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‘Evolutionary progress’ — directional evolution

Biol. Rev. (1987), 62, pp. 305-338

PROGRESS AND COMPETITION IN MACROEVOLUTION

By MICHAEL J. BENTON

It is merely a tau}ology to identify the later animal (the ‘\n}inner’)
as a ‘superior competitor’ in the absence of any other evidence (Schopf, 1979).

. it is hard to envisage a constant competitive advantage that lasted so long and
persistently favoured all of the species of one large taxon against all of the species of
another in all environments.









Biology: fixed laws ¢
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Energy per km

Time per offspring

You would not consider
the overall pattern a fixed
law, but consider it with
respect to technical
progress.

Why would you consider
this a pattern due fo fixed
life history tradeoff laws,
and not rather a snapshot
in a process of
opftimization?e



Prolbabllistic directionality
INn evolution




A priori conditions and their consequences

Life requires input of resources.
Life starts simple (non-complex).
Life means reproduction.
- spontaneously occurring yet heritable variability
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Probabillistic directionality I: fowards non-stasis
- not only replacement but multiplication

® o
® O o o o o o o ® o
A A Y X
° " 2 = m =
o o s 68
s 8
e 8 8 & s 8
s 86 8 o
Probabillistic directionality Il: more diversity & complexity



The Tendency for Diversity & Complexity
to Increase in Evolutionary Systems

BIOLOGY’S F




A priori conditions and their consequences

Resources are finite.

now what?




A priori conditions and their consequences

Resources are finite.

Probabilistic
directionality Il

fowards faster
reproduction




Bursts of adaptive radiation




Radiation info new niches
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Radiation into new or old niches
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Radiation into new or old niches
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Michael Rosenzwelq’s
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Evolution is
life’s permanent suggestion
of new solutions
to the question of life ifself.

Bursts of radiation occur when a life form
meets a series of niches that is not occupied/
occupied by a lesser solution.
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Looking at human evolution







suggests humans are not special but just
another species
















The state of the planet

The biomass distribution on Earth

Yinon M. Bar-On?, Rob Phillips™, and Ron Milo™'

estimate for repfiles similar magnitude as wild birds (but more
assumptions; estimate for amphibians not possible)



The state of the planet

The biomass distribution on Earth

Yinon M. Bar-On®, Rob Phillips™<, and Ron Milo™"
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@ suggests humans are not special but just
another species

)

THIS 1S
ECOLOGICAL

REALITY

suggests not only adaptation but
v something beyond (‘progress’)

suggests modern humans are
v ecologically dominant



The evolution of ecological dominance










Bursts of radiation occur when a life form
meets a series of niches that is not occupied/
occupied by a lesser solution.




The niche concept




Who is the odd one out?¢

Elephant Tenrec Hedgehog




Ecological niches!
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Tenrec Hedgehog

Afrot
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Marsupials Afrotheria Boroeutheria




Marsupials Afrotheria Boroeutheria
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Dealing with resources

By which means can organisms become more

efficiente
adapting to
optimal
resource use
(niche specificity) The Human Ecological Niche

DONALD L.. HARDESTY

AMERICAN ANTHROPOLOGIST
1972

_ Man is not
specialized for a specific physical environ-
ment;




Dealing with resources

By which means can organisms become more
efficient?

adapting to

optimal
resource use The Niche Concept: Suggestions for Its
(niche specificity) Use in Human Ecology

Donald L. Hardesty'
Human Ecology, Vol 3, No. 2, 1975

The calculation of niche width from
subszsrence data is drsrussed and examples are given from several human groups
with refererice to total resource variety, resource variety in space, and resource
variety in fime.




Dealing with resources

By which means can organisms become more

efficient?e
(]d(]pﬂng to The Human Ecological Niche
optimal “generalism”
“cooperation” (%

resource use

H ege o 7 H_ r
(niche specificity) culture



Dealing with resources

By which means can organisms become more

efficient?e
adapfing fo conftrolling
optimal a broad set of resources
resource use (niche generalism)

(niche specificity) “super-niche” emergence



Dealing with resources

By which means can organisms become more

efficiente
adapting to conftrolling
optimal a broad set of resources
resource use (niche generalism)
(niche specificity) “super-niche” emergence

»
»

Probabillistic directionality IV: from use towards confrol

Hypothesis:

The characteristics required to facilitate ‘resource control’
are of such a generic nature, and independent of any
specific resource itself, that no several ‘control niches’ exist.
There is no room for several species.







Changing the taxonomic level

adapting to conftrolling
optimal a broad set of resources
resource use (niche generalism)
(niche specificity) “super-niche” emergence
niche specificity niche specificity within

between species the single species



Changing the taxonomic level

adapting to conftrolling
optimal a broad set of resources
resource use (niche generalism)
(niche specificity) “super-niche” emergence
niche specificity niche specificity within

between species the single species



Adaptation == b b b b w— Conftrol
adapfting to resource
resource use control

(niche specificity)

(general and)
specific
- energetics
- locomotion
- feeding apparatus
- insulation
- surface color/pattern
- digestion / detox
enzymes
- behavioural cues

(niche generalism)

- territory / mate
defence
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Primitive agriculture in a social amoeba

Debra A. Brock', Tracy E. Douglas', David C. Queller' & Joan E. Strassmann'
20 JANUARY 2011 | VOL 469 | NATURE | 393




Fungal farming in a snail

Brian R. Silliman*T and Steven Y. Newell*

PNAS | December 23,2003 | vol. 100 | no.26 | 15643-15648
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THE EVOLUTION OF AGRICULTURE IN INSECTS

Ulrich G. Mueller,"? Nicole M. Gerardo,"*?
Duur K. Aanen,* Diana L. Six,’ and Ted R. Schultz®

Annu. Rev. Ecol. Evol. Syst. 2005. 36:563-95













biolo gy Biol. Letz. (2006) 2, 593-596
letters .
A novel obligate cultivation
mutualism between
damselfish and
Polysiphonia algae

Hiroki Hata™* and Makoto Kato
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adapting to resource

opfimal control

resource use (niche generalism)
(niche specificity)




HOW DID HUMANS EVOLVE?

Reflections on the Uniquely Unique Species
Richard D. Alexander

able to live almost anywhere they pleased on the
face of the earth. In other words, the human species
is so ecologically dominant that it can mold, ma-
nipulate, or even remove aspects of its environ-
ment—including other living forms—more or less
at will. This is just another way of saying that
humans have so reduced the significance of what
Darwin saw as the external “hostile forces of na-
ture,” or the forces of natural selection, that other
humans very well could have assumed the role of
: oo T ” ature,” at least most

icion of the intellect




Ecological dominance, social competition,
and coalitionary arms races:
Why humans evolved extraordinary intelligence

Mark V. Flinn®**, David C. Geary®, Carol V. Ward®*

Richard Alexander proposed a
comprehensive integrated explanation. He argued that as our homipin ancestors became increasing
able to master the traditional “hostile forces of nature,” se e%essures resulting from competition
among conspecifics became increasingly important, particularly in regard to social competencies.

term this scenario the “ecologi(lé% Mmaal competition” (EDSC) model

Attributes of humans that may provide clues to our evolution

I. Unusual speciation and extinction pattern
A. No remaining ancestral species or side branches; absence of adaptive radiation in Homo (White, 2003)

despite rapid evolutionary change.




Ecological Dominance and the Final Sprint in

Hominid Evolution
P. Slurink

Alexander does not make clear what (cause X) made our ancestors “ecologically domi-

nant” and when.

Ecological
dominance

Cause x

intraspecific: in-group

More within-group-

cooperation & discipline
or "mora]jty“

Increased
‘intraspecific
conflict

WW between groups

Larger, more cohesive
groups tend to win &
defend their resources
better

"Reproductive
opportunity leveling"
reduces conflict and
enables living in
larger groups

[t should become clear what enabled them to become “ecologically dominant”




Ecological dominance, social competition,
and coalitionary arms races:
Why humans evolved extraordinary intelligence

Mark V. Flinn®**, David C. Geary®, Carol V. Ward®*

Although our hominin ancestors were not equipped with exceptional teeth, horns, strength,
armor, speed, or size, at some point, they nonetheless may have begun achieving relative
freedom from the traditional hostile forces of nature, perhaps even more so than our hominoid
relatives, the gorillas and chimpanzees. The means by which homjnins increased ecological
dominance probably involved behavioral adaptations (e.g., nd projectil
see Hominin fossil record below).




Adaptation = Ecological Dominance - Control
adapting to ,

optimal ultimate reég%rﬁs
resource use predator (niche generalism)

(by cooperation, fire,

(niche specificity) distance weaponry)
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(niche specificity) distance weaponry)

Evolution of Coalitionary Killing




Adaptation = Ecological Dominance - Control
adapting to ,

optimal ultimate reégzrﬁj
resource use predator (niche generalism)

(by cooperation, fire,

(niche specificity) distance weaponry)
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Food chain dominance




AdOciailianes Ecological Dominance | Control
Social Competition

adapting t e resource

opfimal gy mate control

resource use Weoak
y cooperation, fire,

(niche specificity) distance weaponry,

(niche generalism)

Evolution of Coalitionary Killing




Ecological Dominance

Adaptation == . . — Control
P Social Competition
adapfing f I resource
optimal U IdOT‘e control
resource use \Sord' B (niche generalism)
iche specificit distance weapon
(niche specificity) lm”wwjm?p.;ry

Two types of aggression in human evolution

Richard W. Wrangham™'
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“A hydrogen bomb is an example of mankind'’s

enormous capacity for friendly cooperation.”
Bigelow (1968)






Ecological Dominance

Adaptation = w— Conftrol

Social Competition

adapting 1
optimal
resource use
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resource
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(niche generalism)



Ecological Dominance
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Ecological Dominance

Social Competition ™ Confrol

Adaptation ==

adapting 1 N
Op'l'lmgl | U'HlmOTe
resource use predat

(by cooperation, fire,

(niche specificity) distance weaponry

resource

conftrol
(niche generalism)

120
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year
19396 Encyclopaedia Britannica, Inc.







Ecological Dominance

Adaptation == - Confrol

Social Competition

adapting to
optimal
resource use
(niche specificity)

resource

control
(nighe generalism)
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Ecological Dominance

Adaptation w= Social Competifion w— Conftrol

odqp’ring to resource
opfimail control
resource use (niche generalism)

(niche specificity)

»
»

Probabilistic directionality IV: from use towards control

once control evolves,
there is no furning back



Evolution is
life’s permanent suggestion
of new solutions
to the question of itself.




Adaptation == Ecologcol Dommqnce — Control
Social Competition

odqp’ring to resource

opfimal control

resource use
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Probabilistic directionality IV: from use fowards control

once control evolves,
there is no furning back



Potential Candidates ¢

You can’t fill a niche that is
already taken
(unless you are more efficient).






Adaptation == Ecologcol Dom”.“?”ce - Control
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odqp’ring to resource

opfimal control

resource use
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Probabilistic directionality IV: from use towards control

once control evolves,
there is no furning back






Adaptation == Ecologcol Dom”.“?”ce — Control
Social Competition

odqp’ring to resource

opfimal control

resource use

i & HEE >

Probabilistic directionality IV: from use towards control

once control evolves,
there is no furning back



Summary

The system of life evolution contains directional elements that do not
represent a plan but inevitability.
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Summary

The system of life evolution contains directional elements that do not
represent a plan but inevitability.

Cosmic / planetary / localised events may disrupt that course but not
shut it down.

Niches exist and are filled by organisms evolving into them (at
increasing efficiency).

The niche of global resource control exists, and once an organism
evolves to fill it, it changes the condition for many other niches,
and changes life's focus from inter-specific to intra-specific.

By definition, the way towards resource control most likely is via
ecological dominance, i.e. via being a terrestrial top predator or
controlling top predators, leading to infra-specific runaway
selection due to a lack of other competitors.

The probably most feasible way to become ecologically dominant is
via cooperation (supplemented by tool use).




thank you for your attention




