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Part 1

e From the Big Bang (B?) to the Big Biotic Bang (B3)
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The Big Biotic Bang

3.5-4 x 10° yr

Y Singularity
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While structure can change, organization is invariant

The minimal invariant organization is autopoietic (self-producing)

It is a network of component production processes (synthesis and destruction) such that
these components:

1. continually generate and make effective the network that produces them

2. make the system as distinguishable unity in the domain they exist.



Autonomy and closure

Autopoietic systems should be understood as organizationally and operationally closed
systems. That is, composed of processes whose result are autonomous networks of component
production that realize the network that produced them.

‘Organizational closure’ describes the self-referential (circular and recursive) network of
Relations that defines the system as a unity.



Thus autonomous systems so defined neither operate through representation of an
Independent world or reality nor impose an internal one. There is no ground inside or outside
the autopoietic system.

Autopoietic systems operate through ENACTION or the act of co-determination or mutual
specification (with its environment) of a domain that is brought into existence as a result

of the interaction between the system and its environment through a history of structural
couplings

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



Enaction: 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 Enaction

1. Reproduction is not required in a definition of life. It is a
consequence of the physical realization or structure of

the autopoietic system.

2. Operational closure and Enaction imply niche construction.



“It 1s, in general, not possible to understand the geographical
and temporal distribution of species if the environment 1s
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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The emergence and maintenance of species
diversity

“A primordial soup ecology perspective”
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Types of microbial cultures
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Modified from Stams, A. and Plugge, C. (2009) Electron transfer in syntrophic communities of anaerobic bacteria and archaea. Nature Reviews Microbiology



Roberto Kolter’s experiment

Growth phases in long-term cultures with prolonged starvation
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Finkel, S.E. (2006) Long-term survival during stationary phase: evolution and the GASP phenotype. Nature Reviews Microbiology



Introduction

Growth phases in long-term cultures with prolonged starvation
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Progressively older mutants outcompete younger ones
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The model

d
S=S-cC
dt”

S = M1 —-w)
C = epwf

(1)

(2)

(3)

(4)
(5)

Phi= Biomass
f = fecundity
m= mortality
w = Available resources

e= Conversion efficiency
of resources into biomass



BIERlY meR@Inl Flo

FIPPr E &R or RRsEIH , RPEEC B ogr .Einoc PRI Rc PRDEHERIR oc 37, o

Ryr p, p E

& AR, Rspr Pilyr B oc PR de@ DekicBE r PR ASPleRIbclRIRE [ t GER E r B W
PYR BIDC®ggllR Pl or .2iGHEr s PIFFIOR p.BRED, od @ elIc Bl RIGEH

Flof@ Pd [, Aéy r BPnoc PEIRY r pRIFAbMRIoE gr PAERPo 2R .ERIFE sP pocflagocFlc Uk,
LePIFlag RRUPRIFD, od WEIE PDERE Grmk .AER FE r B e AeRRcspocE Ec HPRURA
WERREPERC L$

FRLE PP BEAERRT sSP ppc@lagocklc P oPmsERcRIDA sRIGE r B WP dbP.de UCH]
eel, Lod B, G BE r PE @ FPrREPPA .. skl RS

d el,BE m] @ o, , EPg oc APAbAERFR.ERnoc M, (Fic URH e P, E [ RPH
eRFIR RPN oc ERIs 0.r nocll (iteldl D21S2]

1 d .
S =8 (w) = — — b = (W5 — W) (1 — ¢y).
( IH') (plﬂ' dIT ‘:ﬁr:ﬁg’r;ﬁ}g%ﬂ g ( ”)( )



Adaptive Dynamics

Top-down solution

Emergences of diversity
(neutral ecology)

Bottom-up solution

P

Strategy evolution
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Figure 3 | Population dynamics of long-term stationary-phase cultures. After
death phase, as cells continue to incubate under long-term stationary-phase conditions,
the apparent number of colony-forming units (CFU) per ml remains relatively stable.
However, these cultures are not static. There is a dynamic equilibrium between newly
created growth advantage in stationary phase (GASP) mutants and less competitive
cells. The birth rates and death rateswithin the population are balanced. Each coloured
line represents a different GASP mutant that appears during long-term incubation. The
black line represents the total population density.

Niche Construction

THE NEGLECTED PROCESS IN EVOLUTION

F. John Odling-Smee, Kevin N. Laland,
and Marcus W. Feldman

MONOGRAPHS IN POPULATION BIOLOGY = 37




Environment Life

oT Megafauna
Oxygen peak A
Carbon dioxide drop Vascular plants

Cambrian explosion

The co-evolutionary ladder... s Seconil e
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>
* 4o

Ocean formation

Billions of years
Earth’s co-evolutionary ladder, as built so far...

Lenton_et_al 2004, Nature 431:913



Exploring some consequences of autopoiesis and enaction

Reproduction is not required in a definition of life. It is a
consequence of the physical realization or structure of
the autopoietic system.



The Emergence of Competition
Between Model Protocells

Irene A. Chen,’? Richard W. Roberts,> Jack W. Szostak*
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The emergence of cellular behavior. Competition emerges as protocells containing replicating genomes
steal membrane from protocells containing inactive molecules.
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Metabolic theory of ecology



*A large part of the diversity of living systems 1s related
to diversity of the size of the system itself
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What is this?

Fig. 1. Mitochondrial network in a
mammalian fibroblast, A COS-7 cell
labeled to visualize mitochondria
|green) and microtubules (red) was
analyzed by indirect immunofluo-
rescence confocal mi roscopy. Mito
chondria were labeled with antibod
ies to the B subunit of th
ATPase and a rhodamine-conjugated
secondary antibody. Microtubules
were labeled with antibody to tubu
lin and a fluorescein-conjugated sec
ondary antibody. Pseudocolor was
added to the fli_f tized image. Scale
1 cm 10 um

From M. P.Yaffe, Science, 283, 1493 (1999).



Fig. 1. Diagrammatic examples of
segments of biological distribu-
tion networks: (A) mammalian cir-
culatory and respiratory systems
composed of branching tubes;
(B) plant vessel-bundle vascular
system composed of diverging
vessel elements; (C) topological
representation of such networks,
C D ~ where k specifies the order of the

8% |ovel, beginning with the aorta
> (k = 0) and ending with the capil-
lary (k = N); and (D) parameters of
a typical tube at the kth level.

Mammal

E Uy |
T

Model Parameters

Tomado de West et al. (1997)
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log D (number per km?)

John Damuth

BIRE r W HP@L.olp Leigh Van Valen (advisor)
1982
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The Evaluation of the Degree of Community
Structure Preserved in Assemblages of Fossil
Mammals
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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:

N, & R/B

which is equivalent to:

N = C, M-3/4

Thus implying that, on average, species tend to use a similar

amount of energy within ecosystems Il

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 (PEV)
is the product of its local density (N) times the amount of energy
required by each individual (B) it follows that:

PEU = Bx Noc M3/4x M-3/40c MO

Thus implying that, on average, species tend to use a similar

amount of energy within ecosystems Il

This relationship was first predicted by Van Valen (1976,1977) as a
consequence of a zero sum game dynhamics.



Population Energy Use (I m2 d-1)
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Average mass (g)
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Allometric scaling of
plant energetics
and population density
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There are several remarkable aspects to this scaling relationship:

- It is invariant across time and space.
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log Density (individuals/m?)
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The community structure of a tropical intertidal mudfiat under
human exploitation

W. F. de Boer and H. H. T. Prins




BCI San Emilio (Guanacaste, Costa Rica)
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Total energy use is invariant in time (energetic constraint)
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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.



Neutral Theory of Biodiversity

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



he Unified Neutral Theory of

BIODIVERSITY AND BIOGEOGRAPHY
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Classic Neutral Theory in a nutshell

J = Local community size

Metacommunity

(Size Jm)
\

One of many
local communities
(each of size ])

Jy, = Metacommunity size

m = migration rate

V = speciation rate
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Assumptions:

i) The species are assumed to be demographically identical, i.e.
bn,k = b" and dn,k = dn.

ii) Density independent case, i.e. b,=b+*nand d, =d =n
(n>0)

FiPel?, o D2PE, BPEPY [Br noc k)

n

< ¢, >= 9
n

where x = b/d and 8 = SPyv /d biodiversity parameter.
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Frank William Preston (1889-1989) Sir Ronald Aylmer Fisher (1890-1962)
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Part 2

e From the Big Biotic Bang (B?) to the age of global change
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Fig. 1. A conceptual
model illustrating hu-
manity’'s direct and indi-
rect effects on the Earth
system [modified from
(56]].
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Fig. 1. A conceptual
model illustrating hu-
manity’'s direct and indi-
rect effects on the Earth
system [modified from
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Earth's Ilfe-support system

1) change more in the
next few decades;‘ han'it

We are pushing the planet



Towards a Tipping Point

g (Lily Li) Stanford University

lustration by Cher

That will affect our lives



Tipping Points Mean Sudden Change
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