


CHAPTER 1 

A General Theory of Ecology 

Samuel M Scheiner and Michael R. Willig 

In the absence of agreed protocols and overarching theory, Ecology with 
its numerous subdisciplines, can sometimes resemble an amorphous, post
modern hotel or rabbit warren with separate entrances, corridors and rooms 
that safely accommodate: the irreconcilable. 

Grime2007 

The development of theory in ecology is a lively and robust enterprise (Pickett 
et al. 2007). Despite claims to the contrary, the science of ecology has a long 
history of building theories that fruitfully guide research and deepen under
standing. Our goal with this book is to reveal a selection of those theoretical 
structures. In doing so, our hope is that ecologists will better appreciate the 
theoretical frameworks within which they do research, and will more thor
oughly engage those theories in designing observational, experimental, and 
modeling components of their research. Many theories in ecology contain 
unspoken or even subconscious assumptions. By bringing such assumptions 
to the forefront, we can understand their consequences, and discover new 
mechanisms, patterns, and linkages among theories. Theory sometimes seems 
to be distant or disconnected from everyday practice in ecology. By the end of 
this book, the relevance of theory to understanding in ecology and its role in 
advancing science should become clear. 

In this chapter, we present a general theory of ecology that serves as the 
supporting framework-a conceptual infrastructure-for the constitutive 
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h . s Ul:tt appear in subsequent chapters. Although those h 
c. eone • · c aptcrs 
d. . li'nary range of ecology, they are representative rather th 5Pan the 1sc1p • an com 
. " ''e could not possibly synthesize the full richness of l . Prchcn. 

s1ve. w1 . eco ogica} th 
. •ngle book without it becoming encyclopedic. We enc eor,. 
m a s1 ouragc oth -, 

C·nue the process of theory development in other venues d ers to 
con 1 . • , an to recn 
meoretical discourse with ecological research ( e.g., Pickett et al. 2007) ~ 

We do not claim novelty for the general theory of ecology th · 
atwe pu c.. 

d {)uite the contrary, the elements of the general theory h . t •ur. 
war . '<.!:: • . . . • . • ave existed 
t lease 50 years. Many of its principles are implicit m the tables f for 

a . o conten 
most ecology textbooks, althoug~ o~r previou~ treatise (Scheiner and W~of 
2008) was their first formal exphcat1on.' In this chapter, we expand our i1lig 
lier discussion of the structure of theories and the framework th car. 

. . . at undedi 
meory in ecology, providing a foundation for the chapters that foll ca ow. 

Imporcantly, we do not clai_m that the ~eory presented here is a final Yer. 
sion Rather it should be considered prov1S1onal and ever chanuin 

· ' . . o· g, a general 
characteristic of theory that is often misunderstood by nonscientists. Ind 
me list of fundan1ental principles that we present will require additio decled. 

. ns, c-
tions, or refinements as ecological theory matures and is confronted b 
pirical evidence. Critically, this debate can occur only after explication !t:· 
theory. In me process of assembling thi~ volun1e, we c~nvened a workshop 

0
; 

me contributors at the Center for Environmental Sciences and Enginee . 

of the University of Connecticut. At that workshop, a fundamental prin: 

emerged that was not considered in our previous paper (Table 1.3, number 3 
below). The theory of ecology is, in turn, embedded within an even broader 
theory mat encompasses all of biology {Scheiner 2010). As that broader the
ory continues to evolve it may alter the structure of or our understanding o£ 
this theory. 

The structure of theories 

Before we present our general theory of ecology, we must describe the es
sence of theory and its structure {Tables 1.1 and 1.2 ). Theories arc hierarchical 
frameworks that connect broad general principles to highly specific models. 

For heuristic purposes, we present this hierarchy as having three tiers ( a general 
theory, constitutive theories, and models); however, we do not suggest that all 
theories fit neatly into one of these three caregories. Rather, the framework 
will often stretcfi continuously from the-general to thHpCCifu.The three ti 
illustrate that continuum, and provide a useful way of viewing that hierar 

The definitions and principles of the genc~Q:!USZ!!:!$ h!i I 2 
a"frde variety of-more spccifiuo_nstitu~co.rics, which in cum con 
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f th . ·ncluding their components. A . hical structure o cones l • be 
Table 1.1 A hierarc th fr . k within which constitutive theoncs can 

th creates e amcwor d f 
general eory th ul s ~or building models. Convcrs y, tcsu o h. h . turn sets e r e u th 
articulated, w 1

' 
10 

. • and assumptions of its constitutive eory, 
ch 11 n e the proposmons cral 

models may a e g ul . h e in the fundamental principles of the gen 
h. h in turn may res t m a c ang 

w 1
' rr. ble 1 _2 for de6nitions of terms. 

theory. See 1a -
General Theory d 6 . . 

d . domain assumptions, framework, e nations 
Backgroun • • . . 
Fundamental principles: concepts, confirmed generalizations 

Outputs: constitutive theories 

~onstitutive Theory . . 

d d . assumptions framework, de6nat1ons Backgroun : omam, , 
. . . concepts confirmed generalizations, laws Propos1t1ons. • 

Outputs: models 

Model 

k d domain assumptions framework, definitions, propositions Bae groun : • • 

Construction: translation modes 

Outputs: hypotheses 

Tests: facts 

families of models. 1his view of constitutive theories as families of models is 
consistent with how theories arc treated across all of biology and in other sci
ences (van Fraassen 1980; Giere 1988; Beatty 1997; Longino 2002; Pickett 
et al. 2007; Wimsatt 2007; del Rio 2008; National Research Council 2008). 

Each theory or model applies to a domain. The domain defines the universe 
of discourse- the scope of the theory-delimiting the boundaries within 
which constituent theories may be interconnected to form coherent entities. 

~tiYCa:hcori~anm&~.,.Jsn d ; ft a a a nc Ct a ft h 

.phcnomcna.'lll,,necd.~plarariop ( e.g., Hastings Chapter 6; Sax and Gaines 
Chapter 10). Without such boundaries, we would be faced with continually 
trying to create a theory of everything. 

Nonetheless, we recognize that domains arc somewhat arbitrary concep
tual constructs and that theories or models may have overlapping domains. 
Changing the domain of a model can be a fruitful avenue for juxtaposing 
phenomena or processes that had been considered in isolation. For czample, 
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6 
. . f rms for the theory components in Table 1.1 (modifi 

Table 1.2 Defininons o ce Cd 

P·ckect et al. 2007). 
from 1 ----..... 

-- Definition 
Component ~ 
-- Conditions or structures needed to build a theory or model 
Assumptions 

Concepts 

Confirmed 
generalizations 

Definitions 

Domain 

Facts 

Framework 

Fundamental 

principle 

Hypotheses 

Laws 

Model 

Translation modes 

Labeled regularities in phenomena 

Condensations and abstractions from a body of facts that 

have been tested 

Conventions and prescriptions necessary for a theory or 

model to work with clarity 

The scope in space, time, and phenomena addressed by a 

theory or model 

Confirmable records of phenomena 

Nested causal or logical structure of a theory or model 

A concept or confirmed generalization that is a 

component of a general theory 

Testable statements derived from or representing various 

components of the theory or model 

Conditional statements of relationship or causation, or 

statements of process that hold within a universe of discourse 

Conceptual construct that represents or simplifies the 

natural world 

Procedures and concepts needed to move from the 

abstractions of a theory to the specifics of model, application, 

or test 

microeconomic theory uses three concepts-utility, income, and price-to 

understand consumer choices (Henderson and ~andt 1971; Mansfidd 

1979). Choices are assumed to maximize utility, subject to income and.price 

constraints. Behavioral ecologists study the economics of choice for nonhu
man animals and have applied conceptual constructs and mathematical mod
els from economics to understanding foraging ecology and space utilization 
(Stc~hens and Krebs 1986; see Sih Chapter 4). Recent examples of such bor-
rowmg of models across d · · I d h omams me u e t e use in ecology of maximum en• 
trodpy from ~ermodynamics theory (Harte et al. 2008; McRae ct al. 2008) 
an connccnvity mod I fi I . 

es rom e ectncal circuit theory (McRae et al. 2008). 
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All theories and models contain s~ elifying-1Wwnptions so as to focus 

ocher characteristics of a system. The problem with many assumptions is 

chat they are unstated, even subconscious. Making such assumptions explicit 

sometimes may change the focus of the theory. For example, a fundamental 

principle of ecology is that cco~ogical traits ~ough evolution, but ~early 

always chis is an unstated and ignored asswnpt1on. Models of community as

sembly usually ignore phylogenetic relationships among species. Recently. 

models that incorporate phylogenetic relationships have added substantially 

to our understanding of community assembly ( e.g., Kraft et al. 2007). 

Sometimes, such unstated assumptions can turn around and bite us. Most 

models of life history evolution assume that organisms can always adopt the 

optimal phenotype, instantaneously reallocating resources from growth to 

reproduction, and so ignoring evolutionary and developmental constraints. 

Ignoring this assumption led to predictions that were biologically improbable, 

e.g., an organism should allocate l 00% of its resources to reproduction one 

day after devoting 100% of its resources to growth ( Schaffer 1983 ), or an an

nual plant should switch multiple times between growth and reproduction 

(King and Roughgarden 1982). 

Principles and propositions 

When asked to describe a theory, we often chink of a set of broad statements 

about empirical patterns and the processes that operate within a domain. For 

the sake of clarity, we use different terms to refer to those broad statements 

when we speak of general theories (fundamental principles) versus when we 

speak of constitutive theories (propositions). In part, fundamental principles 

are similar to propositions. Each can be a .a;csp-'let,Je+,<8'.,__,.s) or a 

confumcd~~oiis of facts). They differ in that funda

mental principles are broader in scope, often encompassing multiple inter

related patterns and mechanisms. Because constitutive theories arc meant to 

guide the building of specific models, their propositions should be more pre

cise statements that represent the potential individual components of those 

models. 

Proposi t1onLci.fuiGAl1iii statements ofi rel niasship AF E?Pf?sie'l. The 

~ p.osi~.n;-ar:rhsr05thejurulamtiffiWflldillP!i bl &i@;Ua I ; J . 

m~ c or e general theory of ecology, some of the principles involve 

patterns, others involve processes, many involve both (sec below). Thus, the 

causal linking of process and pattern, the lawlike behavior that we look for in 

theories, occurs through the propositions of the constitutive theories. 

Laws reside within constitutive theories, and not as part of the general the-
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ory, because no single law is required for the construction of the models in all 

of ecology's subdomains. Several chapters show, however, that ecology is rich 

in laws that hold within more limited domains (see discussion in Willig and 

Scheiner Chapter 1 S ). A brisk debate has occurred over whether ecology has 

any laws at the level of its general theory (e.g., Lawton 1999; Murray 2000; 

Turchin 2001; Berryman 2003; Simberloff2004; O'Hara 2005; Pickett et al. 

2007; Lockwood 2008), which is related co the debate about laws across all of 

biology (e.g., Beatty 1997; Brandon 1997; Micchcll 1997; Sober 1997). The 

continuing search for such laws is an important aspect of a theory's evolution. 

The reaction of many co confirmed generalizations is, "Well, isn't that obvi

ous?" In reality, che answer is no. Often such generalizations are obvious only 

after their explication. w cralizacions serve as reminders-.about assumptions 

~antainerl in lower-Jevettheories or modds. f or example:, a fundamental prin

ciple in ecology is tharccologkal processes'<lepcnd·on.,.con~eiuff~ (see be

low). Yet many ecological 'theories and models are deterministic and ignore 

the role of contingency or stochasticity in molding patterns and processes 

in nature. Deterministic modds--are-not-wrong, just_potennally incomplete. 

Sometimes ignoring contingencies has no effect on model predictions. At 

other times, che consequences can be profound. As the statistician George E. 

P. Box is reputed to have said, "Essentially, all models are wrong, but some: are 

useful." 

Fundamental principles keep prodding us to test assumptions. For exam

ple, one fundamental principle tells us that species are made up of individuals 

that differ in phenotype. Nonetheless, many ecological theories assume that 

species consist of identical individuals. Although this is a dfifdl'ffillplilicarion 

in many instances, it is important to be reaJ!!!.ded continualll~bout this as

sumption and its consequences to predictive understanding. Similarly, many 

of the fundamental principles consider variation in the environment or species 

interactions, yet many constitutive theories or models average over that varia

tion ( Clark 2010 ). 

Not all assumptions within a constitutive theory derive from the funda

mental principles of its general theory. Some assumptions derive from other 

domains. ~pSoh~ takCILllllchangedii:om another-do~ 

.k,r: I •--dun,a,mcory. For example, all constitutive theories in ecol

ogy take as given the conservation of matter and energy, fundamental prin

c~pJes from the domain of physics. We take as given the fundamental prin

cipl~ _of any other general theory. As such, we recognize the general tenet of 

co,nsilience: i i lilicffi.bf scienti.6c theories must be consistent with each 

P(WheweU 1858). The decision to explicitly include such assumptions 

as fundamental principles within the theory under consideration depends on 
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h 
ther those assumptions arc subject to test within that theory. Since no 

w e · f · 1· 'd theory in ecology would ever test the conscrvaaon o matter, it 1cs outs1 e 

those theories. 
lheo,ries may clash, but ti:cwlashe., indicate foci of~ thaudnncc 

understanding. In general, theories inhabiting diffcre~t domains will ~ot 

I h directly, although results from one domain can pomt to problems with 

~:ories in ocher domains. For example, studies of geographical distributions 

of clad es of organisms within the domain of historical biogcography became 

. ortant evidence for the theory of continental drift, a part of the domain 
imp d c al h . 1 . d' . 
of geology. In that instance, the nee ror a caus mcc arusm to exp am 1Stn• 

bution patterns was a factor that led to the development of new fundamental 

principles in another domain. 

Models 

At the lowest level of our theory hierarchy are models. Models arc where the 

theoretical rubhcunccts the empirical road. Many ecological theories arc just 
~ h models. Although scientific theories encompass a wide variety of types 

of models, including physical models ( e.g., Watson and Crick's ball and wire 

model of a DNA molecule), in ecology we generally deal with abstract or con• 

ceptual models. These models may be analytic, statisti§l:or computati_pnaL A 

Models are where predictions arc made and hypotheses arc tested. Those 

predictions can run the gamut from general qualitative predictions { e.g., in· 

creases in primary productivity will lead to increases in species richness) to 
very specific quantitative predictions { e.g., an increase in soil nitrogen of 

5 ppm will result in an increase in average species richness of 4.3 species). The 

prediction can be a point estimate if the model is deterministic, or it can be a 
distribution of values if the model is stochastic. The models that make those 

predictions can be very simple {e.g., equation 7.1 in Holt Chaptcr7) or highly 

complex ( e.g., figure 12.4 in Peters ct al. Chapter 12 ). A particular constitutive 

theory can encompass many different types of models. Because general theo• 
ries consist of families of models, they very rarely rise or fall based on tests of 
any one model. Alternative or competing models exist within most theoretical 

constructs in ecology ( e.g., Pickett ct al. Chapter 9) allowing a single theory to 
encompass a diversity of phenomena. 

Recognizing that what is often labeled as a theory is but one modd within a 
larger theory can help to clarify our thinking. For example, Scheiner and Willig 
(~005) assembled an apparently bewildering array of 17 modds about species 
richness gradients into a framework built on just four propositions. A similar 

. process of clarification can be found in Chapter 8, where Leibold shows that all 
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. cy theories can be captured within a single fram 
mecacommunt h CWork of' 

. . . amount of interpatch eterogeneity and disp al JUst~ 
characcensncs. , ers rat a 

. chis book provide further examples of model unificat' c. Otlict 
chapters m ak h Id . ion, 1h • 

f 
del unification has begun to t e o m other areas of I lS Pra.. 

cess o mo 'th M G'II' Ceo ogy ( 
McGill 2010). We disagree, ~owever, w1 c I s claim that to be untg.• 

Cain ,·ust a single model. Rather, a strength of 6tc1 
a theory can con · . . our appro 

ch 
•fication is che ability of a theory to embrace mod I d' ac1' 

co eory um . . f . e tvcrs· 
Because theories often consist of f~ihes O mo~elsa ,poJSn~•- ltJi 

.b . •scent or even contrad1ctorY,, Sometimes, such ineme· "'-d .. 
els to eJnconst . . . . • ~--,v;n . 

. thauequirc addmonal cmpmcal evaluanon or model d ""t-
~ ro ~ ~~ 
' But sometimes contradictory models can be main.tain.cd -1:i~c-b 'dr~ 

ment. fuI d "'~~s1 c 
b th 

rve different functions or arc use un er different c~ . 
ecause ey se - . . s. 

l . ome physics models, light 1s treated as a particle and , .L 
For examp e, m s tn o~ .. 

There is no need co insist that contradictory models aJ... L 
ers as a wave. . . ..ays uc 

.1 d chat one always prevail. Instead, tlus apparent concradictt'o • 
reconc1 e or n IS 

resolved at a higher level in the theory hierarchy by a more general theory, fo, 
example one chat allows for both wave-like ~d particl~-l~e behavior ofligh~ 
The apparently contradictory models are built from differing sets of proposi

tions arising from different assumptions and thus refer to different domains, 

In a similar fashion, constitutive theories can be contradictory if they arc built 

with different assumptions. 

The domain of ecology 

The domain of ecology is the.JP.atial and-tcmpo~ stti!ltion . 

"aii"liabundance of_organisms, including causes and consequences. Although 

our definition of the domain spans the definitions found in most tcxtboo~ 

(Pickett et al. 2007; Scheiner and Willig 2008 ), it differs in two respects. First, 

our definition mchllfes ilie_phenomena to beundcrstOO<t( i.e., spatial and tern~ 

poral patterns of the abundance of organisms) arul.Jh_c.causcs of rh~ e
nomena. Some definitions include only the latter (i.e., interactions of organ

isms and environments). Second, and most strikingly, our de.finitioJ:J...~fnidt 
includes the study of the consequences of those phenomena, such as the Bux 
of matter and energy. · 

In general, the domain of a theory defines the objects of interest and their 

~haraccer~tics: Ec_o~ogical theories make predictions about three types of ob
Jects: species, mdividuals, and traits or consequences of individuals. Parts. of 

ecology (e.g., ecosystem theory) also make predictions about fluxes and pools 
of dcmcnts and energy. Ho ha ak ch · wever, w t m es ese theories part of the do-
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ain of ecology is that those fluxes and pools arc controlled or affected by the 

m . • · s abundances and distribution of organisms. ~theyeft'c.ggtept ... 

act1VltlC , ' . , . . . 

enccs of species individuals, or the traits of andividuaJs. OtherwlSC, 

consequ ' 

tem theory would reside firmly in the domain of the gcoscicnccs. 

ecosys 
All three types of objects share an important property, tariahility {sec be-

low). This collection of objects distinguishes ecology from other related and 

overlapping domains. The theory of~lution makes predictions-about ,pc

cies-and the traits o£inmviduaJs} Its domain differs from that of ecology in that 

redictions are always about collections ofindividuals ( e.g., gene freqatni:W~ 

:ever about a single individual. In contrast, theories in ecology may make pre

dictions about either collections of individuals or a single individual (e.g., Sih 

Chapter 4). Because a given object may be part of multiple domains,:iandcr

standing-ofthat wecc-and its eharacteristics depends on examining it within 

the context o£a1Lof those domains. 

Just as a general theory has a domain, each constitutive theory or particular 

model has a domain. Explicitly defining each such domain is important for 

two reasons. First, a domain defines the most central or general topics under 

investigation. Second, a dear definition indicates which objects or phenom

ena are excluded from consideration. Many protracted debates in ecology have 

occurred when proponents or opponents of particular theories or modds have 

attempted to make claims that faII outside a theory's domain. For example, the 

extensive debates over the causes oflarge-scale patterns of plant diversity (e.g., 

Huston 1994; Waide et al. 1999; Mittdbach et al.2001; Mittclbach et al. 2003; 

Whittaker and Heegaard 2003) are based on extrapolating to continental and 

global scales, models chat are valid only at a regional scale (Fox ct al. Chapter 13 ). 

Overlapping domains 

The d~main of the theory of ecology overlaps substantialiy with several ocher 

do~ams (Scheiner 2010). Of course, a11 scientific domains overlap in some 

fashion, but we speak here of those domains that make predicu· · b 

f th . 
ons a out some 

~ e same ob1eccs of study as does the theory of ecology, or constitutive cheo-

nes chat use fundamental principles from ocher domains. A constitutive the

oz can straddle two or more general theories if some of its models ultimately 

a res~ a c~ncral question of each general theory. One way to decide whether 

a_ cons~t~nvc theory straddles two general theories is to consider the assump 

~ons o o~e ge~cral theories. If the constitutive theory simply accepts all o; 
e assumptions m a particular general ch d . 

chem it lik 1 . eory an never questions or tests 

' e y is not a member of that general theory. 
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A corollary of the previous statement is that any given model of necessity 

q plorCS"Q~ ne or more o£che assumptions, fiindaffientilpniiciplCSl0 r 

propositions-.otatheor-y. For example, a continuing issue in ecology concerns 

the identity of parameters that can be treated as constants and those that 

need to be treated as variables in a particular theory or model. If a parameter 

is treated as a constant, the average value of that parameter is assumed to be 

sufficient because either the variation has no effect or acts in a strictly additive 

fashion relative to the causative mechanisms under examination. 

In some instances, ecologists make assumptions without ever testing them. 

For example, it is reasonable to assume that we can average over quantum fluc

tuations (from the domain of physics) in ecological processes. On the other 

hand, the physiological variations that occur in a mammal so as to maintain 

body temperature (from the domain of the theory of organisms) (Scheiner 

2010; Zamer and Scheiner in prep.) may matter for ecological processes and 

should not be averaged in some instances. For example, basal metabolic rates 

in large mammals can vary substantially between winter and summer. Failure 

to account for this variation can seriously overestimate winter energy expen

ditures and underestimate summer energy e>..J>enditures and the concomitant 

consequences for food intake requirements (Arnold et al. 2006). 

A subdomain can overlap two domains. For example, ecosystem science has 

some constituent theories that are part of ecology and some that are part of 

the geosciences. Such overlaps can extend to the level of individual models. 

For example, foraging theory (Sih Chapter 4) contains some models that are 

ecological, others that are evolutionary, and others that are both. 1his sharing 

of subdomains shows that the boundaries of domains are not distinct and can 

be somewhat arbitrary. 

A domain as defined by a general theory, constitutive theory, or model 

should be a coherent entity. Some named areas are not domains, buc collec

tions of domains. For example, evolutionary ecology consists of a set of con

stituent theories, some of which are within the domain of the theory of ecol

ogy and others that are within the domain of the theory of evolution. 

The fundamental principles of ecology 

The general theory of ecology consists of eight fundame ta1 . . 1 

(Ta~leth1.3)1.9Ththe roots of these principles can be traced to the :rigu!:r:~c~~o: 

ogy m c century. They we . 1 d . 

were reccndy codified th rem p ace an widely accepted by the 1950s, 

Willig2008) and _as e components of a general theory (Scheiner and 

. • commue to evolve ( com are thi . 

dufcrent versions in Scheiner and Will· p s treatment with somewhat 

. ig 200S, and Scheiner 2010). In par• 
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Table 1.3 Eight fundamental principles of the general theory of ecology (modified 

from Scheiner and Willig 2008; Scheiner 2010) 

J. Organisms are distributed in space and time in a heterogeneous manner. 

2. Organisms interact with their abiotic and biotic environments. 

3. Variation in the characteristics of organisms results in heterogeneity of 

ecological patterns and processes. 

4. The distributions of organisms and their interactions depend on contingencies. 

5. Environmental conditions as perceived by organisms arc heterogeneous in space 

and time. 

6. Resources as perceived by organisms arc finite and ~etcrogeneous in space and 

time. 

7, Birth rates and death rates arc a consequence of interactions with the abiotic 

and biotic environment. 

8. The ecological properties of species arc the result of evolution. 

ticular, we have added an eighth fundamental principle {number 3), so that 

the numbering of this set differs somewhat from our previous list, and revised 

the wording of several others. 

Jiderogeneous ~ W»J 

The first fundamental principle-the heterogeneous distribution of organ

isms-is a refinement of the domain of the theory of ecology. The heterogene

ity of distributions is one of the most striking features of nature: all species 

have a heterogeneous distribution at some if not most spatial scales. Thus, this 

principle encompasses a basic object of interest, is its most important prop

erty, and serves to guide the rest of the theory .• £31 di dtt• pa 3 
~ ry_J>f:ecolo~o either explain this~ . re 

it! con.st:.q.u.cn~ Arguably, the origins of ecology as a discipline and the first 
ecological theories can be traced to its recognition (Forster 1778; von Hum

boldt 1808). This heterogeneous distribution is both caused by and a cause of 

other ecological patterns and processes. 

Environmental interactions 

The second fundamental principle-interactions of organisms-iocludts 
within it the vast maj~rity of ecological processes responsible for h~ 
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ity in time and space. They include both intraspecific and interspecific inter

actions such as competition, predation, and mutualism, as well as feedbacks 

between biotic and abiotic components. Within this principle, particular 

interactions that are part of constituent theories act to elaborate the general 

theory (see later chapters). Many definitions of ecology are restatements of 

this principle (Scheiner and Willig 2008). 

Variation of organisms 

The third principle-the variation of organisms-is the result of processes 

that derive from the theory of organisms (Scheiner 2010; Zan1er and Schei

ner in prep.). Ecological theories make predictions about the characteristics 

or aggregate properties of species, individuals, or traits. The majority of eco

logical theories make predictions about species or collections of species ( e.g., 

species richness of communities; see Chapters 8-10, 13, 14). Some theories, 

such as population ecology and behavioral ecology, concern themselves with 

predictions about individuals or collections of individuals ( e.g., numbers of in

dividuals in a population; see Chapters 4-8). Some theories make predictions 

about the properties of individuals or species ( e.g., body size distributions; see 

Chapters 4, 5, 8, 10, 13, 14). Finally, some theories make predictions about 

the aggregate properties of individuals or species ( e.g., ecosystem standing bio

mass; see Chapter 11 ). 

Groups of species or individuals share the property that the members of 

those groups differ in their characteristics, even though many theories and 

models assume invariance. For example, one of the most common hidden as

sumption in models of species richness is that all individuals within a species 

are identical (e.g., Fox et al. Chapter 13). Such assumptions may be reason

able for the purposes of simplifying models. Violations of this assumption may 

not substantially change predictions. However, in some cases relaxing this as

sumption has led to substantial changes in predictions. For example, wlien the 

chances of survival are allowed to vary among individuals within a popula

tion, treating all individuals as identical turns out to substantially misestimate 

the risk oflocal extinction from demographic stochasticity; depending on the 

model used for reproduction, treating all individuals as identical can over- or 

underestimate that risk (Kendall and Fox 2003 ). 

Contingency 

lhe fourth fundamental princip' · h · · 
. . ~e-contmgency- as grown m importance 

m ecological theory and now atp,n · 'd · 
rears m a WJ e vanety of constituent theories 
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d models. By contingency we mean the combined effects of two processes-

an d ess and sensitivity to initial conditions. Contingency is an important 
ran omn 

f the heterogeneous distribution of organisms, both at very large and 
cause o 
very small extents of time and space ( e.g., a _seed lands_ in one sp~t ai:'d ~ot 

another; a particular species arises on a particular contment). Tuts prmc1ple 

exemplifies the dynamic nature of a theory. A theory is constantly evolving, 

although substantive change typically occurs over decades. One hallmark of 

that dynamic is the emergence of new principles, such as this one, which arose 

during the 1960s to 1980s. 

Heterogeneity of environmental conditions 

The fi.fih fundamental principle-environmental heterogeneity-is a conse

quence of the interaction of processes from the theory of organisms and the 

theories of earth and space sciences when the environmental factors are abi

otic, as well as the consequences of the second principle when chose factors are 

biotic. For example, seasonal variation in temperature is the result of orbital 

properties of the Earth, whereas a variety of geophysical processes create het

erogeneity in environmental stressors like salt ( e.g., wave action near shores) or 

heavy metals (e.g., geologic processes chat create differences in bedrocks). This 

principle is part of many constituent theories and contains a broad class of un

derlying mechanisms for the heterogeneous distribution of organisms, as seen 

in many of the constitutive theories presented in chis book. As with the second 

principle, particular mechanisms pertain to particular constituent theories. 

Finite and heterogeneous resources 

The sixth principle-finite and heterogeneous resources-is again a conse

quence of processes from the theory of organisms, and the theories of earth 

and space sciences or the second principle. Although variation in resources is 

similar to variation in environmental conditions, a fundamental distinction 

is the finite, and thus limiting, nature of these resources. Unlike an cnviron

me~t~ condition, a resource is subject to competition. For example, seasonal 

variation in light and temperature are caused by the same orbital mechanisms 

but light is subject to competition (e.g., one plant shades another) wherea: 
~emperature is a condition and not subject to competition. This distinction 

:n the nat~re ~f environmental factors with regard to competitive processes 

an result m different ecological outcomes. For example, a-diversity in plant 
comm · · · hi h · t-'"" 
. unities ts g m warm deserts and low in arctic tundra because diversity 

m warm deserts is controlled by water, a limiting resource, whereas diversity 
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in arctic tundra is controlled by temperature, an environmental condition 

(Scheiner and Rey-Benayas 1994). Whether a particular environmental fac

tor is a condition or a resource can be context dependent. For example, water 

is sometimes a resource subject to competition ( e.g., plants in a desert) and 

sometimes a condition ( e.g., fish in the ocean). Some heavy metals ( e.g., man. 

ganese) can be limiting to plants if at low levels, so acting as a resource, and be 

toxic at high levels, so acting as a condition. 

Birth and death 

The seventh fundamental principle-the birth and death of organisms-is 

the result of processes that come from the domain of the theory of organisms 

(Scheiner 2010; Zamer and Scheiner in prep.). One of the fundamental char

acteristics of life is reproduction. While birth comes about through cellular 

and organismal processes, such as fertilization and development, the rate that 

it occurs depends on interactions of an organism with its environment, such as 

the uptake of nutrients or mating. 

Similarly, a defining characteristic oflife is that all organisms arc mortal. By 

"mortal" we mean that no organism is invulnerable, i.e., any organism might 

die as the result of predation, stress, trauma, or starvation. Thus, the rate of 

death depends on environmental interactions. We do not mean that all or

ganisms senesce. The senescence of organisms, a decrease in function or fit

ness with age, is a more narrow version of this principle that would apply to 

particular constituent theories. This fifi:h principle forms the basis of a large 

number of constituent theories concerning phenomena as wide ranging as life 

histories, behavior, demography, and succession (e.g., Chapters 4, 6, and 9). 

Evolution 

The eighth principle-the evolutionary cause of ecological properties-is the 

result of processes that derive from the theory of evolution. The inclusion of 

evolution w~thin ecological thinking was an important outcome of the Mod-

ern Synthesis. Although evolutionary thinking ab t l . al 

b k 
ou eco ogic processes 

goes ac at least to Darwin (1859), evolutionary thinking had b . fl 

enc~g e~ology widely since at least the l 920s ( Collins 1986; Mitm:nl ;2)
and JtS widespread acceptance occurred primarily in tbe latter half of th 20th' 

century. The acceptance of this • . J l e 

ecology (Sih Chanter 4) d pculmc~p e ed to such disciplines as behavioral 

. r an pop at10n biolo d . 
misc of the Clementsian gy, an conrnbuted to the de-

This principle illustra~:~::r!anis1:1 ~eory ( Clements 1916, 1937). 
eories m overlapping domains can interact 
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with each other. One
1 
of the fundamental principles of the theory of evolu

tion is chat evolutionary change is caused primarily by natural selection (Mayr 

1982; Scheiner 2010). Fitness differences among individuals, a key compo

nent of the process of natural selection, arc caused in large part by ecological 

processes. So ecology drives evolution, which in turn determines ecological 

properties. 

Overview 

This chapter only begins to delve into the many issues chat relate to theory 

structure and development in ecology. For a much more comprehensive dis

cussion, we recommend Pickett et al. (2007). One purpose in articulating a 

eneral theory is to clarify chinking, bringing co the fore aspects of science that 

~ay not be recognized consciously. For example, it is notable that five of the 

eight fundamental principles arc about variability. Although ecologists some

times decry the variation among the entities that they study and claim that 

such variation prevents the development of laws or predictions, we suggest 

that progress in ecology requires that ecologists embrace this variation and ex

plicitly encompass it in theories. More important, recognizing that variation 

i is a pervasive property of our discipline helps explain why ecologists some

times have difficulty communicating about ecology to colleagues in other dis

ciplines, where the focus is on the shared properties of organisms rather than 

on their variability. 

From the general overview of the theory of ecology given here, Chapters 2 

(Kolasa) and 3 (Odenbaugh) consider the role that theory has played in ecol

ogy from the perspectives of a practicing ecologist and of a philosopher of 

science. Then, the eleven chapters that make up the heart of the book delve 

into the theoretical underpinnings of a broad range of ecological subdisci

plines. Each of chose chapters develops a constitutive theory by identifying 

the domain of the theory, listing its propositions, explaining the structure 

of the theory, and exploring one or more models chat can be derived from 

that theory. In doing so, they show how theory formalization enhances our 

understanding of the theory and improves our ability to build models. Finally, 

we provide a brief synthesis chapter highlighting the linkages among the con

stitutive theories and exploring their similarities and differences in approach 

to theory development and structure. 

Throughout the process of developing and articulating the gcnebl theory 

and the constitutive theories of ecology, we have been impressed by how of

ten the statement and full consideration of the seemingly obvious can lead to 

deep insights. The chapters that follow demonstrate that process. Our hope-is 
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\8 .
11 

stibstantially improve how we do our sci· 
. ·ghts w1 cncc E. I 

that such 11151 tl seemingly endless variety of their scicnc .' co 

d 
ir over 1e . c W1th 

0
ften espa 1he theories discussed m this book pres no 

hing structure. cnt a Criti 
overarc . f , g chat structure. 
of steps in uni yin 
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