
Introduction

The empirical basis of objective science has thus nothing ‘absolute’

about it. Science does not rest on solid bedrock. The bold structure 

of its theories rises, as it were, above a swamp. It is like a building

erected on piles. The piles are driven down from above into the

swamp, but not down to a natural or ‘given’ base; and if we stop

driving the piles deeper, it is not because we have reached firm

ground. We simply stop when we are satisfied that the piles are firm

enough to carry the structure, at least for the time being. 

Sir Karl Popper 1968. The Logic of Scientific Discovery, 

p. 111

1

PREDICTION IN ECOLOGY

All species need to predict features of their environment or they

will not survive. Capacity for prediction could be a basic genetic

program as a fixed response to environmental cues or prediction

could be the capacity to learn from the environment. Successful

forecasting of ecological properties is the hallmark of evolu-

tionary success; matching environmental and ecological context

to resource needs for reproduction and survival is a requirement.
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Prediction is innate, and ecological prediction was required for

hominid survival throughout most of our history. Humans

(Homo sapiens) have attained the ability to predict the environ-

ment better than any other species (at least on the short term)

and, subsequently, have become the most successful single species

of herbivores, predators, and competitors, dominating most

ecosystems on Earth.

The desire to predict is a deep-seated component of human

nature, and scientists have formalized this desire to the greatest

degree in human endeavors. The ultimate goal of many scien-

tists is to be predictive at the broadest possible temporal and spa-

tial scales. The importance of understanding to science has also

been stressed (Pickett et al. 1994); understanding can help pre-

dict mechanisms as well as patterns. Prediction is generally

viewed by scientists as more rigorous than the accommodation

of explaining past patterns (Lipton 2005). Thus, prediction holds

a special place in the goals of science.

Levins (1966) suggested that inherent trade-offs in prediction re-

quire that any one of three strategies to study natural systems can

be sacrificed to pursue two others: (1) sacrifice generality to realism

and precision, (2) sacrifice realism to generality and precision, or (3)

sacrifice precision to realism and generality. If we assume realism

is essential to ecological studies and the goals of prediction are to

maximize accuracy and precision, that leaves the first and third

strategies. If Levins is correct about trade-offs, general laws with

predictive power should be difficult to come by. If laws provide pre-

dictability at the broadest scales, they will have high scientific value.

The more complex a system, the more difficult it is to find sim-

ple mechanisms controlling processes. Ecology is one of the most

complex fields of science, and by extension, simple laws that can
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be used to make relevant predictions are more difficult to come

by in ecology than in some other fields. Despite this difficulty,

identification of laws as a foundation of ecology may be useful

because formulation of basic principles can clarify the scientific

basis for ecological theory and application.

Relevance of science to human needs is not necessarily directly

related to predictive ability of a particular scientific field. Math-

ematics and physics are probably the strongest branches of science

with regard to generality and accuracy of prediction, respectively.

However, the specific relevance of advanced mathematics or

physics to predictions that humans want to make is often indi-

rect, and mathematics and physics of 200 years ago are adequate

for many predictions we want to make. Conversely, the specific

relevance of many current biological problems, human health, for

example, is highly pertinent to humans. Though predictive abil-

ity is moderate for many health issues (e.g., how likely a person

is to recover from a specific cancer), human investment in the

science to allow even minor improvements in prediction related

to health issues is substantial.

As with all biological sciences, the field of ecology needs to deal

with complex systems. Ecology is the most complex biological sci-

ence because it requires consideration of all levels of biological

organization from genes to global ecosystems. Furthermore,

there is a historical context (evolutionary and otherwise) for each

ecosystem. There is an ongoing attempt by practitioners of ecol-

ogy to untangle ecological complexity (e.g., Maurer 1999). The

stakes are high because many issues in ecology—global climate

regulation, production of natural resources, conservation of eco-

logical services, and preservation of species—are of great interest

to humanity (Dodds 2008).
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Since its inception, the field of ecology has been home to debate

over the existence of ecological laws and principles and possibili-

ties for prediction, and the theme of laws in ecology has periodi-

cally reappeared in ecology literature. Particularly relevant to this

book, a group of recent publications address the controversy of

whether laws exist in ecology (e.g., Lawton 1999, Murray 2000,

Turchin 2001, Colyvan and Ginzburg 2003, Lange 2005, O’Hara

2005, Scheiner and Willig 2007, Lockwood 2008).

In the early days of ecology, some scientists were unafraid of

claiming generality, whereas others felt laws were difficult to sup-

port (McIntosh 1985). For example, rules erected around succes-

sion theory by some North American ecologists reflected the idea

that predictable changes occurred in ecological communities that

could be described by a series of laws or rules of assembly. Euro-

pean phytogeographers made similar attempts at generality. The-

oretical ecology blossomed during the middle of the 20th century;

numerous investigators published broad predictions that received

substantial, uncritical support (e.g., diversity-stability arguments,

island biogeography, species-area relationships, the role of com-

petition in communities). One influential text that undoubtedly

influenced the theoreticians, Fundamentals of Ecology, (Odum

1959) proposed a series of principles or statements on which ecol-

ogy is built. Thus, in the early 1970s, ecology was a field full of

promise with sweeping generalizations on the horizon and tech-

nology (computers, complex modeling, new sensing equipment

from satellites to small-scale sensors) to explore this new territory

and the terrain beyond.

As ecology matured as a science, criticisms of lack of experi-

mental and statistical rigor decreased the degree of uncritical sup-

port for general theories. Lack of statistical rigor was a common

Introduction / 4

UCPB007-Intro_01-20.qxd  03/27/2009  11:31  Page 4 Aptara



problem in many studies (Hurlbert 1984). The role of competi-

tion in structuring ecological communities came under intense

scrutiny. It was assumed by many scientists up to this time that

competition was the primary factor structuring ecological com-

munities. This assumption allowed scientists to construct assem-

bly rules based on observed patterns. However, these rules were

rarely based on direct experimental evidence, and more com-

monly on observations of existing patterns. Some scientists argued

it cannot be assumed that competition occurs between any two

organisms without rigorous experimental testing of the rela-

tionship; others argued that competition is a central force struc-

turing ecological communities (e.g., Connell 1983, Schoener

1983). An extension of the debate over the specific role of com-

petition in structuring plant communities exemplifies the con-

tinuing debate over the role of competition and its ecological im-

plications (Craine 2005, 2007). Such dialog strengthened the

experimental side of ecology but did little to establish the com-

prehensive theoretical basis required for a scientific field of study.

The debate probably caused some to shy away from proposing

laws in ecology.

In one of the strongest attacks on the status quo of contempo-

rary ecology, A Critique for Ecology, R.H. Peters (1991) claimed

that a major failure in much current ecology is the lack of pre-

dictive ability. He classified many major ecological statements as

(1) trivial and obvious, (2) truisms, (3) tautologies, or (4) useless

because their exception rate is too high. Although this assessment

may be excessively pessimistic, Peters’ points merit close consid-

eration. He claims that predictability is central to success in sci-

ence and that ecologists, for the most part, have not clearly de-

lineated a scientific approach that can provide reproducible and
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general prediction. It is easy to be pessimistic about the inability to

find general patterns and predict ecological responses given the

variance and complexity inherent in ecological systems. Pickett et

al. (1994) make a good case that progress will be much slower if

empirical patterns are the only method for scientific prediction, and

that creation of disciplines and subdisciplines and subsequent in-

tegration moves the field forward. Exploring the potential for laws

occurring in the science of ecology can be useful for describing what

we know; so much the better if these laws can be used to predict

ecological phenomena and build ecological theories.

WHAT SHOULD WE EXPECT FROM LAWS?

Here, the possibility is explored that there are fundamental laws

in ecology. Even though the field of ecology is as notorious as any

other for semantic obfuscation, exploring the meaning of words

and establishing a common language is a necessary first step to

building a theoretical foundation. Webster’s collegiate dictionary

(1975) contains the following definitions of relevant terms that

can serve as a starting point for discussion. The definitions have

changed little over the last 30 years; the current Merriam-Webster

online definitions are the same. At the end of this Introduction,

I provide my definition of a law.

Law: a statement of an order or relation of phenomena that so

far as is known is invariable under the given conditions

Principle: a comprehensive and fundamental law, doctrine, or

assumption

Theory: a plausible or scientifically acceptable general princi-

ple or body of principles offered to explain phenomena
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Theorem: an idea accepted or proposed as a demonstrable

truth often as a part of a general theory

Proposition: a theorem or problem to be demonstrated or per-

formed

Axiom: a proposition regarded as a self-evident truth

Postulate: a hypothesis advanced as an essential presupposition,

condition, or premise of a train of reasoning

Mechanism: the fundamental physical or chemical processes

involved in or responsible for an action, reaction, or other natu-

ral phenomenon (as organic evolution)

Tautology: a statement that is true by virtue of its logical form alone

Contingency: something liable to happen as an adjunct to

something else

Constraint: the act of being forced by imposed stricture, re-

striction, or limitation

These definitions are but one way to view the relevant con-

cepts. In this section, I discuss which of these definitions will be

used and how they are modified in this book. Of the concepts con-

veyed in these definitions, I think law and principle best describe

terms that form the basis for an underpinning of scientific study.

The term law seems stronger to me than the term principle.

O’Hara (2005) suggests principles are less rigorous than laws and,

as opposed to laws, are sufficient for ecologists. Ecology should

not settle for less rigor, but given the dictionary definitions listed

previously, it is difficult for me to distinguish a large difference

between principles and laws. The definition of principles includes

not only laws but also doctrines and assumptions. Laws also have

assumptions. I suggest for the sake of simplicity that law is as good
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a term as any to signify the basis of a scientific field, and this term

is used to further examine some ideas about what constitutes a law.

Philosophers of science are generally unable to produce a com-

monly agreed on definition of what constitutes a law (Cooper 2003).

Some even doubt the existence of laws at all (Giere 1999). The ar-

gument goes like this. A law must hold universally and there is no

law that does that. Take for example the law of gravitation, which

is one of the most widely accepted laws. For the law to be exactly

tested, there must be two precisely spherical bodies under no in-

fluence from any outside force. Because there is no place in our uni-

verse where the gravitation of other bodies has no influence and

no perfectly spherical objects, there is no place where the law of

gravitation can be tested in its pure form. Currently, this view of

no laws is in a minority, but it brings up the very important point

of what degree of contingency or wiggle is acceptable in a law.

The debate will mostly be avoided in this book, but briefly cov-

ered here. I will use the general idea from Carroll (1994) that a

law of nature is true, contingent, and general. It is important to

recognize that some degree of contingency is acceptable in a law.

The problem with contingency is that the degree of generality is

limited, so the question of how general or universal a law needs

to be to really qualify as a law remains open. Carroll (1994) rec-

ognizes potential problems with universality. With respect to laws

in biology and ecology, we only know of life on our planet, so bi-

ological laws may well be universal, but we do not know for cer-

tain if universality is the case. The degree of acceptance of loss of

generality to specific contingencies is subjective and thus what is,

and what is not, a law is by definition subjective.

Various terminologies have been proposed to define the

foundation of ecology. Turchin (2001) discusses some of these
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alternatives to the definition of laws in ecology, claiming that

elementary propositions accepted without proof are postulates,

and these can be used to derive theorems. Axioms have a defini-

tion similar to what Turchin calls elementary propositions. What

Turchin (2001) defines as theorems and axioms are included in

what I define as laws. The basis of each law (e.g., if it is axiomatic)

will be discussed when each law is presented.

Brown et al. (2003, p. 410) suggested that a scientific law de-

pends on the requirement that the mechanistic process and the

conceptual framework behind the process are “universal or very

nearly so.” Such a requirement specifically discounts empirical

patterns that are observed frequently but cannot be explained

mechanistically. Mechanisms and axioms provide building blocks

for laws or principles. Empirical patterns may have high statis-

tical significance, but without mechanism, they remain mere ob-

servations. An observation such as the parabolic flight of a thrown

ball is consistent and predictable, but it is not a law; laws of grav-

itation and motion lead to prediction of the predictable pattern.

We are on slippery ground if we require an absolute funda-

mental mechanism as a basis for a law (Ginzburg and Colyvan

2004). Although a few would argue the utility and predictive

power of the law of gravity, this is also a good example of a law

in which the fundamental mechanism is not understood.

Isaac Newton recognized the law of gravity. But he never

understood it. He never could explain it. Neither could Albert

Einstein. Even today, neither can we. Still, all of us believe in

gravity. None of us is ready to take a leap off the Eiffel Tower

in hopes that gravity is merely a weak empirical generalization

and not a law of the universe. 

Rosenzweig (2003, p. 141)
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A law requires a mechanism, but ultimately, the mechanism does

not have to be completely understood.

I assume (1) an ecological law is a statement of an order or re-

lation of phenomena that so far as is known is invariable under

the defined conditions and (2) the mechanistic process is known

or that the law is axiomatic (self-evident). Mechanisms behind

ecological laws can be taken from biological or other sciences but

axioms or tautologies (self-evident truths such as mathematical

identities and statements that must be true by logic alone) are also

necessary to form many laws. My concept of laws does not include

“probabilistic laws” (Pickett et al. 1994); the equivalent of “prob-

abilistic laws” will be considered as strong patterns and are es-

sential for combining with laws to build ecological theories as pre-

sented in Chapter 2. After more formally considering properties

of laws, I will make a more explicit operational definition of laws.

It is useful to consider what is widely accepted as a scientific

physical law to explore the features of what is and is not accepted

as a law in science. The law of gravitation discussed previously

is a good example for several reasons that are pertinent to dis-

cussion of laws in ecology: (1) it is accepted as a useful predictive

law by a vast majority of scientists, and a simple equation can be

written (relating the mass of two objects and the distance between

them to the force of gravitation) to predict a physical character-

istic of nature; (2) it holds precisely only under conditions that are

not ever exactly met (e.g., absence of friction or absence of out-

side influences); (3) the actual forces that cause gravity are not

completely understood (the law is axiomatic, it assumes that there

is some force called gravity without proving the mechanism); and

(4) some simple problems that are clearly governed by the law

(e.g., the three-body problem of how three masses interact with
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each other gravitationally) cannot be solved by equations gener-

ated with the law.

Laws can have more than one mechanism. Mayr (2004) argues

there are not laws in biology, only concepts. He suggests this is be-

cause there are two causes for everything that organisms do: (1) the

genetic program all organisms abide by that is formed by evolution

and (2) natural laws. However, physical laws have more than one

cause or deal with several driving variables. For example, in the ideal

gas law, PV � nRT, where P � pressure, V � volume, n � num-

ber of moles, R is the universal gas constant, and T � temperature,

P will increase if V decreases, n increases (there is a higher density

of molecules), or T increases (the average velocity of the molecules

increases). There are multiple mechanisms that could cause an in-

crease in pressure, but the law remains predictive.

Ecological laws could differ from laws of physics or other fields,

making ecology autonomous (Lange 2005). Some proposed eco-

logical laws have little to do with physics, but it may be difficult

to clearly delineate laws that apply to only one scientific field. For

example, there is considerable overlap between laws of physics and

chemistry, even though the two are considered distinct fields. The

ideal gas law is presented in introductory texts of both physics and

chemistry. Fundamental biological laws that set the field of biol-

ogy apart from physical and chemical sciences stem from laws of

natural selection and modification with descent and specific con-

straints of organisms (e.g., the requirement for DNA).

O’Hara (2005) suggested that ecological laws are not valid if

they are axiomatic (i.e., mathematical theorems or logical truisms)

because they are not falsifiable, so they are not useful. Popper

(1968) also made the same point with respect to all science, that ax-

iomatic statements are not testable because they are not falsifiable.
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Adherence to this Popperian approach could be an unrealistic lim-

itation to scientific progress (Pickett et al. 1994). Axioms can form

important parts of null laws. Also, axiomatic laws, such as math-

ematical identities, are useful foundations and, in my opinion, can

be considered laws.

Perfectly good mathematical constructs (e.g., negative popula-

tions) can violate ecological or physical laws, but logically or math-

ematically based laws are useful within the constraints of realistic

assumptions. Axiomatic statements allow clear delineation of the

full range of possibilities and require that more restrictive state-

ments be tested. Philosophers of science now consider Popper’s cri-

teria too restrictive and not reflective of the way that all scientific

progress is made (Pickett et al. 1994). Consider a potential axiomatic

law that applies to ecological communities: Species can have posi-

tive, negative, or neutral direct interactions (an early observation

of ecologists, such as Odum [1959]). This law is axiomatic (there

are no other logical possibilities), but it has some use. If ecologists

assume otherwise, such as when “competition communities” are

modeled, they should recognize they are making an assumption

about the lack of specific kinds of interactions that may not be gen-

erally true in all ecological communities. Making this axiomatic

statement (of all signs of species interactions being possible) clear

requires any ecologists who think, for example, that competition

and predation are the dominant forces constraining community

structure to eliminate other logically possible interactions from con-

sideration before their view offers true predictive ability.

In my treatment here, laws from other fields are considered ax-

iomatic. The law that matter can be neither created nor destroyed

can be considered axiomatic. Ecologists do not test this law, they

take it as a given. Conservation of matter can be tested because
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reactants and products of chemical reactions can be measured and

accounted for. Applying this law to ecological systems requires the

axiomatic assumption that there are not negative concentrations

of chemicals (unless you allow for antimatter, but that allowance

is not ecologically relevant). We have no way to test for negative

concentrations of chemicals, so conservation of matter applies to

chemical reactions and biological processes. Theory of ecological

stoichiometry as well as major parts of ecosystem theory (as ap-

proached in Chapter 2) have conservation of matter as a solid un-

derpinning because the contingencies (antimatter, thermonuclear

reactions) of this law are not too restrictive.

A law can be too restrictive to be useful if the defined conditions

(constraints or contingencies) are too limiting. It seems that con-

straint and contingency are used interchangeably in the literature.

However, given the definitions of both, constraint seems more ab-

solute, so the term constraint is used when defining the conditions

under which laws and theories hold. Lawton (1999, p. 177) argues

that ecology has numerous laws (defined by him as “a generalized

formulation based on a series of events or processes observed to re-

cur regularly under certain conditions: a widely observable ten-

dency”), but few of them are universally true. As constraints nar-

row the conditions under which laws are expected to operate, the

more likely it is a law will hold absolutely. This line of argument

opens up the question of how restrictive conditions should be be-

fore a law has narrow predictive ability and, therefore, limited use.

It is a mistake to assume laws have no exceptions (Colyvan and

Ginzberg 2003, Turchin 2003, Ginzburg and Colyvan 2004). At

the most fundamental level, Godel’s theorem (in my admittedly

naive understanding) states the impossibility of defining a com-

plete set of axioms that do not give rise to contradictions in higher
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order systems. Laws used to make highly accurate predictions

clearly have exceptions and constraints. Newtonian laws do not

hold at subatomic scales. No perfectly elastic collisions or com-

pletely frictionless systems exist. It is also possible that all gas mol-

ecules in a closed container will hit one side of the container at

once. In this case, there would be a catastrophic and rapid increase

in pressure on one side of the container and a collapse on the other

sides (i.e., a directional explosion). Such explosions are not ob-

served because the probability that all molecules will hit the edge

of the container simultaneously is so small. So, ideal gas laws still

work. Constraints are always present, and ability to use laws in

a predictive fashion depends on ability to define them. For ex-

ample, the law of gravitation is not very good at predicting the

rate of descent of a parachute. If a term for drag is introduced

along with the effects of gravitation, a reasonable prediction of

descent rate can be made. But, drag is a function of turbulence,

updrafts, downdrafts, and temperature. Turbulence is a notori-

ously difficult problem in physics. Parachutes work, usually, but

without precise prediction of exactly where and how fast the ob-

ject attached under them will impact the earth.

If the exception rate is too high or conditions are too stringent

for a law to hold, predictive value is low. Ecology is not a 

successful science if it does not allow for predictions to be made.

Poff (1997) claimed that a fundamental goal of basic science is to

understand how pattern is generated by process and the goal of

applied science is to predict without requiring mechanistic un-

derstanding, but it might not be possible to reliably predict eco-

logical patterns and processes if they are not truly understood (i.e.,

prediction is superior to accommodation). As systems are 

considered where conditions fall outside previously studied
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conditions, mechanistic prediction is more likely to work. Thus,

I ask in this book if there are useful general laws (laws that offer

predictive ability) and if reliable theories can be built from those

laws in ecology.

Constraints and exceptions are a part of all laws. Cooper

(2003) proposes the term law be abandoned in favor of nomic force.

He goes on to suggest that nomic force can have various degrees

of wiggle in explanatory power. It is unlikely that scientists will

adopt his terminology, but it is useful to think about the degree

of contingency associated with a predictive statement. The laws

presented here have constraints, and the amount of constraint that

can be tolerated and still allow me to consider a statement a vi-

able law is subjective and difficult to quantify.

HOW LAWS WILL BE APPROACHED

My general approach is borrowed in part from a more specific

route taken by Sterner and Elser (2002) in their monograph on

ecological stoichiometry. They take simple initial propositions or

laws (conservation of matter, shared biochemical composition of

organisms) and build an entire body of theory on them. The fun-

damental strength of this process of simplification, or abstraction,

is that it defines essential properties of interest and allows ignor-

ing contingencies (Pickett at al. 1994). Jørgensen and Svirezhev

(2004) use a similar approach of building from basic principles.

They start with thermodynamic and chemical principles and

build a theory of ecology as defined by these principles (and, as

discussed here, perhaps take these ideas a bit far). I hope to em-

ulate and broaden the general approaches of building from sim-

ple concepts taken by these authors.
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Wilkinson (2003) took an even broader approach. He consid-

ered characteristics that would be necessary to sustain life on other

planets over the time span of biogeochemical cycling and con-

ducted a thought experiment (an experiment that is definitely

more popular in physics than in ecology) that did not limit prop-

erties of ecology to those found on Earth. This is a useful exer-

cise for exploring some basic laws of ecology, but the approach is

too general for my purposes because it does not take advantage

of specific properties of life on Earth, which can be used as con-

straints that improve predictability.

The approach of starting with simple laws as building blocks

is just one of many general approaches to the study of ecology. An-

other approach is to rely mainly on pattern as the best predictor

of ecological characteristics. Peters (1991) advocates this approach

to ecological inquiry. This statistical view is supported by the ar-

gument that small-scale approaches are unlikely to reveal large-

scale patterns because ecologically relevant patterns depend on

large-scale processes. Thus, considering ecological patterns at

large scales (i.e., macroecology) allows for a large enough sample

to statistically resolve ecological pattern (Maurer 1999). The pat-

tern approach can be taken further by assuming that if a strong

pattern holds across systems and orders of magnitude, there must

be a fundamental mechanism underlying it. The pattern ap-

proach is taken by some scientists looking for prediction of macro-

ecological phenomena; patterns are used as clues to find applica-

ble mechanisms (Brown et al. 2003). A third possible approach is

to assume that each ecological system has its own contingencies or

idiosyncrasies and that comprehending all local constraints is the

key to ecological understanding. Simberloff (2004, p. 787) discusses

this approach: “Laws and models in community ecology are
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highly contingent, and their domain is usually very local.” Scheiner

and Willig (2005) took the approach of defining contingencies; they

proposed broad theories that could be used to develop models if

local contingencies were taken into account.

My caricature of approaches to laws in ecology is crude but

hopefully illustrates how separate approaches can be used in the

same science. Some may find my approach too simple; a similar

approach has been used as the basis for some introductory text-

books (Odum 1959, Krebs 1988). Still, I am surprised how far a

simplistic approach can go toward explaining ecological com-

plexity and how this approach can help clarify thinking about

ecology. This book represents just one of several potential ap-

proaches. Logical consequences of defining fundamental laws at

the outset and building theories from those laws are explored. I

claim neither originality nor a synthesis that will solve major eco-

logical problems. Ecology is flourishing as a science without the

laws as proposed here, and the “laws” proposed here could be so

obvious there is no need to elucidate. My hope is that such laws

will slightly solidify the foundations of our field (or, in Popper’s

words, drive the piles that support the theory a bit deeper).

This framework of ecological laws can be viewed as an explo-

ration of the unarticulated processes I would go through if exposed

to a new ecological system; what would be expected in the absence

of any specific information about the particular ecosystem? An

extreme example of deciding how to decipher properties of a new

ecosystem from the field of ecology is the discovery of dense ag-

gregations of organisms at the periphery of deep-sea hydrothermal

vents. Biologists knew there must be an energy source feeding these

organisms in what is an otherwise oligotrophic environment and,

subsequently, found the sulfur-oxidizing bacterial endosymbionts
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associated with the rift tubeworm Riftia (Lutz and Kennish

1993). Prior expectations from studies of other ecosystems are the

existence of consumers subsisting on producers and potential

competition among these consumers. Also, these organisms prob-

ably have the ability to disperse to other similar habitats or

evolved in specific locations. These underlying laws or principles

were probably unarticulated but shaped the approach researchers

used to examine this unique habitat.

My framework contains 35 proposed laws. Some might object

that this is too many to form the basis of a field of science.

Scheiner and Willig (2007) propose only seven laws to form the

basis of a general theory of ecology. Versions of all of the laws they

propose, and more, are here. It is a mistake to think that only a

few laws should be necessary to explain ecological systems (Rosen-

zweig 1995) or any other science. The field of physics has nu-

merous laws such as Newton’s laws of motion and gravitation,

conservation of energy, laws of conservation of charge and mass

in chemical reactions, Boyle’s law, Charles’ law, the ideal gas law,

Hooke’s law, the laws of thermodynamics, Coulomb’s law, Gauss’

law, Faraday’s Induction law, the laws of optics, and others.

Physics is still considered a rigorous science even though (or per-

haps because) it has many laws.

Hopefully, the laws proposed here apply to entire ecological

systems. My background is strongly microbial, and it leads me to

generality that is not present in some treatments of ecology. For

example, some laws have been proposed that apply strictly to an-

imals, particularly those that require sexual reproduction, or

higher plants. These laws may be useful within their constraints,

but the laws are considered too specific for my current treatment

because I think a law is too constrained if it does not apply to two
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major domains of life (Bacteria and Archaea) that make up the

majority of protoplasm on Earth. My hope is that a general con-

ceptual framework of ecology will apply to all organisms. How-

ever, just as the ideal gas law is not relevant to all chemical prob-

lems, each law does not need to apply to all ecological problems.

It probably is not possible to test the general predictive ability

of many of the laws proposed here. The ultimate predictability

would be to discover life on another planet and observe whether

it follows the proposed laws after relaxing contingencies particu-

lar to our planet (Wilkinson 2003). There also may be some highly

isolated ecosystems left in deep subterranean habitats that could

be used to test existence of the proposed laws. But even if all the

laws cannot be tested, observation of existing pattern can be used

to bolster scientific conceptual frameworks. Other scientific fields

such as astronomy, geology, and archeology are based heavily on

observation and how a body of laws can be used to predict known

observations. Lack of possibility of replication (n � 1 biosphere)

and ultimate prediction of a completely new event does not mean

laws that can form the basis of science do not exist.

In Chapter 1, laws are proposed and some other previously

proposed laws are discarded. Then, I attempt to build ecological

theories from the proposed laws. This approach was mentioned

by Scheiner and Willig (2005), who stated that unified theories

can be built from individual models. Theories have their own

philosophical problems (Stanford 2006), which are discussed

briefly at the beginning of Chapter 2. In Chapter 3, I discuss some

patterns or concepts that are commonly seen in ecological systems

but are difficult to apply as laws or theories because of their limited

predictive ability. I am not arguing that patterns are not important

to ecologists, rather they should be looked for in ecological systems
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and may be applied to specific systems once the fundamental

properties that make that ecosystem unique are known.

For my definition of general laws in ecology, the following is

used: a mechanistically based or self-evident statement of an or-

der or relation of ecological phenomena that so far as is known

holds generally under ecologically relevant constraints. By in-

variable I mean: (1) the law allows prediction of a statistically sig-

nificant pattern, regardless of what habitat or taxonomic group

it is applied to, (2) the law is axiomatic, or (3) the law is taken from

other physical sciences so is treated as axiomatic. Some researchers

suggest not mixing axioms with laws (e.g., Turchin 2003), but in

this treatment I do because axiomatic laws have value, and sep-

arating axiomatic and mechanistic laws would add complexity

to my scheme of presentation. The axiomatic laws are identified

as such when they are presented in Chapter 1. By ecologically rel-

evant constraints, I mean at the temporal and spatial scales un-

der which organisms operate and the constraint of taxonomic

specificity is disallowed (e.g., a law that applies only to sexually

reproducing animals does not apply to plants or bacteria so is not

considered a general law here). This is not to say that more re-

strictive ecological laws that apply to smaller geographic areas or

restricted subsets of organisms do not exist or are not useful. More

restrictive laws are potentially too numerous to be considered in

detail in this book.
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