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Statistics of open-evolving systems

. @fetime distribution of each eIemenD

e extinction-size distribution

e Intermittency in time series

 structure of the emergent system
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Outline of the Talk

e Review on theories for lifetime distributions

* Population dynamics models

« -> A skewed species lifetime distribution is robustly found.

* propose a minimal model to understand the underlying
mechanisms

e comparison with empirical data



Theories for lifetime distributions

* Poisson process
e age-independent mortality (constant failure rate) exp (—t/T)

« asimple exponential function

e known as “Red-Queen” hypothesis in ecology

* age-dependent mortality
» stretched exponential distribution (Weibull)

* g-exponential distribution
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Pigolotti et al. PNAS (2005)

e return time distribution

e 1-d random walk

» critical branching process =2
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What about the lifetime distribution of mutually interacting systems?



Population dynamics models

population dynamics models

Models with two time scales:

10%

10° |
< 10% f |

10" H

population dynamics model
(or individual based model)

mz:f({wj}a)

popullation ofl each splecies

0 200 400 600 800

times of invasions

1000

diversity

addition of new species
extinction of species

80

70

60 |

50 |

40

30

20

10 |

oiynam'ics of adi 'ersity' measure

20 40 60 80 100 120
time (million generations)

140

Migration



various forms of population dynamics

Since we do not know an established model,
we tried to find a universality shared for various models.
Y. Murase et al., JTheor.Biol., 264, 663 (2010)
Y.Murase et al.,Phys. Rev. E, 81, 041908 (2010)
Scale-invariant model
. A (T—X 1—2A) )\
xr; = —b;x; + Z a;;T; :1:§ )—I— Z az-ja:f: )azj
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Tangled-Nature model A

Ar(R, {ns(t)}) = >  Misny(t)/Niot(t) — Niot(t) /No

Jinteraction with J'th species globally applied suppression

Tangled-Nature model B

Ar(R,{ns(t)}) = —br + NrR/Niot(t) + S: Misng(t)/Niot(t)

birth costcoupling to external resourck interaction with J'th species
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Commonly observed pattern

For all models
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Lifetime distribution for population dynamics models

Skewed profile is universal for various population dynamics models

individual based Ta-Na Model B

individual based Ta-Na Model A

Probability density function, tP(t/t)

Probability density function, tP(t/t)
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Dynamical Graph Model

« System is represented by a weighted and directed graph.
* Interspecies interaction is denoted by aj;.
 If 2aj2 0, species | can survive. (2a; = fitness of i'th species: f;)

e aj takes a random number drawn from a Gaussian distribution
with probability c. (With 1-c, ajj is zero.)

(iii)

;+0.1

f+0.3

Y. Murase et al., New J. Phys., 12, 063021 (2010)
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Lifetime Distribution of DG model

* neither simple exponential or simple power law
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14

What is the origin of the profile?

o If we assume the mortality function t/2, we get a stretched
exponential distribution.

___p(®
1 — [ p(t)dt

m(t)

102 10°

Does long-living species have advantages to survive??



Mortality is age-independent 15

Mortality is not dependent on age, but N.
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Origin of 1/N dependence of mortality

e fitness changes by immigration and extinction
* changes in f; caused by immigrant is neutral
¢ — this yields t%/? (does not have a time scale)
« changes in fj caused by extinction is negative
* this is because f;is positive by model definition
e — negative drift is proportional to 1/k (~1/cN)
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Modified Red-Queen Hypothesis

* Assumption: random walk in N space + “Red-Queen” hypothesis
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Comparison with Empirical Data

Ecosystem : lifetime of families

lifetime distribution of families
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Product lifecycle of convenience stores

T. Mizuno et al., Progr. Theor. Phys. Suppl.(2009)
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lifetime distribution of bankrupted firms
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Comics Y. Murase, Movies R.K. Pan,
0 Proceedings of SMSEC (2015) New J. Phys. (2010)
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We found a few example showing the “skewed” lifetime distribution
although exponential distribution is also common.
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Conclusions

 Stretched exponential function with exponent 1/2 is

universally observed for various multi-species models.

« We proposed a new theory, modified Red-Queen

hypothesis, to interpret the skewed lifetime distribution.

« Age-independent mortality is not excluded if a lifetime

distribution has a heavier tail than exponential.
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