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(From http://en.wikipedia.org/)	



BIG	
  BANG	
  

14-15 x 109 yrs	





Standard	
  Model	
  



The	
  Big	
  Bio@c	
  Bang	
  

3.5-­‐4	
  x	
  109	
  yr	
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While	
  structure	
  can	
  change,	
  organiza;on	
  is	
  invariant	
  

The	
  minimal	
  invariant	
  organiza@on	
  is	
  autopoie@c	
  (self-­‐producing)	
  

It	
  is	
  a	
  network	
  of	
  component	
  produc@on	
  processes	
  (synthesis	
  and	
  destruc@on)	
  such	
  that	
  
these	
  components:	
  
	
  
	
  
1.  con@nually	
  generate	
  and	
  make	
  effec@ve	
  the	
  network	
  that	
  produces	
  them	
  

2.  make	
  	
  the	
  system	
  as	
  dis@nguishable	
  unity	
  in	
  the	
  domain	
  they	
  exist.	
  
	
  
	
  	
  



Autonomy	
  and	
  closure	
  

Autopoie@c	
  systems	
  should	
  be	
  understood	
  as	
  organiza@onally	
  and	
  opera@onally	
  closed	
  	
  
systems.	
  That	
  is,	
  composed	
  of	
  processes	
  whose	
  result	
  are	
  autonomous	
  networks	
  of	
  component	
  	
  
produc@on	
  that	
  realize	
  the	
  network	
  that	
  produced	
  them.	
  
	
  
‘Organiza@onal	
  closure’	
  describes	
  the	
  self-­‐referen@al	
  (circular	
  and	
  recursive)	
  network	
  of	
  	
  
Rela@ons	
  that	
  defines	
  the	
  system	
  as	
  a	
  unity.	
  	
  
	
  
	
  



Thus	
  autonomous	
  systems	
  so	
  defined	
  neither	
  operate	
  through	
  representa@on	
  of	
  an	
  	
  
Independent	
  	
  world	
  or	
  reality	
  nor	
  impose	
  an	
  internal	
  one.	
  There	
  is	
  no	
  ground	
  inside	
  or	
  outside	
  	
  
the	
  autopoie@c	
  system.	
  
	
  

Like	
  phenomenology,	
  the	
  enac@ve	
  approach	
  thus	
  emphasizes	
  that	
  the	
  organism	
  
defines	
  its	
  own	
  point	
  of	
  view	
  on	
  the	
  world.	
  (Thompson	
  et	
  al	
  2005)	
  

Autopoie@c	
  systems	
  operate	
  through	
  ENACTION	
  or	
  the	
  act	
  of	
  co-­‐determina@on	
  or	
  mutual	
  	
  
specifica@on	
  (with	
  its	
  environment)	
  of	
  a	
  domain	
  that	
  is	
  brought	
  into	
  existence	
  as	
  a	
  result	
  
of	
  the	
  interac@on	
  between	
  the	
  system	
  and	
  its	
  environment	
  through	
  a	
  history	
  of	
  structural	
  	
  
couplings	
  



Enac@on:	
  A	
  history	
  of	
  structural	
  coupling	
  that	
  brings	
  forth	
  a	
  world.	
  	
  

“Finally,	
  we	
  saw	
  that	
  these	
  various	
  forms	
  of	
  groundlesness	
  are	
  really	
  	
  
one:	
  organism	
  and	
  environment	
  enfold	
  into	
  each	
  other	
  and	
  unfold	
  	
  
from	
  one	
  another	
  in	
  the	
  fundamental	
  circularity	
  that	
  is	
  life	
  itself.”	
  
(Varela	
  et	
  al.	
  1991)	
  



Exploring	
  	
  some	
  consequences	
  of	
  autopoiesis	
  and	
  Enac@on	
  

1.  Reproduc@on	
  is	
  not	
  required	
  in	
  a	
  defini@on	
  of	
  life.	
  It	
  is	
  a	
  	
  
consequence	
  of	
  the	
  physical	
  realiza@on	
  or	
  structure	
  of	
  	
  
the	
  autopoie@c	
  system.	
  
	
  

2.	
  Opera@onal	
  closure	
  and	
  Enac@on	
  imply	
  niche	
  construc@on.	
  



“It is, in general, not possible to understand the geographical  
and temporal distribution of species if the environment is 
characterized as a property of the physical region, rather than  
of the space defined by the activities of the organism itself.”  

“...organisms not only determine what aspects of the outside world 
are relevant to them by peculiarities of their shape and metabolism 
but they actively construct, in the literal sense of the word, a world 
around themselves.”  

Richard Lewontin (2000) 
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Niche construction 



The	
  emergence	
  	
  and	
  maintenance	
  of	
  species	
  
diversity	
  

	
  

“A	
  primordial	
  soup	
  ecology	
  perspec@ve”	
  





Serial	
  transfer	
  Chemostat	
  
	
  

Long-­‐term	
  

	
  
Types	
  of	
  microbial	
  cultures	
  

Modified	
  from	
  Stams,	
  A.	
  and	
  Plugge,	
  C.	
  (2009)	
  Electron	
  transfer	
  in	
  syntrophic	
  communi@es	
  of	
  anaerobic	
  bacteria	
  and	
  archaea.	
  Nature	
  Reviews	
  Microbiology	
  	
  

Gene@c	
  diversity	
  
	
  	
  	
  Resource	
  compe@@on	
  



Finkel,	
  S.E.	
  (2006)	
  Long-­‐term	
  survival	
  during	
  sta@onary	
  phase:	
  evolu@on	
  and	
  the	
  GASP	
  	
  phenotype.	
  Nature	
  Reviews	
  Microbiology	
  	
  

	
  

Growth	
  phases	
  in	
  long-­‐term	
  cultures	
  with	
  prolonged	
  starva@on	
  

Exponen@al	
  
growth	
  

Death	
  
phase	
  

Sta@onary	
  
phase	
  

Long-­‐term	
  
sta@onary	
  phase	
  

CF
U
	
  m

l	
  -­‐
1 	
  

CFU	
  =	
  colony-­‐forming	
  unit	
  	
  

Roberto	
  Kolter´s	
  experiment	
  	
  



Finkel,	
  S.E.	
  (2006)	
  Long-­‐term	
  survival	
  during	
  sta@onary	
  phase:	
  evolu@on	
  and	
  the	
  GASP	
  	
  phenotype.	
  Nature	
  Reviews	
  Microbiology	
  	
  

	
  

Growth	
  phases	
  in	
  long-­‐term	
  cultures	
  with	
  prolonged	
  starva@on	
  

Exponen@al	
  
growth	
  

Death	
  
phase	
  

Sta@onary	
  
phase	
  

Long-­‐term	
  
sta@onary	
  phase	
  

CF
U
	
  m

l	
  -­‐
1 	
  

Introduc@on	
  

CFU	
  =	
  colony-­‐forming	
  unit	
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Progressively	
  older	
  mutants	
  outcompete	
  younger	
  ones	
  	
  



The	
  model	
  
	
  

Phi=	
  Biomass	
  

f	
  =	
  fecundity	
  
	
  
m=	
  mortality	
  
	
  
w	
  =	
  Available	
  resources	
  
	
  
e =	
  Conversion	
  efficiency	
  
	
  	
  	
  	
  	
  of	
  resources	
  into	
  biomass	
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Adap@ve	
  Dynamics	
  





Lenton_et_al_2004, Nature 431:913 

The co-evolutionary ladder… 



Exploring	
  	
  some	
  consequences	
  of	
  autopoiesis	
  and	
  enac@on	
  

Reproduc@on	
  is	
  not	
  required	
  in	
  a	
  defini@on	
  of	
  life.	
  It	
  is	
  a	
  	
  
consequence	
  of	
  the	
  physical	
  realiza@on	
  or	
  structure	
  of	
  	
  
the	
  autopoie@c	
  system.	
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Metabolic	
  theory	
  of	
  ecology	
  



• A large part of the diversity of living systems is related	


to diversity of the size of the system itself	







Tomado de West et al. (1997)	





Metabolism 

B = B0 M3/4 

1� ,oE � 	 � E E pcDP� cu� -­‐ kL5G�



Mohr´s	
  plot	
  

Carl	
  Mohr	
  (1940)	
  	
  

1.	
  Brief	
  History	
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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:  

Nmax α 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 ecosystems !!!! 
This relationship was first identified by  Van Valen (1976,1977) as a 
consequence of zero sum dynamics. 



Since the total amount of energy used by a population (PEU) 
is the product of its local density (N) times the amount of energy  
required by each individual (B) it follows that: 
 

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

PEU = B    N     M3/4    M-3/4     M0 ∝× × ∝



Enquist et al. (1998) 



Belgrano et al (2002) 





There are several remarkable aspects to this scaling relationship: 

•  It is invariant across time and space. 

 
 



Marquet, Navarrete & Castilla (1990)  





	


	



Marquet, Navarrete & Castilla (1990)  





BCI	
   San	
  Emilio	
  (Guanacaste,	
  Costa	
  Rica)	
  

Enquist	
  et	
  al.	
  2009	
  



White et al. 2004 

1978-­‐2002	
  

Total energy use is invariant in time (energetic constraint) 



Ernest	
  et	
  al.	
  2008	
  



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.	
  	
  	
  



Stephen P. Hubbell (1942- Motoo Kimura (1924-1994) 

Neutral Theory of Biodiversity 





Classic	
  Neutral	
  Theory	
  in	
  a	
  nutshell	
  

Metacommunity
        (Size JM)

    One of many
local communities
      (each of size J)

J = Local community size	



JM  = Metacommunity size	



m = migration rate	



 = speciation rate	

ν	
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Born in Leicester, England, on May 14, 1896. Born in London, England, on 
February 17 Feb,  1890.  
 

Sir Ronald Aylmer Fisher (1890-1962) Frank William Preston (1889-1989) 
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Barnosky (2008) 





Lenoir et al (2008) 

Movement of the altitudinal range of plants in Europe 
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