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Taking History Seriously: 
causality and patterns 

in evolutionary systems



1. Experimental sciences
VS historical sciences?

HISTORICAL SCIENCES: 
No re-testing

No counter-factuals
No clear repetitions

Different epistemic situations, etc.

A «secundary status» with respect to 
EXPERIMENTAL SCIENCES?

(Earth sciences, palaeontology, evol. 
biology, astrophysics?)

“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)



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)



Which causes for this adaptive radiation?



«In this book we attempt to explain the evolutionary diversification of 
Darwin’s finches in terms of geography, behavior, ecology, and 
genetics. The explanation involves natural and sexual selection, 
random genetic drift, exchange of genes through hybridization
(introgression), and cultural as well as genetic evolution. Linking all
these factors together is the frequent and strong  fluctuation in 
climatic conditions» (R. and P. Grant, 2008, p. 11) 

Natural and sexual 
selection

Cultural as well as 
genetic evolution

Hybridization

Random genetic drift

Fluctuations in 
climatic conditions



Obs. 1:   Exponential   
growth of populations

Obs. 2: The   balance of 
populations

Obs. 3: Limited resources

Ded. 1: Struggle for 
existence

Obs. 4: Individual
diversity

Obs. 5: Heredity of a 
part of the individual
variation

Obs. 6: Variation is not
externally directed

Ded. 2: Differential
survival

Ded. 3: Differential
reproductive
success, over 
generations: change
within populations. 

Ded. 4: (Principle of 
divergence) Descent
with Modifications

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

- Natural selection makes some effects more PROBABLE tha n others



RECIPROCAL CAUSATION 
(Niche construction)



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 
followed by objects similar to the 
second . Or, in other words, where, if the 
first object had not been, the second 
never had existed .” 

(DAVID HUME, 1748)

Counterfactual
definition of 
causality

Regulatory
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)



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

2) CONTINGENCY IS A MODULATION 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.

EVOLUTIONARY CONTINGENCY

Sliding doors…



Is it possible to deal with contingency «scientifically »?



2. Singularities and patterns: 
the case of mass-extinctions

Levels in genomics

Systems biology

Multilevel selection

Tempo and mode of speciation

Macroevolutionary patterns

Mass-Extinctions



Georges Cuvier 
(1769-1832)

A neglected observation



“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 student wa s 

taught to despond from the first. Geology, it was a 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)

The refusal of catastrophism



(O. Nielsen, 2009)





Lucky (and unpredictable) survivors



Frequency, high magnitude, «rapidity», low selectivity, no 
intensification of ordinary causes



Large scale 
contingent causes



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
of species in a geological short 
interval”.

Plurality of causes for the same pattern
A somehow familiar pattern?

- Arens, N.C. e I.D. West, 2008, Press-pulse: A general 
theory of mass extinctions?, in «Paleobiology», 34, pp. 
456-471.
- Brook, B.W., N.S. Sodhi e C.J.A. Bradshaw, 2008, 
Synergies among extinction drivers under global change, 
in “Trends in Ecology & Evolution”, 23, pp. 453-460.



- Accelerated climate dynamics? YES
- Changes in atmospheric  composition? YES
- Abnormally high-intensity ecological stressors? YES.

= Magnitude and rate of anthropic mass extinction in comparison 
with the Big Five: over the past 500 years, from 22% in mammalia to 
47-56% in gastropoda and bivalvia.

“Our results confirm that current extinction rates are higher 
than would be expected from the fossil record. … The Earth 

could reach the extreme rates of the Big Five mass extinctions 
within just few centuries if current threats to many species 

are not alleviated”.



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





We are not in the middle of a sixth 
mass extinction yet, but all the 

conditions are there (we are in the 
extinction trajectory, with 

accelerating rates): 
ANTHROPOCENE

What the evolutionary role of mass extinctions?



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



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





Unifying pattern for macro-evolution



3. Historical «experiments» 
and patterns

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



“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/searching4Tik.html



385M

375M

365M



Life in shallow 
water

Cladogram of the pectoral fins of taxa on 
the tetrapod stem-group

Cladogenetic pattern 
+ 

convergent evidence
= prediction



Crown-group

Stem-group

Coates et al. 2008, 
review. 

EARLY-TETROPODS 
PHYLOGENY

(quadrupedal)





Nature, Sept. 2014

Deep Time and Lab!



«Lawlike» patterns

= 

repeated schemes of 
historical events

(due to unifying principles, 
processes, mechanisms and causes

governing the history of life)

Niles Eldredge

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 unique 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   
growth of populations

Obs. 2: The   balance of 
populations

Obs. 3: Limited resources

Ded. 1: Struggle for 
existence

Obs. 4: Individual
diversity

Obs. 5: Heredity of a 
part of the individual
variation

Obs. 6: Variation is not
externally directed

Ded. 2: Differential
survival

Ded. 3: Differential
reproductive
success, over 
generations: change
within populations. 

Ded. 4: (Principle of 
divergence) Descent
with Modifications

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!



Ex. problem:

Complementary patterns



KIN SELECTION

(J.B.S. Haldane, William Hamilton)



GROUP 
SELECTION

(David S. Wilson)



GRADUALISM or
PUNCTUATIONISM?

Both, and relative 
frequencies

Integrative 
patterns



Nature, Oct. 2014



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

Meta-pattern: evolutionary research programme



R.J. O’Hara, 1992, «Telling the Tree», 
Biology&Philosophy.


