The Evolution Prize –Evolutionary Innovation in a closed system
Definition

Evolution may be more broadly described than an iterative process using encoded instructions.  There is some interaction with the environment:

· Organisms choose (beneficial) environmental conditions and can modify the local (or even global) environment
· epigenetic changes (off/on switching of genes) can be induced by environmental stress etc.

Environmental feedbacks and a plurality of environments may be important to terrestrial evolution, so it is unfair to pose the test to exclude this.
A closed system.  For thermodynamics arguments, one needs finite complexity (number of elements or degrees of freedom), pretty good isolation and internal connectivity.  There are implied time-scales

· for significant inputs from outside tinput
· for cycling through many states (to ‘forget’ initial conditions and relax to equilibrium) tequi 

This suggests asking if evolutionary innovation is possible over tequi < t< tinput ?  Vermeij mentions that the total number of ‘states’ in biology would be too large to cycle through, so how to define ‘states’?
What is a significant innovation?
Muscularised appendages is cited – but is the evolution of a limb for walking from a flipper for swimming significant?  Genomics might be able to tell us (in the future), but I’d guess not.  Then we can ask – is the mammalian limb significantly different from cilia used for swimming?
What about a visual system (eye plus brain processing)?  Is this significantly different from a patch of light-sensitive skin plus neuro-detector feedback?

Clearly there will be genetic changes including increased complexity as regards the visual system.  But the genome has inbuilt flexibility - via adapting a gene serving one purpose to do another, in cooperation with other genes; via enlargement of the genome via horizontal gene transfer from viruses and/or bringing into use some of the ‘nonsense’ genome – so either example would not be the most severe test to set for Darwinian evolutionists.  Vermeij talks of union, cooperation, and integration of previously independent components, which I take to be the counterpoint in cladistic analysis.
I tend to follow Fred Hoyle’s posing of the problem in terms of enzyme mediated generation of peptides/ proteins.  The enzymes have very specific biochemical functions and have to operate in sequence to generate peptides ~20 monomers in length.  The complexity is such that biochemical innovation to eg. enable photosynthesis is highly improbable to arise by chance.  In our view, extremely unlikely to arise in the time (and conditions) available on Earth, but this ability is readily transferred by space-microbes.
Time scales in solar system and beyond.

1. terrestrial biosphere

· Earth orbit changes and ice ages (perhaps also external-driven) ~ 100 kyr

· Biotransformation of environment (O2 atmosphere) ~ 10 Myr

· Climate switching - Recovery post-Chicxulub or ice cap/sheet melting  ~ 1 kyr

· Anthropogenic climate change ~0.1 kyr

2.  Mars

· episodic flooding (Elysium sea) ~10 Myr

· H2O atmosphere loss ~ 100 kyr

· Connectivity via impacts   ?? kyr

3. Solar system

· Chicxulub ejection of terrestrial genetic material ~ 100 Myr

· Major comet disintegrations (is each one different, as isolated ecosystem?) ~ 1Myr

4. Nearby Interstellar Medium

- transfer at 10 km/s (10 pc/Myr) =>  ~10 Myr 
5. Milky Way galaxy

· 10 kpc => 1 Gyr   

·  ie. not relaxed on Gyr timescale, so contains numerous poorly connected environments – fails the thermodynamic requirement  t > tequi.
Max Wallis  11 Sept 06

