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Whatas the difference between pants and glasses?

Survival of the fittest Survival of the luckiest

Glasses “die” when they
Pants “die” (ripped) due to shattered, usually due to

accumulated wear random and uncorrelated
: events




Nhatis the signal to noise ratio in complex
system?
Social dynamics:

he prince, Capitolo XXV

What fortune can effect in human affairs and how
to withstand her]

“Fortune is the mistress of one half our
actions, a Met leaves the control of the other
: or a little less, to ourselves”

Stochastic (neutral)

t is the ultimate aim of Cleopatra's nose, had it

this work, to lay bare the been shorter, the whole g

economic law of motion of face of the world would '
modern society have been changed ’
Karl Marx, Das Capital (introduction) (Pascal)
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=cology and evolution: Neutral vs.
idaptive (niche) theories

Hubbell started from a postulate that
k. we are most consider preposterous: that one

attribute thmroportional tree or one bird is just like any other.
N Kinds to what'we call His patterns vresult solely from
chance. But how false a view is this!” random fluctuations in births, deaths

: 4 : and the arrival of new species.
Laein Y tMOrlg oy Species (1859) Scientific Americanfé\pril 29p2002.

Deterministic (fithess) ¢ Stochastic (neutral)

ts and bushes
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Pluggmg numbers: Finance and
Rl wealth

I

Neutrality= P

Gaussian statistics

Levi and Solomon,
Physica A 1997

percantage of population with wealth exceeding w

100 ' 1000
w ({thousands of Crowns)

Pareto: Saylng “everything is governed by X = X,
chance” is a prediction. The central 1/2 2
limit theorem guarantees that the YRS [ ’ ]

resulting statistics will be Gaussian. log( x..,) = log(x,) + log(7,)
+

_ [log(x)1? _logx)

P(x)~e cO xx O

Deterministic (fithess) Stochastic (neutral)
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pRumplefor eutral dynamics: surnames
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e underlying stochastic process:
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Genus = surname
Species = first name

.

»
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# of species in genus
varies tremendously
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number of lapen::ilﬁ‘s

=

number of © genera
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log (number of species)
Fig. 2.—Double logarithmic chart for the frequency distribution of sizes of genera in the Cerambycine.
Data in Appendix, Table B. :
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Modeling neutral processes
lhe Yule process (preferential attachment)

peciation: A species is chosen at random to reproduce = to undergo
eciation (no fitness, selection, whatever).

b2 bs
o o o o o o o o o :
0 1 5 3 # of species
within genus

b,=y@—g)n (n=>1) b, = wy-total population

Where y Is the birth rate




Yule-Simon steady state
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'(m+2+1/ u) )7,

. Cerambycidae
Original Yule 1024 genera Data from catalogue of life

./.

Shoulder

Looks like a .
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Contemporary data |
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Beyond Yule:

Moran Version
(“overlapping generations”)

hoose a random agent to

. Mutation: an offspring is identical to
its “mother” with probability 1-u and
is a mutant (new genus, surname,
allele) with probability u.

3. Death: a random agent is chosen to
die with probability 6.

Important parameters are g and the growth
rate ¥=1-6
bo b1 b2 bs

0d11d22d33d4



245 (2010)

Universality

independent of the microscopic details of the process
erlapping generations, the order of events, IF

wy <I.

ger of families of size m, n,,, varies only slightly
o for both Moran and Wright-Fisher process, independent of their
the family statistics is described by a universal differential equation,

Large m
asymptotic [gElES m =l

First presented by Manrubia and Zannette, JTB
216 461 (2002), in the context of Moran process
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Effect of sampling

R, individuals were sampled out of the total population of

n ~VvRB(2+v,m)s"oF (mm+1Lm+2+v;1—s)

m

Weak sampling ==  back to Yule-Simon



Back to the bugs

o Data
— Fit: y=0.027; u=0.01
o Yule Data
oo, — Sampling Theory
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Applications
SPEecies within genera: animalia
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Plantae

Surnames

— '|-|'|'|'|TM| ||||||||| ||||||||| UL i |

= oy 10
| IIIIIII| | IIIIIII| - _U' o IIIIIII| IIIIIIII| IIIIIIII| L |
10 100 1006 1 10 100 1000
Internet Word Frequency
4
L IIIIII| T T TTTT ] 10 IIIIIIII| IIIIIIII| IIIIIIII| T
- 102 — 10
= o 3
E 10 E = 10-2
- 102 F =
Ll IIIIII| Ll IIIIII| gl IIIIIIII| IIIIIIII| IIIIIIII| Ll
1 10 100 1 10 100 1000 IOUOJO
Terror Norway Firms
] IIIIIII| I IIIIIII| ILRAAL I 106 ] IIIIIII| ] IIIIIII| LA 10
10
10

| 10 100 1000 1

10 100

WWW

R DR ""”g

| 10 100 1000 10000

Species Abundance

IIIIIII| | IIIIIII| I IIIIIII| | IIIIIII| =;

’—"l'I'I'I'I'ITI'I

10 100 1000 10000
Proteins
1 | L IIIIII | | I 1Trnni

| 10 100




nferring historic demographic parameters from
current polymorphism (SNP) data
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Haplotype (family) statistics:

Any. Sequence inherited
dlongrmuaternadlilineages is
like a surname.

These surnames are
stbject to a birth-death-
mutation process.
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Ends: up with haplotype
(surname, family)
statistics:: the number of — Best Fit
occurrences of singletons,
doubletons dnd so one.

This statistics depends on
the demographic
parameters, thus in
principle we can retrieve
this information from it.
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onclusions
mutation process yields the universal distribution function . It
rom Yule-Simon for small families since families cannot die in

UIC

rTuie IS tne wedkK sampiing "ﬂ t OfBDM.
ne can use the BDM distribution in order to retrieve demographic parameters
growtn rate In the prenistoric times.

Ecclesiastes (Qo

14: The wise man's ¢
fool walketh in dar
dﬁ@ﬂlﬂéﬂ‘ Ore everi

15: Then said | in
the fool, so it happe
| then more
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