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Review of Extinction EC and future directions:

Previous paper:

1) ecosystem at time t contains a species set where each species is a vector of real numbers representing phenotypic traits. 

2) All species are subjected to environmental stress n(t).

3) The fitness of each species is measured in part by an objective function where minimum values increase the likelihood of survival relative to other species in the ecosystem between  and 1 

Three steps during each generation t.

1) random external stress n(t) applying on all species. External stress is chosen from a uniform distribution over the interval [0,0.96]. All species are affected equally by the external stress however a maximum of 96% of the organisms can go extinct in one generation.

2) Species with relative fitness less than external stress value are discarded (simulated extinction). All fitnesses are mapped to the interval [,1] where alpha is a user selectable parameter. Alpha creates a lower threshold for extinction that prevents mass extinctions from occurring too frequently while not dispensing with them entirely. For our previous simulations, =0.8. 

3) Use modification only via mutation on a normally distributed random variable with zero mean to find replacement species from those species that survive extinction (simulated speciation).

4) If all species have relative fitness higher than random stress value, the species with the lowest objective function value is mutated (simulated low-level background evolution)

5) Whenever species evolves to new state, this species also affects the state and fitness of five other species chosen at random.

Comments on each of the above steps by GBF

Overall comments:

We should pay particular attention in the following nomenclature changes and stick to them like pastrami on rye:

Standard EC
Extinction EC
Reproduction
speciation

Individual
Species

Mutation
Mutation

Generation
“Darwin”?

(in population genetics, a Darwin is defined as a “standarized unit of proportional increase in any linear measurement in an evolving lineage. One darwin represents an increase by a factor of 2.718 (e), expressed as a natural logarithm, per million years. Hence any change in a variate, x, can be expressed in darwins as (lnx2-lnx1)/(t2-t1), where x1 and x2 are the mean values, respectively, of samples from populations at times t1 and t2 (in millions of years).”)

How do we best come up with a unit of darwin equivalent for our species selection model?

Another overall problem…in our simulation, the fitness landscape is static, whereas in nature, the landscape is dynamic relative to external factors and ecological interactions. What (if anything) does it say to reduce a simulation of extinction to a static landscape when in reality, the landscape is in continual flux? This is something we mention briefly in the CEC99 paper but haven’t yet resolved.

1) A) each species should not be affected equally by the external stress, but should be affected by what organisms in the ecosystem are most closely related in terms of a food/community web. We mentioned this in our CEC99 paper and I deal with it in the section below. B) As it is now, the external stress is chosen over the interval [0,0.96]. In the paper, we mention that this maximum percent of species that can go extinct in any single generation was chosen as to be close to extinction levels seen during the Permian mass extinction. I am wondering if “generation” is a particularly adequate term in regards to species and therefore, how/why we are relating the extinction level seen at the end of the Permian to a single generation…how many “species generations” were there really at the end of the Permian?

2) No problems here.

3) No problems here. Any new species that comes about must play by the rules of Gause’s Principal of Competitive Exclusion. 

4) I have no problems with a background selection/variation mechanism of evolution. My only concern is that this should indeed be going on continuously rather than only when the fitnesses are high. Evolution by means of natural selection is continuous in nature and extinction events are added on top of this pressure rather than it being an either/or proposition.

5) I like this concept quite a lot and it gets to the point of Monastersky’s article in the Sept 28, 1996 issue of Science News in regards to “coordinated ecological stasis”. However I don’t think we have done a particularly good job of modeling this by assuming there to be five species links, etc. I have some new ideas proposed below.

A Simple (?) Proposed Revision:

1) ECOSYSTEM. The ecosystem is represented as a series of four levels consisting of producers (a), primary consumers (b), secondary consumers (c), and tertiary consumers (d) (top of the food chain). I will send you a fax with a picture of this concept. There are many more producers than primary consumers, more primary consumers than secondary consumers, and more secondary consumers than tertiary consumers. That is at any time, a>b>c>d in terms of numbers of species. Between the four levels, food chains are established. These chains can vary over time as discussed below.

2) EXTINCTION. An outside environmental stress is applied as follows. 1) one of the four trophic levels is chosen at random (I’m not sure they should be chosen with equal probability, but lets say this is the case for now). 2) Within the chosen trophic level, a random number of species from that set is chosen. Measure relative fitness with respect to the external stress and if higher, then species goes extinct. Those species and any trophic level that were connected to the now-extinct species suffer (if the extinct organism was potential prey) or benefit (if the extinct organism was a direct predator). However, this “chain reaction” effect on fitness should be less severe when compared to the organisms in the targeted trophic level. The chain reaction can spread over multiple trophic levels but should decrease in effect each trophic level. 3) Surviving species now are given a chance to make a random link with a trophic level below them (ie. If lions eat gazelles and all gazelles die, lions get to eat hyenas next). This link can be chosen from the set of species in the neighboring lower trophic level with zero mean.

3) SELECTION. Within each trophic level, a tournament selection is held every n generations (simulating background selection pressure/evolution). Competition is only measured within each trophic level using tournament selection. 

4) SPECIATION. Within each trophic level, species can be modified (a la standard EP) to create new species in the same trophic level with a very low probability of generating a new species in a neighboring trophic level (ie. Most fish eat plants (primary consumers), but some related fish (like the Pirahnna) eat other fish (secondary consumers)). Food chains can be varied at this point (either add, delete or modify prey or predator) using a random variable. I am not sure how often the food chains should be modified relative to speciation and extinction.

Additional questions:

1) Should the number of trophic levels vary or be constant?

2) Should there be a cap on the number of species per level?

3) Should the ratio of the number of species in trophic levels a/b/c/d be constant?

4) How to best vary the number of food chain links from specialists (only one link down) to generalists (multi links)? 

The additional ecology rules in this proposed simulation could be turned on or off to test the importance of extinction by ecology relative to external forces.

