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What is a paradigm?

The view point and set of background assumptions of the discipline 
(Margolis 1993). 

The …. general principles that structure the science as well as 
the judgements about what areas and questions are of interest, 
how to approach those questions, and what constitutes a valid answer
(Parker and Pickett 1997).

A paradigm is a particular way of doing science  in a given subdiscipline.
(Cuddington and Beisner 2005)



What is a Kuhnian paradigm?

• What is to be observed and scrutinized

•The kind of questions that are supposed to be asked 
and probed for answers in relation to this subject.

•How these questions are to be structured

•How the results of scientific investigations should be
interpreted



Theory changes through crises or revolutions leading to a  
paradigm shifts 



How does theory change in ecology?

Paradigm shifts are rare

Clement´s superorganism

Anomaly: The “climatix climax” did not fit European Vegetation

Phillips concept of succession
Gleason´s individualistic hypothesis

Tansley´s ecosystem concept

Lindeman´s trophic dynamics approach



Paradigms bounce back, linger and are usually reborn in 
disguise to coexist.

Clement´s superorganism

Anomaly: The “climatix climax” did not fit European Vegetation

Phillips concept of succession
Gleason´s individualistic hypothesis

Tansley´s ecosystem concept

Lindeman´s trophic dynamics approach

Lovelock´s GAIA



Some theories or hypothesis are never proved wrong,
they just become out of fashion

r-K selection

From Abrahamson et al. (1989) Fads in ecology. Bioscience 5:321-325



Theory development is best described as an 
evolutionary process (see Cuddington and Beisner 2005)

• Anagenetic transformations 
(unstructured         structured population models)

• Adaptive radiations (e.g. Neutral models) 

• Speciation 
(e.g. Evolutionary ecology, Ecophysiology, Ecological 
stoichiometry, Ecological genomics)



Is it time for a paradigm shift in biodiversity?



Yes, it is a good time for a paradigm change in
Biodiversity.

Innovation and change is an essential part of science.

But…we should avoid doing a random walk in theory space!!!!



from Marquet et al. (2003)

Species relative abundance distribution



A paradigm changes in ecology will ensue only if it 
leads to substantial progress in the discipline.

A testable, prediction rich, assumption poor,
quantitative theory of biodiversity,

based on first principles.



Are we at the verge of a theory change in ecology
akin to a paradigm shift?

We were at the edge of the abysm and now we 
have taken a step forward!!

or are we as Pinochet said referring to his coming 
into power...?



There is a tension between reductionistic and holistic 
approaches, between world views emphasizing the 
existence of general principles and others their 
impossibility.



Imagine if Galileo, noting that different objects fell 
at differing speeds, were to have wrote 42 volume 
treatise on the diversity of falling bodies.  

(Geoffrey West, pers.comm.)



“Ecology is a science of contingent generalizations, where future trends depend
(much more than in the physical sciences) on past history and on the environmental
and biological setting” (May 1986)

" The answers to general ecological questions are rarely universal laws, like those of physics. 
Instead, the answers are conditional statements such as: for a community of species with 
properties A1 and A2 in habitat B and latitude C, limiting factors X2 and X5 are likely to 
predominate."  (Diamond & Case 1986)

Because of the contingency and complexity of its subject matter, community ecology 
has few general laws. Laws and models in community ecology are highly contingent, 
and their domain is usually very local. This fact does not mean that community ecology is 
a weak science; …. Further, traditional community ecological research, often local, 
experimental, and reductionist, is crucial in understanding and responding to many 
environmental problems, including those posed by global changes. Simberloff (2004)

“..our own recent research is based on the premise that the general statistical patterns 
of macroecology ,…, are emergent phenomena  of complex ecological systems that do 
indeed reflect the operation of Universal law-like mechanisms.” Brownt et al. (2004)



But are there first principles or general laws in ecology?



First principles:

Law-like statements about processes and mechanisms 
underlying the structure and functioning of systems.



PRIMORDIAL SOUP ECOLOGY



We could better solve the environmental problems 
facing humanity if we could discover the laws of 
nature that underlie the complexity of ecological systems. 

• Improve our ability to detect relevant changes
• Improve our understanding of their consequences
• Improve our ability to mitigate them

AND

Provide the basis for synthesis and unification...

But why is this quest for first principles is relevant for
ecology?



Some general principles in ecology

• The principle of geometric growth (Malthus’ law)

• The principle of self-limitation, density dependence
• Malthusian-darwinian dynamics
• Metabolic scaling



Individual energy requirements

B = B0 M3/4



The maximum number of individuals that can be supported in 
an environment with an amount  R of resources per unit area
is predicted to be: 

N ∝ R/B

N = C1 M-3/4

which is equivalent to:

Thus implying that, on average, species tend to use a similar 
amount of energy within trophic groups in ecosystems !!!!
This relationship was first identified by  Van Valen (1976,1977) as a
consequence of zero sum dynamics.



Carl O. Mohr ( 1940) Comparative Populations of Game, Fur and Other Mammals. 
American Midland Naturalist, 24: 581-584. 





Belgrano et al (2002)

Damuth (1991)



There are several remarkable aspects to this scaling relationship:

• It is invariant across time and space.







Marquet, Navarrete & Castilla (1990) 





BCI PLOTS (tree species)



The scaling of energy acquisition and 
transformation from individual to ecosystems

METABOLIC THEORY OF ECOLOGY



• Ontogenetic growth and individual biomass production

• Population growth rate and rmax

• Population  density

• The pace of interspecific interactions

• Species diversity

• Standing stock of biomass

• Energy flux, biomass production, and turnover

• Trophic dynamics

B = f(M, T)

B ∝ M3/4 × e-E/kT



Individual production Population density

Ernest et al (2003)

Belgrano et al (2002)

rmx

Savage et al. 2004



In addition of theories grounded in first principles we also
need a strategy for theory development.

I submitt that this strategy is to start simple (i.e., build 
understanding from symmetric/neutral theories whose aim 
should be to produce the theoretical foundations and
general laws valid for a great variety of systems, while 
making as few hypotheses as possible about the nature of 
the components of the system under analysis.



Example: The analysis of fluctuations

The zero-sum Red queen hypothesis entails the existence of
interacting assemblages wherein the amount of energy 
captured by one species is balanced by equal losses of 
some other members of the assemblage.

Compensatory changes within assemblages



McArthur (1960) 

communities are biotically saturated such that total 
community abundance is constant. That is…

“ an increase in one species population results in a roughly equal 
decrease in the populations of other species.”

Hubbell (2001)

“…any increase in one species must be accompanied by a 
matching decrease in the collective number of all other 
species in the community . The sum of all changes in 
abundance is always zero.”
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¿How to measure fluctuations?
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Birds



Tropical trees

Small mammals

•All these distributions show similar

shape but different amplitudes



σσσσ(N) ∝ N-β



Re-scaling by  σσσσr (n) and average 

density all distributions collapse to:

pscal = e 
(-|rscal |)
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Fish (81 sp.)

Crustáceans (14 sp.) 

•Hinkley Point, Inglaterra (1981-2002)

Magurran & Henderson (2003)

Within food webs



Other complex systems:
•Universities 

Plerou et al. 1999

•Companies 

Stanley et al. 1996

•Country GDPs 

Canning et al. 1998



Mtot∝ S0

Mtot/S ∝ S-1

TREES 
(Enquist et.al. 2002) SMALL MAMMALS

(Labra & Marquet)

The analysis of biomass patterns

Total biomass is independent of the number of species!!!



 

T.R.E. Southwood’s  Presidential address to the BES.
Habitat the template for ecological strategies?
J.A.E. (1977)
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