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(tractable) Frontiers in
Evolutionary Theory

® Oirigins of “living systems”

® Oirigins of complex, hierarchical, adaptive
systems - major transitions & construction

® Relationship between developmental and
evolutionary processes - evodevo &
construction

® Mechanisms for stabilizing, complex,
adaptive lineages - robustness theories

® Origins of Culture & Artifacts
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Evolutionary Stoichiometry
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Malthusian/Darwinian

The Assumptions we
are going to challenge
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ON

THE ORIGIN OF SPECIES
BY MEANS OF NATURAL SELECTION,

OR THE

PRESERVATION OF FAVOURED RACES IN THE STRUGGLE
FOR LIFE,

By CHARLES DARWIN, M.A,,

FELLOW OF THE ROVAL, GEDLOGICAL, LINNEAN, KTC., SOCTETINS |

AUTIIOR OF * JOURNAL OF RESKARCHES DURING M. M. &, NEAGLE'S VOTAGE
BOUND THE WOoRLD."

LONDON:
JOHIN MURRAY, ALBEMARLE STREET.
1850,

The PAL of Tramslation (& ororend.

Cuar. L VARIATION UNDER DOMESTICATION, ‘

CHAPTER L

VARIATION UNDER DOMESTICATION,

Causes of Variability—Effects of Habit—Correlation of Growth—
Inheritance — Character of Domestic Varieties — Difficulty of
distingnishing between Varieties and Species—Origin of Domestic
Varieties from one or more Species—Domestic Pigeons, their
Differences and Origin— Principle of Selection anciently followed,
its Effects—Methodical and Unconscious Selection—Unknown
Origin of our Domestic Productions—Circumstances favourable
to Man's power of Selection.

WHEN we look to the individuals of the same variety or
sub-variety of our older cultivated plants and animals,
one of the first points which strikes us, is, that they
generally differ much more from each other, than do the
individuals of any one species or variety in a state of
nature.  When we reflect on the vast diversity of the
plants and animals which have been cultivated, and
which have varied during all ages under the most
different climates and treatment, I think we are driven
to conclude that this greater variability is simply due to
our domestic productions having been raised under con-
ditions of life not so uniform as, and somewhat different
from, those to which the parent-species have been exposed
under nature. There is, also, I think, some probability
in the view propounded by Andrew Knight, that this
variability may be partly connected with excess of food.
It scems pretty clear that organic beings must be ex-
posed during several generations to the new conditions
of life to cause any appreciable amount of variation ;
and that when the organisation has once begun to vary,
it generally continues to vary for many generations.
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‘Every writer "creates" his own precursors.
His work modities our conception of the
past, as it will modify the future’

Jorge lsuis Borgdes, Rafka g sus precursores.
Otras Inquisiciongs (1952)
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“It is vain to talk of the interest of the
community, without understanding what is
the interest of the individual”

Jeremy Bentham

“Society exists only as a mental concept; in the
real world there are only individuals.”

Oscar Wilde.

“Everyone thinks of changing the world, but
no one thinks of changing himself”.

Leo Nikolaevich Tolstoy




Niche Construction




The Niche

® Grinnel (1917) - many ® Hutchinson (1959) - high
environmental variable dimensional space of
foraging recess (den. dep) combined organism-

environment

® FElton (1927) - Grinnel + interactions
inclusion of interactions
among species (freq. ® Niche Construction -
dep.) how the adaptive

complement of above
come into existence




Ecological Dynamics
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Niche Construction
Dynamics

Perhaps take a look at: Krakauer et al. Am. Nat.2009







Implications

Genome encodes components of the
environment

Possibility of greater abundance (a)
ncreased stability (s)
ncreased specialization/division of labor (l)

ncreased diversity (d)

ncreased complexity (e,g, kd"2, Id)




However there is a
Problem!







Nevertheless...




Stability of construction

monopolized niches

Zy & Zem + 2. (1 — m)




Consider a population of
lineages that vary in the

value of C
and m.
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Niche Constructing
Development




Organismal development




THE
EVOLUTION
OF
INDIVIDUALITY

LEO W. BUSS

JEAN-PIER

CHANGEL

SRESOLVING DARWIN'S DILEMMA
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Perhaps a little too simple?

G+R—G+ S

Need to specify a developmental program

diil
g;j + 91 —— Di




Evolutionary Implications
of Developmental
Programs

Perhaps take a look at: Borenstein & Krakauer Plos. Comp. Biol.
2009




“Frontier’ Issues in EvoDevo

® Putative sparseness of the morphospace (many to
one property)




The Star Trek multiverse Bauplan




Key Theory Issues in
EvoDevo

Putative sparseness of the morphospace (many to
one property)

Violations of phenotypic isotropy

Deviations from uniformitarianism (the cambrian
disparity)

Convergence is surprisingly frequent

Morphological evolution guided by regulatory genes
rather than structural




Genotype:
Transcription Factors Expression

Phenotype:

Genes Expression
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Single Projection

p= H(Dg)
Recurrent Projection
pr = H(Dpi—1)

Recurrent Random Projection

pr = H(Dtﬁt—1>




Hidden Phenotypes
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Localization of visible sub-
space
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Structure of visible sub-
space
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Hierarchical Projections:




Recurrent Projection

P = H(Dﬁt—l)

Recurrent Random Projection

pr = H(Dpy—1)




Some Connections
(for the fastidious)




Linear & Polyhedral separability of
activation patterns
in phenotypic feature space




Computational complexity
Issues

® NP-complete to determine
polyhedral separability of 2 sets of
points

® NP-complete to determine
whether k-lines can separate 2
sets

® For k lines polynomial time to
determine whether sets are
separable




Cybenko Theorem:
universal function approximation
with superpositions of sigmoids

G(x,w,q,0) Zozawx+9

|G (x, w,,0) — f(z)| <le[,x €0, 1]




Random Matrix
(products) Theory

Products of random matrices essential in chaotic
dynamics

In d=1 case, limiting distribution of random
products, log(X)

Problems of non-commutativity of matrix

Infinite products of 2 by 2 linear projections is a
solved problem.
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Sparseness: freedom or
constraint?

The Origins of Regulatory Freedom
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Developmental Evolution

Take a look at: Borenstein & Krakauer Plos. Comp. Biol. 2009
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Frontiers

® Niche construction

allows us to explore the
origins of hierarchical
selective system

Development (& the
organism) is seen to be a
special form of
“contracted” ecological
dynamic

Development has a
more “programmed”
character

Some Implications of cis-
regulatory programs are:

Most phenotypes are
inaccessible

Visible phenotypes tend
to be alike (convergence
not rare)

Low regulatory
dimension generates
high disparity but low
diversity.




The Future

® A unified evolutionary theory of organism
and environment & hence a theory of
selection (of semantics)

® Generalization of aspects of the general
theory to culture

® A more constructive framework for
studying all forms of high memory-capacity
adaptive dynamics
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