organisms prosper within a short duration of 800 passagc
durations applied to the ferrestnal ecosystem, we believe that
scale and heterogeneity of the earth’s environment and length
of time having elapsed during the evolution of terrestrial life
and ils concomitant ecosystem constitute snfficient probability
for the possibility that mortal organisms could be
evolutionarily selected and prosper terrestrially. Hence no
inconsistency exists between our results and the experimental
results described in our previous report (Qohashi et al. 2001),

2) Explanation of the superiority of mortal organisms

The transition of a number of individual organisms (Figuse 4)
mdicates that the number of mortal organisms surpasses that
of immortal organisms at the point in time after which 300-to
400 passage durations has elapsed, ang that mortal organisms
continue to prosper thereafter, How do mortal organisms
overwhelm immortal organisms in this process? One
mierpretation of this phenomenon is as follows:

Trunortal orgamsms dominate space and materials once they
have been secured while the volume of resources to sustain
life activities monotonically decreases. With less chance of
reproduction in  association with decrease of resources,
chances for mutation as well as those for evolutionary
adaplation are hkewise reduced without limit.

Oun the other hand, mortal organisms release space for other
organisms and return optimum parts for them 1o reutilize
through self-decomposition upon termination of their mortal
life. By doing so, equally benign or enhanced habitat
environmental conditions can thus be secured for the all
arganisms including their own offspring in the ecosystern,
which, in turn, will repeat the alternation of generation by
utilizing finite space and materials. It is conceivable that due
10 accumulated mutations through the alternation of
generations, new organisms emerge as a result of accelerated
evolutionary  adaptation in  neighboring areas under
environmental conditions that had not previously permitied
the existence of earlier generations.

Independent of the studies that we have undentaken since 1987
(Oohashi et. al., 1987, 1996, 1999, 2001, 2009, 2011), Todd
implemented anificial death in his ALife system (Todd, 1993,
1994), and those experiments supporied the recognition shared
with us that death affords another entity its space in which to
exist, and that death, accordingly, is essential throughout the
ongoing evolulionary process. Nevertheless, the model of
death constructed by Todd differs from our model of death in
two patontly obvious respects. Firgt, death in Todd’s modc)
affords no process by which the organism might decompose
itself into constituent parts for the efficient and colleciive
reutilization of other organisms, which is an essential feature
of our model. Second, the death of an individual in Todd’s
model appears as a probabilistic phenomenon, or as a given
result controlled by the simulation system, in sharp contwast to
the activation of death in our model, which is a process
genetically regulated in the individual that starnts from
detection either of the end of its life span or of excess
vnconforwity with the environment, Consequently, it would
be difficult 1o use the ALife systeyn as consmucted by Todd to
investigate the evolutionary emergence of death itself.

It is noteworthy that the mechanism of programmed seclf-
decomposition, observed as being evolutionarily selected i
this study, accords benefits not only to direct offspring but
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also to all organisms of the entire ecosystem. It is difficult 10
produce a tenable explanation for this phenomenon based only
on the “selfish gene” paradigm.

Programumed self-decomposition has been observed as a life
phenomenon of existent terrestrial life as previously reported
(Oochashi et al, 1987, 2009). The gradual consolidation of
these complementary approaches—ALife sumulations and
biolagical experiments—will likely throw added light on this
topic in the future,

3) Conclusion

The evolutionary simulations using our artificial ecosystem
SIVA-TQS show that, if mortal organisms evolutionarily
acquire a genetic program for autonomous death and then
appear among a population of immortal organisms, such
mortal organisms, endowed as they are with a genetic program
for autonomous death, can survjve and will surpass immornial
organisms lacking autonomons death and will prosper with
adaptive divergence under varous environmental conditions
within a certain probability.

The above results thus support our hypothesis that originally
immortal organisms evolve into moral organisms by
acquiring a new genetic program for autonomous death.
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