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Relationship between organism and environment ) ol A
Standard Evolutionary Theory (SET) Extended Evolutionary Synthesis (EES)
Environment: ‘background condition’ Niche construction: like developmental
which may trigger or modify selection, Versus bias, means- that organisms. co-direct their
but is not itself part of the evolutionary own evolution by systematically changing
orocess. environments and thereby biasing
\ Celection. j

Cornitermes cumulans  Apicotermes lamani
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SET: Environmental states modified by organisms are not systematically different from environments that change
through processes independent of organismal activity
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Traditional view ; :
natural selection, EES view natural selection
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—> recognized evolutionary causes

— recognized evolutionary causes
------ » effects of these causes

/ SET: Natural selection from the environment is the \
only cause of biological evolution. The response to

the environment (developmental plasticity) and the
change to the environment (niche construction) are

EES: All are the reasons for driving biological

evolution, and have the same important status as
natural selection. Thus, developing organisms are
not only products of evolution, but also causes of

regarded as a continuous cycle of response

evolution.

\ processes under the action of natural selection /
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Guidelines for explaining evolution ISORPIES
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Standard Evolutionary Theory (SET)
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Extended Evolutionary Synthesis (EES)
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“-FEREI” (Extended Phenotype)

el

Richard Dawkins (26 March 1941 -)

1976, The Selfish Gene
1982, The Extended Phenotype

* Gene-centered view of evolution

* An animal's behaviour tends to maximize the survival
of the genes "for'" that behaviour, whether or not
those genes happen to be in the body of the particular

animal performing it




“¥-FEREI" (Extended Phenotype)
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Evolutionary Niche Construction
Synthesis NEGLECTED FROCESS.INBVOU
An integrative research program
search
About the EES F. John Odling-Smee. Kevin N. Laland.

; and Marcus W. Feldman
The project

News and events

Resources

Blog

People

Contact
Dr John Odling-Smee
University of Oxford
Contact

Email: John Odling-Smee
Phone: +44 1865 270999

Biosketch

John Odling-Smee is Emeritus Research Fellow, Mansfield College at the University of
Oxford. Prior to retirement, he lectured in Biological Anthropology at Oxford.
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Niche Construction
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Niche Construction

“HSHIHIEE”  (Niche Construction)
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Ecological inheritance
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Populations of diverse phenotypes
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Niche construction

- Development
Natural selection
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Niche construction

Natural selection

Populations of diverse phenotypes
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NEW WORDS, OLD CONCEPTS ISOPLIIE Y
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In October 1881, just six months before he died, Charles Darwin published his final book. “The Formation of Vegetable
Mould, Through the Actions of Worms: earthworms are adapted to thrive in an environment that they modify through
their own activities.

Feedback between organisms and the environment have been studying for well over a century.

Supporting
Positive effect
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A beaver dam (L) and lodae (R) © Gettv
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Cornitermes cumulans  Apicotermes lamani

Pheromone

Profile

lcm

Procornitermes araujoi Cubitermes fungifaber

Ocko SA et al. Morphogenesis of termite mounds. Proc Natl Acad Sci U S A. 2019

environmental factors

environmental factors Modify the gas flow, humidity, advection and

/ heat flow and gas eXCha”ge/ diffusion of heat and pheromones
Change building behavior of termites Termite behavior:

modify geometry

\-V Mound geometry diversity
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Organisms and natural selection LA 24‘
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Natural selection was thought to sculpt organisms over millennia to become adapted to their ecological niches, with
no steer from the goals or purposes of organisms. But it is controversial among evolutionary biologists.

Ecological inheritance means that organisms does not evolve in response of static adaptive landscape, but instead
mould that landscape to alleviate or intensify the particular selective pressures it places upon us.

“The organism influences its own evolution, by being both the object of natural

selection and the creator of the conditions of that selection,”
——Richard Levins and Richard Lewontin




Strategies of facing selection pressure
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Selection

pressure
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population

individuals

Change
Change Change Micro- gene pools Cha.nge
himself environment environment
Differential Niche : L.
: : Evolution Speciation
gene expression construction




Change the environment

The body structure of earthworm does But he can create a tiny wet environment
not adapted well to land life. to live —— the cave.
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The way earthworm changes the environment to reduce the natural selection pressure is what EES had pointed as “niche
constructing”.
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influence

> More organisms
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The progeny corals inherited the carbonic acid crust of
their ancestors and formed a new born ecosysterm.



Fitness

Co-evolution between environment and organisms

Local fithess
maximum maximum

The point not always running after the
mountain top, but also has a "gravity" on it.

Global fitness
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The fitness constructed with each factor as
the coordinate axis is a curved surface.
The characteristics of high fitness form
mountains, organisms is the point on the
curved surface, and the mountain of fithess
is constantly moving.

In the process of formation of the
relationship between organisms and the
environment can be understood as the
rapid movement of the mountain and the
species on the mountainside, while the
relationship between the balanced living
things and the environment can be
understood as the slow movement and
relatively static of the mountain top and
species.



Co-evolution between environment and organisms

Local fitness Global fitness
maximum maximum

Fitness

Qﬁi’ 2 .
R :’“4’3%}
i / .

FopiE RN

The blindness of biological evolution
makes organisms evolve to adapt to the
current environment

The price to reach global fitness
maximum is too expansive so that
individuals could hardly reach this way
once they have reached local fitness
maximum.
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(A) Chlorophylls

UV  Violet Blue Green Yellow Orange Red IR
' [ ' ' ' ' ' % '
Chlorophyll a Visible solar spectrum
\ — Chlorophyll b ’ Bacteriochlorophyll a

Absorption

A\

400 500 600 700 800
Wavelength (nm)
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Always advantageous?
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land plants rhizaria

charophycean algae

chlorophycean algae

(Chiamydomonas, Voivox)

ciliates

® diatoms
‘.

dictyostelid slime molds
brown algae

plasmodial slime molds

choanoflagellates acrasid slime molds

excavates

animals fungi

all members multicellular

some members multicellular, some unicellular

most members unicellular, rare muiticellular species
all members unicellular or colonial

most members unicellular, rare colonial species

all members unicellular
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Phenotype diversity
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Different degree of invasion with different placenta type
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Roberts RM, Green JA, Schulz LC. The evolution of the placenta. Reproduction. 2016

Epitheliochorial placenta is not only a derived form that has evolved from a more invasive placental type, but has arisen
independently in three distinct mammalian lineages, including primates
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SET or EES?
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why is the epitheliochorial placenta evolved multiple times from a more invasive placental type?

External environmental
or ecological pressure
P
External environment
oxygen content, Different /

virus infections...? .
Us infections Organism

Gestation length, litter size and brain size

'
Organism

Placenta morphology change ‘7\
!’
Internal environmental

Nutrient allocation and
immune rejection

Imprinted gene change l
ERV & EVE change



