor

as far as the natural mowcumaon or anywhere very o
1957: 217

The debates surrounding population regulation and the role of abstract
t aspects of the Cold

theoretical models were undoubtedly the mast significan

Spring Harbor Symposium, at least for our story. Before moving on 10 the
next episode in the cycle, however, 1 wiil mention one final passage that has
some bearing on the foundational 1ssu€s under study. Commenting on the

population regulation debate that dominated the conference, the evolutionary

biclogist, Theodosius Dobzhansky, says:

To 2 non-ecologist, the. controversy that has made our sessions so lively is, I
ist, T am most interested in

fess, somewhat bewildering. . - Being a genetic

evolutionary problems. We have been brought up.
to believe that natural selection, and hence
the evolutionary process. are the outcome of “competition” and therefore are
govemned by density-dependent factors. This evokes the shadows of Malthus, of
Darwin's dependence o Malthus, and of the “social Darwinists.” (Cold Spring

Hasbor 1957: 233)

con
the bearing of this jssue on
or at least 1 have been brought up,

pear to be selection pressures that

Dobzhansky acknowledges that there ap
1 and he urges the evolution-

do not operate in 2 density-dependent fashio
ary investigation of such processes. That is sensible advice, but it is not the
point I want 10 emphasize here. The passage is significant because it illus-
trates why there has been some reticence, among ecologists, © embrace the

evolutionary side of their discipline. Adopting the Darwinian perspective has
been implicitly associated, because of the historical connections referred 10
of those who would emphasize the role

by Dobzhansky, with taking the side
o on, in the debate over the determi-

of competition, density dependence, and s
nation of demographic behavior. Those who have doubts about this ecological
EnEE:E.dE mammgnanapo downplay the evolutionary connections as

well.

Twelve years after meeting at
Symposia in Biology addressed the theme of “Diversity an
Ecological Systems” (B
Brookhaven was rather tame,
frustrations, however. Many of these ca
nature of the conference. 1 emphasize the term because the Bro
ference, on the face of thing;
lier Cold Spring Harbor Sympos
emphasis on human ecology and thu
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Cold Spring Harbor, the Brookhaven

okhaven con-

s asked questions that brought in the

d Stability in
rookhaven 1969). When it comes to controversy, )

at least by Cold mminmm&:aﬁ%. It did have its-
nbe traced back to the interdisciplinary

s, appears much less interdisciplinary than the ear-
jum. The latter placed significantly greater '
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social sci
| sciences. Brookhaven, on the other hand, was essentially a collection

... of biologists. But the first conference still had a cohesion that Brookhaven

WM”M._UM Ew\m ovminm ﬂaaamm_ Lamont Cole unveiled the vnifying theme at
ng Harbor — the “population problem.” Atb
. : . ottom, what the grou
&“8% Emmamu 58.32 in an_.zn.um_.mv:z.. this can lead to quite distinct _e._wﬁ_m om.
M_,.. - stions, .mﬁm:&:m on the .w:&m of populations being studied. Brookhaven
: s MMME:UQ about diversity and stability, but these were not as well un-
erstood as was the population problem. In effect, the phenomena were just

a8 much at stake as were the investigative strategies for pursuing them. The

noa..nwosnn brought together several styles of ecology to discuss diversit d
stability, and for the most part that 15 what they did; but the &mncmao:ammmﬂ_ms

always connect and a considerable amount of time was spent talkin _mcnoﬂ
how the phenomena are to be defined within the various investi m&?om?ﬁ”ﬁ
works. Brookhaven was interdisciplinary in the sense that there were ma<2M

e established fields of inquiry each vying to be ecology.

] W look at the first three papers of the conference illustrates the point. The
. rs nMo papers embody a conirast that is already familiar from the first two
episodes of the cycle. The opening paper, by Frank Preston (1969), presents

.,u _E.ma_w an.in.m_ discussion of stability, with numerous concrete examples
and little theoretical discussion. The second paper, by Richard Lewontin, is

a dramatic contrast. It captures some of the heady optimism of theoretical

...”MV,_ME in the uwmom. an optimism fueled by a concerted effort to incorporate
. ematics and evolution into ecolog iri
y, and aspiring to produce “an exa
| ' Ol ct
,Hooé%m the m<cE:o.= of communities of organisms” (Lewontin 1969: 13)
. :nooq ing to Lewontin, “Such an exact theory must ‘explain’ in some sense
- the present state of the biosphere” (Lewontin 1969: 13). Of course, it must

predict and retrodict as well. The fundamental concept required for such an

. ,M_Mw_m_c:m%:aonmﬁum. according to Lewontin, is the concept of the vector
in n-dimensional space, and his paper goes on (o discuss stability from

{his abstract theoretical perspective. In the discussion of Lewontin's paper we

‘see the familiar empiricist worries returning: In particular, doesn’t this theo-

_..o.:nm_ approach leave out too much relevant biology? We also see that there
M mwwmqo::w more Ew: one way to be exact. In response o Watt's challenge
at some of Lewontin’s theoretical assumptions might not “correspond to

‘what happens in nature,” Lew i i
. \ ontin offers the following response: “I don't

know whether they correspond or not, and the difference between you and

‘, aﬂ —m n:mh w.o._._— are ﬂmﬂﬂ to :._m“:_h:a Ver w % myvn:—_ Vel w— exact
- W ﬂxmnz i i
Au . m w . v a w—"ﬂm:OH—w

_.”.. The third paper differs just as dramatically from the first two as they did
_,.o._._.._ one another, but along a quite different dimension. This paper, by the
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pective t0 the

galef, applies the ecosystem peis
rpose of this

jlity. As Margalef puts it, one “pu
paper s 10 try o link all major ‘acroscopic’ of synthetic properties of an
ecosystem, including especially production, biomass. diversity, and stability,
in asingle aanamm._os.. ﬁgﬁm&nm 1969: 25). Once again, there are aspirations
for a complete ecological theory here; however, for Lewontin the complete
theory is supposed 10 emerge out of a population biology that unites vom&»-,
{ion/community ecology and gvolutionary genetics, whereas for Margalef the
complete theory comes from embedding all the lower \evels into the synthetic
wmammn?@ of the ecosystem. where the ultimate currency is biomass, energy

flows, and the transport of materials.

Further into the volume, evolutionary ccology — the selection thinking
mentioned above = makes its appearance. Schoenel develops an energy-time
ity study of both diet and body size. Take the case of diet: “An on::ﬁ:
diet is defined as that which yields the greatest net enetrgy per unit feeding
time per unit energy Ba:.:dBoE: (Schoener 1969: 103). Notice here that
Schoener 18 ultimately interested D “the major ways in which species of
a community divide resources” {Schoener 1969: 103); this 15 2 community
ecology 155U and not an attempt o Bive what we would these days call an

adaptation explanation (Brandon 1990). The papet is not long on concrete
examples, but when they are discussed, it 18 in support of the theoretical
treatrnent, not as {he conclusions of explanaioly accounts of the evolutionary

ongins of the traits these organisms exemplify.
We already have three distinct vmnmvmﬂimw on the ecological phenomena.
anization introduces, in oné

The use of optimality to study community Org

a fourth style of investigation. 1t uses an assum
port ideas about the processes that shape ecological

ot add anything new because

Spanish ecologist Ramoén Mar
problems of diversity and stab

optimat

Sense,
tion is likely 10 do to sup
communities. But in apother Sensé, it does
it is thoroughly integrated with the theoretical tradition Tepres
Lewontin piece: In any case, the Brookhaven meeting did bring tog
{east three distinct perspectives that made rather 1imited cO
not the same in eachcase. Consider first the empirical and the
both nanwuooﬁ.zmm might be no?mmmama atthe s
news. Whatis significant about Brookhaven is the dist

retical and the empirical. One gets the impre
ected. The gulf petween ecosy

relatively more unfetiered than might be exp

tem ecology and the ecology of organisms,
divide; the two enterprises sort nature in fundamentally distinct ways.
A final point of significance about the Brookhaven Symposium Wa

e about the balance of nature. Al

12

optimistic Stanc

ption about what evolu-.-

ented Dy the
ether at’
ntact. Butthe gulfis
{heoretical. That -
ame conference 13 surely no.
ance between the theo
ssion of theoretical imaginations

on the other hand, 18 an ontological -

s it
s May confesses, “There may
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have been too much of
. a tendency to view ¢ iti
systems’” (M . i ommunities as ord
Cha (May 1984: 4). We will retum to the bal rderly, paemed
pter Three. ance of nature theme in
The fourth episode in May’
ay’scycle was hi ;
As suggest ' is own meeting at Wak ]
..OonwamnEMmcw the subtitle of the conference volume (Stron mow:_m il
cully onente Mwﬁm and m\wo Evidence” — this was _uw far the :momﬁm :“ e
ebate. Many of these phi o philosoph-
subse philosophical issue :
quent .o:m?na. and for the most part these are th s are addressed in
seen, so I will be brief here. emes we have already
One perenniat issue
that prompted ;
discussed bet P : recourse to philosophy wa :
S m.c._nn: wrmoax m.sn empirical reality. Qo:o..m:_.w Nsn m%_.n gull Jus
opperian falsificationism. The way to cl:.w 5«@5_ osophy of
eoreticians

~down to earth was
to demand that they proffer falsifiable hypotheses that

they seek to falsi

E;w__ they _..M<W_N_MMMM _”M potheses, and that they not undertake that proce

e retiontly inclined ecol e relevant null hypotheses. The responses ?oﬂ..

eet the Popperian stand pw%_wa were varied; in some cases they atiempted H

“re pull model has s, o:”_mn.m mo.onnﬁa falsificationism but denied th
conceptual priority; in still other cases there was qo_un_:omq“

. m n
ﬁ ' § ' m S ﬁ ﬁ
agal st n—-@ H O Hvﬂ‘zﬂﬁ_ MﬂNH_QNHQw N:Q 1n $ome cases against —_.;Omc :_( :mﬂ:

ﬁwoﬂm—!_hm:nmﬂ:. ~®@Av.
. H—._O mﬂﬁOH_Q wmmﬂmnﬁmﬂﬁ .—mmﬂﬂ al cqﬂWﬂ—Hm. m :m _O_VO”H QO _ﬂ:_ —OH as
. .
. @H.,__ 515 a
cf0= S ﬂﬁ.:zm.w ﬁ:n_:ﬂ Om S:w ﬂO_;Oan-DO. N:Q ::NF ﬁﬂo_:ﬁﬁna H.ﬂmw to —Wmﬂn o

ﬁ—uﬂ ﬁf{ﬂmcmlfﬂa nw_nu—ﬂ :u —_@ :—m P ace. QU —.—ﬁ m
. - y 15 Z.—@ Q@Um.nﬂ N.—u i .:. cance

.O» QO:m:% Qﬂﬁﬁ.——aﬁ.——ﬁ.ﬂ; Om. Gncﬁ—ﬁ. H.DOnOHm Wﬂ—.—ﬂﬂN:w WEQ O»- OA“-.“.._HUWC.” u 1
[ 100 1N ﬁm.—.n

:.n:—m. n —.Tﬂ Qﬁﬂﬂa.—ﬁm ol eCo < O w ——ﬂ:_m S Morec
T fion %. —OW— al ._-n _v

. Hv L= g} 2na. :. as
Nﬁmummﬂ:ﬁ at —..:0 f.(mun_.._—wm.. Mﬁ—:umm ﬂon.mﬂwﬁzﬂﬂ H:N: at N:t On ﬂm_ﬂ Oﬁ_—mm Omv_mcaﬂw

“in our ¢ycle that this bal

, ance of nature is fopd

“about it. The th o sue had a distinct con :

out'a prior; Eno_.nzm,u:m had been acting as if some things noc_anMM MS_ "

s ; we need not dredge every i . gured

- . insight up f

empirically o . vy p from the data.

S%E. 4 anvmﬂwhﬁa ecologists had seen enough of the a priori, g:n_w,”w e

_.. er of Popperian falsifiability. The next nsmwﬁnwaxm_s. ngw_..:
ines this

S Qw. HU ance nature a n_. e 1estion oI w at we Ca —h " U
Sue e Gm.m O_”. atur n mw— ﬂ_ £5 ﬁa —.- t can know a out it
1

from a conceptual standpoint.

. Closel i i
y related to issues of density-dependent population regulation and

the importance of bioti
€ | otic factors, and includ i
e e » anc ncluded under this broad u
Lan 2 _MM H””M balance of nature idea, is the question of noBBﬁNH.M:m o
Em.o.anma o M..: H....ﬁm Brookhaven meeting in 1969 and Wakulia _m< e,

: unity ecology underw i i e
et ent a period of intense devel
,m_aawm acam%ouawww :.68 accurately, the presumption, was Emﬁo%,_wod“

imited membership had an answer. The search y
| . was on
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so a Jocus for contro-
cologists who echoed
mblages of species

s of community assembly. This was al
y theorists were ¢

nst the communit
s — communities were fortuitous asse
making aliving in the same place. Community ¢om-
position was not dictated by any higher order structural blueprint but instead
by the vagaries Of dispersal and historical accident, and by the autecologies of
the various species involved. As with the population level issues like density-
dependent regulation and biotic coatrol, both camps pressed their cases with
an assurance that outstripped anything the available evidence would support,
suggestng that there were deeper conceptual 188U€S involved.

1 have worked through the episodes in May's twelve-year cycle to
something of the fiavor of the foundational controversies that have been central
(0 ecology and 1o support the idea that those We are about 10 examine are
among that group- 1 do not mean 0 suggest that these particular gpisodes
are any sort of definitive guide. In fact, they clearly are not. In particular,
the tradition of plant ecology is not well R@Emgﬁa by this sequence at all.
Like everything associated with ecology, including the phenomend it mE&om.

it seems there 18 always more 10 the story. The same must be said about the
thurnbnail historical sketch that has occupied the bulk of this chapter- The
goal has peen to give sOMe sense for what the discipline is about as well as

some substance t0 the foundational problems we are about to explore. H:m
get on with that task.

for the “rule
versy. Pitted agai
Gleasonian theme
who all happened t© be

give

time to
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3

Must There Be a Balance of Nature?

3.1 INTRODUCTION

The idea of a bal
ance of nature reaches back i :
has provid es back into antiquity. E
. nw o MM ﬁnnsmmm En.Boﬂ detailed look at this :...mnonw c,mmn”_“o:h _o.quv
formulation w. manifestations in ancient Greek thought to _:m Eowﬁ . _.m_n.m
o hower M_.E the Mno_om_na studies of the present century >mm=man..n=
. out, . one of the most striking fi : ' points
“ typically implici g features of this notion h :
_wwﬂ is qwaﬂn__u_ cit character. It usually functions as a background H_Mm__w o on
he g_mnoaw i ”Mﬁ_mr__..mo@»a for explicit study. This remains largel ﬂmcow
wocked in the cmn.MMn%”.,m n_:_ ﬂno_omw as a self-conscious scientific mnwa. mﬁnrwm
. ; nd, shaping inquiry, but i ’
. _.,zm_. the daylight and closely examined ry it has rarely been hauled out
-+ This chapte )

" of the g_m_.m“oﬂoﬂ.oow not m.zmavﬂ a comprehensive look at all the various sid
Instead it moocmnm:mﬁcno idea (for a comprehensive review see Pimm Go_nvm
% ' on one particular aspe .

lays as the li i pect — the role that balance
, _Mﬁ ﬂw\_ i :mnamrwwg_: among m.ncnmﬁ:maou of ideas that jointly mniommmﬂﬁa
o communit mwawn ecologists, to set the course of inquiry for no.c_mwm&
. balance of :mﬁﬂqw wmomw. In keeping with its traditional background wo_m “”n

e revalence : _.mm - together with the associated ideas that emph i ©
b ed th 0 w.ﬁ:n H.Enamnzou. density dependence, and com o“.v. .mm_uo
.._..nnosmﬁcnn E_m .mEaEm. influence in a largely implicit mm.mEo: Enwa H_ﬁno: .
~ even though M Ewﬂ.nn:& tendencies that lie behind this min_w:m infl v

, ; . ue
k1o SMSNMM q” e Hmﬂ part, these inferential tendencies cannot be EHUMM

< that question _H.:w of any one particular ecologist. The theme that I defe d
..Eum density anwvw ME the balance of nature, and about related issues of Eo“_.
Dias, ndence, and competition i
to g mmz_ﬂa . y are at UOQOE em mlnm.— il {
seem a :dhmm.w‘ ME@._:.n m__ mnmaw rather than conceptual .&mﬁwﬂ: .Hmwmo”_.oww

.,. , but if it is, it has not always been respected as .mcn: b _ﬁm_uﬁ
y the
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s debate. In fact, there has been a
arily on conceptual grounds. The
ate, the relevant conceptual

ecologists who have been caught up in thi
significant effort to argue in this area prim
goal of this chapter is t© identify, and 0 evalu

arguments.

32 THE FIRST BALANCE OF NATURE ARGUMENT

@ouiwaoanoﬁﬂ:c:.:w ecology 18 manifest
ions or investigative tendencies. Most
on density-dependent oVer density-
otic factors, the preoccupation
brium and stability ameng

The balance of nature idea in
in a number of specific presupposit
prominent among these are the emphasis
independent factors, the focus on biotic oVer abi

with competition, and the tendency to assume equili
ecological phenomena. Those most squarely in the grip of the balance of
nature unage tend o orient their investigations in light of these background

principles. The first task, then, is to say what these various ideas mean and how

_they are related. Are some more fundamental than others? Do some follow
mnoaoﬁoau

In fact, there does seeil fobea
in this constellation of issues, though it

sequence gOes like this. First comes the im
persistence, regularity, or some such order-producing concept. Then density

dependence and/or biotic control is brought in as a source of this order. Typ-

jcally, though nct always, competition is then invoked as the most likely

mechanism for achieving this level of control. Finally, the assurnption of
rium is justified on the grounds that it is here, in the equilibrium case,
e are interested in aré most fully manifest.
It is difficult to document the claim that this schematic chain of reasoning has
been historically influential in shaping views about the fundamental nature of
ecological phenomena because, as already mentioned, these ideas typically
take the form of implicit assumptions. Nonetheless, I believe it has been in-
fluential. Specifically, there are two instantiations of this schematic sequence
that have shaped, and to somé degree continue Lo shape, the views of some

ecologists. They have served as lightning rods for ecological controversy, at-
tracting the attacks of those who do not share the nnnmcvuom._:onm involved —
nosnogawomearmé.so ao:.n.r_u@n:

kind of inferential progression involved
is rarely explicit. Generically, the
putation of balance, stability,

equilib
that the order-producing forces W

fueled by the impticit character of the

arguments.

The first instantiation beg
est to the traditional balance of nat
stability and orderliness to the biologic
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ins with a Eamcu@owaos that is perhaps clos-

al world that stands against both the

ure idea - the idea that there is a kind of |
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vicissitude: joti
(Egerton _w MM mw_ocn.“ nature and the reproductive potentialities of organisms
o it “Mo n. ._o:cz. 1990). The balance need not be perfect, but as Lack
- mnm I st wild mE.Eme fluctuate irregularly in numbers vmgnn: :hm
allow” Fmawnwomw Mnﬂﬁoﬁa compared with what their rates of increase s,o:_r“.
c : 1). In shert, natural populati
was thi P ’ populations tend to be regulated.
- :H.m »,o_dnzSn.mm in nature that, before Darwin, fueled the ..Ew:mﬁa m”_ ,
m._,c:wn %M the mx_mﬁnmn of a Divine Creator. After Darwin, of course, res -
e M Mr_ 1s to evolution by natural selection — which brings us to Em . uoqm
i econ
E:wﬂ. n<o,,_uc”m%““nm. If SHa mmcnammnm that yield this stability and order are
. control, then they must be biotic f;
tion is the “hi o . ic factors. If natural selec-
cmarket M. Enaw: :wﬁ behind the Darwinian economy of nature, then M"Mo
W mﬂmmnco:m in nature take place among the organisms 5m3m@.<$
1 " . . .
o e N._.oﬂ&_._wwﬂ rmm_noﬂ been significantly disrupted, in natural popula
ge-scale anthropogenic interf -
find equilibrium i erence, we should expect to
poputations (see Hutchinson 1948 £ i
tionary ar ; ) ’ or a version of this evolu-
o mmswcn..n:c. Furthermore, if these biotic interactions are 1o be effective
NP g control, they Hcmﬂ be sensitive to changes in population density;
s peth Mxﬂonn S.m.za. m_m“..:mnmﬁ density dependence in nature (this EWM
1035 ﬂmmm:ﬁ mxu:o: in Nicholson 1933; see also Nicholson and Baile
o 2:”_ Y. %.:on the .:._.z.mwa for existence is mostly between S&iacm_w
houid annM”_ mn8mm. species, for access to the conditions for existence. s_n“
competition to be the most im ; ’
population regulation. portant mechanism underlying
Though somethin i ot
g of an idealization, we ca
> » n put these considerati
together in the form of the following inferential tendency: erations

Balance of Nature Argument I
1. The relati i
The rcl ative noamﬂmbnw. of population sizes, given what the capacity for
e would allow, implies that populations are regulated ’

2. Sincethi i i
N ¢ this order, in the face of a fluctuating abiotic world, is the product of

evolutio i
oS M_ by hEﬂ:“.c:: selection, the forces that achieve it must themselves
evolutionary control — that is, they must be biotic forces

3. Whe joti i
. n these biotic forces are unimpeded by noise from the abiotic en

vironment and the vagaries of hi
isto . i ilibri
e ry, they should issue in equilibnum

"4, Effectivi _
L ¢ regulatory control presupposes sensitivity to changes in pop-

_.:mﬂ.om._. aﬂﬂm: - we WTOE—TM expect _-ﬁ e :
P
. Y @ t S 1011C Mmﬁﬂcﬂm to Uﬂ Q@Dm:*

:'5. Competition i .
petition is the most likely mechanism for the implementation of

these controls.
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that | am using the term argument in a loose sense here. The

1 should point out
sequence just described s not an argument in the jogician's sense, 10 which
some of the 1ines express premises and others follow from these by deductive
entailment. Rather, itis 2 constellation of mutually reinforcing ideas that have
something of the charactet of an inferential vﬂomaww.wo? put the earlier steps.
at best, boost the Ew:m.&.;.i of later Steps: they do not guarantee their truth.
Begin, then. with the first plank in the balance of nature platform: the rel-
us<mnosw£=o< &uoﬁ ocmajano:n_ fact. There

ulation sizes as 2 ?_Boﬁoa

is an initial problem regarding how much temporal variation in no?&wao:
sizes is consistent with the idea of vo?:msoz regulation, and the vagueness
of the argument in this regard has centainly contributed © the controversy
(see Botkin 1990: 48-49). 1f we 1ook at further stages of the argument, where
tne notion of equilibrivm population densities comes in, we ¢an perhaps ¢
sotve the ambiguity: retatively constant wovimsou sizes are those for which
the assumption of an equilibrivm density is at east vu?.ox._aamz true. Un-
derstood in this way, the existence of 2 tendency (oward relative constancy of
o the eyes of the ecologists

mo?bs:oa size is far from an o_cmancwnou& giveni
doubts the Malthusian

who have challenged this argument. Of course, O ON€
ple. capable of wxmosoa:mp growth

observation that populations are, in princi

and that such growth 18 never realized for any significant petiod of time. But
the existence of this ceiling 1@ growth is consistent with alt sorts of actual be-
naviors on the partof @oo&»aouw. As anumber of commentators have noticed
(.8 Kingstand 1985), the degree of constancy that oné finds in wov&»aos
size appears 10 depend 2 great deal on the kinds of organisms one studies. For

a variety of reasons, Lack’s birds appear to exhibit mwmamomu& more demo-
graphic stability than the insects that Andrewartha and Birch study. It is an

question, and one that appears to belargely stillupinthe air, whether

broad tendencies in either direction among ecological popula-

ities of the claim, the sweeping character of

empirical
there are any
tions overall. Given the ambigy
and the absence of the kind of comprelr

its SCOPe.
matter, the idea of population

be required to resolve the
peartobe promising piece of fundamenta
to build expectations about the determinants of demographic

¢ the idea of cather tightly regulated popy

Of course, withou
second plank in the platform = the existence of biotic
fashioned by natural selection —i8 m.__mawom:zw undercut; a1€

ing that biotic factors will have 2 special role to
third claim of the balance of nature argument, the

fum populations, has collapsed into the first o1 the present analysis
the concept of equilibrivm has been used 10
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regulation doesnotap-

vrnnoaosm.

ensive database that would

] background knowledge o which

lations, the
regulating mechanisms.
ason for suppos-
play has peen removed- The

unouonaosson of equilib-
because.

resolve the ambiguity in the idea

Must There Be a Balance of Nature?

of regulation. Thus, the extent to which
n. 11 populati
HH.MMMMHHWMWH %nm:m:r.wm becomes _um% of :“MH: MMMM ”Mwmmm%ﬂ”%:nﬁwﬂsm
it s e
e ourth : s the operation of densit ~de
057 E_..M_M_M” a:“ wwam .wH_MMc:P :mon.m back to Z._nrw‘wo:vmﬁwnwﬁmhﬂw
was the governor on a %me.oumprmmv%MM M”_n_”_m% 5 O et
ey b te - ch effective control i
s oo m:iw»:w mm.ﬂmw“”u_”. to changes of intemal state in the QMMMMH_ H.HB
oo Eagmamwnm : o _o.H..o_.oom that produce balance in natural popul .
o anoling. For %mm_.__:e_o to nr.mnmnm in the density of the @onimﬂ "
e e i, Without .m:n: p o_o .o_mw:. this was close to a conceptual truth oMm
BB nly dfmite] nsity _s.n__._onn_ governing reaction a species Em:_w
i Spacies 0 BM_ n.un#as._:&n to extinction, unless by chance th
B O oo of i tiply were exactly countered by the inherent d -
B B elo ar cnaosa.“.ao:._so:ﬁ: (Nicholson 1957: 216). We mi ”H
o nmnnﬁom_.nm&m:ws sw_” ~1it s.o:._a take nothing short of a H_.Bn_mmn
B O oo 1t 1 hard .: o:._ the existence of density-dependent ?Qoao
Fo v donsites e _H_.wm_nw _..n.:{ demographic factors could issue in
o popalat om: c.:m:oE:m as negative feedback processe. 55
Note two things »vmmw&” M“_mnm. F mmp
oo . _.._Bw_.:. irst, the conceptual li
Om .._.nmimaon.mwﬂwﬂw M,..nom”:“gon 1s oc<.wocm€ sensitive 8@:02 ””MM_”M“MM”H,
e hen e 0 ed. If Rm&w:o: is interpreted via the con ¢
. o if successful, this argument indicates a si m:wmow_mw “on_vM

“ for density dependen
; ce only on the assum 3 .
-" are the ord : ption that equilibni :
er of the day. Second, there are reasons o E“x mconmmﬂwﬂc_w:o_.__m
miracle

)] SH no ~U aftel W—. L e —..__.0 effecto G—D_ on 2 abpsenc
m m tbe u—ﬂﬁﬂ.mws w. i3 w (1] W t m m..—.om 1 n 5 _Um *.
e 0

" Qﬂﬁw:w ﬁmﬂ.ﬂuﬂ:ﬁmﬂ—_ﬁﬁ. mo e :Ncﬂ ar ﬁ&. :Q—ﬁﬁ._ :N ”:Q w_. O: __WM&. H@mh
11 A1 > i N
QG: mOOH ﬂoam. mﬂ&nw:_.m:hm wom w- Qm.: WOGH m.—-__Q mﬂ&ﬂ—bm—ﬂ—m H@@mv m—.um-. HOON—

ﬁmn S0 X on and Colo. NN.:C can %_.nr— _:__ opulation mﬁmc— it
tern .HO tinctl Q — 11 n m.uh.— Qﬁv U — v_

[ more —O.—U — m~ cale. ent eorelfica ({_nunr nonequilionum
at a [ W a mﬁmn_. 5 N_. Wﬂﬁ :a refl — on n ﬁ _.U

dynamics
ynamic {Caswell 1578) and metapopulations (Hanski 1990 1991a, 1951b

1991¢, 1996; see Hanski iloi
& ’ and Gilpin 19 :
" overviews) points in a similar &qwnno:o._. and Tilman and Kareiva 1997 for

The Nicholson isi
passage is important in another way. I said that the co
nnec-

gi g ween —ﬂmcﬁmﬂmoﬁ— W:Q. Qﬁ:w:w QQ L) A—W_— & W C ofnce tu .—
. on { _-
ﬁ.—..-_n_u MO—. z. —._ — ﬁu% T w L < as wOMO oac a

1N\
V'Nicholson, however, was i ;
g . was idiosyncratic in insisti
that natu - A ic in insisting, cont
) ral selection did not itself issue in the balance IH”N __nom”__..mnm__nzmm om the above argument
and (1985: 120). '
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how terms are defined. Thus, it is not surprising that the contro-
lation regulation via density-dependent

ely semantic squabble. Here we have
el debate. We have already con-
ulation, resolving it in terms

sensitive to
versy surrounding the issue of popu

factors has oftenbeen denigrated as a put
an example of how shifts in meaning can fu
fronted the ambiguity conceming the idea of reg

m densities. But the passage Nicholson quoted

of the existence of equilibriu

above suggests a different argument; the very fact that natural populations
manage to persist— {0 avoid the extremes of extinction and perpetual growth —
;s taken a$ Supporting the inevitability of density-dependent population con-
trol. When the argument shifts over to this more liberal notion of regulation, its
empirical footing becomes more secure. Just how frequently we should expect
to find populations fuctuating around equilibrium densities is an open ques-
tion, but there is little doubt that most populations manage {or considerable
periods of time to avoid the two extremes mentioned above. The empircal

gains come with a theoretical cost, however; the conceptual ties between

ndence and regulation are considerably weakened. If regulation
e accomplish-

density depe
stence between the two extremes, then th

simply means persi
ment of regulation in the absence of densit

becomes a much less mira
position becomes much more di
such as Strong’s density-vague dypa
detailed look at this “persistence” version ©
the important point for now is simply that one cann
of regulation in one sense and use it as 2 ground for inference in another.
If competition finds its way into the balance of nature argument by be-
that effects the balanc

ing the mechanism
planks in the balance of nature platform have bee
the most significant ¢

an emphasis on competition as
as well. Butthereisa bit more to say o
chapter, Nicholson, in additjon to being 2 ¢
was also one of the strongest proponents of the ide

nism that could effectively implement the requ

only mechal
(Kingsland 1985: 119). He believed that competition is the onl

by its very nature, nc
only force that couid effect
Population balance, in his view,
opposing forces — the tendency toward increase as a function 0
ity of the environmen

o suppress population g0
case of Nicholson (I 960), the tendency 10 emphasize cOMP
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fficult to distinguish from opposing Views,

f the argument in a Jater sectioty;

reases in severnty as dens
jvely implement the ceilin

y-dependent negative feedback .
culous affair. Furthermore, the balance of nature

mics (Strong 19843, 1986). We take a

ot argue for the existence -

¢, then to the extent that the earlier’
1 undercut, the fifth plank,’
ological factor, suffers.
n this matter. As we saw in the previous,
hampion of density dependence,
a that competition is the
isite biotic controls
y force thal,
ity Increases, and therefore the
g on population growth,
resuits from the equilibration between (wo
f the suitabil-
t, on the one hand, and the tendency of noEwnmmc.s

wth, on the other. Though less applicable in the
etition comes also

Must There Be a Balance of Nature?

from (1) the evolutionary cha
togcther wi racter of the first balance i
e _uﬂwzwwwwmmuhm»wmw to be n.x_u_.o_.nn_ below, that oo-MMA“._.,MMM “M.._:wnsr
for ensstene, Eimally e naoms S.mn_mom:ﬂvaonnmm in the Darwinian m%c e
o Ssehes. T :.Eomp. Emrmm._m on competition has fueled a stro .
o oo e Swmm:n.s in @om..__m:.o: and community noc_o=m :Zm.
o ook tosand commoet oretical tradition has itself fostered the t maw ey
Howon e o 5“: as the key 10 ecological structure., sneeney
the smxamined prostoms “.H.mﬂocnn_m stand up as a justification for holdi
oo attet o pre _on.:x: competition is likely to be importa ﬁ:wm
B aton s e Zmoma_,::._.m. mou.‘ the sake of argument, that popul ion
regulaon s %mEm.:ow: olson’s o_N.:B that competition must cn_“_._m :m:ﬂ:
e ardine the dosommin y c:um_.om_._amﬁmm the range of causal po _w..:.wm ;
s of population behavior. Nor is there mﬂwmwww:_”_.n”
entia

relationship berw iti

hachons Mvov:_wmﬂv Mmmww::on m:.a the struggle for existence. The fi

elocton e ose o SoE noo_om.:”mh time are the forces that drive Em_.onm

oo o Sno:mm_maw that underlie these forces. Fin :m&

e o e use that is what has been best articulat m er

. ¢ drunkard who searches for his keys Ex_owo SM#MH.Q.
eet

lamp because the i ;
ve constancy 0 M _Mvmjm is cm:wh there. Like our earlier questions — th
population size, the prevalence of equilibrium pog o
pulations,

8 N:Q ﬁ?ﬂ HW—.DE.{@ m_..QD. 1] <| ﬂ_:wn n_ﬂ:_ .—WHU: Ta —_ _ rces — n—._
= & ~mnm.ﬂﬁ Oﬁp Q@Dmmn Q W _u C 10 S c
. w—%bu—ﬂ.—nw:ﬂﬂ OH ﬁoamvﬂ—...p.o amo the | an
: 100N H—W T Qﬁnﬂaﬁ_wﬂ_ﬂm OH. ﬂOﬁCHDanB. ~.~

[ mﬂ .m.m

an e @ — ﬂ 10N @HZOQ not _Uw OO:ONE:.._N. argume _VCH w\ e
mpinca uestion (o Uﬂ §
m W ment U :.—

N .
3 AN ALTERNATIVE PERSPECTIVE

As already indicated, the balance of
o ptcally mplc ' balar nature stance we have b i i
nno_ommom_wurn %““M_Mrhﬁw_:m in the background as an onomm“m”“._mncmm_nm
e o ek M_mﬂﬂwwn than as an articulated body of cn:mmmﬁwﬂma
o poradiom (Kol Gmwh. 1994). In that respect, it is somethin _.on
gram (Lakatos 1970). It sets Emvnﬁ”uﬁww.wﬂ”amn om.m S ..mmomww_vnnow
el bomg potat : . T subsequent investigati i
é:w: a,an.w WH @amw M_M”nc_w mho% _=<mm.: m.m:.osm_ taking on an E._._MHMMM.N””MUE
v&w.owﬁi " mB. Mn.véme”mh it 1s revealed as a particular stance on s
el of e mn %8_ _mm.:nm. The balance of nature camp su oses
forel of st i .o.an_. in ecological phenomena Em_nm .
mn.o.m ©of continge empirical fact, be there at all. It is guided cmw :om -
ge of na - of populations with boundless reproductive M.Mﬂa “BM
entia
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{he debate and the ability of the various protagonists to

The very longevity of
gest that nature is unlikely

find ecological examples to support their cause sug
1o speak with one voice on these matters. The real insight is that we still face

fundamental and Jargely unanswered empirical questions, and the answers,
when we finally get them, are unlikely to be univocal. Suggesting that the
antibalance perspective has won the day disguises that insight.

The second and more fundamental reason that it would be premature to
award victory to the foes of the balance of nature is that debate on this matter
remains alive and well in contemporary ecology.? To see this we must revisit
the argument schema presented at the beginning of this section.

1.4 THE SECOND BALANCE OF NATURE ARGUMENT

ma posits the pervasive empirical fact that
is supposed to underwrite the overail view. In the case of the first balance of
nature argument, that premise attributed a strong tendency toward constancy
of population size on the part of natural populations. As we have seen, that
premise is ambiguous as it leaves open the question of how much variability
would actually coatravene the claim. Given the demands of other parts of
the first balance of nature argument, it seemed best to resolve the ambiguity
in terms of the idea of equilibrium densities; but a more liberal and less
controversial interpretation of regulation was also discussed.. The new and
improved balance of nature argument, which I will call the Balance of Nature
Argument II, retreats 10 this fuch more secure premise: natural populations
tend to persist. Who could dispute this? The populations are here and we can
point to them; this seems (0 settle the issue (Royama 1992: 45).
The first balance of nature argument also had an evolutionary fiavor, re-
flected primarily in the second premise. In the second balance of nature ar-
gument, this potentially shaky reliance on evolutionary theory is replaced by
reliance on solid mathematical fact. Specifically, population densities whose
time series can be represented in terms of a random walk are statistically guar-
anteed to go extinct in the long run. Thus, those that manage {0 persist must
be regulated in the sense that their densities over time must display a kind
of statistical stability. Various notions have been proposed as explications

The first plank of our original sche

fifteen years, see den Boer (1986}, DeAngelis and
), Wolda (1989, 1991). Hanski, Woiwood, and Perry
(1993), Holyoak and Lawton (1993), Turchin et al. (1993), Wolda et al. (1994), Dennis and
Taper (1994), den Boer and Reddingius (1996), Chitty (1996), Muray (1987, 1998), Hunter and
Price {1998), Turchin (1995, 1999), Turchin and Berryman (2000), and Ricklefs (2000).
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Z For a sample of this debate over the last
Waterhouse (1987), Berryman (1937, 1991
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of this stability characteristic (see May 1973, Chesson 1981, 1982, Murdoch
1994), but I focus here on the “long-term stationary probability aww:.mcc:oz
num voncmm:.ou densities” (Dennis and Taper 1994, Turchin 1995}. A density
:nw.o series exhibits a stationary probability distribution (SPD) when (1) there
exists a mean density level around which the population density fluctuates
and (2) the variance around this mean is itself bounded in the long term. .ﬂzm
argument from the inevitability of random walk extinction is intended to put
to rest, once and for all, the old arguments over population regulation. As
.Om.%cnn_mo puts it, “Thus the question is no longer ‘is it regulated?” but “how
is it regulated?’ " {Cappuccino 1995: 6).

When regulation is understood in this more relaxed statistical sense, the
mo:_..mn:nws.cn”ino: regulation and equilibrium (the subject of the third _.umu_._w
in our original argument) becomes less problematic. In fact, Turchin sim-
E defines equilibrium in terms of the existence of an SPD, which enables
him to say that “being regulated and having an equilibrium are one and the
same thing. The whole issue of equilibrium versus nonequilibrium dynamics
becomes a semantic argument” (Turchin 1995: 26). This is, in a sense, the
converse of the strategy used in the first balance of nature argumnent. ‘:_n.:w a
qm_.mz..e_n_w restrictive notion of equilibrium was used to supply a relatively q.n.-
ms._nm.,.d notion of regulation. Here, a relatively liberal notion of regulation, the
manifestation of a statistical return tendency or tendency toward persistence, is
ﬁo& to supply arelatively Jiberal notion of equilibrium, one so liberal that ﬁ._zw
distinction between equilibrium and nonequilibrium dynamics loses its force.

This brings us to the fourth plank, the connection with density dependence.
Throughout the historical course of this debate there has been a tendency to
identify regulation with control by density-dependent factors and to usc a
version of the miracle argument to establish density dependence directly. We
saw this already in the passage quoted from Nicholson in which he says
that &505 density dependence we would have to rely on an incredible
serendipity, whereby birth and death processes just happen to cancel one
another out. May relies on a similar argument;

For one thing, no population can be driven entirely by density-independent
B..uoa all the time. No matter how severely or unpredictably birth, death, and
migration rates may be Auctuating around their long term averages, if there
120 no density-dependent effects the population would, in the long run, either
increase or decrease without bound (barring a miracle by which average gains
and losses cancelled exactly). (May 1986: 261)

. Against this argument, the antibalance group offers an alternative mecha-
nism, briefly mentioned above, for persistence — the mechanism of spreading
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the risk. On this view we must recognize that populations have spatial struc-

ture, and often they are better seen as ensembles of subpopulations coupled
by migration. Persistence of the overall population — the metapopulation —
£ the pattern of extinctions and successful migra-

might be a conseguence ©
tions among the subpopulations, even though the later are governed in 2
ped first by ecolo-

density-independent fashion. This response was develo
gists who were not really part of the theoretical modeling tradition (den Boer
1, Andrewartha and Birch 1954, 1984); without the

1968, Reddingius 197
theoreticians on board, it remained 2 minority voice. More recently, however,

there has been a great deal of theoretical interest in nonequilibrium dynarnics
generally, and especially in the role of spatially heterogeneous vo?:»no:
structure {Caswell 1978, Chesson and Case 1986, Hanski 1990, Hanski and
Gilpin 1997, Tilman and Kareiva 1997). Not wcénm.:_m? these theoretical
breakthroughs have coincided with the announcement 1N the literature of a

paradigm shift and the emergence of the nonequilibrivm paradigm.
Does this mean {hat the conngction between regulation and density depen-
dence has been broken? Not necessarily. 1t has been shown theoretically that
{ have SPDs, then the metapopulation will random

if the subpopulations dono
walk to extinction as well {Chesson 1981, Omwucnoio 1995: 5). For this and

other reasons, defenders of the second balance of nature argument reject this
move to sever the connection belween regulation and density dependence.
reports that “it is generally accepted that population

Turchin, for example,
regulation cannot occur in the absence of density dependence” and that the
» (Turchin

spreading the sk argument has been rejected “on logical grounds
1995: 20). Later, Turchin explains why density dependence is required. “Sim-
sity has no effect on the per capita growth 1ate, then

ply put, if population den
there could be no special range of population densities to which the population

would retun again and again. Therefore, there could be no stationary prob-
ability distribution of population densities and, by definition, n@ regulation”
{Turchin 1995: 27). Plank number four in the second balance of nature plat-
form must be, therefore, sirmil
that density dependence is a necessary condition for po

Wwe come finally t© the last and ™Mo
first version the fifth plank affirms the importance of competition. However,
though still deemed a significant interaction, competition no jonger has pride
g the possibilities. There remains, nevertheless, 2 tendency 1o
rces among the biotic interactions. Itis difficult to find
t seems to be working as a background premise
at population densities

pulation regulation.

of place amon
locate the regulating fo
this explicitly stated, bt i
in arguments such as the following. Having found th
of southerm pine
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ar to its counterpart in the first version - namely,

st optional line in the schema. In the.

bark beetles behave vra:oﬁmso_om.ﬂn&E as though they are
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”Mnmruwwn%%mmmﬁmww_mwnm amzm_@.- an.vm:am_.; mechanism, Turchin infers that
such as natural n:mawm.w_ﬁ,ﬂunwwimﬂwmﬁ.nmwmwo: ,ﬂhﬁrw,q.oaw B eaches
than by the weather, as had been ?.oioﬂ._m_w‘amuﬂcm hw Hsm” e ot torer
evidence implicating biotic factors, this :.mzm._nomm w.: M\ m_ﬂmaznn o ota
background presupposition connecting density de mzwwom and n.qam.osna e
But if the biotic and the density dependent are "% be J_om msa _._:.o:o ﬂmopo;.
and given the necessity of density depende m..umoe.mﬂna . ::m. i
a. S.Emzsm to think that m_ﬂrommhno%vomﬂmun% %ﬂzvﬁ%ﬂﬁmﬂ:ﬁﬂ”:o? y
biotic ._sz.n:osm overall still play the pivotal role which is what .:mﬂWon.
plank in the second balance of nature platform will rwﬁw to sa =
We can now state the second balance of nature argument :.”.._m“

Balance of Nature Argument II
w. M.m_.m_mﬁ:nn is an ecological fact — the populations are here
. ﬂmmmnsw_:ﬂwc_ﬁna populations are statistically destined to random walk
ir way into extinction, most po i i
e populations must be regulated (in the SPD
3. Since being regulated justi i ili
. just is having an equilibrium, m i
e be , INOSt popu
equilibrium populations. poplations ¢
" : s
mczsn::o_ﬁ since ._.nmc_m:c: implies density dependence, most popula-
tions are under the influence of density-dependent factors.

u Finally, since biotic forces are the most likely mechanisms for density

‘ﬁ ?
Qﬂ n____n_@:OO we w_.._O_.:Q OXGQOn U-OH—O *Onowm to .UO ::OO— tant Q@ﬁﬂu minants
Ouﬂ @Oﬁﬁ_“ﬂp_o: _Uﬁu—m V10I.

- Aswit i
. s with the first balance of nature argument, this is more a kind of inferentiat

- ) . .
M_om_.n”.m_o: than an argument in the strict sense of the term, and it is also, like
¢ earlier sequence, a reconstruction from the literature, The next Smw.mm 1o

" evaluate the plausibility of this line of thought.

_m mO% Msowﬂm._mn of it, the m@ idea is hard to argue with. Certainly extinction
ct of life, and population explosions are not unheard of, but persistence

: cn@aa: these extremes would seem to be the order of the day form
-logical u.ouc_mmosm. When considered in light of the second N_mzw ro”m_ ver,
a2 potentially troublesome ambiguity once again arises. Persistence mm M Bm.Mnb
: of degree, and what seems to matter is whether populations persisttoa er
degree than would be expected if they were executing random walks WHMQ
other way, that randomn walking populations are committed to mxszn:m: in :w-
 long run says nothing; they are committed to extinction in the long run in MSM

case. j
ase. As Grover Maxwell used to say of Bayesian justifications of induction

“that promise convergence of belief in the long run: “In the Jong run we are
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Sirong calls the “gld random walk bugbear”

all dead.” This criticism of what
gius 1971, Andrewartha

has been developed by 2 number of authots (Reddin
1957, Sirong 1984a; 1986, den Boer and Reddingius 1996).

Evenif one should become convinced that the “long run” 18 commensurate
with reasonable ecological time frames, it is not clear that the random watk
argument really does any significant work. Consider White's psyllids once
e dynamics are being driven Jargely by the

again. Assuming he is right, th
stochastic factors of settling sites and nutritionally sufficient veins of phloem.
ement of chance

Holding the physiology of the Eucalyptus constant, @ Strong el
vidual psyllids and hence the overall density of

determines the fates of indi

the population; however, 1 doubt that White would say the population is
dom walk. The density of psyllids in a given mnsmamzos
tatistically independent of the density 10 the previous
gven be persuaded that small populations are more

malter, and large populations are more likely to get

smaller than larger = that is, the population exhibits a return tendency to at
Jeast a broad cloud of :ops.;..daca: values. Does this mean that White has
signed on tO (he Balance of Nawre II program? Perhaps it does. We examing
that issue further in 2 moment. [ want 1@ emphasize here {hat even if this were
the case, it would not be random walk worries driving him into the arms of the
opposition; believing that stochastic factors dominate changes in population
density 15 not the same as believing that such changes are purely random.
Genuinely random m:anoamnw. such as radioactive decay, are not that easy

to find (Wimsatt 1980).

Failure of the random walk
grants that psyltid populations exhibit return tendencies,
sense just described. Does it follow that such populations are regulated af-

ter alt? Must he recant his opposition © density-dependent factors? Must he

abandon his skepticism about ecological equilibnia? The first point to note ._m
jvalent tO exhibiting

that since density dependence is now definitionally equ

a return tendency, the second guestion must immediately be answered in the
affimative; the psyllids are governed by density-dependent factors. The sec-
ond point 1o not& is this: since being regulated and having an equilibrium are

execuling a ran
is ?mmcam&i not §
generation. White might
likely to get 1arger than s

argument notwithstanding, Suppose White
at least in the broad

definitionally equ
question. This question turns o the relationship between exhibiting a retum

tendency and being regulated, and here there 18 evidence among the propo-
nents of the second palance of naturé argument for tWo different readings.
Turchin (1993 28) explicitly states that the existence of a rewurn tendency is
fficient condition for population regulation (see also

a necessary buat pot a su
Turchin (1995 272) says

Berryman 1991: 142). In the samé article, however,
38

jvalent, the first and third questions collapse into 2 single
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the ing: *
e alluing e et ) e i T ot a long.trn
: systen ith the presence of a long-
stationary probability distribution o, opulati ities” S ation
m:a.:_a existence of a return ﬁsanhnn_w mmmhwomﬂ.nm ,MM_Mwﬂmmo “nwommqn.mﬁw:g
equivalent (see also Cappucino 1993). mitonally
If the second option is taken (i.e., regulation 1s equated with retum U
mo_._n.v_v. then all three of the critical concepts — regulation, equilibri md
density dependence — have been collapsed into the o.u:nmvp of a Ho_nc_s_ -
mm.uow. Once White admits to the existence of a return tendenc :n..”s SM-
mitted to all, and the three questions mentioned at the oulset o%\mrn " oot
paragraph would all have to be answered in the affirmative. He Bmmﬂﬂnﬂmwm
”M.._%n“_m”.:uﬁa to borrow Bertrand Russell’s line here, pointing o..: that
. .m as all the advantages of theft over honest toil. Latitude in defin-
ing one m_ﬁnnm certainly increases the prospects for logical argument, b
ws% H\mc_ﬂ:m Mn&“n:é certainty comes at the cost of empirical oo:.ns_ﬂ H:M
e other hand, the existence of are >y 1 ary
condition for Smc_m:o:\nnc:.&lcs. M:M:Em“_wﬂw”ow M:_.MM M_MMQ:M.“&S_W
proponents of the second balance of nature perspective have no qu_”__wsﬁn:”

- at all. If there are further conditions to be satisfied before the existence of

Rmc_.mﬁ._..ue_mn:m:cw_:a has been established, then in the absence of further
a priori mnmﬁ._aanr it becomes an empirical question, as well it shouid b
E_._ﬁs.n_. White's psyllids exhibit this characteristic. _ -
H_:m m:..!mc:« about the relationship between return tendency and
ulation/equilibrium has done a great deal to fuel the contem oawH d mom-
m_OncBnEaa earlier. The tendency to shift back and forth on M..._m ._Mw,._M :m ;
in EE. been fostered by the determination Lo equate return tendenc mﬂ
an_._m:w dependence — as we saw with the first balance of nature ar WE,.M:
a tight association between density dependence and population qmwc_m:“”

~ has a venerable history in ecology. S0 what are the prospects for equating

the existence of a return tendency with density-dependent control? Is the

o ) ;
onnection analytic, as the proponents of the second balance of nature argu-

ment have argued? Obviously, that depends on what one means by density

, dependence.

_m“,:_dn N:M.\E.E.Emm SJ be identified in the ecological literature. What I call
phenomena ogical density dependence is simply the existence of statistical

correlations between population density and the per capita rate of growth

We . . .
eak causal density dependence is the circumstance whereby population

g .a.nnm_wpua. itself part of the mechanism determining changes in population
M.un.: <_ocma.r one can have the former without the latter, but not vice versa
| inally, there is an even more restrictive view of density dependence that
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of Andrewartha and Birch (1954). On that view,
sity dependence, a population is not under the
s unless the “intensity” of these factors
ion (see Murray 1982 for a
s best 1o illustrate

traces back to the work
which I call strong causal den
influence of density-dependent factor:
is itself a function of the density of the populat
more contemporary exposition of this view). It is perhap
the difference between these last two ideas with an example. Consider 2
perhaps woodpeckers — living in a habitat with a fixed
s. As density increases, the shortage of nesting
nce on population growth. Weak causal
of density dependence because
lation size imvolves an
f nesting sites.
nt and

popuiation of birds -
number of nesting cavitie
sites begins to exert a limiting influe
density dependence would see this as a case
the causal story behind subsequent changes in popu
interaction between contemporary density and the numnber o
On the other hand, because the number of nesting sites is itself constal
is not influenced by changes in population density, this would not be a case
of density dependence under the strong causal density-dependence view.
Having these three notions of density dependence on the table has served to
muddy the waters further in the population regulation debate. The distinction
between weak and strong causal density dependence has been particularly
troublesome. However, it is not particularly germane to the maiter at hand,
so for the purpose of this discussion I simply focus on the contrast between
v:onoan:o_ommom_ density dependence and weak causal density dependence
and drop the qualifier “weak” unless confusion threatens.

We can now identify the controversial issue behind the definition of density
dependence in Lerms of the existence of a return tendency. We have already
seen Turchin’s rationale for this move: “Simply put, if population density has
no effect on the per capita growth rate,

on densities to which the population would return again

italics added). The proble
¢. Under the v_..mzoam:o_omm

populati and again™.
(Turchin 1995 27,
the italicized phrase no effec
density dependence, this passage says U
Jated with per capita rate of growth, there will b
disiribution. This, I take i, is a mathematical fact. Unde
he passage says that if popul
per capita rate of growth, t
jtself a statistical notion. It ex
be found in a time serfies of data on

e no stationary probability
r the causal inter-

pretation, t
the determination of
But the concept of an SPD is
about the kinds of correlations that can
population densities. Since one can have correlation i
relationship, the second interpretation of the passage cannot be

For the second interpretation to be true,
effect that there are independent grounds for believing tha

presses a View

sustained
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then there could be no special range of

m is with the interpretation of -
cal interpretation of

hat if population density is uncorme-

ation density plays no causal role in_
hen there will be no SPD. .

1 the absence of causal'

a further premise is needed to the
{ the correlations in.
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stripped of the unsound maneuvers, the
ovides no special grounds for suppos-
role to play in the determination of

behind demographic change. Finally,
second balance of nature argument pr
ing that biotic factors will have a special

population phenomena.

3.5 CONCLUSION

ommon: they attempt to settle

ed here have this inc
most important, as deter-

All the arguments consider
ecological factors are

questions about what kinds of

minants of demographic behavior and/or community structure, from a largely
a priori perspective, with at best 2 smattering of empirical cases sprinkled
in for good measure. The investigations of these efforts suggest that this is
largely a futile endeavor; the questions aré empirical and can be settled only by
empirical means. One might urge an even stronger response: not only are the
queslions unresolvable a priort, but they are not even well-formed enough to
be resolvable empirically. Because of interaction effects, sensitivities to con-
text, and similar issues, there is simply no point to asking “What is the most

important kind of ecological factor for %7 In any case, what difference does
it make whether we have an answer? After all, we still need Lo determine the
the systems we want Lo understand.

actual ecological factors that are shaping

Taken together with the seemingly interminable debate that has surrounded
these issues throughout the history of ecology, such guestions prompt one o
ask: Why all the fuss? Why such a need to stake out positions, largely in

advance of the accumulation of relevant
encompassing that itis not clear what sorts of considerations would eventually

settle them in any case? There is 00 simple answer (0 this question. At least’
four factors are involved, each pointing in the direction of a further research
project, and I close with @ brief comment oD each. (These issues are explored
in more detail in Cooper 1990, 1593, 1997, 1998, and 2001.)

Since the 1960s, philosophers ©

seientific beliefs that characterizes 2 scientific discipline has a kind of hierar-
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irical considerations. Others,
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ation of paradigms or research Eomnmawwnm“MW:MM:%MMWNM:_WMM _.ma_ﬁac-
relevant to the question at issue. The arguments between Nicholson M Mmm ok
on :._m. 9.6 hand and Andrewartha and Birch on the other for exam _M -
very similar to mamca,msa for something like distinct anm_an wqoﬁmwa. M“o_a
MMQUMH ?:Quiouﬁ .Enm.m about what sorts of expectations m:oEM be c.aocm_w.,
in the :_Eom:mmso: of particular ecological phenomena. As is typi-
cally the case with such arguments, there is a reaching beyond what mwm_
body of empirical evidence could ever support. There is perhaps msu:w __.::w
between the issues at stake here and the debale surrounding Mam Smm.o on
as a research program in evolutionary biology. In the latter case %..n M_Mﬂ.ms
MR_ mﬂwcamﬁ quasi-legitimate question is whether most traits are m..amv:,& A“\M
»_“Mmmsoﬂm wm”ﬂ.mwccnown_@n an EchnE. that this question js significant and
.. e o e oo ME. in the affirmative; see Brandon and Rausher mmwo
Evolutionary biology is more directly implicated in the balance of nat
8&8«.2@ as well. As briefly mentioned at the end of section 3.2 E»m
ogists Jm<n often been pushed toward an emphasis on density de m:mnno -
: Rm:%:%? and biotic control by (1) a desire for unification with MSENMMMH
N.W_ohw mo%nﬁ and (2) a mgmaa presupposition, typically implicit, that biotic
as competition are the central engine behind natural selection
B Perhaps the clearest example of the former is a 1962 paper by Gordon Ori .
: OEMW Mﬂmnwm MH( mEMcw_m:nm perspective, especially as embodied in the h““”
5 rewartha and Birch. Orians’s central reason idi i
: >=%a§..nrm and Birch is that Lack integrates onoﬂow‘ww_mu Mumoﬂw”rmww -
ral mo“on.:o: whereas Andrewartha and Birch feave ecology with no __Noo nm::m
m.ocaam:ou at all. One of the most explicit statements of the tight oh.a:om
| tion between competition, density dependence, and natural mn_oom-._oz oa:o_m-
other E:.a_ comes not from an ecologist but from the evolutionar, _uﬂ _n ﬁ. .
“Wﬁwwmﬁ_hmvcwuuﬂcﬂwmsmw% Aswesaw in the last chapter, Uocurmnmwwwrm%.wm,”
up to believe that natural selecti i
. gess, are the outcome of ‘competition’ NHMMTMWMMM.MWMM«M.MwWW:MQ nao-
dependent factors” (Dobzhansky 1957: 235). The Dobzhansky M e
.mmw_m .:mﬁ :.8 evolutionary side of the balance of nature controvers m:.m Mwm,_w o
3 =m.o=, intimately tied up with the controversy over the Eﬁ&aw_\oa of ; w@
specific competition (for some of the details on this controversy, see C o nﬂ._
‘and Sousa, 1983, Strong 1984b, Connor and Simberloff 1986 Mo:%:o_:o:%o
.nwoﬁmu 1993, Tilman 1993, 1994a, 1994b, Walter and mﬁnawz 1995) ,
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Orians’s worries about the theoretical foundations of ecology reflect a
further concern. In addition to threatening the integration of ecology with
the theory of natural selection, the very existence of theoretical ecology is at
stake in this debate. As he puts it, “The ‘theory’ of Andrewartha and Birch
really states that no general theory of ecology 1§ possibie” (Orians 1962
261). Baldly stated, the established theoretical traditions of ecology, tracing
back to the competition and predator/prey models of Lotka and Volterra, deal
with the interactions among organisms. If ecological phenomena aré largely
determined by abiotic factors such as the weather, then the relevance of these
theoretical efforts is threatened. In short, this balance of nature debate we
have been discussing overlaps t¢ a considerable degree with another long-
standing ecological controversy — the controversy surrounding mathematical
mode] building and the development of a general theory of ecology (for
discussion, see Gilbert 1980, Shipley and Keddy 1987, Caswell 1988, Tilman
1989, 1991b, Shipley and Peters 1991). The model building controversy is
the focus of the second half of the book.

Finally, I believe that the tenacity with which certain ecologists cling to
some version of the a priori argument for balance/regulation traces back to
their belief that it seems to be required for the possibility of general ecologi-
cal knowledge. If the determination of population behavior and/or commu nity
structure is a function of the autecology of individual species in their local
settings, then it is hard to see how there could be anything really general o
learn in ecology. If ecology is to have genuine laws, there must be the same
kinds of processes at work in a variety of cases — density-dependent pro-
cesses regulating populations around reasonable equilibria and factors such
as interspecific competition and trophic relationships producing community
structure that “is not widely different in almost any habitat which supports 2

rich fauna at all” (Elton 1933: 22). To what extent is the possibility of general.

ecological knowledge held hostage to this view of ecological organization?
What does the emergence of the nonequilibrium paradigm, with its celebra-
tion of the contingency and historicity of ecological phenomena, imply about
the possibility of such knowledge? Again, these are large questions, and ecol-
ogy is only beginning 1o work its way through them (for further discussion,
see Colwell 1984, Price 1984, Shrader-Frechette 1989, Shrader-Frechette and
McCoy 1993, Beatty 1995, Price and Hunter 1995, Cooper 1998, 2001).
None of the four factors just mentioned justifies importing, in @ priori
fashion, sweeping judgments regarding matters that are, at bottom, questions
of empirical fact. But they do go some distance in explaining the disposi-
tion to do so. It is tempting t0 suppose that along with such an explanation

comes the potential 1o overcome the disposition—a kind of psychotherapy for.
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