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Taking History Seriously:
causality and patterns

In evolutionary systems
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248 v S 1. Experimental sciences
VS historical sciences?
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HISTORICAL SCIENCES:
No re-testing
No counter-factuals
No clear repetitions
Different epistemic situations, etc.

“Hypotheses about the remote
past can never be tested by
experiment, and so they are
unscientific. No science can

ever be historical”
(Henry Gee, 1999, p. 5)

(cladistics — nomothetic
palaeontology)

A «secundary status» with respect to
EXPERIMENTAL SCIENCES?
(Earth sciences, palaeontology, evol.
biology, astrophysics?)




The division between nomothetic and historical

sciences does not mean that each science is exclusively
one or the other. The particle physicist might find that the
collisions of interest often occur on the surface of the sun;
If so, a detailed study of that particular object might help
to infer the general law. Symmetrically, the astronomer
Interested in obtaining an accurate description of the star
might use various laws to help make the inference. ...
The same division exists within evolutionary biology. ...
Although inferring laws and reconstructing history are
distinct scientific goals, they often are fruitfully pursued
together. Theoreticians hope their models are not
vacuous; they want them to apply to the real world of
living organisms. Likewise, naturalists who describe the
present and past of particular species often do so with an
eye to providing data that have a wider theoretical
significance. Nomothetic and historical disciplines in
evolutionary biology have much to learn from each
other.

Elliott Sober (2000) Philosophy of Biology, pp. 14-15




It is quite impossible to find  the exclusive
cause of a particular phenomenon in biology.
Biology Is the science of multiple causes,

plus the probabilistic feature of the chain of
events.

(Ernst Mayr, 1997)

PROXIMATE CAUSES
(immediate physiological and
mechanical factors; how eye

Works)
_|_

REMOTE CAUSES
(evolutionary forces acting on
traits; how eye evolved)
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Obs. 1: Exponential Ded. 1: Struggle for Ded. 2: Differential
growth of populations existence survival

/

Obs. 2: The balance of

populations
| Obs. 4: Individual Ded. 3: Differential
T . 3: Di |
Obs. 3: Limited resources I.diersE/ o _! reproductive
success, over
Obs. 5: Heredity of a generations: change
part of the individual within populations.
variation Ded. 4: (Principle of

divergence) Descent
with Modifications

Obs. 6: Variation is not
externally directed

- Natural selection IS NOT a «UNIVERSAL LAW> like those  we know in physics

- Natural selection makes some effects more PROBABLE tha n others
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AYNARD SHITH & EORS SZATHMARY

HE MAJOR
ANSITIONS IN

Replicating molecules — Populations of molecules
Independent replicators —» Chromosomes
RNA —» DNA
Prokaryotes —» Eukaryotes
Asexual clones —» Sexual populations
Protists —» Animals, plants, fungi
Solitary individuals —— Colonies

Primate societies — Human societies, Language

The «laws» of evolution themselves evolve...
(contingency thesis)




“We may define a cause to be an object
followed by another, and where all the

objects, similar to the first, are Regulatory
followed by objects similar to the \

_ _ definition of
second . Or, in other words, where, if the causality
first object had not been, the second
never had existed .”

(DAVID HUME, 1748)
Counterfactual
definition of

causality




Counterfactual theory of causation - David Lewis 197  3:
“non-actual possible worlds are real concrete entiti es’

CAUSE: “We think of a cause as something that
makes a difference, and the difference it makes
must be a difference from what would have
happened without it. Had it been absent, its effects
— some of them, at least, and usually all — would
have been absent as well.”




COUNTERFACTUAL RESISTANCE

1. MAXIMUM — Deterministic process (no
counterfactual possible; timeless and
universal laws resulting in predictions)

2. MINIMUM — Random process (every
counterfactual will have same likelihood)

3. MODULATION OF PROBABILITY —
Evolutionary contingency (counterfactual
probability depending on interplay between
patterns and historical events)



EVOLUTIONARY CONTINGENCY

1) CONTINGENCY DOES NOT MEAN «PLAIN CHANCE»: IT IS AN
INTERPLAY BETWEEN REGULARITIES (PATTERNS) AND

RANDOM EVENTS.

2) CONTINGENCY IS AMODULATION OF PROBABILITY
(DEPENDING ON THE RELATIVE POWER OF PATTERNS CASE

BY CASE).

3) CONTINGENCY IS THE CAUSAL POWER OF SINGLE EVENTS
TO MODIFY HISTORICAL PATHS : IT DEPENDS ON MULTIPLE

INTERACTING CAUSES.

Sliding doors...



Is it possible to deal with contingency «scientifically »7?
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2. Singularities and patterns:
the case of mass-extinctions

INSIGHTS

EVOLUTIONARY BIOLOGY The second part of the book is dedi- e — : T
" cated to the dynamic relationships between | Evolutionary Theory ey . |
l ev e l l n u entities at different levels of biological | AHierarchical Perspective | i
g p hierarchies. The essay contributed by evo- | Niles Eldredge, Telmo ] i
; lutionary ecologist Mihaela Pavlicev and | Picvani, Emanuele Serrelli, ‘
Advocates aimm to collaborators—which develops an abstract | [fa Témkin, Eds. 5 |
X University of Chicago Press, |

theory of the behavior of emergent systems L g

stimulate renewed
interest in a hierarchical
theory of evolution

By Bengt Autzen

by examining structural similarities be-
tween biological systems at the molecular
level and in human cultural evolution—was
particularly illuminating,.

The third and final part of the book
turns to the notion of macroevolution,

2016. 393 pp.

this structural feature is relevant for under-
standing evolution. Both interpretations are
at play in the volume, but the distinction is
not always clear.

| EVOLUTIONARY THEORY

A HIERARCHICAL PERSPECTIVE |

EDITED BY
NILES ELOREDGE, TELMO PIEVANI, EMANUELE SERRELLI, AND ILYA TEMKIN

1505 Levels in genomics

30 SEPTEMBER 2016 « VOL 353 ISSUE 6307
Systems biology
Multilevel selection

Tempo and mode of speciation

Macroevolutionary patterns

Mass-Extinctions
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The refusal of catastrophism

“Never was there a doctrine more calculated to foste r
indolence, and to blunt the keen edge of curiosity, than
this assumption of the discordance between the form er

and the existing causes of change... The studentwa s

taught to despond from the first. Geology, itwasa  ffirmed,
could never arise to the rank of an exact science.. . [With
catastrophism] we see the ancient spirit of specula  tion
revived, and a desire manifestly shown to cut, rath er than
patiently untie, the Gordian Knot”.

(Lyell, PoG, ed. 1854, p. 196)




Thousands of Genera

Biodiversity during of the Phanerozoic

I Al Genera

B Well-Resolved Genera
— Long-Term Trend

V/ The "Big 5" Mass Extinctions
¥ Other Extintinctions Events
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Millions of years ago (mya)
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[Gambrian| Ordovican [silurianiDevonian|  Carboniferous | Permian |Triassic| Jurassic (retaceous | Tertiary Quaternary
Bar width
represents
number of
living
families
- |
Extinction Extinction Extinction Extinction Extinction
Groups — * - -
exbetisncin Ordovician: 50% of animal Cretaceous: 50% of animal families,
P 9 families, including many including the last of the dinosaurs and
ALL trilobites. v many marine species.
extinction
Triassic: 35% of animal families,]

[Devonian: 30% of animal families,

including many fish and trilobites.] Y [

including many reptiles.

Figure 19-8 Discover Biology 3/e
© 2006 W.W.Norton & Company, Inc.

Permian: 60% of animal families, including
many marine species, insects, amphibians,
and all remaining trilobites.




THE FORGOTTEN EXTINCTIONS

The end of the Triassic period about 200 million years ago saw the disappearance of at least four major groups of giant reptiles, clearing the way for the age of the dinosaurs

!_ ) Diapsids Lepidosaurs

Survivors of the Permian (Scaly Reptiles;

mass extinction Triassic mass extinction
4 ~200 million years ago

TRIASSIC
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But... THE "PERFECT STORM” MODEL FOR MASS-EXTINCTIONS

1 — Accelerated climate
changes.

2 — Alterations of
atmosphere composition.

3 — Ecological stresses with
abnormal intensity.

1-3 (positive feedbacks)

= “loss of more than three-quarters
LtH S % & () of species in a geological short

+,-+./

010 223 4 035 interval”.

67 3 8% !98: A

Plurality of causes for the same pattern
A somehow familiar pattern?
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Has the Earth’s sixth mass extinction
already arrived?

Anthony D. Barnosky'??, Nicholas Matzke', Susumu Tomiya"??, Guinevere O. U. Wogan"?, Brian Swartz"?, Tiago B. Quental"?{,
v 2 ooe 2. . . 2 T . . 2 . 2
Charles Marshall?, Jenny L. McGuire**f, Emily L. Lindsey"?, Kaitlin C. Maguire'?, Ben Mersey"" & Elizabeth A. Ferrer"

3 MARCH 2011 | VOL 471 NATURE | 51
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Mammalia ,#~9
Aves »y 14
Reptilia < 1°
Amphibia & 1
Actinopterygii ::\,) 5 )’.“28'
Scleractinia ? 0
Gastropoda ?<§=j 1&°
Bivalvia ? Qﬂ@° ?
Cycadopsida ( 9
0)

Coniferopsida

Chondrichthyes =0 g 17
Decapoda Z@ o€ 19

Big Five mass
extinctions

Extinction magnitude
(percentage of species)

Barnosky et al., 2011, Nature, 471: 51-57.
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THE SIKTH
EXTINCTION

ELIZABETH KOLBERT



REVIEW

Defaunation in the Anthropocene

Rodolfo Dirze,'* Hillary S. Young,”> Mauro Galetti,” Gerardo Ceballos,*
Nick J. B. Isaac,” Ben Collen®

We live amid a global wave of anthropogenically driven biodiversity loss: species

and population extirpations and, critically, declines in local species abundance.
Particularly, human impacts on animal biodiversity are an under-recognized form of
global environmental change. Among terrestrial vertebrates, 322 species have
become extinct since 1500, and populations of the remaining species show 25%
average decline in abundance. Invertebrate patterns are equally dire: 67% of
monitored populations show 45% mean abundance decline. Such animal declines
will cascade onto ecosystem functioning and human well-being. Much remains unknown
about this “Anthropocene defaunation”; these knowledge gaps hinder our capacity
to predict and limit defaunation impacts. Clearly, however, defaunation is both a
pervasive component of the planet’s sixth mass extinction and also a major driver of
global ecological change.

Fig. 2. Global population declines in mammals
and birds. The number of species defined by IUCN
as currently experiencing decline, represented in
numbers of individuals per 10,000 km? for mam-

Defaunation in the Anthropocene
Rodolfo Dirzo et al.

Science 345, 401 (2014);

DOI: 10.1126/science.1251817

mals and birds, shows profound impacts of defau- A7 I e - | 1

nation across the globe.




Earth’s Sixth Mass Extinction Event™

T Pievani, University of Padua, Padova, Italy

© 2015 Elsevier Inc. All rights reserved.

Rend. Fis. Acc. Lincei
DOI 10.1007/s12210-013-0258-9

ANTHROPOCENE - NATURAL AND MAN-MADE ALTERATIONS OF THE EARTH

A Prediction, Unfortunately Successful
Homao sapiens as a ‘Perfect Storm’

The HIPPOC Model

Background Extinctions and Mass Extinctions
Lessons from Dinosaurs

Neocatastrophist Revival

Conclusions: The Irony of Natural History
References

The sixth mass extinction: Anthropocene and the human impact
on biodiversity

Telmo Pievani
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What the evolutionary role of mass extinctions?



Evolutionary Hierarchy

Monophyletic
taxa

¢

Species

¢

Organisms Pc:.pulano'r'ls
("demes")

¢

Organisms

Demes

Species

M(moph}fletic taxa

Fig. 1 The evolutionary hierarchy

Niles Eldredge (2008) , “Hierarchies and the Sloshing Bucket: Toward the Unification of Evolutionary Biology”, in Evo Edu Outreach 1 pp. 10-15.



Ecological Hierarchy

Regional

FEcosystems

$

|.ocal
Ecosystems

!

Organisms Populations
("avatars")

4

Organisms

rr

Avatars

l.ocal FEcosystems

Regional Ecosystems

Fig. 2 The ecological hierarchy

Niles Eldredge (2008) , “Hierarchies and the Sloshing Bucket: Toward the Unification of Evolutionary Biology”, in Evo Edu Outreach 1 pp. 10-15.



Ecological Evolutionary

Hierarchy Hierarchy

. Larger Groups

Biosphere of Species

Regional

Ecosystems

Y ocal Species
oca

Ecosystems

Populations Populations

("avatars" ("demes")

Organisms — se—— I\de%?.‘d/ - () g aANiSMS

(as ecological Selection

interactors) 4— Raw Recruits 4— (as reproducets)

Fig. 3 The two hierarchies and natural selection




Ecological Evolutionary
Global change Hierarchy Hierarchy

- Biosphere

disruplion = Ecosystems speciation

Mass extinction &

Rp_gﬂmlaummlal Regional Species extinction &

—- =
Local
Ecosystems
Laocal :mvmmnld Minor of
|, Populations Populations
Organisms = Organisms

Fig. 4 The sloshing bucket theory of evolution

Unifying pattern for macro-evolution
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2 Unsm 3. Historical «experiments»

& D1 PADOVA

and patterns

NATURAL
EXPERIMENTS
OF HISTORY

gren oy JARED DIAMOND
e JAMES A. ROBINSON Jared Diamond

- Same ecological conditions, different
cultural pathways (contingent
historical divergences)

- Same bio-cultural origin, different
social pathways (due to divergent
ecological conditions)




“Historical science is not worse,
more restricted, or less capable
of achieving firm conclusions
because experiment, prediction,
and subsumption under
Invariant laws of nature do not
represent its usual working
methods. The sciences of
history use a different mode of
explanation, rooted in the
comparative and observational
richness of our data”

(S.J. Gould, 1989, p. 274).




Retrodictions and... predictions
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“Scientific theories are powerful
because they allow us to make
predictions about our world. We
look at all the evidence we have
gathered to date and predict what
we might find if we do certain
experiments. If the results of these
experiments confirm our
predictions, we know we have a
solid theory. If not, we revise our
theory and keep asking questions.
As paleontologists, we can't go to a
lab and use beakers and test tubes
to gather evidence to test our
theories. Instead, we look at the
fossil evidence that exists today to
make predictions about what we
might find in the field tomorrow”.

http://tiktaalik.uchicago.edu/searching4 Tik.html
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Nature, Sept. 2014

Deep Time and Lab!



«Lawlike» patterns

repeated schemes of

Niles Eldredge historical events

(due to unifying principles,
processes, mechanisms and causes
governing the history of life)

So, you can derive nomothetic principles
from the study of contingent histories



Patterns are :

1. regularities in historical phenomena
(ex. adaptation by natural selection, geographic

speciation, turnover pulses, mass-extinctions...) :

1. limited in range,;

2. with deviations and exceptions;

3. phenomena can embody multiple patterns
(antagonistic, complementary, integrative).

“History Is a natural experiment, but also it is a

connected sequence of unigue events”
(Eldredge, 1989, p. 8)



Rate of origination and extinction of genera
through time:

PATTERN OF DECLINING VOLATILITY




4. Pluralism of patterns

Incompatible patterns, together?



Obs. 1: Exponential Ded. 1: Struggle for Ded. 2: Differential
growth of populations existence survival

/

Obs. 2: The balance of

populations
| Obs. 4: Individual Ded. 3: Differential
T . 3: Di |
Obs. 3: Limited resources I.diersE/ o _! reproductive
success, over
Obs. 5: Heredity of a generations: change
part of the individual within populations.
variation Ded. 4: (Principle of

divergence) Descent
with Modifications

Obs. 6: Variation is not
externally directed

NATURAL SELECTION: SAME INITIAL CONDITIONS (selecti ve pressures)
likely imply SAME FUNCTIONAL RESULTS. But...









Human expansion out of Africa has been accompained
by a series of founder effects

B. M. Henna, L. L. Cavalli-Sforza, & M. W. Feldman The great human expansion
PNAS 109 (44), 17758-17764, 2012



B. M. Henna, L. L. Cavalli-Sforza, & M. W. Feldman The great human expansion
PNAS 109 (44), 17758-17764, 2012



RANDOM GENETIC PROCESSES (NO NATURAL SELECTION)
PRODUCE VERY PREDICTABLE AND LAW -LIKE PATTERNS!



Complementary patterns

EX. problem:
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Integrative
patterns

GRADUALISM or
PUNCTUATIONISM?

Both, and relative
frequencies



Nature, Oct. 2014




Meta-pattern: evolutionary research  programme

Pigliucci, Muller (eds), Evolution — The Extended Synthesis, The MIT Press, 2010
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