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“THE BEST FRIEND ON EARTH OF MAN IS THE TREE.
WHEN WE USE,THE TREE RESPECTFULLY AND ECONOMICALLY,
WE HAVE ONE OF THE GREATEST RESOURCES ON THE EARTH."

- Frank Lloyd Wright
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10O START
WITH

BY ELODIE TERNAUX

Our daily activity, in the Paris matériO library of emerging materi-
als, is assisting all sorts of creative people — architects, designers, artists, etc.
—with their projects and more specifically in their choice of materials. Over a
period of a few years, the requests and preoccupations of the people coming
to see us have become closely linked to issues of sustainable development,
in particular as far as the ecological dimension is concerned. Today there are
very few questions on materials which don’t involve recyclability parameters,
traceable and certified sources, energy-cthcient conversion processes, ctc.
This public awareness, it a key feature and engine for change, is not always
on the one hand fully put into action and on the other hand in accordance
with an industrial society that has not yet undergone a major revolution. Alas,
it must be admitted that some projects seem to be conducted with a good
conscience, which then proves to be false and turns out to be mere green-
washing. The issues relating to sustainable development are substantial; the
parameters are numerous and complex and, without any doubt, navigation in
sustainable waters is difficult, arbitrating on the relevant decisions to be taken
and making sense without compromising ourselves. As Baron de Coubertin
so wisely said, “The important thing is to participate’. We are in the first stage

of a long conquest for the more reasonable and the more sustainable.

At the centre of our ecological questions lies that about the connec-
tion we maintain with nature. One of the recurrent questions in choosing
a material, for example when a designer is secking to adopt a more sustain-
able approach, is: ‘Is this material natural?’ The eternal debate about natural
compared with artificial, a debate which in effect is now in full swing, with
the profoundly-anchored conviction that natural materials must exist and
that they must, in essence, be ‘better’ than artificial materials. There goes a
sustained prejudice, and a dichotomy which should not exist. Everything is
natural, everything is artificial. Man, a product of nature, makes and converts
clements from nature. If we consider that a bird’ nest, a complex conjunc-




tion of thin twigs and delicate leaves, is ‘natural’, then why not consider that
the Olympic Stadium designed by architecture irm Herzog & de Meuron,
which opened in 2008 in Beijing, China and christened ‘the bird’s nest’ is
itself also perfectly natural? In what way is a wooden chair really more natu-
ral than a chair made of plastics material? At least may I consent to accept the
idea of a thickness of artificiality as suggested by Ezio Manzini in his famous
book La materia dell’invenzione (The material of invention). Indeed poly-
methyl methacrylate is more ‘converted’ from oil than moulded plywood is
from the trunk ot a tree but are they not both part of nature?

Mankind has spent some time struggling to get away from this nature,
considered to be hostile. This species, endowed with the power of speech,
quickly became superior to all and has devoted a lot of energy in its strug-
gle to dominate natural elements. Today, for a short time, mankind almost
manages to master them, but the tables are turned by the threat to the very
survival of the species that happens to have this mastery. And the movement
for reversal, therefore: man gently starts to regain contact with his environ-
ment and discovers with astonishment, with curiosity, envy and interest, this
nature with which he has completely lost touch. Man realises at last, with
humility, that to listen to and observe the living world around us gives us
access to an incredible source of information, inspiration and innovation.
Nature finally gives us evidence of quite disconcerting ‘intelligence’ and now
seems to be an example of an ‘industry’, with complete mastery of sustain-
able development. Whether we simply copy from it, use living organisms in
our projects or transfer some of its technologies, nature offers us a fantastic
terrain for creativity.

Man knows very well how to imitate: from false fur and floral mo-
tifs to imitation leather, nature constitutes a substantial reservoir we use so
blithely. Man also uses nature in a particularly important (and worrying)
manner by draining its resources. We’re not going to stop helping ourselves
to these any time soon. Just as any species does, we have to ensure our
livelihood by using the available resources. It all depends on the equilib-
rinm of the systems we are endangering more and more, by using a little
too much of what nature offers. It is there, among other things obviously,
that notions of sustainability come into play in our actions. It is also there
that certain boundaries can be crossed, towards the biological use of cer-
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tain organisms which become simple machines in the service of man and
for which we can no longer be guarantors of permanence. The threshold to
genetic modifications of certain species for our benefit is then quickly passed.

To really take inspiration from nature on the other hand, from its forms,
structures, systems and functions which are optimised under certain condi-
tions, that’s when we have quite a few cards to play. This is the approach that
current biomimicry® emphasises, led by the American biologist Janine Beny-
us = 33, accompanied by others throughout the world, for example Gunter
Pauli, Gauthier Chapelle and Emmanuel Delannoy. How obvious to turn to
nature with its billions of years of experience, research and development in
order for us to advance = piz2a. How astonishing that the discipline is not

more firmly established, when you think that the biomimetics principle has
always been there. By going back to take our lessons from nature, as Leonardo
da Vinci invited us to do, we have in our hands a way of tackling the questions
posed by our complex world and, furthermore, in a sustainable manner. This
approach to sustainable development, seems more profound than a lot of
‘sticking plaster’ solutions adopted today. However, it needs a great capacity
forretention, observation, understandingand areal change in ourway ot think-
ing. Janine Benyus, observing nature, emphasises the following principles:
Nature relies on one main source of energy: solar energy.
It uses only the amount of energy that it needs.
[t matches form to function.
It recycles everything.
[t bets on diversity.
It works with local expertise.
It limits its own internal excesses.
It uses constraints as a source of creativity.

Nature is a veritable expert in sustainable development. Victor Papanek,
in his book Design for the Real World: Human Ecology and Social Change,
published in 1971, was already emphasising that in his eyes® biology and its
associated disciplines offer the designer very significant potential to reach a
new, creative vision of the world. He assured us that a designer must take an
interest in ecology® and ethology (the scientific study of animal behaviour)
to find equivalents in nature and in biological systems. How can we fail to
admire the daily feats of engineering achieved by nature? From the function-

[¥]
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ing of ourselves = 55205207, to that of some frogs to resist freezing = ;s3,
to that of chameleons or stick insects to each camouflage themselves with
their individual strategy = 9397, to that of termites in constructing a ther-
mally-regulated dwelling without electric air-conditioning = .33, to that of
trees in drawing their energy from sunlight = 111113185, and so on. Diversity,
BIOdiversity =« ,57. There is no doubt that we have to fight effectively to
preserve this biodiversity” which is under threat today, not even from an al-
truistic desire for its preservation but in a sudden burst of selfishness before
we see the disappearance of very valuable sources of engineering, design and
sustainable development.

With scientific training, I spent rebellious years getting away from these
subjects. Yet today I'm happily going back, proot that the old adage ‘you go
back to your first love’ is still true. This is a family book and it makes me very
happy, a chance to bring together the scientific expertise of both my parents
—my father, research director in the CNRS ( Centre National de la Rechervche
Scientifique — the French National Centre for Scientific Research), specialis-
ing in neurocybernetics® and my mother, lecturer in biology and geology —
with my modest knowledge at the crossroads between science and creativity.
The way this book is brought into being is a good example of the multidisci-
plinary principle which I believe to be very important to the relevance, origi-
nality and quality of projects. The team thus consists of two scientists keen
on popularisation and education, a committed and talented graphic designer,
a typographer and illustrator and his artist mother (it’s a real family affair),
an experienced female editor in an enlightened publishing house, a thorough
translator and the woman at your service, part engineer, part designer.

A project like this one, flirting with science and design, inevitably raises
questions on the precision of the scientific content when it is gathered and
designed for a non-scientific audience. Where does one draw the line? When
does it become too complex, when does it become too simple? There’s no
doubt that scientists and experts, with this book in hand, will contest its ac-
curacy as we took shortcuts in order to offer easier ways to be part of this
amazing complex world. How to (and even whether we should) communi-
cate scientific facts is an eternal debate amongst the scientific community;
one that unfortunately divides and sometimes dismisses curious minds who
quickly discover they cannot reach and grasp the essence of science, or that
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one will not grant them the access in order to protect its privileged expertise.
Seeing the excitement in children and adults alike when they discover how
magical, intriguing and complex natural phenomena are, and seeing how
this knowledge explains and enlightens our world, proves how essential sci-
entific education and communication are at any level. It’s this very specific
excitement that makes biomimicry a field of high interest when it comes to
ecology. Contrary to most methods or solutions presented to us — mainly
associated with down-cycles, to, let’s tace it, rather dull-repulsive-serious-
implying eftorts solutions — the wonders of nature arouse the desire to create
in a positive way, call upon our child-like spirit of amazement, and are utterly
refreshing and precious.

The aim of this book is to open a door to incredible natural diversity,
to the fascinating mysteries of living organisms, to the inexhaustible source
of inspiration found in nature and to the intense challenge that faces us. The
book is a kaleidoscope of information and inspiration, especially, but not
exclusively, about the very precise approach oftered by the concept of bio-
mimicry. My hope is that this book will stimulate people to take care of their
relationship with nature. It consists of several parts, to be read in any order
you choose. However, the Janine Benyus interview stands out as a point of
reference. Clear and didactic, the biologist knows how to base her approach
on evidence that just cannot be ignored. By means of a historic panorama,
several interviews, various carcfully chosen images, a detailed glossary and
bibliography and a selection of strategies adopted by nature and which have
or could give rise to applications for mankind, we hope to ofter all you de-
signers an inspirational tool which will persuade you to dip into nature,
to confront yourselves with its enlightened intelligence, to learn, learn and
learn again to be more rational and analytical, while being more innovative.

‘Man’s engineering can imitate many inventions, thanks to the use of
various instruments contributing to the same goal. However, he will never
make them more beautiful, more simple or better adapted than those of
nature because, in its inventions, nothing is missing and nothing is unneces-
sary’. Leonardo da Vinci
_ Particularly in these changing times, when values waver and seem on
the point of being reassessed, the challenge is there for us to go into battle.

11
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NATURE
AS A MODEL

BY JEAN-PIERRE TER

K

MIMICRY:
A LIFE-SAVING REFLEX
IN SPECIES

NATURE HAS A LOT TO TEACH US

On planet Earth, our environment has
evolved over several billions of vears, slowly building a
L‘.i..~|‘|'|['1.-|r.‘-; nature where living organisms, plants and ani-
mals in their land-based, marine or aerial territories have
adapted to many varianons of environmental conditions
over the history of our planet . p.57.241. Whatever
their place on the evolutionary scale, living things have
specific anatomical and phyvsiological features. Under
these conditions, plant and animal species, including man,
are capable of exj
the resolution of complex

maimtain the survival of the

— Bromimencs® consists of studying species in their

natural environment, constructing models existing in na
ture to understand the functional mechanisms, and study
ing the possibility of araficially reproducing the shapes,
materials or biological processes and their behavioural ex-
Pression.

From the Latin which means ‘life” and mime
sis ‘to imitate”, biomimetics is a way of observing and tak-
ing inspiration from nature in order to create.

This approach interfaces with all scientific disci-
plines, with basic research and thewr apphcations in tech-

and industry. This quest for knowledge, from ob
servating and understanding the mechanisms which
govern the way living things function, has generated
contemporary artistic movements inspired by nature and
a ficld of creative innovation in the domain of design and

architecture over several decades

MIMICRY: NATURE'S STRATEGY
INTHE SERVICE OF NATURAL SELECTION
AMONG SPECIES

If biomimetics is one of man’s specific
methodologies 1o rake INSPITraton from observing nature
in order to create, mimicry is an adaptive strategy which
concerns many animal species. The mimicry sorat
amimals are many and varied, but they have a common
aim: escape from possible predators. To do this, various
species are capable of using means to escape from the
sight ot their predator. One then speaks of camoutlage

IC MIMICTy p.93.97. These phenom-

ena have been widely r.':l-g'*in."d l".‘j.' mankind for protecton

camst an enemy during armed conflicts. In more sophis
ticated ways, some species take on morphological actrib
ures of other, inedible or dangerous species, passing
themselves off as other species. Mimicry therefore re
quires the use of a more complex mechanism of co
evolution which comes in three forms: a form serving as
a model, an imitative form and a duping form.

Two great names are associated with the discov
cry of the basic principles of mimicry in plant and animal
species: those of the Britsh scienust Henry Walter Bartes
and the German scientist Friedrich Theodor Fritz Miiller.
At the age of eighteen, Henry Walter Bates (1825-1892),
a plant entomologist, published a short arocle on beetles
i the Zoologist journal. After reading a book entitded A

I'p The River A by William Henry Edwards
(1822-1909), published in 1847, Bates explored the Am
azon vallev as far as the border of Peru. Between 1848
and 1859, he collected specimens of 14,712 species,
8,000 of which were previously unknown to science. The
majority of the species listed were insects, birds, reptiles,
fish and mammals. The results of his exploration we
published in a very successful book entitled The Natu
ist on the River A . As well as discovering new spe
cies, Bates corroborated Charles Darwin’s theory of evo

unon by publishing the first aruicle devoted to the theory




of mimicry around 1862. The publication about the imita-
tion, by a species, of other life forms or inanimate objects
brought tangible scientific arguments about the possibility
for a species of Amazonian butterfly in the Dismorphiinac
family to evolve and take on colours similar to those of
another species belonging to the Heliconiinae sub-family,
a species avoided by predatory birds because of its toxicity.
Similar examples are also described by Bates among birds
and repriles. This tvpe of mimicry is known as Batesian
mimicry. Recent work confirms Bates’ observation and
theories. Batesian mimicry describes the biological pro-
cesses brought into play by a given harmless species which
adopts the physical appearance, such as patterns and col-
ours, of a noxious species. The aim of this modification of
the appearance is to have protection from predators, the
latter having learned to avoid genuinely noxious species.
In this context, by natural selection, the survival and con-
tinuance of the mimicking species is assured.
— Inthe same era, the German biolo-
gist Fritz Miiller {1821-1897), carried out
brilliant rescarch into the evolution of vari-
ous species such as cravfish, jellvfish, anne-
lids (ringed worms such as the familiar
carthworms), tlat worms, bees, termites and
the pollination of flowers such as orchids.
Being a talented artist, Miiller drew rele-
vant, detailed illustrations to accompany his
observations on nature. Miiller was the first
to highlight the symbiotic relationships be-
tween the Cecropia genus of trees and ants
retd 225, The insects protect the trees

against parasites and climbing plants, while

the trees offer the ants shelter and access to

nutritional resources named, after their discoverer, “Miil-
ler bodies’. As a biologist, Miiller published a single book
in his career called Fiir Darwin (For Darwin) in 1864,
This includes a large amount of data, obtained in particu-
lar from cravfish, which confirmed Darwin’s theory of
evolution by natural selection, which had been published
some vears previously. In 1878, as an ardent defender of
Darwinian evolution, Miiller also provided convincing ex-
planatons relatng to a certain tvpe of mimicry which un-
til then was not understood. His observations in the field
allowed him to show that two different venomous or tox-
ic species were capable of adopting the same warning liv-
ery in relation to their predators. This similar appearance
allows them to benefit from repulsion of their respective

predator, and vice versa, thus improving the effectiveness

Henry Welter Rates

1a

of their defence mechanism. This particular form of mim-
icry is known as Miillerian mimicry and is not limired to
fauna. Many plants with similar flowers obtain mutual
benefit from attracting the same pollinating insects.

Apart from these types of mimicry, plants and ani-
mals are capable of automimicry”. Numerous species of
butterflies or freshwater fish have some sort of spot simu-
lating the presence of an eve®. The aim of the latter is to
produce a surprising effect for the predator or, depending
on the orientation of the mimicking sign, to mislead a
predator’s perception ability. These evolutionary changes
allow the prev to very quickly adoprt escape behaviour.

Camouflage is also a strategy used by many spe-
cies to escape their predators. This evolutionary develop-
ment is different from mimicry as it consists of imitation
of motionless objects in the environment. This is the case
for the stonefish, for example, or stick insects whose mor-
phological characteristics are similar to those of leaves,
twigs or animal droppings. Species of a larg-
er size don't imitate any particular object
but their morphological features and col-
ours make them blend into their environ-
ment. Some species in tropical rainforests,
such as chameleons or geckos in Madagas-
car or marine species such as squid, curtle-
fish or octopus, have the ability to change
their colour to blend into their environ-
ment. This quite distinctive strategy can be
used just as well in aggressive behaviour as
for defence.

All of these mimicry strategics,
both in the plant and animal kingdoms,
whether changes of shape, colour, odour,
taste or even sound, give these ‘mime artists’ characteris-
tics resembling those of target species which have limited
interest as food for a predator. An insectivorous bird will
ignore a stick insect which looks like a twig, cuttlefish will
avoid predators by blending with a sea floor. A rarget
mimic can also present a risk for the predator, some flies
resemble wasps, some non-venomous snakes are capable
of imitating the sound of a rattlesnake, several species of
butterflies have markings resembling the eves of much
bigger animals. Some mimic species can also present a
food interest for their prey, which is the case, for example,
with carnivorous plants which give oft an odour of putre-

e HI

fying flesh to attract the flies they feed on pil17:
Mimicry is sometimes also involved in behavioural recog-

nition of or by fellow creatures. This is the case among

Twdwstry af Natnre

the social insects such as ants. By continuous chemical
exchanges, each individual is capable of imitating the re-
spective odours of other ants, This builds a characteristic
colony odour, an indispensable kev to being recognised as

belonging to the colony.

BEHAVIOURAL MIMICRY:
BY THE INDIVIDUAL TOWARDS SOCIETY

At the behavioural level, mimicry is a fun-
damental mechanism for learning. By watching a fellow
creature, a perception of the utility and interest of the
thing being done can be acquired. It’s also in this context
of observer and imitator that the rules to be followed to
reproduce an action are acquired. By reproducing an ac-
tion, the dificulties of its execution are discovered and
the chain of basic actions, both conscious and muscular,
which shape its optimal accomplishment are
memorised. The reproduction of an acrion
is at the very root of memorisation of a
technique. Behavioural mimicry is not the
prerogative of the human species but con-
cerns all animal species. Itis partcularly im-
portant among the vertebrates, in particular
during postnatal development, a key period
for the acquisition of knowledge by the
newborn. For a mammal, behavioural mim-
icry occurs in many learning scenarios in
acquiring the principles of using its body in g ariser
its own space, of using tools, of various
techniques, of language or the development
of the mental abilities allowing the expres-
sion of deductive reasoning or the resolution of complex
problems. The processes of imitation initiated during de-
velopment are all grouped under the term behavioural
mimicry and make a major contribution to the develop-
ment of adult behaviour. Behavioural mimiery can be
considered as a cultural factor capable of shaping the spe-
cific behavioural patterns of a given species. In parallel
with the genetic factors which characterise innate behav-
iour, an epigenetc factor® comes into play and this is
partly responsible for acquired characteristics.

— The influence of behavioural mimicry is not lim-
ited to an individual of a given species, but concerns
groups and the mass dvnamic as well. The process of
imitation has now been studied for several decades, in

particular in great-ape and human socicties. In our con-

17
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temporary societies it contributes information and com-
munication to produce models which govern the behav-
iour and appearance of populations and individuals.
Events induce collective emotions carried on currents of
imitation which construct homogeneous social groups
propagating the same sensation or the same opinion
throughout.

— Gilles Deleuze (1925-1995), a French philoso-
pher; René Girard (born in 1923) a philosopher and an-
thropologist of violence and religion, a member of the
Académie Frangaise since 2005 and an inventor of the mi-
metic theory; and Gabriel Tarde (1843-1904), a sociolo-
gist and philosopher, have all shown that certain emo-
tions, certain fantasies and certain fears are typical of
social groups. Emotional, happy or angry sensations, or
again those of anxiety induced by events, are communi-
cated to individuals and are propagated via the mass me-
dia channels, Newspapers, magazines, radio, television
and the internet are all involved in this
propagation. Individuals all thus become
linked by collective stress, the same cmo-
tion, a single sensation they all share. Social
groups are thus animarted by a wave of imi-
tation of the collective sensation. These ac-
tually shared perceptions can lead to affec-
tive disorders which are collective and make
people feel as if they exist as a united people.
In this context, behavioural mimicry can
also be examined from the angle of its con-
sequences for society. From the sociopsy-
chological point of wview, it is the same
source of group phenomena or crowd be-
haviour which can lead to excesses, collec-
tve blindness, ranging from conformism to collective
hvsteria. Even more dangerous, behavioural mimicry can
result in manipulation in the context of propaganda or

under the domination of a guru.

BIOMIMETICS: FROM NATURE TO CREATION

While mimicry concerns phenomena of imi-
tation between different species or between individuals of
the same species, biomimetics™ involves only the human
species. It consists of artificial reproduction of the proper-
ties of one or more biological system. Biomimicry * is a
genuine methodology taking inspiration from living or-

ganisms, or more generally from the world around us,




eventually including not only biological components
from our environment but also some relating to the min-
eral world.

— The use of biomimetics methodology is above all
a methodology concerned with scientific research, the aim
of which is to facilitate the study of natural systems by
laboratory reproduction of phenomena hidden in the
complexity of real organisms. This scientific approach,
even though generally reductionist, allows progress in
gaining knowledge of the intimate mechanisms which
govern the functioning of living organisms. This method-
ology is generally used in the domain of biophysics to ob-
tain access to the principles of functioning in molecular
complexes. By extension, it also allows access to new
structures in living organisms, to identfy and reproduce
molecular interfaces in the laboratory so that their spe-
cific functions and their role in a complete living organism
can be studied.

—Apart from its interest in advancing knowledge
relating to living organisms, the biomimetics approach of-
fers the possibility of developing innovative therapeutic
applications. In this context, current research concerns
the development of nanoprobes” and intelligent nanovec-
tors® and control systems to allow drugs to be transport-
ed within an organism to target specific cells. Applications
of biomimerics methodology also concern improvement
of diagnostic techniques by the development of high-qual-
ity molecular imaging, the production of biomaterials for
restorative surgery, the development of new man/fenviron-
ment interfaces or the development of new virtual-reality
and augmented-reality technologies in the service of both
the health and pathology of mankind.

Just like mimicry which concerns not only the in-
dividuals of a species but also their relatives and their so-
cial organisations, biomimetics® today takes inspiration
from knowledge acquired in the domain of ecosystem *

read - p 167, or more generally from the fune-

organisation
toning of living organisms, to better integrate organisa-
tional principles and human technologies in the socieral
domain. The exploitation of natural mechanisms, to apply
them in different technological domains, is today de-
scribed as bionics®,

In the course of the last three decades the uses of
biomimetics methodology, at first limited to the domain
of research in functional biology and its applications, also
went on to be disseminated and are going to penetrate
into the milicus of creation, where they can play a major

role in a movement of innovation inspired by nature.
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MAN AND NATURE:
EXPLOITATION, BIOMIMETICS
AND SYNTHETIC BIOLOGY

BIOMIMETICS: FUNDAMENTAL
AND APPLIED RESEARCH

In most cases, biomimertics methodology
consists of the re-creation of microscopic biological sys-
tems by using basic cellular elements such as molecules®,
membranes, nucleic acids, etc. with a view to reproducing
all or part of a cell or tissue system (assembly of cells) and
studving its functional propertics. Cellular and molecular
models can be built from previously isolated and purified
molecules, such as carbohydrates®, protides, lipids® and
nucleotides®, which are the basic elements of cell con-
struction. Artificial saline® solutions, with the same com-
position as intra- and extra-cellular milieus may also be
used in these molecular models. The development of arti-
ficial systems can be tracked by means of specific markers

rrad

such as fluorescent molecules p.169, The most com-

monly used today are proteins” extracted from jellyfish,
capable of binding to certain basic molccules, which then
fluoresce when illuminated with light of a specific wave-
length. The architecture of biomimetics models can also
include surfaces treated to be hydrophilic” or hydrophobic’
reed 5.203.217.237.239 and inorganic components capable of
influencing the shape of the cell elements being studied.

Taking into account the extreme complexity of
the molecular and cellular systems in living organisms, the
relevance of biomimetics models (in vitre® approach) is
limited in some cases and the results obrained under these
conditions always have to be verified and confirmed by
experiments conducted on equivalent real systems (in
viva” approach).

In the field of biophysics, biomimetics models
have allowed charactenisation of the physical properties of
molecules which play a major role in cell rigidity and mo-
tility". The construction of artificial membranes by using
lipid bilavers on a specific substrate, allows the mecha-
nisms for transporting ions and molecules through the
membranes to be studied, for example in nerve cells the
molecular mechanisms involved in the transmission of

nerve messages ™ pl159,
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BIOMIMETICS: THE BEGINNINGS
OF ASYNTHETIC BIOLOGY

Synthetic biology relies on the principles of
biomimetics, This relatively new scientific field combines
research in the fields of biology with engineering princi-
ples, aimed to design and construct (synthesise) new bio-
logical forms and systems with controllable functions.
Syntheric biology is still in its infancy, as the understand-
ing of the principles of biological functions and their de-
velopment is still far from complete. In this field, the use
of the principles of biological engineering, such as in vi-
tre” models, standardisarion, normalisation, automartion
and computer-aided design, all contribute to simpler,
faster, less expensive processes to modifv living organisms.
— The concept of synthetic biology arose in the
1900s, inspired by the work of Darwin on evolution and
that of Gregor Mendel (1882-1884) relat-
ing to the laws of heredity. The movement
was launched by several biologists, lead by
Hugo Maric de Vres (1848-1935), a
Dutch botanist who put forward the possi-
bility of studying and controlling the evolu-
tionary mechanisms of species in the labora-
tory, to create new life forms with particular
novel properties. In his book La biolagie
synthétigue, the French biologist Stéphane
Leduc (1853-1939), maintained that biol-
ogy must be successively descriptive, ana-

1924), a German physiologist living in the

United States, would, without any doubt,

be considered as the leading promoter of a technology
specific to biology.

— Synthetic biology really came out into the open
in the last three decades of the 20™ century. The use of
reccombinant DNA® techniques by Stanley Cohen and
Herbert Bover, co-recipients of the Nobel Prize in Phys-
iology or Medicine in 1996, the discovery of restriction
enzymes” and their application in molecular engineering
bv Werner Arber, Daniel Nathans and Hamilton O.
Smith, co-recipients of the Nobel Prize in Physiology or
Medicine in 1978, and the invention in 1984 of poly-
merase chain reaction techniques, a molecular biology
method for ‘amplification” of DNA in vitro, would allow
gene analysis and description, construction of new ge-
netic configurations and evaluation of their functional

pPropertics.

Charles Raberr Darwin
hytical and synthertic. Jacques Loeb (1859—  ® Nawral Hismry Museum, London
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—  Synthetic biology gained a new impetus at the start
of the 21% century with the work of Tom Knight in the
Massachusetts Institute of Technology (MIT) with his in-
troduction of the *BioBricks’ concept, which allowed stan-
dardised construcuon of systems using biological com-
ponents for various functions. At the same time, Roger
Brent, Robert Carlson, Drew Endy and Adam Arkin in the
University of California were going to advocate a different
approach, closer to engineering, which they called “inten-
tonal’ or ‘constructive’ biology. In opposition to genetic
engineering, which they considered unperfected and ran-
dom, their approach was more rational, inspired by engi-
neering sciences. Their methodology seemed more mature
and robust, allowing the construction of biological systems
with predictable functions. They nevertheless rejoined the
synthetic biology camp, in particular during the “Synthetic
Biology 1.4y conference organised in 2004 at MIT. This
scientific event marked the real beginnings of
synthetic biology.

At the end of the 1990s, geneticists
sclected a bacterium™ called Mycoplasma
genitalinm which could easily be cultivated
and multiplied in vitre, under conditions
providing it with the essential nutrients for
its metabolism®, This bacterium possesses
the smallest known genome” in the animal
world, with only 482 genes coding for the
proteins making up this organism. Analysis
shows that only 28% of the genome codes
for proteins with essenual functions. In
2007, the bacterium Mycoplasma laborato-
rinwm was constructed from Mycoplasma
genitalisem, becoming the first so-called synthetic bacte-
rium, built entirely from a synthetic chromosome™ by
gencetic engineering. In the absence of stress, this labora-
tory Mycoplasma reproduces freely in vitro.

In 2010, work by biologist John Craig Venter's
team, published in the scientific journal Secience, described
for the first time the possibility of manufacturing a com-
plete living organism from a synthetic genome with 1,078
oligonucleotides® and consisting of 1,077 947 basc-pairs,
assembled in a arcular genome called *JCVI-synl.(". The
synthetic bacterium thus created results from a strain of
Mycoplasma capricolum, whose genome has been replaced
by the synthetic construction described above. Under
these conditions a new strain of the bacterium was creart-
ed, Mycoplasma mycoides JCVI-synl.0, for which Venter

registered a patent.
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Organisms create
what they need.
There is o notion
of sufficiency.

It 15 one of life’s
principles that we call
‘optimasing rather than
IMAXLINLSING.

Janine Benvus

— There is no doubt that synthetic biology is going
to develop in a big way over the coming decades. The
protagonists in this field, biotechnology” specialists, see
in synthetic biology a wide redefinition and extension of
biotechnologies and genenc engineering. The main aam 1s
to design biological systems under standardised and sta-
ble conditions, which are capable of processing informa-
tion and producing various potentally useful molecules®
to construct new polymers, medicines or foods, Yer again,
innovarive biological systems could be new energy sourc-
¢s, allow manipulation of various chemical clements and
the genesis of a new synthetic chemistry. The develop-
ment of synthetic biology is likely to lead to improve-

MEents in our envirenment.

BIOLOGY AT THE HEART OF DESIGN
AND INNOVATION

The development of biology 17
in the second halt of the 20™ century led to
a new look at nature, bevond the frontiers of
scientific disciplines. The birth of ecological
movements with a primary aim of protecting
nature, allowed the spread, through all the
strata of society, of principles likely to con-
tribute to the protection of natural resources
and the rise of a new methodology, taking

account in particular of the long-term pos-

Janine Benyus

sibilities of reducing fossil energy resources.

This sphere of influence was increased by the

first oil crisis in 1973, giving the ecological

movements additional arguments in favour of an industry
and an cconomy showing more respect for the natural
heritage of planet Earth.

In the industrial and economic world, this period
has been benchicial in causing active reflection on the
means to be used to invent new technical solutions, in-
spired by nature, for the manufacture of consumer prod-
ucts. In this domain, bio-design is an innovative concep-
tual trend in industrial design which, by its curvilinear
architecture, responds to the imperatives of ergonomic ef-
ficiency and optimisation of forms. This methodology,
initiated by Luig Colani in the 1960s, harmoniously as-
sociates form with product efficiency, integration with the
environment and economies in materials and energy. The
“father’ of bio-design, Colani, a German designer with an

[talian father and a Polish mother, studied sculprure and
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painting at the School of Fine Arts and Architecture in
Berlin and then studied aerodynamics® at the Sorbonne
in Paris from 1949 to 1952, This twin-track training al-
lowed him to very quickly express his talents in the auto-
mobile industry, in the design of bodywork inspired by
biological forms and allowing significant fuel economy.
He worked successively with various manufacturers in-
cluding Fiat, Alfa Romeo, Lancia, Volkswagen, Ferrari,
Lada, BMW and Volvo and also in the aeronautics indus-
trv (Rockwell, Boeing). In the 1960s he designed many
objects produced by well-known manufacturers and
showed a talent and a particularly fruitful eclecticism: fur-
niture, spectacles, pens, television set cases, trains, lorry
bodywork, aircraft, built-in kitchen units, a piano, ete. His
magnum opus was definitely the Canon T-90, the first
camera to be ergonomically designed as an object with a
man/machine interface. His research and his work, inspired
by a deep affection for nature and for opumum relations

7P

. contibuted to him being described as the

berween man, object and environment, have

‘Leonardo da Vinei of the 20™ century” and

‘design messiah’ in Eastern countries.

THE BIOMIMETICS APTROACH
FOR ECOSYSTEMS

We are in a period when cli-
mate change, anthropisation”, increasing
greenhouse gas emissions, loss of biodiver-
sity” and exhaustoion of ftossil tuel® resourc-
es are being called into question by public
opinion, scientists, decision makers and citizens, with the
result that protection and preservation of the environ-
ment, rescarch on ‘clean’ energy sources and the develop-

read

ment of ‘green’ chemistry p.141 constitute the major
focal points for the 21* century. In a globalised economic
system where profit flaunts itself as the single common
objective, present day societies now seem to have a new
regard for nature and build new technological approaches
more reliant on the use of natural, less-polluting resourc-
¢s and based on a better understanding of the funcuoning
of the biosphere”. This approach, although on the rise in
our socicties and heavily promoted in the media, 1s not
without difficulty when account is taken of the multiplic-
ity of factors which govern equilibrium and the develop-
ment of the different ecosystems on our planet. The suc-

cessful outcome of such an approach involves the opening
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up of scientific disciplines and the application of a policy
of interdisciplinary research. In this context, worldwide
scientific rescarch is still only taking its first steps. Yet
again, this approach inspired by nature cannot content
itself with global and single solutions, but needs to take
account of local environmental characteristics.

The emergence of biomimicry” is credited to
Janine Benvus, who published the book Biemimicry: In-
novation Inspived by Nature in 1990, This American bi-
ologist who is president of the Biomimicry Institure, pro-
poses a real industrial revolunon, rotally constructed on

read

natural properties and contributions p.33. Benyus
outlines several major principles in nature and invites us
to take inspiration from them: solar energy as the main
energy source and energy consumption which is self-lim-
iting to requirements; adaptation of form to a desired
function in relation to the construction of objects and
setting up of services or optimisation of organisations,
This set of principles applies not only to organic material
recvcling processes but also to the products of chemical
engineering, allowing a quasi-total use of all the mole-
cules® produced nawrally and artificially. Biomimicry
also banks on biodiversity by structuring its exploitation
by mankind and preserving in it ecological niches for
each species used. This approach also involves the setting
up of conditions for an effective social dialogue allowing
the construction of enlightened action plans using local
expertise. Finally, the ecosystems biomimetics approach,
subject to the difficulties and constraints of complex bio-
logical systems, must show itself to be an innovative
source of creativity. Biomimicry thus opens up a new
route in the design field and, more generally, in the field
of creativity.

The applications of such an approach are many
and research carried out in this domain is alreadv bearing
fruit for the wider public or arousing interest in the indus-
trial world and the creative milicu. The development of
hydrogen and clectricity production imitating photosyn-

rrur.l'

theric® processes p.111.113.185, research carried out
to produce ultra-pure water filters constructed on the
principle of membranes and proteins® imitating systems
used in nature, Velero® modelled on the fruit of the bur-
dock (a variety of thistle) " p 63, turbojets constructed
on the form and principle of the functioning of the nauti-

read

lus p.197, self-cleaning window panels inspired by
studies of the biophysics of the ‘lotus effect’ ™ p.203,
the pantographs (overhead-line current collectors) of the

Japanese high-speed train modelled on owl wings to re-
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duce nuisance noise p.181, cco-buildings taking in-

spiration  from termite-mound  air  conditoning  *

p.233, micro robots capable of walking on water by ex-
ploiting the physical principles of surface tension®, as
pond skaters (water striders) do in nature . p.237, s0
many examples which are mentioned in this book, show-

ing the extent of interest in the progress of biomimicry.
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NATURE AND CREATIVITY:
A LONG HISTORY AT THE
HEART OF HUMANITY

DESIGN, CREATIVITY, INNOVATION
AND BIOMIMETICS

Design can be considered as a discipline
whose objectives aim to physically represent a thoughr, a
concept, an intention or an achievement. These objectives
have to take account of various constraints, which may be
functional, strucrural, aesthetic, educational, symbolic,
technical, productive or environmental. All of these per-
ceptions relating to design have a social, economic and
cultural context. Design is also at the crossroads between
creativity, the arts, sciences and technologies and today
constitutes an interface of innovation between sciences,
technologies, the artstic milicu, the creative world, in-
dustry and the economy.
—  The root of the word design is to be found in the
[talian word disegro which, in the Renaissance, constituted
one of the major concepts of the theory of art. Its meaning
encompasses both design and drawing. This dual concept
was preserved in 17™ century France as dessein, bringing
together the notions of ‘idea’ and its ‘implementation”. In
Anglo-Saxon culture, this duality is introduced into the
theory of art in the terms “drawing” and “design’, meaning
a plan and its graphics (philosopher Earl of Shaftesbury,
1712). The double sense of design disappeared in the
1750s to leave two different semantic fields, that of design
in its practical form and that of design in its concept of an
idea, recalling the marterial/spirit duality expounded by

René Descartes.
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— Irwasart the start of the 20™ century, in the boom
years of industrial society, that design with its initial mean-
ing of designo came to be adopted internationally to des-
ignate the processes of designing and shaping,.

The meaning of the word design changes accord-
ing to periods, cultures and individuals. It can be con-
ceived of as applied art, creative execution, or as an au-
tonomous discipline both in its practices and in its theories.
For Anglo-Saxons, design is considered more as a concep-
tion, an idea, an intention or an action plan. In French, it
will often be translated as a scarch for harmony between
the form and function of an object. In Iralian and German,
the use of the word design is more for craft and industrial
traditions. These different meanings didn’t stop crossing
over throughout the 20™ century. This situation is going
to generate certain ambiguities as to understanding of
what the issues of design disciplines are in a wide field
where creanvity becomes the general rule.
The designer differs from the craftsman in
not being a specialist in a particular material,
wood, metal or plastics. He is no longer a
technician or an engineer, as he is not a spe-
cialist in a given technique or a particular
sector of engineering. He establishes himself
as a veritable leader of an orchestra navigat-
ing across all the domains of knowledge and
aspects of global organisations, creating in-
dispensable links berween thought and prac-
tice. This designer’s approach can be com-

Redert Boyle
pared with that of the complex philosophic  Published in Bricain's Herisage
of Science, Londom, 1917
[from a painnng by F. Kersehonm)

thought as well as scientific approaches to
systematism (the practice of classifving). Its
role is to create logical links between objects, flows of in-
formation, images and symbols which are part of our envi-

Frad

ronment today p.261.

Undeniably, the observation of nature and under-
standing the mechanisms which govern biological func-
tions have been an influence throughout human history
on all creative movements, whether they be art, architec-
ture, scientific research or industrial innovation. Design
that one can qualify as a discipline in the service of a func-
tion, a rue process of resolution of problems relating to
use, form and technique, has now appropriated the meth-
ods of biomimetics, and in this way brings new solutions
to the major environmental questions of our contempo-
rary societies. It’s not a matter here of a simple imitation

of nature but a veritable process successively involving ob-

scrvation, creation and application ™™ 17.251.255.
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MASTERY OF MATERIAL: AN ESSENTIAL
KEY TO THE PROCESSES INVOLVED
IN DEVELOPMENT AND CREATIVITY

The construction of our cvilisations and
their development over the course of history are, to a great
extent, linked to the acquisition of techniques allowing
mastery of materials and exploitation of nature, to provide
the energy necessary for the conversion of these marterials.
This technical deployment, at the origin of the chemical
sciences, started with the first prehistoric civilisations and
the discovery of fire, the first energy source used by man.
Using fire as a source of light, heat, cooking of food, etc.
would allow the improvement of daily life. Mastery of fire
very quickly allowed the first conversions of materials, in
particular the fabrication of glass, ceramics and metal al-
loys. Many archacological excavations over the whole of
the planet bear witness to carly acuvities
marking the birth of a scientific discipline
with universal principles.

In effect, chemistry and the modern
chemical sciences are fundamentally linked
to man’s desire to understand his own func-
noning, his environment and nature in gen-
eral in its widest dimension, from his terri-
tory to the universe and to characterise the
properties of matter whether of mineral or
organic origin. And then again, chemistry,
with its concepts, theories and the investiga-
tve tools it has helped to develop, allows us
to understand the mechanisms which gov-
ern the conversion of matter. With the In-
dustrial Revolution, this quest for knowledge about
changes in the states of matter led to the development of a
very wide field of innovation whose zenith is certainly still
a long way away today, Thus from far back in history,
chemistry would be punctuated by many attempts to de-
velop coherent theories on the structure of matter, among
which the atomic theories and theories of the elements
proposed respectively by Democritus and Aristotle, or
again those initiated around the alchemy of the Middle
Ages, would remain the most popular. Chemistry would
only distance itself from these more or less archaic princi-
ples in the 17% century, with the experiences and scientific
method used by Robert Bovle, His famous book Sceptical
Chymist, published in 1661, marked the real beginning of
modern chemistry. The work of Antoine Lavoisier, dedi-

cated to the laws of conservation of mass, made a similar
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contribution to making chemistry a real science. Today,
chemistry has become multdisciplinary, undeniably con-
nected to almost all scientific domains, such as physics,
mathematics, engineering sciences (chemistry of materials
and energy), biology (biochemistry, pharmacology), the
sciences of the universe and the Earth (astrochemistry,
geochemistry), ecology” and the environment (green
chemistry), and also the sciences of man and societv.
This synopsis of the history of the discipline with
its characteristic keywords, which are the result of a much
more extensive field of investigation bevond the limits of
the chemistry domain, are a relevant illustration of the
way in which chemistry and its applications have made an
essential contribution to modern society. To understand
nature and transform matter in the service of man actu-
ally gets its whole measure here, even if history also bears
witness to deleterious social consequences whose traces
are still having some effect. Chemistry and material sci-
ences today make a major contribution to
the design and implementation of objects,
procedures and innovation in the bio-in-

spired systems sector.

THE UNIVERSALITY
OF THE BIOMIMETICS APPROACH

- The idea of constructing ma-

chines capable of ‘aping’ man is certainly

Jacques de Vancanson
embedded in our genetic heritage. This  Poveaic by Jaseph Boze

dream, which is still a dream today, marks

out our civilisations and throughout history

will not cease to mobilise many designers, philosophers,
scholars, technicians and engineers. Artificial reproduc-
tion of human behaviour, by constructing anthropo-
mimetic machines, originates from a movement imitat-
ing the organs and functions of the human species,
where the brain and the hand are the kev parts in the
construction of a functional mimetic entity. In this field,
automata certainly represent the oldest tradition, from
those made in antiquity up to modern industrial ma-
chines, now capable of automatc assembly of cars, tele-
vision sets and computers among other things. This tra-
dition, initiated by the Greeks and then passed on to the
Arabs, is still with us. The Italian engineers of the Quat-
trocento period (in the 15 century) were the heirs be-
fore these automata became the basis of the machines of

the Industrial Revolution.
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— Initially used as salon objects for entertainment
purposes, automata rapidly became rtechnical objects
which were the first in the mechanical age to imitate the
limbs and hand of a man. The automaton went on to im-
itate the functions of the sense organs, giving rise to the
audiovisual age; it then went on to become an extension
of human intelligence in the era of cybernetics. This lat-
ter period was to mark the dawn of bionics®, with its
applications in the field of artificial intelligence, robortics
inspired by nature (robot swimmers inspired by fish, ro-

botic insects ™ p.65.89.179.183.237, ctc.), the design of

hydrodynamic® clothing (inspired by shark skin read

p.155}) and aerodynamic” clothing (inspired by a duck
profile) or again the design of helmets to match the mor-
phology and structure of the human head. Bionics will
also open up new routes for exploration in the field of
prostheses, allowing possibilities of replacement of a limb
or a falled organ by a machine capable of restoring a vital
funcrion (artificial heart, renal dialysis ma-
chine) ™ p.105.

In line with the mechanistic theo-
ries of Descartes and Leibniz, Jacques de
Vaucanson (1709-1782), a French inven-
tor and artist with a mechanical back-
ground, went on to invent automata whose
successes would prove to be limited by the
fact that their principles were ahead of their
time. The first Vaucanson automaton was
constructed in 1738, representing a seated
shepherd playing a flute. This was animared
with arm, lip and finger movements. The
success of this android quickly aroused sus-
picion among the public and Vaucanson struggled to
demonstrate that the sounds emitted by the automaton
came from a flute and were not generated by something
called a bird organ (a device used to encourage caged
birds to sing) hidden in the stand, but actually a quite
refined imitation of a flute being played by an automaton.

In 1741, while medicine and knowledge of the
human anatomy were making significant progress, Vau-
canson presented to society in Lyon a design for an artifi-
cial man which could be used to simulate human move-
ments and serve as a model for courses in anatomy and
surgery. Things got complicated when he produced his
duck automaton. A bird automaton would normally have
flapping wings, but Vaucanson added imitation of chew-
ing food and digesting it. The duck would cat grain, di-

gest it and produce excrement (it would be learned later
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that the digestion was in fact just a deception). In 2007,
Belgian artist Vim Delvove succeeded in a similar project
with his machine called *Cloaca’, which was acrually ca-
pable of the digestion of food and producing excrement.

The automata of the 18% century, capable of
making programmed movements, were going to open up
an insatiable desire for engineering products in the 19"
century’s Industrial Revolution. Automara left the salons
and machines entered the factories.

Vaucanson’s ideas and convictions about the pos-
sibility of imitating living beings and creating machines
capable of reproducing anvy human behaviour are still
with us today. In the 20" century this universal quest, so
characteristic of human nature, benefited from the enor-
mous growth in knowledge in many, or even all, scientific
disciplines. For example, we could cite the fundamental
advances in our understanding of cellular and molecular
mechamsms controlling the transmission of
nerve messages in the neuron® and cerebral
networks, and the birth of new disciplines
such as necurocvbernetics®, opening up
pathways in compurting and robotics and
generating applications in terms of mimetic
machines in the service of man.

— After Sir John Eccles (1903-1997),
winner of the Nobel Prize in Physiology or
Medicine in 1963 for his work on nerve-
message transmission i neurons, Warren
Sturgis McCulloch (1898-1969) a neurobi-

ologist and Walter Pitts (1923-1969), John  pu,., wenmorms Thanpson

von Neumann (1903-1957) and Alan Turp-  Image ref ms50125-1. Courtesy nf

NATURE: FORM AND FUNCTION

For the novice, observarion of nature can
arouse sensations of chaos: many plant and animal specics
with very different forms cohabit in different milieus
. p.57. Without any prior knowledge of biology, noth-
ing could lead one to imagine anv close links berween an
earthworm, a grasshopper and a rat, or again between an
alga, a fern and an oak tree. Nevertheless, a biodiversity®
that man has exploited and domesticated from antiquity
to meet his needs for energy and food, is to use it for the
hardest farming tasks or for its therapeutic properties.

The work of Georges-Louis Leclere, Comte de
Bufton (1707-1788), Jean-Baptiste Lamarck (1744-1829)
and Georges Cuvier (1769-1832), all French naturalists,
allowed the different known species to be listed and classi-
fied as a funcrion of their morphological characteristics.

Species with similar forms make up
homogeneous groups in a growing hierar-
chy where the forms are more and more
complex, with man putting himself right at
the top of this classification. Efforts made
to classify species would contribute signifi-
cantly to the development of the theory of
evolution set out in 1859 by Darwin in his
book On the Origin Of Species.

As well as highlighting the princi-
ples of natural selection®, the classification
of species allowed a demonstration of the
close relations existing between the physio-

logical forms and the functions which char-
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ing (1912-1954), all three of them mathe-

maticians, were going to be pioneers in the

creation of computer sciences. Their work, based on some
neurobiological data obtained by Eccles, was going to
lead to the “formal neuron’ model and to the construc-
tion of the first computer by Franck Rosenblatt (1928-
1971} in 1957. The Perceptron, a network of artificial
neurons, was capable of performing mathematical opera-
tions using a ‘learning’ algorithm.

— Closer stll to the observanons and analysis of the
functioning of living organisms, there is the incessant
progress in genetic engineering, biotechnology® and syn-
thetic biology. It is now possible to envisage the eventual
standardised construction of living organisms from ele-
mentary building blocks of organic material. Very far
from dying out, progress in biomimetics is today opening

up an immense ficld of innovation and creativity.

¥

acterise them. This relationship between

form and function applies both to whole
organisms and also to the torm of cells, tssues and organs
within them. The genetic revolution in the middle of the
20" century broughr evidence that the form of living or-
ganisms is dependent on the expression of specific genes.
Murtations of these genes, induced generally by environ-
mental conditions, give rise to new morphological charac-
teristics and new forms better adapted to the environ-
ment: a principle of optimisation and adaptation which
characterises all iving organisms.

Not only are biological forms in a close relation-
ship with the functions and behaviour of each species
within its ecosyvstem®, but the latter are also subject to the
rules of physics, mechanics and mathemartics. D’Arcy
Wentworth Thompson (1860-1948), in the first printed

edition of his book On Growth and Form, published in

5
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1917, was the first mathematician to explore the degree
to which differences in the forms of related animals could
be described by means of relatively simple mathematical
transtormatons. His book, inspired to a large degree by
the work of Darwin on natural selection and enhanced by
many illustrations, has enthused and influenced genera-
tions of biologists, architects, artists and mathematicians.
Thompson's research found a number of examples of cor-
relation berween biological forms and mechanical phe-
nomena. He showed, for example, a similarity between
the shapes of jellvhish and the shapes of drops of liquid
falling into a viscous fluid, and between the structures of
hollow bones in birds and the design of structural timber-
read

work in architecture p.175.211. This work integrates

the dvnamics of the physical and mechanical phenomena
which govern the development of forms in living organ-
isms in the course of embrvonic development and gives
rise to important notions about the involve-
ment of generic physical laws in the biologi-
cal mechanisms controlling the form and
the growth of different species.

— Once again, the data accumulated
by Thompson result from observation of
nature and the use of an approach quite
close to biomimetics®. As far as the form of
living organisms is concerned, one finds
here the preoccupations of our distant an-
cestors, like Leonardo da Vinei who won-
dered abourt and took an interest in the re-
semblance between trees and blood” vessels
{1508), and much later the assertions of  Lowis Sullivan
Nicolas Steno (1636-1686), a Danish sci-
entist pioneering in the fields of anatomy  ¢hicase, linois
and geology, who pondered over the

branching patterns of silver deposits in mine samples
compared with the structure of snowflakes.

These questions of similarity between natural
torms, and by extension between natural and artificial
forms, are far from being abandoned and are still topical
today. The search for common physical laws governing
these phenomena is still mobilising the scientific commu-
nity in all disciplines. The branching structures of plants,
rivers, certain minerals, snow and ice crystals, organs such
as bronchial tubes or vessels, neurons ™, bacteria™, artfi-
cial crvstals and certain fluids surely have a construction
plan involving common mechanisms? If the numerous
arguments converge in favour of this assumption, the do-

main to a large extent, still remains unexplored, allowing

Histnrie phnrngra |"||'|. Caar (f=1Y of the
Richard Mickel Commirtee and Archive,
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anticipation of a huge field of fundamental research, but
also an almost endless source of creativity.

In the living world, the form of species is adapred
to their milicu and the organs responsible for physiologi-
cal functions have specific and suitably adapred forms in
the majority of cases, likely to provide vital functions at

the optimum cost in energy ™

p.73.197. This adapta-
tion and optimisation of functions occurs at different
scales, going from the molecule” to the whole organism,
via the morphological organisation of cells, tissues and
the organs involved. For example, the shape of the cells
constituting muscles, that of nerve cells, that of cells in
the vessel walls or in the respitory organs *branchia’ in
marine species and lungs in vertebrates, is different. Al-
though every living cell has common intrinsic propertics,
their forms confer on them physical and mertabolic prop-
ertics which meet the requirements of the functions they
support. Also for example, the elastc and
contractile nature of the cells which consti-
tute muscle fibres, the large exchange ser-
vices developed by the cells constituting
branchia, bronchi and bronchioles are the
basis of the biological mechanisms which
provide motlity® and respiraton. This
functionalism in nature, gradually built up
throughout evolution, incontrovertibly
highlights relationships between form and
function and constitutes a major concept,
the fundamentals of which have been ap-
plied widely in the design field and especial-
lv in the architectural sector.

_ At the start of the 20™ century, the
American architect Louis Sullivan (1856—
1924}, a great master in the Chicago School
of Architecture and pioncer in the construction of the
first generation of American skvscrapers, was celebrated
for taking up the first principle of functionalism in a sin-
gle phrase: “form follows function’ These few words
summarise his vision of architecture, according to which
the size of the building, its mass, its spatial language and
all the other charactenistics of its appearance must derive
solelv from its function. Thus, this proposition means
that if all the functional elements are taken into account
rigorously, architectural beauty will naturally and neces-
sarily follow. This architectural movement was opposed
to the eclectic and academic styles of the 19™ century,
which avoided putting decoration on structures. This

came back to the designs of Austrian architect Adolf
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Loos (1870-1933), an enthusiast for the plainness of
modern architecture, who published a work entitled Or-
nament und Verbrechen (Ornamentation and Crime) in
which he forcefully went against ornamentation and was
biased towards clear reading of function in the form of a
building,.

Sullivan’s funcrionalism was going to be the origin
of modern architecture and the concept was meticulously
taken up by Charles Edouvard Jeanneret-Gris (1887-
1965), a French architect of Swiss origin, better known
under his pseudonym Le Corbusier, and by the German
Ludwig Mies van der Rohe (1886-1969), both enthusi-
asts for concrete, steel and glass. Their buildings simplified
preceding stvles. In his book Vers une architecture (To-
wards an Architecture ), published in 1923, Le Corbusier
referred to houses as *machines for living in’. His Villa Sa-
voye at Poissy and his Ciré Radieuse at Mar-
scille are two emblematic and obvious ex-
amples of functionalism, integrating man
and his relationships with the concept of
construction.

— For the last 50 years or so, Sulli-
van's functionalism has been widely crirti-
cised, giving risc to a post-modern architec-
ture where constructions no longer take on
functional responsibility but have to be con-
sidered as works of art. Thus, as leoh Ming
Pei the celebrated American architect of
Chinese origin emphasises, ‘Art cannor lay

itself open to criticism’ The position of the

. . - Leanards da Vinei
American architect Peter Eisenman, a great  soppoemaic

theoretician of the post-modern era and

hostile with regard to the user, is yet more

radical, ‘T don’t do function” This castigation of the theo-
ries of functionalism and the movements for ‘deconstruc-
tion” started a few decades ago and is credited to both
Peter Blake, an American architect of German orngin
{1920-2006), and the American Charles Jencks, leaders
and promoters of the post-modernist movement, With his
book Form Follows Fiasco, published in 1977, Peter Blake

was going to wipe out Sullivan’s functionalism.

The environmental questions which society pos-
es today, i.e. climate change, a looming energy crisis, pro-
tection of the environment, reduction of greenhouse
gases, etc., have given rise to thoughts on the designing
and implementation of an ecological architecture, or at
least a sustainable architecture, more respectful towards

the environment. This vigorous movement no doubt

2R

takes inspiration from the properties of living things and
their optimised abilities allowing effective expression of
vital functions with the least cost in energy. This new
tvpe of architectural engineering is developing in multi-
faceted forms, taking account of diverse criteria linked to
technology, management, our health and respect for na-
ture. So there are several guidelines tracing the progress
of a sustainable architecture: the choice of natural materi-
als meeting the requirements for our health; the avail-
ability of energy-saving items; the reduction in energy
requirements; and the choice of energy sources and the
context of environmental life ™ 163223233, Al-
though based on concepts that are praiseworthy in terms
of human comfort and protection of the environment,
sustainable architecture is now widely criticised, instead
of being a movement propped up by media pressure and
society’s questioning about the furure of
the planet. One finds in it the ideas and
concepts of the ecological movements of
the 1960s, a sort of revival of marginal
movements which will perhaps notlead to a
comeback for a recognised architecrural
style, even if certain ecologist architects up-
date organic forms, as stated most strongly

by the protesting ecologist movements.

NATURE AND AESTHETICS

Throughout history the beau-
ty of nature anywhere in the world, whether
or not populated by animals and vegetation,
has never ceased to inspire artists, painters,
sculptors, photographers and film directors. The observa-
tion of life in its environment always has been and sull is
a source of artistic creation, even if, as Paul Gaugin said,
*The artist must not copy nature, but take elements from
nature and create new clements”. In the artistic field, this
quotation expressly translates the basic principles of the
biomimerics " approach: observe to create and construct.
— The 16™-century Italian painter and naturalist
Arcimboldo (1527-1593), known for his portraits made
entirelv from fruits, flowers or even species of marine
animals, was perhaps one of the first to have used a bio-
mimetics approach in his pictures. His portraits, consist-
ing exclusively of natural elements, do not translate as an
ocuvre which is only to be derided. Art historians con-

sider him a master, scientists a truc zoologist. This paint-
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er didn’t just copy designs taken from naturalist treatises
of the period. Even if he probably ook inspiration from
Lhistoive entiéve des poissons (The complete history of
fishes), published by Guillaume Rondelet in 1554, more
than half of the species represented in his picture Agua
{Water) produced in 1566, do not appear in that bible of
ichthyology. The painter didn’t content himself with im-
mortalising a bestiarv {a tvpe of book popular in the
Middle Ages, describing real and mythical animals), but
introduced a precocious doctrine of evolution into his
compositions. The most archaic animals are at the top of
the picture but the whole takes into account an evolved
Organism: man.

—  Ernst Haeckel (1834-1919), a German zoolo-
gist in the evolutionist tradition, is known as a staunch
Darwinist and a pioneer in research on marine fauna, burt
bevond that his work marked an era in the domain of
culture and the history of ideas because of
the relationship he established berween sci-
ence and art and his monistic philosophy”.
In 1899, Hacckel wrote in his publication
Kunstformen der Natur (Art forms of Na-
ture), ‘Nature produces in its bosom an in-
exhaustible mass of wondrous forms which,
in their beauty and variety, surpass anvthing
man can create as an artistic form” In this
publication, which includes a hundred ac-
curate drawings of marine invertebrates
produced during his scientific research,

Haeckel wanted to enable a non-specialist 5,0 mascer

public to have access to the wonders of na-  Fhomeraph by Nicola Perscheid

ture spread across the ocean floor, or visi-

ble through a microscope. In this context,

Haceckel also expounded his aesthetic theory of monism,
which considered nature and the cosmos as a single en-
tity. Haeckel postulates the priority of the beauty of naru-
ral forms over artistic forms, thus bringing a biological
foundation to art.

This aesthetic evolutionist theory went on to ac-
quire notoriety and popularity in different publications
like The enigma of the world, published in 1899, or Na-
ture’s marvels, published in 1904, For Haeckel, forms
from nature were transformed into artistic forms but in
reality remained natural forms, even when idealised or
stvlised. This pantheistic philosophical conception of a
‘nature god” and of nature as the sear of a universal soul
lcad the author to true veneration of nature, where con-

templation is essential. The interest that man shows in

relation to the forms of nature as artistic forms, which for
millennia have allowed him to imitate originals to create
secondaries, lies for the most part in their beauty, that is
to say in the pleasurable sensation aroused by their con-
templation.

— In his search for the foundations and laws which
govern the development of forms, Haeckel highlighted
the unity of forms in all living things, and in doing so re-
duced the infinite variety of plants and animals to a few
classes of elementary forms. Drawn essentially to the aes-
thetic features of species, his rescarch work was focused
on the study of the lower marine organisms: radiolaria®,

jellyfish, diatoms and physalia "

p.141. He was fasci-
nated by the aesthetic qualities of their forms. His illus-
trated atlas and his analytical monographs on the species
he studied, as well as those of his publications intended to
popularise science, rapidly aroused a response among the
secular public, His original drawings of ra-
diolaria with their svmmetrical radial forms,
polyps, jellvfish or coral which were repro-
duced in his atlas by the lithographer Adolf
Giltsch (1852-1911), were soon used as
models by many artists, craftsmen, sculprors,
designers and  architects for ornamental
forms. His biological publications made a
profound mark on the Art Nouveau artistic
movement which, in that period, was already
moving away from a floral stvle to take new
inspiration, allowing new artistic criteria
linking form and content. His influence
would bear fruit in numerous architectural
works or ornamental objects using varied ar-
nstic techniques. The Haeckel monographs
devoted to radiolaria certainly had a great influence on the
French architect René Binet (1866-1911) with whom he
exchanged long letters. Binet’s monumental gate, in-
stalled in the Place de la Concorde in Paris for the Univer-
sal Exhibition of 1900, was an elegantly stvlised radiolar-
ian in cast-iron, illustrating the architecrural transposition
of an artistic form from nature in a masterful and impos-

ing manaor.

Today, progress in biology, marked by the devel-
opment of genetics and molecular biology and their ap-
plications in genetic engineering and biotechnologies,
have generated new art forms, described as biotech art
or transgenic art. A transgenic fluorescent green rabbit
called Alba acquired iconic status all over the world. Fift

teen years were sufficient for a new artstic trend to de-
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velop, hence finding inspiration from all fields of biology
and all the knowledge accumulated in relation to the
functioning of various species and the relationships be-
tween specics and with their ecosystems ™. Transgenesis®,
tssue culture, animal or vegetable selectonfhybridisa-
tion ", tissue transplantation, synthesis of artificial DNA'
sequences, electrophysiological” experiments and tech-
niques for viewing molecular biology are biologists’ tools
that the artist has appropriated. He has left his studio to
enter the laboratory, deliberately contravening proce-
dures of perceptions and metaphors to go into the act of
direct manipulation of the living entity. For the artist,
biotechnologies become real tools allowing the fabrica-
ton of fluorescent green animals, the designing of organ-
ic objects with the aid of cell cultures, the implementing
of sculprures with micrometric dimensions which take
shape in bioreactors and under the microscope or even
use DNA as an arustic medium.

— ‘Take it and make use of it” one might say. The
strategy of these artistic movements, faced with a new cult
of the possible, which brings a real opportunity for cre-
ation of new living organisms and, as envisaged by Vau-
canson in the 17" century, creation of a genuine artificial
man capable of imitating all of our behaviour, is to infil-
trate the milicus where the knowledge and the techniques
are to be found today. This art is disturbing, because it
touches on our fears and reflects our contradictions about
technological revolution: Utopia or reality?

— This new form of artistic production is therefore
arising in close collaboration between artists and scientists
such as that itiated in the SymbioticA art-science col-
laboration in the department of anatomy at the University
of Western Australia in Perth, where artists and research-
ers work with cach other. The TCE&A ( Tissue Culture and
Art) project uses cell culture as visual art. Their living
productions, illustrated for example by their beating ‘Pig
Wings™ obtained from pig-cell cultures, show an irony re-
garding the commercialisation of living things, for which
the prospects should be fabulous, according to some ex-
perts. In the project ‘Disembodied Kitchen’, the banal
normality of factory farming is put to the test in the pro-
duction of edible, semi-living “sculprures’ culovated from
a muscle biopsy carried out on a frog, which is continuing
to live next to its growing frog steak. These steaks pick up
the thread of research carried out in the 1960s, dedicated
to fabrication of *petroleum steak’ as a cheap protein®
substitute, a project abandoned at the time of the first oil

crisis i1 1973.

an

— This art nouveau of life has seen several artists
setting up in the field of biodiversity®. George Gessert
abandoned his paintbrushes to devote himself to the tech-
niques of plant hybridisation and construction of acsthet-
ic installations which conceal a profound reflecton on the
use of genetic engineering and eugenics. Brandon Bal-
lengee tries to recreate a species of extinet African frog
from related species, while Marta de Menezes in collabo-
ration with a university laboratory in the Netherlands
makes unique species of butterflies by injecting a chrysalis
to obtain controlled patterning on the adult’s wings.
Andy Warhol cloned Leonardo da Vinei’s Mona
Lisa in 1963 and today Edouardo Kac plays with concepts
of genetics in his work Genesis. In genuinely transgenic
bacteria®, the metaphorical encoding of a biblical phrase
and founder of our conception of mankind is subject to
murtations. Kac made these bacteria mutare by using ul-
traviolet radiation., The powdered DNA of the mutated
bacreria is enclosed in a small flask, an ornate relic of a
‘protein” engraved in solid 24-carat gold, rendering the
intangible tangible. Even though they are effective in the
mainstream of 21"-century biological engineering and
the philosophical and ethical questions they give rise to,
these arnstic movements nevertheless remain quite mar-
ginal. As Jens Hauser, the contemporary art critic and
Franco-German writer recently emphasised, *“While we
only consider biotech artists through their choice of tools,

thev will be expected to turn on us’,

CONCLUSION

‘NATURE’S WORKS ARE
MUCH MORE DIFFICULT TO
UNDERSTAND THAN A BOOK
OF POETRY’ I.conardo da Vingi

Biodiversity and evolution in nature are
without doubt sources for creativity and innovation. The
last 2 vears concluded with the Charles Darwin commem-
orations in 2009 and the World Year Of Biodiversity pro-
claimed by the United Nations in 2010. Tangible evi-
dence of the developments in the fields of biology and the

environmental sciences in our societies.
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—  As has often been repeated in preceding para-
graphs, the preservation of our planet is now one of the
major issues today. Increasing demographic pressure, the
reduction in stocks of fossil fucls®, the exuncton of some
species and increasing anthropisation®, responsible for
the exponential growth of greenhouse gas emissions
linked to global warming”, all constitute alarm bells for
the preservation of our natural milieus and their native
species. This assessment means we have to change our
ways of thinking and our position to creare conditions for
a change shared by all humanity.

We must encourage creativity and innovation to
produce sustainable solutions to meet the objectives we
need to aim at within a relatively urgent deadline. The task
will be arduous and not without pitfalls, but perhaps it is
not too late to initiate change. Within itself, nature has
immense adaptive capacities from which we must take in-
spiration. This search for solutions goes via the use of new
approaches encouraging the emergence of an increased
creativity, taking account of all the parameters which gov-
ern equilibrium in ecosystems”®, whether they are physi-
cal, chemical or biological parameters or factors relating
to man’s place in nature or to his social organisations. In
this context, it scems today that one approach to the chal-
lenges we have to face would be to follow nature’s exam-
ple: build a world more in keeping with our environment,
with a carefully considered policy of sustainable develop-
ment. This approach would be very relevant in our pres-
ent circumstances. Biomimetics®, the theoretical aspects
of which have recently been expounded by Janine Benyus,
scems at this point to be a particularly promising route to
take. This approach consists of generating innovation by
taking inspiration from the effective and sustainable solu-
tions developed over millions of years by various species
of plants and animals in the service of the biosphere®
¥ p.13.241. Here it’s a matter of studving and analys-
ing the processes of natural selection” in nature and their
underlving laws: cooperation, symbiosis®, adaptation,
stress, evolution and processing of waste. There must be
a collaborative approach bertween scientists, engineers,
technicians, designers and all creative people in the wider
sense of the term.

The fields of application of this approach are
many, generating innovation in the sectors of eco-design
and industrial ecology®, but also in the domain of infor-
mation and communication systems organisations.

Nature is still very far from being totally explored

and the complexity of living organisms will stll necessi-

il

rate many years of research to accurately reveal the major
laws which govern its functioning. To be effective, the
biomimetics approach must be based on fundamental int-
crdisciplinary rescarch and on the setting up of active and
imnovative interfaces with the protagonists of mnovation
in all fields. The eftectiveness of the biomimetics approach
will only reach its optimum level if the knowledge-based
society (Lisbon Treaty with this aim was signed bv the
countries of the European Union in 2000) finally finds
the means to build itself. This issue, like that of sustain-
able development, constitutes the challenge to be taken

up for furure generations.
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LET’S
DISCUSS I'T
WITH

NATURAL SCIENCES WRITER,
INNOVATION CONSULTANT AND FOUNDER
OF THE BIOMIMICRY INSTITUTE

How did the story of biomimicry begin?

Primarily in very obscure journals, I found exa s of people studying leave:

T

not just understand it phot sis“, but to learn frem photosynthesis and oy to create
a solar cell * that worked the way a leaf does. It grew from a trickle of papers to a flood of pa-
pers, and I began to collect. I realised that there was a new discipline developing, a new field
that covers many different arenas. Everywhere I looked in human endeavor - in material sci
ence, in energy, in health, in computing, in sensors, in business, in agriculture - [ began o find
people who were consciously tryving to emulate life’s genius. And ver at that point in time this
emulation did not have a single name, so people involved in marerial science would call it
bomimetcs®, people in agriculture who were studving prairies as a model were calling it
Natural Svstems Agriculture®, people who were following primates around the jungle to see
how they self-medicated were calling it Zoopharmacognosy”, and in Germany it was being

called bionics”. There were all these different terms, but there wasn’t a single term that en
compassed all the different wa vs of looking at the natural world for advice.

That was a tremendous ortunity for me a writer, to be able to notice this grow-
ing pattern and to name it. Having to name it began in having to write something on the tab
of the folder where I was collectung the pa gave it the name biomimicry®, and that was

many years ago. My firsr Iy Biamimicr: ko r i WIS ]'111]'Jli:¥i]'|i"11 11

1997 and art that point 1 be ¥ | . I knew that Bromemiery was an impor-
tant book and hoped it would highlight and help to fund the research, because T thou
reallv valuable. T had no idea what was ing to happen next. Companie

started ne to bring biol ts to their design table. In the book Biomim ¥, 1 J'C]"'i.:'l'rl.:d

on long-term research efforts, but companies reminded me that they are inventing every day.
Preferably, biological inspiration should be there at the moment of ¢reation, and that means
having a bi st shoulder to shoulder with a designer as they are scoping and creating. That
was the beginning of biologists being at the design table. It literally started with creative pro
tessionals who realised that they had perhaps been looking for sustainability in all the wrong
places. People had basically been in an echo chamber of their own at, trying to look at whart
other engineers were doing, or what other designers were doing, but it was all very self-refer
ential. Then some people realised that what was needed was to really break out of their own
design approaches and to recognise that thev were surrounded by incredibly sophisticated
designs = technologies that had been in research and development not for 10 or 15 vears, burt
for up to 3.8 billion years. ®*__ p.13.241. Having been trained in engineering, architecture or
design, many people had never taken a wology course in their prof pnal training, but they
s with amazing adaptations that thev knew very little

about p.57. 50 thev needed to bring in another person, a biologist. It was very similar to
when designers pulled up a chair to the design table for a psychologist or an ergonomics or

human factors specialist. Pulling up another chair, that’s how it began.




The technologies
seen in the narnral

for right now

How would you define biomimicry?

I would define it as an emerging discipline. I think biomimicry is also a move-
ment, a solution-seeking methodology, a philosophy, and an approach to design. But more
than simply being a philosophy or a framework, biomimicry is very practical in that it is the
process of learning from and then emulating narure’s designs, recipes and system-wide strar-
egies in order to create designs that are life-enhancing. That is the key. Biomimicry can be
practiced without any sustainability ethic but our particular approach to biomimicry — mean-
ing the Biomimicry Guild and the Biomimicry Institute — is to use nature’s advice and wisdom
to make inventions more lifelike, to have them fit in here on earth, to
hae them follow life’s design principles. The ultimate result is that human

beings get to fit in here on Earth. In order to do that “story of stuff® has

world have the same 1o be re-written and the essential question *how shall we live?” has to be
characteristics that re-imagined. The models for how to live gracefully on this Earth are all
pﬁﬂ}?iﬂ are fﬂﬂfi‘iﬂg around. Biomimicry simply makes emulation a conscious act.

At the beginning of a design project, one of the first questions
is: ‘How would nature do what I'm trving to do here?” It’s a very simple
question but it is profound in its answers, in that the way organisms have
solved design challenges is usually very different from how humans have

solved them. Julian Vincent, a wonderful biomimic from the United Kingdom who just re-

tired from the University of Bath, did an interesting study. He used TRIZ data, an analysis
of the worldwide patent database, to answer the question: “When humans were confronted
with a particular challenge, how have they solved the challenge through history?® There is
actually a pretry small subset of invented principles that people use again and again. When
Vincent looked into the biological literature about how life would solve the exact same physi-
cal or chemical problems, he thought that the answers would be very similar, but in fact they
weren’t. There was only a 12% overlap between the way humans and the rest of the natural
world solved certain problems. This means that 88% of the time there is a surprise. That nov-
elty, I think, is bringing a lot of creative professionals toward biomimicry. There are those
moments of saving, *Oh my goodness, that’s so elegant, why didn’t we think of that?® There is

a real delight in that. Bevond the novelty, there is also inherent sustainability, because organ-

isms have a budget — an economic budget, an energy budget — that they cannot blow. They

have to do whart they do with a minimum amount of energy. They have to be judicious with

material use. A bird has to make an amazingly lightweight bone structure in order to fly and

vet be strong "™ 5125, an Abalone has to manufacture its hard ceramic shell % .213.215

and a spider it’s silk ™

p.217. Because the manufacturing processes occur in or near their
own body they can’t use high pressure, toxins nor heart, beat and treat processes, but they have
to find benign chemical formulas and manufacturing processes. Inherently, the technologices
in the natural world have the very same characteristics that sustainability designers are look-
ing for right now. Todav’s designers are looking to use materials in new wavs that minimise
material use while maximising funcrion. They are looking for ways to manufacture at the
beginning of the life cycle in ways that are benign, and they are thinking abourt those materi-
als being recaptured at the end of their life cycle, which is what has to happen in any ecosys-
tem® — that’s the rule of cyclic processes. People are looking for ways to do everything with
less energy, and they want to use energy that is closer to current sunlight than it is to ancient
photosvnthesis, or fossil fuels®. 1t’s interesting that the current design brief, our ideal, is the
same design brief that organisms have. Organisms don’t have the ability to go to the Middle

East and fight a war for oil. They don’t have the ability to mine the Earth for large amounts
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of metal. They find other ways to meet their needs. This is why I think we have seen, in the
last 20 vears, such an enormous multiplving of patents and interest in nature-inspired innova-
tions, both in academia but, even more importantly, in private rescarch and development labs,
companies and architecture studios. There is really good reason that people are now finally

turning to the natural world. It is because the design brief leads us there naturally.

Is every artefact that humans make natural?

[ would completely agree with that. I think that cars, cell phones, acroplanes
and houses are natural. Humans are biological organisms and create houses the same way as
a shellfish creares its shell or a bird creates its nest. The question, for a biologist, is not wheth-
er an artifact created by humans is natural. The real question is: a biologist, is that the ques-
tion is not whether it is natural or not, the question is: *Is it well adapted

or is it maladapted?” From a biological standpoint, the bird’s nest must

pass muster, it must pass one simple test. How will the chicks fare in this biﬁfﬂgiﬂaf 0rga LSS
nest? Will they be healthy? If the nest is made with toxic fibres that the and create hotses
bird picked up somewhere and the chicks die as a result, then natural selec- the same w ay as

tion * basically says that the bird’s approach to nest building was not very
well-adapted. Now the same thing is happening with human technologies.

Matural selection s judging whether the technologies are well-adapted or

maladapted and this is far more important than what the market has to say. CVEALES 115 NEST

In the long term, if a house is poisoning its inhabitants or diminishing its

owner’s sperm count, natural selection is saving it's not very well-adapted.

— Well-adapted means fitting into the habitat, it means that people

and their offspring especially, are able to survive in that habitar 10,000+ generations from
now. So, well-adapted means: *Will life continue over long periods of time?” Therefore the
question should be, how well-adapted are our technologies to life on Earth over the long
term. Unfortunately, right now they are not very well-adapred. Then the question becomes:
*What is well-adapted?” Can a set of design principles be gathered that leads towards increas-
ingly better adapted products? That is also what biomimicry does. We work a lot with clients
and help them invent a particular technology, but perhaps even more importantly, we give
them a framework called ‘life’s principles’. Think of it as nature’s eco-design check list. We, as
scientists, have looked through scientific literature for any traits or design principles that all
organisms have in common. Not an individual octopus or a bison but something that the
bison and the octopus have in common. What is the code of conduct in the natural world that
is non-negotiable? We list these and call them ‘life’s principles” and designers now use those
to scope out a project. They are principles like life practices benign manufacturing or life uses
a small subset of the periodic table * instead of every element in the periodic table. Life does
its chemistry in water instead of toxic solvents, life uses current sunlight, or life maintains itself
through turnover or self-healing. Then a designer takes these principles to create a wish list:
the design should be self-healing and resilient; it should be able to learn and adaprt to local
conditions; it should be locally attuned and responsive; it should be manufactured in benign
temperatures and in water. Then during the design process the list is also used, and finally, it’s
consulted again during the evaluaton process.

— This design approach has been extremely powerful because it represents a list of best
practices that comes not from human cleverness but from time-tested, well-burnished wisdom

in the nataral world. Artefacts in the natural world are not created in a vacuum, they are not
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a shellfish creates
its shell or a bird



created for a market, they are very context sensitive, they are created for a particular habitat and
under a very strict set of criteria. Those principles, those biological truths, could be applied to
evervthing people do. It is quite a high bar to consult nature as model, measure and mentor,
but I think that’s where biomimicry is going. I think it is more than merely a set of technolo-
gies that is going to come out of biomimicry. I think it’s a paradigm shift, a mindset shift that
says: “We are a biological species, this is our home planet, we want to stay here, we want to fit

in here and if we're going to fit in here we have to plav by Earth’s. The first

closer match. This creates progress in the natural world, a progression towards a closer fit
with habitat conditions. Now, hopefully, human technologies will be growing towards a
closer fit with the biological reality of living on this planet, this is what I think should be the
goal. Pumping up technologics to increase market share is important for profitability but
there are now all these other characteristics by which rightness of innovations is judged, and
a very important part of them these days is whether it is life-friendly, sate, healthy and neces-

sarv. Today, designers are asking themselves whether theyv even need to

People have to become I think that the most

step is to learn Earth's rules, to become apprentices of the organisms that create a certain product — a really good question! The question is just as

appreniices have lived here longer than humans. The people who design our world important as whether it is beautiful and whether someone will love it. We durable thﬂﬁ s
ﬂf ‘ﬂ@ﬁﬂﬁ s must become nature’s apprentices in order to understand the real rules by recently gave an architect the following brief to build our house: *“Make it the world are those
that bave lived here  which the real economy works — the real economy being Farth’s economy. too beautiful to ever tear it down’. In the United States this is a very rare that were so
lon ger than man Biomimicry began with mimicking nature to create cool technol- design brief. The architect followed the brief and people will love this well-made that

ogics, but what it’s evolving into is not just bio-inspired products but a house for a long time. Those new kinds of questions being posed are se-

no one wants
to throw them away

bio-inspired culture. When we go to the companies we work with — huge lection questions. We act as agents of the natural selection and this creates

There 1s continnal

innovative than
any human
culture

corporations like Coca-Cola, Colgate-Palmolive, General Electric, The
Bocing Company, Herman Miller, Interface and Nike - we go there to solve a particular chal-
lenge for them. What invariably happens is that the managers come to us and ask how nature
would design a company? How can the firm become more resilient? And suddenly we are
talking about ‘resilience science’ * and they are not trving to green just a product but they are
trying to green their whole company. This move from biomimicry as a product design meth-

odology to biomimicry as a cultural framework is a really interesting one.

Is there progress in the natural world?

Organisms create what they need. There is a notion of sufficiency. It is one of the
life’s principles that we call *‘optimising rather than maximising’. Opumising is to do only what
is necessary to meet needs. An elk, for example, grows its antlers to a certain size and that size
has to be large enough to interest females, it has to be strong enough to be able to have ter-
ritorial fights with other males bur if it is too large, if those antlers are
maximised bevond a certain point, the elk won't be able to walk through

progress in the the forest. There is a penalty for maximising. There is continual progress in
natural wo ?‘jd, the natural world; life as a whole is much more innovative than any human
I?»ff-' is much more culture. Everv single organism is a brand new combination of genetic mate-

rial never seen before. Bur, interestingly, life carries from one generation to
the next only that which works. So while there are lots of new ideas, there
is also a verv strong selection process. There is variation, there is mutation,
there is sexual recombination of genetic materials and there are all these
new ideas, new kinds of proteins * leading to physical and behavioral differ-
ences in each individual. In the end there is a rigorous selection process that
bases its selecrion on whether a certain rait increases an individual’s survival chances, and the
survival chances of its offspring in the long term. And that’s all that matters. The new tech-
nologics that evolve are also put through the same filter every single generation and that’s why
natural selection * is a very powerful thing, What makes the cut are brand new amazing tech-
nologies that are good for life, and life always keeps what works. What works gets carried on.

Rather than growth for growth’s sake, there is opumization and development in the
natural world. Things become increasingly complex and elegant, more fitting. The goal for
any organism is to fit into its habirtat and to fit in with its co-evolutionary partners in an ever
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a different role for designers.

As a biologist, are you still amazed by nature’s wonders?

I think that wonder is like the universe, it is continually expanding, When T get
up in the morning, the first thing I do is look through the scientific literature headlines. Read-
ing articles is my greatest jov because just when [ think I cannot be more amazed, something
comes up that people finally realise, finally understand. Scientists who are profoundly involved
in the material will tell vou that they know nothing. There is so much to know and we are now
only beginning to grasp some things. For instance, there is this new idea that the reason that
photosynthesis is so effective may be because it is a quantum phenomenon. That brings it to
a whole new level. Here is nature, working at the level of quantum physics, trving out every
single possible molecular orientation in order to transfer an electron® through a membrane
and finally collapsing to the most effective state.

— I’mjust amazed when [ begin to compare human technologies to nature’s. The leaf
for instance, it's self~assembled at room temperature on a tree, it’s made from carbon dioxide™
essentially, it tilts to follow the sun throughout the day, if the wind comes it curls up into a
Fibonacci shape and creates the best flow structure for the wind to go through so that it
doesn't get ripped off the tree ™% 197, It protects itself, when an insect chews on a leaf on
one part of the tree the leaves on the other part of the tree get the signal and begin to beef
up their defenses, it radiates heat, its a plumbing device moving sugar down to the roots and
water upwards. The branching structures within its veins are optumised to be a mathemati-
cally perfect way to distribute fluid ™ p.129. At the end of its life it is completely recycled
and up-cycled into other products on the forest floor, as well as being a quantum device” that
is 98% quantum efficient in terms of gathering solar energy and turning it into fuel, into
chemistry — the leaf is a sophisticated, silent manufacturing plant ™ p.111.113.185, It's re-
ally an amazing thing, and when I look at solar cells, which are created with ineredibly toxic
manufacturing processes and can’t go back into the soil at the end of their life, T think to
myself, “We've got a long way to go!®

—— Our apprenticeship to nature begins now, burt it is a life-long process for every de-
signer. There is so much to learn from the natural world! Part of the joy of my job is to watch
people be amazed, to fall in love, to realise that the universe is absolutely magical; its wav
beyond anybody’s science fiction fantasy, it’s berter than thart.
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Could you describe nature as an industry?

One of the things that makes biomimicry possible, is to dissolve the myth that
savs that humans are not nature, to dissolve the mvth that savs that humans are the only ones
that do technology. When I look at a leaf, I think that it embodies the most amazing technol-
ogy, the most amazing engineering, the most amazing chemistry. [ don’t have any problem
looking at it in that way because [ think humans have more in common with these organisms
than we think. However, when someone says they are going to take the genes from a spider
and put them into a goat through transgenic engineering and expect the goat to become
their factory milking out the proteins® of spider silk for them (an ill-fated scheme by a now-

defunct company called Nexia), I think this is the voice of a coloniser "™

p.217. Secing
nature as a machine, or a factory is actually how industrial agriculture is seen, how some
forestry processes are seen and how some people see natural resources. They see nature as a
warechouse or a work horse. To me that is to lose sight of the fact that a tree is more than just
amazing technology, it is a living thing that responds, it’s alive, evolving and adapting. That
is the difference berween machines and life. Seeing a living organism as a slave or a machine

lacks respect, and at the heart of biomimicry there’s an increasingly keen respect for these

organisms. Not for what can be extracted from them, or what can made into products or
become domesticated, bur rather for whart these organisms can teach.

Seeing an organism as a teacher or mentor, completely changes vour relationship with

HO w w 0 % n ﬂ t% ?e that organism. If you think of any mentor vou've had in your life, someone who taught you
something essential, vou'll see why. If vou were to see that person humihliated or degraded in

some way, vou would be the first to stand up and protest. In the same way, [ see biomimics

) * become ardent conservationists when they take nature as mentor. This is a very key and trans-

0 w ﬂ t m tV Z n formational part of biomimicry. Becoming a student rather than being a conqueror or a colo-
niser, changes vour relationship with the rest of the natural world. The idea of why biodiver-

sity” 1s important becomes sclf-evident. When 1 address an audience and give them 15

? amazing case studies of how organisms work and what we've learned from them, I pause to

Z-O 0 g 76 ask, ‘Do you understand why conserving biodiversity is important?” People in the audience
o] spontaneously burst into laughter, which says: “Well, of course, now we will never be able to

look at biodiversity in the same way again’. Long ago, the relationship between mankind and

. Barras nature was that humans were very afraid, being in awe. It switched to one of humans as mas-

aRInS B ter and nature as slave, humans having the illusion that it was their right to control and exploit

nature — thinking it was put there for their use. Lately, among many people who understand
what’s happening on the planet, there’s been a relationship of guilt, of . ..
Biomumicry

humans feeling pity for organisms.Pity, though it may wigger an annual ,
changes a human’s

donation to a conservation organization, is not a very powerful emotion.
Respect is much more powerful than pity. Biomimicry is a rich spring of relationsh -’fP with

amazing, sustainable innovations, guide posts that teach us how to design nature ﬁ*um one

for this Earth. But it’s much more than that. To me the most important ﬂf‘dﬂmiﬂﬂffﬂﬁi to one
thmg‘ about lnurmn‘m_l}' Es that it L]mj1gc:~, hl_]n'l.ﬂl']b Fr_clut:umhlp 'n..'lth na- ﬂfﬂpp?’ﬁffﬂﬁﬂﬂ
ture from one of domination to one of appreciation. That's a very big step!
_ Another thing I find important to remember about biomimicry
comes from a ficld of study called social group reference theory. This is the
theory that who we compare ourselves to is key to our behavior, and the fastest way to change
is to change who you admire. For example, sav a designer or an architect, while growing up,
compares himself with Donald Trump and wants to be a real estate mogul like him. When he

then meets someone who has started a local food bank in the city, collecting food for home-
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Bio-utilisation
is the process

or domestication is
the process of breeding

the producer

less people, he suddenly begins to compare himself with that person instead. That's the fastest
way for personal change to happen. What we're doing in biomimicry, instead of comparing
our technologies with one another, is comparing them with nature’s technologies and realiz-
ing that we're falling short of our new ideal. That’s when change happens and the desire
arises to be more like this hawk, this flower or this butterfly or to have a building becoming
as self-sufficient as a tree. Suddenly, that new metaphor is very powerful, realizing that we're
falling short of our new ideal. Then a biologist can actually teach the designer how that tree
works and how the water svstem in the building could be changed, how energy could be
gathered and how the water could be filtered. It’s that comparison that is actually so powerful.

At a certain point you need to use the tree, right?

There are three kinds of *bio™; ‘bio-utlisation’® for example, is using wood in the
home, My entire house is made from local wood. People will always use products from the
natural world. There is a wav to over-harvest and there is a way to harvest sustainably, so hope-
fully people will harvest sustainably and locally. The second is *bio-assisted technologies™ .
This could be keeping a cow to produce milk, keeping bees to produce honey or using bacte-
ria " to clean waste water or using yeast to make bread and beer. This bio-assistance is actually
a very old technology, and there is a sustainable and non-sustainable wayv to domestcate an
organism. The sustainable way, is through natural breeding of those organisms, When people
start to put an organism in a tube and think of it as a little machine that they can switch on and
off, they often begin to tinker with that organism’s genetic code to get it to produce faster or
do more. To me, this transgenic engineering is where the line is crossed into a domestication®
which is dangerous. [ think bio-assisted technologies are great as long as they are done withourt
transgenic engineering. The third kind of *bio” is rue biomimicry®. Take
the abalone shell for example, It has been studied at length for its ceramic
properties because it is twice as tough as our high-tech ceramics. Abalones

ﬂfﬁﬁﬂ?‘ﬂﬁﬁﬂﬁ could be harvested to bio-utilise the shells or they could be domestically
the Pﬂ}dﬁ:{:f; farmed to make shells for us. Another option however would be to learn
bio-assisted the recipe by which they make their shells and to manufacture this ceramic

ourselves. S0, in brief: bio-utilisation is the process of harvesting the prod-
uct, bio-assisted or domestcation is the process of breeding the producer,
and biomimicking is the process of becoming the producer.

the p?‘ﬂt»fﬂﬂﬂi’; Another example; and one of the most interesting biomimetic®
and t’?tﬂfﬂt?ﬂiﬂkiﬂg idcas these days, is how to use carbon dioxide as a raw material for build-
is the process ing materials. There is a company called Calera that borrows the coral’s
ﬂf'&gmming recipe for making it’s reef — it uses dissolved CO, as one of the ingredi-

ents! Calera does is take the CO, out of the smokestack and combine it
with a slurry of minerals that you would find in seawater. Automatically,
the material combines and precipitates out into a substitute for Portland
cement, which releases 6-8% of all CO2 emissions in the world. This basi-
cally comes down to making tonnes of building material out of CO, and sequestering it for
long periods of tme. Instead of using corals organisms to make reef, they are actually bio-
mimicking the process. I think that’s very important. This is in contrast to a bio-assisted ap-
proach to plastic, namely, taking the gene from bacteria (some bacteria actually make a bio-
polymer), inserting it into a tobacco plant, planting it in the ground and having the plant
make the plastic for us. Another way this could be done is by putting the gene — bacteria make
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plastic, basically they make a biopolymer - into a tobacco plant, planting it in the ground and
have the tobacco plant make the plastic. Then the tobacco plant uses CO, to make a biode-
gradable plastic. Instead, Geofirey Coates of Novomer has found a way to take CO, and make
the biodegradable plastic in a low temperature lab process, which saves encrgy, agricultural
pesticides and loss of soil ferahity. If someone gets a plant to make plastic, thev're basically min-
ing the fertlity from that ground while thev should really be at the level of learning the chem-
istry and mimicking it. I'm not against bio-assisted or bio-utilised technologies, but I do think
that because people are so used to harvesting or domesticating, thev tend to get into this rut.
When 1 hear that people are going to be using plants to make plastic, 1 think that’s the wrong
way to go! To me, that’s a shortcut which is disrespectful of the organisms, but even more than
that, it’s intellectually lazy. People know how to make all kinds of things that have never been
on earth before, like 80,000 synthetic chemicals on the market. People know how to make
stuff. But chemists are never asked to make stuff in new ways, stuff that is locally sourced, bio-
degradable, and self-assembled without heart, beat, or teat. Nature shows us thar it can be

done, it is a matter of will.

How can creative professionals take part in this?

We have a Professional Pathways programme where we are training biomimic-
rv-certified professionals, It provides various courses, from an hour-long course on the web
all the way to a 2-vear Master’s programme. This is an opportunity to be able o ger a certifi-
cation in biomimicry, to know how to work with biologists and to do biomimicry. The cours-
es are offered by Biomimicry 3.8, which is our larger organisation that encompasses both the
Institute and the Guild. Our institute is for academic research and focuses on the work with
universities, while our Guild is a consulting firm working with corporations. Our next big
project is to create a global membership network that biomimicry professionals can subscribe
to. Our job will be to nurture this growing network with tools, resources, information data-
bases, reaching materials, and a social platform. Spreading and localizing the DNA of bio-

mimicry through a thriving, supported network is the most biomimetic thing we can do.

JANINE BENYUS

Janine Benvus is a natural sciences writer, innovation consultant, and author of several books,
including Biomimicry: Innovation Inspived by Nature, published in 1997. Benyus has received
several awards including the 2009 Champion of the Earth award in Science & Innovation
from the United Nations Environmental Programme and has been honoured as one of TIME
Internationals Heroes of the Environment. In 1998, Benyus co-founded the innovation
consultancy called Biomimicry Guild. The Biomimicry Guild is the only innovation company
in the world to use a deep knowledge of biological adaptations to help designers, engineers,
architects, and business leaders solve design and engineering challenges sustainably. Benvus
also co-founded the non-profit Biomimicry Institute and currently serves as president on irs
board. The Biomimicry Institute is a not-for-profit organisation whose mission is to naturalise
biomimicry in the culture by promoting the transfer of ideas, designs, and strategies from
biology to sustainable human systems design. Benyvus and the staff of the Biomimicry Insti-
tute recently launched asknature.org, a public database of biological literature organised by
design function.
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CATHERINE LARRERE

) PROFESSOR OF PHILOSOPHY, WRITER OF SEVERAL
BOOKS ON ENVIRONMENTAIL ETHICS
D I S C U S S l l What sort of relationship does man have with nature?

Ever since the 17" century, people thoughr that techno rwould allow them

to tear themselves away from nature. Francis Bacon (1561-1626), the English philosopher,
who contributed a great deal to this type of thinking, proposed that a technological thing was
all the better if it didn’t have an equivalent in nature, if it was completely new. He said, “To
conquer nature is man's most noble task” and René Descartes proclaimed the idea that man

should become ‘master and possessor of nature’. Both of them reduced nature to an undet-

ined thing, something inert which people could do with as they pleased.

Mankind bas
e the master

There will probably always be people who have this point of view. There

will always be attempts to patent living things, patent DNA® sequences
ople will defend these patents by claiming that it's living and jﬂ O5ssessor

matter, therefore it’s only matter which can simply be sliced up. This dom ”_J'P nature
ination always used to be more of a pretention than a reality. It’s only since bt 15 not very
:|-l._'|;'|;_'|'l1_|fl.' that humans J-L'L.I.I._l”'_'.' have the |1.j|;_':_;|'|.~; tor be r'l,-|||;_'1'_-: OVEeT |1.1.L|.|r'1%‘. }'H-F[:’II_\'E'.!'{ 11'1!??!':.1?:!5 ”,
I'here are new technologies and masses of people on this planet, which is
a tangible force. Mankind has become the master and possessor of nature
but is not very pleased abourt it

In Bacon’s Utopian novel New Ar is or other works of this genre, there is an in-
quisitive anticipation, right up to cloning. This shows thar basically technical projects are old

tantasics. Bacon wasn’t a genius who for * thi for which he hadn’t the means to sce

at that time. Fundamentally, technology seems to be the execution of

ideas that have been around for a ks me. It’s certain that today’s problems, such as erosion

of biodiversity ", extinction of species, climatic changes and water problems, are the result of
industrial changes which started at the beginning of the 19" century. Bevond any doubt
though, these industrial chan have been thought out before.

Following the industrial changes in the 19 century, geographers and naturalists be
gan to study and demonstrate the lasting impact that human beings are having on the Earth.
In 1864, George Perkins Marsh wrote a book entitled Man and Nature, a wide-ranging study
of planet Earth and the lasting human effects on the environment, from the Pyramids and the
work of the Pharaohs to all the work on the dvkes that the Dutch carried out. This b
shows that man has been making its mark on the environment for a very long ume,

Today, there are tendencies emerging which show that instead of getting as far away

away from it. In towns, ¢ shelter from

as po from nature, peop “tually nev
cold and from snow — escaping from nature and becoming independent from it — but at the
same time they contribute to global warming® which makes them become even more depen-
dant. That tr rs the thought that it’s perhaps necessary to look at ways to fit in more har
moniously with nature. Today, it’s a matter of imitating nature rather than producing an in

vention that's distanced from it




What would be a ‘good’ use of nature?

Certainly not domination or conquest! It would sooner be what is sometimes
called *ways of piloting it”. A relationship with nature which is modelled on a ship’s helms-
man, someone who works with natural elements and directs them. The helmsman of a ship
manocuvres with the wind and currents to get to his destination, using nature’s power to his

advantage.

Among the manifestations of man’s imprint on nature,
would it really be problematic it biodiversity® is endangered?

Species are mortal, just like individuals, even though they last for millions of
vears longer, but in the end they also disappear. Almost all species that have existed since the
beginning of life on Earth, have disappeared. There is therefore a ‘regular’ disappearance of
species *° p57. They live, they die and others are born, therefore there is replacement.
Whar is almost certain today is that there is a loss rate which is much greater than generally
accepted. There have already been phases of great extinctions, everybody knows abour the
disappearance of the dinosaurs, but that took almost a million yvears. Where man is involved,
this process is evolving extremely quickly. It’s increasing because species don’t have tume to
adapt, they are in situations which force them to disappear. This is, of course, awkward for
those species. It'’s also awkward for humans and for all the living things associated with hu-
mans in one way or another. Naturalists have shown that everything is closely linked. The
possibility of reproduction in migratory birds depends on the fact that they should be in a
certain area at the time when a certain type of flower is blooming, bur if this blooming is our
of step with them, then they can’t reproduce. It's less awkward for the biosphere * in general,
that will more or less be able to cope with it. There are enthusiasts for the Gaia hypothesis
who state that the Earth is *alive’ and that Gaia has coped with worse things, that it’s sturdy

and will survive.

Your first book, Les philosophies de Fenvironnement, describes
various philosophies, particularly Anglo-Saxon philosophies.
Can vou describe these?

For widely cultural, complex reasons these philosophies are developed in Anglo-
phone countries, especially in former British colonies, namely North America and Australia,
not India or countries that were alreadv populated. In these countries there had been a very
rapid occupation of more or less deserted lands. The colonists seized ter-

quite sophisticated moral thought. The idea in fact is that problems relating to nature have
arisen because people have had a purely instrumental relationship with natire. They consid-
ered nature solely as an available resource and as a great big rubbish bin. If people consider
that there are values in nature and that different natural entitics have worth in themselves,
then people will see things differently and have more respect for nature. It therefore takes a
major effort to imagine on what basis people might tell themselves that it’s not only human
beings who have dignity or intrinsic worth”.

— In the 1970s a lot of fundamental articles appeared on environmental ethics — the
philosophy of an ethical relationship with the natral environment. In 1973, Arne Naess
wrote a paper in which he made a distincrion berween the ‘deep” and the *shallow’ ecological
movement. The shallow ecology focuses on combating pollution and resource depletion,
whilst the Deep Ecology® consists of an holistic approach with intrinsic relationships that
recognise the inherent worth of all living things. In 1975, an Australian philosopher Peter
Singer published the book Animal Liberation in which he argued that animals should have
rights based on their ability to feel suffering and not based on their intelligence. And then
there are more interesting theories by philosophers such as Holmes Rolston, J. Baird Callicort
and Bryan G. Norton. Aldo Leopold {1887) can be considered the founding father of these
ethics. He studied at Yale Forest School that had recently been founded and offered the first
post-graduate forestry programme in the United States. He then became a forestry worker.
Leopold participated in the extinction of wolves, with the idea that it could produce more
game, more deer and other ungulates (hoofed animals) for winter hunters. The extermination
of the wolves resulted in a proliferation of ungulates, with major environmental damage and
his realisation that he'd made a mistake. Because he was such an energetic campaigner in the
very active wilderness organisations at that time, especially for conservation of wild nature, he
left active service and took a chair at the University of Madison in Wisconsin, He bought a
cabin there to go hunting and fishing. In 1948, while helping a neighbour fight a fire, he died
of a heart artack. This happened just before his book A Sand County Almanac was published.
In the very active literary tradition in the United States, this work is known as ‘nature writ-
ing” *, of which Henry David Thoreau, with his Walden; ov, Life in the Waods, is one of the
tounders. The term almanac indicates that the work tollows the seasons, with lictle stories tell-
ing how Leopold saw animals. Endearing stories, but Leopold remained a scientist and even-
tually proposed a ‘land ethic’, which was the first formulation of an ethic or a morality for the
relationship between man and nature. His regularly cited concept is, *A thing is right when it
tends to preserve the integrity, stability, and beauty of the biotic community. It is wrong when
it tends otherwise”. It is said that in hotels in the Rockies in the United States, one is just as
likelv to find the work of Aldo Leopold as one would find the Bible.

Problems rvelating Can you tell us more about Deep Ecology?

ritory that they'd practically destroved. Those people have had the pride of
to nature have

The Norwegian who introduced Deep Ecology, Arne Naess (1912-2009), had
quire an interesting life. He was artracted by philosophy, a type of study that wasn't easy to

colonists in being confronted with what they call ‘wilderness’ a wild ex-
arisen because Pﬁﬂpfﬁ’ panse, and dominating it. At the same time however, there was a sense of
have had a purgiy shame of the massive destruction to which they subjected the territories
instrumental that they occupied. It’s from there that thoughts of morality developed

carry out in Norway at that time. Therefore, in the 1930s he first went to Paris and then he
went on to study in Vienna. The city held a leading position in philosophy because the famous

which, as in all philosophical work, go bevond their cultural era. The mor- Vienna Circle was located there. Naess participated in the Vienna Circle, but finally preferred

relationship with
nature

al reflection that developed on the relationships berween man and nature metaphysics in work on language as well as psychology, and went on to produce a thesis on

does not really have an equivalent in continental Europe or in Third World psvchology in California, where he worked on animals. He returned to Norway, to be perhaps

countries. It's a trend, or even several trends in contact with each other, of one of the first teachers of philosophy in the country and founded the Oslo philosophy
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The question s not
‘making use of technology
or not using technology’

but rather
which technology to use?

Cartherine Larrére

department. There he wrote a philosophical work in Norwegian and English. Having been
involved in resistance acrivities during the war, he not only became a Norwegian hero but an
interesting resistance fighter because he was inspired by Ghandi’s non-violence. So he wasn’t
a resistance activist that planted bombs, but an effective resistance fighter with more durable
achievements.

Rather belatedly, when he was about 50 years old, he took an interest in environmen-

tal questions and resigned from the university. In 1973 he published The Shallow and the Deep
Long Range Ecology Movement, one of the foundaton articles mentioned carlier. Various
books had rung alarm bells before, like biologist and writer Rachel Carson’s Silent Sprimg on
DDT or The Limits to Growth by 1]unu|lu H. Meadows, Dennis L. Meadows, Jergen Randers
and William W. Behrens 111. Naess, however, made a distinction in superficial ecology®, that
the policies in place can fit in without problems as well as a more radical ecology which
obliges redefinition of the existing reports. He set up a platform, which takes account of living
things, as also intrinsic value theoreticians do. He postulated that all living things have an
cqual right to exist and also took account of the relationship with the Third World, which
people had not talked about much.
— Maess then wrote a book entitled Ecolagy, Community and Lifestyle: Outline of an
Ecosaphy, first published in Norwegian and translated into English by David Rothenberg in
the 1980s. It was notably because of the English version that he became famous. The term
‘ecosophy™, which was introduced by Naess, means an integrated philosophy of ecological
harmony. Americans have a tendency to say that ecology as a science provides almost every-
thing nceded to guide people ethically. Naess didn’t think science is enough and in his book,
he explained the relevance of philosophy to the problems of environmental degradation.
Looking at his work clearly shows that he brought several dimensions into account ( political,
cconomical, technological ) and tried to reflect on it with a policy of non-violence. He didn’
take up a radical position. He was also not hostile to technology, but simply thought that
technology is linked to culture and, like the philosopher and theologian Ivan Illich, he made
a distinction between soft (low-impact on ecosystem” ) and hard technology (high impact on
coosystemJ.

The impression that people have of Naess, especially in France, is partly based on his
popularity in the United States. Through militants in environmental movements like Earth
First!, Deep Ecology® is moving to the foretront. It was appropriated by the most radical
environmentalists in a profoundly misanthropic way, something Naess certainly did not do. It
was very good that his book was translated into French a few vears ago. People finally realised
that Naess was not the fundamentalist defender of nature, which is the impression given by

the Americans.

Intrinsic worth® seems to be a recurring term, can you shed
some more light on this?

Here are two examples to allow full understanding of this notion. The first is
the *Last Man’ scenario by Australian philosopher Richard Routley who suggests that one
should consider the following scenario: ‘Imagine that there is only one man left on Earth,
all other conscious beings have disappeared and so, this man is going to die. Before dying,
he endeavours to destroy everything with him’. The question arises: do his actions qualify as
good or evil? When thinking about it, in the moral sense of the term, there is only good or

bad in the things that people can do to one another. In the above scenario, there is nothing
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bad done to anyone and therefore it is not bad. At the same time, intuitively, people feel What does biomimetics® mean to vou?
that what he is doing is not good. The idea of intrinsic worth is to ask oneself'if each living )
creature isn’t a good thing in itself, quite independently of the use people are going to make There’s no single solution to environmental problems. Focusing on only one
of it. solution is never a good thing, people should consider a diversity of options. Biomimicry® is

one solution to environmental issues. It's ambition is to look at nature

The other example is that of biologist E.P. Pister, an employee of the American wild- Natitve is more

much deeper than just on a purely technological level, Nature is more
complex than

life services, who is interested in a small fish whose common name is the Devil’s Hole pup-
complex than the technology people can come up with, it continuously

reveals surprises. However, it’s a little disturbing to say that nature is an the techn ﬂgﬂﬂ,}" P ﬁ-‘Pﬁ'ﬁ'
extremely efficient industry. This plays in two senses, it’s good that tech- can come up wiﬂ:’»‘,
nology does not give itself, as with Bacon, the single objective of being as it continmously

fish. A fish which lives in marshes and other watery areas. Its life is threatened by urban

sprawl, which drains and destrovs its environment and its habitat. Pister
Arne Naess

pos tulated that route. He went to the Supreme Court and won, although it did take a
all JIPIH‘_@’ I'Lh”’wf long time. He explained his actions to many people. They alwayvs asked
have an gng;,-:;f him: ‘Bur this little fish, what's it good for? Is it good to cat? No. Pretry?
?‘ﬁ;ﬁht to exist No. Does it contain something which could cure illnesses? No. Can vou

decided to save this little fish and do it the American way, via a judicial

far awayv from nature as possible, but when vou think of nature purclyv as a . e
: P ’ - : | me reveals surprises
technology, that's to say according to human technological efficiency cri-

teria, there is perhaps something which gets lost berween times as there is

use it against ...7 No." After a while, because he was tired of explaining

why he was fighting for this little fish, he looked at the people and said to

them: *And you, what are you good for?® People know they don’t have to
be good at something to be good. If people recognise their right to exist and respect, with-
out having the need to justfy their use, why shouldn’ it be the same for a little fish? This is
the notion of intrinsic worth.

I'm not fanatical about intrinsic worth, as it has quite a few drawbacks, among other
things, on a practical plance. It takes individuals into account while operations on nature take
account of populations and, moreover, can cause individuals to be sacrificed. The notion of
intrinsic worth is ditficult to apply because, if people have respect for everyvthing, they can’t
live normal lives — which include walking on the street and stepping on an ant, for example.
The notion mainly applies to wilderness, it’s another way of saving: ‘don’t interfere with na-
ture when it can function on its own’,

What do you think about environmental action today?

There are lots of reasons to be pessimistic. The failure of international confer-
cnces, feeble efforts, gas emissions and erosion of biodiversity® are some examples, but at the
same time what strikes me, is that there have been remendous changes. People’s atttudes
have changed enormously. Twenty yvears ago, Luc Ferry regarded the Anglo-Saxon theoreti-
cians as fascists in his book The New Ecological Order. Now no one would say that, even he
would no longer write it. From that point of view, there was a suspicion and today it's no
longer in our thoughts. The ineffectiveness of political decisions that are being made are a
cause for concern, but there is also a real change in mentalities and that is important. The next
step is to translate this into reality.

There is still plenty of ignorance, but above all it’s a problem of intervention levels.
The small things are actually a bit of a laugh. I don’t want to say that vou shouldn’t put the
light out when leaving a room, but it’s at the overall level that the important decisions are
made. Ignorance could make people think that little gestures are enough. This is also shock-
ingly evident in Al Gore’s film An Inconvenient Truth, it tends to focus on little gestures only,
there are no other references. At the overall level it’s evidently complex. The right level at
which to intervene has to be found. This level is not necessarily that of the state, which scems
the most obvious. There can perhaps be regional or trans-regional forces which are more
significant.
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much more to nature. People certainly have to avoid being anthropomor-

phic about nature, which can be destructive. So, it's good to have a technological ambition
burt it should involve seeing nature, not in a very functionalistic and industrial form, but in its
complexity that consists of living organisms. The question is not ‘making use of technology

or not using technology® but rather which technology to use?

CATHERINE LARRERE

As a Professor of Philosophy at the University of Paris 1 Panthéon — Sorbonne, Catherine Lar-
rere teaches political philosophy and applied ethics, focusing on environmental ethics (ethics
of the relationship berween humans and nature). Larrére has been working on environmental
issues since 1992, the year she mer American environmental ethics specialists at a conference
of the Rio Earth summit in Brazil. Her husband Raphaél Larreére is a trained agronomist and
former rescarcher at the INRA (National Institute of Agronomic Research) and together they
published a book, on the good use of nature, Du bon usage de la nature (Paris, Aubier: Col-
lection Alto, 1997), a reflection of how people’s vision of nature can guide environmental
policies. Together, they have also published many articles on environmental ethics and are cur-
rently working on another book. In 1997, Larrére also published a book on environmental
philosophies, enutled Les Philosophies de environnement (Paris: PUF, Collection Philoso-
phies).
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l l :’I‘ f; HERVE NAILLON
MARKETING AND INNOVATION CONSULTANT,
INVENTOR OF THE CONCEPT OF ETHICAL MARKETING
I: I S C ; S S I I What has changed in the field of sustainability?

Thanks to natural global warming™® 14,000 years ago, the ice-age ended and the
role of humans changed from ‘hunter-gatherer® to ‘farmer’. People were able to stay in one
place to plant and harvest. Wandering tnbes settled and cines were created. Since people pro-
duced more than thev needed for their personal consumption they could sell their products.

Others were no longer working in the fields but were making pottery for storage, and thus
commerce was created. The main structures of this 14,000-year-old model have for a long time
relied on servile manual labour but now rely on virtwal labour, Energy and climate consultant
Jean-Marc Jancovici translates the kilowatt-hours that are extracted from fossil fuel” into “slave
equivalents’. For example, the power of a tractor working in the ficld equals the work of 1,000
to 1,200 men. But it seems that, at a given moment the tractor will no longer be able to run
on those *slave equivalents’ and that’s when the problems start. We are at a major turning point
in human history once more. But this time the global warming will be one of our own making,

Man's relationship to time and space changed drastically in the 207 century, Until
then, there was the time of the seasons, the time of vigils before religious festivals, the belfry
and church time, but everything occurred in a single space. Up to the First World War, the
majority of French people, who were peasants, on average had not been more than 5 km away
from their village. It was a major expedition to go to the local fair, perhaps 10 km (6 miles)
away! Today, everything’s a snapshot. The press covers a spectacular event that occurs in some
corner of the world and a wecek later it's overtaken by another event. At the same time, people
are in a manifold space: working in Paris, talking to a Swedish agency via Skyvpe and having
correspondents in New Zealand.

What also changed in the 20™ century was the discovery that the Earth is finite. An
old atlas of the Western world, dating back to 1920, shows Africa as having a blank in the
middle. At that time it was still unknown. [t was an infinite world thar could be explored and
discovered. But in his acceptance speech in 1960, John F. Kennedy spoke of ‘new frontiers’
because the old quest to push back the frontier was finished. Admittedly, there are stll many

things to discover: the bottom of the oceans, or what's under the Earth’s crust. However on
Being aware of the

----1.1- 11 e . ey > o
In 1968, the Apollo 8 mission took the famous photo of the Earth and then Earths -.-ﬁ"I”'E'-I"”'L“U
people truly had a complete picture. hel s peo f]frt better

can he go under the Earth’s crust, people have been more or less everywhere.

Sell vare of the Earth’s finiteness helps people better understand the understand

question of limited resources. Oil is not the only resource that is limited. There the question

are 17 chemical elements in the periodic table® that make up whar is called rare eSS e sz
- . ! = ) o f ltmited vesources
earth elements”. These mineral reserves are needed for new technols -
as lasers, camera lenses

demand is increasing rapidly and therefore access to all the rare earth elements




has become the subject of a conflict in the WTO berween China on the one hand, cur-
rently the predominant supplier, and Europe and the United States on the other.
Resources, however, aren’t the only things that are limited. The former president
of Madagascar, Marc Ravalomanana, was brought down following a scandal about the lease
of arable land to Daewoo. Being a large corn importer, the South Korean consortium
planned to cultivate the land, thereby cutting its dependence on other exporting countries

to feed its population. The deal was cancelled by Madagascar’s new president, Andry Rajo-

it is understood that todav’s society is a materialistic one, but In a strict sense it is a com-
plerely non-materialistic sociery, it’s an ‘object’ sociery. Everv object is an entity unto itself. All
links with materials are severed. Nobody is capable of saying what’s in the iPhone for example,
in terms of materials. Where does it come from, how is it mined or refined, what is its impact,
its carbon footprint®, its impact on water, is it involved i the eutrophication® — cause of ex-
cessive plant growth by addition of nutrients — of water resources, the disappearance of some

species or other? It's impaossible to say, because people are not in touch with the materials any

elina. Other countries are doing the same. The Chinese, for example, are more. As a result it becomes very complicated, when contemplating the choice criteria. When

People have
forgotten this notion

buving land in Africa for food security. The Earth is finite. there’s a relevant health dimension in the hygiene, beauty and food sectors, the information

Although there is this realisation, which is important, there is also
ﬂf Eﬂtﬁﬂfﬁpﬁﬂdﬁﬂﬂﬁ the notion of interdependence. The problem is that people turn their
but ave becoming  thoughts to biodiversity” on the one day and the next day they talk about
AIWAre ﬂ_](g ta c@’ﬁ?‘;ﬂ global warming. Thev see a meeting on the Australian mining resources

is available because it is mandatory, but traceability in food is not even really guaranteed.
People might know a certain cake is organic, but where does the wheat come from? That is
simply not traceable anymore. There is a lack of reliable sources of information or training and
above all there is a flood of disinformation. Every day publicity messages are - .
Companies make
make evervone forget that for every object it’s the material that has the im- a Iwmg out ﬂf
pact. For a pair of tennis shoes, the materials and the conversion of these the f rustration that
materials into a pair of sports shoes represent a 5% value, while marketing f:hﬁy ﬂﬂnriﬂuﬂuﬁ}f

and then a meeting on climate change in Japan. These clements are all coming in from those who benefit from an object and who do everything to
linked. People generally have a linear approach: they extract, convert and
throw away. The cyclic notion is the natural one though, everything goes
round in a circle, with interdependence. A tree grows and its leaves fall to its roots, but they

are not going to feed it directlv. A complete chain comes into play to turn the leaf material represents up to 25%. Buying certain shoes means buying marketing,. Public- generate

into compost. People have forgotten this notion of interdependence bur are becoming
aware of it again.

There are now 6.9 billion people on carth, 20% of whom are using 80% of the re-
sources and are responsible for 80% of the greenhouse gases. It's important to realise that
there is global warming which brings about millions of global-warming refugees. The peo-
ple in the African Sahel region for example, plagued by extreme droughts, have no other
choice than to move into towns and take the first low-paid job they can get. They render
unemploved the people who used to do the work for higher wages, who in turn, try their
luck in the Western economy, and subsequently are sent back on greenhouse gas-emitting
charter flights, while they should be welcomed. Last vear, there were 45 million climate
refugees *. France is responsible for 1.2% of the global annual CO, emissions. Therefore,
mathematically speaking, France should take in 540,000 refugees.

And then there is globalisation®, which relies on two key points: the exchange of
merchandise across the world; and financial exchanges. Transport of this merchandise relies
for 96% on cheap il (trains, boats, lorries, etc.). Now we are confronted by a real problem:
cheap oil is finished. We're not running out of oil yet but we are running out of low-priced,
casily refinable and convertible oil. The economy is going to depend on expensive oil. There
are substantial quantiries of it in the Canadian tar sands, for example, but it’s very expensive
and very polluting. If the carbon emission reduction on exploiting this oil is built in, it will
be even dearer. If it’s not, it accelerates global warming, but in all other respects it will have
consequences for globalisation and exchanges and perhaps will allow a cerrain re-localisation
of the economy. This can already be seen with certain products, heavy goods and those with
a small margin, for example carpet tles. Carpet tile manufacturers have factories in Europe,

as it is financially disadvantageous to have them made in China and shipped to Europe.

Can people combat this individually?

That is extremely complicated as people don’t have access to all the necessary

information. As a society we are not materialistic enough. This may sound strange because
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ity is a worldwide business, second only to arms sales. Turnover of advertising

agencies with more than 10 emplovees reached 456 billion dollars in 2009,

so including all the freclancers and all the internal publicity budgets of com-

panies, spending on publicity will surely be close to the 1,200 billion dollars for arms sales!
This creates a constant disinformation. Companies make a living out of the frustration that
they continuously generate, what's more, they have every interest in generating frustration to
provoke sales. This is what's important todav; it"s not so much the object as the act of buving
in itself. It would be good to go back just a bir to materialism and to regain contact not only
with nature, which I find a bit simplistic, but to regain contact with the marterials. To under-
stand where they come from, whats needed for their conversion and what the damage is in
negative spillovers that no one pays for, such as greenhouse gases.

What about man’s relationship with nature?

For millennia man has perceived nature as hostile. Indeed, the Great Plague that
killed around 100,000 people in 1665 was quite hostile. In the 21* century we're getting to
a point where it’s man who is becoming hostile to nature. This can be considered rather
gratifving, as we've won. The desire for domination over narure is fulfilled and nature now
fears man. The biggest dangers from nature are conquered. There is still a small margin, like
the natural catastrophes such as floods, carthquakes and hurricanes, which have major effects,
but the struggle against nature that’s hostile every day is won by mankind ™ p .43,

— Whence the impact on biodiversity. Nowadays people are talking about mass extine-
tion, where a great number of species rapidly become extinct, which is serious ™ p57. The
question remains whether man is capable of living outside nature, outside the existing ¢cosys-
tem® and equilibrium. There are very localised examples of man modifyving his biotope®. In
the 19" century for example, the English who colonised Australia introduced new species
including rabbits. Being able to breed all year long in the mild climarte, they multplied rap-
idly and became a real menace to farming. Ever since, Australia has tried to reduce the rabbit
population as their effect on the country’s ecology® is devastaring. Another example is the
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Biomimetics
must go via

introduction of bovine animals by the colonists, as there were no pre-existing Australian cartle.
Once introduced, the presence of carttle lead to the arrival of dung flies which multiplied and
now there are hordes of flies pestering the population. This might seem insignificant but these
local phenomena make people’s lives unbearable. If this would be done on a grand scale, the
consequences would be even more serious. Each species has its own place and funcoon. Taking
one element out of an ecosystem changes everything radically, with no possibility of recovery.

If the bees that pollinate flowers in the orchards in California would disappear, the
trees in the orchards would bear no more fruit. Human beings could do the pollination with
a fine paintbrush, but studies show thar that would cost about USD 14 billion per year.

How does biomimetics fit in this picture?

It is important that there is an awareness that man is also a natural element, and
that there should be an exchange in order to create harmony between humans and nature,
Man’s part of the bargain is to restore the ecosystem® and there are already manufacturers
who are doing this. Lafarge Eco Systems is specialised in the rehabilitation of closed quarries.
Before mining activities even begin they have a rehabilitation master plan in place. Through
landscaping, planting and attracting suitable wildlife they pur back an ecosvstem where oth-
erwise only bare ground would exist. This ecosystem is then maintained and opened to the
public for educational and revenue purposes.

— Anexchange works both ways. We should also look at everything that nature gives us,
by studving it and investigating the wayv in which we can copy or work intelligently with it.
Phytoremediation® = using plants to treat environmental problems = is an example of work-
ing in harmony with nature. Certain plants have the ability to absorb toxins from soil, water
or air and to store it without having to dispose of it. These plants can be used to clean up
polluted soil in a *green’” way. This is literally using the tools that nature gives us.

— The issues that arise here are twofold. The first question is whether it 1s sufficient to
simply use or imitate without thoroughly investigating the total functioning with a systemic

approach ™ 167.225. Secondly, there is an ethical issue: the notion of patents. Dealing

with biomimetics® very quickly turns into a question of patenting a living

entity. Patenting the fact of having discovered a super molecule in a plant is

one step, but what's the next step? It's a gift to mankind, hence the whole

aAn OPpen-source idea that biomimetics must go via an open-source approach. If one is going
a pprﬂﬂgh to patent what nature provides and which would resolve major environmen-

tal issues, then it is only reserved for those who have the means. In the end,

Earth is only one planet and we’re all living on it. This applies to all new

environmental technologies. For instance, if Europe develops biofuels *
from algae and patents it all to ensure that the Chinese and the Indians don’t have access to
it, these countries will continue to use the coal they have, instead of changing to biomass
power stations. Europe can then have beautiful biomass power stations for its own personal
use, while others spew out (_}Dz, each one more than the other, The climartic disturbance will
affect everyone. Therefore there must be an approach of interdependence and cooperation,
or inspiration and cooperation without patenting or limiting access, even though this goes
against the dominant way of thinking,.
— It'salso important to remain cautious about the scale of how to look at things. There
is the risk of depriving one of a benefit by relving on certain applications too soon. Technol-

ogy must be made open-source via the internet, accessible to the whole world and subse-
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quently adapted to meet local eriteria. Natural adaptation occurs in the context of any given
ecosvstem. There’s going to be local development, with local energy to adapt. There are no
unique solutions, Marketing services prefer unique solutions and products worldwide, but

that is just a fantasy. Even a bottle of Coca Cola is different in every country.

Is there a place for designers?

I think there’s a form of collective intelligence which should be set up. These
would be rather creative groups in which a designer, an engineer and a marketeer work to-
gether, in synergy. That's collective intelligence, just like the wonderful examples of collective
p.233, ants and bees ™ p.79.171. This

read

intelligence that nature gives us, like termites
would ensure a greater creativity than that which an individual designer is capable of imagin-
ing. In order to achieve this, there must be a certain humility and acceptance of the idea of
passing things on. To take something, giving it the maximum spirit, intelligence and know-
how within the limits of one’s abilities and then to pass it on to someone else, so that in the

end the result is oprimal.

HERVE NAILLON

Having a background in geopaolitics, history and philosophy, Hervé Naillon applies a svstem-
atic approach to sustainable development, a topic he has specialised in during the last 11 vears.
During his geopolitics study course he wrote a dissertation on the transfer of dangerous waste
between the United States and Hait, and after doing voluntary work for Max Havelaar he
started carrving ourt social and environmental company analyses for American pension funds,
which had ethical criteria. Naillon realised that these issues could be tackled beforehand,
rather than being marked at the end of the process and decided to join a marketing and in-
novation consultancy in 1999, saving that the great marketing innovation of the 21 century
would be ‘ethical marketing” (he invented the term), promoting the commitment to sustain-
able development. Later, he wrote the book entitled Le mavketing ethigue (World Village,
2002} co-authored by Elisabeth Pastore-Reiss. He also met Thierry Kazazian, the founder of
02 France and author of the book I y aura Pdge des choses légéres (Vicroires Editions, 2003).
He worked for this eco-design agency for 3 years as the director of development. Today, he

works as an independent consultant in ethical marketing,
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BIO-
DIVERSITY

In 1990, the American microbiologist Carl Woese introduced the three-domain system,
a biological classification that divides cellular life forms. The three domains are archaea,
bacteria® and eukaryotes. The red dot in the centre represents the most ancient organ-

ism from which all organisms now living on Earth descend, and the lines springing from

it illustrate how all the different species are related.




THE WAY
NATURE
WORKS

The following pages describe 75 ‘strategies’ of nature, exa-
mples of how nature handles various situations.

Compared to the extraordinary reservoir of problems solved
by all species on our planet on a daily basis, this limited selection
provides a tiny glimpse of nature’s ability to ofter various efhcient
solutions to certain needs.

Fach strategy 1s presented in a scheme: the question raised,
the living organism concerned, a short description of the solution
given by the living organism and examples of existing or potential
applications, showing how humans, inspired by natural phenom-
ena, convert their gained knowledge into eftective solutions. Pho-
tographs of these applications are included.

Each strategy thus featured is accompanied by an illustration
especially drawn for this book, the result of impressive teamwork
by Benjamin Gomez and Myriam Hathout of Dépli Design Studio.
Images speak a thousand words and even though wildlife photog-
raphy often captures all the raw emotion of nature, here the combi-
nation of paintings and explanatory drawings feels more personal,
efficient and strong.

This chapter, without a doubrt, is the core of the book and the
strategies were the reason to embark on this project. Amazed by

all this display of intelligence, precision, ethciency and a propos we

felt it needed to be shared more widely, and especially among the
community in the creative industry.
Welcome to the world of biomimicry*!




Adhesion
BACTERIA

Caulobacter crescentus is a harmless bacterium
which lives in aquatic environments low in nutrients, such
as lakes, rivers and drinking-water pipes. It has an unusual
feature: it fixes itself to solid objects such as rocks or wa-
ter pipes using a real adhesive. It is found even in some
bottles of water or in tap water, depending on the amount
of chlorine added to the water and this ‘bacterial super-
adhesive’ i1s even resistant to saltwater, which normally
tends to destroy commercial adhesives.

The adhesive power of this bacterium is provided by
its long and thin tail (pedicle), the end of which contains
polysaccharides® — polymers — which are extremely adhe-
sive. Its fixative properties have been tested by researchers
and found to have much better performance than the com-
mercial ‘super glues’ In eftect, to scale, the Caunlobacter -
crescentus bacterium is capable of resisting a strain or ‘pull’
of 70 N/mm? (10,000 Ib/in?), while industrial
adhesives can claim a resistance to strain of a
maximum 28 N/mm? (4,000 Ib/in?). Jay Tang This exceptional adhesive promiscs to have numerous applica-
of Brown University, Rhode Island, found that ... B Sy e
a lem? (0.15 in?) area of this substance could stitches for example or hold dental prostheses in place. It could
Gupporta Weight Of 800 kg (1,760 ). Or again, s et 72 e o ot
that a 25-cent US coin, 24 mm (0.95 in) in di-  bacteria®, it should be available soon. . Phoro  Makubs
ameter, covered with this substance could sup-
port a tension of 4,000 kg (8,800 1b), namely
the weight of an adult elephant.

— Apart from its great strength, this natural
adhesive is water resistant and adheres to wet
surfaces. It is also biodegradable *.

APPLICATION

water and theretore our bodily fluids. It could replace suture

il
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) BURDOCKS

There are various species of burdocks (members
of the Asteraceae family). All burdocks have a two-year
growth cycle and in that time they reach a height between
0.4 and 2.5 m (1.3 and 8.2 ft). The plant’s natural habi-
tat is mostly in Europe and Asia. In the latter, the root of
the plant is commonly eaten as a vegetable. Many people
think that the plant also possesses certain medicinal prop-
erties, for example, it 1s used as a blood® purifying agent.

Children and adults alike know the plant well for
its characteristic flower heads that stick to clothing when
thrown from a distance. The flower heads of a burdock
(burrs), a specific type of inflorescence® (the arrangement
of flowers on a plant stem), are equipped with tiny curved
hooks which catch very efficiently onto anything that
brushes past them, fabrics, hair, clothing, etc. Further-
more, these hooks are so flexible that they deform when
they are pulled away, regaining their shape and
their ability to hook on again immediately after.

APPLICATION

In the 19405, Georges de Mestral, a Swiss engineer, studied
the irritating ability of burdock flower heads of hooking into
the hair of his dog. He suddenly realised that by reproducing

and imitating their hooks, he could devise a new closure prin-

ciple. Thus in 1948 Velero® was invented. Tts name is quite
simply made up from *vel” for the velours part and *ero” for the
hooks part {erocher). It was originally a registered trade mark,
but has become a generic name. It consists of two strips, one
covered with velours and the other with hooks, which hook

| Ui N ) e and unhook indefinitely. The system has since had numerous
= = = imitations and has given rise to a lot of varations. Today there
are hydrophobic®, nano-Velero® and conductive Velero® sys-

[ I 3 L ¢ L1y )
| | A [ = o ems, cic, I"hatos 8 Lawrent Flamels [ Aucjun L
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GECKOS

Geckos are mainly tropical lizards that vary
widely in size and colour and inhabit countries with warm
climatic conditions. They are nocturnal animals which
hide in trees and bushes or under rocks during the day.
They’re also often found in houses which they clear of
insects — the main item on their menu.

Most geckos (except the 27 species in the Eublephar-
inae sub-family also called eyelid geckos that live on the
ground), are capable of walking upside down on a ceiling
or running across vertical surfaces, such as walls. The se-
cret of their astonishing ability to adhere to smooth sur-
faces lies in their toes. Their toes terminate in millions of
keratin® hairs, called sezae (Latin plural of sezra ‘bristle’).
These hairs have a base diameter of a few tens of microns
and split up at the end into yet finer hairs which resemble
a nano-spatula. These spatulas come into contact with a
surface at molecular level, having the effect of
maximising the Van der Waals* attractive forces
(low-intensity electromagnetic force® of a quan- Inspircd by the structure of gecko fect, German fastening

i . systems manutacturer Gottlich Binder developed an adhesive
tal origin), hence the remarkable adhesive prop- iicone product called Gecko® tape. With 29,000 nanoscopic
ertics of gecko toes. Researchers call this ‘dry” ‘hairs’ per cm? (as shown in this scanning tunnelling micro-

. scope image ) it sticks casily to smooth surfaces without leaving
adhesion.

APPLICATIONS

. e .
any residue, Image rop @ Pascal Goergheluck

Engincers at Stanford University in California have created a
robot called Stckvbot which can climb up glass by using the
gecko-toe technique. ‘Microwedges!, 20 nm wide at the base
and about 80 pm tall (20 pim and 80 pim) on top of an angled
suspension laver give the robot its ability to adhere to smooth
surfaces. Their b|'I:!I'1"' I:ipﬁ touch the surface and when pu“t.:d
sideways — as in climbing — they bend over and stick. ©°

Photies battom and po66 8 Mark Cotkosky, Stantford Universiy

A real Spiderman costume for wall-walkers could be designed
using this technique.

B
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Adhesion
MUSSELS

The blue mussel ( Mytilus edulis) is a bivalve filter
mollusc, much appreciated by lovers of seafood. It is pro-
tected by two thin, but firm, hinged halves of external skin
that are held together by the animal’s muscles. The shell is
dark blue on the outside and nacreous* on the inside.

Fertilisation of a mollusc happens outside of the
body, resulting in a larva that is swept up by the current
and floats in the sea. Its shell starts to develop when a
mussel larva is 1 month old, at first translucent and hav-
ing a yellowish colour, in time the shell turns dark. As
the shell gets heavier during growth, there comes a time
when the larva loses its floating ability and sinks to the
bottom. This is an important moment in a mussel’s life
as the place where it lands determines its chances for sur-
vival, it won’t be able to cover large distances anymore.
An ideal situation would be to land on a hard surface to
which the mussel can attach itself.

The mussel has great powers of adhesion
to submerged objects and stays in place even Prliaprofessorat the School of Silviculture at Oregon State
: : » , University, discovered that proteins® in sova can be modified
in stormy scas, adhering to any suitable ObJECt |, b a5 cffcicnt as those of byssus* filaments. One can then
(rock, jetty support, boat hull), held there by a ebtin not only great adhesive ability but also high water re-

sistance. This discovery has allowed Columbia Forest Products

APPLICATION

system of flexible adhesive filaments, known as

to develop PureBond®, a hardwood phywood without the nor-

the b}-‘SHllS:-: (Greek E{‘rﬁ(}i ‘fine cloth’) which 1t  mally used urca-formaldehyde*. Instcad, a non-toxic soy-based
secretes. A mussel byssus has between 50 and "o ™ wed, fspired by the way musscls achere to rocks
100 filaments. Each filament consists ot colla-
gen”, a structural protein® common in animal
tissues. Grouped in bundles, they are held by a
cuticle, i.e. an external layer a few microns thick.
The cuticle is a complex material with zones of
varying density*, making the byssus both wear-

resistant and elastic.

. feE . ;
ol l;_JI.I'Il...'I' l;:I|1'l,.'t,|5. Phoros above and p.a? € Colombia Forest Produces

L
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SANDCASTLE WORM

Phragmatopoma californica, in the family Sabel-
larididae, has a soft body. Its common name is sandcastle
worm. It has a dark brown colour, measures a little less
than 10 ¢cm (4 in) and is common along the Californian
COasts.

The sandcastle worm has a special feature: for its
protection, it hides in a tubular shelter built from sand
particles and pieces of broken shells. When the tide goes
out and the water level drops, uncovering its shelter,
the worm closes off its tube with a dark setae operculum.
When underwater though, it sticks its tentacles out of the
tube, catching grains of sand and tood. The worms live
in colonies of compartments, a multitude ot small sand
tubes resembling submarine sandcastles, hence its com-
mon name. These colonies can be quite large, forming a
reef of up to 2 m wide (6.6 ft).

To make these constructions, the worm
secretes an adhesive substance which allows it APPLICATION
to bind particles of the material it finds. This Rescarcher at the University of Utah have studicd maring ani-

: : : A mals and suceeeded in devising an artificial adhesive inspired by
very special adhesive must obviously be resis-
tant to water. It consists of negatively and posi-  tained has the capacity to glue together clements such as bone
tively charged proteins®. Synthesised in a spe- e izt okt et e ot

l:l.]l glﬂ]]d, t]"ll: C[{_'I]'[ﬁsi\-’t iH kﬁp[ i|'1 a lqu]'_ld_ state ficld arc antcipated, to assist in the repair of broken bones in

the case of complex and multdple fractures, where many bone

the one produced by the sandcastle worm. The adhesive ob-

also non-toxic and biodegradable®. Applications in the medical

by the worm in an acid milieu (in its body). As | ,
¢ F ¢ L - ) lr.lﬁmcnlh I'I.'I'u.: W] e |'|L;lqi| Ii_r:_";i_'l.]m:_'f. T]n: p|1ulu .1[‘--;:'-.'1: .‘i]H_I'A.'l.'._\
soon as this adhesive i1s excreted b‘l.' the ﬂ]'llmi.'ll._, two picces of human femur glued together, completely under-
contact with seawater, which has an alkaline W3t The synthetic glue is visible between the two bone seg
i [ [ 3 , L [
pH*, solidifies it. A foam forms very quickly
and in a few hours will become a material that

is a solid, flexible, high-performance adhesive.

. ERE r
ments, —— Pheano @ Russell Srewarr
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KINGFISHERS
‘o -

, . . — The kingfisher is a member of the Alcedinidae

family of birds. There are many different kingfisher spe-
cies, ranging in size from 10 cm to 45 cm (3.9 to 17.7 in),
with different colour variations. The Common Kingfisher
is a dazzling bird in flight, a jewel with an iridescent™ blue
back, orange-chestnut underneath and a beak like a dag-
ger. It has a short tail, short wings and a short neck with
a relatively large head. S

It feeds on small fish and other aquatic animal life, “Jmmﬁﬁﬁ“i':‘::ﬁr
hunting over ponds, lakes and rivers, where it spends its '“hﬂ_iﬁ]‘[“mﬂq "
time going between air and water searching for its prey. ' V7 -
The bird has a preference for clear streaming waters with '
lots of little fish. A shady area makes it easier to hunt
as there is no reflection of the sun on the water’s sur-
face, making it easier to spot prey from its lookout point
which 1s usually a branch hanging 1 to 3 m (3.3 to 9.8 ft)
above the water. Its visual acuity is remarkable
since it locates its prey precisely, unaftected by o5 1cation
refraction™ caused by the two different media,
air and water. km/h (186 miles/h) running inter-city. On its journeys it has

The Shinkansen, the Japancse high-speed train, reaches 300

to pass through many tunnels. The entries into and exits from

— When flying horizontally, often over the _ ek n e b
g = ek ) these tunnels canse severe pressure changes, with associated

water’s su l"fﬁCE, I ¢an FEHE]] SPECdS of up O noisc and vibration for trackside residents and passengers alike,

80 km/h (49 7 milﬂﬁ/h} Its precision and speed Taking inspiration from the kingfisher beak, engineers have

: ] . + A g p : p siccceded in designing a locomotive nose to reduce this nui-

mn CﬂtChIHg ﬁﬁh, 1LS ﬂblllt}" to go with ease to and  wnee {and power consumption by 15%), while increasing the

fro between air and water are quitl': asmunding. train speed by 10%. = Photos abovz and p.76 & David Purschous:

It dives without splash or effort, even though

water offers more resistance than air, and returns

to the surface in a flash, fish in beak.
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Anti-bacterial
SHARKS

e

7

As a type of fish, sharks belong to the superor-
der of Selachimorpha. There are over 440 shark species.
Other large, slow-swimming animals that share the seas
with sharks are whales. It may be noted that whales are
often covered in algae and barnacles that stick to their
skin. Somewhat surprisingly, sharks are always completely
free of these companions.

The skin of a shark is not smooth, as might be
imagined, but instead it is very rough. It is covered by
scales known as dermal denticles, rather like small teeth
or tiny fins, arranged in rows parallel to the water flow as
the animal swims. This specialised surface structure ap-
pears under the microscope as a landscape of bumps and
hollows of the order of 200 to 300 variations per mm?
(0.002 in?) of skin. A terrain too undulating, it seems, to
be a suitable location for other organisms and even bac-
teria®. This topography makes too heavy an en-
- ergy demand and they prefer to move to more
l__ “-’clcmning locations. Inspired by the form and patterns of sharkskin surfaces, the anti-

P e i) ) bacteral polvmer film Sharklet SafeTouch™ prevents bacteria®

APPLICATION

such as the golden Staphylococens® trom developing on its sur-

e N Y b e face, Developed by Sharklet Technologies Ine., following re-

i = r.‘* A :', i iy e = scarch carried out by the TS Navy to find a solution to the pro-
] : _ =il : o i liferation of algal growth on ship hulls, the technology is based
e 7 = i i e Ao Vi l i i T N on a special microscopic texture (verv useful in public places, on
: 7 ' i .*__',F" ? = Iy i A i door and other handles, cte.}. It is the world's first technology

to inhibit bacteral growth through a texture alone, The miterest

E
i
.

& A ” v e o o _,r:_;_; > lics in the aveidance of using chemical agents: the anti-bacterial
; .'}{-';" A i ; ; ({ o . i properties are due to the film structure iself. As far as algae
i iy -”‘ el y ' B - are concerned, tests show that this type of micro-structure on a
A | / : i / i surface ],‘Iriﬂp;:: an 85% reducton in the ;il‘l“il_'_;‘ Ui-gn;:,:n ;i|p;;i¢ Lo

- i L1 )
adhere to a given surface, = Phooo @ Pascal Goergheluck
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BEES

After a larva has undergone pupation it be-
comes a young worker bee, tasked with cleaning the hive
and feeding the new larvae. Later its job is to build comb
cells. The bees that fly around from one flowering plant
to another, are in fact bees being redeploved. In eftect,
hive organisation demands that once worker bees have
finished their many tasks in the hive, they become pollen
collectors at the end of their short life. They then have
the right to go out to collect pollen from flowers for the
hive, where it is used as a source of protein® required
during brood rearing. Bees are mostly fuzzy and carry an
electrostatic charge which helps them to collect the pol-

n. In fli eir front wings connect to the rear wings
len. In flight, their front win mect to the ng
by means of a temporary hook-up system to provide bet-
ter lift*. The pairs of wings become detached again on
landing. Bees generally fly at an average speed of 25 to
30 km/h (15 to 18 miles/h) and can travel up to
800 km (500 miles) in the course of their lives. APPHCATION
Tl] E}r are Capﬂble Gf‘ cﬂrr'}ri[]g []]E EL] Ul‘v’ﬂlﬁ l'l'[ Df BR23C is a biomimetic® car robot drive that was Lti.‘T.'C]I.J"‘ICd in

: . g 2008 by Nissan Motor Co., Lid, the Research Center for Ad-
th':ll' own “’Iflght mn PUHE“ ﬁ_l]d mﬂ.kﬁ up to 15 vanced Science and Technology at the University of Tokvo and
j{_)urnﬁvs p.,:r dil"‘_."._,, OvVer a radius (_)f 1 to 3 km {[_}6 its Kanzaki/ Takahashi Lab, It demonstrates a crash avoidance
1 8 ’ ‘lag i 1 l hiv system, mimicking the bees' ability to avoid obstacles doring
to 1.0 m Eb) around the hive. flight. For this vehicle, the engineers developed a laser range
}'—"\ b(j(j i5 ﬂblﬂ K8 ﬂ}f “-'ith{_)]_[t inl:(:rrupti ONn  finder which can derecr obstacles in front of the vehicle up to
. T . a distance of 2 m {6.5 {t) over a radins of 180°% Once the dis-
’ _r i "l- ’ sl o -
1:“‘1(..‘1 W lt]1F]th L(}“]Cllnéﬂ. th&nk& t(] ]th L(Jmplew{j Lance I;_J|-l|'H..: L}l'r:-.l.iclc ]'l..L:-. |u,'l.:|'| L,'".':i||.:|;ill,'d :!r'ld l|'H.: 1'|'|I-n;_;||'r'|1.1liur'|
hlgh-pﬁl'fﬂrmﬂ.n‘:ﬂ cyves “ which cover more than  sent o an onboard microprocessor, the vehicle can change di-
300°. There is an oval virtual zone around the rection by turingits wheels. In 2009, Nissan presented a new
. . . . . robot car concept, EPORO* 1, designed to travel in a group
bCC n 1"]11(:1‘1 1L can C\'il.lLlJ[C 18 SLH"I'DLII‘ldlI‘lgS.I ol 'L'g.‘;hi_q‘;l{;_'li) 1]1in1i¢L;1'n!.\_; the behavioural patterns of a school
Hlﬂking i[ pﬂSEiblC ﬂfJI' it o ﬂl'l'[i!:ipﬂ[l: UbS[ﬂClCS of fish. The manufacturer’s aim is that its vehicles attain at
. .. . 3 . least a hall collision rate by 2015 compared to the 1995 rate,
and avoid them by deviating from its flight path = 5. .owe i p.77 © Nissan Morrco,, 1
for a fraction of a second.
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GRASSHOPPERS

The grasshopper is an insect of the sub-order
Caelifera. It has three pairs of legs, of which the strong
hind legs make it possible for the insect to jump and cover
a distance 20 times its body length. This leaping is not
just accomplished by the jumping muscles but by a cat-
apulting system, located in its knees which propels the
grasshopper into the air.

It seems quite incredible to see large numbers of
grasshoppers jumping, side-by-side, scemingly quite cha-
otically, in their search for food, but without ever bumping
into each other. Scientists have noted that African grass-
hoppers which move in swarms have a unique internal
radar: a large neuron®, acting as a giant movement detec-
tor, is located behind the eyes™. This neuron is called the
Locust Giant Movement Detector (LGMD). If the insect
is about to collide, the corresponding visual information
triggers an action potential “, which means that
energy is delivered via the LGMD. This energy #*
iS [rﬁnsn'll[ted ins[u[]talleﬂllsl}r '[{J nerve Cclls ll'l It was Dr Claire Rind of Newcastle L“'lh’i:l'ﬁi[j.‘ in F.l'lgl.li'ld

; = i : : who first drew the parallel berween the astonishing abilities
tht wings of [ht INseCt, ‘ErlthOUtw 1L s¢ems, even ¢ grasshoppers and the need to develop satetv systems for
pﬂssing [hruugh [hg hﬁﬂd LCH})SU]E’ in thc bl"ﬂil]j road travel, Safety researchers at Volvo Car Corporation have

. . . developed this further. The Volve 560 features a pedestrian
to change the flight trajectory. The operation
n 1ts (—:[’][iﬁjt ; t'ﬂkﬁﬁ- (_)]‘[] r 45 ms. ;'-\5 Insects see  collisions. Radar and a camera-based system derect pedestri-
Y 3

ans walking in front of the car and warn the driver or apply

PLICATION

detection system, inspired by the grasshopper’s ability to avoid

many more images per second than humans do, | o : il
o i : : - full auto l‘)l‘u.:..'lkn'lg poawer il the dreiver doesn't 1'¢:cpn;_;l1'|d i Lrme,
they are therefore able to react in time even if ** o o vowo car Comporurion
obstacles approach very quickly. What’s more,
they concentrate visually on any possible ob-
stacles in their path and ignore any other move-
ments around them.

#1
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Antifreeze

FROGS AND
ARCTIC FISH

p.131,193

Freezing diffuses water from cells by osmosis™:
cell walls break and release their contents. Moreover,
most cells can’t tolerate the presence of ice crystals. The
cell organelles and tissues break-up, in short the cell dies.
However, certain living creatures are capable of surviving
freezing conditions.

Some species of frog convert glycogen® in their
liver to glucose *, to prevent cells freezing, but allows the
formation of ice in extracellular spaces. When the body
contains 60 to 65% ice, the heart stops beating, respira-
tion ceases and the frog survives by means of its acro-
bic metabolism*®. If the temperature drops below -7 °C
(17 °F), the animal dies. A covering of snow is therefore
important for its survival.

Some species of cod and flounder have proteins®
which lower the freezing point of their blood* by approxi-
mately 1 to 1.5 °C (0.9 °F) below the tempera-
ture at which seawater freezes. When ice crystals
start to form in the blood, antifreeze proteins

APPLICATIONS

In order to improve the texture of its ice creams, Unilever is

introducing an “antifreeze’ into its production process, This

cling to its surface, with the result that water
finds it difficult to adhere to the crystals: the
crystals remain tiny and do no damage to the
cells. One species of flounder has this antifreeze
in too small a quantity to enable it to withstand
temperatures lower than 1.5 °C. However, there
is another much more active antifreeze pro-
tein in its blood: if a given quantity of normal
commercial antifreeze reduces freezing point
by 0.1 °C (0.2 °F), the same quantity in this
particular flounder reduces the freezing point
by 1.1 °C (2 °F). Therefore, with just a small
amount of antifreeze, the blood remains liquid.

B3
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protein — from the bacterium Marinomonas protea, recently
discovered in the Antarctic — prevents the formation of large
ice crystals, making the texture scem softer. This antifreeze
could be incorporated into other frozen foods. Unilever is
now sccking to commercialise producton of this prowein.
i Phom @ Anna K.

These antifreeze substances are of interest to the food process-
ing industry: they allow the freezing point of certain products

to be reduced.

Rescarch also gives hope thar ‘green’ antifreeze products may

appear,




An ti = lC 31{ reid 143,205,207
BLOOD

The average human adult has a blood* volume
of 4 to 6 litres. This bodily fluid has many functions which
include the transportation of oxygen®, hormones and
nutrients through the body, heat regulation and defense
against intruders. Blood basically consists of three differ-
ent types of cells: red blood cells that are mainly respon-
sible for the oxygen transportation, white blood
cells that are part of the body’s immune system APHCATION
helping to resist infections and parasites, and the  Following the example of blood coagulation ensured by plate-
. ) lets, there are now some ol pipelines which have polymer
Plﬂt':lcm tha[ [akc carc thhﬂ leDd LD&EUI"IUUH- platelets capable of forming petroleum platelets to block a leak
When blood loss occurs, several mecha-  temporarily. Each polymer ‘platelet’ is marked electronically
. o . t I 't } +d h h to allow maintainers to localise the fault and to take correc-
nisms come 1nto play to avol acmorrnage. tive action, This technology is called Advanced Technology for
FH‘SL. th{: bl(}{)d \-'IESSIEIS ]T'I\F(]]\-’Ed_ COn tra{:t? thlS 1§ Leak Location and Sealing Svstem { ATLLASTM) and could be
called vasoconstriction *. Nﬂxt, platﬂlt‘!ts in the lfscd in tth' L'.I'I.UTTI]I(J:] |r|d1|?'t1r.3.-' :I_'-r1 tior 'Traj:n::j' }115Tni::~. I'he lr?;:r.:kc:r
) company has now commercialised Platelet Technology™ and
blood bind together and form a plug called a  has proved its effectivencss.
platelet clot. Tightly bound by fibres construct-
ed by fibrin®* protein®, the accumulation of
platelets forms a clot which stops the bleeding.
If the platelet count in the blood is too low then this
can result in excessive blood loss because the blood does
not coagulate. But if there are too many platelets, blood
vessels can become obstructed by blood clots (throm-
boses) and result in a stroke or other adverse medical
conditions.
People suffering from haemophilia (haemophiliacs)
have a blood-clotting disorder. This blood coagulation
abnormality may have severe consequences even for mi-
nor injuries.

(= &5
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Anti-reflection gl i
MOTHS

A moth (sub-order Heterocera) is an insect in
the order Lepidoptera. Most moths are active during the
night and rest during the day on a tree or on the for-
est floor. Their brownish colouring provides them with a
camouflage, leaving them less exposed to predators when
they’re inactive. There are also day-flying moths that are
brightly coloured, thereby communicating that
the'}r are toxic. APPLICATIONS
The eyes® of moths have evolved to pre- Antireflcctive surface treatments are now being designed,
vent daylight being reflected by them to avoid [ 7 S e Mt B S e
being located, in fact the eyes of moths are al-  opposition to a panel’s objective, which is to capture maximum
most completely anti-reflective. The cornea of Medenttight cncesr
the moths-eve s covered byan-even layer of* 7907 400 e Tnk Wileh Tave ecn tepicec Ty o
eves” of the moth, are available to cover flat TV and computer
small conical protuberances 200 to 300 nano-  screens.
metres high, with similar dimensions between
them. This unusual surface structure reduces
light reflection by creating continuity between
the refractive index of air and that of the eye. In effect,
the speed of the light changes more gradually between
the air and the eye and the normally sharp change in the
refractive index as the light strikes the surface of the lens,
1s smoothed out. This reduces the reflectance of the lens,
allowing it to capture more light and therefore reflect less
light. There is very little reflection to betray the presence
of the flying or resting moth and its visual acuity is also
increased at night.

B7
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Autopilot
FLIES

p.r981.87.101.171.235

Flies don’t have the sensors of modern acronau-
tics to fly and to control their altitude. Their sensory-motor
skills result from data processing in a tiny brain consisting
of a hundred thousand to one million neurons® (50 to
100 thousand million in a human brain). When an insect
flies above the ground, the image of the latter scrolls from
front to back in the centre of its visual field. This con-
stitutes an ‘optical flux’, a combination of the contrast-
ing ground scenes scrolling past and the observation of
height relative the ground. If an insect changes speed, its
‘automation’ constrains height change to keep the speed/
height ratio constant. If flying into a strong headwind, it
will make a forced landing, but at zero vertical speed.
— After having shown that the electrical signals from
the compound eve* of the fly excite the neurons that ac-
tivate the wings to allow the insect to adjust its flight and
avold crashes, Nicolas Franceschini’s biorobotics
team demonstrated that these neurons are also
involved in a kind of ‘autopilot’, controlling the
lift* force. Researchers modelled the insect’s
navigation from experience obtained with a fly-
ing micro robot called OCTAVE which repro-

APPLICATIONS

Inspired by the flight-contral mechanisms of flics, the micro
robor OCTAVE, weighing 100 grams, manages to follow a
sloping terrain at a speed of three metres per second, taking oft
and landing automatically and displaving reactions to head and
tailwinds. Underlving these abilitics is a stunning performance

fautopilot” inspired by the eve® of a fly. Installed on a UAV (un-

duces insect behaviour. The proposed flight-
control pattern takes account of observations
made over several years on flying insects. In
particular, it explains that insects go down-
wards in a headwind and rise in a tailwind. The
insect’s ‘cockpit’ has movement-detecting neu-
rons which act as ‘optical flux’ sensors. The elec-
trical activity in these neurons has been studied
and analysed and their operating principles have
been used in the design of a micro-electronics
circuit inserted into a micro-helicopter.

B9
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manned aerial vehicle) or aircraft, this autopilot could replace
many of the heavy and expensive traditonal sensors, OCTAVE
was designed and built by Nicolas Franceschim and Franck
Rufficr of the Biorobotics Department at CNRS and the Uni-

&

versity of Aix-Marseille in France, = Photn 8 CNRS Phoso-

rhf.'q ue - RAGUET Huberr _,-" UMBRG152 - Mooveiment er |'n:u:pri-:-:1 - Mlarseille

Interest is going both ways between biclogy and engineering.
The method consists of using robotic reconstructions to test
and validate biological theories. In this way it is possible to de-
code hidden principles underlving animal behaviour and also
to cnvisage applications inspired by biology. In this specific
case, the results obtained open up perspectives for innovation
in the acrospace domain and in particular in the control of
the crucial phrases where aerial vehicles and space modules flv
close to the ground.
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GIANT WATER LILY

The Victoria amazonica is a giant water lily
(in fact the largest water lily) remarkable for its ability to
deploy leaves extending to 3 m (10 ft) in diameter and
strong enough for a human to sit on. A member of the
Nymphaeaceae family, this astonishing plant is indigenous
to South America.

The flowers that the plant produces are also larger
than average, spanning a diameter of 40 cm (1.3 ft). The
giant water lily is a night bloomer. Each flower blooms
only two nights in a row; the first night a white flower
shows itself and the second night, after a transformation,
a pink flower appears. Then the flower submerges so that
its seeds can ripen underwater. A water lily can produce
several flowers but they never bloom simultaneously.

— The leaves have a vertical edge which allows them
to meet other leaves without overlapping. The growth
of the plant is very rapid, the leaves expanding
by half a square metre (roughly 5 ft?) per day
and each plant can produce 50 of them in one Joseph Paxton, a 19 century gardencr and architect, was in-

: i . : : spired by the very special structure of the leaves of the giant
growing scason. Examination of the underside jy; ¢ fiest of all build a glasshouse, the Great Conservatory at
of the giant leaves reveals an elaborate network —Chatsworth, and then the cast iron and glass structure of the

. . u . . Crystal PMalace in London®s Hyde Park. The latter was built for
of very pronounced ribs. Rigid radial ribs are | . Cpoo el e
interwoven with fine transverse ribs, creating | o0 o T Boaphic i i rame

a solid grid. which traps air and kﬁ:ﬂps the leaf biology, produced a design for a real, autonomouns floatng city
’-'lﬂf]'ﬂ.t which could house more than 50,000 inhabitants. A response to

APPLICATIONS

Imapge rop

forccasts of problems cansed by rising sea levels and the demand

Lt

tor accommodation for climate refugees. Images bormom

and p.24 8 Vincenr Callebaur Archirecrures
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| \ Cuttlefish are masters of camouflage, capable of
) 5 going from visible to invisible and back again in less than
: 2 seconds. They can use this subterfuge to blend with any
' | background. Resting on a sandy seabed, a cuttlefish’s skin
.'. ¥ - A i § . - + i
-0 T (5 — ; = == may have a pattern of white and brown areas which resem-
\ : ble grains of sand. In the blink of an eye, this pattern can be
- G S - replaced by another one.
S A 48 e e ~ - - 1 . APPLICATIONS
" ' Lt Cuttlefish owe their mastery of disguise AMTICATIONS
Mo ; to their Chl'UIT]ﬂtQphﬂfCSih — cells in their skin The extraordinary abilitics of cuttlefish are of interest to the

|T'|'L|'Ll:!|'§': these abilities would be :.:xu'cmu.:h_.' useful for r11i|i1;i1"_;‘

containing red, yellow or brown pigments made
visible (or invisible) by the muscles surrounding
them. These muscles are under the direct con-
trol of neurons® located in the motor area of
the brain, which explains why these animals can
so quickly melt into their background. Cuttle-

camouflage. In 2006, defence experts Adam Shohet and Chris
Lawrence published an article on molluse camouflage in the
UK Jouernal of Defesce Science. In this article they emphasised
the ability of cuttlefish to create kinetic patterns, waves of co-
lour running the length of their body to confuse predators.

MIT rescarchers (Professor Edwin Thomas and co-workers)

took inspiration from curtlefish camounflage to design a pixel
with a full-colour spectrum. Thev used block -copolymer pho

fish can also change the texture of their skin,
which contains bundles of muscles (papillae).
This is quite useful when they hide close to a
rock encrusted with barnacles. The cuttlefish’s

tonic gels with a lamellar structure that reflect light when
stmulated by, for example, electric signals, Tn this case, the co
lour of the pixvel is determined by the level of applied voltage,
changing from red o green and blue, This discovery could

lead to the development of energy cfficient screens.

arsenal of camouflage tricks is completed by

leucophores® and iridophores®, pigment cells

located under the other chrematophores. Leu-

cophores react to a wide spectrum of wavelengths, which
allows them to reflect almost all types of incident light: for
example, white light at the water surface and blue light in
the depths. Iridophores use a stack of platelets consisting
of a protein® called reflectin to produce iridescent™ reflec-
tions similar to those from butterfly wings. Cuttlefish can
activate or deactivate these reflectors in an instant, while
controlling the spacing of the platelets in order to select
a colour. They can also combine these iridescent colours
with those generated by the chromatophores in order to
create shimmering shades of purple and orange.
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Camouflage R—
INSECTS

Many insects use their shape and colour to imi-
tate the surface they rest on. If homotypy* (form resem-
blance) is added to homochromy* (colour resemblance),
very effective concealment is achieved. It is possible to
have almost perfect imitation of bark, branches, leaves or

flowers.
Stck insects have enlongated bodies, extended even N
more by their antennae and legs. The body 1s gnarled and t A

greenish brown and can even change colour according to
the season. When motionless on a branch, they appear to
be its small offshoots. The Phylliidae family of leaf insects
(Greek phullon ‘leat”) have wide ‘leat” bodies as well as
wings and some even have small ‘leaves’ on their legs.
Everything about them is leaf-like and green.

— For their part the mantises, insects of the order
Mantodea, have mastered the art of being taken for flow-
ers. Possibly the best known of this order is the
praying mantis, Mantis veligiosa. In the mantis
s Conmsfiesyiole oifilmspagtol BERSICEISREEEET
the body of one species resembles a bunch of i their environment, making them difficul to distinguish.
dead leaves. From this arises a long stalk, at the =

end of which there is a Sp]t‘,ﬂdid pﬁtﬂl whose thanks to Risk Hazekamp and p.95: Tuterior Comeonglage — For Awsisr in studio
edges shine in azure blue. The insect balances during s o, anatogue phorograph 135 5 100 cm et 5), 2004 © Desiee
as if at the mercy of the wind, thus hoping go 7" e e Dued Sudo Buredin, fasks i B frctamy
attract the prey it feeds on. If the latter arrives, e e s b
the flower-mantis relaxes into a trap. plications for the armed forces. One could think of camouflage
— Some species of butterflies go beyond formilitary equipments and sites,

mimicry, to pass themselves off as a dangerous

or poisonous creature: some of the butterflies

of the Caligo genus show large eye-spots on

the underside of their wings, leading a predator

to mistake them for the eyes* of an owl.

APPLICATIONS

Photo absove: Tntevier Camonfiage — Floor, analogue phocograph 180

w LMD cm (ed 33, 1999 @ Dicarvee Palmen - all nghrs reserved, Marres Maasnchr,

Several research groups are closely studying the various cam-
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MAPLE SAMARAS
AND HUMMINGBIRDS

Maples produce characteristic fruits known by
different names such as samaras or maple keys. They are
commonly known to children as ‘helicopters’ or “whirly-
birds’ in a reference to the way they rotate as they fall, like
the wings (rotor blades) of a helicopter. It is astonishing
that, on close inspection, their fall can be seen to occur
at a constant speed despite gravitational force. Forces of
aerodynamic™ origin due to air resistance compensate for
acceleration due to gravity. It can be noted that the fre-
quency of rotation of a samara is 15 to 30 rpm. The shape
of this unique wing, its weight and the attitude of the
seed in the air create a mini vortex® during the fall. The
vortex tends to ‘empty’ the air above it, thus creating a
small depression which tends to produce an upward force
on the samara. While the samara is falling, it is constantly
pulled back in the opposite direction, which explains its
controlled fall. However, for the samara to ro-
tate while falling, certain conditions must be
mel’ nﬂmtl";’ tl‘le prcscl'lce Ufﬂ. 1rcrtlcﬁ1 drﬁl.lgl]t The evrocoptor, first builc |.'.I'j.‘ the H]‘lal‘.li..\l'l. El'lgi.l'lL'L‘l' ]LI&I‘.I de la

: : i § T o ; . P Cierva in 1923, is a device inspired by samaras. It has a similar
ﬁﬂd d Sllght “]CIIHRUUH of [ht wing m rflﬁ[lﬂl] form, but is a hundred times larger. Somewhere between a
o [hf_- h(_}riz(_)n[al_ Thﬁ 51{_)11? dESCEﬂt ﬁllU“’S [hf fixed-wing aircraft and rotary-wing aircraft (commonly known

. - ~ . as a helicopter), it allows vertical take-off and landing and
samara to be carried far from the tree, enabling

APPLICATIONS

also changes from hovering flight to forward flight and back

‘W’idﬂ clissf:minati(m UF itﬁ. Sﬂﬂd& again. If the engine fails, it can come down slowly. The Ger-
Some birds such as hummingbirds, are ca- 7" \rjﬂfun of the gyrocopécr, the Tragschrauber, is built in

f % - : Udesivennm. ]15 T |1n|.|||d|1'|g 11'|..'|l¢1'|.1| 15 bll..:l.:l. 'A.".'III'I a c:!hu'l 1'|'|:!4.11,'

pable of hovering flight. By continuously beat- from fibreglass and carbon. Photos above © A. Wegens/

Switzerland and p 106 € Annumziara Upas

ing their wings they maintain their position in
space. They also benefit from turbulence® which *°

. . . . ticular very small drones, even nano-drones { generally known
develops above their wings, keeping them in . UAvs - unmanned acrial vehicles), weighing only a few

thc Ar grams. These have been developed by the military acronautics
LS - i g

Some of lLJd.‘i!."._‘i aerial drones are based on thas 11'ILH1I\._"I’ I par

arm of Lockheed Martin, among others, The smallest are de-
signed for soldiers to carry in a backpack, for use on reconnais-
sance missions. [t is also possible to envisage parachute svstems
which could be released far from their landing zone for grearer

SCLTCCY,
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Echolocation
BATS
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p.121

Bats, of the order of Chiroptera, essentially
hunt at night. Their sight is not sufficient for getting their
bearings within their airspace, even less to allow them to
actively hunt. They have a sophisticated echolocation sys-
tem which allows them to ‘see with their ears’ at night.
They emit calls at ultrasonic frequencies from 20 to 120
kHz. Each bat has a unique frequency and its auditory
system 1s specially ‘tuned’ to it. Each emitted burst of
ultrasound™ is reflected by any obstacle it meets and is
bounced back to the bat’s ears. This system indicates the
distance to an object and reveals precise details about it,
especially whether it is motionless or moving. Bats can
thus locate flying prey, by means of the Doppler Effect *.
In detecting frequency variations between echoes and
transmitted pulses, bats can perceive the speed of a flying
prey insect as well as its wing beat-rate. If the frequency of
the echo 1s higher than that of the transmitted
burst, the flying prey is coming towards the bat.

APPLICATION

SONAR is the acronym of Sound Navigation And Ranging.

Bats deduce distance from the delay between
transmission and reception. Finally, bats also
have the ability to deduce the size, azimuth and
elevation of their prey, thanks to certain data
provided by the amplitude of the echo or by the
difference between the information received by
each ear.

Man is barely capable of detecting sounds
with frequencies approaching 20 kHz. Bat sonar
systems operate at much higher frequencies from
50 to 200 kHz. These sounds are ‘broadcast’ in
all directions and can be emitted at a rate of up to
30 bursts per second. Their echolocation system
is eflicient enough to enable them to avoid a wire
0.008 mm (0.00030 in) thick in total darkness.
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Contrary to a common belief, it wasn’t the bat that led to the
invention of sonar, but the development of sonar which al-
lowed the bat’s acnal skills to be explained, It took almost two
centurics to penctrate the mystery of the bat’s night “vision”
Active sonar transmits a sound pulse and listens for its echo
from obstacles that it encounters. An electro-acoustic trans-
ducer emits a signal (a *ping’) and a hydrophone acts as an
acoustic-electro transducer for the recerved echo, Both of these
may be arranged in arrays of antennas, Distance is obtained
by measurmyg the elapsed tme between transmission and re
ception. The speed of propagadon for sound in seca water is

.1L1p|'1,r"u|1|..1|,1_'|'_n.' 1,500 m/fs (0,93 1|'|||n;hl."5f-. b Phara & Argus




Electric current control S
CARNIVOROUS PLANTS

The Venus Flytrap ( Dionaea muscipula) is the
best known carnivorous plant and the most emblematic.
In 1770 the Swedish botanist Carl von Linné named it
Venus Flytrap and soon after it was fully described by the
Irish naturalist John Ellis. In his 1875 publication entitled
Insectivorus plants, Charles Darwin spoke of it as ‘one of
the most marvellous plants in the world” and went on to
demonstrate its carnivorous abilities. Today, distribution
of the Venus Flytrap is limited to the north and south Car-
olinas in the United States over an area of about 45,000
km? (17,000 miles?). They grow in peat bogs in acid soils
that are deficient in mineral salts.

— The leaves of the plant are arranged in rosettes

whose diameter can reach 10 to 15 ¢cm (4 to 6 in) in the

adult plant. Each leaf blade has two parts. The upper part

forms a trap, a sort of jaw consisting of two separate lobes

connected by a central rib. Around the edge of

cach lobe there are 15 to 20 stift hairs. In the

edge of each lobe there are small glands which Some plants and animals e ‘biological switches' to induce or
: ” .. prevent the passage of electrical signals, The natural mecha-

make and secrete a nectar rich in carbohydrates™ i are similar to those controlling the flow of current in

which attract prey. On the internal surface there ¢lectrical circuits. = how © Nightmn

are three erect trigger hairs and a large number

of small glands producing digestive secretions.

Insects are attracted by odours given off by the

trap. Three sensitive hair-like structures on the inside of

cach lobe that act as triggers. As soon as the trigger hairs

are touched, an electrical signal is generated to close the

trap. Two of the trigger hairs operate as electrical switches

connected in series: two hairs must be stimulated in quick

succession for the trap to close. This arrangement avoids

random closures, which could be caused by raindrops for

example. These biological mechanisms operate in a very

short time, about 0.3 seconds.

APPLICATIONS
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Electricity generation
HUMPBACK WHALE

)
a

The humpback whale is a very large mammal, of
the order Cetacea (whales, dolphins and porpoises), that
appears in oceans and seas across the world. When the
humpback whale dives, it curves its back and the dorsal
fin protrudes above the water’s surface — this i1s how the
whale derived its name. The animal 1s quite easy to recog-
nise by its knobbly head and jaw (which are hair
follicles), its black back and its unusually long
black and white pectoral fins. Individual hump-  These discoverics, made by way of studying humpback whales,

} o could allow the development of a system of cardiac stimulation

back whales have uniquely-patterned tail fins. b e
The humpback whale can reach a length longer any need for a pacemaker and its battery. The potential

of about 15 m (49 ft) and weigh up to 36,000 kg s i s e el

{79.'(][}{) b ] Such an nrg:[nisrn has a heart With the solution outlined here, the cost is only a fow cents,

APPLICATIONS

for example, are fitted with one of these devices each vear

which, by itself, can weigh an average of 430 kg ¢ follow-up s reduced and further surgery for battery chang
) ? ol ? o 5 = o L 15 LNNCCCSSary.
(950 Ib), compared to that of the average adult

Finding alternative solutions for the use of batteries in a pace

human heart: 330 g ( 12 {}2)‘ A h LUge PUMP  maker and other applications such as mobile phones, watches
“,hi{:h ”1 C;‘L['!-'_ﬂ}h: {)f‘ ['!I‘{'}}T-Cllii*tg vast ql_li.\l]'ll_i{]:f_'ﬁ {.}f.‘ and other devices, 15 of increasing commercial importance,

However small they are, batteries are a big drain on reserves of

oxygenated® blood* for a lifespan variously €s-  rare metals* such as cobalt,
Eil"ﬂﬂtﬂd as up to 40 years. It dn{.‘ﬁ [h{S at a S]ﬂ“' ctc. There is concern for various reasons over materials for

which reserves could become exhansted, and their use mav

I1L'|.Zl('.‘.'||'|i'.||1%._ !':I-L'I]il:lﬂ.‘ .‘i.'IEI1.'II'i'.II1'.,_

heart rate (heart rate tends to fall as the size
of the animal increases), in a circulatory system are therefore being made to develop other ‘green’ battery so

lutions.

involve mining, smelting and carbon emissions. Various cftorts

many times larger than that of a man.

Jorge Reynolds, one of the inventors of
the pacemaker, and head of a research pro-
gramme on whales in Colombia, used a subma-
rine to study the operation of the humpback whale heart.
He discovered that the contraction of the organ is con-
trolled by nano-fibrils which transmit electrical signals,
capable of reaching the myocardium (heart muscle) even
though the latter is covered by a non-conducting grease
layer which protects it from cold.
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Electricity generation
TORPEDO RAYS

Torpedo rays are members of the family Torpe-
dinidae. These are flat fish, also known as electric rays, the
commonest species is Torpedo nobiliana, the Atlantic elec-
tric ray. They can weigh up to 90 kg (2001b) and are ca-
pable of delivering electric discharges up to about 200V
with a current of more than 30 A. The ray has two electric
organs located on either side of its head which consist of
flat cells measuring about 5 um (200 pin) high, with a di-
ameter varying from 1 mm to 1 cm (0.04 to 0.4in). The
cells or, to use battery terminology, ‘plates’, are stacked in
columns. There can be up to 360,000 plates arranged in
500 columns in each electric organ. Each cell can produce
an electrical potential of the same order as that produced by
any animal cell, namely a little more than 0.1 V. However,

their organisation in columns, juxtaposed with other col-
umns, constitutes a combined productive assembly produc-
ing quite a high voltage. The electric organ of the
torpedo ray can be compared to a battery capable
(_]1" dlSChﬂI’gll]g Elec[rlc 5]1(]{1{5 i]"l tl-lf '['E_}l-m {Jf‘ pllls_ It lHlILL]\ that the .Htll.d.}' of EIIL‘. JIIGJ.J"ﬁ]l.{Il1}hL"i}' of the L'l.li."\:tl'l.l_; {Or-
: : pin gan in the torpedo ray was the inspiration for Alessandro Vol
es. In general, the animal uses this ability to stun  ;, b invention of the clectric battery, #¢
and capture its prey or to protect itself against —p 107 Muse desaris ct metices Coam, Paris /M. Favareill

1ts Pl'ffflilt(.l‘]"& ()]1(:(: []1{:i1‘ ﬁ'ﬁﬂ[:‘i{:ﬂ' reserves |'1;:[‘I.,-'f;} Enowledge of this animal’s function could allew us to optimise

the pl'i,rdln_'l,h_n'l, conduction and distrilwtion 1_|I-n:_'|1;u,'l1'|1_'1'l'_.'.

APPLICATIONS

Photas above and

been exhausted, it takes several days for them to
be fully recharged.

Their use of electrical power was inves-
tigated long before electricity was understood.
The paralysing eftect of this fish on other fish had already
been noted by several of the authors of antiquity, Aristotle
and Plato in particular. These fish were once used in med-
icine to treat certain illnesses electrically. For example, it
was used to treat headaches, by application of the living
fish to the top of the cranium. The discharge from an
adult torpedo ray is not too dangerous for a man.

(]
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TUNGARA FROG
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The semi-tropical Tangara frog, Physalaemus
pustulosus, is a small creature of about 25 mm (1 in) long.
[t produces a nest from foam (or rather froth) which shel-
ters the development of its tadpoles. The froth appears
while the frogs are mating. The male carefully whips the
fluid released by the female frog to create bubbles. He

then places the eggs, one by one inside the cre-
ated foam. This foamy nest is made next to wa-
ter so that when the tadpoles hatch 2 days later,
they can immediately slide into the water. In
case the water level has dropped, the foam can
protect the tadpoles for 5 days untl rain has
increased the water level.

The foam structure contains a special pro-
tein * called Ranaspumin-2. This has interest-
ing surfactant/foaming properties, promoting
the formation and association of bubbles. The
material protects the eggs against dehydration,
solar radiation, pathogenic attack and temper-
ature variations. Micro-channels form along a
common line on three sides of bubbles. Asso-
ciations formed between enzymes® and lipid*
vesicles are concentrated in these channels. The
transparent, air-filled bubbles provide good
access to light and CO,. The photosynthesis®
process which takes place in the froth is free of
some of the constraints found in plants.

111
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ATPTLICATIONS

Photosynthesis® allows the conversion of solar light encrgy and
CO? inte chemical energy in the form of sugar and oxvgen®,
Plants employ photosynthesis to obtain energy from sugar for
their growth and release oxygen in the process. Inspiration pro-
vided by the Tingara frog has allowed researchers at the Uni-
versity of Cincinnati te develop a method for high-efficiency
production of this chemical energy by artificial photosynthesis.
[he frog’s foam nest allowed them to develop a substrate mate-
rial {which s manufactured directly using the Ranaspumin-2
protein® ) which contains the different enzyme® elements nec-
essary for the process and allows light and CO, to play their
part, The structure of the material obtained, concentrates the
chemical reactions on “fixing’ carbon and producing sugar. The
conversion efficiency is close to 96%. If, for example, an attempt
is made o produce biofuel® by converting the carbohvdrares®
obtained into ethanol®, the use of this foam is of more interest
than plant culture because all the sugar produced is available,
whereas a plant uses a large amount of the sugar produced to
feed itself. Morcover, this foam can survive in environments
with a very high concentration of CO, {such as power station
chimneys), which plants cannot do, Photosynthesis is no longer
tied to plants and soil: the use of this technology therefore has

no mmpact on arable land,
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GREEN PLANTS

All living things fabricate their own organic
material from nutrients taken from their environment.
Unlike animals, the special feature of plants containing
chlorophyll* — green plants and green algae - is to nour-
ish themselves solely with mineral materials. They are said
to be autotrophs®, organisms which produce complex
organic compounds from simple inorganic molecules™,
while animals or fungi are heterotrophs®, incapable of
life without the benefit of organic material. Plants con-
taining chlorophyll are considered as primary producers.
They construct their organic constituents from mineral
substances: water, mineral ions and carbon dioxide.
A green plant deprived of light wilts very quickly.
Light 1s the indispensible source of energy in the process
of synthesising organic matter, known as photosynthesis*.
Photosynthesis occurs only in the green parts of a plant,
which 1s essentially in the leaves and to some
extent in the stalks. The route of mineral car-
bon into the living world occurs in what could The company SolarPrint has patented technologies of dye

. e . sensitised solar cell (DSSC) technology. These cells consist of
be described as ‘synthesis factories’, the chloro-  , rumsparent, conducting dlectrodes. Light enters the cc
plasts* inside the plant cells. There are two types  through the warking clectrode, which is covered in a nanocrys-

5 : . g talline titanium dioxide (TiO,} laver, soaked in a dye complex
of reactions there: first of all the photochemical [ i ibie of releasing electrons® upon light absorption

reactions®™ 1n which light energy 1s converted much like chlorophvll doces in plants.

APPLICATIONS

@ .
Pheatea € SolarPrning

into chemical energy, then non-photochemical = Researchers in CNRS (French National Centre for Scientific
reactions during which carbon is ‘fixed’ and re- s , ;
. 3 . . synthesis into electrical energy; they developed a bio-battery
duced. These reactions lead to the formation of  which operates with the products of photosynthesis: glucose *
gluades:in-the:chloroplasts; sith:liberation:of * o2 fxmen T stEiys tha clestrodies fee motlied wich
: ) enzymes”. This battery is inserted into a living plant, in this
dlﬂf‘:}’gcn 3 033 as a waslte PI'Ude-[- case a cactus, The researchers showed that this bio-battery im-
planted in the cactus could generate 9 uWjem?® (9 nW/0.155

Bescarch) have converted the chemical energy from photo-

in’}. As the efficiency is proportional to the light intensity, more
intense light accelerates the production of glucose and dioxy-

gen (photosynthesis), there is therefore more fuel to make the

bio-bartery functon. In the distant furure, this device counld
[ possibly offer a new strategy for conversion of solar energy into

electrical energy in an ecological and renewable wav,
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TUNA FISH

Not all fish swim in the same way. For example,
one speaks of anguilliform (eel-like) swimming, in which
the body of the fish takes the form of large amplitude
waves as it swims. Some marine animals such as tuna
(genus Thunnwus), mackerel or shark swim in a manner
described as thunniform (tuna-like). Their lateral move-
ments are almost exclusively determined by the orienta-
tion of their crescent-shaped caudal fin (the tail) and by
the caudal peduncle (the tail’s point of attachment). The
remainder of the animal’s muscled and streamlined body
does not move. This type of thunniform swimming allows
high cruising speeds to be maintained for long periods as
the movements are minimised and therefore expend only
a small amount of energy. The slowest speed at which
tuna can swim is 8 km/h (5 miles/h) and the fastest is ap-
proximately 80 km/h (49.7 miles/h). The high swimming
speed 1s very useful on the regular transatlantic
journeys they undertake.

APPLICATIONS

The bioSTREAM™ systermn has been developed by the Aus-
tralian company BioPower Svstems for utilitv-scale  power
production from tidal currents. Its nature-inspired design
(tuna fish) combines high conversion efficiency with the abil-
ity to continuously align with the current direction. It thus
—— : 4 collects "sea energy”. The same company has also developed
bioWAVE™. hased on studies of the movement of kelp algae,
simulating the back and forth motion. The aim is to install
subimarine farms on the sea floor 1o gonoralo |.L1'g¢ qu..'ll'l'li
tics of clectrical encrgy. Installations that arc invisible, silent

:!r'ld 1100 pm|l|.1l:ir'|;.:. i Phoma & Binlower ‘i:,-*:irrmx l"r!.l Led,
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CARNIVOROUS PLANTS

Carnivorous plants are adapted to life in mi-
lieus low in nutrients by feeding on small animal organ-
isms such as insects. These plants develop different strate-
gies involving odours which attract insects in order to trap
them. Sundews of the genus Drosera, which grow in peat
bogs, give off rotting odours which attract several species
of thies. In South East Asia, there 1s a carnivorous
plant called Nepenthes rafflesinna, known as a ATHCATION
[}i[c]]cr F’lﬂ.llt Ot‘tvillg [0 [llc Sllﬂ.F}C Of‘sulnc lcﬂ‘rcs These recent discoveries could jl'l:%rr[]'l.." programmes Lo Com-
: _— - . bat insects which devastate crops and the species that are vee
which are modified to form d':cp F’I[ﬁlll raps. e for infections discascs, for cxample mosquitoes. The usc
These use biochemical min‘licr}r to lure insects of perfumed traps, combined with the fluid secreted by the
. . . . plant, could eventually lead to the development of biocompat-
into the traps, where they are digested in lig-
uid at the bottom. Its pitchers have features in
common with flowers: production of nectar, vi-

ible pesticides.

brant colours and ultraviolet guides which have

intrigued scientists for a long time.

It has been shown recently that these plants are ca-
pable of emitting floral odours to attract insects. The na-
ture of the prey captured and ingested differs as a function
of the plant’s situation, either at ground level or higher
up. In the higher foliage, pitchers which emit an attractive
odour trap a very varied range of species, in particular fly-
ing insects, while those at ground level only capture ants.
Using olfactory measurement methods, researchers have
shown that, in the absence of visual stimuli, flies prefer to
go towards the aromas of the higher pitchers rather than
the aromas of the pitchers at ground level. Biochemical
analysis of the volatile components given oft by the pitch-
er traps shows that the aromas from the higher Nepenthes
pitchers consist of fatty acids and above all benzene and
terpine derivatives, which are generally given oft by gen-
eralist pollination flowers.
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Flexibility and rigidity
SEA CUCUMBERS

The sca cucumber Actinopyga manritiana is a
holothurian invertebrate, oblong in shape and up to two
metres (6.6 ft) in length. It is an echinoderm (Greek lit.
“‘spiny skin’). The mouth at one end is surrounded by so-
called oral tentacles which it uses to find plankton and
decaying organic material on the sandy ocean floor, or
to catch food that flows by. It has a single skel-
eton which lies behind 1ts mouth and serves as a
p'f_)i]l[ ﬂf' il[tl'lCh ment fbl" []1C m LISCICS []111[ retract Inspired by the skin structure of sea cucumbers, rescarchers in

. . Case Western Reserve University of Cleveland have focused on
[l‘lC tentacles into the b(_)d}’ in case the sea cu- a polymer material which becomes flexible in the presence of
cumbcr ["CC]S [hf{:ﬂ[l:l'll:d. Sl.:ﬂ C.LIC.lebCTS can bc an aqueous-based solvent and becomes rigid when the solvent

evaporates. The researchers foresee many applications, particu-

ATPTLICATION

found in all marine environments of the world, | 0 L T ectrodes Rt

from coastal zones down to great depths. brain could be rigid at the time of their inscrtion, then flexible
Thanks to their flexibility, these sea crea- ¢ e texture ofnerve tissucs.

tures can easily squeeze between rocks and into

crevices. They have a very special feature: skin

which can become rigid in the blink of an eye

when they feel threatened. Their skin surface then forms

a veritable armour against predators. Researchers have

found that the extracellular tissue of their skin contains

collagen® fibrils, which are capable of binding strongly

or not with other substances surrounding them, then go-

ing from a fairly interlinked rigid state to a looser, more

flexible state. Under the action of the animal’s nervous

system, the nature of the skin changes completely but

how the observed changes take place is still not fully un-

derstood.
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BATS

Some mammals can glide for a short distance,
but bats are the only mammals that can actually fly. After
birth, it takes a bat 6 weeks to 4 months for its wings
to develop fully to become independent. The anatom-
ical modifications which have evolved to allow bats to fly
are considerable. They have membranous wings, covered
with fine, short hair. The tore limbs have metacarpals and
phalanges (the main bones in mammalian hands) which
are greatly elongated. The membrane of cach wing is
formed from a double layer of very strong skin with many
blood* vessels, nerves and muscles. It extends between
all four ‘fingers’ and from the last one to the rear limb.
The ‘thumb’ is modified into a hooked claw.

— The flight of bats should be even more efficient and
use less energy than birds which are comparable in size or
type of flight. Wind tunnel tests with bats in Sweden and
the United States have shown that, like insects,
they have optimum flight efficiency when their
'“.rings bfﬂ.t d{‘lﬂ-’l‘l“’ﬂ r'ds bV C{‘llltl'ﬂllil]f-' micro- ClémentAder’s ‘Avion [T is one of the showpicces of the Musce
. j ’ . = 5 des ares et métiers in Paris. Ader recommended that the wings
tllrbL]lEnLE at t]-lﬁ IEJ{I]ng Edgf {'}t tl—lt W ln'gs'.! of aircraft intended for slow speeds should be modelled on bat
[urbulcnca p “"hi{h pr(ﬂ*idfs up o 4{_}% (_'j:[" [hf_- wings and those of aircraft intended for high speeds should be
heas U lk e 1 b _l tich i . ) modelled on those of birds, In a fruit bat, there is firstly the
thrust. Nniike IMSECts and Irds, wilcll 1 gen deplovment and automatic tensioning of the equivalent of an
eral have more g]f[ WIn gs and are not as ;]gili: aircraft’s leading-edge flap and then the folding of the wings
and hooking onto the branch of a tree. For the bat, this linked

APPLICATION

) & o T T B : oo 25 . s

‘lt Lh‘lngulb dlrt("tl(]n n ﬂl&:ht‘r E']'("]-l t}'lt “:lnb |'|u,'1_'|1.||11':1|1| represeils a h.l|-l...'|'!.' |-L'..l|,I,1I'!L'. Ui_n' ll'n: .ﬁ'.dx:l' ﬂ'_l.'llll:_"'., ma

has more than two dozen joints covered In a chine, intended for military use, it has a double and essential

thin elastic membrane which can be pulled into fncton: both the tensioning and the folding of the wing to
. N . reduce the span ot large wings. This has allowed the machine’s

ad Sh.ll:]l: []lﬂ[ [I"J[JS air 1.1]1('. gCIlch[CS Ilf[ 1n vari- wing to be rapidly extended for flight and the machine could be

Ous ways. Tl'lis rcmarkablt I_‘JI'C}I.‘JCI‘[}’ means that quickly stored again after landing. ™ Phosos above and p.122
. £ Musee des arts of meniers-CUnam, Pans [ Studin Cnam

bats have extraordinary control over the three-

dimensional shape of their wings during flight.
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Flight
BIRDS

The anatomy of birds reveals their perfect ad-
aptation for the requirements of flight. Their skeleton is
organised so as to be as light and as strong as possible.
For these purposes, the bones are hollow and the internal
structure of birds consists of various parts which articu-
late, distort or twist under the force of air. For example,
on average the male tawny owl weighs 540 g (19 oz), its
powerful musculature weighs 306 g (8 0oz) and its internal
organs 140 g (5 o0z); the skeleton and the plumage are
very light and, respectively, weigh 40 g and 53 g (1.4 and
1.9 oz, respectively).

Birds have an aerodynamic® shape which allows
them to slice through the air causing few vortices*. The
cross-section of a wing, in principle, is the same for all
birds: the leading edges of the wings are rounded while
the trailing edges are tapered. The sternum (or breast-
bone) is the attachment on which the pectoral
muscles pull to power the wings. The feathers,
also very light and flexible, give a bird its smooth

APPLICATIONS

The ornithopter is an aircraft which flics like a bird. Tts wings
flap, enabling it to move, Such flight has been man's dream

shape. By preening, smoothing and readjusting
its plumage, a bird oils its feathers with a se-
cretion (sebum) from the uropygial gland on
its rump. This provides waterproofing, which
maintains the thermal insulation that is vital for
birds. Each feather, when coated with sebum,
becomes hydrophobic®. This maintenance of its
surface also aids good airflow. Two flight modes
can be identified for a bird: “flapping’ or ‘pow-
ered flight”* which propels the bird through
the air and ‘planing’ flight characterised by the
absence of propulsion, allowing the bird to rest.

125
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since the time of Leonardo da Vinci. The top image is a 3D
rendering by Leo Blanchette modeled after Da Vined's sketch,
The ornithopter’s special feature is that the wing not only
provides lift® but also thrust. After many attempts made by a
ream led by Professor Emeritus James Delaurier in Toronto's
Downsview Park, the dream became a reality on 8 June 2006,

il ||11.1gq"\-. top amnd p. 123 8 Leo Blancherte

Aviator George R, White built a foot-propelled fiving machime
and patented his version of the ornithoprer. During his test
ﬂighlﬁ there were many crashes, He continued o i11'|1‘||'u'q.'l;
the ornithopter and achieved a flight of 1.3 km (0.8 mile} on
St Augustine Beach in 1927, %7 Phozo bottem © Szare Archives

of Florda
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CHRYSOPELEA SNAKES

Chrysopelea, in the family Colubridae, are tree
snakes, only mildly venomous, but they can fly. There are
five species: Chrysopelea ornata, Chrysopelea paradisi,
Chrysopelea pelias, Chrysopelea rhodoplenron and Chryso-
pelen taprobanica. These snakes, found in South Asia and
India, are effectively capable of climbing trees in tropical
torests and flying from tree to tree. They can
cover up to 100 m (330 ft) in flight. They thus AFTHCATION
save a lot of energy and time and surprise some  This very special type of flight is unique in the animal kingdom
. . . and in the world of acronautics, A close studv of the snakes
of their predators, who are not expecting them 4 thercfore open up new ficlds for the development of
to be flying overhead. flving vehicles. The American army is very interested in this
More precisely, they are gliding™ rather
than flying animals. In effect they can’t go higher
than their point of departure, but they simply
allow the air to carry them, rather like flying
squirrels, which is surprising enough. This sort of leap
into the air relies on the so-called parachute eftect. Sev-
eral teams of rescarchers are investigating this ability to
fly without the use of wings or any other limb whatso-
ever. Jake Socha’s research group from the Virginia Poly-
technic institute succeeded in following the snakes close-
ly and filming repeatedly. They now know that one of
these snakes, which measures about 1 m (just over 3 ft)
in length, is capable of flattening itself in flight, with its
head and body each taking up a particular angle in the
air, the animal becoming a wing capable of gliding flight.
Once launched into the air from a tree trunk, the snake
continuously sways laterally to increase the air pressure
under its arched body for optimum flight. It would seem
that there is a correlation between the size and the ability
of the animal to glide, small snakes being more skilful at
slicing through the air.
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Flow regulation
PLANTS

read

p.113.145.157.167

In the living world, every species develops con-
trol systems for its metabolic® pathways to ensure its sur-
vival and its adaptation to differing variations of the mi-
lieu in which it lives. The biological mechanisms, which
govern this type of functional regulation at the molecular,
cellular and tssue levels of the whole organism, involve

delicate processes for adjustment of the flows of
energy and organic material.

For example, nature has endowed plants
with systems enabling them to regulate the pro-
duction of molecules® at speeds which are some-
times 1000 times greater than those recorded
under normal conditions. These control mech-
anisms are essential to avoid breakdown of the
store of molecules present in the cell or again to
cope with congestion which would slow down
the plant’s growth and inevitably lead to cell
death. These regulation mechanisms come into
play in plants when energy sources such as light
suddenly increase after the passing of a cloud
or when the surrounding temperature quickly
falls a few degrees when the wind blows, thus
reducing the rate of cell activity by half.
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ATPTLICATIONS

Bescarchers at the CMNRS (French National Centre for Scien-
tific Research), CEA (French atomic energy authorniv) and
INRA (French national institute for agricultural research) con-
structed a mathematical model for the pathways along which
amino acids® are synthesised in the plant Arabidopsis thaliana.
This model mimics a metabolic system with many pathways
and systems emploving different kinds of controls: synergy,

feedback, inhibition, activation, double control.

Control problems encountered in biological systems are unde-
niably close to those inherent in the control of electrical net

works or control of industrial manufacturing lines supplicd by
a parts stockpile which varies in size. This type of mathematical
model opens up the possibility for designing biological svstems
to regulate the low of material and energy and thus contabute

to better control of resources.

In the cady history of electronics (1920s), it was discovered
that if part of the voltage from the output of an amplifier
imade from glass *valves' or ‘tubes’ rather than transistors)
was fed back to oppose the inpuat, a valuable facility for steady
control was obrained: ‘neganve feedback” When this idea was
introduced to research in biology it had a significant influence

on our understanding of biological control systems.




Food conservation
KING PENGUIN

[t’s easy to remember the magnificent images in

the film The March of the Penguins, King Penguins going
off to find food and their return, at all costs, to feed their
voung chick that staved on land with the other parent. In
this species, the male and female take turns with incuba-
tion but i1t’s generally the male which takes care of this for
the last weeks, the temale coming back at hatch-
ing time to feed the chick. Penguins mostly feed APPHCATIONS
on myctophids, commonly known as lanternfish ‘??l"““‘“?l"_g t{‘ﬁ-‘_"‘j‘l‘;’ﬁ :’*;T_]':“';"“:f’:‘ "i'_‘ ”‘il‘f‘"gfl'“:_-_“t:”_“'
owing to their use of bioluminescence. The larg- L;qgwr:udl ”il:mm ' m,;,,qm ;:m:“]:whm:
est biomass of these fish is found at the polar been registered by the researchers,
front, 400 to 500 km (250 to 300 miles) from Applications in the biomedical field are also envisaged,
land. In some years, the polar front moves fur-
ther south and the duration ot the King Penguin
food journeys can increase by ten or more days.

Researchers at the Centre for Ecology and Energet-
ics Physiology in Strasbourg discovered some years ago
that the male King Penguin which returns with food in
its stomach (when it returns to the colony to provide the
final incubation period, which lasts 2 to 3 weeks), is ca-
pable of conserving the food in its stomach without di-
gesting it, while it fasts and as a consequence lives on its
body’s reserves. The researchers sought to identity the
mechanisms likely to account for this conservation of
food 1n the stomach. They thus discovered antimicrobial
substances in the penguin stomach contents, which could
be involved in the food conservation mechanism. One of
these substances was isolated, spheniscin®. This is active
against a large number of micro-organisms (bacteria®,
fungi), some of which are pathogenic in man (in particu-
lar, it completely inhibits the growth of a species of fun-
gus frequently involved in human and animal pathology).
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Friction reduction
Al ‘SANDSWIMMER’

The sands of North Africa and the Arabian Pen-
insula are the habitat of a lizard, Scemcus scincus, a skink
with very short legs, commonly known as the sandswim-
mer because it literally ‘swims’ through sand. A sand-
swimmer can reach approximately 20 cm (8 in) in length.
The reason for its ‘swimming’ behaviour is that the sand
offers the lizard both shelter from the hot des-
ert sun as well as protection from predators., AMTHCATION
From its underground shelter it can detect vi- Friction reduction is obsessively studied in many industrics,
] ] . ] ) with a view to optimisation of mechanical and electrical sys
brations coming from insects moving on the . fur cxample. Today there arc various solutions to achieve
sand’s surface. The lizard can even establish the low friction: ball-bearings and many lubricants, but also sili-
. . : ; con carbide and nano-erystalline diamond, the latter two be-
insect’s location to quickly emerge and catch A
its prey. When it swims it folds its limbs against  skink could allow major advances to be made in reducing fric-
its body and propels itself forward, moving sur- il sy e s s Ll Lt el
prisingly fast.
The Technical University of Berlin has
taken a close look at this interesting reptile,
which seems capable of movement through sand because
it experiences very low friction (and minor damage caused
by abrasion). The keratin® skin of the animal proves to
be chemically strengthened by various molecule” and is
covered by nano-spikes. The nano-spikes are so small -
400 nm (16 pin) apart — that a single grain of sand will
touch 20,000 spikes. The contact area is thus hugely re-
duced and the level of friction becomes very much lower
than it would be otherwise. There is also a theory that
micro-ridges on the skin of the lizard have a negative
electric charge which may also assist the lizard’s move-
ment in some way.

materials {sugar and keratin® ) at an ambient temperature,
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Generation of regular shapes = .
FOLDS

In October 2010, the Nature Physics journal
published studies on the formation of folded structures
carried out by the Franco-Belgian Statistical Laboratory
(CNRS/ENS Paris/Université Paris Diderot/UPMC) and
the Laboratory of Interfaces and Complex Fluids at the
University of Mons in Belgium.

It a thin layer of solid material is compressed length-
ways, it bends systematically over the whole length, a phe-
nomenon known as buckling. It this rigid sheet 1s glued
to a soft, thick substrate, compression then forms small,
perfectly regular undulations on the surface. The distance
between them is called their period. This can be observed
by compressing the skin on the back of the hand between
thumb and index finger. If the compression is continued,
a new phenomenon then arises. The amplitude of some

undulations increases, while for others it decreases. One
in two folds concentrates all the deformation
energy. If the compressive forces are increased
Sti]l maore a L] I..I.J.(jrl.l[:’lil]g UF []1': 11111[1:]] l_jcri(}{j An illustradon of .H]'i.'l]‘ll;: gtlll;:l'illjllllf 01 A thin film is bound
F ’ ; to a soft elastomeric substrate. 02 A moderate horizontal
W 11] ]JE (.]‘btﬂ“-lt'd+ compression of the sample vields a sinusoidal folded surface.
Thf_- rescarc hcrs -‘1150 5]](}“-13(_1 th'{lt ['hf_- ﬁ.l n- 03 Further compression leads to altered shallow and deep
. . folds. = limage © Falwan Braw
damental mechanisms which govern the appear-

ance of period doubling in folded structures are " " S e T i
. ) particular tor the development of new methods of microtab-
Slmlli]_l" O t]'ll:_',l.‘_'}ﬁ 1[]\-’(]'\’1:‘(1 1n [l]-t: fl"ﬁl:l]_]_t:]"l(:}-’ (_][' QOs- rication likelv to be used for modelling material by creating
cillation 1n variable-length oscillating mechani-

cal systems such as pendulums. This means thap “eseareh conduee _ : _
L L . . seription of the innermost mechanisms of morphogenesis’
there is some 5““1[31.][}? between quli‘lflm‘ls de- brounght abour by mechanical instabilities. The lacter phe-
Sf.l"ibing oscillations in space and those fC]ﬂti]lg nomena are common in nature, for example in the folding of

; geological lavers or in the morphogenesis of living tissue con-
[O nme.

APPLICATIONS

This work OPEns U perspectives imn the field of IL'1_'|1I'I(,J|L:IH1.'.| m

regular micrometric structures.

Rescarch conducted in this domain is gradually allowing de-

sisting of two lavers of different cells (skin, intestine wall, or

brain). A better understanding can lead to the ability to predict

the occurrence of these structures,
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Generation of regular shapes = 000
FRACTALS

In 1975, Benoit Mandelbrot (1924-2010),
the father of fractal mathemartics, defined the terms “frac-
tal’ and ‘fractal object’ (from the Latin adjective fractus
meaning ‘broken’ or ‘irregular’). He discovered a com-
mon feature in certain geometric shapes, the distribution
of interference on signal transmission lines, coast lengths,
terrestrial relief, stock exchange values, river flood levels,
filtration, branching structures such as: trees, soft corals,
rivers, crystallisation in the form of dendrites (tree-like
crystal formations), snowflakes, nerve cells, branching in
lungs and vascular systems, and the distribution of galax-
1es. A classic example of fractals 1s illustrated by the Von
Koch curve (Von Koch snowflake) obtained by simple
geometric construction. This curve is obtained by apply-
ing a transformation to each side of an equilateral tri-
angle: each side 1s divided into three parts and the central
third part becomes the base of another equi-
lateral triangle. The first iteration produces an AFPLICATIONS
i]nﬁgﬁ ClUSE to [hﬂ[ Uf thﬁ S['J.l" Uf‘ ]_)'[l‘v’id ﬂnd qs Computing, graphic arts, litcrature, cinema and music are

. . ; . all affected by recent advances in this branch of mathemat-
more ﬁl]d morc successive 1terations arc madta ics. Tom Beddard carries ont experiments in the visnalisation
[hc Shapf_- starts to resc ]lelﬁ a Sﬂﬂ“’ﬂi‘lk’:. of mathematical and generative graphics, creating fractal art,
', . . . et Dimages abeowve and p. 138 @ Tom Beddarnd

Whatever magnification is used, the same
detalls il sallbe reveiled Biictal ol afe - i s roy o e e T e
) standing of development in living things: the structure of plants,
too irregular to be described effectively in terms  leaves and branches, bud formation and the development of
l‘.'}[" tl'ilditi{)l'lﬁl gﬁf)mﬁtr‘-’, bth f:fﬂ.Ctﬁl mathﬂmﬂtiCS bacteria . In geology: the structure of rocks, reliet, coasts and
kA . . watercourses, and avalanche phenomena. In palacontology: laws
allows them to be described and their dimen- concerning the appearance and extinction of specics; in animal

. = and ]'mr'n..h'l ‘l|'|'l;':-ciu|u;_:l T l:hc sthruclhure ul-m‘ FATYS ||.|r'| 5 'A.':!._'il;.':lll.;il‘
sions defined. ¢ physiology, the str. gans (lungs,
system, neurons”®, cardiac activity and clectroencephalography ).

— FfllCtlll ShilpCS can bl'.: III]de LO causc ﬂ]]d In meteorology: douds, vordees®, ice flows and wrbulence”,
cffect rtlﬁ[iﬂnships and are then known as ‘de- Invuoleanology: cruptions and carth tremaors. In astronomy: the
sl morle - R & structure of the universe, galaxies and exoplanets {planets out-
terministic frac fﬁlS , Or Lo mndom 'CH_ECI'S, “’hﬁl] side our solar system). There are also applications concerning
th;:}r are kn()“-n as ‘stoc h astic ﬁ'ﬂ{:t'ﬂlﬁt The}r ap- cconomics (stock exchange rate fluctuations) and electronics
. . - . (wideband antennas in maobile phones).
pear very often in the study of chaotic systems.

Fractals have also allowed significant advances in the under

137
Industey of Natwre




138
139

Tudwstry of Natnee
Inasistey af Natwr




Glass production
DIATOMS

Diatoms are microscopic algaec which are part
of the marine plankton (drifting organisms, Greek plank-
tos “wandering’). Their special feature is the creation of
an exoskeleton, known as a frustule”, formed from amor-
phous silica® — glass — without any contribution from heat.
These unicellular organisms take in minute amounts of sil-
ica dissolved in sea water and make protective cell walls of
astounding geometric and architectural complexity.

The frustules created by diatoms during mitosis®
(non-sexual cellular division for reproduction) consist of
assembled balls of silicon dioxide (SiO, - silica), obtained
from silicic acid, SifOH), present in sea water. By succes-
sive elimination of water molecules” (polycondensation®, a

form ot chemical condensation) and with the aid of appro-

priate proteins® and enzymes®, oxygen® is brought into
play as a bridge between silicon atoms to form silica, all of
this taking place at temperatures less than 20 °C
and in less than 2 hours. When one remembers
thﬂ.t glﬂSS 1S ]T‘la‘ldﬁf"ﬁ"ﬂl‘kﬁd ]-nuc_h more Sl(_]-“rhr at  Rescarch on diatoms has allowed the development of so-called
' o . : : technical sol-gel materials: a *soft chemistry’* method for fabri-

d rﬂll[]d 13000 (-‘7 tht i..ﬂnﬂ]dfrﬂblt i‘-d"ﬂnmgﬁ cation of vitreous materials such as glass withont the high tem-
(_‘_.1" ﬁnding '[hf_- kET!I-' to Undcrs[’anding [his mc[’]]()d perature fusion stage that is normally necessarv. Glass is then
£ olass £ b g i g l_ . synthesised by a process which approaches that of a known po-
Ol glass Iabi Ication can be seen, lymerisation method for fabrication of the familiar plastics ma-
FL]’_["t]"It:I'TI'[(_H"ﬁ,’ ﬁ"L]S[]_]_IfS are p{_)l‘{_‘j[ls STruc- rerials. Sol-gel comes from “sol’ for *solid dispersed in a liquid

phase’ and *gel” for *liquids dispersed in a solid phase”. Acrogel

APPLICATIONS

tures. The silica grain arrangements include I _

e ) : 15 4 POroLS solid material with an uxh'u:u'n;l'!.' v L1l.."|l:\'|.|,:\.-“.. alsis
gaps of just a few nanometres or micro MELres, referred to as ‘solid smoke’, manufactured through a sol-gel
ﬂl]U“ﬁ-ri l]g C,{Cl]lll]gcs [U [ch l:]]llcc ,“r,_l[]l [],“: L.‘_\_ ertlﬂl;h:i". = I"hata top and p, 1 3% 8 Pascal ll'lll.'r|3_|lq'|lll.'k
[Cl‘[‘l.ll C]li']l"()l‘l[’]’]ﬂ]l[ 'L“)l.l [()n.”[': an ()cc.u.l_l.l{_]ur Among other things, these fabrication techniques allow the cre

: e : ? B i ; ation of thin protective lavers of glass on the surface of materials,
I'UCI( “"]11{.,"1'1 COonsists ¢sscnt '11]“: U[’ dlﬂ[UInS, IS Jike on these bottles, and development of hybrid organo-miner-
fxp]ﬂitfd 1.15 ﬂ. lJUl'UlIS mﬂtﬁri&l l';t-}r i[s ﬁltt ril'lg al |‘.|‘_|'|.'FL'J.L{!‘-. ."'l.]‘l]‘l]i.l..'.'lti.::ll‘.lh arc .'IIL'C'.'I.L{}' numerons and gi.\'ll |‘.H.lrlL' for
- . T wide development in the desirable context of *green’ chemistry,
power. The study of such porous solids now al-
lows consideration of synthesis of materials with
high gas absorption power tor storage of large

quantities of CO, for example.

Photo botteon © Pascal Goergheluck
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Hﬁﬁt I‘ﬁSiStance Dol p.ﬁHS.l{a.ﬂ.l{a;’:.I??.I‘JS.E[J.—':.IE'?.ZS[.
CAMELS

The desert is characterised by very low atmo-

spheric humidity, hot cloudless days at temperatures of
40 °C to 50 °C (104 °F to 122 °F) and cool nights. There
is no dew and there are almost no water sources. These
extreme conditions pose real problems for people. Ex-
posed to 50 °C, a person sweats and loses about one litre
(0.26 US gallon) of water per hour. Sweating 1s
essential in the desert as it allows the ‘steam’ to ATHICATION
escape. However, if the water loss exceeds 11 Applicaton proposed by asknaturc.ons: Thanks to research on
litres (2.9 US gallon), on average 12% of bOAY e domain of lquid storage, i low mansgement n ma
weight, the person is in danger of imminent chines subjected to temperature variations, as well as in the
death: without enough water, blood* thick- L S S N R
ens and organs can no longer be supplied with
blood.

Camels are not confronted with these
difficulties. When a camel loses a quarter of its weight
under the effect of sweating, only 1/10™ of the water in
its blood is lost. A camel can thus be exposed to the sun
for 8 days without drinking, lose 100 kg (2201b) in body
weight, but not die. The dromedary and camel are the
only mammals with blood cells that are oval rather than
round. These blood cells are capable of responding to
osmotic problems by a 240% increase in volume without
rupturing, while in other species this limit is only 150%.
They can thus drink a large quantity of water in one go
without running the risk of their red blood cells bursting.
If they are dehydrated, camels are capable of allowing
their body temperature to rise to 41 °C (106 °F) during
daytime. They therefore do not lose water in maintaining
their thermoregulation. Internal heating in the camel is
quite slow as the fat-content in its hump(s) is a poor heat
conductor. A camel only starts to sweat when its internal
temperature reaches 40 °C (104 °F).
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COMMON SUNFLOWER

The common sunflower, Helianthus annwus,
is an annual plant in the Asteracecae family (Greek aster
‘star’), named for the common flower shape in this family.
The French tournesol, Italian girasole and Spanish girasol,
all meaning ‘sunflower’, actually say rather more than that
as they literally mean ‘turn with the sun’. This plant 1s in
effect heliotropic (Greek hbelios ‘sun’ and tropos ‘turn’) be-
fore it flowers, that 1s to say that it ‘follows’ the sun as the
Earth turns throughout the day.

Several plants exhibit heliotropism™, for example
the alpine buttercup of glaciers, Ranunculns adonens. Re-
ceiving a maximum of sunlight helps them, among other
things, to heat up and attract warmth-seeking insects who
in turn pollinate the flowers.

nce the sunflower blossoms it 1s no longer helio-

Once the sunflower blossc t longer helic
tropic, but as it still grows in the direction of the sun, this
is often mistaken as heliotropism. The phenom-
enon of directional growth is known as photot-
l'UpiS[Tl and is due to the presence of 2 hormone Selar pancls arc generally immobile devices, oriented as well

ok . as possible to capture solar energy throughout davlight. How-
an“"rn d§ auxin -, "ﬁ’hlﬂh CAUSCS CEHU]RI— Elﬂngﬁ- ever, it is obvious that if the panels cannot ‘follow’ the sun,
[i(_]n. Auxin ]];13 a tfl]dEI]C}-' o migrﬂ[ﬁ to [hf their efficiency is not maximised. Systems which are servo-
lit si .l herefi I -ells larger I controlled ™ are capable of following the sun (and are almost
uniic side, therctore the cells are arger on the 40% more efficient as a result) but following the sun in this
5]1 ﬂ{:l}-’ Sid_f_: ;[]‘[d t]‘[(j u |'1b;|_];|_[‘]{:ﬁd stem bﬁ |'1(F‘15 tO- way involves using some energy and spending more money.
. : ow . L s+ A group of rescarchers ar MIT has developed a system which

r ¥ T
"} ﬂ.rd.& ‘the bu’“"‘ g"‘ ]n&ﬂ the ]mpreb&rl(}n that IC 18 reacts to the ‘movement’ of the sun with no additional energy
fﬂllﬂ“’lng the latter. supply and no maintenance being necessary. The solution is

to mount solar panels in an arc constructed from two differ

APPLICATION

ent metals, aluminium and stecl. The behaviour of these two
metals changes as a funcoon of temperature, between zones
cxposed to sunlight or not exposed, inducing panel movement
s that the panels are constantly oriented towards the sun,

e - 27 AL -
; Phoro @ SunPoint Technolopgies, Inc.
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Humidity assessment
HERCULES BEETLE

read 5,189,239

Dynastes hercules is a rhinoceros beetle from the
rain forests of Central America, South America and the
Caribbean zone. It is considered to be the largest rhinoc-
eros beetle in the world. The male elytra®, or front wings
(modified to cover the rear wings at rest), can change co-
lour from black to yellow/green, then back again to black

within a few minutes. This 1s a phenomenon rare
in insects. In a dry atmosphere, the elytra ap-
pear green/khaki. If the humidity increases, the
elytra then start to darken until they are black.
The colour perceived as green originates in a
porous layer 3pm (120 nin) below the exter-
nal surface, or cuticle, of the insect. This layer
has a three-dimensional structure of photonic
crystals. In a dry situation, nanoscopic holes are
filled with air, which takes up water according
to the ambient humidity. This results in changes
in the refractive index, which causes variations
in the visible colour as a function of the water
content of the atmosphere.

The beetle is still quite mysterious. Some
suggest that the phenomenon is involved in the
insect’s protection: night time is humid, and
darkness is then a good safety precaution. Oth-
ers think that there is a relationship between
the absorption phenomenon and the heat of
the night.
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APTLICATION

Rescarchers at the University of Namur in Belgiom used the
latest imaging techniques o study the beetle® elvira: a scan
ning electron® microscope was used to analyse the structure
and spectrophotometry® wsed to determine the interaction
of light with the structure. In effect, light interferes with the
structure to produce green colour, but when water penetrates
through the porous lavers, it halts the interference phenom-
enon, resulting in black colouration. A study published in the
New Jogrnal of Physics provides details of work carried ourt on
the strocture of the special protective skin of this insect, which
could facilitate the design of “intelligent’ materials. Such mate-
rials could serve as humidity sensors and could, for example, be
used in food processing factorics to monitor humidity levels.
A humidity sensor inspired by the beetle is currently under
development at the University of Sogang in South Korea. Ara
25% humidity level, the sensor shows blue/green, while at 8%

it becomes red.
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Hydrodynamics s
BOXFISH

Boxfish, one of the 25 species belonging to the
Ostraciidae family, swim in tropical waters around coral
reefs. They reach a maximum length of 45 c¢cm and feed
mostly on algae, sponges and molluscs. It is clear where
the boxfish derived its name. The young ones have a
slightly rounded shape but it becomes more box-shaped
as they mature.

The quasi-parallelepiped shape is formed by a rigid
structure. This unusual geometry doesn’t allow the body
of the animal much flexibility and it moves in water by
means of a complicated combination of movements of its
five fins. However, it moves slowly, making optimum use of
its stable hydrodynamics®, even in turbulent water. Usetul
qualities when it must manoeuvre where it normally lives
in the confined spaces among corals. It can also reverse
and expends the least possible energy in its movements.

- The skin of boxfish is also of interest for
the way it is formed: it must be ready to resist
impacts and is in fact a sort of armour, formed In 2005, Daimler automotive engincers produced a Mercedes-

: : : : Benz bionic® car, based on a boxfish shape, as a concept ve-
by hexagonal, interlinked bony plates following  piic. among other things, the wind resistance of the vehicle
the example of a honeycomb. This gives rigid- isimproved by 65% = rhoos above and p.150 & Daimler 4.6
ity, protection and stability, the latter thanks to
small vortices® which are generated along its
body when it moves.

Boxfish appear to dety all the laws: they
scem to be the exact opposite of a hydrody-
namic shape while in fact it is optimised for its
environment.

APPLICATION
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HUMPBACK WHALE

Humpback whales (Megaptera novacangliae),
despite their size, up to 15 m (49 ft) long and consequent
weight, up to 36,000 kg (79,0001b), are rather agile in
water and able to manoeuvre at low speed. They have
a hunting technique of swimming in a circle, creating a
‘bubble net” which traps their prey. They are also known
for their acrobatic manoeuvres which often includes
breaching and slapping the water, showing their long
black and white tail fins.

Their pectoral fins, which are proportionally long
compared to other animals in the order of Cetacea
(whales, dolphins and porpoises), have an uneven leading
(front) edge and are revealed to be more hydrodynamic*®
than the smooth-edged blades on water or wind turbines
for example.

The protuberances on the fins, called tubercules,
form water swirls which provide better ‘lift’*
and avoid risks of slip in turns. This slip cor- APPLICATION
responds to the moment when a wing ceases to  Canadian company WhalcPower has taken a lesson from these
have a lift and/or directional role. After carrying e
out studies in a wind tunnel, Laurens Howle of and other products. The results are convincing: the devices
Duke University found that this resistance to Sy ooros & moresshieand i the e ofthe vind

J turbines, capture more energy from the wind. Phooos
slip 1s 40% greater thanks to the tubercules. abbawe & Whale Power and p.151 € Whale Pawer | Jaseph Subirana

to Blades in wind turbines, computer cooling fans, ceiling fans,
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SHARKS

To the eye®, sharkskin seems to be perfectly
smooth and thus in keeping with the slender shape of the
animal. To the touch, it is immediately obvious that it is
in fact very rough, abrasive tissue. Sharkskin is covered
with dermal denticles, rather like small teeth or tiny fins,
which have micro-grooves on their surface, called riblets,
all parallel to the swim direction. This 1s known as the
‘riblet effect’®. Sharkskin from some species of shark was
in fact used for scrubbing decks on wooden sailing ships.

When a smooth body is moving fast through wa-
ter, the water approaching the body surface is disturbed
and slows down. The speed differences between the water
‘layers’ (close and further away) cause disturbance, vor-
tices* and currents, absorbing energy and slowing the
moving body. The unusual structure ot sharkskin modi-
fies the behaviour of the water around the animal. First
of all, the grooves channel the direction of the
flow. Then, the water at the surface is acceler-
ated since it has to squeeze between the den- 12004, Specdo developed a textile inspired by sharkskin, de-
: signed to improve swimmers’ performance by reducing drag
ticles and grooves where passages are narrow ;4 gy Michael Phelps wore the Fastskin® FSII material in
_ and, as in a niver, where the passage narrows  his mmerous victories in the Athens Olympic Games in 2004.

= = the flow must accelerate to maintain a constant )
flow rate. The lower the difference in speed be- . “ = oo icapecres Hhelipe,
tween the water close to the skin surface and formance and also perhaps to reduce friction in major pipelines.
: —— > the water further away, the more any possible
—7 disturbances are reduced: movement is easier
and requires less energy. Finally, by the same
principle, the water flow at the surface is divided by its
passage through this complex structure and the eddies
created are smaller than they might otherwise be and
therefore less restricting.

APPLICATIONS

Photos above and p. Lol © Pascal Goergheluck

The rbler effect® could be nsed in the design of ground and
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Information storage e 193

The characteristics of a cell are determined by

the genetic information stored in its chromosomes®.
DNA * is the essential constituent of chromosomes. The
latter are always present in the cell nucleus® and their
number is a characteristic of a given species; in man the
number of chromosomes 1s 46, in 23 pairs. Each chromo-
some contains a DNA molecule” representing a
large number of genes. This DNA molecule is AMTHCATIONS
ﬂ:-rmcd FI'U[TI wWo S[I’ﬂllds r_“’iS[Cd i]] to a dﬂublc For some vears, scientists have been trving to develop a svn-

. . . . . . thesised version of DNA in order to make use of its very high
hChK& bllll[ from four t}"pcs of sub-units L"‘Ill“:d storage capacity. Japanese rescarchers recently announced the
nucleotides * : referred to b":"r the letters Px, T} (C  creation of the first DNA molecule consisting almost exclu-
. 1 G l I i o . 3 o ~ sively of artificial components. A calculating svstem using
":.”“' » the mitals of thewr mam constituents DNA would rely on encoding mechanisms that are fundamen-
{\f\ = II.(._‘l\ﬁ:l*Ii]'lﬁ.J T - [}’I."Dﬁi]'lt‘,? C— E}-’[(}Sin-ﬁ:} (3 — nally different from those of a conventional computer: in our
guanine). Each of the two strands is a chain ., =™ "" " e ol -
; < carried by electrons® within the electronic switching devices
formed from a succession of nucleotdes which { transistors] which makes the information encoded in binary
are interlinked so that A in one chain is always _ e e Berdls :

E : : - would be translated into chemical units of DNA. These DNA-
Opposite to T and C is ﬂl“"ﬂ}-’ﬂ Opposite to G.  based computers are promising because they do not have the
With this universal structure ([hc same for al] limitations of silicon-based chips: there is no shortage of sup-

Z . ; ply as DNA exists in all living things, there are no toxic side-
CCI]Sj individuals and SPECIES}, Dl]l}-’ the number products and size is minute (a computer the size of a drop of
and order of nucleotides E:{pluins the Vfll'iﬁbilit}-’ water will be more powerful than the most powerful super

- ] . computers of today).

of the genetic message. It can be said that the
biological identity of each individual or living
species 1s universally “written’ in a language us-
ing a four-letter alphabet: A, T, C and G. One
gene, a fragment of DNA (sequence of a few thousands
of nucleotides), contains the information necessary for ac-
complishing a particular cell activity.
— The information storage capacity in the long DNA
| R molecule is considerable: the 46 human chromosomes
AL consist of about 6.5 billion pairs of nucleotides. If the
\ ' I content of human DNA were to be printed in the form
of an encyclopaedia, it would amount to 500 volumes of
800 pages each.

normal machines, it is the manipulation of electrical charges

form materialise. In DNA-based computers, the information

157

Industey of Natwre




\ ) Information transmission I —
NEURONS

[t is now known that transmission of informa-
tion along nerves is a chemical process. When a neuron”®
(nerve cell) is activated, an action potential* generated in
its cell body is carried along the axon™* to the nerve termi-
nation. The action potential is a propagated electrical wave
which gradually depolarises the neuron membrane. In the
nervous system the neurons, which are contiguous, and
the nerve terminations ‘contact’ their target neurons in a
zone called the synapse®. Here, the pre- and post-synaptic
membranes are about 60 nm (approx. 2 nin) away. This
zone is called the synaptic cleft. The presynaptic element
(nerve termination of the neuron) has vesicles of different
shapes and sizes containing molecules® called neurotrans-
mitters*. When the action potential arrives at the termina-
tion, the vesicles migrate rapidly towards the membrane of
the presynaptic element. Some merge into the membrane . .
and liberate their content into the synaptic cleft.

The liberated molecules attach themselves onto  APTTICATIONS
the receptor molecules fixed in the membrane of In 1902, neurg-anatomist Santiage Ramon y Cajal suggested

that nerve cells were not in continuity but contigunous, thus

the target neuron (postsynaptic element). This
attachment triggers the opening of ‘channel’
proteins®, also present in the postsynaptic mem-
brane, inducing the exchange of ions between
the extracellular milieu (synaptic cleft) and the
interior of the postsynaptic element of the tar-
get ncuron. The flows of ions across the post-
synaptic membrane create an electrical potential
difference which will be propagated along the
neuron dendrites (extensions), to the cell body.
[f the depolarisation threshold is reached in
the initial segment (cell body axon emergence
zone), it will be possible for an action potential
to be generated in the target neuron.

15%
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establishing the svnapse® concept. The first demonstration
of chemical wansmission of a nerve message was obtained
by Otto Locwi with the discovery of the first neurotransmit-
ter, acetvlcholine®, in the parasympathetic nervous system.
This substance was to be identfied subsequently as the nen-
rotransmitter in the neuromuscular junction. Work by Henry
Hallett Dale would later confiem the role of neurotransmitters
throughout the nervous svstem. Today, more than 20 new-
rotransimitters have been adennfied m the brain and the mo
lecular structure of a great number of their specific receprors
has been decoded. I‘rtrgn;a:-, in thas field has allowed chermists
Lo CONstruct newrotransmitter agonist or antagonist molecules
capable of binding to or blocking receptors, valualle thera
peutic tools in the treatment of certain diseases of the nervous
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II’ISU,latiOI’l peas p.143.165.177.227.231.233

POLAR BEAR

The polar bear ( Ursus maritimus), also known
as the white bear, is a semi-aquatic carnivorous marine
mammal encountered on ice floes in the arctic regions
around the North Pole. It lives its life in continuously cold
conditions, which it can withstand by having a thick layer
of fat and an insulating fur coat. As the name ‘white bear’
indicates, it is consider to be white, an obvious camouflage
advantage 1n 1its icy environment. However, studies have
shown that on the one hand its skin is black, allowing it to
absorb as much energy as possible from sunlight to warm
itself, while on the other hand its coat in fact has hairs
that are colourless, translucent and hollow. The whiteness
effect occurs by reflection of light on the internal surface
of the hollow hairs. A long-held hypothesis was that these
hairs acted as optical fibres, conducting the light down to
the skin of the animal to keep it warm. It has now been
proved that this idea is incorrect.

Astonishingly, polar bears are almost in-
VlSiblf at infi-'ﬂrfd R'Erﬂ‘_:rtlerlgtl'ls '[]'le ‘l'ﬂ‘r'eltllgtl-ls It may not look like it, bur the Singapm'c Arts Centre is in-

g : . : ’ . spired by the bear. The rounded surface, dreamed up by Are-
at “Fhlih bﬂdlfﬁ cmit hf.'i'l[ 1n gtnc rﬁ-l' It SCCMS 1N |y One in collaboration with DP Architects and Michacl Wil-
ﬁ]c[’ thﬂ.t [hcir very SpECiﬂ.l hﬂil"ﬁ h;“.';: 10“’ Emis- ford & Partner, is covered with aluminium diamond shapes
drritu® aloe I : £ o ) 1 his s or lozenges, which play the same role as the hairs of the bear.
bl\'lt} close to that of snow and this p]"{)pﬂl I'_} Their orientation is controlled by sensors. As a function of ¢li-
i5 i]‘[‘l.-’{_)l‘l.-'{:(.'l_ n I;]‘[ﬁir tl'lEI'lTlEl] i|‘15L]'_1;|_I:i{)]‘[_} a\-’{)i{_‘li |'1g matic conditions, the lozenges open in bad weather to allow
in light and heat for the building, while in fine weather they

APPLICATIONS

heat loss. ) w5 1 ) ) ) reclose to reduce the solar gain, When closed, the lozenges do
Global “"J.l'mll‘lg':' 15 h:l'-.?lng 4 MAJOTr 1M~ however still allow light to pass indircctly, reflected by their

pact on polar bears, which are now considered
to be in danger of extinction. The bear’s ther- )

i . . . Onee discovered, the secret of the polar bears exceptional
H'lfll ”-15“1:1[1'9'“ 15 SO “Tll d":‘f"":lﬂp":d [hﬂ[ 1t l'lﬂS L0 thermal insulating abilities leads to devising numerous applica-
SWim to CUU] dD‘.‘irl] at t’:mp'ﬂrﬂtu res ﬁbﬂ‘fﬁ 10 9C,, tons for coping with extreme conditions or clse camouflaged

clothing to avoid detection by infrared emissions,

:!|1,Ir'|1il'|'il.|1'l'| ._\1I1'ﬁl¢l,:. i Photns above and p-linl & Peter Marlow

MAGHNUM [ Courresy of Atelier (ne
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I n Sul atl on read  143.163.177.227.231.233
REINDEER

The insulation properties of a fur coat are a func-
tion of the amount of air trapped between the hairs and
the resistance of the coat to movement of air between the
hairs by convection. The length, diameter and density®
of the hairs determine the thermal efficiency of the fur.
The reindeer has the highest density of hairs per
unit area in the whole family of Cervidae. Its
fur has two types of hair: woolly hairs and guard AMHCATIONS
hairs. The woolly hairs are fine, flexible, short Applications proposed by asknature.org: The study of animal
it . : . L fur allows progress in the development of insulating materi
and wavy. Their surface (the cuticle) consists of ; , be predicted, for protection of piping and insulation of
upturned scales which allow the strands of hair buildings as well as to allow the manufacture of high-perfor-
to link to each other. This felting effect provides ™ et
excellent thermal insulation. The density of the
reindeer’s woolly hairs is about 2,000 hairs
per cm? (13,000 per in?) and their diameter is
0.025 mm (0.001 in). The guard hairs are thick, long and
stift with a smooth cuticle. The density of the guard hairs
is about 60 hairs per cm? (400 per in?) and their diameter
is 0.25 mm (0.01 in). A 65 kg (143 1b) reindeer can have
fur that is at least 32 mm (1.25 in) thick in certain areas.
Associated with each hair there is a sebaceous gland
and a smooth erector muscle, which makes the hair stand
up in cold weather (the familiar ‘goose pimples’ effect)
and also triggers the secretion of sebum. The sebum lu-
bricates and waterproots the surface of the hair, which al-
lows the coat to remain dry. Reindeer are not affected by
rain or snow. Reindeer in fact have two coats: a summer
coat and a winter coat. In summer, the fur is more scat-
tered and contains fewer woolly hairs, allowing good heat
dissipation. The skin is thin and the sweat and sebaceous
glands are well developed. In winter, the number of hairs
INCreases.
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ECOSYSTEMS

A British botanist called Arthur George Tansley
introduced the notion of an ecosystem™ in 1935 as the
basic unit in nature. This is a group of interconnected liv-
ing things and their environment, relying on a network
of exchanges of energy and material which ensure the
upkeep and development of their communal life. Ecosys-
tems exist in many sizes, the Earth itself is an ecosystem,
as 1s a forest or a lake. The various systems are also inter-
connected.

An ecosystem consists of two components that in-
fluence each other: the physical biotope® and the living
community. The abiotic biotope consists of components
such as temperature, light, wind and water. The biotic
part consists of all living things; producers (plants), con-
sumers (animals) and reducers (bacteria® and fungi).

Ecosystems combine numerous animal and plant
species in more or less complex ways and tend
naturally towards a state in which stability is as-
sured. We Spﬁﬂk of dvnamic Stﬂbilif\p’ in that an  French scientist Antoine Lavoisicr said about nature, ‘Nothing

s & ) ekee - . is lost, nothing is created, everything is transformed” Taking

EEGS}'FS[I:H'I Is In a constant state of ﬂuxw '[ll'bltfﬂ.t' inspiration from this lesson, industrial ecology® suggests that
ing -‘111 pﬂr-‘]mc[crs ﬂl]d [r}ring to [Tlﬁil][flill a bﬁl' industrial systems are considered as special ecosystemns, as they
. . b . 1l T l ) 1 Eacl s of also manage flows of material, encrgy and information. The
ance between a pﬂrtleb Involved. Bach ent]t} o Danish industrial city of Kalundborg is a model for this. Sev-
an ec(}svst{:m tﬂkﬁﬁ itb‘ Shﬂl’ﬁ‘. (}f: rﬁﬁp()]‘[ﬁibilitiﬁg eral companics that arc established there have built a system
Hnd p]ﬂ‘;’ﬁ itS p'ﬂl"L It iS thﬂl"ﬁfﬂ'rﬂ impUITﬂ.nt to tbrq:ﬂi;l:ilq:nt CKC]I.IZ{]EE&: tlu.‘ ?afm'luhr :'-t._lt:mnlz:ull.\ parlt ut i_t.\ T.;tl.l‘am
- 5 5 L . prudl.u,lu.n'l to the 11|'|..'||‘1'|'|.!|..L|.|I_u,1l| 1..'|I,I:U|'_; and oil 1:._||1'|L,r].. It

ensure the preservanon of all partacipants in the alsosells ash to the cement works and hot water to the city for
I'Cli’.“r'il[l[ ecosystem heating, The refinery itself veturns reated water to the power

APPLICATION

station for use in its cooling circuits, The power station also
heats water for a fish farm which '|_}rud|,n:¢5 trout and turbot as
well as supplying by-products such as fertilisers to local farms,
These farms also use waste materials from the pharmacent
cal factory, and so on. This *cco-industrial’ park is now used

as a model i different countries. Photo € Kalandiarg

"\!.- mbingis
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S \ Light production
' BACTERIA, FIREFLIES,
ALGAE, ETC.

In the deep ocean environment 95% of marine
life collected from below a depth of 4,000 m (13,000 ft)
are natural light emitters. However, the majority of bio-
luminescent species are found in the world of bacteria®.
Also, certain algae and common fungi produce light.

Bioluminescence is the result of a chemical reaction
in which chemical energy is converted into light energy.
The light produced is a cold light. In the majority of cas-
es, the chemical compound at the origin of luminescence
is luciferin. Its oxidation by a specific enzyme* called lu-
ciferase, produces the light. The emitted light decreases in
relation to the oxidation of luciferin by luciferase. In the
majority of cases the emitted light is in the blue and green
parts of the light spectrum, but certain species emit red
and infrared light*.

When the bioluminescent reaction occurs inside
an organism it is called intracellular biolumi-
nescence. In this case, uric acid crystals are in-
volved to reflect the light outwards. Extracellu-

APPLICATIONS

Within the anti-cancer ficld, tests directly inspired by biolumi-

nescence in the glow-worm are now wsed to select the rght

lar bioluminescence results from the synthesis
of luciferin and luciferase and their storage in
glandular cells in the skin. Excretion of these
two molecules® causes the formation of lumi-
nous clouds.

Symbiotic bioluminescence is the com-
monest form in the animal kingdom, found
mainly in marine animals. These animals have
vesicles containing luminescent bacteria on
their bodies.

Bioluminescence plays a major role in var-
1ous aspects of behaviour: illumination of the
visual field, camouflage, attraction of prey, at-
traction of a sexual partner and communication.

16t
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treatment. Ja ritve *, tumounrs are targeted thanks to luciferase.
They emit light and if an and-cancer molecule® is efficient,
it is wisible as the light disappears when the tumours dies.
e Iimage & Tune 2006 Malecule of the Month by David Goodsell - doi

L 22 Liresb_pdbfmom_ 2006 _6

In the United States and in Canada biolumimescence has been
used in a meat safety health protecdon context, to develop
ultrafast tests for salmonella, staphvlococa™ and histera organ
isms. In the field of ccology®, methods inspired by biolumi-
nescence have led to the development of partcularly sensitive
tests to detect low levels of pollutants such as mercury or alu-

minium in water samples,

Consider the possibility for safety clothing which could light
up antomatically when the wearer falls into water.




Lightweight and resistance = ,ousmanas
BEES

The hives of wild bees are always highly organ-

ised and very clean. The internal structure of hives has
been carefully studied. No space or material is wasted.
The cells that the worker bees construct from wax, to
store honey and pollen or house the larvae, are in fact jux-
taposed prisms. In one respect, they display a well-known
: . hexagonal shape, in another respect the cells comprise an
i zaa Wl assembly of three identical interlocked lozenge shapes
' | or rhombi. This rhomboid shape was actually identified
rather belatedly in the 18" century. The angles of the in-
terlocked rhombi were calculated precisely by Maraldi, as-
tronomer at the Paris Observatory in 1712, He obtained
109.28° and 70.32°. These values correspond exactly to
those from mathematical calculations made by the Ger-
man geometer Koenig and then the Scottish mathema-
tician Maclaurin in 1743, in response to the following
question: ‘of all the hexagonal cells basically
composed of three equal rhombi, determine
which is constructed with the least material’. So-called honeveomb materials take inspiradon from the cel-
_, £ 5 - . : lular structure built by bees to offer light materials which are

bﬁCh CEH is in fact ﬁSSEmbIEd'r UHSEE "ﬁ’l[h resistant to compression. Manv honevcoml products are avail-

[hr;:c U[hcr CEHS thﬂnks K8 [hc rhU]nbi. Thcrc are  able on the market today, made out of aluminium, paper, card-
_l-, F; )  of cells wicl dﬂ: T . 1 board or plastic. Shown here is a thermoplastic® elastomer”
aifrerent t} p":b or cells with different s _]ﬂp'ﬂb anc product developed by the American company Supracor. Light-
FL]'_[’]CI:i{’_‘,I]*IS, Thf_‘, bt:f:ﬁ. tﬂk{: part in d IMass f:ﬂ"(}rt (}f: weight and resistant, honeycombs are used in various ficlds,

e

APPLICATIONS

from acrospace to medicine and architecture. Fhare

cell fabrication and they start by constructing a
wax shelf in the hive. The wax 1s a natural ther-

above © maténi)

Studio Liberuny’s project Made by Bees 15 not an example of

N HlUplﬂS[iE material which is worked as a func- biomimicry® but of bio-utilisation”. A vasc-shaped hive, con-
i tiansof the temperature-generated by the:bees; #uct=c by fuc dengncr, s colomised by 40,000 bres wio
W . 5 . i built the hexagonal-shaped combs around it, creating the vase.
L This shelf will be the base for the honeycomb. = -

The wax from the inner surfaces is taken and
extended towards the exterior. Two teams of
bees work simultaneously on either side of the
foundation shelf thus constructed.
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Lightweight and resistance = ,ummaom
TREES

Trees are extremely high-performance living
organisms, especially in relation to their mechanical
strength. The fibres in wood are oriented in the direc-
tion which gives the greatest resistance to shear forces.
A tree also distributes its material strategically. At the
trunk /branch junctions for example, it compensates for
increased stresses by adding material.

Wood is in fact a very sophisticated natural organic
composite material*. It is essentially composed of cellu-
lose® and lignin®. Cellulose forms the wood fibres and is
found in all species of vegetation. The role of lignin is to
provide adhesion between the cellulose fibres, thus mak-
ing them rigid. Like cellulose, lignin is a natural polymer,
one of many with some similarity to synthetic ‘plastics’
materials, and is thermo-softening. This 1s why wood can
be heated to form it into a curved chair back, for example.
A tree is literally a bundle of fibres which
essentially run along the axis of the trunk and
branches. This main orientation also determines  Study of the internal structure of trees is uscful in the design of

] : extruded parts. The polymer parts shown above are made out
thc grain Uf thc 'W'{_)Ud ﬂﬂd cxplalns “’hY tht mMa-  ofwood powder and thermoplastic®. The extruded shapes are
terial behaves difﬁ:rtntly as a function of the optimised to have the highest possible strength with the lowest
C|.+ ot . '+d. d' d, . . tok A possible amount of material. This WIPC {wood polvmer com-

Irection considered: wood 18 ﬂ.nlbﬂtrﬂpl{. : posite ) is manufactured by the Germany company NATURin-
vascular system transports sap throughout the Form. = Phoin & matério
ree, from the roots to the leaves. This capi]lary Observation of the internal structure of wood, as well as care
structure iS a gﬂ"ﬂd E}:amplﬂ f]f ﬂptimiﬂﬂ.tif}n (}f ful ubsurvajtluln of bones, for example, Iha& nl]mv-fd t.]h: dcxlrcl-

. . 8 . . opment of high-performance compuosite matenals®, allving
quantty dlStl’lbl.l[lDIl}’l'CSlS[ﬂﬂCC. strength and lightness. This brings cnergy cconomy in the

antomotive domam, for example where filwous materials are

APPLICATIONS

used in a vehicle to increase safety and strength and to reduce
weight,
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Lightweight, strength = s sy
and insulation

TOUCANS

The Toco Toucan (Ramphastos toco) of the

Ramphastidae family is the biggest of the toucans. It lives
in the canopy of the tropical forests of South America.
Their diet mostly consists of fruit but they also eat insects
and small lizards.

These very colourtul birds are distinguished by a
huge, vascularised yellow beak which helps the
animal to reach insects deep inside tree trunks, AMHCATIONS
The main function of the beak, however, is that The fabrication of composite materials” inspired by the toucan
. . : . . beak should thus make it possible to obtain hightweight and
it provides thermal regulation for the ammal. S i S e i
The abundant supply of blood® flowing in it andtoinsulate. Uses may be imagined in the automobile field,
acts as a liquid coolant: the blood vessels con- R R SR S S
tract with cold and avoid the loss of body heat,
whereas they dilate and diffuse excess heat to the
environment when the temperature increases.
This temperature control system is well-known to scien-
tists. The African elephant has the same via its large ears.
The toucan’s beak is however even more efficient.,

The toucan beak has vet another structural mecha-
nism in addition to this thermal regulation ability: studies
now show that despite its size and astonishing strength,
the beak represents only 5% of the total body mass of the
bird. It is very hard and very light, meeting the bird’s
requirements for foraging, defence or attack while still
allowing it to fly. The strong external part of the beak
consists of successive layers of hexagonal keratin™ scales,
about 50 um (2,000 pin) in diameter and 1 um thick
(40 nin) ‘glued’ together, while the inner part of the beak
consists of a ventilated bony foam structure separated by
membranes with a composition similar to keratin.

Industey of Natwre




Neutral buoyancy
JELLYFISH

Jellyfish are very ancient aquatic animals which
appeared on Earth before the dinosaurs, about 600 mil-
lion years ago. There are several hundred species of jel-
Iyfish, of different shapes, colours and sizes. In arctic seas
there are jellyfish that measure more than 2 m (6.5 ft) in
diameter, with tentacles 40 m (130 ft) in length. As these
animals are not actually fish, their name is a bit misleading.
So they are also referred to as ‘jellies’ or ‘sea jellies’.
Jellyfish move elegantly in the sea (some rare species
live in freshwater), floating at the whim of marine currents,
but able to move themselves in slow pulses as well. They
take the shape of an umbrella, their ‘head’, with an edge
from which tentacles hang, and the manubrium, which is a
tube hanging down in the centre, ending in a mouth.
~ Jellyfish float without effort as their density * is close
to that of the surrounding water. In effect, they consist
of more than 95% water. This allows them to
be free of the influence of weight. Their slow,
lelSll]g movement ].S- prﬂd u ccd b}r Cﬂl'l[ructiﬂl'l Can the movement Ufit‘ll}‘ﬁ.\]l in watcr ]‘l]'l::l‘n-"i.dﬂ i.i]ﬁ|‘|il'3[i.l::ll'l for
: : : an aerial propulsion system? This is the guestdon raised by the
ﬁl]d cXp4ansion of mUSClCS 1 tht u n]bl’ﬂllﬂ at a Festo company, specialists in robotics and antomated devices.
rate cun[roll;:d b\r thc h;:-‘u'[" A[ f_-ach CONtrac- Aviadon history has many examples of analogy between the
. . A . aquatic medivm and the acrial medium. Aqualelly, developed
tion, water is ejected to the rear and the animal

i5 pus]‘[ﬂd ﬂ’_)ru,-’ﬂr{:l. antonomaous jellvfish in water, a self-controlling svstem which
emulates swarming behaviour, Aquafelly consists of a translu-

APPLICATION

by Festo to gain further insight into jellvfish, is an artificial

cent |'|u.:1'|'|i5p|'|l;n; and uight tentacles for L‘rl‘m]_‘ll.1|:~li_u'|. The centre
of the AquaJelly is a watertight laser-sintered body, It houses
a central electric motor, two lithium-ion polvmer batteries, a
recharging control unit and servo motors for the swash plate,
Festo also created AirJelly, whose environment s the air,

e g : o . 5
Phoros above and p. 173 @€ Fesro AG & Co. KG., wanw feszo com
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Noise reduction
OWLS

Owls belong to the order of Strigiformes. They
are nocturnal predators with 80% of their diet consist-
ing of mice. They have several tools that help them to
find and catch their prey efficiently. Large forward-facing
eyes® provide them with excellent far-sighted vision. As
the eyes are fixed in their sockets, they have to turn their
entire head in order to see anything that is not 1n front
of them. Owls have the ability to rotate their heads 270°.
They cannot see well at close range however, which is the
reason why they cannot build their own nests and thus
take over the nests made by other birds. Another hunting
tool 1s their good sense of hearing, which helps them to
locate prey.

— Furthermore, owls are astonishingly silent in flight.

J For this reason they are able to catch their prey, even
~ though the latter is timid and very vigilant. The most im-
" portant feature: feathers which are much softer
than those of diurnal birds, with very fine bar-
bules — small hooks at the end of the feather For railways, today’s challenge is no longer just to get travellers
e e . “ e to their destination faster, which is feasible, but rather to achieve
hlﬂmﬁn[ﬁ o L h“'h rcd uee air trlLtlﬂﬂ. ThESC bfll’" mastery over some of the inherent consequences of fast move-
blllﬁ'S} Oon some {_‘jf l'hf primﬂr}r fc-"l[hcr's in [hf ment, such as noise, Below 200 km/'h (124 milesfh), the noise

i 8 generated by a train comes from the wheels running on steel

wings of these birds, are arranged in ‘comb’ or

APPLICATIONS

\ S, S A= rails. Bevond this speed it is in fact the noise generated by the

= 2 / | == . ‘Sﬂ“’t(‘l(}th? f'(].['rn+ Thﬁ HEITHti{JHS I;]*| s furmt:d movement of the vehicle through the air — acrodvnamic noise’

b | e . LJgY [ g — which is the source of nuisance. The pantograph, the device
=7 == . generate tiny eddies, which tend to break up " - e

e e | ] i) . v which electric trains use to collect current from an overhead

the lﬂrgﬁ eddies which are gﬂl‘lﬁl’ﬂ“}’ the OrlglN  catcnary cable, is the source of a major part of this acrodynamic

e ; Df ]]UiSC. !mi.naf.:, 1,'1'..:.1Ll:n;i-.t:. lhf:: air I:ils it Study of the n;:'.'.rl‘:; silent ﬂig!u_lm:.

S inspired modification of the pantograph design on the Shink-

ansen, the Japanese high-speed train, whose frontal shape is al
ready inspired by the kingfisher beak. By studying the serrations
on owl feathers and creatng simular forms on the pantograph,
engineers have succeeded in considerably reducing the noise of
trains running through urban areas, where the noise regulations

in force are the most stringent. ™ Phoco € Yuzi Kanazawa

The principle of creation of a multitnde of eddies is known
as *vortex® generaton’ and is also applied o aircraft and the
' boots or helmets of professional skateboarders.
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Odour detection
LOBSTERS

Crustaceans such as crabs, crawfish and lobsters
use their sense of smell both to find their food and to
escape from predators. Different studies on lobsters have
allowed the physiological mechanisms relating to their
sense of smell to be discovered.
Work carried out in the United States particular at
Stanford and Berkeley Universities, has dem-
onstrated that these crustaceans possess a very AMTHCATIONS
SC]'ISi[iTC Ul["ﬂC[ﬂI'V '[)I'gill]. LUL‘#S[CI’S hil"l.'C tl]TCC Studies conducted by a team led by Dr Mimi AR, Koehl at
. . 5 . the University of Califormia, Berkelevy on the phvsiological
pairs of antennae: one lﬂrgc pair and two Smﬂ“ mechanisms involved in the lobster’s olfactory organ, led to
Onces. Thcsc anctennac are in ﬁ]_c[ SCnse Gfgl‘lﬂﬂ, the construction of a robot they called Rasta Lobsta, This was

designed to precisely imitate the beating of the clia on the

“’]11{:[] SErve b('}th 45 [{_)Llﬂh (]Tgﬂ]‘lh’, ﬂ“(_l\‘-."l]'lg thﬁ antennules. By using different odours, the team of researchers

:[]11]’11-'11 tO ﬁ[]{_‘l it5 way ;1["{_)11]](:L :[]1(:[ as (_}[‘g;‘[]]y was able to show that the sensitive cilia were capable of detect-

by + - - - ¥ - 1 =, "y F - + " 1

for F” {')Lﬁhblnb Lhﬁl’l'llLJl .E:—l}:,l'l-':llb pI csent 1n thﬁ cules: the cilia possess a high-resoluton discrimination svstem.

water as odours. Lobsters smell b}’ POINTINEG  Even if the mechanisms for ransmission of the messages are

their antennae towards the source of odours. " ™ ; papiT e cmil
: Bk s . ] ] tions for the use of such robots can be imagined. The design of

Cliﬂlﬂ]{:ﬂ]]}"‘ﬁﬂnﬁlthE cilia {:h:lll"‘hkﬂ Str LICtLlI‘ﬂSJ‘, artificial olfactory antennae will possibly allow exploration of

’lrr’mgcd ]]kC brushes on the small antennae dangerous zones in a safer manner rather than using deep-sea

. ) g ; divers. This type of robotic application may be of great interest

'Ikl'([]{’?'“"[] ds d l][ﬂ]"lﬂlllfﬁ _]'j come 1nto contact 1ﬁr"lr"ll']"l to navies for coastal mine detection operations.

odour molecules® moving in the marine en-

vironment. These generate electrical signals

which are carried by nerves to the nerve centre.

In order to smell, a lobster waves its antennules 1n the

ing very tiny differences in the concentration of odour mole-

vet to be determined in detail, innovative potential applica-

water, increasing contact between odour molecules and
cilia. The speed at which it moves its antennae forwards
and backwards is optimised for maximum water move-
ment between the cilia. In going forward again, it moves
more slowly so that water trapped in the cilia remains
almost motionless, enabling odours to be captured and
differentiated.
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Oxygen production s
SPIRULINA

Spirulina is an edible cyanobacterium of the ge-

1\; nus Arthrospira often referred to as a blue-green alga.
i i ; p : p . :
o Sperulina is the Latin word for ‘little spiral’, referring to

the algae’s spiral structure. It is found in alkaline or soda
lakes around the world where it is difficult for other or-
ganisms to survive. Lake Nakuru in Kenya is one of its
natural habitats. Here the spirulina provide a source of
food for the Lesser Flamingos that populate the lake and
actually owe their pinkish colour to the spirulina.

ey

Known for centuries, it is also used as food by men
and is now cultivated on a large scale. Spirulina contains
vitamins, minerals, trace elements, enzymes®, fatty acids
and essential proteins®. Available in powder or liquid
form, its pharmaceutical virtues are also valued in the cos-

metics domain.

This living unicellular organism has the ability to

generate oxygen” by photosynthesis™. Over the
course of a day, the surface of a sunlit bowl con-
taining spirulina shows small bubbles of oxygen
which are produced by photosynthesis, taking

in carbon dioxide® in the process.

185
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APPLICATIONS

A genuine domestic lung, the “0° device devised by design-
er Mathicu Lehanneur, generates pure oxvgen® in occupied
buildings. In large towns, the oxvgen level is Q0% lower than
the level necessary for our body under optimum conditions,
Using an oxvmetric probe, the O device continuously moni-
tors the oxvgen level in the air and when it detects too low a
level, it uses light to acovare the micro-organisms the device
contains: Spivaling platensis — the living organism with the
highest oxvgen production vield, Tt produces oxvgen, which
diffuses into its environment. As soon as the oxygen level re-
turns to the optimum level, the light (and agitation) stop and
the spirulina falls back to the bottom of the tank. This project
remains more an example of bo-unlisation® of a living organ

. - B 5 - F a e
ism than a genuine biomimetic®  application. 25 Phosos

above and .l 868 "n."rrrsniq'p.u' H“.‘-‘"E-"'“" I Mathieu Lehanneur

NASA is currently conducting in-depth studies into this sub-
ject with a view to long-duration journeys by its astronauts.
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Production of colour effects
MORPHO
BUTTERFLIES

A burtterfly wing consists of complex multi-
layered ribbed structures, covered with scales. Butterflies
belong to the order Lepidoptera (Greek lepidos ‘scale’ and
preris ‘wing’). The colours and patterns perceived on the
wings are a function of the shape, size and arrangement
of the scales. Some, the pigment scales, contain pigments
which produce colour directly, others produce colour as a
function of their structure and the way light plays on this
structure to produce the perceived optical effects. In the
latter case the scales are known as structural scales. The
pigment and structural scales both have a network of paral-
lel striations and counter-striations on their upper surface.
These cause light diffraction and their upper membrane
consists of several layers of chitin (the scale material) and
air. A butterfly wing therefore consists of several strata
of different types of scales (bottom scales and covering

scales), the scales themselves being complex and
multi-layered. The scales overlap like tiles on a
roof, sometimes with the types mixed together.
For some butterflies, such as the Morphos of
the family Morphidae for example, the irides-
cent® colour effect is explained by the presence
of structural bottom scales which produce the
colour and create light interference patterns
which are visible through the transparent cov-
ering scales. Each structural scale behaves as a
photonic crystal (optical nano-structure). The
bottom scales, rectangular and non-convex, are
of the order of a certain maximum of microns
(um) in size, acting as a selective mirror and
dispersing the light. The resultant optical ef-
fects of these combinations of scales are quite
astonishing.

182
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APPLICATION

Morphotex, developed by the Japanese company Teijin Fi-
bers, is a fibre which allows an amazing burst of colour to be
obtained without the vse of any pigment. This fibre, inspired
by the wing structure of the South American Morpho butter-
flv, capturcs light and reveals colour. The fibre consists of 61
closelv-packed, superimposed lavers: each thickness (70-100
nm} having a different refractive index of polvester and nyvlon.
By controlling the thickness of the layers, colour variations can
be produced (red, green, blue, vellow) as a functon of the
angle and intensity of incident light. Morphotex is a mate-
rial needing no dve or prgment, no water or energy and no
metallic surface treatment to create a surprising colour effect.

e - )
- Photns above and p, 187 & Pascal € wectgheluck




Random pattern creation e
LEAVES

The autumn season sees the leaves of trees such
as plane, oak or chestnut change colour and then fall to the
2 ground. A carpet of dead leaves always makes a composi-
' tion in various colours, the leaves of all different shades,
from green to brown through reddish, or even purple for
example. The random patterns which result from the fall-
en dead leaves are always aesthetically pleasing to the eye.
A good example of nature’s capacity to make disparate
clements work together, in a sort of organised chaos. This
can also be found elsewhere, for example the pebbles of a
riverbed, all different sizes, shapes and colours.
The study of randomness goes way back in ancient
history, being intimately linked to chance and fate, but
mathematicians only started to formalise such a concept
in the 16™ century. Long considered as an obstacle, ran-
domness is now one of the rulers of computing science.
Algorithmic randomness proves itself to be even
more efficient than deterministic methodologies
in some cases. Phvsics is also verv fond of the Inspired by the random patterns offered by dead leaves, the
. . e } . - Interface FLOR company, a major manufacturer of carpet tiles,
LGI]CEPE ESPﬂClﬁlh’ for qu antum mEL]]ﬁnlLS 3 had the idea of offering a range called 12™ Modular Carpet in
ﬁﬂd biﬂlﬂg\" 0O, tO SOME €X tcn[) ﬂdmit[ing thﬂt which tles are laid in a random manner, This results in substan-
: . - . . tial savings in material and labour as it is no longer necessary
not all the characteristics of a living organism
are Clﬂt-ﬁ['mil'lﬂd b}’ it5 gﬁ]1ﬁ5 ;,1|'1d ﬁn\fir(}nm{:n'[j the result will be aesthedcally pleasing. The average for offcurs
o . ] s i isonly 1.5%, while during a normal installation of rolled carpet
b}'lt th at ra ndﬂmrl(::&& d(}(:&' ]‘lﬂ\'ﬂ "'1‘ Sdy 1l ‘le:&-tl there is sometimes 14% wastage. Laving s easv because there
nies. Randomness 1s all the more Iteresting as  arc no joins to check and no direction of laying and no sepa-
a concept because, aside from the mathematical Ul replacement because the care needed to have the same
- . - 2 " . _L - colour batch throughout is not necessary.
probabilistic theory attached to it, it also plays ..ipese mercerion
on the verge of religious beliefs and superstition.
[t calls upon our ability to let go of some of the
control, which humans seem to seek desperately
for reassurance, and in the context of creativ-
ity, randomness appears to be an opportunity for
surprises and against all odds, real efficiency.

APPLICATION

to put a tile in a particular place. Whatever their arrangement,

e
Phatos abave
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RCSiStﬂllCC reed 3 83.131.143
to extreme conditions

TARDIGRADES

Tardigrades or ‘water bears’ are tiny multicellular
animals with a maximum length of 1.5 mm (0.06 in). Ex-
cluding the head, there are four segments with a pair of legs
on cach. Each leg ends in a claw. Tardigrades live mainly
in forests and tundra where the mosses and lichens which
form the basis of their diet are found. They are able to live
in extreme conditions at an altitude of 6,000 m
(almost 20,000 ft), in the depths of the oceans AMTHCATIONS
at 4,000 m (13,000 ft), or in polar and equato- T]]'Tdt.".?.t‘:nfi”g. of ﬂ;ﬁ cul]lujir ""m‘"R:]_L,'.Efllfr.m,“wi.s_'lm. 1ut
ial regions, in ice, snow, wet sand, saline sedic =Tl Poemnin i pri . riing
ments or freshwater. up prospects in the food processing industry and medicine.

The unravelling of these mechanisms should in time bring

Their normal lifespan is a few months but e i e B he Sl i o p e
they have characteristics which allow them to  plastic surgery and improvements in the transport and preser-
survive for a very long time and resist extreme ‘%" of o for mansplantation
conditions. They are resistant to X-rays, toxic

products which are lethal for the majority of

species, exposure to vacuum, exposure to high

pressure and high temperatures (150 °C = 300 °F) for sev-

eral minutes, or exposure to extreme cold close to absolute

zero (approx. -273 °C or -459 °F) for several days. They

are also especially resistant to desiccation. Their resistance

to extreme cold has been studied, revealing a mechanism

called cryptobiosis® (i.e. a state of ‘hidden life’). Tardi-

grades enter an ametabolic state in which their metabo-

lism* 1s reduced to 0.01% of normal. They can then return

to normal life after as many as 8 years in a cryptobiotic

state. This state is accompanied by a 99% water loss, re-

traction of the legs and replacement of the water in the

organism by synthesis of a special sugar which acts as an

antifreeze and prevents cell damage. To complete its pro-

tection, a dehydrated tardigrade encases itself in a layer of

wax. When environmental conditions return to normal,

the water bear becomes active again in a few minutes.
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Resistance to strong currents = ,usiya
GIANT BULL KELP

The long brown alga Nereocystis luetkeana,
known as giant bull kelp, forms submarine forests that
are mostly found along the west coast of North Ameri-
ca and along the New Zealand coast. Fish, sea urchins,
snails, crabs and otters use these forests as shelters. The
alga is an annual species, consisting of a root-like struc-
ture that anchors the plant to the seabed, and a flexible
long stem from which long strap-like blades grow, creat-
ing a golden canopy (the upper part of a forest) near the
water’s surface.

The alga is capable of resisting the power of the
ocean as it hits the shore, able to grow and hold its place in
very strong currents. It resists storms without damage by
curling into spirals which offer the least possible resistance
to the force of the sea. This geometric form, a logarithmic
spiral, has proven its effectiveness in nature. It has been
the subject of several studies, for example by
René Descartes and later by the mathematician AFPPLICATIONS
]ﬂCﬂb Bernoulli who gave it the name Spff"ﬂ ppp2- The spiral fans from the PAX Scientific Technology company

A ‘i ; : . are inspired by, among other things, the behaviour and capa-
rabilis, the ‘miraculous spiral’. In mathematical
terms, the lﬂgarithmic Spiral — also dtsignatcd fans offered by the company are guicter and consume up to
) . sul yipal . l d 1 y ]d 75% less cnergy than the conventional devices. This technol-
a8 cquiangular spiral — 18 re ated to the golaen ogy, developed over many yvears of rescarch and observation
]‘ﬂti{} ﬂnd Fib(}nﬂCCi num bﬁr‘fj, Fr()m ﬂn}-’ p{)int in of nature by Javden Harman, the founder of Pax Scientific
the curve of the spiral, the angle formed by the = €cM¢lo® cn be applicd in various domains: computer s
: i - vehicle l_.ar'nn, MIXCrS, pumps and other fluid h.and]u‘lg dl..‘l?li..i..._\u’
radial vector and the tangent 1s constant. Like ctc.®™  phows above and p 195 © paX Scicnsifi
fractals, these spirals are self-similar no matter at
what scale you look at them.

bilitics of giant algae to resist powertul marine currents, The
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Respiration underwater
FISH

All living species absorb oxygen® and dispose
of carbon dioxide *. Respiratory exchanges can take place
in air, in its gaseous state, or in water. In water, dissolved
gases including oxygen are present but in much smaller
quantities than in air. A pulmonary membrane must filter
about 25 litres (1,525 in?) of air to extract 1 litre (61 in?)
of oxygen (the yield 1s moderate, air being 21% oxygen),
but gills have to pass 300 to 500 litres (80 to 132 US
gallon) of water to obtain the same quantity. However,
water on the other hand is 800 times more dense than
air and 60 times more viscous. Gill systems can therefore
make a maximum amount of water pass in one direction
with a minimum amount of muscular effort.

— Gills, whether internal or external organs, are
literally tissues with a good blood* supply which are
turned inside out to form a respiratory exchange sur-
face. They function in a way comparable to
lungs, by means of their form they constitute
a very extensive exchange surface within a re-
stricted volume. Their membrane serves as a
filter, allowing oxygen to pass one way, to the

APPLICATIONS

Like-A-Fish Technologies has developed a device emploving a

method that extracts dissolved air from the water, A one-kilo

battery should be able to provide enough power to extract
air for a one-hour dive, However, because of its bulkiness, it

may be more suited for submarines and underwater habitats

inside of the organism, and carbon dioxide to
pass out of the organism. Water enters by the
mouth and exits via the gills; a sufficient flow
of water being created by the movement of
the animal and by pumping movements of the
mouth and/or gills. For species with external
gills, only the movement of the body allows
passage of water through the gills. On its way,
the blood has captured some of the dioxygen™®,
O,, dissolved in the water and has disposed of
carbon dioxide already dissolved in the blood,
by osmotic diffusion.

| Sir
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than for individual divers. This technology is planned to be
used ar Expo 2012 in South Korea under the theme, *The Liv-
ing Ocean and Coast’. A sub-aqua prototype is in the making.

see . §
Photo top Courtesy of Like-A-Fish |\.'L‘|'|I1-C'||{'|5||'1

The Living Glass by David Benjamuin and Soo-In Yang 15 a
window that uses a shape memory alloy to open and close its
surface like gi”s. The duhignur:{ embedded Flexinol wires m
cast silicone; the wires contract doe to an clectrical stimulus,
cansing the gills cut into the surface to open and close. With
minor changes the system could be tned for environmental
control, detecting carbon dioxide® in a room and *breathe’

. e )
when levels are |'I.I__EJ1. = Phaotas bottenm and p. 200 & The Living
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read p. 190 —“.m“l ]_1.2{!3

200 201
Twdwstry af Natnre Industey of Natwre




Sﬁlf—ClCaI’lil’lg reed  p.91.133.237

Lotus leaves are symbols of purity and are sacred
in the Buddhist religion. They have a notable peculiarity:
they always appear clean. This phenomenon of cleanliness
is related to their surface structure, which makes them
super-hydrophobic (very water-repellent): water droplets
hardly stick at all to the leaves and roll off, simultane-
ously taking with them any dust on their surface. The lat-
ter is covered by a wax micro-structure, the elements of
which are from 1 to 10 pm (millionths of a metre) in size.
This surface demonstrates something known as the ‘fakir’
effect. Wax is by nature hydrophobic and water on the
leaves i1s unable to enter the intervals between the very
fine, rough structure of the wax. The water therefore rests
mainly on air, just as it does in a cloud. With no possibil-
ity of hanging on, it streams away, taking dust particles in
1ts way.

. These properties of super-hydrophobia®

and self-cleaning ability are found on the leaves

of other plants such as cabbage, reed and nas- The textile coating product Mincor® PES, developed by BASF,

. ) s : reproduces the self-cleaning ability of lotus leaves. It can be ap-

HIFLiLETS: SOMEIANeEn haveonips Wwilch- a0t Lo umsac s s sl amaiitie
s

to water in the same way. The key feature is withananoporous layer. -
the ﬁ"ﬂ:t t]1ﬂt th{: contact b(:[“'{:e]‘[ th(—: SLT.I'ﬁ.lCﬁ Designed by Rusan Architektura, the Lumenart office build-

g, also called “Hounse ui-T.igh[‘, 1% sitpated in Pul;i) Croata,

APPLICATIONS

P'hote rop & Pascal Goergheluck

involved and the water is reduced as much as | = . = T that features Stor
ntense whiteness dominates the exterior that teatures Sto’s

p{JSSiblﬁj Lo (]l'l]}f a4 FE“" perccnt 0[’1 t]'lﬁ H\-’[li]:lbll‘: LotSan® paint coating, Over tume, external fgades of buald
SLll'ﬁ’lCﬁ'S. ings buuL.tnmu murlu and more clogged with dirt. l.utuSan@_ ex-
ternal paint coating has an extremely water-repellent surface,
based on the lotus effect. Its micro-structure is modelled on

that of the lotus leal in order to reduce the surface contact
arca with water and dirt to a minimum. Treated fagades thus

wr

remain dry and clean, Pheros batmom and p201 @ A, Kaunar

$ | Glass panels can have lotus effect surface treatment to facilitate
maintenance,
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Selt-healing
SKIN

All human and animal tissues are capable of self-
repair and regeneration. Human skin consists of three lay-
ers of cells constituting successively, from the exterior to
the interior, the epidermis®, the dermis* and the hypo-
dermis®. In the event of tissue damage, several reactions
are triggered to repair the wound. If the lesion 1s superfi-
cial and reaches only the epidermis, healthy cells located
at the interface between the epidermis and the dermis will
divide and migrate to the wound to fill it in. If the lesion
is deeper and reaches the dermis for example, several stag-
es are necessary. At first, the body seeks to avoid potential
infection and special cells ensure that the zone 1s cleaned
by the absorption of bacteria®, damaged tissues and pos-
sible foreign bodies under the newly-formed blood* clot.
Next, the blood flow in the zone 1s renewed and the blood
clot becomes a scab under the actuon of iibrin*, a fibrous
protein® which appears at the moment of blood
coagulation. New tissue is fabricated under this
scab to progressively fill in the hole left by the Arkema developed the Reverlink™ range of ‘scmi-crystalline

e ptneds i polymer™® resins and elastomers® with remarkable properties of
wound. Finally, the wound will finish by retract- . mealing. They've been produced by means of supramolecn-
ing and the tissue created will be transformed lar chemistry® and use renewable raw materials. They are in ef

feot obtained from fatty acid oligomers in vegetable oils, which

APPLICATIONS

into scar tissue, with the generation of a new

comprise a minimum 60% of their compositon. A feature of
arca {_‘,II" ttl:}ith t:]i]_l[']"l [:t]*lt: mMaOst 5]_1[_‘}tjrﬁ{:i:[l 1;,‘[‘!,-'(:]" (_}f: supramolecular materials is that they make so-called ‘reversible’
At ’ (non-permanent)  inter-molecular links, unlike the polymers

the skin). . . . . .
ATISINE from traditional CI'n:u'ush'!.'\ which |'|.:l'_n.' oft so-called “ie
reversible’ {permanent) links, This characteristic of reversibility
gives rse to a whole family of high-performance materials which
e are distinguished by their complete-break properties in com-
\ parison with traditional materals, among other things the self
healing ability: a crack or lweak occurring in these materials can
be repaired by simple contact between the opposing surfaces
of the break under light pressure, recovering most of the inital

L)

hlt’i.'l'l;.’,,I]I. = - I"hotas above and p 208 & Arkema

Nissan developed a polymer-based coating called Serateh Guard

\ Coat. Depending on the depth of the scratches and the ambient

temperature, it's capable of recreating a perfectly smooth surface

in a few davs.

205

Industey of Natwre




Self-protection against attack = 70

IMMUNE SYSTEM

In living organisms, an immune system is a set
of coordinated processes capable of discriminating ‘self”
from ‘non-self’ for recognition and defence purposes.
Pathogenic elements such as viruses, bacteria®, parasites
or certain foreign molecules™ are recognised as ‘non-self’
and are destroyed. Identifying pathogens can be difficult

as they’ve proven themselves to be very adap-
tive, changing quickly to avoid the action of the
immune system and consequently succeeding in
infecting their host.

In mammals, two types of defence mech-
anisms are brought into play: non-specific de-
fence mechanisms (natural or innate defence)
such as protective skin and mucous membranes,
phagocytic cells and even tears; specific defence
mechanisms such as action carried out by lym-
phocytes and the production of targeted anti-
bodies. The latter specific mechanisms consti-
tute the immune response.

When an organism encounters a patho-
gen, it immediately starts to produce antibodies
which are going to recognise the invader and
destroy it. When the first viral or bacterial infec-
tion has been stamped out, the organism con-
serves some antibodies. These will be ready to
intervene in case of a new infection, without it
being necessary to detect all the infected cells.
This ability of memorising an eflicient response
to pathogens in order to combat them if they
re-appear, is called ‘acquired immunity’. The
principle of vaccines is based on this very spe-
cific memory.

7
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APPLICATIONS

The immune defence processes described for living organisms
are l.."lll.ll'li_'lfl.- .I'|_1'|_1|IC.1]1|I; 'il'l l]lL’ k,:I;:l'II'II_'!II,ﬂ.II'I;E'\I l.1|;:l1l'l.'li.l11 l.:hpl.;l.:i.'ll.lfl.-
for the development of software for defence against viruses
which infect computers, With the development of networked
computer systems and the World Wide Web, when a computer
is infected by a virus, connected computers are immediately
contaminated in their turn, Inspired by nature, a large number
of computer companies attempt to develop ‘immune defence’
systems to protect their neoworks against virnses. Using ap-
propriate software, ITBM has undertaken research in this field
by crearing a laboratory capable of detecting the presence of
one million plus currently identified viruses to isolate them in

A SCCUre manncr.

Computer virnses are C“mntelligent” programs capable of self
replication, designed to infilrate computers and to partially or
totally damage them, just as in hiving orgamsms. Virus identi

fication programs search all the code in the computer’s mem-
ory to find signs of viruses previously idenufied and stored in
the memory, Computer viruses have recognisable signatures.
When these are I-Q:lul'l(‘L the ;‘.-l'q:ll_un,'li:m Program indicates that
the computer has been infected. Protection is however not a
builtin feature as new viruses can appear within a few hours,
Researchers in the field now attempr to develop new defence

strategies even closer to those of natural ummuny defences,
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Strength
BONES

It’s possible to imagine the skeleton in the hu-
man body as the equivalent of the reinforced concrete
frame in a building. With each step, the femur (thigh)
bone bears a weight equivalent to three times the weight
of the whole body and when a pole vaulter lands after his
jump, each square centimetre (0.151in?) of his pelvis is
subjected to a pressure of 1,400 kg (3,000 1b). Engineers
estimate that the strength of bone is six times greater than
that of steel. And yet the bare skeleton is only 4 to 5 kg
(9 to 11b) of the weight in the human body. While an
architect can call on a range of materials — steel, alumini-
um, concrete — the skeleton makes do with bone, but this
has a high degree of organisation which manifests itself
by the existence of hierarchical structures fitted together
(also found in the carapace of a crab), capable of adapting
to various external stresses. The femoral bone is particu-
larly representative of this economy of material
on the one hand and of structural organisation
on the other, which allows resistance to major

APPLICATIONS

Crencrating constructions using the exact same principle as

bone growth — first developed by Claus Marttheck, not only

stresses of up to 300 kg/cm? (4,267 1bf/in?). The
efficiency lies in the fact that, just as trees add
wood to the parts which are subjected to major
tensions, nature reduces superfluous bone mass
and does so in a progressive manner.

A lot of effort is currently going into un-
derstanding mechanotransduction®, that is to
say how macroscopic mechanical stress exerted
on bone regulates the activity of bone cells. The
stakes in the materials domain are considerable.
The key being the idea of one day having mate-
rials capable of developing as a function of ex-
ternal stresses.

211
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to optimise an existing shape, but to actally sculpt from a
block with the underlying codes of Mother Nature — designer
Joris Laarman came up with a series called Bone furniture.
This series contains the frst aluminiom chair, a rubber chaise,
a marblefresin armchair, a marble fresin rocker, a mingsten/falu-
minium table and a bronze bookshelf, These were all studies
i1 shape, strength and different matenals. Together with Vitrea,
the Joris Laarman Lab is now working on a low-cost and cf

wr

ficient mduostrial imterpretation of the concept, Ihiatrs
A \

above and image p. 209 @ Friedinan Benda Gallery, New Yoek

The Soft Kill Option {SKO), adapted to the requirements of
the Opel company, has allowed developers to construct com-
ponents as it they were bone. All superfluous material is elimi-
nated by tiny amounts in order to obtain the best strength/
weight ratio, the holy grail of the antomaobile industry. To date,
several Opel models are fitted with a bionic engine mounting
which, while meering very high physical constraines, is 75% of

the weight and twice as strong as its predecessors,




Stf@ﬁgth read  5177.211.215
NACRE

The marine environment is a dangerous one for
soft-bodied organisms like bivalve molluscs (mussels, oys-
ters, etc. ), gasteropods (snails, limpets, etc.) or a cephalo-
pod (nautilus). Evolution has therefore provided them with
an advanced system of nano-structured armour: a shell. Tts
internal surface, nacre ™, 1s a sandwich material consisting of
layers of aragonite™ crystals and layers of organ-
ic material (conchiolin®). Its strength 1s much
greater than that of its single mineral material Following the L‘rdmrlu of th]c Mﬂr:l& ‘~'~'1‘L|* were alecady 1|r:~-

5 . - - i.'l'lf,..’\I nacre 'UI' 'I'L"l_'l acement tect b, 51T '|_'|t’ILZI.\,\| 1e5es CLl II'IL:II'II I 'Ii.\,\
constituent. Plll:l‘.]. Gllel"[.} d [J]IYSILS pl U[-CS'SUI al biomaterial are now being made. Tt will be possible for them
the University of Wisconsin-Madison, states that to be used in reparative surgery for bone substitution and re-
. i . . generation.
it would be 3,000 times stronger than aragonite.

Physicists have now proved that the tiny fraction o S s
e ’ nacre and other high-performance armour plating is becoming
Ut {,)I'gill'll(: marte l"lill plﬂ}’ﬁ p | n‘lﬂ](ﬂ" p:,ll"'[1 more and more realistic says Christine Ortiz, Department of

ATPTLICATIONS

As nanotechnology methods advance, the creation of artificial

Materials Science and Engincering, MIT {source: Jouwrnal of

To delve into the secrets of the structure
of nacre, researchers submitted it to analysis us-
ing synchrotron radiaton”. Using more com-
mon methods, nacre appears to be rather like a
brick wall, consisting of entirely mineral crystalline masses
welded together by the organic fraction. However, polar-
ised synchrotron radiation reveals crystals in different ori-
entations. A larger-scale structure then appears, formed
from columns in which crystals are arranged so that the

Meterinls Researeh, September 2005},

direction in each is different from that ot its neighbours.
It seems that the secret of nacre’s strength lies in these
multiple, crossed orientations. They avoid the appearance
of cleavage planes which can form preferred pathways
for propagation of a fracture. Furthermore, nacre has the
capacity for reconstituting damage or holes. Common-
Iy known as mother-of-pearl, it is the material used by
an oyster to deal with the intrusion of a foreign body by
forming a pearl, which in itself suggests great potential.

213
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Strength
SNAILS

The gastropod (snail) Crysomallon squami-
ferum, commonly known as the scaly-foot gastropod,
lives in the Indian Ocean at a depth of more than 2,400 m
(7,900 ft) close to hydrothermal vents known as ‘black
smokers’, rather like small undersea volcanoes. This ma-
rine mollusc 1s distinguished from its relatives by a foot
covered in scales and a shell capable of resisting
its very acidic environment, where any normal AMTHCATIONS
IIID“LISC S]ICI] CU]lSiS[i]lg Uf C'.].lCiL]‘.[T] El'll"bﬂ]'li_'l[l: & The shell of Cryomallon sgramiferion is of interest on many
". o 5 : . |.L"|.'L'|!1 |-1_It’ l]lL’ dL"n'l..le_PI,'lr'l'lL'l'll Ul- 1.'1_H'I'I'|_'H_I!1i|,L' I'II.ll,L't’i.'Il.S' . II1 AT
“"{)Ll]d bC ll'l_pld_l}' dlSSDh'Cd' I[ 8 ShC“ 15 not Unl}' nautical enginecring in particular, it has been the practice
insc nsi[i‘g'c o ;'lCidS bu[ iS ;_1]50 Cl‘lpﬂblﬂ (_)f l'CSiS[' to assemble lavers of materials with complementary proper-

tics, but these always have to be composites with stable and

ing attacks from crabs which also live around

homogenous structures, This particular shell, as well as the

]11,.'L'Ir(_}t]'[t_‘rm;[| VENts. C]][‘iﬁ[i]]ﬁ 1:_-’]]”1;i}{,J a SCiﬁﬂtiSt cxoskeletons of sca urchins or certain beetles, could perhaps

from the Massachusetts Institute ot Technol- :.Ll:f:;-Lll:lil_:‘:::I:?T;:nr:l-:.mtiw R
ogy explains that the shell of this snail in fact

consists of three diftferent layers which dissipate

energy when, for example, squeezed by a crab.

The external surface of the shell consists of iron sulphide *
granules mixed with a material secreted by the animal.
This layer cracks when absorbing and dissipating energy
exerted by a claw, but the micro-cracks and deformation
thus created, prevent further breakage. The intermediate
layer which 1s the thickest, consists of a softer material and
also absorbs energy, and the innermost layer of the shell is
calcium carbonate for strength, protected from the acidic
environment by the two layers above it.

— In addition to this very specific and unique type
of shell structure, the animal’s ‘foot’ is also protected by
scales of the same iron-based nature (iron sulphides), ba-

sically transforming the snail into an armoured gastropod.
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SPIDERS

Spiders, of the order Arancae, are predatory
animals with eight legs. They produce silk threads which
] allow them to move, protect themselves, catch and store
1R prey, demarcate their territory, etc. They have, on aver-
| age, six small protuberances called spinnerets, on their
abdomen. From these they can express different types of
liquid silk produced by silk glands. The silks are differ-
ent as a function of the final use they are intended for.
N The silks are very light, about 1.3 g/fcm?® (0.047 1b/in?),
very strong, elastic and resistant to abrasion. Silk spider
threads, with a diameter between 25 and 70 microns
.. (0.000984 to 0.002755in), are often compared with
W/ steel. They are actually tougher than the latter. They are
T also more elastic than latex, for example.

The silk consists of a protein™ core filament, fibro-
(| in”, covered with a type of adhesive based on another
\ | family of proteins: sericins®. Fibroin 1s in fact
Y a copolymer®, consisting of different types of

APPLICATIONS

: A TR aminated acids (l)l'il]ﬂil)ﬂll}' gl\.’ﬂiﬂﬂ and illﬁ[lil]ﬁ}j Simon Peers and Nicholas Godley followed the path that

2 ===l i || i 11 11 /] W s e ) i Frenchman Francois Xavier Bon took in 1709, From 2004 to
| | L4 i 4 5. .'.' Y/ | EGI]SITUC[Ed m h}-’dl’ﬂphlllc ﬂl]d. h}-’dl’ﬂphﬂblc 2009 they examined spider silk in the highlands of Madagascar
' : ' = A Vi1 blocks. in the same light as the silk of the Chinese silk worm, Peers and

=N = 5 ; / . |/ . - . . - Godley reinvented the various processes for obtaining spider
I = — ; = .: o " | 4 ' Sllk comes out of the ﬂ.lllmﬂ] mn the form silk and began to collect and *silk” golden orb spiders { Neplnla
—— E - g f‘ - — S —— iy [ (_'jf‘ a gﬁl Elnd. iS CI.TEI“"[’] 111 o a ‘.,-'ﬂ[‘}’ ﬁ[‘]ﬂ '[I'll"ﬂﬂd. Madagascaricnsis). The result of this intensive and exhanstive
=== = : s / ThiS p'&l'ti(:ll]'ﬂr pﬂh’mﬂriﬂ mﬂtﬂr‘lﬂ] h 18 thﬁ 18- work is a woven textile using silk thread from over one million
tonishing property of never being water-soluble e e e e
once the thread has dried. Spid.cr silk also seems o synthesise spider silk. There could be many applications in

to:have:a shapememory’ phenomenon:in;that 2 2iometies domun iapsder silhas aleeacy been uscd 45 2

suturing material}, in the manufacture of bullet-proof vests,

1t {1111,,-'{‘[}-’5 returns to its initial CUIlthfﬂUGﬂ- for fishing nets or in the sporting domain, Farming spiders is

complex, as they are carnivorous and cannibalistic. One of the

b].'li.dt!l'ﬁ. L Phaote & Stimon Peers and Nichaolas ll.ilullﬂ_.l

major routes explored by Nexia Biotechnologies of Canada is
the recovery of fibroin from the milk of transgenic goats. In

effect, there are great similarities between the silk-producing
glands of spiders and the mammary glands of goars. The gene
which codes for spider silk is inserted into the gene pool of the

goat and the desired protein appears in its milk.
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TREES

Nature often uses a helical shape. It occurs in
the construction of the nautilus shell and in the organi
sation of certain algae to optimise their hydrodynamic®
strength. For example: the insect trachea and some parts
of diatom skeletons have increased mechanical strength
owing to the spiral organisation of the material,

This spiral eftect 1s also found in trees which ex-
perience bad weather conditions (wind and snow). Tree
fibres are capable of deviating between 30° and 50° off
the verdcal, thus creating a trunk and branches with a
helical structure. This particular growth ensures a consis-
tent distribution of nutriments between the tree’s roots
and branches allowing it to have increased resistance to
drought or a varying water supply. In general, the branch-
es are supplied vertically because the roots below them
are capable of drawing in water. If roots are cut on one
side of a tree, any branches in direct connection
with them are going to die. When tree fibres
and transport tissues are organised in a spiral, 7Today, thercarc many spiral structures in everyday objocts, for

- cxample the reinfordng on gas ppes
they more or less cover the whole of the tree, t
thus assuring the survival of the whole tree. In
addition, the spiral structure gives the wood velopawater bottle made from PET (polyethylene terephthal

which s |'i:_’|;||l.'|' than traditional bottles of the same mate

APPLICATIONS

The Portuguese mineral water brand Viealis, a member of the

Unicer group, has asked Logoplaste Innovation Lab wo de

ate ),

material extra Htrcngrh: the branches are more

rial and vet is just as strong. Inspired by the spiral growth ot

:I.h'i'L' tO h{_‘lld_ 'I_lI"IL'IL‘]' '[IIC :’I_L"[i(',ll'l {}{: r]l{: u'i]’]d O A the fibres of Pl allieanlic (the whitebark pine), the shape
welght of snow rather than breaking,.

of the bottde allows a saving of 250 tonne {275 US short ton}

of material per vear: less material, a strong spaval structure and
a heightened image for the brand. ™ Phores above and p
220 & Logoplasr
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VENUS FLOWER
BASKET

Sponges are simple multicellular marine ani-
mals. There are more than 30,000 species, of which a
small number live in freshwater. The majority of them
have no defined shape, some form crusts on the surface of
rocks or crustacean shells, others take the shape of urns,
cups or shrubs. However, all sponges have one charac-
teristic in common: a lacy surface through which water
can penetrate, bringing in food and oxygen®. This water
is then expelled via a single orifice called an osculum®.
Sponges are sedentary, just able to contract.

Euplectella aspergillum, the Venus Flower Basket,
class Hexactinellides, is called a ‘glass sponge’ or shrimp
sponge, the former name from its appearance, the second
from its commensal® relationship with a pair of shrimp
which live within its complex structure. The sponge gen-
erally lives in deep water, beyond 200 m (660 ft) and is
characterised by a curved tubular silica® skel-
eton, which can be up to 1 m (just over 3 ft)
in length, resembling lacework. The skeleton The head office building of Swiss Re in London, a tall land-

APPLICATION

mark, popularly known as “The Gherkin’, designed by Sir Nor-

actually consists of siliceous spicules, glass par-
ticles in this case, and is extremely crack resis-
tant and stift. These spicules, called hexactines,
have six points oriented on three axes. Like di-
atoms and radiolaria®, this Euplectella sponge
makes glass by a cold process. The complexity,
regularity and strength of their skeleton is as-
tounding. The spicules have a structure similar
to that of optical fibres: a core which is a few
micrometres in diameter enclosed in a sheath
of about 50 pm (2,000 nin) with a lower re-
fractive index. This sheath is itself covered by a
tough lamellar structure.

2123
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man Foster and a team of engineers, is based on a cvlindrical
architecture similar to that of glass sponges, Opening windows
in the steel exoskeleton allow natural light and fresh air to pen-
etrate the structure, just like food penetrates the structure of
the sponge. Because of its cylindrical shape, wind can casily
wrap around the building instead of blasting downwards onto
the streeet, Also, vents at the bottom level suck in wind and swirl
it upwards just like a sponge does with water. Besides resistance
to wind and breaking, the complex framework also assures a
better ventilation management, cutting air conditioning costs.

L r ; T
Photos abone and p.221 & Migel Young § Foster + Parmers




Symbiosis
LICHENS, CLOWNFISH,
SEA ANEMONES, ETC.

As unassuming plants, often unnoticed by most
people, lichens colonise a very wide variety of surfaces:
tree trunks, bare rocks, concrete, mosses or even other
lichens. They are capable of growing in places where no
other vegetation exists. They are in fact composite plants,
an alga living with a fungus. When scraped ofl, the whit-
ish or greyish lichens are revealed to be green
inside and small cup-shaped organs which are APPHICATIONS
1_2_ mm (004_008 i]l) i]l diilmC[CI' can bC Beyond the direct use of these organismes, it is their symbiotic
. rul.tliunhhip which MSPIFes l.]ll_H.IH]II.._\ as to the type ui'p.'u'lm_'r
seen. When seen under [l‘lC MICToscopc, these ship we can encounter in nature. There is no doubt that this
C]cmcn[g are CSSL‘]I[il‘l]h’ []ll: same as [lll: I'L‘p'I'U' type of exchange of *services’, guaranteeing the survival of cach
o e f i B B . species, is to be taken up in different domains such as agricul-
ductive organs of fungi in the genus Peziza.
This association offers a very specialised kind
of life solution. There are many conditions in

ture, management or 'i|1L|l'I.‘itl"_-'.

which an alga or fungus, taken separately, could

not survive, but their close relationship allows them to
survive together in a wide variety of conditions. An alga,
using photosynthesis* among other things, makes metab-
olites such as carbohydrates® which the fungus needs to
live. In exchange, the fungus offers protection for the alga
against wind and excessive sunlight. It also provides the
alga with water, carbon dioxide®, mineral elements and
organic molecules® such as acids which protect the lichen

from bacteria® and molds.

Clownfish and sea anemones also share certain in-
terests. The tentacles of sea anemones carry cells which
can sting, paralyse and kill fish. Clownfish are immunised
against the stings and even seck refuge amongst the ten-
tacles to escape their predators. In turn, they defend the
anemone against attacks from butterfly fish, which feed
on sea anemones. The anemone also benefits from some
of the food eaten by the clownfish.
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BOTTLE-NOSED
DOLPHIN

Tursiops truncatus, the bottle-nosed dolphin,
well-known from water parks and in television pro-
grammes, is a popular, intelligent cetacean mammal. It
can reach 4 m (13 ft) in length and weigh up to 650 kg
(1,4001b). The dolphin likes to swim in the warm temp-
erate waters across the world with its team mates. Dol-
phins mainly live in pods (also called schools) of up to
a dozen individuals for mating, hunting and protecting
cach other.

To search for their prey, like fish, shrimp or squid,
they use an echolocation system, just like bats. Each ani-
mal has a large lump on its head called the melon, which
is situated just in front of its blowhole. This is in fact a
fatty mass which transmits and receives ultrasound, a sort
of ultrasound™ radar. This aspect of the animal 1s under
study and already a source of inspiration.

- Dolphins also have an excellent ability
to regulate their temperature with the aid of,
AMONg Uthﬁr []lings []"IE fi'l[r}r l'fl\"’:l" W]lic h coOvers Phase-change materials {PCM*) are already in use in the tex-

- = S : . . : e tile domain, offering garments capable of providing their own-
tht“ l_"){_‘.ld}-’, T]]]S fﬂtf}-’ COVCIng consists of fﬂtf}-’ cr with constant thermal comfort. The special textiles, manu-
'J'Cidﬁ idfﬂ[iﬁﬁd as phﬂS’:"Chﬂﬂgf mattriﬂls “-'i th q  factured by Schoeller, contain millions of microcapsules filled

; . with PCM and create a personal comfort climare, **
melting point between 29 °C and 38 °C (84 °F H:”Mnm;,,::f,,[; e
and 100 °F). This quite specific fat composition _ P T e
There are also wall coverings {paints or panels) which include
15 mﬂtﬂhﬂd T\.\']th d hlgh]}-’ dﬁ\-’ﬁl(_}pﬁd \-’:.15[,_"1,1]3_]" 5}’5' phase-change matenals and are capable of providing effective
tem. The vascular adaptations control heat loss SR S

. . . by BASF AG, 15 a phase-changing polvmer. Tt consists of mi
bf-," acung on the blood circulation. The com- cro-cncapsulated wax globules which function as latent heat
binaton Upcmtcs very C[‘Hi:itl'l[l}-’ ﬂ]]dj EUUplCd .!Ii.ZCI.:IHjLII.llLII"h lnf increase the lI'iCI'1_‘II.lI mass of |ig|'|l".';'1;ir|3.|1l: c!;m

. . S : struction materials. It can be, for instance, employved in build-
with th': PI'GPCI'UCS of the PllﬂSC—ChﬂllgC [".1[[}-’ ing materials to maintain the indoor temperature at a constant
acids, gives a very effective thermal regulation 23°¢-= ek

system. The study of fatty acids and the system of the combined PCM/

APPLICATIONS

thermal regulation in a room. Micronal® PCM, manufactured

vascular network complex opens further interesting pathways

in the textile and construction domains.
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PINE CONES

Pine cones are in fact the reproductive organs
of conifers and show that pines are gymnosperms “. There
are female pine cones and male pine cones. These cones
consist of scales which overlap and are distributed around
a central axis. The scales carry the reproductive organs of
the plant.

On looking into the way pine cones function, it can
be noted that they are capable of opening when dry and
closing once they become wet. The scales are two-layer
elements which react to variations in atmospheric humid-
ity. Once exposed to dampness, the cellular tissues in the
external scale layer have a tendency to expand lengthways,
causing the scales to close, the internal scales following
the movement passively. When the environment becomes
drier, the opposite occurs and the same tissues shrink,
opening the scales. These cellular dimensional variations
are controlled, among other things, by this re-
action and the arrangement of the cellulose *
microfbrils in the piﬂf cone. The shoe lining material ¢ change™ textile, developed by

s - p iy Swiss company Schoeller contains a membrane inspired by ob-

Thf bChﬂVlUlIr of a pinc conc SCﬂlC 15 M gepvation of pinc-cone scales. At high temperatures or during

ﬁ]c[ a natu l"[ll TEI"SiUH {_)f a b] -mt[nl S[rip} th,: W  intense activity, the membrane structure opens when the body
~ . . perspiration increascs. Excess heat can then cscape to the exte-
parts of which are bonded together, each taking

thﬁ {_]'[hﬁ[‘ “’i[h lt i[] th(—:i]" movemen t_‘ as a ﬁ_]_n{:— active period, the strocture recloses to retain body heat within
the garment, 2%

APPLICATIONS

rior. After a reduction in body perspiration during a cold or in-

Photos above and p. 229 @ Schoeller Texril AG

tion of temperature.
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TERMITES

Termites are highly-organised insects. They are
‘eusocial’, which is the highest level of social organisation
identified. Bees and ants, for example, are also considered
cusocial. This social model is studied in depth and inspires
humans in terms of organisation of systems and even so-
cieties. The model 1s characterised by a strong hierarchy
in which the queen ensures the reproduction of the spe-
cies, while sterile insect workers protect her and deal with
everyday tasks, providing a suitable environment for the
swarm to live in.

Some termites of the genus Macrotermes special-
1se in building structures complete with air conditioning.
Macrotermes bellicosus is a mound-building termite found
in tropical Africa, where it is capable of constructing
mounds up to 6 m (20 ft) tall and 3 m (10 ft) in diameter,
using earth mixed with saliva. Termite mounds are almost
as hard as concrete and have walls up to 30 cm
(12 in) thick. The interior of these ‘buildings’
is a labyrinth of cavities and corridors variously Since 1996, the Eastgate Centre building in Harare, Zimba-

e S .7 bwe, has been open. This building has passive air condition-
reserved for raising young, storing food and for  , wich requires no input of encrgy, a shoet and long:term
moving around. One of the unusual features of  economic efficiency from an inspired design by architect Mick
these termites is that they cultivate species of Feanc; jncollabocsticamirArup ey S
fungi as their primary food source. To enable
them to do this, a mound must have a constant
temperature between 29 °C and 32 °C (84 °F
to 90 °F), whatever the external temperature, which may
vary over a range of 40 °C (104 °F) in a day. The design
of the mound, with its ventilation, heating and cooling
systems, has been studied extensively. The insects are able
to regulate the temperature by opening or closing air pas-
sages.
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360° Vision
CHAMELEON

Chameleons are highly-specialised lizards of the
Chamaeleonidae family. There are more than 150 differ-
ent species of chameleons, known mainly for their ability
to change colour depending on their surrounding envir-
onment, thanks to the presence of chromatophores” in
their skin, just like in cuttlefish. They don’t possess any
ears, but they have very characteristic and rather
astonishing vision: their huge eyes® bulge and AMHCATION
swivel independently, giving chameleons 36(° The operation of the chameleon’s eyes is of interest in various

.. ficlds, from acronantics to the military. This high-performance
V1S1011.

vision, adapted for surveillance systems, could considerably
They capture their prey — which include improve the performance of security cameras.

insects such as grasshoppers, but for the big-

gest chameleons it even includes small birds or

other lizards — by shooting out their tongue

very quickly and precisely, sometimes up to a distance of

more than three times their own length, which can be up

to 70 cm (27 in). Their unusual eyes allow them to moni-

tor their entire surroundings without moving, which has

the double advantage of not scaring their prey, and also

not drawing their predator’s attention. Once one eye has

located the prey, the view points of both eyes converge

on it, thus providing binocular vision to enable them to

judge the distance to the prey. This analysis of the eyes’

accommodation, that is to say analysis of the deformation

of the lens which allows focusing, shows the chameleon

where to act. The lens is stretched by the muscles of the

iris in the eye and the chameleon’s brain assesses the ex-

tent of the stretching as a measure of the distance to be

covered.
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/ Walking on water
GERRIDAE

Insects of the Gerridae family of the order He-
miptera have the astonishing ability to walk on water.
They are often called ‘pond skaters’ or “water striders’ and
live on the surface of calm waters. At rest, the weight of
these insects, characteristically 0.01 g (0.00035 ounce) is
held up by the surface tension™ of the water. The skater’s
six feet, covered in hair and hyvdrophobic™ wax,
rest on the water surface, creating depressions
up to 4 mm (0.16 inch) deep without breaking ﬁi.w?'r.u:ftif& cng:tnu.ulr:_:wd ﬂuifihl_@: d:‘;‘f&p _r:;lmlts capa
the elastic film produced by surface tension. . pimscf beir conable of coobving in the ame wan

<~} The insect can support up to 15 times its own
weight and still stay on the surface. derstanding the phenomena of super-hydrophobia , which

may have applications in the ficld of impermeable textiles,

ATPTLICATIONS

man himself being capable of evolving in the same way,

Studies on the skater™s feet remain I.'ll'l.llﬂ'li.}-jl'l:__'. in terms of nn-

_ Researchers at the Institute of Chemistry
in Beijjing have shown that, although the hy-

among other things,

drophobic wax secreted on the feet is certainly

involved in the ability of the animal to move

on water, having hairy feet i1s the primary explanation
of the phenomenon. Each foot has thousands of micro-
hairs, with a diameter of the order of nanometres to a few
microns (um), 50 um (2,000 pin) in length and set at an
angle ot 20°in relation to the surface of the foot. Each of
these hairs has micro-grooves and air is trapped between
the hairs and the grooves, forming cushions which in-

crease the animal’s ability to float.

A simple hydrophobic surtace would allow the Ger-
ridac to stay on the water surface but the particular con-
figuration of the feet allows them to move very quickly
as well.

The Gerridae are also indicators of water cleanli-
ness. In effect, if the surface tension is reduced by the ad-
dition of detergents for example, the insects are no longer
capable of resting on the water surface. Their presence is
theretore a good indicator.
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Water collection
NAMIB DESERT BEETLE

Beetles of the genus Stenocara live in the Afri-
can Namib Desert, one of the driest places in the world,
not receiving more than a few millimetres of rain per
year. These beetles are able to capture minute traces of
moisture from the air by an ingenious method. Research-
ers Andrew Parker and Chris Laurence looked into this
intriguing subject in 2001 and discovered how the insect
captures this vital fluid in such a hostile environment.
The beetles have rough elytra® (wing covers), a surface
on which hydrophobic® (water-repellent) hollows coated
with wax, alternate with hydrophilic® (water-attracting)
ridges. In the early hours of the morning a beetle posi-
tions itself on the crest of a sand dune, bending its head
down, its body creating a 45° angle to the ground. Fog is

one of the only sources of humidity in these deserted ar-
eas. Fast-moving at almost gale speed, it comes from the
Atlantic Ocean and blows over the desert, just a
few times per month and normal condensation
of any moisture scems impossible. However, By combining raiscd hydrophilic® arcas with lower, super

hydrophobic® areas, as demonstrated by the Namib beetles, it

APPLICATIONS

the beetle’s hydrophilic ridges retain traces of

is possible to make materials able to capture minnte traces of

Iﬂnisl’u"c_ h.-‘ﬁnutc drnpl{:ts nf" '“.r-;ll'cr‘I just a ﬁ:]ﬂ' moisture from the air and convey them along a channel, De
. . . - . signed by Kitac Pak of Scoul National University of Technol
mMiCcrons |::].]|T1 :I 111 dl'&mﬂrﬂl’.l h'ﬂ'l'ﬂ Oon th’ t'lngL‘H.

oy in South Korea, the Dew bank was inspared by the Namib

The Ll]'{}l]]lL"L'H C_\;I]f[]']d 1_11‘|‘E-1],J at a certain }’)(]iﬂl’.l ian beetles collecting maoisture. Tts steel body helps to assimilare

‘e . the morning dew and to channel it inte a bottle immediately.

they cannot be held on the hydrophilic ridges, . ™" & @ne wo chanael it o @ bOTe Hmediaiey
so they run down into the hydrophobic hol- : e s s s

d . * ] A team of researchers of Oxford University and the UK de

lows, from which they are channelled directly fence technology firm QinetiQ are collaborating to develop a

to the mouth of the insect. The beetle — ad-

equately hydrated — is then ready to face its hot

Photo & provided by the Industrial Designers Socieny of Amenca

device to collec l::.l".lllii1'._'_[ water and .|g|'|r|1||1|:'r Water in l::.l':k
regions of the world.

One can also il‘:'l'.'L:.{iI'li.' that this model could be put to ather
. r AT . . .

d ﬂd d]"}- d ‘1} : uses, to collect substances other than water, for example toxic

clements.
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LET’S
DISCUSS I'T
WITH

FRED GELLI

PRODUCT AND GRAPHIC DESIGNER, FOUNDER
AND CREATIVE DIRECTOR OF BRANDING AND DESIGN
AGENCY TATIL DESIGN

What sort of relationship does man have with nature?

[ believe humans have lost their natural connection with the big ecosvstem

which is the planet Earth (Gaia). By comparison, people have been on this earth for a very

short ume, and only learmed to write some 10,000 vears ago ™ r.13.241. Man’s mtelhgence
and immaturity have put people in a position of wonder and amazement of their own possi-
bilities, which has led to a loss of the instinctive link with the planet. In nature as well as the

stenm’s logics, competition and cooperation thrive in balance. e

In nature as well

as the ecosystem’s

on the other hand, have invented a new drive that radicalised this relation-
ship: greed. But I'm an optimist and 1 believe that with a little more ma . o
turity, our specics has a big chance of parucipating in an harmonic and / OgLCs, competiiton
symbiotuc way with Gaia, an .ﬂ.r ca r_'ﬁl'j".-"f.'.'?'ﬂ' rrom

thrive in balance
What can people learn from nature?

Nature functions according to three principles that guarantee its “investment’
success. Firstly, there is ‘optimisation’, nature always endeavours to reduce the spending of
energy. People have a very different approach, which is maximising, loving waste and extrava
gance. Sccondly, nature always considers closed cvcles as bases for productive processes.
‘Nothing is lost, nothing is created, evervthing is transformed!” People consider linear pro-
cesses, which is absolutely futureless. And lastly, nature considers ‘interdependence’, where
cverything in the world is influenced by something and influences something clse — every
thing is connected to evervthing ™ p.167.225. People are ‘Cartesian’, thinking and acting in
a E-'I.l::__"lll'l"t"]-l[l'."d \"i.-.'l?.'-. []-I I:ﬂl'.l"."l' \t-l:]ti{."n.l '.l'.ll'."'l 15 A |I::l[ T ACarn .lI."H ML ]-I'l.:"'l-"l-' maTunre l‘-"l'l:]lill'i:"t'h.

Biomimicry” offers an opportunity to take a major creative shortcut. Nature has been
there for 4 billion vears in which it has been developing strategies and solutions, both physical
and chemical, There is a large and precious source of solutions, information and inspiration
available to everyone. These available ideas are already complete, ensuring the slightest envi
ronmental impact possible, but with high sensorial impact { something all eco solutions should
pursue) and, as if that's not enough, they're also ‘co wleft? The connection berween biomim-
icry and sustainability is absolute. There’s a flood of biomimicry examples, benchmarks of
pure sustainable geniality! It's just a matter of knowing how to mine, because the solutions
are all there.

Personally, 1 love the perspective of pursuing strategic, conceprual and philosophical
inspirations, rescarching how nature deals with a *briching’. 1 also like to expand my horizons,
starting with biomimicry which presupposes to mimic nature, to biomspiraton, and also to
talk about the *natural solutions’, which includes inspiration by abiotic solutions such as crys-

tals, or processes like atmaosy




Nature 1s
MY CTeALive

How do you apply biomimicry principles in your work?

Biomimicry"® was the theme for my graduation project on industrial design. [
made it myv goal to understand how nature ‘packages’ things. 1 studied the planet’s atmos-
phere, fruit peels, and even the uterus as a brilliant package that protects when it needs to
protect, and repels when it has to repel the contents. While working on this project 21 vears
ago, my thoughts were geared towards eco-design, which resulted in the establishment of my
design agency Titl. We were absolute pioneers in the use of recveled materials in packaging
and office products. We were constantly disassembling and optimising shapes to guarantee
reduction in use of materials and processes. Since then a great deal has happened. Several
projects that we undertook were directly inspired by natural solutions,
while others were the result of methodology and creative principles com-
pletely reasoned by bivinspiration, which is what I like to call biomimet-
oracle ics". Narture is my creartive oracle, where 1 search for points of view, look

to confirm others, and above all, maintain my enchantment for the chal-
lenge of creation.

For Natura, the biggest cosmetics company in Brazil and our major client, we have
used biomimicry in different approaches. From inspirational sources, to shapes and principles
of packaging, and even to strategic inspirations for projects and relationships with communi-
ties in the Amazon Rainforest. A lot of these projects are still happening and are being con-
ducted in secrecy. We are currently working on a project in partnership with Janine Benyus’

read

Biomimicry Guilc p.33 on the packaging and transportatnion of liquids. This project is

still in an exploratory research phase. In conjunction with the Guild, our biologists are under-
taking an in-depth study of different species which deals with the question: *“How does nature
contain liquids?® We have received an incredible report from the Guild listing 30 different
potential examples to create packaging for Natura's cosmetics, which is a great source of in-
tormation and inspiration. We expect that in learning and understanding the species” charac-
teristics, we will discover how nature solves packaging challenges in general and extract some
specific solutions to specific problems.

We have also been developing exploratory projects about various themes that function
as creative ‘provocations’ for several of our stockholders. Flowers, for example, have incredible

read

strategics for generating sensory traps p117. We made some analogies berween the differ-

ent involvement strategies developed by flowers for their differing *clients’, and the projects we
develop on ‘experience design’. Flowers can serve as an innovative marketing case. When imag-
ining that Earth has existed for a single vear, proportionally flowers would have evolved only
abourt 4 hours ago and would already be an essential part of the planer. When translating this
thought into a brand case, this would mean that a new brand could ‘entice’ the entire world in
a very short amount of time. Flowers also invite many others to partcipate in vegeral reproduc-
ton {pollinaton) such as birds and insects. One could imagine a business model where these
others are professionals in various fields who could be made stockholders. Flowers have differ-
ent strategies for differing “clients’: for moths, the flowers open up at night and are white so as
to illuminate in the dark, while for the bats, the flowers are large, resistant and very fragrant.
This approach could be applied to one of our clients’ stores, creating sensory traps.

— There’s also a project about how nature *does business’, which has been developed in
partnership with FGV (Fundagio Getulio Vargas, the largest business school in Brazil). This
project is also still “work in progress”. We are studying ecosystems®, looking at the different
tvpes of ecological relationships as benchmarks which include new sustainable business mod-

cls. We believe that a nature-inspired business is very effective.
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Do clients contact you specifically because of your biomimic
approach:?

An involvement with the theme generates a lot of curiosity and interest. But
there are only a few people who are really interested and who also have the intention of ac-
quiring the services of a consulting agency in this area. However, things are starting to change
and we already having a biologist on our team. We will shortly be opening a laboratory to
conduct regular rescarches on biomimetics®. This will happen in partership with some of
our clients, and also with research institutions such as the PUC-Rio and the Botanic garden
of Rio de Janeiro.

How can creative professionals participate?

The first step for creative professionals in all arcas should be to understand the
perspective of biomimicry® as a source of inspiration. I have given many lectures in Brazil as
well as abroad, and have seen this theme resounding to most people. There is a lack of knowl-
edge and naturally it is of fundamental importance that more courses are opened to bring

about the multdisciplinary character of the theme.

FRED GELLI

Fred Gelli graduated in product and graphic design from the PUC-Rio (Pontificia Universi-
dade Catdlica do Rio de Janeiro). In the vear 1990, when he was still a student, he started the
branding and design agency Tiul design de ideias, which he runs today as the founding part-
ner and creative director. In 1999, Gelli became a professor at the PUC-Rio and has been
teaching a biomimetics course in the industrial design department since 2008, *I’'m in love
with the idea that design is a powerful ool in the big creative challenge that we have ahead of
us, which is simply to redesign our occupational logic on this planet’
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MARINE JACQUES-LEFLAIVE
AND EMMANUEL DUPONT

ECOL N:\P»’II{'_'.I ARCHITECTS, FOUNDERS
OF ATELIERZEROCARBONE ARCHITE

What led you to ecology?

M: We come from families who have been working with biodynamics in agricul-
ture for several years. Their acquired knowledge — a way of working with and looking at na-
ture — have been passed on to us. We have assumed the term ‘ecodynamic’ in the ecological
sense, but above all in the sense of an alwavs dynamic relationship with nature, the materials
and the client. There should be a relationship that is continuously on the
move. The notion of movement is essential in our architecture. That’s a ne

, vet to us it’s historical, coming from a family heritage where there’s
a desire to extend it in construction. To us it’s a normal approach 1o a proj-

a4

pecial thing but a “given’. It%s part of the basic elements of the
ct and it’s part of the financial aspects. It has nothing to do with fashion
or pleasing people, it’s part of our very being. We just do it, that’s all there

1% TO it

As far as your education goes, is this dimension

an integral part of it?

M: During our studies there were absolutely no courses on ecolo

E: That’s right, taki n interest in this field was always a personal thing

the students. It was certainly not a ‘given’,

M: The school of Architecture taught us other things. We learned to open our
minds. We were certainly not given any ecological tools or a global outlook on our relation
ship with nature. But today, colleges are doing it more and more.

E: That would be because that’s where the market 1s.

M: Yes, part of the market is there now. The ecology trend has opened up op
portunities for people who have been interested in the subject for a long time. There is also a
downside to the ‘trend” aspect, which is that there are people who have a sudden interest, who
learn on the job and who don’t always do things consistently — as opposed to those who have
been involved for a long time and have made it an integral part of their entire approa
that can’t be helped, that’s how it works with trends. The pioneers are not necessarily well
known. For example, the French architect Bernard Mainguy and the Britsh architect Bill
Dunster = both rather involved and very experienced - dug the ditches and a generation later,

v by following in their footsteps. By becoming aware

gave us the oppormumity to work correc
of the possibilites and being convinced of the added value and necessity, it becomes unac-
ceptable to work on projects that don’t correspond with these ethics. The pioneers had many
problems because they didn’t have many opportunities to do exactly what they wanted to do,

there was a great finanaal risk. Nowadays, 1t's a lot easier.




What do you think of the relationship between man and nature?

M: There’s always a link, obviously because we're part of it, but this link seems
to have been forgotten.

E: It hasn’t been forgotten, we've become distant. I'm quite sure that the world
is trving to go in the right direction but we've lost the connecrion with what has to be done.

M: Society disconnects us completely from nature, from a rhythm of nature,
from a relationship with simple things, the sources of wonder. Nature is felt in a subtle, calm
and conscious way but doesn’t play a major part in our society today where it’s all abour the
extraordinary, the wow! factor. There is an urge to get closer to nature but the journey is
certainly going to be long. Man’s distance from nature has been quite severe for over 50 years.
Personally, we spend a lot of time walking, deciding on designs, discussing ideas and organis-

ing our week. It’s a very simple thing burt it’s an interesting time with nature.

Would you say that nature is the best ‘industry’ there is?

E: I find it odd to say that nature is an industry. It’s magnificent, burt it’s not an
mdustry. It doesn’t make any products. It's something that’s changing all the time, it"s in mo-
tion. Nothing is immutable. An industry has a goal: to make a profit and to keep people
content. Nature does everything for itself, it doesn’ have a specific aim. However, it is incred-
ibly well-organised.

M: That’s exactly it, it’s fundamentally well-organised.

E: And above all, everything remains to be discovered, we don’t really know
anything yet.

M: There’s infinite wealth and it’s completely antonomaous. For me, the most
pleasing thing about the ecosvstem” is that it has taken autonomy to perfection. There’s con-
stant movement with slow adaptation.

E: Nature is more than just plants and animals, there’s a rhythm, there's the
cosmos, the Earth. There are many other more subtle things involved, such as energy.

M: Qur relationship with nature, to a large extent, is based on energy. There are
plenty of subtle dimensions that exist today that still remain undiscovered, but which influ-
ence both the architecture and agriculture just as they influence medicine and man. We should
take them into account.

How do you deal with nature and sustainability in your work?

E: Qur architectural projects have to function, they have to be consistent in
their concepts, in their design and in their spatial organisation. It’s a conceptual approach
which starts at a very early stage with the client. We are very technical in respect of the mate-
rials or energy strategics that we're going to use.

M: We think that a building is a living organism which constantly interacts with
the needs of the inhabitants and the environment that it’s in. Thart’s the basis of our designs.
We work closely with the client and research their way of life, how they feel about it, and what
changes in their personal life. So there’s a lot of preparatory work and then there’s work on
the environment in which a house is placed. The house is in effect a skin berween the inhabi-
tant and the environment. Our role as architects is to articulate these two objective con-

straints, these two parameters, to provide something alive in the materials sense, but also on
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a technical scale. By the word technical we mean simplicity, we're not going to make a gas
facrory. Our aim is to make something verv simple, which approaches nature in the make-up

of a wall or a roof, that gets as close as possible to the way nature funcrions, that’s to say

naturally. Tt self-regulates and self-adapts to different climate changes ™ p.231. The technol-
ogy that we put in place will either allow the inhabitants, with the aim of full autonomy, or at
least medium autonomy, to generate power in siti. This can be achieved by having an au-
tonomous house, like the one we were involved in at the French commune Puligny-Maontra-
chet. This house has transpiring walls and largely works with nature: in the design sense, not
only in its composition, in its colours and in its changes, but also at a technical level, because
the people who live in it feel very strongly abourt this. It was actually necessary to screen all
the internal electrical wiring so that the inhabitants could feel comfortable about that

e

Phote p.255. Another example 15 a design that we're currently working on: a wine cellar
¥ X g ) 2

in the shape of an ecg with an extruded vault. We think thar the people ;
P 88 £ We think that a

who are having this built are portraving the idea of going into a protective

cgg. The idea of a relationship with the shape of the building appeals to us,

very naturally. This cellar is going to be above ground because the water with the needs
table in Burgundy is very high. We are trving to make rhis a passive above- 0 f the inbabitants

ground cellar, a rather important objective, because in Burgundy there’s a

huge consumption of electricity involved in providing cellars with air-con-

" -, "
ditioning and keeping them cool throughour the vear. We're aiming as that it’s in

much as possible for a passive building within our technical capabilities
and in the warmer periods solar-powered air-conditioning will cool it
down. All the energy needed will alwavs be provided by resources such as wind, wood or solar

reed p.113.153. To achieve this we're working with a building-energy specialist, a heating en-

gineer and a wood engineer. They are extremely intelligent people who have a special phi-
losophy and are very focused on the objectives instead of the constraints. This notion of
constraints and objectives is very important to us. Abroad they talk abour objectives and in
France we talk about constraints. The idea is always to aim high and to do the urmost with

the objectives that the environment imposes on us.

Do your clients contact you because of your ‘sustainable’ approach?

M: Most people don’t have big budgets but they all wanrt ecological buildings
= which are obviously more expensive. There is a price difterence between breeze-blocks and
glass wool and berween wood and natural wood fibres. Using natural products also takes time.
Conceprualising projects with international companies does allow us to curt costs. We end up
working with foreign products that are not certified in France. This is something which is still
novel in France today, except for certain types of highly-specialised projects with rather ad-
vanced technical specifications. But we're doing it for all projects and in general things go well.
Some clients approach us because they've always dreamed of a bio-something-or-other, and
they put their trust in us. There are also those who are extremely passionate and really know
what they want. I admit that most people who consult us have a yearning for wood and for a
very advanced environmental quality. They are not necessarily looking for certification, which
is why they're very interesting for us, because certification causes constraints. It pushes us into

a mould that is not necessarily consistent with the life of the inhabitant or the environment.
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building is a living
the shape that vou have in vour head and the energy which can influence organtsin which
the place. It’s not that we're trving to do it each time burt it just happened {;ﬂﬂjﬁﬂnﬂy interacts

and the envivonment



Cerrification guides people, it gives them some basic rules, but I think that we're looking for
something else, other ways of thinking abourt buildings, other ways of seeing energy strategies.
It therefore gives us great pleasure when people don’t necessarily want certification. France is
mainly focused on energy consumption. It’s possible to make polystyrene buildings with a very
low consumption while elsewhere they rather consider things from a progressive perspective.
Usually, one ensures a house is well-constructed with sound materials, that it fits the budget-
ary envelope and is suitable for family life. Some energy-consuming equipment from renew-
able sources is also possibly installed. Foreign governments propose progressive solutions
which have crosswise objectives. You can’t build a low-energy consumption polvstyrene house
with energy-consuming equipment, because the ‘lowest’ criterion is to have a house made of
sound materials that doesn’t consume too much water, which gives a feeling of well-being and
has a certain percentage of natural light. In France there are no criteria in respect of water,
well-being, materials, transport, food, etc. Although there is the HQE (high environmental
quality) approach, one only needs to comply with certain points and may disregard the others.
That’s not of much interest. What is interesting is to work with many “cursors”. You can't have
one cursor at maximum and another at the bottom, with an environmental objective all the
cursors should go up simultaneously. This results in a global ecological scene which is ex-
tremely interesting. Like nature it's global, a systemic approach where everyvthing is interde-
pendent. The parameters are flexible and there is no single solution. All the notions and the
lessons that nature teaches us, form the basis, the ancestral basis that we have to re-appropriate
for ourselves. We do it gently, we sometimes fear that countries can take decisions thart scare
us a bit, but it’s a question of time. Nature takes the exact amount of time it needs.

E: It rakes time to do it. We are happy when clients have the time, even if they
don’t have a lot of money, if they have the time then that’s ok.

M: We've noticed that time is unbelievably beneficial to a project. This param-
eter is often neglected. Rhythm is involved in nature. There are seasons and there is a mini-
mum ‘gestation’ period. It’s the same for an architectural project. The problem is that we al-
ways have to find a balance berween the time which should be taken and the time that must
be taken to remain financially viable,

How do you think creative professionals can actually participate
in such a sustainable movement?

E: Again vou have to make sure that all these ccological concepts are a *given’.
[t shouldn’t have to be forced.

M: Perhaps creative people should put the ecological question at the forefront.
It must be intrinsically linked to the product.

E: I think that's precisely it, but it’s a long way off. I think that the day will come
when it’s absolutely normal to use only renewable resources, to have sustainable things, to
take our time, to use sound materials and with a bit of luck, we'll ger there.

M: We are in a transitionary period. The connection with nature must be made
again, so that it becomes normal and vou no longer have to pose this question,

E: Today’s generation is really starting to act. In our circle of friends and col-
leagues, there are plenty of people who are not specifically into ecology ™, but who certainly
think about these issues.

M: We have a phenomenon where ecologists no longer call themselves ecolo-

gists. They're afraid of being labelled, which takes away their integrity. That’s extremely pain-
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ful for sincere, honest people who are trying very hard to do intelligent things, without seck-
ing publicity, without constantlv tryving to be in the limelight. It's not easy to find the right
balance between communicating and yvet remaining serene and moderate. You have to guide
vourself towards being restrained.

E: And above all you shouldn’t be too extremist.

M: Yes, being an extremist ecologist is also a danger. For example, when we are
on a building location at an isolated site, we're obliged to take measures for safety reasons,
such as extra batteries. This is the first thing that people take offence to, because at a given
moment, we're not absolute extremists. Yet we cannot put people in danger. There’s alwavs a
serene balance to be found. Nothing is bad in small doses, but everything depends on what
vou do with it, how you use things. What is of importance today, is to go as far as possible
within the financial capabilities. That’s already a huge step. There are people who are not
aware vet of the slightly better materials that are around nowadavs . What is important is to
guide people towards the possibilities. There’s a lot of theory and many publications, but 1

admit we spend a lot of time exploring different accomplishments, but that's what we enjov.

Is there something you find especially fascinating in nature?

E: Everything!

M: Nature's consistency and simplicity. It handles a paradox, it is simultaneously
violent and gentle, like us. And ver it endures in all its fascinating autonomy. Then there is
nature’s ability to adapt, to react. In all sorts of ways we are part of nature. We also manage to
adapt ourselves, but in a very drastic way. We are in an ecosystem”™ where we are constrained.
There’s not much room for personal expression and innovation, no place for different forms of
human relationships. We're in a pyramidal hierarchy, which imposes harsh living conditions on
many people. OQur way of life in Europe today is dependent on poverty in the southern hemi-
sphere. I'm not sure that we are being consistent in terms of nature if we speak of humanity.

E: What fascinates me is the rhythm of the seasons. In Burgundy we're surround-
ed by vineyards and we're lucky that here in Europe we actually have four seasons. It’s very
pronounced in Burgundy. It changes all the time and by the same token it comes back every
vear. It’s magic. The vineyards are brilliant in that they truly react to the seasons. It's something
which actually gives my life a tempo. | need to take part in the grape harvest every vear.

M: It’s absolutely essential. To live in this sca of vines which continuously

changes in colour, is a stroke of luck for me and I'm very aware of it.

MARINE JACQUES-LEFLAIVE AND EMMANUEL DUPONT

The duo that make-up ArelierZéroCarbone Architectes like to call themselves ‘ecodynamic’™
architects. Both graduated from the Ecole Spéciale d’Architecture in Paris in 2006. Shortly
after graduating, they decided to broaden their horizons and went to London. Marine
Jacques-Leflaive spent 4 years working at the ZEDfactory agency on designs for the BedZED
community (an eco-village in Wallington, South London). Emmanuel Dupont worked ar a
Sino-Japanese agency and taught at Oxford Brookes University for 3 yvears. Today, both are
involved in education and do cutting-edge rescarch into the ecological and performance as-

pects of buildings.
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LET’S
DISCUSS I'T
WITH

MATHIEU LEHANNEUR

INDUSTRIAL DESIGNER, SINCE 1974

How do you describe your design approach?

It’s very difficult to trv to describe an approach. My concern is that from the
moment vou describe it, even withour getting locked into ir, it evenmally becomes a con-
straint. [ prefer the notion of paying attention to something, rather than having an approach
to it. To me this attention and this sensinvity means envisaging human beings as they really

which is indeed withour ever idealisii without ever objectifving and without ever
onomising’, but by their contradictory reality, seeing that they are unstable, incoherent,
ionate and so di inting. To see humans as an animal species, neither better nor worse
:55 a species which deserves one’s interest and deserves

that one finds answers, in the profound reality of this species.

varied in many respects: with geographic, cultural and eco

nomic diversity, but human beings today are not verv different from the cavemen. Pe

practically have the same fantasies, the same needs, the same urges, whether sexual, warlike or
whatever. There really is no evolution in that sense and therefore there is no real diversity.
Most people have a heart that works farly well and a brain which works fairly well and they're
all bombarded with informartion, from the cave to the megalopolis. The brain operares like a
filter, it lets in some information and puts aside the remaining 99.9%. It is governed by

stimuli, urges. What interests me is how a designer looks into this living material.

Why do several of your projects interact with the
scientific domain?

It’s not luck or a desire, it’s a necessity. From the moment that one settles on the
question of seeing human beings for what thev are and generally in an objective quest for
truth, it is science which is the discipline most likely to unravel this human being, and at
tempts to see how it functions in an objective perhaps dispassionate way. 1 therefore use sci

vealing, deciphering tool. T have no parocular fascination with science, 1 don't

project onto it a mission which, in my opinion, it would not necessarily have and which would

be a sort of potential for improvement, but it’s a decoder. [ use it in quite a meticulous way,

at precise moments in a project when I'm going to validate hypotheses or oppose them. In

fact I only take information when I know that I can do something with it. From the informa-

tion that is available to me, or at any rate the little that I can understand in the many domains
covered, T only take a tny percentage.

The projects that I've focused on while I've had the VIA Carte Blanche grant, explore

the interaction between the human body and it’s environment. One of my researches involved

the influence of light on the body through the brain’s perception. My main contact at that

time was an aerospace doctor in the Air Force, who gave me access to his lab, including his




I use science

when 1 ﬁfﬁ [ that they could provide me with some training in the fields of pharmaceuticals,
it ﬂ?“m?idﬂ s added astrophysics, botany, etc. What is starting to happen, and what is quite en-

tests on human guinea pigs. He was doing research on the capacity for optimising fighrer-
pilot concentration during missions in wartime. An extremely pragmatic, real thing. The
question of light as a potential drug generated by our own bodies interested me. Some of the
knowledge acquired during the rescarch, was modified and applied in a project. The result
was K, a device that tracks the quannty of daylight a person receives and then emits the ad-
ditional quantity needed, because lack of davlight can cause low energy.

For project O, I was looking for a way to produce pure oxygen” in houses. For vari-
ous reasons, 95% of houses have a lack of oxygen. T had not initially planned on arriving at an
integration of natural elements. When [ searched for elements in the markert for the produc-
tion of pure oxvgen, I finally came across spirulina, an organism which appeared in different

read

publications as the best oxygen generator in nature p.185. Although some experiments

were about to be carried out, they were in fields which were quite distant from design. So 1
contacted two spirulina producers to find out the specific requirements of
this species: what would be needed in the way of light to trigger movement
and how could 1 make an optimum use of the ‘material’? The result was a
device that monitors the oxyvgen level in the air and optimises it by activating

- a light, with the spirulina inside triggering photosynthesis *. Dogs and cats

are already being domesucated as friendly decorative accessories, but the “O°

device is even more radical. It a form of instrumentalisation. Nature is not
used as a decorarion here, but as a component. Where one could speak of an

clectronic component, this one’s a natural component. For a computer a

microprocessor is needed, in order to get oxvgen, spirulina can be used. So

both are used in a similar manner.

Elenment O, designed by M. Lebannenr
& Véranique Huyghe I use scicnce when I teel that it provides added value to the project.

That is sometimes necessary to reach mv goals. Regarding the different proj-

ects mentioned before, I was the one who approached the scientists so that

value to the project couraging, is that nowadays there’s also demand from the opposite direction.

The scientific world has developed a need for design in chemistry. In pracucal

terms design allows applications to be discovered for ongoing rescarch.

Sometimes, it's not even necessarv to wait for research to be completed be-
fore starting to think about applications. It's rather interesting to see how, at strategic points
in time, the search for applications can slightly modify rescarch. The arrival of design in these
fields also constitutes a motivation for rescarchers, as their work then takes shape. These are
significant times.

How do you sce the relationships between man and nature?

From the time that people were living in caves, there’s not only been an instine-
tive and inherent desire for domination, but there’s also been submission. It’s a continuing
game: ‘I’'m submitting to vou but I'm going to try and dominate vou; I like vou, but above all
I’'m going to try to have power over you”. This is noticeable in the way people relate to nature.
—— Ilive in a city, 50 I don’t see nature very much. A city is a sort of degenerate nature.
Nature, which isn’t necessarily all green, is a construction of things which is not planned by
human beings, things in development, things which have a logic to them. Some see it as com-
ing from God, others see it as a result of evolution but in all cases, life as it appears today, is a
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planned mode of construction, urbanised with an objective. And nature has objectives but
they’re not always the ones that humans want. Nature is complex and it’s difficult for designers
to get into this complexity. It develops unbelievable, fascinating strategies and people don’t
even get close to achieving this complexity. This is where one runs into risks of simplification.
— Asfar as understanding these phenomena at work in nature goes, people are somewhat
in the dark. Take a project like the living air purifier ‘Andrea’ for example, which exploits the
filtering properties of plants. As a first approach, I remained in the *green’, thinking that this
filtering power of plants resided in their leaves. After some research, 1 finally realised that the
filtering capabilities of plants are in the roots, where there is an exchange sys-
tem which is invisible to man. This points out one of the problems with de-
signers: they are full of *green’ projects but only “see” what is before their

eves *, without exploring all the dimensions present in nature.

Your Local River design is an actual ecosystem. Andren, desigued by M. Lsbusmens

What triggered you to do this project? e e
This project onginated from the human being’s connection

with food, one of the closest ties between man and nature, since it is linked

to survival. ‘I feed on vou’, still constitutes a dominant relationship, but for

survival.

— The starting point for the project was the question of how people

can reconnect with reality. It's abour getting back into the ecosystem® from

which man has emerged ™ p.167. The Local River helps people to become

: . , ! e Local River, desigried Iy M. Lebigasieur
aware of the interdependence between the species, making them part of it. ¢ vevonique Huyghe

The project consists of a rank thar can be placed in one’s living room and can

hold live freshwater fish for consumption. The tank is topped off with vege-

table patches, the roots of which purify the water by extracting nutrients from the nitrate-rich
dejecta of the fish. The Local River is an extremely basic ecosystem since there are two entities
in it = when man intervenes there are three — but otherwise there are only two: fish and plants,
which live with an exchange of good, non-aggressive techniques. ‘Little fish, I filter your wa-
ter for vou, kind plant that T am, but in exchange I'm going to feed on vour excretions’. This
is how two things live in harmony, not fraternal but cohabiting.

Having completed this series of projects linked to nature,
are you now perceived as a ‘green’ designer?

In fact, no. Satisfaction lies in the fact that these projects have not been per-
ceived as ‘environmentalist’ projects, burt as odes or wibutes to nature. They have been of as
much interest to the environmentalist gardener as to the most technoid geek. Each finds
something there and that interests me because, without necessanily being at these two ex-
tremes, people are on this continuous round-trip, totally connected to nature while neverthe-
less going off in their 4x4s at the weekend. There’s something inconsistent there. Also the
clients who approach me don’t come asking *give me some plants, give me some green’. There
are of course clients who want to be seen as green, but they’re a minority. Even if their prob-
lems are very different, the common factor among my clients is that they are interested in the

way in which the problems are tackled.
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What do you think of initiatives such as the creation
of the asknature.org website?

[ have to be wary of how I feel about these sites, in exactly the same way that 1
have to be wary of materials libraries, these are incredible tools if one knows what one is look-
ing for. There s a risk of visiting such a site without any specific idea in mind, thinking of find-
ing something there to get ideas. However, the answers that are provided there are quite
simplistic and immediate, such as “taking some material and making a table out of it The first
step should be to set an objective and then after outlining what exactly to look for, the sites can
be used as a tool. Producing oxvgen ™ is all very well, but how, for what purpose and for whom?

These websites are technical resolution tools and the solutions are very context-related. m

What is the role of designers in today’s context?

&
I don’t feel that I've got a role or a mission. I find all that sort of thing rather [ [ ﬂ ZE ﬂ 85@% e Z

pretentious, to feel as an agent with a mission, leading people to another view or in another

dircction. Designers often say that they want to make things to change behaviour. Who are e
designers to change anvbody’s behaviour? Moreover, behaviour is never changed in thar

sense. | prefer the notion of bringing attention to things rather than having a mission or a Cﬂ n 7’Z n
role. Whart a designer can bring to the table, phrased so well by Paola Antonelli, is *a Hexible

mind’. Reasoning and the answer, don’t necessarily go via a linecar way of thinking or develop-

. ment and are not even interested in going that way. There is a difference
The destgners e i : :
" = bi . between Euclidean geometry which proposes that the shortest route is a
way ﬂf Lo :"Hﬂ .H straight line, and the space-time geometry of astrophysics which proposcs )
Lo veason fz’_'}' fiﬂ&’”{ﬁ that this is not bound to be the case. It is certain that the designer’s way of

i‘!.?fﬂ‘_ﬁj‘ which were  thinking, being that of a creative person in comparison with the scientific
siot linked world, or with scientific knowledge, or with scientfic discipline, is to reason z ﬂSt : 50 l;‘l ; ‘ !
by linking things which were not linked. Thinking around a curve, elliptical

thinking which deliberately sets aside some elements of knowledge to attach

them to others. This allows the weaving together of things which, on paper,
were obviously not able to be woven together. This then allows for creation and if that suc- 0 n 0 n ‘ : Z
ceeds, the creation of things which scientific reasoning would not necessarily have led to. In

that sense, the designer is not an inventor but is able to relate disparate elements, and perhaps

play a role. But as for projects where nature could say ‘not bad!”, there aren’ many of them. ZS ﬂ ﬁgxz ble m Z n d )

MATHIEU LEHANNEUR
Mathieu Lehanneur

Based in Paris, Mathieu Lehanneur heads his own design agency called Since 1974 {which
refers to the vear he was born ). Many of his product designs are related to the world of science
such as his Therapeutic Objects in 2001, a number of design proposals for medications from
the patient or the illness perspective. In 2006, with the Carte Blanche grant by VIA (Valoriza-
tion of Innovation in Furnishing), he designed Elements; five items of which the O was the
oxygen generator, for example. In the same vear, Lehanneur received the Paris Design Grand
Prix Award. For his Bel Air project, an air-filtering system based on properties of plants, he
received the Best Invention Award from Popular Science in 2008, Several of his projects fea-

ture in the permanent collection of the Museum of Modern Art in New York.
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GLOSSARY*

A

Acetylcholine The first neurotransmitter® ever to be
identified (around 1914) is a chemical compound play-
ing an essential transmitting role in many neural synaps
es”. Acetvlcholine (ACh) can be found in both human

and animal systems, Neuron and p.

Action potential In physiology, an action potential de
scribes a furtive rise and decrease of the electrical mem-
brane potential of a cell. The action potential follows a
CONSISTENT trajectonr ‘tion potentials can be identified
on several types of cells, animal cells such as neurons” or

muscles cells for instance, as well as plant cells. They

a |-Z.t"_-.' role in the circulation of information berween cells

and, within muscles cells, an action potential tri

chain of evenrts I«

Acrodynamic noise Noise created by airtflow
object (such as an aircraft). ™

Aerodynamics In phyvsics, fluid dvnamics is a sub-disci-
pline of fluid mechanics that deals with fluid flow — the
science of Huids (liquids and gases) in motion. It has sev
eral sub-disciplines itself, including aerodynamics (the
study of air and other gases in motion } and hydrodynam

1cs® {the study of hiquids in mouon}. Aerodvnamics 15
very usctul for analysing and improving the movement of
vehicles in air (automobiles, trains, aircraft) and the op-
cration of propulsion systems (gas turbines, airscrews)
and also for evaluation of the effects of air flow over stat-
ic objects such as buildings, or to calculate the For
mance of wind turbines. A body is said to be acrody-
namic when it moves through the air with minimal
resistance, by limiting the frictonal forces inherent in

such movement, ™™ 24,7 25

Amino acid They are mu lecules™ whose |~Lt“_|.’ elements are
carbon, hyvdrogen, oxygen" and nitrc 1. One of their
funcrions in metabolism® 1s to ensure protein® existence,
proteins being linear chains of amino acids. There are

more than a hundred different amino acids in exis

-

but only 22 are actually enclosed within the living o
ism’s genome © . Eight amino acids are ntial to humans
because they cannot be created directly by the human

body and is found in food. ™ p.129

1'; 1 l‘I S0OTro ]_'?l i - I:— |"l1_|'|,_:1 C an ;':, . 1 F

Anthropisation The conversion of natural environments

by human action.

Aragonite A natural crystal formation of calcium carbon
ate®. Aragonite can either make up part of a mollus
shell, or in some cases form the enore shell. Aragonite
also appears in caves, on the seabed and i the endoskel-
cton of corals,

Automimicry Refers to members of a species

resemble other members of the same species. Defenceless
males of some bees for example, resemble females and
therctore are protected from predators who believe they

are equipped with stin 5. L

Autotroph Autotroph organisms often are the first link of
a food chain, providing organic matter to a whole ecosys

tem™, as they are able to produce it from mnorganic sources
such as carbon, for instance. Plants (via photosynthesis® )
and some bacteria® are autotroph organisms. They do not
need other living organisms to survive. On the contrary,
heterotroph™ organisms — animals and mushrooms — need

nic matter to survive, p.l13

Auxin A chemical that causes and regulates plant growth,
also known as plant hormones. Auxins have the ability to

imduce cell elonganon, ™2 P 145

Axon The axon is the thin long extension of a nervous
cell. Information (action potentials®) circulate through
the whole cell from its dendrites {smaller extensions) to
the end of the axon through the cell’s nuclens®.

zones are located at the end of the axon.

B

Bacteria Unicellular hiving orgamisms which develop very
rapidly and exist in very large numbers. The human body
tor example has more bacteria than number of cells. The
majority are harmless, often beneficial. Some, however,
are pathogenic and carriers of infectious diseases which
can be fatal (cholera, plague, tuberculosis, erc.). rraimn
bacteria are very useful: to make che voghurts or
l'!‘l't‘.'lli, o Treat sews S 'I'li."'l']]."li'l‘ L"-'fﬁ[jl.."iih‘.ﬂ Or CXIract
metals from mineral ores (the latter proc known as

biolixiviation). p.26.300.40.57.61.75.131.137.167. 169,
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Bio-assisted technology Utilising living organisms or bio-
logical processes to acquire or manufacture products, like
p.40

keeping spirulina to produce oxvgen” . "

Biocenose The set of living organisms (animal and plant)

read

CONSUTULNG a ZIVEN €COSYSTCm. Biotope and Ecosvstem

Biodegradable A material is biodegradable if it can be
degraded by living organisms. Only organic matter (thus
containing carbon) can be decomposed back into natural
clements by micro-organisms, The time it takes these or-
ganisms to break down the material varies, a piece of pa-
per is degraded much quicker than a piece of leather.
el pA06LTL

Biodiversity The degree of variety in living organisms is
called biodiversity. Today biodiversity is critically endan-
gered as rates of decline in whart is called “the sixth mass
extinction’” match or exceed the rates of loss in the five
previous mass extinction events in the fossil record. Bio-
diversity should be ensured and therefore, right now, it
should be strongly protected, as it is key to the ecosvs-
tems® survival. This book offers a glimpse of whar living
organisms are able to achieve and, from a selfish, human
point of view and self-preservation reflex, biodiversity is
essential as a guarantee of keeping an inspirational reser-
p-LL2L. 25,50,

voir for our future developments, ™

39.43 4448 52

Biofuel Biofuel (solid, liquid or gaseous) is fuel derived
from biological material from living or dead organisms,

such as vegetable oil-based diesel. " Fossil fucl and
p3t 11l
Biomimetics Biomimicry, Bionics and p.15.17.18.19.

22,23.24.25.26 28 31 33.49.04 79 185,252,203

Biomimicry Biomimicry (sometimes known as bionics”
and biomimetics®, among other names) is the study and
mimicking of narure to solve human problems. This term
has been popularised by Janine Benyus after she published
her book in 1997, Biomimicry: Inwovation Inspived Iy
Nature, Janine Benyus” interview on p.33 and p 217,22,
49,59 171,251 252 253 28]

Bionics Even if biomimetics”, biomimicry” and bionics
all relate to the idea of being inspired by nature, there are
slight subtle differences between these words. Bionics is
closely linked to the engineering of artificial mechanic or
clectronic equipments., ™ p.18.24.33.149.281

26k

Biosphere A planctary svstem including all the living or-
ganisms and the milieus in which they live, thus encom-
passing all ecosystems”. s p2l 31 44 281

Biotechnology The United Nations Convention on Bio-
logical Dhversity defines biotechnology as: ‘Any techno-
logical application that uses biological systems, living
organisms, or derivatives thercof, to make or modify
products or processes for specific use.” (Source: Conven-
tion on Biological Diversity, Article 2, Use of Terms,
1902 ped p.2L25

Biotope A biological milieu providing a stable environment

for a biocenose®, 2% Fcosystem and p.53.167

Bio-utilisation The use of parts of organisms as raw
read

materials, such as building a house from wood.
p.40.171. 185

Blood A liquid tissue which can act conjunctively and is
present in the majority of animals. Human blood consists
of 535% blood plasma which conrtains water, glucose”, lip-
ids*, proteins® (among them fibrin® which forms fibres
during coagulation), hormones and 45% elements such
as red corpuscles conraining haemoglobin (responsible
for the red colour) which can carry oxyvgen® and carbon
dioxide®; white corpuscles acting for the individual’s im-
mune system to destroy infectious agents and platelets
(thrombocytes) which are responsible for initiating blood
coagulation. Blood transports the oxvgen which is indis-
pensable for the funcrioning and survival of the cells, as
well as the carbon dioxide which will be rejected. In man,
blood represents about 7% of the body mass, ™7
Carbohydrate, pH, Vasoconstriction and p 26.63.83.85. 105,121,143
77199205

Byssus A system of flexible adhesive filaments made from

protein”, secreted by mussels to attach themselves to

rocks or other mussels. ™ p.69.

C

Calcium carbonate A common chemical compound,
which chemical formula involves calcium, carbon and oxy-
gen”, found in rocks. It is one of the main components of
sea shells, snails and pearls and is also used in agricultural
lime as well as a medicinal calcium supplement. Excessive

consumption can however, be hazardous. ™ p215

Twdwstry af Natnre

Carbohydrate Carbohvdrates are also called saccharides
{in short *sugars’) and they play many kev roles in living
organisms, among other things, being the major source of
fuel for metabolism®. There are different types of carbo-
hvdrates. For example, blood® sugar is the monosaccha-
ride glucose”, table sugar is the disaccharide sucrose, and
milk sugar is the disaccharide lactose. "¢ p.18.103.111.
225

Carbon dioxide Carbon dioxide (CO,) is a chemical
compound. It is a colourless, odourless, incombustible
gas at standard temperature and pressure, existing within
Earth’s atmosphere and representing approximately
0.04% of it. Through photosynthesis®, plants (as well as
algac and cvanobacteria®) absorb carbon dioxide, sun-
light and water to produce carbohvdrate® energy for
themselves and oxvgen™ as a waste product. During respi-
ration, though, they emit carbon dioxide, as do all other
living things that depend either directly or indirectlv on
plants for food. Carbon dioxide is also generated as a by-
product of combustion; emitted from volcanoes; and
freed from carbonate rocks by dissolution, It is the most
important greenhouse gas produced by human activities,
primarily through the combustion of fossil fuels”, which
means that it keeps some of the Sun’s energy from radiat-
ing back into space. Its concentration in the Earth’s atmo-
sphere has risen by more than 30% since the Industrial
Revolution. It is used in food refrigeration, carbonated
beverages, inert atmospheres, fire extinguishers and aero-
sols, for instance, ™

Carbon footprint A carbon footprint expresses the im-
pact on the environment of certain products, activities,
groups or individuals by measuring the amount of emit-
ted greenhouse gases (often reported as its carbon diox-

:| read

ide® equivalent p.53

Cell motility A cell’s ability to move spontancously and

actively, 7 p.18.2

Cellulose An organic compound made by plants for
strength and structure. It is mainly used for the produc-
tion of paper and textile or as a thickening agent.

p.175.231

Chlorophyll A pigment in plants which intercepts light
energy, thus triggering the series of reactions thar are in-
volved in photosynthesis®. Chlorophyll is also responsi-
ble for the green colour of plants. The spectrum of chlo-

rophyll’s luminous radiation absorption is such that green

Tag

is the wavelength least absorbed and therefore the most
casily seen by our eves® when light falls on a plant.
Efas Chloroplast and p.113
Chloroplast Chloroplasts are organelles, specialised sub-
units, found in the cytoplasm of cells in some plants. Among

remal

other things, theyv contain chlorophyll *. p.113

Chromatophore Cells found on the skins of some am-
phibians, fish, crustaccans or cephalopods. There are vari-
ous types of chromatophores, producing different colour
effects under white light, for example, xanthophores (vel-
low), erythrophores (red), iridophores” (reflexive and

2 ¥

iridescent® effect), leucophores® (white), melanophores

(black/brown) and cvanophores (blue). 7 .93.235

Chromosome Chromosomes are found inside a living or-
ganism’s cell nucleus®, carrving all the genetic material. A
chromosome is made out of DNA® and proteins®. Their
number varies depending on the species. For instance, hu-
mans have 23 pairs of chromosomes per cell’s nucleus, flics
have 10 pairs, cows 60 and ferns 1200, 74 p.19.157

Climate refugee A person forced to migrate because of an
environmental disaster that is caused by global warming*.

reas p.a291

Collagen Collagen is a group of proteins® found exclu-
sively in animals, especially in the flesh of mammals, mak-
ing up to 35% of their whole body protein content. Col-
lagen has a fibrous structure, it is composed of elongated

fibrils and can be found in tendons, ligaments, bones,

guts, cornea and skin for example. 77 p.69.119

Commensalism A close relationship between two spe-

cics, where one species benefits and the other is not

read

harmed or helped. Symbiosis and p.223

Composite material A material made out of several tvpes
of components. The term often designates semi-finished
products made out of a resin matrix and a reinforcement
material such as glass, carbon or Kevlar® fibres, but it also
refers to any material made our of a “sandwich® of various
lavers, bringing resistance to the whole. Composite marte-
rials are based on the idea of 1+1 = 3, taking advantage of
cach constituent quality to create high performance mar-

red

riages. p.175.177.215

Conchiolin A fibrous protein® forming the basic laver of
mollusc shells. The main component of mother-of-pearl,

the iridescent” inner layer of some shells, ™ p.213
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Copolymer A polymer result of an assembly of two or
more different types of monomers. Polymers are plastic
materials. The synthetic rubber used to make tyre treads

and shoe soles, for instance, is a copolymer made of the

"]

read 1

monomers butadiene and styrene. p.2

Cryptobiosis Triggered by extreme environmental con-
ditions, the metabolism® of an organism can come to a
halt, allowing the organism to survive. This death-like
state can last indefinitely. When the conditions allow the
metabolism to start again, the organism ‘comes back to
life”, ead p-193

D

Deep Ecology A holistic philosophical approach to ecol-
ogv * that recognises the inherent worth® of all living
things and the Earth as a whole, ™ p45.47

Density The density of a liquid or solid body is the ratio
between the density of this body and the density of the
reference being pure water at 4 “C at atmospheric pres-
sure, namely 1,000 kg/m® (62.43 1b/ft?). In the case of
gases, the chosen reference is air, at the same temperature
and pressure as the relevant gas. A body may be described
as heavy when its density exceeds 1 (the reference density
of water) and it is therefore not capable of floating on

water, for example. ™ p.69.141.165.179

Dermis Collagen-rich® laver of skin that lies berween the

epidermis” and hypodermis® that holds many nerve ends

responsible for the sense of touch and heat, 727 p.205

Dioxygen (O,) An oxvgen® critical-to-life molecule® of
gas, constituting 21% of our atmosphere. il p.113.
199

DNA Abbreviation for deoxvribonucleic acid. It 1s the
carrier of the genetic code in all known organisms.
rond, p.19.30.43.157

Domestication Adapting organisms through a process of
sclection making them more controllable to humans. Ex-
amples are the domestcation of animals for companion-
ship, domesticating animals tor food and labour (livestock)

or growing flowers for decoration purposes. "¢ p.40

Doppler effect Discovered by the Austrian physicist

Christian Doppler (1803-1853), the Doppler effect

270

corresponds to a change in the frequency of waves (such
as sound or light) as the source and observer are in
motion relative to each other. The faster they come to-
gether, the higher the frequency, the faster they move
away, the lower the frequency. Doppler effect has many
applications: low-earth orbit (LEO) satellites weave
towards and away from the Earth for instance, or in
reflected radio waves, it is employved in radar to sense
the velocity of the object under surveillance, "
p.l01

E

Ecodynamics Ecodynamics aims to relate ecosystems”
to cvolutionary thermodynamics in order to arrive at

satisfactory solutions for sustainable development, 7

Ecology A scientific sub-discipline of biology that studics
the interaction berween organisms, populations and
communities and their relationship to their physical sur-
roundings. ™ p.9.24.31.47.53.167.169.255.258 281 .283.
284

Ecosophy A ncologism, a contraction of ‘ccoloeical phi-
Ph glsm, gical p

losophy”, pA47.284

Ecosystem An area in which a community of organisms
interact with their abiotic environment. An ecosystem is

wead

the association of a biotope® and its biocenose®.

263.281

Elastomer An elastic polymer that is used in the produc-
tion of car tyres and soles of shoes, among many other

things. ™ p.171.205

Elytra A hardened cover protects the wings of certain in-
sects. When the insects take off for flight the cover opens
up to reveal and give space to the wings. On some beetles
read

the elytra are fused, rendering them unable to fiy.
p-147.239

Electromagnetic force A fundamental force that is asso-
ciated with electric and magnetic fields. This force is re-
sponsible for atomic structures, chemical reactions, the
atrractive and repulsive forces associated with electrical
charge and magnetism, and all other electromagnetic

read

phenomena. p.65
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Electron Elementary particles carrving a negative clec-
tric charge. They can be found in atoms, among neutrons
and protons. Their behaviour is still an amazing subject
of studics, especially within quantum mechanics*. Elec-
trons are sometimes considered as waves, sometimes as

corpuscles. " 537113,147.157

Electrophysiology Studies the electrical properties of
nervous and other bodily activity. For instance, it mea-
surcs the clectrical activities of neurons®, recording the

action potentials®, ™ p.30

Emissivity A coefficient which corresponds to the energy
emitted by a body in comparison with the energy emitted
by the reference ‘black body® of physics under the same
conditions. The black bodyv in this case is an ideal emirtter,
which radiates maximum energy whatever the tempera-
ture and wavelength considered. The study of the emis-
sivity of materials reveals two main categories: elecrrically
conductive materials generally have low emissivity and
¢lectrically insulating materials have high emissivity. The
emissivity coefficient 18 a dimensionless quanuty, simply a
pure number, with a maximum wvalue of 1 for the refer-
ence black body. As a rough guide, metallic silver has an
emissivity of about 0.02, while for wood it is 0.90.

i P‘- ] (13

Enzyme Enzymes are proteins™ that act as catalysts within
biochemical reactions. As proteins, they are made out of
chains of amino acids®. Their role is essential to life, they
operate during digestion, nervous information transmis-

sion,hormonesynthesis,ete. ™ p.19.111.113,141.169.185

Epidermis The protective top layer of the skin. ™

Dyermis, Hypodermis and p.205

Epigenetic factor Something that affects a cell, organ or
individual without directly affecting its DNA", @ p.17

Ethanol Basically pure alcohol, volatile, flammable and
colourless. ™ p.111

Eutrophication Eutrophication takes place when addi-
tions of artificial or natural substances, like nitrates or phos-
phates are made into an aquatic system. The increase of
phytoplankton that follows has many negative effects, such
as less oxygen® in water, therefore less animals are able to
live in such an aquatic environment or, on the contrary, an
increase of some species finding the change of conditions
to their taste and endangering the existence of others.

read P 5‘_5'

171

Eve An eve can be compared to a video camera con-
nected to a data-processing svstem. Essentially the eve
consists of a cornea, a lens, a pupil and a retina, the latter
being connected directly to the brain. The cornea allows
surrounding light to enter the eye, the lens changes s
curvature to make the adjustments necessary for focusing
an image of viewed objects onto the retina, whatever
their distance. The closer any objects are to the eve, the
more the lens is deformed and the further away the ob-
jects are, the more relaxed the lens is towards its resting
position. The pupil at the centre of the iris acts like the
iris diaphragm in a camera to regulate the amount of

light entering the eve, to form an image on the retina.

read  59.16.79.81.87.89.97.155.181.235.263

F

Fibrin A fibrous protein® which appears at the moment

retad

of blood™ coagulation. 85,205

Fibroin A protein® in silk produced by spiders and silk-
worms. This marterial is extremely strong and elastic.
fead Protein and p.217

Formal neuron A formal neuron is a mathematical mod-
el simplifying the functioning of a neuron®. Basically, a
formal neuron works as a switch: 0 or 1, it conducts infor-

reard

mation or not. p.25

Formaldehyde Formaldehvde, or methanal, is familiar as
formol, a 10% solution of formaldehvde in water. Formal-
dehvde is a volatle organic compound (VOC) in the fam-
ily of aldchydes. It has a simple chemical formula, CH,O.
At ambient temperature it is in its inflammable, gL'I,SU{;LIS
state and is evaporated from numerous products: tobacco
smoke, candles or incense, various adhesives used in con-
struction materials (plywood panels), furniture or mainte-
nance products. It is classified by the World Health Or-
ganisation (WHQO) as a carcinogenic compound and is

completely banned in some countries, 7

p.69
Fossil fuel Fuel formed by organic remains of prehistoric
plants and animals. Examples are coal, petroleum and nat-

ural gas. These fuels are non-renewable as the formation of

read

the resources takes millions of vears. Biofuel and

p.2L.31.3451

Frustule The hard shell of a diatom. "™ p.141
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Gaia hypothesis The Gaia hypothesis approaches the
Earth as a living organism that maintains conditions nec-

essary for its survival, making its physical environment

hospitable to the species that inhabit it, " Pk

Genome An organism’s whole hereditary informartion en-
coded in the DNA®, "4 p.19

Gliding [ soaring flight On long journeys, it is impossi-
ble for a bird to flap its wings continuously, with the risk
of tiring very rapidly. It therefore extends mortionless
wings and uses rising air currents to rest in the air, making
subtle changes to their shape for maximum lift*. This
tvpe of flight, gliding (or more accurately soaring), is
practiced with greater ease by birds with a large wingspan
such as the albatross or the majority of birds of prey (ea-

read

gle, falcon, etc.). p127

Global warming Increasing average temperature in the
atmosphere and on Earth. Among other things, higher
temperatures cause the ice caps o melt which results in
raised sea levels. The main cause is believed to be green-
house gas emissions although there is a debate abour this.
eeas p.31.43.51.52.163

Globalisation Movement of people, goods, ideas and

capital across the world, reducing the boundaries berween

read

cultures and countries. p.52

Glucose One type of carbohydrate®, 4 p.83.113

Glycogen A long polymer chain of glucose®. It is in fact
the storage form of glucose in animals and humans which
is analogous to the starch in plants. Glycogen is synthe-
sised and stored mainly in the liver and the muscles. It is
an energy reserve that can be quickly mobilised to meet a

sudden need for glucose. =27 p.83

Gymnosperms Include conifers such as fir, spruce and
pine. The so-called broadleaf trees are angiosperms {Greek
angeion “case’ and sperma ‘seed’) which have seeds in an
ovary. Gvmnosperm literally means ‘naked seed’ (Greek
Jgymnos naked’ and sperma ‘seed’). In effecr, gymno-
sperms are characterised by the fact that their seeds are not
enclosed in a fruit, like the pips in an apple, but are simply
located between the bracts of the fruit, berween the scales
of a pine cone, When male and female pine cones dry out,

their bracts open and release the seeds. ™ 231

a7:

H

Heliotropism The movement of plants towards or away

from the sun. ™ p.145

Heterotroph Organism incapable of life without the ben-
efit of organic material, in contrast to autotrophs® who
can produce organic compounds from sunlight energy.

Most living organisms are heterotrophs, " p.113

Homochromy The ability of animals to take on the co-

lour of their environment to blend in and go unseen by

rend

their predators. p.97

Homotypy Shape resemblance, "™ po7

Hybridisation In genetics, hybridisation is the process of

combining, therefore selecting, different varieties or spe-

cies of organisms to create a hybrid. 727 p.30

Hydrodynamics Like acrodynamics™, hydrodynamics is a
sub-division of fluid dynamics in physics. It is the branch
of dynamics which studies the motion produced in fluids

by applied forces. p.24.149.153.155.219

Hydrophilia A material is said to be hvdrophilic when it

read

absorbs water. Hydrophobia, Super-hvdrophobia and

p.lB.217.239

Hydrophobia A material is said to be hydrophobic, or
water-repellent or waterproof, when it repels water (be-

causc the material doesn’t create hydrogen bonds with the

el

water molecules® ). Hydrophilia, Super-hydrophobia

Hypodermis Consisting of mostly fat, the hypodermis, a

layer beneath the dermis®, attaches the skin to underlving

read

muscles and bones. Epidermis and p.205

I

I'n vitro From the Latin, translating into ‘in glass’, which
literally designates experiments that are made in a tube,

read

outside the concerned living organism. In vivo and

p.18.19.169

I'n vivo Contrary to in vitre®, in vive designates experi-
ments that are performed within a living organism.

riad

p-l8
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Inflorescence Inflorescence denotes the arrangement of
flowers on a plant stem. This arrangement is in fact very
complex and much researched. It varies from plant to
plant. The pattern created by the distribution of flowers
on the stalk resembles a fractal pattern. Inflorescences are
defined as determinate or indeterminate. In the case of a
determinarte inflorescence, the central stem terminates in a
flower which matures first. In the case of an indeterminate
inflorescence, the stem which ends in a terminal bud can
still grow and the flowers open starting from the base up-

read

wards. p.63

Infrared light A type of light that humans cannot see. We
nevertheless experience it when we feel the hear of the
sun on our skin or the warmth of a camp fire. Gamma
rays, X-rays, ultravioler light, microwaves and radio waves
arc other types of invisible light. All of these rays and
waves are the same type of electromagnetic® energy. They
are different only because the length of their waves are
different. Within visible light, the wavelengths actually
determine the colours we sce. Infrared wavelengths ex-
tend from 780 nm to 1,000,000 nm. Visible light is be-
tween 380 nm and 780 nm. p.leg

Intrinsic worth A philosophy, also known as intrinsic
value, referring to an animal’s value as a being in itself, as

readd

opposcd to its value to other beings. P.45.47 48

Iridescence Iridescence corresponds to a change in the
perceived colour of a surface as a function of the viewing
angle or the incident light. The elvera (from Greek elu-
tron *sheath’), or wing covers of several species of beetles,
as well as the wings of certain butterflies, soap bubbles or
oil spreading on water, have this surprising property of
revealing several colours ‘in one”. Iridescence (Greek #ris
‘rainbow?) is also known as goniochromism (Greek gonio

fangle” and chroma ‘colour’). i p.73.93 189

read

Iridophore A tvpe of chromatophore®. P93

Isotropic A material is isotropic if its mechanical proper-
ties are identical in all directions. In general, merals and
plastics materials are considered to be isotropic on the
macroscopic scale; wood, paper, certain fibre-reinforced
composite materials® or honevecomb structures for exam-
ple, are considered to be anisotropic”. In reality, perfect
isotropy doesn’t exist, even more so when one considers
materials on a microscopic scale. Certain technigques for
the fabrication of materials, lamination of metals or extru-

sion of polymers for example, have a tendency to leave the

273

structure of the material oriented in one direction, induc-
ing anisotropy which has to be borne in mind when these

oriented marterials come o be reworked.

K

Keratin A fibrous protein present in many living creatures,
msoluble in water and forming protective tissues such as
epidermis®, fur, hair, nails, horns, beaks or feathers. The
keratin molecule” is constructed as a helix, consisting of
amino acids® and wound around other keratin molecules
by sulphur-based bridges for a consistent, rigid assembly.
Keratin is hydrophilic” and is therefore sensitive to mois-
ture and capable of holding up to 40% of its weight in
water, It is very strong and also elastic, owing to its twisted

structure, which acts like a spring. " p.65.133.177
Leucophore A type of chromatophore®, 79 p.93

Lift In moving through a fluid (air or water for example},
a body is subject to acrodynamic® or hvdrodynamic®
forces respectivelv. Two tvpes of forces are identified:
drag, parallel to and opposing the direction of movement
and lift, which is perpendicular to it. Lift varies according
to various factors, among which are air density®, the
shape of the moving object and its angle (the angle of
fattack’) in relation to the Huid involved, the surface arca
of the object and its speed in relation to the fluid {or that
of the fluid if the object is stationary in moving fluid).
Lift is the main force giving aircraft the ability to fly.
e p.79.89.121.125.153

Lignin A natural polymer, commonly derived from wood.
Lignin makes up part of the secondary cell walls of plants,
strengthening them and plays a role in the plants™ water
transport system. Lignin has some similarity to syntheric
i

‘plastics” materials, and is thermo-softening. ™” p.175

Lipids Lipids designate various molecules® that can be
found in cells, such as fars, waxes, cholesterol, triglveer-
ides, hormones and fat-soluble vitamins. They help shape,
protect and insulate the cells. They also provide an energy
source. Lipids are insoluble in water, and account for most

of the fat present in the human body. ™ p18.111
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Mechanotransduction In order to adapt to its environ-
ment, the architecture of bone is continually modified by
a process known as apposition and local resorption of
bone material. On the microscopic scale it is the osteo-
blast, osteoclast and osteocyte cells which take part in
this bone remodelling phenomenon: in response to ex-
ternal mechanical loading, the network of osteocvtes,
sensitive to the local bony tissue deformation state, are
capable of alerting other specialised cells involved in re-
modelling (osteoblasts and osteoclasts). The cells thus
alerted and stimulated, can then come into play by lo-
cally modifving bone density®, causing a change in me-

chanical properties. p.21

Metabolism All the physical and chemical reactions in an
organism by which its marterial substance is produced,
maintained and destroved to make energy available. Many
metabolic processes are brought about by the acoon of
enzymes °, i p-19.83.129, 193284

Mitosis Mitosis designates the very complex process of
scparation by a mother cell into two identical cells. The
chromosomes® are separated and DNA® is replicated.
The two nuclei® have the same number and kind of chro-
mosomes as the parent nucleus, which is different from
meiosis, in which the amount of genetic material is halved.
It is the process by which the body grows and replaces

reurd

cells. p.l41l

Molecule A group of atoms bonded together, represent-
ing the simplest electrically neutral structural unit of an
element or compound. "
141.157.159.169.183.207 225

Monistic philosophy A philosophical view which holds
that there is unity in a given field of inquiry, where this is

not to be expectred. s p.29

Morphogenesis Among other things, the term morpho-
genesis refers to the natural laws which determine shapes:
physical or chemical reactions which allow minerals to

have different shapes and colours, the generation of

s
waves in the sea or in deserts under the influence of the
wind, processes involved in the development of the shape
of an organism during embrvogenesis, the relief patterns
in the Earth’s crust, tissuc and organ structures, cte.

rad  p135282
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N

MNacere Internal surface of the shell of some molluscs, also

known as ‘mother-of-pearl’. "** p.69.213

Nanoprobe An optical device for viewing extremely small

objcots B85 518

Nanovector A nanovector basically transports substances
from one point to another, on a nanoscale. It is used with-
in the medical field, for instance, to send medicarion to a
remd

precise location in the body. p.18

Natural selection The main mechanism of evolution,
fully explained by Charles Darwin. Organisms that are
better adapted to their environment tend to survive and

reproduce themselves, continuing their species. ™7

Natural Systems Agriculture Mimicking nature by
taking prairies as a model to produce food. The idea was
developed at The Land Institute in 1977, 7% p33

Nature writing Writings of close personal observations
of nature, often including philosophical reflections.
rrad p.45
Neurocybernetics Neurocybernetics is the science aim-

ing to understand brain mechanisms and systems on a

neuronal® scale, ™ p.10.25

Neuron Cells conducting the nerve impulses. They con-
sist of a nucleus®, an axon® and several dendrites and are
connected to each other via areas of close contact called
synapses . Some estimates consider that the human brain

o

contains more than a 100 billion neurons. ™ p25,

Neurotransmitter Chemical substances that are released
when a nerve impulse reaches the end of the neuron’s®
axons”. They are diffused across the synapse”, ensuring
the transfer of the impulse to another neuron or to a
muscle fibre, for instance. Acerylcholine® was the first

d reard

neurotransmitter to be identifie p.159

Nucleotide Molecules® that, when joined rogether, make
up the structural units of DNA " 7 p.18.19.157

Nucleus The part of a cell - a membrane-enclosed organ-

clle = which contains all the genetic materia (DNA)®.

d -
— p.157
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Oligomer Low molecular weight polymer, containing

relatively few monomer unit p.205

Oligonucleotide A polynucleoride conrtaining only a

short sequence of nucleotides”. " p.l9

Osculum An osculum is an opening in a sponge through
which water is expelled. ¢ p.223

Osmosis A diffusion phenomenon demonstrated by a ma-
terial when molecules® of water (or generally a solvent)
move through a semi-permeable membrane which sepa-
rates two liquids whose concentrations of dissolved sub-
stances are different. The difference in concentration
causes a difference in osmotic pressure and movement of
the solvent through the membrane. In the sea, the water is
more salty than that in the body of a fish, for example. The
animal therefore has a tendency to lose water. Its imper-
meable skin protects it. [t absorbs salvwater via its gills and
the mucous membranes in its mouth and the salt is filtered
to compensate for water loss. ™ 83

Oxygen Chemical symbol O, atomic number 8 in the pe-
riodic table® of the elements. For us, oxygen is indispen-
sible, representing 86% of the occanic water mass, 21% of
the atmosphere and more than 62% of the human body,
and we need to breathe it in constantly. We know oxygen

best in its gaseous form, O, which is its state under nor-

read

mal conditions of temperature and pressure.
85.105.111.141.185.199.223.262.264

p40.

PCM Phase-change materials (PCM) are based on simple
physical principles of change of state. In a fusion phase for
example, above a certain temperature characteristic of each
material, they liquefy by absorbing energy and release it in
the form of heat when the temperature falls. There are dif-
ferent tyvpes: mineral compounds such as hydrated salts,
organic compounds such as paraffins and fatty acids or cu-
tectic compounds (which may be organic or inorganic).
PCMs can thus take over from energy-devouring air-con-
ditioning syvstems. Too warm, PCMs absorb excess heat
and help to lower the temperature, too cool, they restore
the energy previously absorbed in the form of heat, caus-

ing a small rise in temperature. 27 p.227

275

Periodic table (of the chemical elements) A systematic
overview of all 118 chemical elements. The elements are
categorised based on their atomic number and grouped in
such a way that elements with similar properties are shown
close to cach other. Besides the atomic numbers, the table
also lists the symbols of the elements and sometimes even

il

more detailed information. ™ p.35.51

pH pH is the abbreviation for *hydrogen potential®. This
is a measure of the chemical activity of hydrogen ions in
solution. Pure water at 25 “C 1s chosen as the reference, as
it contains equal quantities of H,O* oxonium ions and
HQO hydroxide ions. Its pH value is 7 and the water is
then said to be “neutral’. The pH value thus gives an indi-
cation of the acidity or alkalinity of a solution, namely the
concentration of H,0O® or HO" ions. If the pH is higher
than 7 (more HO" ions), the pH is said to be ‘alkaline’. If
the pH is lower than 7 {more HO* ions), the pH is said to
be “acid’. For example, lemon juice has a pH of about 2.5,
blood " 7.4, soap 10. e p.71

Photochemical reaction Chemical reactions that are
caused by absorption of light, whether the light is visible,
infrared or ultraviolet. One tamous photochemical reac-
tion is the action of sunlight on car exhaust fumes, result-
ing in the production of ozone. On the other hand, pho-
tochemical reactions now help to de-pollute air from

exhaust fumes. %% p.113

Photosynthesis The process of plants and algae convert-
ing sunlight, carbon dioxide® and water into glucose™® for
themselves and oxygen*® as a waste product. p.22,
33.34.37. 111113 185.225.262

read

Photovoltaic cell Solar cell and p.87

Phytoremediation The use of green plants to remove
pollutants from the environment is called phytoremedia-
tion. Various plants have the ability to clean-up contami-
nated soils, water or air. They do this by absorbing the
contaminants through their roots and then either con-

read

tain, degrade or eliminate them. P54

Polycondensation A form of chemical condensation ap-

plied for the manufacturing of polymers, p.141

read

Polysaccharide Polymeric carbohydrate® structures.

p.6l

Powered flight Namrally, a bird can’t provide its propul-

sion by means of a motor or a jet engine. However, it
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does so without the need to blow air behind it in order to
create propulsive force. Using its pectoral muscles, which
form the major part of the musculature of bird wings, it
makes the latter move successively up and down, allowing
it to push the surrounding air, giving it thrust as a result.
i p-125

Protein Proteins are macromolecules made out of amino
acid” chains. Proteins, as well as carbohydrates” for in-
stance, arc essential parts of organisms and participate in
virtuallv every process within cells, They have various
functions, depending on their type and can therefore act
as structural components of body tissues such as muscle

reas

or hair, be enzymes® or antibodies, etc. Amino

205.217

Q

Quantum device An electronic device structure, the

properties of which derive from the wave nature of elec-

trons”. (Source: The National Technology Readmap for

Semiconductors, 1994), ™ p.37

Quantum mechanics A mathematical theory that de-

scribes behaviour and interaction of matter and energy on

the scale of atoms and atomic particles, ™ p.37.191

R

Radiolaria Most radiolarians are planktonic, and get
around by coasting along ocean currents. They create
glassy skeletons of often perfect geometric form and sym-
metry, with a wide variety of shapes, including cone-like
and tetrahedral forms. Radiolaria can range anywhere from
30 microns to 2 mm in diameter. They are part of the zoo-
plankton, therefore are animals, whereas diatoms are algace.
el p29.223.285

Rare metals (rare earth elements) 17 chemical elements
in the periodic table® make up whar is called rare earth
clements {or rare earth minerals). These mineral reserves
arc needed for new technologies such as lasers, camera
lenses, fluorescent lamps, X-ray tubes and much more.
The demand is increasing rapidly and therefore access o

all the rare earth elements has become the subject of a

27a

conflict in the WTO between China on the one hand,
currently the predominant supplier, and Europe and the
1.105

United States on the other. "¢ p.

o]

Refraction Any form of wave, whether light, sound or seis-
mi¢, is subject, among other things, to a phenomenon
which makes the path of the light deviate when its speed
changes between two mediums. This phenomenon is called
refraction. In optics, any medium through which light may
pass has a refractive index, which is a function of the wave-
length of the light. This allows the speed of propagation
(phase speed) of the wavelength in question in the medium
to be determined. The higher the refractive index of a ma-
terial, the lower the speed of propagation of the light.

read

p-73

Resilience science Study of how ccosystems® adapt,

read

transform or respond to disturbances. p.36

Restriction enzymes Restriction enzymes are a class of

enzymes® being able to cut DNA® molecules® at specific

base sequences, " p.ly

Riblct effect Sharks can rcach high speeds, partly duc to

the riblets on their skin that are arranged parallel to the

swimming direction. "™ p.155
Saline A solution containing salt and water. " pol8.

Semi-crystalline polymer A plastic material that has a
molecular structure which i1s both amorphous and crystal-

line, depending on the areas, ™ p.205

Sericin Gelatinous protein” that surrounds the fibroin®

read

fibre in silk produced by spiders and silkworms.

|

.2l

Servo-controlled system A sclf-regulating feedback svs-
tem. It is used in the auromatic control of machines, and
involves a sensing element, an amplifier and a servomoror.
il pll4s
Silica The main constituent of sand, quartz and other

rocks. It is hard and colourless. ™ p.141.223

Soft chemistry A new promising branch of materials sci-

ence that differs from conventional solid-state chemistry,
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wanting to develop reactions at an ambient temperature
in open reaction vessels, just as biological systems do.
Glass and ceramics with new properties have thus been

developed, inspired by diatom’s glass skeleton produc-

a1 p.l41

Solar cell Solar cells convert sunlight energy into electri-

cal energy. They are also called photovoltaic cells”, al-

¥
though these cells do not necessarily need the sun as a
light source. Individual cells are connected and made into

solar panels. 4 _  p.33.37.87.113

Sol-gel process The fabrication of vitreous marterials
such as glass without the high-temperature fusion stage
that is normally necessary. These processes use solutions
containing colloidal inorganic particles (sol) and change
them in gel (inorganic solid network swollen with sol-
vent). They are very interesting and promising processes
in the sense that they allow glass deposition on materials
that would usually not sustain the high working tempera-
tures of glass. They are already in use for protective coat-

ings or to produce thin films and fibres, etc. " p.141

Spectrophotometry Measurement of a material’s reflec-

tion or transmission propertics through the use of a spec-

read

trophotometer. p. 147

Spheniscin Antimicrobial substance that plays a part in
preserving the stored food in the king penguin’s stomach.

read p.li.l_“

Staphviococcus aureus A bacteria® that is frequently
part of the human or animal skin flora. When it enters

wounds it can cause minor infections and life-threatening

read

discases. p.75.169

Sulphide Sulphide designates mineral compounds in
which sulphur is combined with one or more metals.
read p.215
Super-hydrophobia A material is super-hydrophobic
when it is extremely difficult to wert it. Super-hvdropho-
bia phenomena are complex, and have been studied by
the scientists Wenzel and Cassic among others, Observa-
tions reveal some surprises: a nano-textured surface can
as easily lead to fricrionless sliding (the Cassie or ‘fakir’
cffect), as to a highly adhesive surface — water penctrates
into the micro-structures and only comes out again with
difficulty (the Wenzel effect). 7 Hydrophilia, Hvdro-
phobia and p.203.237.239

7R

Supramolecular chemistry Supramolecular chemistry is
defined as a *chemistry beyond the molecules®”. It focuses
on the chemical systems made up of a certain number of

assembled molecules. 7

p.205

Surface tension An effect within the surface layer of a
liquid that causes the laver to behave as an elastic sheet.
The molecules® of a material have a tendency to keep to-
gether and when close to a different material they try to
minimisc the contact surface with this material. This is
why water forms drops, a sphere being the shape which
offers the least contact surface. If, in contact with a mate-
rial, the surface tension is not high enough to compete
with the molecular energy which holds the water mole-
cules® together, the result is that the peripheral molecules
are pushed rowards the interior of the drop, the warter
thus retaining its drop form. If on the other hand the
surface tension is high, the drop is deformed, the water
spreads out. The unit of measurement for surface tension
is Newton/metre (N/m). In the industrial domain, surface
tension is an important matter. The higher the surface
tension, the more easily a material will be printed on or
adhered to. ™ p.22.237

Symbiosis A symbiotic relationship is a close relationship
berween different species. It can be mutualistic (both spe-
cies benefit), commensal {one species benefits and the
other is not harmed or helped), or parasitic {one species
benefits while the other is harmed). 7% p.31.225

Synapse Space berween the pre- and post-synaptic mem-
branes of neurons® which allows a neuron to pass an elec-

read

trical or chemical signal to another cell. p.159

Synchrotron radiation A form of electromagnetic® radia-
tion emitted by electrons® going round in a storage ring,
at a speed close to that of light (so-called relativistic par-
ticles). Synchrotron radiation may range over the entire
clectromagnetic spectrum from infrared to X-ravs and has
exceptional qualities of polarisation, coherence and low

divergence. It allows the structure and clectronic proper-

ties of matter to be investigated. 77 p.213

T

Thermoplastic A type of polvmer that becomes “plastic’
(flexible ) when heated and hardens when cooled. The pro-

cess can be repeated, therefore thermoplastics are theor-

Twdwstry af Natnre

etically recyclable. Qur evervday plastics are mostly ther-
moplastics:  polystyrene,  polvethvlene, polypropylene,

acrvlic, etc. They are perfect candidates to be processed by

injection moulding or extrusion. ™™ p.171.175

Transgenesis The process of introducing a foreign DNA®
- called a transgene — into a living organism so that the
organism will exhibit a new property and transmit that
property when reproducing. Due to their simple genertics,
bacteria® were the first organisms to be modified in the
laboratory, Some transgenic animals are used as experi-
mental maodels for testing in biomedical researches or to
produce human hormones such as insulin, for example.
Transgenic plants have also been engineered in order to
be more resistant to pests and herbicides, or to increase

their nutritional value. There are many ongoing debates

on this transgenesis subject. ™7 p.30

Turbulence Irregular flow of fluids (liquids or gases)

causing the formation of eddies. 7** p.99.121.137

U

Ultrasound A frequency greater than 20 kHz. Like all
sound, ultrasound consists of mechanical pressure waves
whose speed of propagation depends on the medium they
are travelling in. Ultrasound is not audible to people
{whose audible frequency range varies from approximare-
Iv 200 Hz to 20 kHz), but many animals are capable of
emitting and/or hearing it. Like the bat, the dolphin uses
ultrasound to distinguish obstacles, find food and also o

communicate. " p.101.227

Urea-formaldehyde A non-transparent resin, made from
urca and formaldchyde®. It is used in many adhesives, wood
MDF and also for insulation. It is now known that it can
cause health problems and is therefore used less and less in

production, " p.69

A%

Van der Waals forces Atoms and molecules are joined
together by different tvpes of bonds. The Van der Waals
interaction - discovered by Dutch physicist Johannes
Diderik van der Waals (1837, who won a Nobel Prize in
Physics in 1910 — is a low-intensity electromagnetic

70

force” of a quantal origin (acting at the inter-molecular
level). This is the origin of the astonishing ability of geck-
os to walk on ceilings and also explains the ability of ther-
moplastics” to be malleable when warm {a phenomenon
related to the appearance—disappearance of Van der Waals

read

forces). p6s

Vasoconstriction Contraction of blood® vessels to de-

crease blood flow, resulting in minimised blood loss and

readd

retained body heat. _ pés

Vortex Flow of fluids (liquids or gases) circulating around
a centre, a phenomenon that is visible in, for example,
hurricanes. "4 p.99.125,137.149.155.181

Z

Zoopharmacognosy Self-medication process of animals

through the selection and use of specific plants ( Greek zoo

‘animal’, pharma ‘drug’ and grosy ‘knowing’). ™ p.33
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principles of physics in a very relevant way.
The author, who shared Darwin's evolution
ary ideas, uses reasoning from mathematics
and physics to describe natural forms of plants
and animals. The examples he gives consttute
a very valuable range of sources of inspiration
tor biomimetics” applications.

V. Fleury, I.F. Gouyet, M. Leonetti
Branching in Nature: Dynamics and
Movphagenesis of Branching Structures,
Jrom Cell to River Netwovls

Springer and EDP Sciences, 2001

This book is a compilaton of lectures on the
theme off *Branching in Natwre — Dynamics
and Morphogenesis of Branching Structures,
from Cells o River Networks' which were
given in the Les Houches School of Physics
(France), in 1999 The event, which Irought
together scientists from many vared disci-
plines = mathemancians, phyvsicists, chemsts,
crystallographers, botanists, biologists, neu-

robiologists, geologists, microbiologists and

geographers — allowed interdisciplinary discus-
sion on the concepts and laws which govern
the development of branching structures. This
debate led to an acknowledgement of the exis
tence of universal laws governing the morpho-
genesis of branching structures and their in

terest for the construction of artificial systems.

Philippe de la Cortadiére

Hirtoive des Seiences: de VAntiguité
A Hos Jorrs

Editions Tallandicr, 2004

This composite publication, with six parts
devored respectively to mathematics, physics,
astronomy, chemistrey, carth sciences and life
sciences, explains the major episodes in the de-
velopment of these disciplines over the course
of the centuries. This historical analysis is com-
pleted by a glimpse of the research advances in

each field and their potential applications.

Dictionnaive cultirel des seiences

Edition du Seuil { Regard, 2001

Edited by Nicolas Witkowski

A compendium of thousands of articles, this
‘Cultural Dicoonary of the Sciences’ deals

with all scientific disciplines, taking account of
the diversity of civilisations, interspersed with
aspects of these linked to the sciences proper
and also their relationships with art, literatre,
cinema, sociology, myth, polines, history, re-
ligions, humour, ethics, economy, poctry and
popularsation. A well-researched publication
which brings to hfe some lost links bepween

scicnee and cultare.

Drictionnaive d'bistoive et de philosophic
des seiences

Presses Universitaires de France, 1999

Edited by Domimgue Lecourt

This book gathers together 900 keyvwords de
fined in a context which systematically unites
philosophical thoughts in a historic survey of
scientific investigation. Concepts, laws, names,
correlations bringing an enlightened view of
different ways of thinking in all the scienrific
disciplines and their historical development.
The natral laws which are the foundations
of the biomimetics® approach are particularly
well deseribed.

Grand Dictionnaive de Philosoplie
Larousse et CMES Edioons, 2003
Edited by Michel Blay

This ‘Complete Dictionary of Philosophy” is
a collecnon of the work by 200 authors, with
1,100 entries and 70 essays. It offers an ac-
count of progress in the development of the
fundamental notions and main operating con-
cepts in philosophical discussion, Among oth

er things, it refers with meticulous detail to the
history of ideas, notably to the links between
philosophy and the different scientific disci-
plines. The knowledge accumulated, the influ-
cncing factors, the current situation of ideas
and questions, the nature of debates and social
issues all consaute cxcellent guides as part of
the presentation of cach item. A particularly
usetul and well-rescarched tool for concepual
analysis of the evolution of ideas relating to
mimicry, Momimetics™ and bio-inspired meth-

odology.

Charles Darwin

The ovigin of species: Irv means of natnral
selection ov the presevvation af favouved
races in the stvauple for life

John Murray, 1859

This is Charles Darwin's magnom epos, the
fundamental text of modern biology, The first
edition, 1,250 copies, was sold out in one
day. This publication, dedicated to the theory
of natural selection® in species, was going to
iniriate lively controversy, which is stll getting
the advocates of creationist theories worked-
up about it today. Apart from his interest in
the development of concepts in biology, Dar-
win's work, which for the most part results
from very acute obscrvations, undoubtedly
provides remarkable descriptions of the ‘ins
and outs” of evolutionist theory, The various
descriptions of the evolution of animal specics
are still sources of inspiration for many applica-

tions of bigmimetics.
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Jill Bailey
The Way Natwwre Works
Macmillan, 1992

The perfect book to gain a good understand-
ing of nature and the wav it functions. A team
of scientists trics to answer a serics of simple
questions about nature: for example, how
birds fly or how sedimentary rocks are formed.

WEBSITES

iopscicnce.dop.org

TIOPscience is a platform for TOP-hosted jour-
nal, magazine and website content. Tt incorpo
rates some of the most innovative technologics
and publishes a Bivinspiration & Biomimetics
journal {both online and in print}.

www.cnrs. fir
The French Nanonal Centre for Scientific Re
search, a valuable information source on the

latest scientific developments.

WWW.natre.com

Nature Publishing Group (NPG) is a pub-
lisher of high-impact scientific and medical in
formation in print and online. NPG publishes
i(.;l|,|rl'l..'l.|$‘ onling (,I,'il_:’lL‘r.,'Ib{_‘:i) and services in the
ficlds of life scicnces, physical sciences, chemi-
cal and applied sciences and clinical medicine,
An essential reference source in scientific pub-

lication.,

ABOUT ECOLOGY

BOOKS

Rachel Carson

Silent Sprimg

Houghton Miiflin, 1962

Rachel Carson, a biclogist, was contacted by
a friend who was worried when she noticed a
reducton in the number of birds in the arca
where she hved. After several vears of vesearch,
Rachel Carson highlighted the fact that not
only birds, but also other ammals, were being
poisoned by pesticides. Her book gave birth to

the ecological movement,

Catherine Larrére

Les philosaplbies de Uenvivonnement

Presses Universitaires de France, 1997
Environmental questions, especially in Anglo-
Saxon countries, are often about the relation

ships between mankind and nature. A new

Focusing on
only one solution
Ls never a good thing,
people should
consider a diversity
of optrons

Cartherine Larrére




aesthetic was developing, which was shaking
up anthropocentrism, with the intention of
no longer regarding nature as just simply a
‘reservoir of resources’. This book deals with
the different themes associated with this philo-
sophical thinking, for example intrinsic value,
wilderness and animal well-being.

Cathervine Larvére and Raphaél Larvérve
Dt ban wsagye de la nature:

Powr une philosophbie de envivonnement
Anbier - Collection Alto, 1997

Catherine and Rapha@l Larrére postulate mle
stones for a new vision of nature. A naturc
mankind could be part of without shame, that
he could keep in a decent state to be his home,
for now and for future generatons. Bevond
opposition  between naturalism and human-
ism, they call for good, eco-centred use of
nature.

Hicham-Stéphane Afcissa, John Baird
Callicott, Catherine Larrére,

Augustin Berque, Dale Jamieson et al.
Ecosopbies: La plilosophie i Pépreuve

de Pécologie

Editions MF, 2009

A book which beings together the reflections
of several American and French thinkers on
topical issues in ecological® philosophy.

Arne Naess

Ecolagy, Community and Lifestyle:

Ouwetline af an Ecosoply

Cambridge University Press, 1989

David Rothenberg’s translatdion of  Okoload,
Samfunn aq Liveeil by Arne Naess. A philo-
sophical reference book which questions the
relationship berween man and nature.

William MecDonough

and Michael Braungart

Cradle to Cradle, Remalkingg the Way
We Make Things

Morth Point Press, 2002

American architect William McDonough and
German chemist Michael Braungarts book
defends hitherto unpublished theories in the
field of ecology, not based on a reduction of
consumption but rather on a revisiting of in-
dustrial processes. A biomimetic® model where
evervthing must be re-used, returned o the
soil as biological, non-toxic nutriment or re-
cveled ‘technical’ nutriment ad infinditum. No
waste, one of the watchwords, This holistic
approach applies to every tvpe of svstem (so-
cial, economic, architectural, ete.). It relies on

a vision of human activitics as combined me-

tabolisms *, potentally healchy and vigorous if
they are fed by a controlled Mow of materials,

organic and synthetic nutniments.

Design et développement duvable:

Il v anva Pige des choses lééves

Wictoires cditions, 2003

Edited by Thicrry Kazazian

Scenarios for transformation of our consumer
society into a uscr socicty capable of satisfy-
ing our needs and our desires in a sustainable
manner, A manifesto uniting design and fumre
ology, this book is a force for proposal of busi-
ness strategics aming to offer a better gual

ity of life for all, while building the basis of a
Slight’ ceonomy,

Elizabeth Pastore-Reiss, Hervé Naillon, Ed.
Le marketing éthique: Les sens

dw commeree

Village Mondial, 2002

For an cthical approach to marketing, built
around Plato’s three fundamentals: goodness,
beauty and truth.

WEBSITES

www.trechugger.com
A media ontlet dedicated to driving sustain-
ability mainstream. Green news, solutions, and

product information.

www.ted.com
TEDTalks, New thinking on the climate
crisis, Al Gore, 2008,

DESIGN AND ART

BOORS

Victor Papanck

Design for the Real World, Human Ecology
anid Social Change

Academy Chicago Publishers, 2005

A completely revised second edition of Design
for the Real World, A classic, oranslated into
twenty-three languages. For a sensible and re-

sponsible design.

Angeli Sachs

Natwre Design: From inspiration

o fnsovaltion

With essays by Barry Bergdoll, Dario Gambon
and Philip Ursprung, cdited by Muscum fiir
Gestaltung Ziirich, Switzerland, Lars Miiller
Publishers, 2007
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Nature Design is a concise book which pres-
ents ‘models from nature” concepts and thear
novel applications in the domain of techniques
used not only in design, but also in the ex

pression of bio-inspired forms in the ficlds of
architecture, landscape, photography, scien

tific rescarch and art. Apart from a historical
.‘h‘|.1|"_n‘51':-: the book presenls many uYam]_‘rh.'s ol
applications and produces the key elements for
careful reasoning on the subject of mnovation
meeting environmental constraints.

Sylvia Barbero, Brunella Cozzo

and Paocla Tamborrini

Ecodesigmn

h.f.ullmann, 2009

Eeodesign is a divectory of 340 examples of
the use of biomaterials and sophisticated tech-
nologies inspired by nature, This recently pul
lished compilation shows, in a relevant man-
ner, some current applications resulting from a
big-inspired approach. From a wedding dress
made from starch to tovs made from maize,
one discovers here the actual process of attrac-
pve and original ecological design which is en
vironmentally friendly.

Peter Pearce

Structure in Natwve is a Stvateqy

for Design

The MIT Press, 1980

SSvstems can be envisaged which consist of
some minimum inventory of component types
which can be alternatvely combined to vield
a great diversity of efficient structural form!”
Perer Pearce,

Theodore A. Cook

The Curves af Life

Dowver Publicanions, 1979

An exploration of the spiral, or helix, and its
mathematical expression through The Golden
Ratio.

WEBSITES

www.moma.orgfinteractives/exhibitions/

2008 /elasticmind/index.hitml
An exhibition staged by the New York Mu-
senm of Modern Art in 2008, commissioned

by Maola Antonnelli and an internet site with

content as inspining as the interface.

www.ted.com

TEDTalks, The paveer and beawty of organic
design, Ross Lovegrove, 2005,

TEDTalks, Desian and an clastic mind,
Paola Antonelli, 2008,

ABOUT MATERIALS

MATERIAL LIBRRARY [ WERSITE

matériQ [ wuwanaterio.com
matériQ) is an European nerwork of informa-

ton centees on materals and innovative prod

uees with five physical showrooms and an ex-
tensive onling database, Established in 2001 in
Paris, it provides its members with a large se-
lection of specific, reproducible and obtainable
rmaterials, key elements in the creation process.
This organisation’s ambition is to forge links
berween  creative  people of diverse  back-
grounds — including architecture, industrial
design, scenography, fashion design, publish-
ing, or fine arts —and manufacturers, engineers
or rescarchers. For the past tew vears, matériO
has taken a special interest in the subject of
biomimicry. Many ‘biomimetic’ materials are
indexed within the current materials libraries
and were teatured in an exhibition in Paris in
2010,

www.biopolvmer.net

Oihine resources for a Better environment.
Links to materals, as well as institutions and

certifications.,

extranet.kingston.aculkirematerialise

A material library built by Kingston University,
UK, housing materials which either use less
non renewable resources or come from renew-

able resources.

LITERATURE

André Dhirel

Rbétovique falmlense

Garnier, 1983

(Reprinted. Le temps qu'il fait, 1990)

An absolutely delightful poctical and philo-
sophical journey, formidably relevant and in-
telligent. An essental read.

PLEASING
TO THE EYE

BOOES

Ernst Hacckel
Awt Fovmis in Natare
Dover Publications, 1974

Olaf Breidbach, Irenacus Eibl-Eibesfeldt
and Richard Hartmann

Art Forms in Naturve: Prints of Evnst
Haeckel

Prestel, illustrated edibion, 1998

Olaf Breidbach

Art Forms firom the Ocean:

The Radiolavian Prints of Evnst Hoeckel
Prestel, 2005

Ernst Haeckel’s fascinating plates, worthy of

continuous rediscovery.

Hans Christian Adam
Karl Blossfeldt
Taschen, 2001

A virtuoso photographer who encourages us
to see the world of vegetation in a fresh light.

WERSITES

www.les-petites-dalles.org/Caralp/Radio-

laires.hitml

A source of beantiful images of radiolarnan®

glass skeletons,

www.subblue.com/projects

Tom Beddards work on fractals. Well worth
a look.

www.silkesicler.de

Silke Sicler is a motion graphics designer based
in Hamburg, Germany, Warm signal is a short
abstract movie dealing with nature and mari-
time creatures, metamorphosis and wransfor-
mation — it connects art and science.

matsysdesign.com
Established in 2004 by Andrew Kudless, Mat

svs is a design studio thar explores the emer-

gent relatdonships berween architecture, engi-
necring, biology and computation.

www.kokkugia.com

Kokkugia is a progressive architecture and ur
ban design practice exploring generative de-
sign methodologics developed from the com
plex self-organising behaviour of biological,

social and material svstems,

www.sciencephoto.com

A store of specialised scicntfic photographs.

photothegue.cnrs. fr
CNES (the French MNadonal Centre for Scien-

tific Rescarch) photo library,
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TAKING DESIGN TIPS FROM NATURE

Information about ecology and sustainable issues is published and posted
cvery day. Materials and technologics are given a prominent position in the midst of
ccological matters, but they may not always provide the right answer, or at least not
exclusively.

The world of nature itself is an amazing arena filled with smart models of
simple and sustainable behaviours, Industry of Nature describes 75 strategies that nature
has developed in response to needs such as protection, strength, acrodynamics ¥, camou-
flage and more. Included are existing and potential applications of these strategies in the
design industry which have been illustrated with many photographs.

Furthermore, interviews with architecture studio ArclierZéroCarbone, biolo-
gist Janine M. Benyus, creative director Fred Gelli, Professor of philosophy Catherine
Larrére, designer Mathieu Lehannenr and echical marketing consultant Hervé MNaillon,
highlight the eco issues from different angles. Other features are a chapter on the
history of biomimicry *, a graphical timeline showing Earth’s developments, a bibliogra-
phy and an extensive glossary.

The ecology issuc has become unavoidable and should be considered a great
opportunity to profoundly change our way of thinking and acting. Industry of
intends to provide creative professionals with information, inspiration and a wol for
augmenting their work, expanding their imaginations and improving the world in which

we hive.,
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