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FOREWORD 

 

In response to some of the questions that are frequently asked on the subjects of 

science and society, the Académie des sciences has recently developed a section 

area on its website entitled “Independent opinions of Academicians” (Libres points de 

vue d’Académiciens”. The first topic went online in November 2009 and dealt with the 

environment and sustainable development. 

 

In this International Year of Biodiversity and in the run-up to international conferences 

organised by the United Nations in autumn 2010, showing the increasing importance 

of this subject for society, the Académie des sciences presents a series of 

“Independent opinions of Academicians on biodiversity”. It therefore invited its 

members who are experts in the fields in question to express their opinions on a 

range of issues including the ecological significance of biodiversity, its links to 

evolution, its uniqueness for mankind, its benefits for society, etc. with the aim of 

responding to concerns about its erosion.  

 

These contributions, which express the independent opinions of Academy members, 

through their richness and diversity, shed light on current scientific opinion on 

biodiversity.  

 

We would like to thank our colleagues Academicians for agreeing to take part in this 

project including Dominique Meyer who designed and coordinated it.  

 

 
Jean-François Bach and Jean Dercourt 

Permanent secretaries of the Académie des sciences 
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INTRODUCTION 

 

Although the term ‘biodiversity’ was proposed in the 1980s by American biologists 

Walter G. Rosen and Edward O. Wilson, it was during the 1992 Earth Summit in Rio 

that it became more widely used. The concept of biodiversity encompasses diversity 

within species (genetic diversity), between species (species diversity) and between 

ecosystems (ecosystem diversity). So, it means the diversity of life on Earth. 

 

Almost two million animal and plant species have been described but the true figure 

could be more than ten million. In addition, the world of microorganisms, which we 

are only just beginning to understand, could alone have millions of species. This 

biological diversity is necessary for ecological systems to function properly, playing a 

role in the regulation of major biogeochemical cycles (such as the nitrogen cycle) and 

the water cycle, but also in agriculture, health and so on. 

 

Biological diversity is the product of evolution. Since the dawn of time, species and 

ecosystems have been disappearing and threatened with extinction. But they now 

seem to be disappearing at a much faster rate and at least six factors can explain this 

erosion of biodiversity: expanding population, the destruction of natural habitats, the 

over-exploitation of natural resources, pollution, invasive species, climate change. 

 

According to the latest UN “Global Biodiversity Outlook” published in May 2010, the 

target set by the Conference of the Parties of the United Nations Convention on 

Biological Diversity (CBD) in 2002 to significantly reduce the loss of biodiversity by 

2010, the International Year of Biodiversity, has not been achieved according to the 

indicators put in place. This “Outlook” confirms that the massive loss of biodiversity 

(forests, lakes, coral reefs, etc.) has already begun and will result in a vast reduction 

of the number of essential services provided to human society by the ecosystems. 
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Urgent action on an unprecedented scale is therefore essential and must be 

combined with other priority objectives such as the reduction of world poverty and 

hunger and the improvement of health. It is all part of the sustainable development 

challenge which includes biodiversity management. The creation on 11 June 2010 of 

the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) is a 

step in the right direction. Let us hope, with all the events that have alerted 

governments and aroused public opinion around the world recently, that new global 

targets will be set at the next Biodiversity Summit organised by the United Nations in 

autumn 2010 to curb biodiversity loss.  

 

In this International Year of Biodiversity and before the UN Summit, numerous recent 

scientific discoveries on the subject, are covered in these “Independent opinions of 

Academicians on biodiversity”, as well as concerns and hopes.  

 

I would like to express to all the authors, my colleagues, from the Académie, how 

much their contribution has meant to me and to thank them for creating a cohesive 

finished product, despite coming from very different disciplines. I would also like to 

extend my thanks to Anne Bernard and the whole team at the Délégation à 

l’information scientifique et à la communication of the Académie des sciences.  

 

 

           Dominique Meyer 
           Membre de l’Académie des sciences 
           Editor 

 

 



3 

Independent opinions of Academicians on biodiversity - September 2010 
 

 

 

 

 

 

Independent points of view of Academicians on biodiversity 

 

1. What is biodiversity? 

1.1. What is biodiversity? What does this word cover? What is the history of 
this concept?  

Christian Dumas (Membre de l’Académie des sciences) 

The word ‘biodiversity’ was popularised by Walter G. Rosen in 1985 for a national 
forum on biological diversity. It combines two words (bios meaning life in Greek and 
diversity) and has been adopted by scientists, the media and politicians alike, who, 
for biodiversity as for sustainable development, often drop such terms into their 
speeches to make them “trendier” without, however, always using the underlying 
concepts in the original sense in which they were defined. 
 
After the Earth Summit (Rio de Janeiro, 1992), which established a Convention on 
Biological Diversity now ratified by around 190 countries, the United Nations (UN) 
declared 2010 to be the International Year of Biodiversity. Its aim is to raise public 
awareness of the state of biodiversity in the world and to encourage mankind to 
protect and save this heritage with a whole range of measures to be identified 
nationally. France responded to this appeal by declaring biodiversity a major national 
cause for 2010!  
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The use of the term ‘biodiversity’ coincides with people becoming aware of the rapid 
extinction of species or situations which threaten some of them following changes to 
the environment in which they live. These changes are often directly linked to human 
activity (massive urbanisation, development of polluting industries, intensive farming, 
overfishing of certain species, massive deforestation, waste production, pollution of 
fresh water and oceans, introduction of invasive species, etc.). 
 
According to Article 2 of the Convention on Biological Diversity established in Rio de 
Janeiro, biodiversity is defined as: 
 
“The variability among living organisms from all sources including, inter alia, 
terrestrial, marine and other aquatic ecosystems and the ecological complexes of 
which they are part; this includes diversity within species, between species and of 
ecosystems”. 
 
There are three distinct levels for understanding biodiversity: 
 
- a) The great variability of living organisms covers the first level: the number, type 
and abundance of the different species. Thus, there are, for example, two species of 
elephant depending on their geographical origin, Asia or Africa, some 300,000 
species of flowering plants, millions of known insects (many more are still be 
discovered) and billions of microbes most of which remain unidentified. It is also clear 
that the term ‘abundance’ must be taken into account: the size and individual volume 
of an elephant or a baobab is impressive but it is nothing compared to the number of 
ants in an anthill or grasses on a prairie. 
 
There are therefore two types of biodiversity: that which can be seen, like the majority 
of plant or animal species, and that which is invisible to the naked eye, from the world 
of microbes and viruses to all things that live in the ground, fresh water or seas or 
even in our intestinal flora (rich in microbes). Special instruments, such as a 
microscope and/or the development of suitable cultivation environments, are often 
needed to see it. 
 
- b) This variability between individuals of different species also exists on a second 
level, the molecular level: that of genes which contain the hereditary characteristics of 
a species. Genetic diversity can be assessed in an individual. Let us take the 
example of a Labrador dog, the product of a domestication process, or that of the 
sweet violet, a wild species (i.e. not domesticated). It can also be evaluated in a 
population of individuals of the same breed (all Labradors) or the same species (all 
sweet violets). But it can also be evaluated in populations of different breeds of dog 
(Labrador, poodle, German Shepherd, etc., all probably descended from a wild 
species, the wolf) or wild species of violet (sweet violet, Pyrenean violet, hairy violet, 
etc.). These different dogs or violets are descended from common ancestors, which 
diversified through evolution by means of genetic mutations and other selection 
processes (including domestication in the case of the dog) or speciation processes. 
This genetic diversity is therefore at the source of biological diversity in general and 
allows the different species, breeds or varieties to adapt to changes in their 
environment. 
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- c) A third level corresponds to the environments or ecosystems in which all of these 
individuals live. While it is easy to isolate individuals of the same species or even the 
genes of the same genome, it is often very difficult to demarcate an ecosystem. It is 
hard to define precisely as it takes into account parameters that are biotic (living 
plant, animal or microbial species) and abiotic (the type of soil, the topography of the 
land, the climate, etc.).  
 
France, with its overseas territories (Guiana, Guadeloupe, Martinique, Réunion, New 
Caledonia, etc.) and their wealth of different species, represents approximately 20% 
of the world’s estimated biodiversity as these territories have a very large marine 
domain.  
 
This International Year of Biodiversity must be used as an opportunity for reflection 
and appropriate measures to protect this heritage of humanity. The actual lack of 
understanding of the importance of biodiversity must be taken into account very early 
from an educational point of view: today's society is far-removed from its country-
dwelling origins and awareness is mainly raised through the small screen or 
naturalised zoos or botanical gardens. Furthermore, there is complex and extremely 
fine interaction between all living things within their ecosystems. Little is still known 
about these ecosystems as they are difficult to comprehend. However, several 
initiatives have been developed such as the Millennium Ecosystem Assessment to try 
and identify the incalculable value (the scale?) of the services provided by 
biodiversity (pollination of crops, water purification, plants, animals, microbes and 
new medicines, etc.). 
 
To use the words of Robert Barbault, a scientist at the French National Museum of 
Natural History heavily involved in ecology and biodiversity issues: 
 
“Biodiversity is the change from the concept of Man and nature to the concept of Man 
in nature in all respects, for better and for worse”.  

1.1. What is biodiversity? What does this word cover? What is the history of this 
concept? (contd.) 

Jean-Dominique Lebreton (Membre de l’Académie des sciences)  

‘Biodiversity’ is a neologism, a contraction of ‘biological diversity’, proposed in the 
middle of the 1980s and made popular by the American biologist Edward O. Wilson 
who used it as the title of a book in 1988. Biodiversity therefore means the diversity of 
the living world. When we talk about the “high diversity of intertropical forests” or “the 
erosion of biodiversity”, we implicitly imply that biodiversity can be measured, or at 
least compared, for example between regions. But just as the cultural diversity of a 
country cannot be measured by a single number, or even several (number of films 
produced a year, number of musical groups, number of languages spoken, etc.), 
biodiversity cannot be reduced to figures. 
 
Most living things, and their variety, from unicellular bacteria to the blue whale, from 
locusts to giant redwoods, have always fascinated Man (just look at the story of 
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Noah’s Ark in the bible) to the point that they have long attributed their origin to 
creation by a higher being.  
 
The notion of species, a conceptual group of individuals potentially able to reproduce 
amongst themselves, has been around for a long time in popular knowledge (“the 
blackbird”, “the thrush”, “the violet”, “the pansy”). It was organised by Linné in the 
18th century to describe the living world. Upon discovery, each species is given a 
description and a “scientific name” made up of two Latin names: the genus name, 
common to similar species, and the species name. This two-name nomenclature 
cleverly reproduces the “name surname” structure used by many humans with the 
same function of clarifying and emphasising relatedness. According to a French 
saying, if there are no mistle thrushes Turdus viscivorus, you can eat blackbirds 
Turdus merula, both members of the Turdus genus and therefore more similar to one 
another than to the starling Sturnus vulgaris. Similarly, the botanist will hardly 
distinguish between violets and pansies, all members of the Viola genus. 
 
This focus on resemblances was only a step away from the idea of actual 
realtedness and therefore transformation of species from common ancestors, 
something which was ignored for many years despite the evidence, a step taken 
notably by Lamarck’s transformism.  
 
Darwin, with natural selection, gave a scientific explanation that is still valid today, 
with slight differences and greater details, of the diversity of living things. The 
heredity necessary for natural selection as proposed by Darwin was explained with 
the discovery of genes and genetic transmission mechanisms in the first half of the 
20th century. 
 
Decoding of the structure of DNA by Watson and Crick and the understanding of its 
universal role in the genetic code completed our understanding of biodiversity by 
showing the whole unity of the living world and its diversification from a probably 
unique event. 
 
The result of this diversification is a vast “tree of life” with many branches. This tree is 
the result of unceasing historical contingencies, including the isolation of populations, 
which  plays an important role by allowing them autonomous differentiation. The 
same type of mechanisms produces cultural diversity, for example the diversity of 
languages. Each species, or partially isolated population within a species, thus has 
an internal genetic diversity of its own. Living beings have also developed 
interactions of all kinds, both the result of and the reason for a fascinating 
diversification of functions and adaptations. Lions eat antelopes, which only eat 
grass: we have predators and consumers. Thousands of bacteria live in our 
intestines and are necessary for digestion of food… 
 
Biodiversity is therefore the diversity of living things as a whole, structured broadly 
into genetic diversity, species diversity and diversity of forms, functions and 
interactions. This definition focuses on the fragility of the living world, the result of a 
single trajectory of evolution in a world that has undergone many changes and crises, 
like the extinction of the dinosaurs, and which is currently experiencing rapid change 
under the effect of Man’s actions. 
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1.2. Does the study of biodiversity only relate to the census of living species? 
What fraction of the living world has been counted and what difficulties are 
involved with such a census? 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

The multiplicity of species has always been a source of fascination for Man. Just look 
at the amazement of children when they see animals in fields, zoos and aquariums. 
But a simple inventory of living species would only give a partial understanding of the 
diversity of the functioning of living organisms. Each individual interacts with the 
members of its own species within a population, each species with other species; all 
of these species use resources and recycle matter and energy within broader 
ecological systems known as ecosystems. 
 
This functional point of view is not solely useful for fundamental research. For 
example, the diversity of the number and functions of microbes in the ground is 
essential for the functioning of “agrosystems”: a cultivated field is still an ecosystem 
subject to ecological mechanisms, regardless of the intensity of the farming. Does 
this microbial diversity affect the functioning of this ecosystem, for example the 
carbon cycle or the nitrogen cycle? Does its impoverishment through inappropriate 
techniques have a detrimental effect on how it functions in the long term and 
therefore on the sustainability of profitable yields? 
 
However, even if you ignore the functional aspects, just a glance at a list of living 
species is fascinating. There are more than 100 species of orchids in France and 
approximately 1,500 species of weevils, as well as 4,500 plant species, of which 
around a half can be found in Hautes-Alpes. In the tropics, the figures are mind-
boggling: in the upper Amazon basin, there are 550 species of bird per squared 
kilometre, as many as in the whole of Europe; in Brazil, there are more than 4,000 
species of orchids, the richest plant family in the world with almost 15,000 species. 
 
But the numerical inventory of biodiversity is far from complete, whether on a global 
scale (where are we with the list of all species on the planet?) or locally (how many 
species are there on a given site?). 
 
Worldwide, almost 2 million living species have been counted, including 700,000 
species of insect: to a journalist, who did not know he was an atheist and a 
communist and who asked what could be inferred about God from his creation of the 
world, the evolutionist J.B.S. Haldane responded “an inordinate fondness for 
beetles”.  
 
For vertebrates, with around 45,000 species profiled, a lot of progress has been 
made with the inventory. New species are still regularly described, but increasingly 
often using genetic analyses showing the absence of gene flow and therefore of 
reproduction between populations that look the same. 
 
For small organisms, the situation is drastically different. In intertropical forests, 
systems for gaining access to the canopy regularly lead to the discovery of new 
species of insects. It has been demonstrated that several hundreds of species are 
strictly indentured to each species of tree. The hundreds of species of trees in the 
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Amazon rainforest therefore contain tens of thousands of insect species, most of 
which are not yet known to science. So Haldane was right! 
 
The list is patchier still for fungi, the many parasite organisms and bacteria. Practical 
difficulties and the issues surrounding the concept of species mean that the actual 
number of species on Earth varies between 10 and 40 million depending on the 
opinion. Furthermore, there is no global database of all known species. 
 
Regional inventories are themselves to a large extent incomplete, except for 
vertebrates and, in temperate climates, plants. Approximately 3,000 species of insect 
have been counted in the Camargue, some by experts in a particular group, for 
example ground beetles, others by general entomologists. If all the groups had been 
studied by experts, the number of species that would have been detected is 
estimated at 12,000, of course with few or none new to science. The interest in trying 
to create an exhaustive list, like the one being carried out in Mercantour National 
Park, is understandable to help to grasp the incredible diversity of living things. 
  
It would take pages and pages to present the diversity of forms and interactions, of 
which the inventory is also incomplete and which is, from time to time, marked by 
spectacular discoveries, such as the discovery of bacteria living in hot springs on the 
ocean floor. 

1.2. Does the study of biodiversity only relate to the census of living species? What 
fraction of the living world has been counted and what difficulties are involved with 
such a census? (contd.) 

Claude Lévi (Correspondant de l’Académie des sciences) 

The living world, in all its diversity, occupies a very thin surface layer of the Earth, the 
biosphere, essentially where land, water and air meet. Archaea, bacteria and plant 
and animal eukaryotes have differentiated themselves into species, the species 
being considered the basic countable group in the living world. 

The species and its name. Since ancient times, Man has been aware of the 
diversity of life forms. The most common animals and plants were given a name, 
passed on verbally in the language of each human group. These names are a 
shortened expression of a list of features or characteristics shared by similar 
individuals. Since time immemorial, we started to describe and portray morphologies, 
sometimes in great detail, essential for identifying species. The names thus given to 
the species vary from one region to the next and are known as “vernacular” names. 

Since Linné (1758), each plant and animal species has been identified using a 
common, supposedly universal, language, Latin, by two names: a genus name 
(upper category) and a species name (basic category), for example: Homo sapiens. 

The designation (diagnosis) of the species relies on whether it has or does not have 
certain qualitative characteristics of form and structure. Scientific progress and 
technological developments have added a wide range of ecological, behavioural, 
physiological, biochemical and genetic characteristics. The accumulation of new, 



9 

Independent opinions of Academicians on biodiversity - September 2010 
 

undoubtedly useful characteristics continues to complicate the identification of 
species and requires statistical processing of quantitative data. 

Gathering and storing data (example of marine life). 

Each species occupies a space, continuous or scattered, and a particular type of 
habitat (ecological niche). Therefore, every marine environment, from the tops of 
beaches to the deep sea-bed and oceanic trenches needs to be systematically 
explored. This exploration has been constant throughout history and started in the 
Mediterranean. Coastal species, especially those that are edible or commercial, were 
the first to be described. 

Zoologists and botanists went along on marine expeditions. Sailors, doctors, 
travelling naturalists and rich people with a love of natural curiosities brought back, 
especially to Europe, collections from all geographical origins with a proportion of 
new species that was always high. For three centuries, these collections have been 
kept, dry or in liquid, in natural history museums. They have been studied by 
scientists who are becoming increasingly specialised. Each new species is described 
according to a “type”. These specimens are scattered throughout the world and it is 
very difficult to consult them. The descriptions, written in all languages, have been 
published in countless journals and works, sometimes even becoming rare and 
precious documents. And yet, identifying a species as new means having to compare 
its characteristics with those of all species already profiled. 

Thanks to the progress made in information technology and digital photography, 
taxonomic databases and the inventories of all the types held in museums are 
available to users around the world. It is a huge step forward. 

Oceanography and the study of both deep-sea and surface life began with the 
“Challenger” expedition (1873-76), which explored all of the planet’s oceans. The 
species brought back were previously unknown. It took decades for the leading 
international experts of the time to profile them almost completely. 

From the end of the 19th century, exploration and sampling increased. Each new 
region travelled, each isolated island, each underwater mountain examined reveals 
its fair share of previously unknown species. Each type of sampling machine brings 
up to the surface different species, mobile in the mass of water or sedentary and 
fixed on stable or unstable bases. 

Surface plankton fishing divulged a living world very different from the seabed or 
benthic zone: pelagic species living at various depths, larvae of benthic species, 
unicellular species. 

The census of species. There are all kinds of species lists, classified by animal or 
plant group, or by geographical origin and by type of ecosystem.  

These lists were created either by experts, or by users compiling a range of literature 
who had no first-hand knowledge or critical ability. For animals, an exceptional 
venture, started in 1864 and known as the “Zoological Record”, provides an almost 
complete list of living species, of which the descriptions continue to be published in 
the form of a database. These lists grow and change over the years depending on 
the number and the culture of international taxonomists as well as on the importance 
of the organisms studied. 
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The census and concept of species. The species has, since Linné, been defined in 
very different ways. 

To the species, “a group of individuals with very similar visible characteristics”, is now 
added the “biological” species, a group in which the individuals are capable of 
interbreeding and producing fertile offspring. More recently still, the “phylogenetic" 
species is considered to be a segment of an evolutionary lineage. 

A complete census of living species is utopian and impossible with the resources 
currently at our disposal. Is it possible to calculate the fraction of species counted if 
we do not know the denominator of the fraction: 2 million, 15 million, 50 million? 

However, regular partial censuses of species in the same ecological niche or the 
same region have already been taken. They have provided very important 
information about the effect of human activity through alteration, reversible or 
irreversible transformation of habitats and voluntary or involuntary transfer of species. 

The sudden, sharp increase in the population of Homo sapiens over the last century 
has unpredictable consequences for the survival of many species in the biosphere, 
and is even likely to have consequences for its own survival. 

1.2. Does the study of biodiversity only relate to the census of living species? What 
fraction of the living world has been counted and what difficulties are involved with 
such a census? (contd.) 

Paul Ozenda (Membre de l’Académie des sciences) 

Biodiversity covers many aspects. It is not an intrinsic property of a given living 
environment, like physical constants are for example. Rather it is a subjective 
perception, which may be expressed in a whole range of ways depending on the 
point of view of the observer. 

Besides the specific richness of biodiversity, the following should also be taken into 
account: 

- taxonomic diversity: distribution of large groups, in particular families; 

- ecological diversity: modes of growth, adaptations; 

- biogeographical diversity, for example differences due to continentality; 

- biocenotic diversity: number and nature of groups occupying a territory; 

- and, above all, genetic diversity, mainly within the species. 

There is no point in taking a census of species unless it is done according to 
methodological rules. The following should be specified: 

- what is being evaluated and the unit of reference used (Linnean species or 
subdivisions thereof); 

- whether only spontaneous species are taken into account or also introduced 
species and cultivated species; 
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- the relative importance of the species in the case described: key species, dominant, 
rare, endemic; 

- in relation to what: surface area of the land studied (administrative divisions, or even 
standard size, for example 100 km²), ecological interval (average temperature, 
degree of latitude, altitude bracket), time (date and periodicity of inventories, 
especially in regions where biodiversity is decreasing).  

1.2. Does the study of biodiversity only relate to the census of living species? What 
fraction of the living world has been counted and what difficulties are involved with 
such a census? (contd.) 

Henri Décamps (Membre de l’Académie des sciences) 

The study of biodiversity must not be limited to a census of living species. Indeed, it 
relates to “the variability of living organisms of all origins” and includes “diversity 
within species, between species and of ecosystems”. As a result, the study of 
biodiversity must first of all give us an understanding of the evolutionary processes 
which lead living species to appear, assemble, transform and disappear. It must also 
specify the role of biodiversity in the functioning and the dynamics of ecosystems, for 
example with regard to their productivity and their stability faced with disturbances of 
varying severity. In addition, in recent years research has focused on the influence of 
biodiversity on the provision of ecosystem services – food, fresh water, wood, climate 
control, protection against natural risks, erosion control, pharmaceutical ingredients 
and leisure – at the same time as efforts are being increased to determine the value 
of biodiversity within the context of largely interdisciplinary study, from natural 
sciences to those relating to Man and society. 

Nevertheless, the study of biodiversity must not be developed without a census, 
which, it cannot be denied, is still only partial. Across the planet, current estimates 
state 1.8 to 1.9 million species of known eukaryotes – a number that could probably 
be brought down to 1.6 million accounting for synonymy. In fact, while estimates for 
birds, mammals and 90% of plants are on the whole satisfactory, many species are 
yet to be described, particularly amongst invertebrates. Some experts estimate the 
species in existence on Earth at somewhere between 5 and 10 million1. 

In 2007, a report by OPECST (the French Parliamentary Office for the Evaluation of 
Scientific and Technological Decisions) emphasised how far the description of the 
planet’s biodiversity is from being complete, as we were led to believe just a few 
decades ago. First of all, molecular biology techniques enable species to be 
characterised by their genetic capital, shattering our censuses, for example of 
bacteria at sea and in the soil. Then, once unexplored environments have proved to 
be exceptionally diversified, such as the rainforest canopy and the ocean floor (the 
latter is home, based on a low estimate, to 100,000 to 1,000,000 species, not 
including bacteria, evolving in a wide range of habitats). In 1992, for the whole planet, 
there were estimated to be eight million insects yet to be identified (for a million 
already described) and around 1.5 million species of fungi (for less than 100,000 

                                                 
1 May R.M., Harvey P.H. (2009). Species Uncertainties. Science 323: 687. 
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already described)2… and in 2002-2003, a further 1,635 marine species were 
discovered per year, a number probably between 1,300 and 1,500 species, again 
taking into account possible synonymy3. 

And yet, the current rate of these discoveries is extremely slow in relation to what 
remains undiscovered: it took 150 years to describe 50,000 roundworms out of an 
estimated 800,000 and 40 years to explore 80 km² of ocean floor out of more than 
300 million. The aforementioned OPECST report pinpoints the major problem with a 
census of the species on our planet: “it will take over a millennium to identify a very 
small majority of species, but this traditional taxonomic form of identification will 
probably be of no scientific significance in a few hundred years”. The authors of this 
report reiterate that 7,300 species of bacteria were identified in 2007, the year their 
report was published, out of an estimated number of between 600,000 and 6 billion, 
and that a 30 g sample of soil contains 2,000 types of bacterial community and 
50,000 different genomes. As for ecosystems, there are thousands of them, 
distributed throughout the major biomes which share the planet – savannahs, 
rainforests, tundra, etc. Added to these difficulties are problems caused by the 
different perceptions of biodiversity, by the organisms in question and by the different 
space and time scales adopted. 

In the long term, it is essential to coordinate the acquisition of knowledge on 
biodiversity using these different scales, from local to global. It is also vital to continue 
naturalist exploration of biodiversity: through the structuring of volunteer observation 
networks, the replacement of traditional taxonomy and the training of new taxonomic 
researchers – a neglected discipline now that new classification concepts are 
opening up based on phylogenetic, functional and ecological relationships. In this 
respect, the efforts of the Group on Earth Observations (GEO) to develop a 
Biodiversity Observation Network (BON)4 in order to track changes in the biodiversity 
of ecosystems, species and genes, as well as in terms of ecosystem services, are 
worth noting. A major concern for this “GEO BON” is coordinating and incorporating 
data gathered in many ways and in many places on land and at sea – a concern 
shared by the whole scientific community.  

1.3. How is biodiversity linked to evolution? 

Pierre Buser (Membre de l’Académie des sciences) 

Today, if you listen to expert’s opinions on the subject, the world is faced with a real 
loss of biodiversity of both ecosystems and species. The disappearance of species is 
worrying and we may ask ourselves: has it always been like this over the ages? In 
other words, is Man’s responsibility a major factor or is this fluctuation in biodiversity 
linked to the laws of evolution? These questions are unavoidable.  

                                                 
2 WCMC (1992). Global Biodiversity: Status of Earth’s Living Resources. Chapman and Hall, 585 p.  
3 Bouchet Ph (2006). The magnitude of marine biodiversity pp. 31-62, in Duarte C.M. (Ed): The Exploration of 
Marine Biodiversity. Bilbao, BBVA Foundation.  
4 http://www.earthobservations.org/geobon  
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Generally speaking, it must be recognised that the persistence of biodiversity 
depends upon the preservation of the major ecological balances, regardless of their 
scale: habitat, forest, region, and world. During the recent decades, a major erosion 
of biodiversity has been observed almost everywhere, with huge decreases in the 
number of individuals of certain species and, ultimately, in the number of living 
species. As a consequence, more than half of the habitable surface of the planet has 
undergone significant changes, with habitat fragmentation, pollution and the 
destruction of certain ecosystems. To some extent, depending on the situation and 
according to experts’ opinions, we must be held responsible. 

Actually, the biodiversity as it is nowadays is a specific moment in the very long 
history of the living world: species living today only represent a very small proportion 
of the full amount of species that have existed since the beginning of life on Earth. 
This amount has changed over time under the influence of various nature-related 
factors, long before the dawn of human activity. Variation in biodiversity is therefore 
worth considering and discussing in the light of data provided by palaeontology, in 
view of the current theories on evolution of species.  

Firstly, there are some facts that even non-experts may have heard about. It is a well-
known fact that over the geologic time, species have suddenly disappeared, for 
instance dinosaurs, 65 million years ago. And what about the countless fossils which 
testify to the presence of complete animal or plant groups that appeared over 
geologic time, spread out and then disappeared, with no clear-cut explanation (like 
that for the dinosaurs) being offered? We are thus told that biodiversity developed 
over billions of years, at the mercy of geological events, climatic vagaries, 
interactions between species, effects of evolutionary pressures and adaptation. 
There are countless examples of this. Just one of these was reported by Charles 
Darwin, the most well-known and accepted theorist of evolution. We are told how he 
sought to understand the evolution of bees, how they moved from a carnivorous diet 
to a diet based on pollen and nectar, and from a solitary life to a complex sociability.  

Beyond such examples, very little is known about the mechanisms of evolution, 
which could help us understand how, over geological time, long before the advent of 
the human race, species have thus continuously modified biodiversity of their time. 
When did the human race start to intervene? This is difficult to pinpoint, but if it is 
clear that in the recent evolution, mankind has unfortunately contributed to the 
extinction of many species since the Neolithic age. One should however not forget 
that it has also contributed to their diversification, through selecting or favouring 
useful species!  

Let us now consider some current attempts to explain evolution, to understand how it 
began and then endlessly continued to modify the diversity of living species over 
time. To summarize, it is evident that no explanation of evolution is currently entirely 
satisfactory, judging from the discussions around the basic theory that Darwin and his 
successors once set forth, with its two traditional principles of evolution and  species 
diversification : i) “adaptations” to the environment are not hereditary, but instead, 
represent spontaneous and random variations of the phenotype of the individual, 
known as mutations, which take place over time, now known as the result of genome 
modifications retained in its lineage; ii) natural selection, a process which determines 
the survival of one species over another, meaning that the population, or even the 
species best adapted to the environment survives while the least adapted 
disappears. This natural selection would thus be one of the key generators of 
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biodiversity. Modern times have accepted these interpretations and have associated 
them with genetics to come to “Neo-Darwinism”. But it quickly became a current 
objection that the traditional theories of evolution did not satisfactorily explain the 
remarkable diversity of species adaptation and the acquisition of extremely complex 
organs such as the eye. It is only recently that, through focusing on molecular 
genetics, which shows how regions of DNA supporting heredity, can play a major role 
in significantly transforming the phenotypic expression, one has arrived at possible 
new explanations. According to these so-called “evo-devo” theories, combining 
genetics and evolution, the “homeotic” genes, shared by plants and animals, are 
responsible for creating the basic structure of a living being, i.e. determining how 
organs are positioned in relation to each other. Given that a small number of genes is 
sufficient, for example, to determine the formation of an organ as complex as the eye 
in species as different as the mouse, the fruit fly or the squid, we can now better 
understand how some rapid transformations with no intermediary stages, have been 
able to occur. This view of “development documenting evolution” thus gives us an 
idea of how such large diversity of species was able to occur in a relatively short time 
period. 

To conclude: variations in biodiversity do not date from humans. Geological time 
gives us plenty of examples, even if we do not really understand, everything about 
how species appear, diversify and disappear. If the present concerns about the 
decline in biodiversity are justified, it is undoubtedly because we can see, and rightly 
so, that this process, which has certainly always existed, has suddenly accelerated 
under the destructive actions of modern humans, actions that we can now 
unfortunately evaluate, in the time span of our recent history and even within a 
human lifetime.  

1.3. How is biodiversity linked to evolution? (contd.)   

Michel Caboche (Membre de l’Académie des sciences) 

The theory of evolution was constructed by Darwin in the 19th century precisely to 
answer the central question of where do the many species which live on Earth come 
from. Were they created from nothing “according to their kind” as the story of Genesis 
would suggest or by a process of adaptation? The observation of naturalists that 
there are “natural” barriers to reproduction between species supported the 
everlasting nature of these species and a creationist view of the living kingdom. The 
domestication of species by Man, on the other hand, revealed their great malleability, 
illustrated for example by the large morphological diversity of breeds of dog 
domesticated from the wolf.  

The theory of evolution provides a comprehensive answer to these questions: it is 
through a process of spontaneous variation in each generation, combined with the 
natural selection of the best adapted organisms that species have diversified over 
thousands of years. The natural selection of favourable variations is therefore the 
driving force behind biodiversity. Faced with diversified environments, the different 
populations of a species diverge little by little as they adapt and become unable of 
interbreeding, giving rise to new related species. The Galapagos Islands finches 
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studied by Darwin developed beaks suitable for a specialised island diet, which 
differed depending on the island where these finches multiplied. 

This theory of evolution assumes that all living organisms are related to each other 
and are therefore descended from common ancestors. Work done in palaeontology, 
genetics and molecular biology has validated this premise. Palaeontologists have 
discovered fossils of extinct species from which current species originate. The 
Archaeopteryx, and more recently Limusaurus inextricabilis, discovered in Jurassic 
rocks, are likely ancestors of today’s birds which are therefore cousins of therapod 
dinosaurs. The discovery of DNA, which controls heredity in all living beings, and the 
bringing to light of the genetic code, the set of rules for making proteins also common 
to all living beings, also support the idea of a living world originating from a primitive 
cell. Spontaneous changes in the DNA sequence, known as mutations, are 
maintained and passed down if they are favourable to survival of the species. Over 
thousands of years, the accumulation of these mutations leads to the emergence of 
new functions, some of which are wonderfully sophisticated (bacterial flagellum, 
animal eyes, photosynthesis in plants). Although the accumulation of mutations is a 
slow process (in a plant this accumulation takes place at the rate of one to one 
hundred mutations per genome, depending on its size, and per generation), the 
diversity of the mutations which distinguish between the genomic DNA of two 
members of the same species can be enormous (10 to 20% sequence divergence). 
This genetic diversity is at the root of so-called phenotypic diversity of observable 
traits of the species. The greater it is, the more it contributes to the evolution of this 
species and the creation of biodiversity. It is around this intraspecific biodiversity that 
interspecific diversity is constructed, through repeated speciation events.  

The driving force of evolution appears to be powerful, but what gives it its strength 
(time) is also its Achilles heel as it takes thousands of years for a species to appear 
but only a few years to destroy the environment required for its survival. The 
presence of a nutritional resource may completely dictate the survival of the species 
that uses this resource.. This fragility is heightened by the fact that each species 
interacts with numerous other species around it. Biodiversity is not an individual 
adventure but a collective affair in which specialisation may turn out to be an 
advantage for colonising a biotope, but also an evolutionary trap.  

Man can destroy biodiversity and he has been doing so since the Neolithic age at an 
increasingly rapid rate as demonstrated by the spectacular way in which ocean fish 
stocks have fallen worldwide. We have only recently become aware of this. The 
domestication of certain species for food, which began more than 10,000 years ago, 
also shows that we can exploit the natural selection process for our own gain, thus 
speeding up the evolution of some species to cultivate them in climatic conditions 
that are completely different from those of the places inhabited by the wild species 
from which they descend. Thus, the biodiversity of cultivated maize is at least as 
important as that of teosinte from which it has been created through domestication. 
Without being able to physically withdraw from the planet, man must live there in 
harmony, as far as possible, with other living things. And he must endeavour to 
reduce his destructive power over biodiversity and develop his ability to create 
biodiversity on rational foundations. The continuous presence of pandemics 
(hundreds of millions of humans contract malaria, and more than one million die from 
it each year) also reminds us that natural selection, the driving force of evolution, is 
not the unconditional ally of man according to a Rousseau’s view of nature. 
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1.3. How is biodiversity linked to evolution? (contd.) 

Claude Combes (Membre de l’Académie des sciences) 

Playing the asteroid. For both genes and individuals and both species and 
ecosystems, replacement is the unrelenting rule of evolution. Biodiversity changes 
with time and that is one of the characteristics of the biosphere, perhaps the richest 
of consequences. Life is therefore constantly changing (only the genetic code stays 
the same or almost the same, a common denominator of the countless aspects of the 
living world). It is because millions of species have become extinct that new species 
have been able to find space and resources on our planet. The human lineage had 
no place in the Burgess or Chengjian ecosystems 530 million years ago, or in the 
ecosystems in which the dinosaurs lived. Replacement could have been gradual, the 
result of natural selection in the orthodox Darwinian sense. It could have been 
sudden, the result of “extreme” events, either climatic (rapid cooling or warming), 
cosmic (asteroid impact) or even telluric (volcanic eruptions). 

When the main protagonist is life itself and not an individual species, when the unit of 
time is a million, or even a billion, years, disruption of biodiversity is not seen as 
negative but instead appears as a “necessity” of evolution, namely a step forwards 
not backwards. As Stephen Jay Gould readily iterated, if the asteroid that left its mark 
in Chicxulub (Mexico) had not entered Earth’s orbit 65 million years ago, the face of 
evolution would have been different, including and especially as far as mammals, 
primates and hominids are concerned. Just as an aside, the asteroid could well have 
been assisted by powerful volcanic eruptions in India. Evolution is a historical 
process and does not run according to a script. 

Then why should we worry about how, by occupying and transforming environments 
and exploiting species, Homo sapiens is causing global, profound, rapid and 
irreversible changes? Is he not giving evolution a nudge in the right direction? 

The whole problem lies in the fact that the main protagonist and the unit of time are 
not the same. 

For the first time since life began, the main protagonist is one of the species that 
makes up the biodiversity. Until now, each species played a role in the evolution of 
biodiversity, either because it conquered a new environment, because it fought over 
resources with another species or because it gave birth, through selection or 
derivation, to new species. But no species has ever before brought about “global, 
profound, rapid and irreversible change”. In other words, Man is the first species in 
the history of life to play the asteroid. 

The unit of time is also different and even on a totally different scale. When we look 
back, for example to what we call the five mass extinctions, we treat the million years 
flippantly. It does not affect us any more than the Hun invasion or the devastation of 
the Palatinate. It is when the timescale gets close to a human lifetime that we start to 
worry: the sack of the Summer Palace and the Battle of the Marne make us stop and 
ask ourselves why, why, why. 

It is reasonable to assume that as long as the general conditions on Earth (for 
example the temperature) are compatible with life, evolution will recover from any 
phase of damage and pollution, as catastrophic as it may be. Perhaps, after tens of 
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millions of years, Earth will even have revived thought, art, culture and technology. 
However, it is not on this scale that debate about biodiversity is taking place: the 
scale is that of two or three lifetimes at the most to halt the devastation of our living 
environment.  

1-3 How is biodiversity linked to evolution? (contd.) 

Bernard Kloareg (Correspondant de l’Académie des sciences), with Mirjam 
Czjzek and Gurvan Michel (Station biologique, CNRS, Roscoff 

The interactions between species are a powerful force of evolution, presumably even 
the main force that creates biodiversity. In his Red Queen hypothesis, named in 
reference to the words of the character from Alice in Wonderland (“It takes all the 
running you can do, to keep in the same place”), Van Valen (1973)5 compares biotic 
interactions to a kind of arms race. This view is very well illustrated by the study of 
host-pathogen relationships. For each defence response put in place by the host, the 
pathogen ends up having an appropriate weapon to counter it. The outcome of the 
interaction (the host is either resistant or susceptible to the disease) depends on the 
respective dynamics of the deployment of the host’s defence responses to its 
aggressor’s arsenal. This constant balance between resistance and virulence is the 
basis for host-pathogen coevolution and, more generally, for host-symbiont 
interactions.  

 
This view can also be extended to trophic relationships which include, for example, 
the coevolution between bacteria associated with the biodegradation of plant 
biomass and that of their plant substrates. The most plentiful macromolecules 
synthesised by plants are combinations of monosaccharides, polysaccharides. These 
differ by the nature of their constituent monomers, the type of glycosidic bonds that 
make up the carbon chain and the nature of the modifications to these chains 
(branching, substitutions, etc.). Altogether, the chemical diversity of these molecules 
is very high in plants (and even more so in the bacterial world, from whence they first 
originated). To break down this carbon biomass into simple monosaccharides, which 
can then be reused as a source of food, bacteria have a very wide variety of 
essentially hydrolytic enzymes known as glycoside hydrolases. Today there are more 
than a hundred families of glycoside hydrolases, classified according to their 
sequence and structural similarities (http://www.cazy.org/).   

 
Analysis of the relationships between the structure of these proteins and their 
substrate specificity shows that, as plants evolved new polysaccharides, bacteria 
have adapted their enzymatic arsenal to benefit from this carbon biomass. Family 16 
is one of the best documented examples of coevolution between glycoside 
hydrolases and their substrates. Indeed, this family contains a large number of 
polysaccharides, which depolymerise a wide variety of substrates. Thus, these 
enzymes break the β(1,3) bonds in laminarin, a β(1,3) glucan, and the β(1,4) bonds 
in lichenan, a β(1,3:1,4) glucan, as well as in hemicellulose, a β(1,4) xyloglucan, 

                                                 
5 Van Valen, Evolutionary Theory, 1, 1-30, 1973 
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agars and K-carrageenans, which consist of β(1,4)-α(1,3) galactans. The latter are 
gelling polysaccharides produced in abundance by red algae from which they are 
manufactured for a large variety of uses, particularly in the food industry. Agars and 
K-carrageenans are homologous polysaccharides, which only really differ by the D/L 
isomerism of the α-linked galactose units in their carbon chain.  
Laminarin is a very old polysaccharide, present in most plant lineages (Michel et al., 
2010)6. Based on the fact that laminarinases are present in a large number of 
prokaryote or eukaryote lineages, we think that these enzymes are also very old 
(Barbeyron et al., 1998)7. It is therefore likely that the ancestral protein from which 
family 16 evolved originally had laminarinase activity. In addition, agarases and K-
carrageenases are very similar phylogenetically. Also, we know that the red algae 
from which agar is derived (agarophytes) gave birth to those which produce 
carrageenans (carrageenophytes) and not the other way round. It follows that 
agarases were produced by laminarinase activity and that they in turn produced K-
carrageenases, when K-carrageenans appeared as red algae evolved (Barbeyron et 
al., 1998). 
 
Glycoside hydrolases very often have modules which allow them to attach 
themselves to their target substrate, thus increasing the effectiveness of carbon chain 
degradation. These non-catalytic modules, first discovered in cellulases, are known 
as CBMs (carbohydrate binding modules). These CBMs are divided into 53 different 
families. Most of those in glycoside hydrolase family 16 belong to CBM family 6. 
Phylogenetic analysis of these CBM6s shows that they have diverged into different 
clades, which coincide exactly with their enzymatic specificity. This remarkable 
congruence between the two phylogenies, that of catalytic domains and that of non-
catalytic modules, shows that glycoside hydrolases and their related CBMs purely 
coevolved to acquire the same substrate specificity (Michel et al. 2009)8.  

Family GH16 is also at the centre of a recent discovery, which shows that 
humankind itself possesses inter-population diversity in its ability to break down, 
using its intestinal microbial flora, polysaccharides in its food. The function of some 
family GH16 enzymes is unknown, in the sense that their exact enzymatic specificity 
is uncertain. We therefore investigated in details two GH16s of the agarolytic system 
of the marine flavobacterium Zobellia galactanivorans. Biochemical and structural 
analyses showed that these enzymes are a particular kind of agarases, which 
degrade porphyranes. These polysaccharides are sulphated agars, very widespread 
in red algae and first observed in the species of the Porphyra genus. These marine 
algae, particularly P. tenera and P. yezoensis, are widely cultivated in Japan where 
they are used, under the name “nori”, in a variety of dishes including sushi.  
Searching the databases for sequences related to porphyranases then indicates that 
these enzymes are present in many marine bacteria. Very surprisingly, they are also 
present in the intestinal bacterium of humans, Bacteroides plebeius. However, this 
bacterium is only found in the intestinal flora of the Japanese, not in that of 
Europeans or Americans, in whom the Bacteroides do not contain porphyranases. 
With Bacteroides plebeius, this is therefore very likely down to a lateral transfer of 

                                                 
6 Michel et al., New Phytol., print, 2010 
7 Barbeyron et al., Mol. Biol. Evol., 15, 528-537, 1998 
8 Michel et al., Glycobiology, 19, 615-623, 2009 
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genes from marine bacteria related to nori. This observation stresses the effect of 
diet on the evolution of the human intestinal microbiome (Hehemann et al., 2010)9.  

 
In conclusion, the example of the various polysaccharidases encompassed in the 
family 16 of glycoside hydrolases demonstrates that the biodiversity of 
microorganisms which degrade plant biomass is copied from that of plants. As plants 
evolved an increasing diversity of carbohydrate macromolecules, microorganisms 
have adapted to the availability of new carbon substrates through a fine speciation of 
their enzymatic arsenal, thus enabling these new substrates to be used. 
  
Ecosystem services provided by these bacteria extend as far as the highly specific 
ecosystem of human intestinal flora, where they break down polysaccharides that 
humans cannot digest on their own. The Japanese have been eating red algae for at 
least 2,000 years. In in evolutionary terms, however, the transfer of genes from a 
marine bacterium to the enteric bacterium Bacteroides plebeius must be seen as a 
recent event. This is why this horizontal transfer is still highly visible in the B. plebeius 
genome. Even though they are not as apparent now it is likely that such transfers 
took place many times over the course of evolution of primates, their diet and their 
associated intestinal microflora.  

1.4. Is Man part of biodiversity?  

Jean-François Bach (Membre de l’Académie des sciences) 

The crucial importance of human biodiversity. The diversity of human beings is 
considerable; out of 6 billion people living on the planet, there are no two identical 
individuals. Even identical twins, who share the same DNA, are not identical, as 
much, of course, in terms of thought and behaviour as for objective parameters such 
as biological constants and even fingerprints. Two identical twins look more alike 
than two ordinary brothers or sisters and even more alike than two unrelated 
individuals. The many differences which are observed may be due to interaction with 
the environment or biochemical changes in gene expression, known today as 
epigenetics. The environment can take on very many different forms. It may relate to 
the physical, chemical or dietary environment as understood by ecologists. It may 
also relate, more generally, to behaviour or practices such as addiction (tobacco or 
alcohol). Last but not least, it may relate to the influence of education, socioeconomic 
conditions or the cultural surroundings. Epigenetics covers a whole range of 
biochemical processes including, in particular, DNA histone methylation, acetylation 
and ubiquitination. These chemical reactions do not modify the primary sequence of 
the genes but instead alter, either in a positive or, more often, negative way, their 
expression level. Little is known about the factors controlling epigenetic changes but 
they seem to bring the environment into play as demonstrated by the differences 
observed in epigenetic markers in identical twins, differences that are all the more 
evident if they have been raised separately. 

                                                 
9 Hehemann et al. Nature, 464, 908-912, 2010 
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It is important to remember that the diversity of human beings is, for the most part, 
secondary to geographical migration, illustrated, of course, by the morphological 
differences between ethnic groups but found in many genetic markers such as the 
HLA antigens described by Jean Dausset (Member of the Académie des Sciences 
and winner of the Nobel Prize in Physiology or Medicine, 1916-2009). Indeed, the 
majority of human proteins have allotypes that can be found in various forms in each 
individual, forms which correspond to polymorphisms of the gene coding for the 
protein in question. These polymorphisms may, in some cases but not as a rule, be 
behind variations in the functional properties of the protein. Thus, in terms of both 
genes and proteins, it seems that each human being is unique, defined by his many 
polymorphisms. 

It is important to mention how biodiversity is created within a family in which the 
brothers and sisters have a genetic heritage from two parents, each of whom has 
passed on half of his or her genome. Chance plays an important role through meiosis 
(formation of ovocyte and spermatozoa) and chromosomal recombination (crossing-
over). Add to that the aforementioned role of the environment, in the broadest sense, 
and of epigenetics. 

The biodiversity of humans, based on the diversity of biological individuals which 
closely fits in with cultural diversity, is an essential driving force for the evolution of 
species and civilisations. It is genetic diversity which has enabled evolution of 
species through which the weakest individuals, in particular those least resistant to 
infectious disease or hunger, have been eliminated by natural selection over million 
of years, but also the wealth of cultural diversity and, more surprisingly perhaps, 
protection against certain diseases. 

The reduction in genetic diversity, the result of marriage between first cousins, a 
long-standing common practice in some Mediterranean countries, is responsible for 
the significant increase in the frequency of recessive genetic disorders. Inbred 
laboratory mice which present much less genetic diversity than “wild” mice often have 
poor health. 

In short, biodiversity is an integral part of mankind and key to the maintenance and 
harmonious development of the species. 

1.4. Is Man part of biodiversity? (contd.) 

Bernard Bourgeois (Membre de l’Académie des sciences morales et politiques) 

The human dimension of biodiversity. Ensuring biodiversity has become an 
objective only because it is not or is no longer as it should be, because of Man, 
thenceforth capable of restoring what he himself has destroyed. All this is taking 
place in Nature which, delivered a long time ago from huge catastrophes shattering 
its diversity and finally restored to a calm balance, represents a fertile habitat for Man 
as well. As part of Nature and one of the natural species, Man can therefore also 
destroy Nature in natural biodiversity. 

Mankind had, even in its non-natural but specifically human specification, created, 
with other plant and animal species, living and stimulating relationships, recognising, 
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increasing and promoting their diversification and difference. A bit of exotic 
ethologism makes me think of a certain poultry farmer in Bresse who, even today, 
talks to his chickens when he goes to see them in the morning and maintains that 
they are all the better for it, or the country folk of my childhood who spoke amongst 
themselves in the local dialect but always used French when talking to their horses, 
which were thought of as noble animals. However, the human dimension of biological 
diversity, which traditionally cultivated this, is also that which, in modern times, 
sacrifices its rich variety through technical overexploitation abstractly homogenising 
and impoverishing the natural environment. 

Man forgets that it is this environment, which anchors the mind – though 
immeasurably elevated in its finiteness, above even the most harmonious and 
beautiful Nature – and dictates his successful elevation. In particular, he forgets that 
the unification of existence, the mind itself, is all the more real and intense if it is 
stimulated, annoyed, by a challenging diversity the main source of which is the 
sensitive spatial and temporal luxuriance of Nature. 

Attacked in different ways by men absorbed in their local interests, biodiversity, which 
has been damaged almost everywhere, can only be restored – and as a very 
condition of their universal humanisation – with their universal initiative and by 
dealing with it universally. The practical affirmation of this biodiversity is indeed, these 
days, a total programmed act of mankind in its worldwide actions. But this action by 
the whole of mankind, totally calling upon the mind, on the whole of its natural 
environment which packages them in their existence as dimensions of itself, can only 
succeed if such humanity is able to use its skill to mobilise Nature itself against its 
human alteration. In its balanced diversification power, the mind can only control 
nature by obeying it. By making itself the inciter, the mediator, of the auto repair of 
nature’s diversity, the human race is, in a new way, a dimension or “part” of this self-
reconstructing biodiversity, far from claiming in vain to be an abstract mistress, a 
positive one, of the power of Nature.  

But human skill can only be effectively inserted into the life of Nature, due to the unity 
of the spherical Earth, its diversity assured in itself, by developing a restorative action 
for this terrestrial diversity which is both universal (global project) and singularised 
according to the elements of such a diversity (specified and local application of the 
project). And yet, the creation and execution of such an all-encompassing venture 
that is both identifying and differentiated is extremely difficult. The power of Nature is 
incommensurable relative to even the cleverest and most effective human skill. This 
is without taking into account that this skill must be coordinated through a will 
universally present in mankind, which is scarcely the case in globalisation often 
motivated by selfishness. But here, in its relationship with itself which thus controls its 
relationship with its natural environment, the human race shows itself, in every sense, 
to surpass the biodiversity asserted by it. 

Indeed, if man is a natural species and if, inside this species, there are races and, as 
ultimate and radical diversity, individuals, such biological diversity controls but does 
not determine the supra-natural, cultural and personal existence that is specifically 
human. Education presupposes and strengthens freedom with regard to the nature 
cultivated by the mind. Man controls and possesses, has his nature and the diversity 
associated with it, rather than being tied to it and being it; we can then say that 
diversity is in him rather than him being in it. He thus has it, can limit it or deny it, and, 
if he asserts it, his naturalism does not come from Nature but from his free will. If, in 
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this way, the naturalist thesis denies the mind because of its content, it denies simple 
nature because of its very existence. Recognition as a fact of human biological 
diversity must not therefore mean the adhesion to just any naturalist, racist or 
eugenicist differential, which comes from the free absolutism of this diversity as a 
supreme value. 

With this anti-naturalist development, the attribution of a value to natural diversity, 
also in Man's biophysical environment, (and a condition of his whole existence, 
including his spiritual existence), may encourage him to see the cultural diversity of 
communities in a positive light, like his success and human achievement. This does 
not at all involve compromising the supreme objective of universally reconciling 
mankind with itself, but, rather, ensuring its actual execution. As far as possible from 
any abstract universalism incapable of mobilising Man, always involved in specific 
cultures, the actual affirmation of humanity must come from living inside these 
stimulating cultures. Moving to create a well-considered, even critical, distance from 
themselves, each one according to its own style, they promote in a concerted way 
their common and original claim to one single humanity. It is the spiritual unity 
created like that of humanity – also to come – which is the purpose or the principle of 
the action. But such unity can only be effective by asserting the cultural differences 
distinguishing them from one another under the command of a single and unique 
human reason. 

And yet, Man knows that all he is, even his mind, is only that which is part of a 
nature. If naturalism denies the mind, the mind only exists by naturalising itself: the 
very negation of nature is only real, and not just claimed, as long as it is natured. As 
nature is itself an ever evolving differentiation, the mind, which universalises and 
reconciles existence, can only do so by taking responsibility for the requirement of 
such a differentiation or diversification in its creation of unity. But its universalising 
responsibility for his cultural diversity involves protection, itself diverse, – even within 
an essential global project – of the natural biodiversity which governs – even through 
the denial brought about by it – the second nature that is this cultural diversity. As the 
uniformisation, itself globalised, of how, threatened by abstraction, biological diversity 
is handled by human groups denying the original cultural anchoring, the only 
guarantee of efficiency, of their local ecological responsibility, can only harm the best 
defence, in each place on the planet, of one natural environment for one humanity. 

A philosophy of naturalisation, naturism or incarnation of the mind as a power for 
unifying human life, will recognise that natural biodiversity must be restored, as 
naturally as possible, as the habitat ordained in the reconciliatory mind of Man. Man 
only makes himself a dimension of such biodiversity if he makes this biodiversity a 
dimension of his humanity which is fulfilled. 

1.4. Is Man part of biodiversity? (contd.) 

Edgardo D. Carosella (Correspondant de l’Académie des sciences) 

Biodiversity is present throughout the living world and defines the natural diversity of 
organisms and the dynamics of interactions in and between the different species. 
Man is part of this biodiversity and, of all the living species, it is Man who has the 
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greatest diversity which makes him unique. Thus, we can identify in Man three 
different levels of diversity: genetic, phenotypic and ontogenic. 

First of all, genetically, Man is unique and this is the case for all living beings with 
sexual reproduction which, by definition, gives birth to a descendant through the 
union of the genes of its parents. However, at the point of meiosis, a process which 
results in gametes, each ovum and each spermatozoon contains, out of very many 
possible combinations, a combination of the genes of the parent, which is known as 
interchromosomal mixing. Furthermore, during meiosis (crossing-over), exchanges of 
gene fragments between chromosomes, known as intrachromosomal mixing, are 
added to this. Altogether, these processes result in the great diversity of 
combinations to give birth to a new individual. However, a certain number of genes 
are not expressed (translated into proteins) or their expression has undergone prior 
mutations. This is why we must go to the second level and look at the phenotypes. 

This second level is aimed at the physical characteristics of the individual. This 
seems evident for our appearance, but is all the more so from a molecular point of 
view. One of the most important phenotypic manifestations of human biodiversity, 
which governs the laws of organ transplantation, is the HLA (Human Leukocyte 
Antigen) system. Indeed, the number of combinations that are possible because of 
the number of existing HLA molecules is 2.8 times higher than the number of human 
beings on Earth. The chances of finding two identical individuals are therefore almost 
non-existent, except for in the case of identical twins (monozygotic twins). The HLA 
system is therefore a real biological identity card for the individual in the biodiversity 
of mankind. However, if we only consider biodiversity from the genetic and 
phenotypic points of view, we are unable to explain how identical twins (genetically 
and phenotypically identical) can be different.  

Therefore, we have to look to the third level, ontogenesis, to find the uniqueness of 
the individual within this great diversity of mankind. Ontogenesis usually designates 
the gradual development of an organism. However, here we will use this term to 
mean the process by which the organism is constructed in time. This relates, on the 
one hand, to the immune system which, depending on the antigens it encounters, will 
be formed and differentiate itself. It is the encounter of the individual with the 
antigenic diversity which will lead to the production of very diverse antibodies and 
memory cells. The creation of the immune system will depend on the environment in 
which it will develop over time. It will result in an immunological profile, different for 
each individual, and which it will remember. Each individual will have his own profile. 
Even identical twins, who are genetically and phenotypically identical, will not be the 
same immunologically. 

Ontogenesis also affects the nervous system as our neuronal connections, of which 
there are already many and which are very complex at birth, are constructed 
throughout our life and are directly dependent on our environment, in other words on 
the stimulation we receive. Like the immune system, the nervous system is the 
product of an individual construction over time and each individual is unique because 
of the neuronal connections formed throughout life.  

Despite this great biodiversity of individuals, we do know that two human beings are 
99.9% similar genetically, i.e. of the 3 billion base units that make up DNA, only 
3 million differ from one individual to the next.  
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Of course, we are unique, as we have just demonstrated, and this uniqueness 
constitutes the basis of our polymorphism which gives mankind all of its might, but in 
this diversity, we are also all similar. The question that may be asked is whether 
difference or similarity predominates. If it is similarity, then the risk would be that our 
identities lack depth in all their cultural, artistic and social manifestations, the 
individual blending in with the masses. If, on the other hand, our individuality is 
dominant, if we focus on the differences, the risk would be that we may become 
disinterested in others and more withdrawn into ourselves. In this contradiction of 
contemporary biology, the mistake lies precisely in considering that our diversity is 
merely biological as it is also found in our being, in our freedom and in the 
universality of our reason. 

1.4. Is Man part of biodiversity? (contd.) 

Laurent Degos (Correspondant de l’Académie des sciences) 

Why would Man escape from the general law of Nature which has always led living 
elements to evolve towards greater diversity? Admittedly, Immanuel Kant revealed 
this dilemma of Man’s dual position, both in Nature, responding to natural laws, and 
outside the order of Nature, not being disposed of when it is unnecessary but always 
respected whatever its condition. 

Men are all different except for identical twins and this is obvious. This diversity of 
appearance is supported by a diversity of the characteristics of our cells. Jean 
Dausset, Nobel Prize winner in 1980, discovered a “fingerprint” on the surface of our 
cells, the HLA system, the diversity of which, known as polymorphism, is a hindrance 
to organ or tissue transplant. This diversity appeared all the more astonishing when 
the genome was sequenced. Consequently, the police use this tool when carrying 
out investigations. But all this is common to all living beings. Man is in Nature and is 
part of biodiversity. 

One step further is taken between the organisation of the human brain and thought. 
Between the anatomical and functional substrate of the brain, and the thought which 
distinguishes Man from other elements of Nature, is the passage between “in Nature” 
and “outside the order of Nature”. Does this run contrary to biodiversity? No, this is 
very likely an additional aspect. The discussion does not therefore go down this 
route. 

Nature shows us the ability of the living world to evolve and adapt, while respecting 
an order protecting species and the members of the species. The driving force 
behind diversity is the flexibility of the genome with each birth. Natural selection 
exercises control and eliminates unfavourable elements. However, the genetics of 
populations teaches us that natural selection has only two influences over the 
evolution of species. The first is mortality before childbearing age, but since two 
generations ago there has been almost no mortality before the age of 40 in three 
quarters of the world’s population. The second is the variability of the size of families 
and again these same populations have between 1 and 3 children per family. Natural 
selection no longer exercises control over most populations.  
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The ecologist movement is emerging at this time and in populations which are no 
longer affected by natural selection, and is becoming paramount in everyone’s minds. 
Nature is no longer an integral part of Man as Man no longer follows its laws but is 
alongside it like a loved and respected third party. From a Man-Nature union we are 
heading towards a Man-Nature relationship. From having no need to worry as we 
were in Nature and subject to its laws, we are moving forward cautiously in relation to 
Nature, becoming independent of its laws. The search for an artificial adaptation to all 
gaps, present and especially future, between Man and his environment is another 
consequence of this shift. Man who has become detached from natural selection, is 
retaining every new constitutional aspect of its species, and is increasing its diversity 
through the incorporation of defects that should have been eliminated, something 
which distances him from Nature. These mutations, which may at one time be 
considered as defects, are potentially useful in the future. Increased diversity should 
protect mankind from cataclysms.  

According to the precepts of Immanuel Kant, Man rejects the laws of nature that 
eliminate ill-adapted groups or individuals. Freed from natural selection and utilitarian 
pressure, he is doubly outside of Nature and leaves his diversity to evolve without 
restraint. Man is therefore faced with a challenge: with this increased and 
uncontrolled diversity, he must use his intelligence to adapt to his environment and 
repair the defects emerging in his constitution through medicine. Is that also why he 
is seeking to reinforce the environment, defending the precautionary principle?  

1.5. What can be said about the diversity of languages and their risk of 
extinction? 

Gilbert Lazard (Membre de l’Académie des Inscriptions et Belles-Lettres) 

The diversity of languages is the result of their natural evolution. All languages are 
constantly changing under the influence of many internal and external factors. When 
parts of a population that speak the same language lose contact, through emigration 
for example, they end up, after a certain amount of time, speaking different 
languages. This is how, for example, the various Romance languages “come”, as 
they say, from Latin. In truth, they do not come from it: French, Italian, Spanish, 
Portuguese and Romanian are Latin as it has become over the centuries by evolving 
in different ways in Italy, Gaul, the Iberian Peninsula and the Balkans. When, during 
dissolution of the Roman Empire, the relationships between these different regions 
lessened and then ended, the Latin language, which had to be originally pretty much 
the same language everywhere, gradually took on different forms. 

This phenomenon is universal. Linguists have thus identified dozens of “language 
families” in the world, with a family made up of languages which are shown to derive 
from the same original tongue. The most well-known and the most studied is the 
Indo-European family of languages, which has many subdivisions, Romance, 
Germanic, Slavic, Hellenic, Indo-Iranian, etc. By comparing them, certain 
characteristics of the original language, which perhaps dates from approximately six 
thousand years before our time, have been pieced together. The Chamito-Semitic 
family is from a similar time period. Beyond that, the origin of languages and their 
diversity is lost in the mists of time. 
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The antagonistic phenomenon of diversification is the cohesive force within a 
linguistic community. It originates from the need of its members to communicate with 
each other. The need for mutual understanding limits innovation and channels 
evolution. Language is constantly changing and the changes may be noticeable 
within a human lifetime, but they are never, within the same community, rapid or 
massive enough to prevent inter-comprehension.  

That said, the situation varies greatly depending on the size of the community. In 
regions of the world where Man lives in relatively archaic conditions, for example 
South America or Sub-Saharan Africa, there are a great many languages, each used 
by a small number of individuals. On the other hand, especially in the modern age, 
“major” languages have been formed, lingua francas, national languages, 
international languages, cultural languages. Their unity is relative, as they are 
diversified into dialect varieties, usage levels, specialised idioms, etc. But it is 
protected by the abundance of relationships and maintained in particular by the use 
of writing and other means of communication. 

The number of languages in the world is estimated, very approximately, at five or six 
thousand, as the distinction between language and dialect is highly relative. But 
many languages are now heading for extinction. Because languages can die. A 
language dies when the last speaker passes away: thus, the Ubykh language studied 
by Georges Dumézil, which was spoken in Western Caucasia, died on 7 October 
1992 along with the last old man who knew it. The disappearance of a language is 
measured over three generations: the first speaks it fluently, the second understands 
it but does not use it, and the third does not know it.  

This disappearance occurs either following the disappearance of the population of 
speakers, or perhaps more often, under the pressure of a dominant language which 
gets adopted. Most of the languages of the Australian Aborigines are in great danger 
of being eliminated by competition from English. Various American Indian languages 
mentioned by travellers from centuries past have now disappeared, with those who 
spoke it having been massacred and/or their descendants switching to English or 
Spanish. Many other “minor” languages, nearly everywhere in the world, including in 
Europe, seem destined to disappear in the near future. 

Is this something to be sorry about? Linguists are sorry to see them go because with 
them they lose useful documentation. Diversity is for them a richness, as it is by 
comparing languages that are as different as possible that they can discover laws for 
the formation of languages. Death of an original language with no relatives is for 
them an irreparable loss. There are special organisations endeavouring to encourage 
the description of dying languages. 

What is more important, no doubt, is that the death of a language is also the death of 
a culture. Relationships between language and culture are complex and much 
discussed. But any language surely carries part of the culture of the people who 
speak it. While it is sort of true that anything can be said in any language, we do not 
think in exactly the same way in one language compared to another: bilingual writers 
know this only too well. If the contact of cultures and languages is, in principle, 
beneficial, the substitution of a language with another is always an impoverishment.  

The current increase in the number of relationships on a worldwide scale is giving 
rise to the rapid diffusion of a few major languages, especially English. Even other 
major languages, like French, are threatened, not with disappearance but with 
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impoverishment. It is a danger of which we must be aware so that we can defend 
against it. Just like internationalism does not exclude attachment to the homeland, 
similarly globalisation does not necessarily mean the decline of local languages and 
cultures. 

2. What is the ecological significance of biodiversity? 

2.1. Is a certain level of biodiversity necessary for the current living world to 
function? 

Henri Décamps (Membre de l’Académie des sciences) 

Despite its apparent simplicity, this question is, upon examination, extremely 
complex. It is without doubt possible to distinguish species whose disappearance 
leads to breakdown, at whatever rate, of larger or smaller ecological systems: 
“ecosystem engineers” such as red worms, “keystone species” such as certain large 
predators, “umbrella species" with large area requirements. What can be said though 
about the other species, which are less remarkable but of which there are infinitely 
more? Can some of them disappear with no adverse effects? Is it possible to imagine 
ecosystems consisting of only a few essential species sufficiently functional to, for 
example, launch interplanetary voyages in the long term or found extraterrestrial 
colonies? How many species would need to be maintained in these modern-day 
Noah’s arks? 

Several comments can be made in response to the question of a level of biodiversity 
necessary for today’s living world to function. First of all, the response is different 
depending on whether the biodiversity is seen as a simple index of species richness, 
i.e. the number of species present in a given geographical area, or seen as a 
complex index of the way in which species are more or less equally represented, i.e. 
an index of relative proportions in the groups of species. The response will be 
different again depending on whether it is a matter of genetic or species diversity, or 
if it relates to the diversity of the mosaic of natural environments within a landscape. 

The scale contemplated is itself crucial, as is always the case in ecology: the living 
world in question may be that of a wheat field, a rural village, a region, a continent or 
the planet Earth. A hydrobiologist, for example, may look at the living world of a 
shingle bank, a section of river, a catchment area or a whole river system; a forester 
may be interested in a dead tree, a clearing, a plot or a whole forest. 

In general, however, the idea of a positive relationship between species richness and 
ecosystem functioning seems well established. Thus, an increase in the number of 
species present corresponds to greater productivity in grassland, faster 
decomposition of organic matter in a forest or river and reduced loss of nutrients in 
soil. This observation leads to the idea of complementarity between species, which 
would enable them to use more of the available resources, resulting in increased 
productivity (or decomposition or nutrient recycling) rates. It also leads to the idea 
that, through their presence, some species can facilitate the role played by other 
species in the ecosystem. For example, some aquatic plants encourage the 
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development of microscopic algae by letting them use their leaf surface as a 
substrate, thus increasing productivity or decomposition rates.  

This positive relationship between species richness and ecological functioning may 
be the result of a sampling bias: the more species in a group, the more likely this 
group is to comprise a highly productive species. And communities rich in species 
may, on average, be more productive simply because they are more likely to include 
a highly productive species: a monoculture of this species would not be less 
productive than a multi-species culture including this species. 

These various explanations are not exclusive. They simply underline the complexity 
of the relationships between biodiversity and ecosystem functioning and the difficulty 
involved with any forecasting with regard to them. Current biodiversity is the result of 
a very long history, that of the evolution of a living world which is constantly changing 
from generation to generation over time. From this point of view, the question of 
whether a certain level of biodiversity is necessary for the current living world to 
function only makes sense if it takes into account the possibilities of evolution faced 
with future transformations of our environment. These transformations cannot be 
predicted in space and in time. Faced with this unpredictability, the living world is an 
evolving world and its biodiversity is the only force capable of releasing its inventive 
capacities when confronted with an uncertain environment. In this sense, all living 
species may one day prove to be essential, their disappearance constituting an 
irreparable loss, at the various levels of genes, species and ecosystems. 

2.2. What are the role and the significance of the diversity of microorganisms?  

Éric Karsenti (Correspondant de l’Académie des sciences) 

What is meant by microorganisms? These are organisms the size of which ranges 
from a few microns up to 1 millimetre. This represents thousands if not millions of 
different organisms and species, from viruses, protists (fairly complex unicellular 
organisms) and certain very small multicellular organisms to bacteria. 

These organisms exist on land and in rivers and lakes as well as in large numbers in 
the ocean. Some live symbiotically with animals and plants. For example, we digest 
our food using our “intestinal flora” which is mostly made up of bacteria. Ruminants 
also use specific bacteria to digest the grass they eat. The polyps that make up the 
coral reefs need a photosynthetic unicellular alga (the zooanthella) which lives inside 
their cytoplasm and provides then with nutrients by using sunlight. 

Unicellular bacteria and algae play a particularly important role in the general 
economy of our planet by forming the basis of food chains and by recycling 
practically all of the planet’s organic matter. 

For example, photosynthetic bacteria and unicellular algae in the ocean produce 
almost 50% of the oxygen in our atmosphere and are at the bottom of the marine 
food chain, which is organised into complex ecosystems made up of viruses, 
bacteria, protists, and a large number of small multicellular organisms, such as 
copepods, small jellyfish and microcrustaceans. These serve as food for krill, fish and 
whales. Evidently, each organism feeds on other organisms within these chains to 
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form extremely complex interaction networks. When large organisms die, their matter 
is broken down and recycled into carbon molecules by microorganisms, which are 
also organised locally into ecosystems. The example of dead whales that sink to the 
bottom of the ocean is particularly striking: a whole, very complex ecosystem of 
organisms develops around the remains until they have been completely broken 
down. 

Why is the biodiversity of these microorganisms so important? The response is both 
straightforward and complicated. It is straightforward because this biodiversity comes 
from the history of living things on Earth. It is complicated because we do not know 
much about how life began and therefore about how diversity first came about. But it 
is clear that all the diversity we see today is based on a single form of chemistry of 
living beings which has persisted and spread since its appearance around 4 billion 
years ago. This life is based on what is known as the “genetic code”, a series of 
letters represented by complex and energy-rich molecules which form a polymer: the 
famous double-helix DNA molecule. Each DNA molecule has the characteristic of 
being able to modify itself by accumulating mutations or by mixing with other DNA 
molecules. As it is the chain of letters in DNA that mostly determines the nature of a 
living organism, these processes have led, over the course of the 4 billion years 
before our time, to the formation of a mind-blowing number of different organisms. 
This is evolution. The diversity of living things seen today, which functions remarkably 
well, is the result, not only of DNA molecule modifications, but also of a gradual 
selection of the organisms that contain this DNA. This selection process is complex: it 
is not just the organisms best suited to a given moment of evolution that survive. 
Evolution does not take place at individual level but at ecosystem level: Indeed, for 
an organism to survive, it must be able to feed from the environment either by using 
chemical processes and/or light or by eating other organisms. The one that is eaten 
can be considered to be the weaker. However, it must continue to exist in the system 
so that its predator can survive. Furthermore, if a variant of the prey exists but is not 
the predator’s preferred prey, this variant may accumulate until it becomes a favourite 
prey for another predator slightly different from the previous one. Biodiversity is 
therefore important in general for the proliferation and the diversification of life on 
earth. The same principle applies to organisms that feed on the environment and 
have to adapt to its changes. Let us suppose that there is only one species of 
microscopic alga perfectly suited to an environment which prevails at time To in a 
given place. For example, a microscopic alga A, which needs a certain amount of 
light at an exact temperature of 20°C. Suddenly the amount of light decreases and 
the temperature rises. Alga A dies… and nothing more exists. Now, let us imagine 
that another alga B, very similar to alga A, coexists with it, even though it does not 
function optimally in the conditions preferred by A. If B is capable of surviving 
perfectly in the new conditions which are unfavourable to A, this type of alga will take 
over. Of course, this is an extremely simplistic example but this is how ecosystems 
function and how biodiversity has increased over the past 4 billion years and it is this 
that makes life incredibly resistant to environmental changes. 

Biodiversity is the history of life on Earth. Without this great biodiversity which has 
built up over billions of years and which carries the fingerprint, as it were, of 
everything that has happened on our planet, life would be much less robust. When a 
predator such as man starts to drastically reduce biodiversity, the system can evolve 
unpredictably. It is clear that humankind, with coming up for 9 billion individuals, and 
its vast chemical transformation of the planet, now has a significant effect on the 



30 

Independent opinions of Academicians on biodiversity - September 2010 
 

evolution of ecosystems made up of microorganisms (amongst other things!) and 
which recycle energy and organic matter on Earth. We should therefore be aware of 
this planet-wide biodiversity to be able to follow its evolution and its trends. This is 
why expeditions like TARA OCEANS are so important at the moment. The aim of this 
expedition is to characterise the planktonic ecosystems of the oceans from viruses 
and protists to fish larvae. With this goal in mind, the TARA vessel is currently going 
around the world through tropical and austral oceans. Researchers on board and on 
terra firma are characterising the organisms sampled every 200 nautical miles 
(roughly every 360 km) and are linking the complexity of these ecosystems with the 
environmental parameters in which they are found. By analysing the sequences of 
their genomes and using quantitative imaging methods, the researchers will be able 
to determine the organism composition of the ecosystems in oceans with very 
different characteristics. As well as obtaining an initial, current map of the 
composition of marine planktonic ecosystems, these analyses can be used, on the 
one hand, for constructing dynamic models of the distribution of these organisms in 
the planet’s oceans and, on the other hand, to get a better understanding of their 
evolution, and as a result… our own evolution considering that life very probably 
began in the oceans. 

2.2. What are the role and the significance of the diversity of microorganisms? 
(contd.) 

Jean Weissenbach (Membre de l’Académie des sciences) 

Invisible biodiversity: the role and significance of bacterial biodiversity. The 
diversity of bacteria is highlighted, first of all, by the remarkable variety of natural 
environments that they have colonised. These environments are distinguished by 
their physico-chemical properties and can go from one extreme to the other: 
environments that are very hot (above 100 °C), very cold, very acidic, very saline, 
with or without oxygen, with or without light, etc. This astonishing diversity of 
physiological properties necessary for life in these environments illustrates an 
extraordinary ability to adapt, the result of the evolution of bacteria since they 
appeared on Earth almost 4 billion years ago. 

The estimation of bacterial biodiversity has long been limited, by culture techniques, 
and to microscopic, biochemical and immunological observations. But in the past 
twenty or so years, the use of molecular methods involving analysis of the DNA 
sequence of a specific gene (16S ribosomal RNA gene), present in all organisms, 
has enabled the extent of this diversity to be evaluated. This universal gene presents, 
from one species to another, small variations which are characteristic of each 
species. The list of the variants of the gene can therefore be used to provide a 
measurement of the diversity of a given environmental sample (soil, fresh or sea 
water, etc.). It has been realised that this diversity is much more extensive than was 
once thought and that the number of species observed in natural environments is 
easily greater (more than 100 or 1,000 times greater) than the number of species we 
know how to cultivate. 

Moreover, the use of the term and the concept of species for bacteria poses a 
problem. They belong to the same species as individuals in which crossbreeding 
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gives birth to other individuals, themselves capable of sexual reproduction. There is 
therefore a barrier established for experimental purposes to define each species. 
Amongst bacteria, reproduction involves simple cell division, but species names were 
assigned by applying the nomenclature of the Linnean system, through ignorance of 
their mode of reproduction. This practice was not reconsidered once this mode was 
known. Indeed, it seemed obvious that amongst organisms with only a clonal mode 
of reproduction, all the descendents of an ancestral bacterium were of the same 
species. This is acceptable for periods of time during which the genome modifications 
are limited in number and effect. But after many generations, the accumulation of 
mutations, and therefore of diversity of hereditary characteristics, results in cells with 
biological properties significantly different from one another. Even if all bacteria have 
a common ancestor (also shared by us), it seems inconceivable to include them in a 
single species. The introduction of molecular methods for distinguishing between 
bacteria, to evaluate their diversity and to establish their evolutionary connections, 
overcomes, to some extent, the difficulty of defining bacterial species. It was simply 
decided to consider two bacterial strains to be members of the same species if the 
DNA sequence of the universal 16S RNA gene has a sequence similarity above 97%. 
This means, arbitrarily, that two bacteria will be considered to be different species if 
the sequences of the 16S ribosomal RNA gene differ in their nucleotides by more 
than 3%. This arbitrary measure inevitably has unfortunate consequences. In 
particular, two representatives of the same species may have gene content much 
more different than representatives of two different species. 

Just as for the rest of the living world, this diversity, which became established and 
has continued to grow since the appearance of the first bacteria, is the result of 
genome sequence modification, which makes their evolution possible. Due to the rate 
at which bacteria multiply, a bacterial cell gives birth to billions of daughter cells, in 
the space of between one day and one month. Even if the vast majority of the 
genomic modifications have no effect or have a negative effect on bacterial growth 
and multiplication, the numbers of descendents are such that favourable mutations, 
combined with a noticeable change, are very likely to occur. 

In addition, DNA can be transferred fairly easily between bacteria of different species 
(species that are sometimes a long way apart from an evolutionary point of view) 
again conferring new physiological properties on the recipient species. Given the 
huge number of bacteria on the Earth’s surface, the many DNA rearrangements at 
work, together with the other modifications, constantly enable bacteria to explore new 
physiological possibilities, particularly new enzymes, new metabolic pathways, new 
regulation mechanisms, etc. The microbial world is a constantly evolving world of 
which the abounding biodiversity allows solutions adapted to changes in 
environmental conditions to be found very quickly. 

One of the most spectacular manifestations of bacterial biodiversity is the very rapid 
appearance of the ability to degrade xenobiotics. Xenobiotics are chemical 
compounds, especially new molecules from organic synthesis produced by human 
activity. It is therefore accepted that they did not exist in nature beforehand. Having 
had no contact with such molecules, bacteria are often incapable of transforming 
them chemically and, in particular, of using them as nutrients. However, fairly quickly 
(in the space of a few years), bacteria capable of converting these molecules, 
breaking them down and finally recycling them in the biosphere appear within the 
bacterial flora in contact with a xenobiotic. Biochemical analysis shows that some 
bacteria in the flora in question have acquired enzymes capable of catalysing 
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chemical transformation reactions (in general degradation) in the xenobiotic. We can 
therefore see that bacterial biodiversity affects diversification of functions more than 
that of species. 

There are also more worrying aspects of diversification such as the acquisition of 
resistance to antibiotics. It is very often the result of propagation of small DNA 
molecules carrying several groups of genes, in which each group confers a 
resistance to a specific antibiotic. These DNA molecules carrying the antibiotic 
resistance genes propagate rapidly in bacterial populations. These mechanisms, 
which bring an invasive property to the diversity characteristics they carry, may have 
been in operation since the early days of prebiotic life forms as they are now 
imagined. With all of these mechanisms for modification and propagation of highly 
effective genetic information, in organisms with very short generation times which are 
therefore capable of experimenting very frequently new varieties and groups of 
genes, the chances of arriving at new better-adapted combinations, and therefore 
greater diversity, are increased. Bacteria have a remarkable ability to make “natural” 
GMOs. This probably reflects a need to tackle life conditions that are always 
changing. If these mechanisms, constant generators of biodiversity, did not exist, life 
would have had little chance to establish itself and to colonise the planet especially in 
niches considered by us to be the most inhospitable.  

2.3. How important is interaction between species?  

Christian Dumas (Membre de l’Académie des sciences) 

Biodiversity is the result of a whole series of interactions between the different living 
species that make up a given environment or ecosystem and the physical conditions 
of this environment (light, temperature, rainfall, nature of soil, etc.). The ecosystems 
are very varied but are all extremely complex. Therefore, it is difficult to understand 
the exact relationships between the organisms that live there, especially on the basis 
of well-conducted and reproducible experiments.  

You can, for example, build an aquarium and put a certain number of species into it: 
plants, fish, crustaceans, etc. Even if this aquarium is well designed, it is an imitation 
neither of a natural pond nor, clearly, any marine environment. The same can be 
deduced from tests on plants conducted in a greenhouse or laboratory, on small 
surface areas. Again the conditions are specific and the results obtained cannot be 
artificially extrapolated to what happens in a natural ecosystem. This shows the 
importance of field testing. It is a necessity governed by regulatory texts before any 
licence is granted to cultivate new varieties, with tests governed by specifications and 
an approved body. Anti-GMO protesters and political ecologists do not recognise this, 
unfortunately not wanting to take this kind of problem into account and rejecting, as a 
matter of principle, all field testing for plants obtained by transgenesis. 

The main types of interaction are found in the primary trophic productions such as the 
biomass produced by chlorophyllian plants, which are used as food for herbivores, 
themselves the main food for carnivores. Plants and animals are then broken down 
by organisms in the soil or water, the detritivores, responsible for their decomposition. 
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This is the case for the manufacture of humus in which bacteria and fungi are 
involved.  

However, do we have a clear idea about the interactions between living organisms 
within the ecosystems? Here are some examples to illustrate this point. 

If you dig up a head of alfalfa or clover (leguminous plants), examination of the roots 
reveals small root nodules. These contain specific bacteria, Rhizobia, responsible for 
their formation. Attracted by a root secretion containing phenolic molecules, these 
bacteria colonise root hair cells and create nodulation (Nod) factors. Many 
researchers, particularly in France, have looked into this legume-Rhizobium 
interaction and, after several decades, demonstrated that it is specific: a given 
leguminous species interacts with a precise type of Rhizobium. The mechanism is 
controlled by the Nod factors, molecules made up of a skeleton common to all 
Rhizobia with “chemical decorations” that are the basis for host specificity (clover, 
alfalfa, etc.). The result of this interaction is the possibility for legumes to fix nitrogen 
in the air using their root nodules through a series of precise chemical reactions. The 
root nodules are the site of an activity in which the plant provides the sugars and 
energy produced by photosynthesis. The plant in turn benefits from the amino acids 
that are produced. It is therefore an interaction of mutual benefit known as symbiosis. 
This activity can produce up to 300 kg of nitrogen, a natural fertiliser, per hectare, 
which is found in the crops and partly in the soil meaning it can then be used by 
subsequent crops. This explains the ancestral practice of three-yearly crop rotation: 
one year growing cereals, one year growing legumes and one year lying fallow (i.e. 
no crop or fertilisation). It is estimated that worldwide there are 100 million tonnes of 
nitrogen fixed in the soil by root nodules each year, i.e. the same amount of nitrogen 
produced by the whole chemical industry.  

Light has been shed on other interactions, such as those linked to certain diseases 
caused by pathogens: viruses, bacteria, fungi, roundworms, etc, in their hosts: the 
animal (including Man) or the plant. Nature is not as idyllic as the one glorified by 
Jean-Jacques Rousseau: the AIDS virus and Ebola fever are also part of biodiversity. 

- A final example, that of maize, shows just how complex and fine-tuned the 
relationships between organisms are. A butterfly lays its eggs on leaves. They hatch 
into herbivore caterpillars which feed on them. The mechanical action of this grazing 
gives off scented chemicals, mostly terpenes. Terpenes can be found, for example, in 
essential oils extracted from lavender. In this scented bouquet released from the 
maize leaves, some specific compounds attract a particular wasp which lays its eggs 
in the caterpillars. The eggs then hatch into larvae and kill the caterpillars. The most 
astonishing part of this maize-butterfly-wasp trilogy is the chemical determinant 
responsible for releasing this bouquet of molecules. It is a “hybrid molecule” 
produced partly from lipids in the cellular membrane and partly from an organic acid 
from the insect. These two compounds are joined by a salivary enzyme from the 
caterpillar to generate the mechanism that will eventually kill it! There are several 
parallel evolutions between the plant and the herbivore insect indentured to it, 
evolutions which have led to this animal-plant “hybrid molecule” being manufactured. 
In such a scenario we talk about co-evolution. We can also understand from this 
example how difficult it is to create what is known as “biological control” without exact 
knowledge of the underlying chemical interactions.  
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2.3. How important is interaction between species? (contd.) 

Roland Douce (Membre de l’Académie des sciences) 

The products of secondary metabolism play a determining role in the interaction 
between plants and other species10 11. Plants are past masters in the art of 
manufacturing a multitude of complex molecules that derive from secondary 
metabolism. These molecules, which sometimes accumulate in very large quantities 
in some organs, are mostly directly involved in the interactions between the plant and 
its biotic environment (defence, symbioses, signalling, pheromones, etc.). The nature 
of products synthesised through secondary metabolism is eminently variable from 
one plant to the next. Such heterogeneity which leads to the concept of “molecular 
biodiversity” contrasts with the high level of uniformity of products resulting from 
primary metabolism such as glycolytic, Krebs cycle and Benson-Calvin cycle 
intermediaries.  

Plants that cannot move must continuously protect themselves against attacks 
perpetrated by a large number of herbivores (mammals and insects). For example, 
more than 400,000 species of plant-eating insects (monophages, oligophages, and 
polyphages) live on around 300,000 species of vascular plants. This is why many 
molecules synthesised by plants and derived from secondary metabolism are 
constitutively present and act as effective poisons against herbivores. For example, 
atractyloside is a diterpene which accumulates in the leaves of the thistle Atractylis 
gummifera. This poison interacts with a very close affinity with the mitochondrial 
nucleotide transporter, thus depriving the cells of its main source of energy. 
Rotenone, a flavonoid extracted from Derris elliptica acts as a powerful inhibitor of 
cellular respiration by attaching itself to one of the subunits of the respiratory chain 
complex I. This compound is used in organic farming particularly for protecting 
against aphid attacks.  

Furthermore, the synthesis of toxic compounds derived from secondary metabolism 
is often triggered by phytopathogens (viruses, fungi, bacteria) or by injury. The 
chemical arsenal thus established may differ considerably from one plant to the next. 
This is the case with psoralen, which can be found in the Umbelliferae family, 
particularly celery. Psoralen (furanocoumarin) is not usually found in celery. However, 
if attacked by a fungus (Sclerotinia sclerotorium) the plant defends itself by producing 
psoralen. When exposed to UV this poison produces a molecule which, through a 
reaction with the pyrimidine bases of the nucleic acids, blocks the translation and any 
possibility of repair of the DNA.  

Many plants give off cyanohydric acid when they are injured. Amygdaline 
(cyanogenic glycoside), which is derived from L-phenylalanine, is constitutively 
present in the roots and the kernels of peach trees, almond trees and cherry trees. 
This compound is located in the cell vacuoles. On the other hand, the enzyme 
(glycosidase), capable of hydrolysing this glycoside and releasing cyanide, is located 
in the cell walls. Following an animal attack, cells destroy themselves resulting in the 

                                                 
10 Haslam E. (2002) Plant secondary metabolism: Encyclopedia of life sciences. 
11 Douce, R. (2000) "Le monde végétal. Du génome à la plante entière" -  Académie des sciences (RST N°10), 
Tec & Doc. 
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glycosidase getting into its substrate and, consequently, the eminently toxic cyanide 
being released.  

When plants are attacked by herbivorous insects and animals, they often release 
volatile messengers (monoterpenes, sesquiterpenes, aldehydes, indole, ethylene, 
etc.) which play an indirect yet determining role in the plant’s defences. For example, 
when the nicotine-tolerant Manduca sexta (moth) caterpillars feed on tobacco leaves 
that are usually rich in nicotine, a hugely complex chemical dialogue happens 
between the Manduca caterpillar and the plant. When the insect’s saliva comes into 
contact with the chewed plant it leads to the synthesis of an elicitor (volicitin), 
produced by the condensation of linolenic acid from the plant with the glutamic acid 
from the insect. This “elicitor” will trigger the plant’s response, leading to the 
temporary production of two hormones, jasmonic acid and ethylene. The jasmonic 
acid triggers the synthesis of small volatile molecules (linalool) which then attracts the 
Ichneumon wasp. This wasp will lay a single egg in the caterpillar’s body. The 
ethylene on the other hand, stops the synthesis of nicotine, a powerful insecticide, in 
the plant. Under these conditions, the Manduca caterpillar now free of nicotine may 
be consumed by the wasp larva which will have no risk of being intoxicated with this 
alkaloid. Thus, in this specific case, the plant stops synthesis of its chemical weapon 
to hit its enemy hard. Several signalling paths collaborate or are neutralised during all 
of these chains of events. 

Some of these compounds, which derive from secondary metabolism, are directly 
involved in the establishment of many symbioses (plants/bacteria, plants/fungi) that 
have played a key role in the evolution of species. For example, Rhizobia normally 
present in the soil are responsible for the formation of nodules on the roots of 
leguminous plants, nodules inside which the bacteria fix the molecular nitrogen. The 
ammoniac thus produced will be used, in part, by the plant. In return, the plant will 
provide the bacteria with energy. This association is mutually beneficial and is 
triggered following an exchange of chemical signals between the two partners 
[flavonoids secreted by the roots of the plant, modulation (Nod) factors secreted by 
the Rhizobium]. This molecular dialogue leads to symbiosis.  

Flowers release volatile terpenes or simple aromatic compounds to attract pollinating 
insects thus ensuring their fertilisation. In addition, other products of secondary 
metabolism act as visual stimuli for these. Thus, the colour of the flowers, which 
attract many insects, is most often linked to the presence of pigments such as 
anthocyanins, flavonols and various carotenoids. However, the pronounced colour of 
flowers belonging to the order Centrospermae is linked to the presence of 
betacyanins and betaxanthins.  

The chemical diversity of these natural substances (molecular biodiversity), as well 
as their many functions (protection against biotics, signalling, pollination, 
establishment of symbioses, etc.), are the result of a biochemical evolution process 
often caused by phenomena of co-evolution between the plant and the other 
organisms with which it interacts. This plant/biotic co-evolution has led, over millions 
of years, to an increase in chemical languages which enable the partners to get 
closer to or avoid each other, over the course of programmed and changing 
scenarios. The metabolic web represented by these molecules is of a rare complexity 
and it is still very far from being untangled (some of these molecules, the synthesis of 
which is often divided between various cellular or even tissue compartments, require 



36 

Independent opinions of Academicians on biodiversity - September 2010 
 

some twenty enzymes to be assembled). Similarly the precise target and the function 
of each of these molecules are most often still completely unknown. 

3. What are the main benefits of biodiversity for Man and society? 

3.1. Is biodiversity important for human food supplies (farming, marine 
resources)?  

Patrick Lavelle (Correspondant de l’Académie des sciences), with Anne Turbé 
(Biointelligence Service) and Wim van der Putten (Netherlands Institute of 
Ecology) 

Biodiversity in soil: the invisible heroes. The Millennium Ecosystem Assessment 
report published in 2005 (maweb.org) showed that 60% of the planet’s ecosystem 
services (the ecological functions useful for mankind) are damaged and that erosion 
of biodiversity is significant. This deterioration is largely due to the considerable 
development of agriculture during the “green revolution” which multiplied food 
production by 2.5 between 1960 and 2000 while reducing costs by 40%. This 
spectacular increase in production is due to the cultivation of very large surface areas 
of natural ecosystems, the widespread use of fertilisers and pesticides and the use of 
high-performance genetic resources. The severe damage to the environment that 
has resulted from this intensification is largely due to a lack of awareness of the 
natural processes which maintain soil quality and regulate the flow of elements to 
aquatic ecosystems and the atmosphere. A biodiversity that is rich, albeit poorly 
known and largely ignored, regulates these functions. The doubling of agricultural 
production needed by 2050 will not be possible without the participation of these 
organisms, the “invisible heroes” of the ecosystems. 

The soil is the habitat of a quarter of all land-dwelling species. A teaspoon of garden 
soil may contain thousands of species, millions of individuals and several hundred 
metres of mycelial cord. The bacterial biomass of the soil may be as much as 1 or 
2 metric tons per hectare - the equivalent of one or two good-sized cows - in the soil 
of a meadow in a temperate zone. Most of the species in the soil are in fact 
microorganisms, bacteria, fungi or protists. These chemical engineers of the soil are 
responsible for 99% of the decomposition of dead plant matter into nutrients that are 
immediately available for plants.  

The soil is home to a very large diversity of animals: a thousand species in the soil in 
a forest in a temperate region. Nematodes, Enchytraeidae, Collembola and Acari 
include predators of microorganisms, other invertebrates and herbivores which 
perform an important function as biological regulators of the microbial activity in time 
and space. Non-experts are generally unaware of these organisms. This is not the 
case for the largest invertebrates, insects, earthworms, ants and termites, or small 
mammals which have adapted to life, in the dark and compact environment that is the 
soil, in diverse and sometimes spectacular ways. These organisms are the engineers 
of the soil that maintain or modify the habitat of the smallest organisms by 
constructing resistant aggregates and pores of very diverse sizes and shapes. In 
doing so, they help to maintain the physical properties of the soil and the related 
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hydraulic functions. The intensity of their activities is astonishing: moles are capable 
of digging a 30 cm tunnel in one hour while earthworms can ingest up to 30 times 
their own weight of earth in one day or 500 to 1,000 tonnes of soil per hectare per 
year. Termites in tropical areas also move hundreds of tonnes in their various 
constructions. This intense mechanical work is not the only contribution of 
earthworms to the functioning of ecosystems. They stimulate plant growth and 
protect them from disease and parasites by making them more tolerant to attack, 
through various indirect effects, even going as far as gene expression modification. 

Understanding the organisation of underground life and its perfect interaction with the 
ecological functions of the soil is the challenge faced by soil ecologists. Inventing 
suitable conceptual models and testing them through realistic experiments to 
reproduce the conditions of such an unknown environment is the method adopted. 
Research must continue down this path to enable “eco-efficient” use by humans of 
the soil which depends on the action of a known and respected biodiversity. There is 
currently no other way to respond yet again to the need to double food production, as 
the available soil reserves are depleted and cultivated soil, damaged in 30% of 
cases, is itself an endangered resource. 

3.1. Is biodiversity important for human food supplies (farming, marine resources)? 
(contd.) 

Yvon Le Maho (Membre de l’Académie des sciences) 

The human diet relies heavily on biodiversity, whether entirely natural as in the case 
of marine resources, or modified by humans as in the case of marine farming or 
agriculture.  

The primary concern lies in the overexploitation of marine resources. At present 
marine farms do not seem to be able to replace these natural resources. Indeed, 
besides the increase in the number of pathologies in intensively farmed fish, the 
growth of carnivorous species requires more food than they need in their natural 
environment and thus additional take-ups from the sea. It is therefore essential to 
succeed in sustainable exploitation of wild marine resources. To do this, experts in 
fish population dynamics must make a concerted effort together with economists to 
better define the conditions of this sustainability.  

With regard to agricultural production, its remarkable development until now makes it 
sufficient to feed the whole population of the planet. Famine, which is still rife today, 
is in effect down to the movement of populations fleeing from war and the destructive 
effect they have. However, in order to be able to feed 9 billion people tomorrow, 
protection of biodiversity seems increasingly vital. Indeed, as a result of the 
development of intensive monoculture, many cultivated plant species are 
disappearing.  

And yet, such diversity is the life insurance to protect future generations from 
destructive epidemics, such as the phylloxera epidemic that hit Europe at the end of 
the 19th century. In fact it took more than thirty years to get over it, using rootstocks 
from American plants that are naturally resistant to this insect originally from the 
Eastern United States. Seedbanks, such as the one funded by the European Union 
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in Svalbard, are a response ex absurdo as we know perfectly well that seeds cannot 
be stored at low temperatures forever. In fact regular sowing is required to make it 
sustainable. The threat also relates to the services rendered by biodiversity. Within 
the context of an international group project (Millennium Ecosystem Assessment, 
2005), more than 1,300 researchers have actually shown that 60% of these services 
that are vital to us, such as water purification and those provided by pollinating 
insects, are in constant decline. The problems encountered with growing insecticide 
GMOs show that the transgenic growing fields are still ecosystems even if they are 
simplified. Indeed, in the case of Bt cotton, the recent emergence of insecticide 
resistance of the main pests, like in India, and a proliferation of secondary pests, 
such as bugs in China, calls for insecticide spreading, while the purpose of GMOs 
was to do away with such treatment. In addition to the main challenge of reducing 
poverty ( the majority of small farmers on our planet have no means of mechanically 
working the ground), our ability to deal with tomorrow’s great challenge of feeding 
human populations  constitutes a double challenge: better protection of biodiversity 
and better understanding of how the simplified ecosystems of cultivated fields 
function. Within this context, new scientific knowledge about chemical interactions 
between plants and insects, especially about the chemical processes whereby plants 
attract the predators of their pests, opens up new possibilities for a sustainable 
agriculture.  

3.1. Is biodiversity important for human food supplies (farming, marine resources)? 
(contd.) 

Georges Pelletier (Membre de l’Académie des sciences) 

Is biodiversity important for farming? For around ten thousand years Man has 
chosen some forty animal species (birds and mammals) and approximately 250 plant 
species for the purposes of farming and breeding, from which he gets most of his 
food. This only represents, on average, a thousandth of the species of the families in 
question. They do not all hold the same importance: today 90% of production relies 
on around thirty plant species and around fifteen animal species. They no longer 
have very much in common with the wild species from which they are descended. 
Over time we have transformed them through selection and adapted them to our 
needs increasing production capacity and, in animals, behavioural characteristics that 
make them easier to breed. 

The biodiversity of the species on which farming depends is essential: the needs and 
the environments are themselves diverse and changing and it is within this 
biodiversity that the genetic combinations needed for the future can be found. 

Within each animal species, breeders have, over time, created diversified breeds 
through genetic isolation and the adaptation to local conditions and needs and 
according to aesthetic or sociological preferences. Animals of a given domestic breed 
have a certain number of common visible characteristics but they are genetically 
diversified. This biodiversity is maintained within a breed if his numbers are large 
enough. And yet 20% of animal breeds are endangered as their numbers are too 
small. From this standpoint, the genetic erosion of populations of farm animals is on 
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the increase. In our country, for example, around ten stocks of cattle are “protected” 
with numbers ranging from around ten to a few hundred individuals.  

For their part and depending on their mode of reproduction, cultivated plants come 
either in the form of genetically homogeneous populations (pure lines, hybrids or 
clones) or, less common in modern farming, in the form of populations equivalent to 
animal breeds. In farming, a general trend of simplification has led to a reduction in 
the number of varieties. In the case of rice in Asia, there are somewhere in the region 
of 80,000 cultivars (nobody knows if they are all different from one another!) but 
those used most that have been involved in tripling production over the last fifty years 
come from research institutes and only represent a few hundred.  

The genetic diversity of the current varieties of plants in large-scale farming and that 
of the varieties from the last century in developed countries (Germany, Australia, 
USA, UK, France) have been analysed using molecular biology methods. These 
analyses clearly show that following a decrease around the 1960s, i.e. when 
traditional varieties were all abandoned in favour of recent creations, this genetic 
diversity is now higher: wheat cultivars after 1990 are more diversified than those in 
the period 1900-1990. This makes sense when we know that the genetic diversity of 
the biological resources available to breeders increased during the second half of the 
20th century thanks to prospecting, the establishment of international collections, 
inter-laboratory exchange of these resources and the perfecting of breeding and 
variety characterisation methods. There are a lot fewer varieties actually cultivated in 
a given year than those available but from one year to the next the modern farmer 
changes varieties much more frequently than in the past. At the end of the day, to the 
variability represented in space by a group of cultivars is added a variability 
continuously created and regularly renewed by the activity of professional breeders. 

When this breeding work is sustained, the cultivated species also becomes rich with 
the genes of wild species. Hybridisation between species is a common practice of 
plant breeding. In the case of the tomato (Solanum lycopersicum), genes from S. 
peruvianum, S. pennellii, S. pimpinellifolium, S. chmielewskii, S. parviflorum, S. 
cheesmani, S. hirsutum and S. chilense were introduced to improve the taste, the 
vitamin content, the colour and its resistance to many parasites and cryptogamic 
diseases. Similarly, in the case of wheat (Triticum aestivum), genes from Aegilops 
speltoides, A. ventricosa, T. diccocum and Secale cereale (rye) for the resistance to 
mildew, various rusts and foot rot contribute to this increase in the genetic diversity of 
the species.  

The opinion generally ascribed to is that modern practices to improve and distribute 
plant varieties and the genetic selection of farm animals will inevitably lead to a 
reduction in genetic diversity. If this opinion was right, we would be sapping our ability 
to react to potential changes in climate conditions, farming practices or the needs of 
users. As we have just seen, this opinion has no scientific basis for cereals. Whether 
it is a cow’s milk production or the rate of growth of the chicken, progress is 
continuing through genetic selection, which is not the indication of genetic uniformity. 
We must therefore look elsewhere, above all in the economic field, for what is 
causing the limitations of the biodiversity of some farmed species. There are many 
species which, mainly for profitability reasons, no longer undergo this selection 
process. We can talk about “orphan” species which are part of a vicious circle in 
which the lack of genetic progress gradually leads to elimination of the varieties and 
even to their disappearance from agricultural production. We can immediately see 
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the risk of a decline in the genetic biodiversity of species when the parties capable of 
maintaining them no longer have the means to do so. It is therefore urgent that we 
revive actions to protect animal and plant genetic resources in the vein of the Bureau 
des Ressources Génétiques (Genetic Resource Bureau), the activity of which 
unfortunately no longer seems to be a priority for the Public Authorities.  

3.2. Is biodiversity important for health? What role does the diversity of 
pathogens play? 

Roland Douce (Membre de l’Académie des sciences)12 

The products of plant secondary metabolism and human health. There are 
around 270,000 species of plants described and named according to the 
nomenclature introduced in 1753 by Carl von Linné. In fact, the total estimated 
number is much higher, probably in the region of 350,000. They are grouped into 300 
different families (thanks to genetic engineering and micro-computing tools, the 
system has been revolutionised in recent years, which has led to the over hundred-
year-old establishment of various families being reconsidered). 

With few exceptions, plants are capable of using solar energy to synthesise a 
multitude of compounds of varying complexity starting from very simple molecules 
such as carbon dioxide, water, nitrate, sulphate and phosphate anions and various 
cations (autotrophy). Some of them that derive from primary metabolism (sucrose, 
starch, lipids and proteins) are the basis for life on Earth. The autotrophy 
demonstrated by plants is an incredible tour de force that Man has been able to 
bypass to his benefit by cultivating plants which he has always selected since ancient 
times, sometimes going as far as using real genetic monsters.  

The strangest molecules manufactured by plants derive from secondary metabolism. 
They very often act as poisons to combat a multitude of biotic agents or as chemical 
messengers involved in the recognition between plants and their biotic environment 
(insects, fungi, bacteria). Very often the exact functions of these molecules remain a 
mystery. Phenylpropanoids (8,000), terpenes (25,000) and alkaloids (12,000) are the 
three main chemical families representative of the products of this exquisitely 
“complex” chemistry and each comprise around ten thousand different chemical 
structures. Such an arsenal calls for a complex system of specific enzymes which 
catalyse each stage in the construction of these molecules. For a given species there 
are therefore a large number of coding genes for these enzymes. These genes most 
often belong to multigene families. Thus, for example, Arabidopsis has no fewer than 
30 terpene synthases. This multiplicity is in part attributed to the doubling of genes 
which is one of the major causes of the creation of new compounds throughout 
evolution. It can be said that the nature of the secondary metabolism products is 
eminently variable from one plant to the next. Thus, for example, cocaine is an 
alkaloid that can only be found in Erythroxylon coca. Such heterogeneity, which leads 
to the concept of “molecular biodiversity”, is in contrast to the very high level of 
uniformity of primary metabolism products.  

                                                 
12 Dewick P.M. (1997) Medicinal Natural Products. A biosynthetic approach. John Wiley ed. New York.  
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It is from this impressive stock of diverse molecules, about which little is known and 
which derive from secondary metabolism, that Man has obtained important medicines 
and drugs. According to the World Health Organisation (WHO), the treatment of 
many illnesses using plants is the most popular form of traditional medicine. Let us 
look at some highly significant examples of this. Ephedrine, an alkaloid extracted 
from Ephedra (Ephedraceae), is surely one of the oldest medicines known to Man 
since the Chinese used it over 5,000 years ago. This sympathomimetic amine 
derived from phenylalanine is a particularly effective bronchodilator used to treat 
asthma as well as a first-rate nasal decongestant. Salicylic acid is a benzoic acid 
plentiful in willow bark. This is a very old medicine as, in the 4th century BC, 
Hippocrates gave pregnant women willow shoots to suck on to ease labour pains. 
This compound is marketed, following acetylation, under the name aspirin and is now 
used to relieve pain and bring down fever. 

Curare, a complex alkaloid extracted from the bark of the Chondrodendron 
tomentosum (Menispermaceae) and the Strychnos toxifera (Loganiaceae), triggers 
muscle relaxation by blocking the nerve impulse at the neuromuscular junction. This 
alkaloid is therefore used in various types of abdominal surgery. Some glycosylated 
sterols or cardenolides are effective cardiotonics which inhibit the sodium-potassium 
(Na+-K+) pump. They can be found in several species such as the foxglove, the lily of 
the valley and the milkweed (Asclepias syriaca). Opium, which contains many 
alkaloids such as morphine and of which the peculiar effects are known, is none 
other than the dried latex of the incised capsules of the poppy (Papaver somniferum). 
Morphine is used effectively to relieve the intense pain associated with the terminal 
stages of certain illnesses. Taxol is a diterpene ester isolated for the first time from 
the bark of a yew tree (Taxus brevifolia) on the northwest coast of the United States. 
The work of Pierre Potier, a Member of the Académie des Sciences (1934-2006), 
demonstrated that this compound is an effective antimitotic as it bonds with the 
microtubules preventing their depolymerisation during cell division. At present it is 
prepared by hemisynthesis and marketed under the name Taxotere from baccatine, a 
compound similar to taxol, and extracted from the European Yew (Taxus baccata) 
which is much more widespread than the Canadian Yew. Taxol is used to stop the 
development of cancer metastases. Artemisinin, found in wormwood (Artemisia 
annua), a grass used for over 1,000 years by the Chinese to treat malaria is a 
sesquiterpene which contains a rare peroxide bond. This molecule uses its effective 
oxidising properties to act on the Plasmodium (the agent of malaria) by affecting the 
cell membrane of the parasite. Eserine or physostigmine, an alkaloid found in the 
seeds of the Physostigma venenosum (legume), is an acetylcholinesterase inhibitor. 
It counteracts the effects of atropine (the racemic form of hyoscyamine) and reduces 
intraocular pressure.  

Finally, it is also in the derivatives of secondary metabolism that vitamins (folate, 
pyridoxal, thiamine, biotin, ascorbic acid, etc.) are found. These are the essential 
chemical tools of certain proteins which play a key role in primary metabolism. 
Insufficient vitamin intake leads to serious metabolic disorders responsible for many 
diseases (beriberi, scurvy, etc.).  

Interest in the search for new natural compounds with a noticeable effect on the most 
pernicious diseases is currently growing. We are still a long way from having an 
inventory of the large stock of molecules derived from plant secondary metabolism. 
Under these conditions, it is clear that very many molecules with admirable 
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therapeutic properties and manufactured by plants are yet to be discovered. Given 
the rapid decline of biodiversity, it is vital that we speed up research in this direction.  

3.2. Is biodiversity important for health? What role does the diversity of pathogens 
play? (contd.) 

Maxime Schwartz (Correspondant de l’Académie des sciences) 

Is biodiversity important for health? Biodiversity has many consequences for 
health which cannot be tackled in just a few words. These indirect consequences, 
covered elsewhere, include consequences for food supplies, the climate and water 
resources. More directly, we can mention, for example, the diversity of medicinal 
plants (which produce substances of varying activity depending on the population), of 
allergenic pollens, of snakes and their venoms, of insects carrying infectious agents 
and, potentially, their intermediate hosts in wild fauna, etc.  

What role does the diversity of pathogens play in human health? Although we 
qualify all organisms likely to affect the health of a human being (or an animal) as 
pathogens, these may be very different in nature and structure. The simplest of 
these, so simple that it is difficult to qualify them as organisms, are prions, 
proteinaceous molecules that can take on a self-replicating pathogenic structure, 
cause the death of neurones and are responsible for fatal diseases such as 
Creutzfeld-Jakob disease. The most complex ones, or at least the biggest, are worms 
such as the tapeworm, which colonises the intestine and can grow to over 10 metres 
in length. However, when we talk about pathogens, we usually think of 
microorganisms, namely:  

- bacteria, such as those that cause plague, tuberculosis and cholera,  

- parasites, such as those that cause malaria,  

- microscopic fungi responsible for mycoses, some of which can be serious and even 
fatal,  

- and let us not forget viruses, such as those causing flu, AIDS or poliomyelitis, even 
though these are not strictly microorganisms as they are not capable of synthesising 
their own constituents themselves. 

The impact of the biodiversity of pathogenic microorganisms on health is both 
positive and negative. 

But why negative?  

First of all, it is obvious that the immense diversity of microorganisms means that 
some, even if they represent a very small minority, are capable of infecting humans 
and causing disease. The current biodiversity of microorganisms, like the biodiversity 
that affects all living things, is the result of mutations, from the alteration of a single 
nucleotide in their genome to much more significant modifications, including the 
acquisition of genes from other species.  

Thus, this biodiversity is constantly evolving with mutations giving microorganisms 
remarkable adaptation abilities. 
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In this way, some pathogens hosted by animal species will suddenly acquire the 
ability to infect humans and cause them serious harm. The vast majority of 
pathogenic microorganisms infecting humans are likely to be derived from 
microorganisms from animals. A current example of this is flu viruses which, from 
time to time, break the species barrier between birds and humans leading to human 
epidemics. This type of adaptation is responsible for the relatively frequent 
emergence of new infectious diseases. 

Besides this ability to break species barriers, the adaptability of pathogenic 
microorganisms can take on other forms. For example, it may enable them to 
overcome the defence mechanisms of the infected organism. An extreme case of this 
is HIV, the mutation rate of which is such that each infected person hosts an 
incalculable number of mutants, some of which are selected because they manage to 
avoid the immune defence system. Another example is that of flu viruses, which 
practically every year develop mutants capable of avoiding the protective antibodies 
that have appeared in a large part of the population. A final example is the ability of 
microorganisms to acquire resistance to anti-infective agents. Everyone is aware of 
the serious problem of pathogenic bacteria becoming increasingly resistant to 
antibiotics as this results, in particular, in an increase in nosocomial infections caused 
by resistant germs that are therefore difficult to treat, but also in the emergence of 
more and more cases of tuberculosis resistant to the action of the few anti-TB drugs 
available. 

However, the biodiversity of pathogens also has some positive aspects. 

The most obvious positive aspect is the existence in nature of species or strains of 
microorganisms similar to pathogens that provide protection against these 
pathogens. Smallpox immediately springs to mind. It is the existence, in cows, of a 
pox virus (vaccinia), similar to the smallpox virus but with almost no pathogenic 
effects in humans, which has enabled the development of the first vaccine against an 
infectious disease in humans. Indeed, the administration of vaccinia virus induces an 
immunity which protects against infection by smallpox virus. Remember that the 
systematic use of this vaccine, as part of a worldwide WHO vaccination campaign, 
has eradicated smallpox, the virus of which can only multiply in humans. This is a 
case of a species disappearing, a serious attack on biodiversity, that not many 
people are unhappy about! 

The example of smallpox was present in Pasteur’s mind when he developed the main 
principles of vaccination. It led him to look for the existence of “attenuated” mutants of 
virulent microbes, which, when administered, produce immunity against these virulent 
microbes. The success of this approach illustrates the purpose of using the potential 
biodiversity of microorganisms. 

Biodiversity also seems to play a part in the protection against pathogens using 
mechanisms other than vaccination that are not always understood. Take the 
example of pathogenic meningococci, the main cause of meningitis and a serious 
disease often fatal for children. Although these bacteria are found in the throat of 
many individuals (approximately 10% of the population), the incidence of the disease 
remains very low (in France, there were 1.2 cases per 100,000 inhabitants in 2008). 
The disease’s low incidence rate may, in part, be due to the presence of non-
pathogenic meningococci in the throat of many individuals. Indeed, greater diversity 
in non-pathogenic meningococci isolated in healthy carriers is observed than in 
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strains isolated in those who have the disease. Furthermore, the incidence of the 
disease is highest amongst infants under one year old (9.6 cases per 
100,000 inhabitants in 2008) amongst whom the non-pathogenic meningococci 
carriage rate is very low. The mechanisms of the protection exercised by these 
meningococci require clarification.  

Of course, the positive effect of microbial biodiversity on health does not stop at the 
existence of harmless microbes similar to pathogens likely to produce immunity 
against them. Indeed, everyone hosts a multitude of microorganisms in their 
intestine, on their skin and mucous membranes, on their teeth, etc. which, by various 
means, contribute to their health. It is estimated that each individual hosts 
approximately 1014 intestinal bacteria! The biodiversity of these microorganisms with 
which we live symbiotically is considerable and without doubt includes thousands of 
species. The beneficial effects of the microbial flora we have inside us are evidenced 
by the fact that “germ-free” laboratory animals, i.e. those with no microbial flora, are 
far from looking healthy! 

We cannot finish without mentioning the biodiversity of humans themselves. 
Individuals, like populations, differ in their sensitivity to infectious agents and, more 
generally, to diseases. In the case of infectious diseases, this human biodiversity in 
turn echoes the biodiversity of the infectious agents, within the context of constant 
coevolution of the microbe and its host.  

3.2. Is biodiversity important for health? What role does the diversity of pathogens 
play? (contd.) 

Philippe Sansonetti (Membre de l’Académie des sciences) 

Microbiota and health: biodiversity at work. The intestinal microbiota, a term also 
used for the resident or commensal flora of the intestinal lumen (commensa = eat at 
the same table), is a biodiversity model: 1014 microorganisms, or 10 times the 
number of somatic and germ cells of which we are made up, a gene pool 100 times 
greater than the human genome, approximately 1,000 species, the same metabolic 
activity as the liver. The vast majority of intestinal bacteria belong to the Firmicutes, 
especially clusters XIVa and IV grouping together Gram-positive extremely sensitive 
to oxygen (EOS) anaerobic bacteria that are mostly uncultivable, and to the 
Bacteroidetes which comprise Gram-negative anaerobic bacteria. There are 
negligible quantities of other families (Proteobacteria such as enterobacteria, 
Lactobacillaceae, Mollicutes), which does not mean they are useless. It is tempting to 
consider the human microbiota to be more than just a symbiotic complex inherited 
from the long coevolution of both invertebrates and vertebrates, but a real additional 
organ which other florae join: oral, genital, skin. This leads to the notion of 
superorganisms tending to make a consistent whole of Man and its florae. This vision 
is all the more tempting as the intestinal microbiota, once formed in the first few 
months of life, demonstrates an extraordinary stability and a remarkable resilience, 
particularly following antibiotic treatment in which an almost full recovery of the 
constituent species and their main balances is seen. A sort of healing. From this point 
of view, the human genome and the genome of its microbiota can be considered as a 
whole, now known as a hologenome.  
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Without the microbiota, many plant and animal species, humans for one, would not 
have appeared or would have disappeared, with entire phyla becoming extinct in 
critical periods when the ecological and climatic conditions made the presence of 
commensal bacteria vital. Under this selective pressure, the microbiota has 
established itself, with the intestinal bacteria performing major metabolic functions 
such as the hydrolysis of complex plant polyosides that large primates are unable to 
digest. What about cooling periods when our ancestors had only leaves and roots to 
eat? Bacterial biodiversity saving the biodiversity of vertebrate species? Poetic justice 
for anyone who only sees the microbial world as the smallest minority of pathogens. 
The intestinal microbiota also performs many other vital functions such as 
biosynthesis of vitamins and detoxification of toxic substances in the diet 
(xenobiotics). It also acts as an extremely effective barrier to non-indigenous 
microorganisms, especially pathogens which have to, in order to effectively colonise 
their host, oust and destroy this commensal flora “barrier”. Actively pursued 
metagenomic studies (comprehensive analysis of the genomes of a complex flora) 
will provide an unimaginable number of coding genes for the effectors of these 
complex functions. Diving into the biodiversity of our commensal flora promises 
spectacular developments in fields as varied as animal and plant biology, medicine, 
biotechnology, etc. 

But it comes at a price. Maintaining this microbiota has posed problems for all 
species and the scars of this adaptation are starting to be identified, amongst 
invertebrates such as the fruit fly, or amongst mammals. The immune system, in 
particular the innate immune system, had to form when performing the difficult task of 
controlling such a diverse microbiota to prevent the host being overwhelmed by it, 
while taking care not to eradicate it. This coevolution has revealed a network of 
complex sensors, signals and effectors leading to an “armed vigil” situation. Whether 
it is characterised as tolerance or physiological inflammation, it illustrates the 
traditional si vis pacem, para bellum principle and has also formed a true symbiosis 
as the presence of the microbiota is essential for the postnatal maturation of the 
immune system, in particular the mucosal immune system. To these constraints is 
added the need for the immune system to distinguish occasional pathogenic bacteria 
from permanent commensal bacteria and to respond in a suitable way to the threat 
when it arises. Recognising a restricted biodiversity, that of pathogenic bacteria, 
within a broader biodiversity, that of the commensal and/or symbiotic microbiota, is 
undoubtedly the second constraint which has formed the main balances in the 
immune system.  

Here we get to the heart of the matter regarding the biologically diverse interface of 
the world of microbes and that of animals, particularly humans. The essence of the 
discrimination between commensal bacteria and pathogenic bacteria lies less in the 
nature of the bacterial motifs (lipopolysaccharides-LPS-, lipopeptides, flagellin, 
muropeptides) recognised by the innate immunity receptors (Toll-like receptors, Nod-
like receptors, scavenging receptors) than in the perception of a danger, a second 
signal superimposing itself upon recognition of prokaryote motifs. This danger signal 
corresponds to the host’s response to the expression by the pathogenic bacterium of 
effectors such as adhesins, invasins, membranolytic toxins, secretion equipment for 
injecting effectors into the cells, intracellular growth, etc. These effectors lead to very 
efficient proinflammatory signals mediated by pathways such as the NF-kB pathway 
and the MAP Kinases cascade, and by the inflammasome. In themselves they 
represent the markers of a biodiversity generated under the selective pressure of the 
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host’s responses via the accumulation of genes or gene combinations (pathogenicity 
islands) comprehensively providing a “turnkey” pathogenic property, i.e. an ability to 
colonise a surface, invade it, cause its inflammatory destruction and finally effectively 
infect the host despite its defence mechanisms.  

Above a certain limit perceived as characteristic of the danger, the host will respond 
but what about the subthreshold situation? Are the commensal bacteria making up 
the microbiota also unable to stimulate a danger signal despite their taxonomic 
diversity, or do they represent a complex community of individuals, some stimulating 
immune response almost up to, or even above, the danger threshold, others actively 
inhibiting these responses? Are we, after a fashion, in the presence of a single null 
vector or several vectors, some positive and others negative, the result of which is 
below the danger threshold? Recent data seems to support the second theory. SFB 
(segmented filamentous bacteria), a commensal clostridial species anchored in the 
apex of the intestinal epithelium, provoke a mucosal inflammatory type of response 
(Th1, Th17), while a Bacteroidetes, Bacteroides fragilis, produces a highly anti-
inflammatory capsule. It is probably through careful selection within microbial 
diversity that our commensal florae are created. There is clearly an optimum 
combination responding to metabolic and immunological needs. Forthcoming 
analyses – handicapped however by the persistent problem of cultivating many of 
these bacterial species – will give meaning to this controlled diversity. 

New pathology fields, linked to poor microbiota management, can already be seen 
burgeoning in medicine, according to the careful analysis of molecular and cellular 
infections by pathogenic bacteria. Obesity, insulin resistance, linked to a microbial 
imbalance or dysbiosis, favouring bacterial species more suited to metabolising the 
alimentary bolus and storing energy. Inflammatory diseases of the intestine linked to 
poor management of the signalling network leading to the tolerance of the microbiota, 
the most aggressive members of the commensal bacteria, the “pathobionts”, gaining 
the upper hand and maintaining a danger level above the critical threshold. 

By way of a conclusion, let us try and look at the biodiversity of our microbiota in 
terms of a society. Every society has its delinquents (pathogens, pathobionts) that 
need to increase the level of combat (anti-inflammatory microorganisms) but that also 
reveal weaknesses and imbalances in this society (dysbiosis). It also has its altruists, 
its egoists, its workers, its idlers, but above all its inert members which form the 
largest contingents but which undoubtedly ensure the resilience of the system. Let us 
suppose that a significant part of the pathology turns out to be linked to imbalances in 
the biodiversity of the microbes that colonise us. It is a new paradigm that represents 
a change of scale in microbiology and will call for an adaptation of minds and 
technological resources, in particular diagnostic tools. 

3.3. Is biodiversity important for the climate and water resources? 

Henri Décamps (Membre de l’Académie des sciences) 

Biodiversity is important for the climate and water resources for at least two reasons. 
Firstly, the biochemical cycles, particularly the carbon cycle, depend on the 
functioning of ecosystems such as the oceans, forests, inland waters and other 
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natural environments. The oceans, for example, trap almost 2 gigatonnes of CO2 
each year, and carbon emissions would slow down by more than 1 gigatonne of CO2 
each year just by reducing the degradation of the forests (remember that the use of 
fossil fuels releases approximately 8 Gt of CO2 per year into the atmosphere13). 
Secondly, maintaining and restoring natural environments is the cheapest, healthiest 
and easiest way imaginable to reduce greenhouse gas emissions. It is also the most 
realistic solution in the long term and for the planet as a whole. From a practical point 
of view, and for several decades, the best system for removing the CO2 that is 
currently in the atmosphere is again to replant forests on the land we have stripped.  

Better still, thanks to their biodiversity, natural environments can protect us, at least 
to some extent, from storms, flooding and prolonged drought – extreme events that 
are likely to strike at any time, with or without climate change. Of these environments, 
the ones that are most commonly cited are the mangrove forests, the coral reefs and 
the wetlands, particularly in coastal and island regions. Mangrove forests, for 
example, protect coasts from floods, hurricanes and spring tides. In 1999, the 
cyclone which struck the East coast of India killed almost 10,000 people living in the 
coastal region, more than 70% of them swept away by the force of the current. It has 
been demonstrated that the number of victims would have been three times higher if 
it weren’t for the mangrove forests protecting some exposed villages14. This 
protection provided by the mangroves fully justifies their protection, even if it is clear 
that this protection must go hand in hand with early warning systems. Thus, the total 
or partial disappearance of the mangroves near New Orleans had serious 
repercussions as regards the devastating effects of hurricane Katrina in 2005 and, 
even for lesser storms, the coastal wetlands of the United States provide protection 
estimated at $23.2 billion per year15, not to mention the fishing opportunities for entire 
regions. 

Indeed, a whole as yet unexplored part of biodiversity is likely to disappear before its 
possible uses have even been realised. In agriculture, how many wild cultivars are 
still to be discovered, adapted to new temperature and rainfall conditions? In 
pharmacology, how many molecules and medicines are still to be derived from 
natural environments? And how many unknown services beyond the supply of water 
and carbon dioxide sequestration might be provided by the ecosystems? 

Adapting to climate change involves protecting natural environments, as they can 
help us to tackle these changes and deal with the extreme events related to them. 
Continuing to damage the forests, wetlands or the ocean would only accelerate 
climate change, heightening the need to adapt whereas the ecosystems could no 
longer fulfil their alleviation role. By protecting biodiversity, we increase the resilience 
of ecological and social systems. This conservation means forming partnerships with 
the most destitute human communities, those that need ecological services the most. 
It also calls for awareness of the need to protect the integrity of natural environments.  

                                                 
13 Canadell J.G. et al. (2007). Contributions to accelerating atmospheric CO2 growth from economic activity, 
carbon intensity, and efficiency of natural sinks. PNAS 104: 18866-18870. 
14 Das S., Vincent J.R. (2009) Mangroves protected villages and reduced death toll during Indian super cyclone. 
PNAS 106: 7357-7360. 
15 Costanza, R. et al. Ambio 37, 241–248 (2008) 
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This integrity is indeed necessary both to protect wildlife and to sustainably produce 
essential resources, fresh water for example. We now know that it is also necessary 
to help us tackle climate change even in its most extreme manifestations. And yet it is 
without doubt biodiversity that guarantees this integrity, which leads on to the idea 
that the future of our economies and of our means of existence depends on how we 
manage to incorporate protection of biodiversity into our plans to adapt to climate 
change16. 

The rainforests serve as an emblematic example in this field, with their litter of 
organic debris absorbing up to 7 times their own weight in water, their root systems 
keeping the soil moist and their canopies trapping water vapour to create mist 
conducive to the existence of many species. Their ability also extends to protecting 
soil from erosion, protecting catchment areas, sequestering carbon dioxide and 
absorbing greenhouse gases, slowing down their release into the atmosphere. 

This was the starting point for the great green wall project, a forest belt 15 km wide 
and more than 7,700 km long running from Dakar to Djibouti in the Sahel region. Its 
aim? To reduce desert advancement by stopping the process of deforestation and 
degradation of natural environments17. It is a long-drawn-out project and difficult to 
execute but will draw on lessons learned from previous similar experiments, Algerian 
to halt the advancement of the Sahara towards the North or Chinese to reinforce the 
oases in the Xinjiang desert.  

It also led to the mechanism to reduce emissions from deforestation and forest 
degradation in developing countries (REDD) (Reducing Emissions from Deforestation 
and Degradation). This programme devised within the framework of the United 
Nations now includes issues linked to conservation, sustainable forest management 
and the enhancement of forest carbon stocks (REDD+). Further to the Copenhagen 
Accord of December 2009, an international conference on the major forest basins 
was held in Paris in March 2010, followed by a second one in Oslo in May to develop 
a REDD+ partnership. There are still many questions surrounding the transfer of 
financial resources from industrialised countries to developing countries to pay for the 
reduction of emissions from the destruction of their forests. The objective is, however, 
essential: stop the loss of forest cover in developing countries by 2030 and reduce 
gross deforestation by 50% by 2020. 

This objective of REDD+ may limit the scale of global warming, just like protecting 
natural coastal environments may lessen the risk posed by tropical storms, and 
protecting the biodiversity of terrestrial and aquatic environments will enable many 
discoveries based on millions of years of evolution of life on this planet. Biodiversity is 
a powerful and essential ally for tackling climate change and reducing its impact. 

3.3. Is biodiversity important for the climate and water resources? (contd.) 

Ghislain de Marsily (Membre de l’Académie des Sciences) with Nathalie de 
Noblet-Ducoudré (Laboratoire des Sciences du Climat et de l’Environnement, 
CEA-CNRS, Saclay)  
                                                 
16 Turner W.R., Oppenheimer M., Wilcove D.S. (2009) A force to fight global warming. Nature 462: 278-279 
17 Watch the DVD La grande muraille verte available at http://videotheque.cnrs.fr  
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There is a link between biodiversity, climate and water resources but it is an indirect 
on, which involves the nature of the ground plant cover. The existence of an 
ecosystem of varying richness, diversity and productivity will be associated with this 
plant cover. Let us take the example of the rainforest, which we know perfectly well to 
be a biodiversity “hot spot”, with an extraordinary array of species, ecosystems and 
biological productivity18. All forest ecosystems have a direct effect on the local, and 
even regional, water cycle, something which is well known: evapotranspiration higher 
for the forest than for a grassland, limited runoff and erosion, high water retention 
potential and maintenance of the environmental humidity (soil and atmosphere).  

The biogeophysical19 role of a forest on a worldwide scale is, however, less obvious 
and varies depending on the latitude. Recent studies20, for example, have used 
modelling to compare a planet Earth completely covered by forests (with the 
exception of dry areas) and another in which the forests are replaced by grassland. 
They identified the three main biogeophysical impacts of deforestation: 

 - increase in the albedo leading to a 1.36 °C reduction of the overall temperature of 
the surface;  

- reduction in the roughness of the surface, reducing surface-atmosphere interface 
exchanges thus increasing the overall temperature of the surface by 0.29 °C;  

- reduction in evapotranspiration efficiency, increasing the temperature of the surface 
by 0.24 °C.  

The combination of these three effects is a cooling of almost 1 °C at equilibrium (or 
after several decades) and on a global scale, with variations however between 
latitudes. In the tropics, the variations are positive, in high latitudes and on the 
oceans negative, whereas the temperature changes little on mid-latitude continents. 
Locally, temperature variations may be very different and much greater (~3 °C). 
Micro-meteorological measures in the Amazon basin have indeed shown that there is 
a reduction in solar radiation absorbed and evapotranspiration as well as an increase 
in the sensitive heat flow after deforestation, leading to higher air temperatures, 
particularly in summer. Climate models also show, in the event of clearance of the 
Amazon basin, warming and drying out of the regional climate. But the effect on 
global climate is still very uncertain. The study of the role of historical deforestation in 
the mid latitudes (from the pre-industrial era to the present day) shows that this 
deforestation might have reduced the temperature increase effects by greenhouse 
gases (including emissions associated with deforestation) by 20% (50% locally) for 
the same period21. By the end of the 21st century, the supposed deforestation of 
tropical regions could, however, lead to an increase of between 10 and 50% in global 
                                                 
18 See also the essay by Henri Décamps on this question 3.3 with regard to the rainforest. 

19 Biogeophysical as opposed to biogeochemical. An ecosystem affects the climate through (i) a modification of 
water, energy and heat exchanges and balances (biogeophysical effects); (ii) a modification of carbon 
dioxide/nitrogen/etc. exchanges and balances, greenhouse gases, volatile organic compounds that can affect the 
chemistry of the atmosphere (biogeochemical effects).  

20 Davin E., de Noblet-Ducoudré N. (2010). Climatic impact of global-scale deforestation: radiative versus 
nonradiative processes. Journal of Climate, vol. 23, 97-112, DOI 10.1175/2009JCLI3102.1. 

21 Davin E. (2008). Étude de l’effet biophysique du changement d’occupation des sols sur le systèmeclimatique. 
Thesis Paris VI University and Laboratoire des Sciences du Climat et de l’Environnement, Saclay. 
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warming, for example in the Amazon basin. Furthermore, deforestation increases 
seasonal and inter-annual climate variations and therefore has an effect on extreme 
events and potentially on the frequency and development of the “El Niño” 
phenomenon. 

However, while deforestation leads to immediate global cooling through its effects on 
the albedo, it leads to global warming through its effects on the carbon cycle. 
Deforestation does in fact go hand in hand with significant CO2 emissions, amplifying 
the greenhouse effect, resulting on the one hand from what becomes of wood waste 
and, on the other hand, from a modification of the intensity of net carbon fluxes 
exchanged between the surface and the atmosphere. The carbon effect prevails in 
the event of tropical deforestation and therefore causes warming. In temperate 
northern regions, the albedo effect prevails but only just. Deforestation is therefore 
not a solution for fighting the greenhouse effect !  
 
In summary, it is through the presence or absence of forest cover, combined with 
some form of biodiversity, that this biodiversity can have an indirect effect on the 
climate and water resources. 

3.4. Have any of the benefits of biodiversity and any of the damage caused by 
erosion of biodiversity been quantified? 

Claude Combes (Membre de l’Académie des sciences) 

The molecule that might have saved you. Experts sometimes have problems – 
why deny it? – persuading the “general public” that protecting biodiversity is a priority 
issue in management of the planet. It is not unusual to find sceptics (“why bother 
protecting tens of thousands of small and large creatures that are of no use for 
anything?”), and even opponents (“wouldn’t we be better off, given the limited 
resources of space and food on Earth, dedicating them to human populations rather 
than red squirrels, polar bears, blue whales and orangutans?”). 

Another problem is that of indifference, a by-product of the short-sightedness of many 
humans (I hesitate to say the majority, as it is not always this that is responsible for 
their ignorance). When we cry out to our fellow man “what will you leave for your 
children?”, when the image of Rachel Carson’s 1962 “Silent Spring”, with no birdcalls 
or cicadas, is brandished before us, I am not sure that this is enough to change the 
short-term behaviour encouraged by modern society: it would be too easy to believe 
that “after me, the flood” only forms in the minds of kings. “Silent Spring” was not 
useless, far from it (this book, which has sold more than two million copies, led to the 
ban of DDT amongst other things), but much more because people are afraid for their 
health than because they want to protect biodiversity. I might add that, even though 
sociobiologists often go too far, 3.8 billion years of natural selection, of the law of the 
jungle, do not predispose altruism, even towards our own descendents.  

Please excuse me for giving such a selfish image of mankind, but I believe that the 
best strategy is to show that protecting biodiversity just might, one day, “save” us or 
our relatives, either directly or indirectly: directly through the discovery of molecule 
medicines, indirectly through the substitution of chemical pesticides with 
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biopesticides. Let us not forget either the role that substances “produced by 
biodiversity” may play in the acquisition of major physiological and medical 
knowledge, as testified by the clarification of the transmission of nerve impulses. 

Humanity is a long way from exhausting the resources for health that are provided by 
the species around us, whether they are large or small or of bacterial, plant or animal, 
terrestrial or aquatic origin. 

There are so many possible combinations of atoms and molecules that it is illusory 
and impossible to synthesise and test all the possible molecules: with just the twenty 
amino acids which combine to form long chains of proteins, there are billions and 
billions of possible combinations… Few of these combinations have the property to 
interfere with human health problems, in such a way that the method that requires 
least time and effort involves researching the biodiversity of molecules which have a 
“meaning”, i.e. which have been mercilessly sorted by evolution. The molecular 
models biosynthesised by certain living organisms and selected for their 
effectiveness in chemical communication phenomena (attraction, repulsion) may be 
extraordinarily original and complex. Man has thus been identifying active substances 
for a long time and the method has proved its worth as half of the molecules used as 
medicines today are said to come from animal or plant species, with aspirin, born in 
the willow tree, as the leading example. 

A seemingly insignificant species has just disappeared from a lost forest or an 
unknown shore: “perhaps it manufactured the molecules that could have saved you”: 
this is what should be said to every person on earth. Not only is this argument 
combined with all the other ecological or social arguments in favour of biodiversity, 
not only does it concern what interests each one of us, but what’s more, it is no word 
of a lie. Of course, a margin of society has no need of this demonstration to respect 
biodiversity and make biodiversity respected, but as long as it is just a margin, no 
strategy must be overlooked, given the urgency. 

3.4. Have any of the benefits of biodiversity and any of the damage caused by erosion 
of biodiversity been quantified? (contd.) 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

We depend on the environment and the living beings that surround us, our 
“environment”, in many different ways. Some components of primarily physical 
appearance, such as air or water quality, depend heavily on the functioning of 
ecological systems. Others are more directly biological, such as food quality. Others 
are indirect and not so easily accountable, such as aesthetic and cultural aspects. 
Biodiversity and the functioning of the ecological systems it contributes to have many 
benefits for Man: these are known as “ecosystem services”. Here are some 
examples: 

the reforestation at the end of the 19th century of the Aigoual, a watered area of the 
Montpellier hinterland, regulated the water courses which come from it;  

the benefit of crop pollination by wild insects has been assessed at $150 billion per 
year; 
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70% of medicines are produced from biological molecules, even if they are now 
obtained by synthesis like aspirin. The innovation of the living world is therefore a 
source of inspiration; 

intensive farming depends on the microbial biodiversity of the soil and its recycling of 
nutrients. 

There are plenty more examples, one of the most striking being the role of microbial 
biodiversity in our digestive system. But analysis of the effects of biodiversity loss 
tells us even more. 

First of all, a reduction in biodiversity often reveals an ecological malfunction, without 
it actually being the cause. Assessment of water quality through inventories of 
freshwater invertebrates is a simple example of this indication role: the reduction of 
their diversity is only a consequence of pollution but allows it to be recorded simply 
and robustly while keeping a biological trace in the long term. 

Farms with a single variety of poultry present a much higher genetic homogeneity 
than natural or extensively managed populations. This homogeneity, the excessive 
density in such farms and the transport of animals encourage a high level of 
transmission of pathogens, resulting from the interaction between the reduction of 
genetic diversity and other changes of use. Of course, higher yields are obtained in a 
normal year. But these yields collapse when exceptional events occur. By 
comparison, breeding and farming with lower yields in a normal year, for example 
with less extreme confinement and a mixture of several breeds with different 
sensitivity to pathogens, will be more resistant to extreme events. The same could be 
said of the Landes forest in South-West France in which a single species, the 
maritime pine, has been favoured for its rapid growth in poor quality soil, but its week 
root system makes it vulnerable to storms. 

However, economic calculations do not predict the cost of exceptional events such as 
bird flu in poultry farms or storms in forests. The way we look at such practices and 
their management of biodiversity should change as economists develop 
consideration of long-term costs.  

The anticipation of costs (for example the prediction of “miles” emitted by airlines, 
which pledge future seats) is the rule in all sectors of economic activity.  The 
economic evaluation of biodiversity should not therefore be limited to simple 
assessments of direct services. 

The diffuse and qualitative nature of biodiversity is yet more distinct when it comes to 
cultural aspects. Even if the African economy benefits from safaris and ecotourism, 
the big cats are part of the shared heritage of humankind, as difficult to put a figure 
on as our gothic cathedrals. “How are you supposed to govern a country that has 350 
different kinds of cheese?” General de Gaulle supposedly said: this cultural diversity 
is only possible because of microorganism biodiversity, which it seems only right to 
protect from regulatory pressures that seem to want to make everything the same. 

The reduction of biodiversity caused by human activity is therefore omnipresent and 
its causes and consequences multiform. It is unavoidable that Man should become 
reconciled with nature, i.e. accept to depend on ecological mechanisms, rather than 
pursuing a secular fight against them, a fight now often made counterproductive by 
the influence of our technical development. In the brilliant words of Michel Serres, 
“the earth, once our mother, has become our daughter”. 
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3.5. Why apply a monetary value to biodiversity?  

Christian Dumas and Henri Décamps (Membres de l’Académie des sciences) 

First and foremost, the idea of applying a monetary value to biodiversity may seem 
shocking. Indeed how can something that has no price be valued? How can an asset 
we can’t live without be sold? And how can the valuation of an asset such as 
biodiversity, with which the public is unfamiliar, of which the desirable level is 
underestimated and on which there is so much varying information be shared with 
the public? Furthermore, the monetary values proposed often only take into account 
one component, or at best one group of components, of biodiversity. Some people 
are up in arms, seeing the valuation of living things as a dangerous drift that will 
encourage a hierarchy to be established between the species that are likely to 
provide “useful services” and the other species, thus creating unfounded 
discrimination within ecological systems that in the end cannot be separated.  

In reality, biodiversity can be recognised as having an existence (or intrinsic) value, 
which is dependent on moral values. In this way biodiversity is a significant source of 
cultural identity and its aesthetic value varies between Europeans and Japanese and 
Chinese people, between New Zealanders and Inuit. Biodiversity can also be 
recognised as having an instrumental (or utilitarian) value and its importance can be 
emphasised for the tourism, health, food and biotechnology industries, just as it can 
for human societies who benefit from services provided free of charge by the 
ecosystems. Estimating the value of biodiversity can therefore put a figure on the 
economic repercussions of unsustainable use of our “natural capital”. These different 
values are not unconnected: the value of the genetic diversity of an area of rainforest 
not only corresponds to the possibilities for exploiting this forest but can also be 
defined as an intrinsic value.  

Finally, it should be noted that technical solutions cannot replace nature and its ability 
to innovate when faced with change. Better still, the most effective technical solutions 
are inspired by the functioning of living things themselves, giving birth to true 
ecological engineering.  

The cost of biodiversity erosion. Biodiversity has continued to diminish since the 
Convention on Biological Diversity was drawn up at the Earth Summit in Rio in 1992. 
By way of an example, according to the International Union for Conservation of 
Nature (UICN), half of mammals are in decline and a quarter of them are threatened 
with extinction. What is true for the most visible animal species is also proven, to an 
equally worrying extent, for a large proportion of known biodiversity, i.e. around 
1.7 million species. The rate at which species are disappearing has developed from 
around one per year and per million species, a value estimated by experts for the last 
65 million years, now to values of between 50 and 560, a sign that this process is 
accelerating rapidly. According to a recent report from UNEP, the United Nations 
Environment Programme, worldwide economic losses associated with ecosystem 
degradation are valued at 2 to 4.5 billion dollars. The political leaders who met in 
Johannesburg in 2002 were involved in researching how to significantly slow down 
this biodiversity erosion by 2010. The failure in this objective makes biodiversity a 
major challenge for this century, together with poverty, water resources, food needs 
and… climate change. 
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Origin of the concept of the monetary value of biodiversity. As early as 1967, the 
economist John Krutilla highlighted the need for economic valuations to be able to 
argue for a philosophy of biodiversity conservation22. Biologists have widely echoed 
this concern, particular Edward Wilson for whom “biodiversity is one of the planet’s 
key resources but also the least recognised as such”. In 1983, Norman Myers drew 
attention to the wealth provided by biological diversity for the welfare of mankind23, 
while in 1998, Robert Costanza and his colleagues sparked a lively debate by valuing 
all of the services provided to mankind by the planet’s ecosystems at more than 
$33,000 billion per year, a valuation compared with the $18,000 billion of global GDP. 
More recently, two reports have put forward stimulating analyses of biodiversity 
valuation, the first coordinated by the Indian Pavan Sukhdev under the aegis of the 
UN24, the second coordinated by the French Bernard Chevassus-au-Louis, upon 
request from the Prime Minister in the aftermath of the Grenelle Environment Round 
Table25. These two reports open up new avenues for “all public decisions to be 
arbitrated in the future by incorporating their cost for biodiversity".  

Some ecosystem services values. The Millennium Ecosystem Assessment 
established a true typology for services rendered by natural environments. Beyond 
this typology, biodiversity seems to be a major factor in the value of these services. 
And these “services” never cease to surprise: who would have thought that fungi 
would be responsible for the discovery of penicillin (Penicillium notatum) or would be 
used as immunosuppressants (Tolypocladium Inflatum) through the creation of 
cyclosporin? And what about the yew (Taxus baccata) from which taxol is extracted, 
an anticancer drug like vinblastine and vincristine, molecules isolated in the 
Madagascar periwinkle (Cataranthus roseus), a species at one time on the verge of 
disappearance. In fact, each living organism may be hiding a buried treasure like 
GFP (Green Fluorescent Protein), a protein derived from the Aequorea victoria 
jellyfish, very widely used in in vivo biological imaging, the discovery of which was 
recognised with the Nobel Prize for Chemistry in 2008.  

On a different scale, interactions between insects and plants can either destroy or 
promote agricultural production. The service provided by pollinating insects such as 
bees has been valued at €2 billion per year for France. According to a study led by 
the CNRS’s Jean-Michel Salles and Bernard Vaissière of INRA, the contribution 
made by pollinating insects to the world’s main crops in 2005 can be valued at 
€153 billion, or 9.5% of the value of worldwide food production. The Chevassus-au-
Louis report gives a reference value of €970 per hectare per annum for a temperate 
forest, ranging between €500 and €2,000 per hectare per annum depending, in 
particular, on tourist figures or recreational activity and the ecosystem management 
method adopted. It is clear that these are only reference values and are likely to vary 
depending on location and time, for example depending on public decisions, updates, 
socioeconomic issues and environmental policy objectives.  

                                                 
22 Krutilla J.V. (1967). American Economics Review 57, 777. 
23 Myers N. (1983). A wealth of wild species. Storehouse for human welfare, Boulder, Westview Press. 
24 Sukhdev P. (2008). The Economics of Ecosystems and Biodiversity, Interim Report. Office for Official 
Publications of the European Communities.  
25 Chevassus-au-Louis B. et al. (2009). An economic approach to biodiversity and ecosystems services. 
Contribution to public decision-making. Centre d’analyse stratégique. www.strategie.gouv.fr    
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Whatever these variations, biological diversity is priceless in the sense that it 
represents Life, of which we, as humans, are part. It gives Life its astonishing ability 
to adapt to an ever-changing environment… as long as it has the time and space.  

3.6. To what extent does progress in the life sciences provide a better picture 
of biodiversity and its role in nature and does this progress enable us to 
understand what how biodiversity is modified?  

Michel Delseny (Correspondant de l’Académie des sciences) 

Biodiversity can be analysed at different levels. At the basic level, it is all of the 
existing species on the surface of the planet, of which an inventory (as yet 
incomplete) can be made and the evolution of which can be tracked quantitatively 
over time. A second analysis level is that of the population and the species: is there 
genetic variability between individuals of the same species within a population or 
between individuals of different populations? 

Morphological criteria, then biochemical markers and finally molecular markers have 
been used to tackle these questions for both animals and plants. We have chosen to 
limit our paper to plant species. Initial results showed, as was to be expected, that 
variability within a species basically depends on the reproductive system: self-
fertilising species (the pollen from an individual fertilises the ovules of the same 
individual) are generally much less variable than species in which cross-fertilisation is 
possible or compulsory (the pollen from one individual fertilises the ovules of another 
individual). Another important factor in variability is geographical isolation and its 
duration. 

At the beginning of the 1990s, the use of microsatellites as genetic markers to assess 
biodiversity started to become widespread. These are simple markers (longer or 
shorter repetitions of a motif of a few nucleotides), relatively polymorphousic and 
above all neutral, which are easy to analyse using traditional molecular biology 
techniques. For the main cultivated species and a few wild species it appeared that, 
for the same microsatellite marker, there were often several forms or alleles within 
the same species. By counting the alleles common to different individuals or different 
populations, it is possible to classify the individuals or populations according to their 
genetic similarities, those who have the most alleles in common being the most 
similar. In this way it is possible to determine the structure of a population or of a 
genetic resource. This tool has proven to be extremely useful both for protecting 
genetic resources and for planning the crossings required to improve plants. 

Ten years ago, it became possible to determine the almost complete sequence of a 
genome, although it is an expensive process. The first genome analysed in plants 
was that of Arabidopsis thaliana, a small member of the Brassicaceae family that is 
used as a model for geneticists in the same way as the fruit fly or the mouse for 
animals. The understanding of this genome was followed 4 years later by that of rice. 
We now have eight other plant genomes published (poplar, vine, papaya tree, 
sorghum, cucumber, maize, soya and brachypodium). The rapid development of new 
sequencing methods since 2005 now means that a genome can be studied much 
more quickly and easily and at a reasonable cost (a few hundred thousand euros). As 
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a result, some fifty other plant genomes are currently being sequenced and it is 
estimated that within 5 years we will have good quality genome sequences for the 
main cultivated species and most likely for a few wild species. The capacity and rate 
of the new sequencing methods are such that it is now possible to re-sequence the 
genomes of different individuals, varieties or populations of the same species and 
therefore describe, with an unprecedented resolution, the genetic variability of a 
species. These new approaches also help us to understand what drives biodiversity 
and how it evolves. Such plans are currently only in place for some species: 
Arabidopsis, rice, maize, vine and soya. Most work has so far been done on the first 
three species. 

With Arabidopsis, as part of the “1,001 genomes” project, the plan is to sample 10 
geographical regions, take 10 populations and for each population sequence 10 
individuals. By comparing 2 lines with a reference, more than 800,000 single 
nucleotide polymorphisms (SNPs) and almost 80,000 deletions or insertions of one to 
three nucleotides have been identified. Almost 3.5 million nucleotides of the 
130 million that make up the genome differ greatly between the 2 lines and the 
reference. These different mutations are thought to affect almost a thousand genes, 
thus determining the different phenotypic characteristics of the lines. Active genes in 
a line can be altered and inactivated in another. The aim of another project was to 
assess the mutation rate through experimentation. Arabidopsis is maintained in the 
state of lines, which are in principle homogeneous, through self-fertilisation. Five 
individuals were sampled after 30 generations of self-fertilisation, sequenced and 
compared to the sample from which they descended: significant differences were 
noted. 

With rice, we already knew that the varieties and populations are structured into 
different groups, the main ones being japonica and indica (the rice grown in China 
and Japan on the one hand and that grown in India and Thailand on the other). The 
genomes of twenty cultivated species were partially sequenced, showing that the 
indica lines differ from the japonica lines by around 150,000 SNPs, while within each 
group the difference is about 60 to 90,000 SNPs. We can then use this work to 
reconstruct the evolutionary history of the species and determine which regions were 
selected by farmers. By focussing on certain genes, such as those that determine the 
flowering date, we can also understand how the different varieties adapt to different 
latitudes and light levels. 

The work carried out on maize was particularly interesting as it has a different 
reproductive system with maize varieties most often deriving from complex crossings. 
Studying the genome demonstrated how genes disappear and how others appear as 
a result of the activity of transposable elements (small DNA sequences capable of 
changing place in the genome and multiplying). It is thought that these movements 
occur due to stress affecting the plant. When a transposon establishes itself 
somewhere it can inactivate a gene or its regulatory sequences. Conversely a 
regulatory sequence in the transposon can activate a neighbouring gene and 
radically modify certain aspects of the plant. An event of this type is responsible for 
the differentiation of maize and its ancestor teosinte: regulation of the Tb gene which 
controls the branching of spikelets on the ear was modified by the movement of a 
transposable element. By moving, or by recombining, transposons can directly bring 
about deletions, thus eliminating genes, or take fragments of a neighbouring gene 
with them and recombine them, elsewhere in the genome, with other fragments, thus 
creating a new sequence that may become a new gene. The result of this mixing is 
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impressive and it is currently thought that there are more differences, at genetic level, 
between two varieties of maize than between a man and a chimpanzee. 

Biodiversity cannot therefore be considered as static and fixed at genome level. New 
sequencing methods are revealing every day that these genomes are extremely fluid 
and dynamic and that this fluidity is one of the driving forces behind biodiversity 
evolution. 

3.6. To what extent does progress in the life sciences provide a better picture of 
biodiversity and its role in nature and does this progress enable us to understand 
what how biodiversity is modified? (contd.) 

François Gros (Membre de l’Académie des sciences) 

The major developments in life sciences in recent decades have often benefited, and 
will undoubtedly be called on to do so again, the knowledge, conservation and even 
a more cautious exploitation of biodiversity. 

Already, since the 1980s, molecular biology has led to the establishment of 
classification of species (particularly bacterial) based on more objective criteria than 
in the past (for example, using molecular DNA-DNA hybridisation techniques). As a 
result, the advent of genomics (i.e. the determination of the integral chemical 
sequence of the DNA in the species’ hereditary matter), combined with the use of 
computers for data processing, has greatly revitalised the study of biological diversity. 
Thus, in the plant kingdom, genomics not only enables data from the traditional 
system to be refined, it now opens the door to a large number of genes “of interest” to 
agriculture, forestry, horticulture, etc, genes responsible for properties sought by 
breeders (growth, robustness, resistance to pathogens and stress, protein richness). 

But it is without doubt in the microbial world that most progress is currently being 
made. First of all, hundreds of bacterial genomes have been sequenced, often 
shedding light on what causes the virulence of various pathogenic species (e.g. 
pathogenic forms of E. coli, Koch’s bacillus, leprosy bacillus, etc.), and point the way 
to new forms of vaccine. More significantly, and for scarcely a decade, a new 
strategy, christened “metagenomics” or “environmental genomics”, provides a 
“comprehensive” understanding of the biodiversity of entire populations of bacterial 
and planktonic microorganisms, as well as parasites, viruses and even protists, living 
in complex ecosystems (soil, cesspools, digestive flora, marine environment, etc.). 
This new exploratory approach is based on the extraction of all DNAs existing in the 
population, amplification thereof using the PCR technique, fragmentation, cloning 
and sequencing of the fragments obtained. The resulting sequences are compared to 
those of microorganisms already catalogued in the databases. Consequently, we are 
able to deduce the existence of many unknown species that are generally very 
difficult to cultivate. 

Data produced by metagenomics demonstrates that the biodiversity of the infinitely 
small is enormous! Without doubt almost 100 times greater than already catalogued. 
In light of initial results, many consequences are expected for the fields of 
biomedicine (virology, digestive pathologies, etc.), agronomy (soil microbiology) or 
oceanology (deep sea bacterial and plankton flora). 
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3.6. To what extent does progress in the life sciences provide a better picture of 
biodiversity and its role in nature and does this progress enable us to understand 
what how biodiversity is modified? (contd.) 

Bernard Kloareg (Correspondant de l’Académie des sciences) avec Gurvan 
Michel et Mark Cock (Roscoff Biological Station, CNRS, UPMC) 

The word biodiversity, a contraction of biological diversity, covers two main issues. 
One seeks to describe the diversity of the living species that currently inhabit the 
various ecosystems. The other aims to understand how this biodiversity appeared 
and developed on Earth.  

Historically, using Haeckel’s classification of 1866, the life forms we commonly see 
around us have been grouped into three main “kingdoms”, animals, plants and 
protists. This division of living things was essentially based on the comparison of 
anatomical features and reproduction cycles, according to the principle that, if two 
species share similar characteristics, they are from related taxons. This perception of 
“the tree of life” is still commonly held today, despite the fact that entire parts of this 
classification have been called into question by progress made in molecular biology.  

Indeed, we now have a very large amount of data on the genes of living organisms. 
Genes that code for proteins with the same function and which are homologous 
(derived from the same ancestral gene) provide many relevant characters that can be 
compared using so-called molecular phylogeny techniques. How closely two genes 
are related is determined using algorithmic techniques, which are at first glance more 
objective than taxonomic deductions.  

Molecular phylogeny studies based on various homologous nuclear genes show that 
the three kingdoms identified by Haeckel in fact constitiute eight, very different major 
lineages. These eight lineages can of course be grouped into three main 
supergroups but these supergroups are very different from those originally proposed. 
The first, a group of non-photosynthetic organisms known as Unichonta, includes 
amoeba, animals and fungi. The second, the Archaeplastida kingdom, encompasses 
red algae (Rhodophyta), green algae (Chlorophyta) and land plants (Embryophyta). 
Finally, the third, the Chromalveolata, is made of up dinoflagellates (such as those 
which form “red tides”), alveolates (such as the agent of malaria, Plasmodium), 
diatoms, brown algae (Phaeophyta) and oomycetes (including pathogens of 
agronomic crops, which are therefore no longer considered as fungi). Despite the fact 
that all the members of this last lineage are autotrophic (or were at some point in their 
evolution), they are almost as phylogenetically remote from the Archaeplastida as 
they are from the Unichonta.  

The study of the phylogenetic relationships of the genes of plastids, organelles that 
convert light energy into chemical energy (photosynthesis), has shown that plastids 
all derive from a cyanobacterium. All plants are therefore derived from plastidial 
endosymbioses. The so-called primary plastidial endosymbiosis, between a primitive 
heterotrophic eukaryote and a photosynthetic cyanobacterium, has led to the 
emergence of red algae and green algae. Embryophytes, the direct descendents of a 
green alga of the order Charales, form a sub-branch of this supergroup. During the 
so-called secondary plastidial endosymbiosis, unicellular red algae have, 
independently and on several occasions throughout evolution, established symbioses 
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with unicellular heterotrophic eukaryotes, thus giving birth to various chromalveolate 
lineages.  

In the early 1990s, molecular phylogeny methods greatly changed how we look at the 
origin and evolution of both land and marine plants. These marine plants are 
commonly known as algae. This term is now used as a generic term with no real 
phylogenetic significance. It is not much of an exaggeration to say that there is as 
much evolutionary distance between brown algae and red algae as there is between 
brown algae and an elephant. If this is reasoned in terms of major evolutionary lines, 
it also seems that the marine environment contains much more plant diversity than 
terrestrial environments. This is due to the fact that movement onto terra firma was a 
bottleneck for many of these main lines. For example, brown algae and red algae 
are, essentially, not found in terrestrial ecosystems. 

We have undertaken to develop genomic approaches for brown algae and red algae, 
two major plant lineages that have so far been little explored. The complete genome 
of the brown alga Ectocarpus siliculosus is now available (Cock et coll., Nature, 2010, 
465, 617-622).  

This new data can be used to analyse, from a point of view that has never been used 
before, focused on Chromalveolata, the molecular mechanisms which enable the 
emergence of complex multicellularity in eukaryotes. Multicellularity appeared 
independently in five main lineages, red algae, green algae and plants, brown algae, 
fungi and animals (all of these are descended from unicellular ancestors). Despite the 
convergent nature of this evolutionary process, it is expected that the development of 
multicellularity brings genome evolutions into play in each of these lines, affecting the 
composition of the extracellular matrix (which makes cells cohesive and enables 
tissue to form), developmental mechanisms (the ability of each generation to 
construct the same organism from a unicellular zygote) and innate immunity (the 
ability to defend against attack).  

The in-depth study of the genome E. siliculosus shows that brown algae adopted a 
strategy similar to that of other multicellular lineages, but using specific elements. We 
therefore get an original family of transmembrane receptors most probably involved 
in regulating development (Cock et coll., Nature, 2010). It also appears that mannitol, 
a polyol used to transport organic carbon, and alginate, the main matrix 
polysaccharide of brown algae known to be involved in the recognition of non-self in 
these plants, have both been acquired by a transfer of these metabolisms from an 
actinobacterium. This event undoubtedly contributed greatly to the evolution of brown 
algae towards multicellularity (Michel et coll., New Phytologist, 2010a, 2010b). This 
data shows, finally, that many genes that until now were considered to be present 
only in animals can also be found in brown algae (integrins, sulfotransferases and 
sulfohydrolases acting on sulphated polysaccharides of the extracellular matrix, etc.). 
These are therefore ancestral genes that land plants lost when they diversified upon 
leaving the water. 

In conclusion, progress in genetics, which culminates today in structural and 
functional genomics approaches, completely changes how we look at the 
classification of living things and sheds much light on the origin and evolution of 
biodiversity. Thus, the work describing all of the genes present in plants and algae 
representative of major evolutionary lineages can be used to retrace the origin and 
evolution of plants and of the cellular constituents of living organisms. These 
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analyses also provide us with information about the molecular bases which enabled 
multicellular organisms to emerge. Finally, they give us a better understanding of how 
plants adapted to conquer terrestrial environments. This research takes us beyond 
the “horizontal” view of contemporary biodiversity and emphasises that living 
organisms are archives of several billion years of evolution. 

4. What new facts are creating cause for concern amongst 
scientists? 

4.1. What are the main causes of biodiversity change? Is there a link between 
the speed and extent of climate change and the speed and extent of 
biodiversity variation? 

Henri Décamps (Membre de l’Académie des sciences) 

The disappearance of natural habitats is a leading cause of current changes in 
biodiversity. Other causes are also often brought up: soil and water pollution, 
invasion of exotic species, climate change. All of these factors work together in 
different ways depending on the region.  

With regard to the climate, it is difficult to predict the consequences of current global 
warming on biodiversity, partly because species respond differently to this warming 
and partly because these responses depend on extreme meteorological events, the 
future changes of which are poorly understood in terms of both their intensity and 
their frequency. It is also difficult to rely on the past for this: climate change today 
seems to be more extensive and occurring at a faster rate than in the last 500,000 
years and it will affect ecosystems greatly modified by human activity. 

However, climate change has already interrupted many interactions between species 
in the ecosystems. Half of all wild species for which long-term data is available have 
responded in some way to local, regional or continental warming – from grass to 
trees, from plankton to fish, from insects to mammals, regardless of the continent or 
the ocean in question. On the whole, over the last forty years, the areas of species 
distribution have moved towards the poles over distances varying between 50 and 
100 kilometres. In this way, pine processionary caterpillars have invaded new 
territories to the North. In the mountains, the same is witnessed with distribution 
areas shifting towards the higher altitudes. Throughout the northern hemisphere, 
many species are reacting to earlier springs and later autumns. And these reactions 
differ from one species to another, leading to shifts between these species, new 
relationships within communities of species and new dynamics, affecting life in the 
wild (associations, competition, predation), but also affecting human health 
(epidemics, parasites) and whole sectors of agricultural production, forestry or 
fishing. 

Changes in temperature and rainfall are likely to transform the structure of 
ecosystems and how they function, as well as the geographical distribution of species 
and the interactions these species have with one other, with consequences for 
biodiversity and ecological services. With average global temperatures that are 2 to 
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3 °C higher than those in the preindustrial era, the risk of extinction will probably 
increase for 20 to 30% of the plants and animals studied in this respect. With average 
global temperatures 4 °C higher than those in the preindustrial era, this risk would 
increase for 40 to 70% of the plants and animals studied. 

Aside from changes in temperature and rainfall, the increase in the amount of CO2 in 
the atmosphere is alone likely to have a direct effect on terrestrial and marine 
ecosystems. In the short term, some plants – wheat, rice, cold climate species – 
could benefit from increased amounts of CO2 as this is likely to increase 
photosynthesis rates, but for how long and to what extent? In the rainforest, creepers 
are likely to take over from trees because of the increased amount of CO2 in the 
atmosphere, with negative consequences for the possibility of carbon dioxide 
sequestration in these ecosystems. In the oceans, the water acidification that would 
result from an increase in atmospheric CO2 would have a profound effect on some 
marine organisms, particularly those that depend on the calcification process to 
construct their shells, such as molluscs, or to build their reefs, like corals. This 
acidification is also likely to reduce the ability of the oceans to absorb CO2, thus 
increasing the quantities remaining in the atmosphere.  

4.2. Do demographic variations, urbanisation and economic and industrial 
development have an impact on biodiversity? 

Henri Léridon (Correspondant de l’Académie des sciences) and Ghislain de 
Marsily (Membre de l’Académie des sciences)26 

The effect of demography on biodiversity is, in principle, a direct one: if there are 
more humans, they need more space to live and find accommodation, more food 
production to feed themselves and more industrial products and energy, even just to 
retain the same level of individual consumption. Add to that economic development 
and the resulting increased consumption (changes of dietary habits, increased 
consumption of material goods and energy, increased need for space, both in terms 
of urban areas and for transport) and demographic and economic growth has to take 
place at the expense of the virgin land that need to be developed or cultivated, the 
ecosystems that these areas contain, the water, soil, materials, mineral and energy 
resources that we use more intensely each day for our needs… Growth ultimately 
has to be to the detriment of biodiversity. This is for certain.  

And yet, these are general trends. The world’s population will inevitably continue to 
grow for several more decades to come. The economic development of the least 
advanced parts of the world will also continue. The only room for manoeuvre for 
reducing damage to biodiversity will therefore reside in how we consume and 
produce. There are two main routes open to us. 

The first comes down to frugality in various forms which we will briefly mention. 
Today’s developed societies are characterised by limitless consumption and waste. 
For example, it is estimated that 30% of the food produced and sold in developed 

                                                 
26 This information has been taken from the Académie des sciences Science and Technology Report 31, 
“Démographie, climat, alimentation mondiale”, due for publication by EDP Sciences in autumn 2010. 
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countries is lost, thrown away without being consumed or even unwrapped, while 
almost a billion people in other continents do not have enough to eat. Another 
example, the excessive consumption of products of animal origin and fatty and 
sugary foods, leads to the serious problems of obesity and excess weight in 
humans27: besides the direct consequences for the quality of life of the individuals 
concerned, these pathologies lead to serious illness, ranging from cardiovascular 
diseases to colorectal cancer. It is essential, to deal with demographic growth, to re-
establish more suitable dietary consumption that uses less resources and contains a 
smaller proportion of calories of animal origin in developed countries. Food wastage 
must be fiercely combated, in the actions and, above all, in the minds of citizens. It is 
the only way to reduce the ecological footprint of humans for their food. 

In the same vein, agricultural land must be protected and conserved, particularly (but 
not solely) in developed countries, to avoid having to clear cultivable spaces which 
are in short supply here. At present, we are losing the equivalent of the surface area 
of a French département of agricultural land each year in the 27 member countries of 
the European Union, or one French département every ten years in France. These 
losses are due to urban development, extension of the transport network and 
industrial constructions. The dispersed residential habitat is, on this basis, 
catastrophic: the habitat must become denser (and the surface area available to 
each person reduced) if we want to fight against loss of land and the resulting 
clearance and loss of biodiversity. The same could be said for the excessive 
consumption of industrial products, the failure to recycle, etc., or, for example, all of 
the resources consumed for private transport compared to public transport. 

The second, complementary, route open to us is the quest for efficiency, through 
technological improvements. Any innovation which provides the same service by 
using less energy and fewer materials (cement, metal, organic molecules, etc.) and 
natural resources (water, wood, natural textile fibres) does its bit to protect 
biodiversity. The “life cycle” of each industrial product needs to be analysed and we 
need to try and minimise its ecological footprint for a given service. Furthermore, 
these life cycle analysis tools need to be improved and made more widely available. 
New materials (composites, etc.), lighter, smaller objects, multipurpose tools (for 
example in telecommunications) or better social organisation (teleconferences, 
teleworking, etc.) also help to reduce the ecological footprint of the planet’s 
inhabitants. This must be done without delay and more fervently by combining it with 
a change in mental habits, moving towards frugality, as there would be little point in 
developing these new tools and this new technology if it led to increased 
consumption and the replacement of the old with the new before it reaches the end of 
its life. 

In summary, mankind has no choice. Demographic growth, although it is slowing 
down, is a certainty: there will be approximately 9 billion inhabitants on Earth in 2050 
unless there is a planetary disaster (half of the growth will be in South, South-East 
and East Asia and most of the other half in sub-Saharian Africa). If we can succeed 
in helping to control unwanted births, through education for example, there will still be 
8.5 billion of us in 2050 and this difference of 500 to 700 million would represent a 
                                                 
27 In 2005, it was estimated that 1.3 billion adults were overweight, 400 million of whom were obese, i.e. 33% and 
10% respectively of the world’s adult population. More than 800 million of these live in developing countries. If 
recent trends continue, the planet will have 3.3 billion overweight people in 2030, 80% of these in developing 
countries. 
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significant gain for the planet’s biodiversity. With 8 or 9 billion humans on Earth, if we 
do not develop more frugal lifestyles, particularly when it comes to food, if we do not 
protect agricultural land, if we do not strive for efficiency, it is highly likely that the 
Earth that we leave to our children will have lost a significant part of its biodiversity, 
through monopolisation for our own ends of virgin land rich in biodiversity. Without 
knowing how low biodiversity can fall before compromising human life on Earth, we 
already need to ask: will the Earth still be sustainable? 

4.2. Do demographic variations, urbanisation and economic and industrial 
development have an impact on biodiversity? (contdt.) 

Henri Décamps (Membre de l’Académie des sciences) 

Ecological engineering. Clearly, the economic and industrial development of recent 
decades has resulted in erosion of biodiversity and the pollution, even destruction, of 
natural environments. However, there is no sense in evaluating this impact unless it 
leads to biodiversity protection being incorporated into development practices, 
ecosystem products and services being used and mitigation and compensation 
measures being taken. All this work involves a huge research effort, which is all the 
more difficult in that there are various stakeholders to consider, in order to find 
biodiversity objectives that are compatible with sustainable economic and industrial 
activities. From this point of view, the strength of ecology lies in it being a proactive 
science in terms of the economic and industrial development of years to come, at all 
levels: local, regional and continental.  

This proactive science comes in various forms, including ecological engineering, the 
application of the principles of ecology to environment management. Ecological 
engineering can be used, for example, to make the most of what we know about how 
populations, communities and ecosystems work so we can use microorganisms to 
treat wastewater or plants that store heavy metals to rehabilitate certain 
contaminated soils. It is destined to develop towards biodiversity protection, 
adaptation to climate change and reconciliation of human societies with their natural 
environment. 

The CNRS’s and Cemagref’s 2010 call for research proposals on this topic defines 
ecological engineering as “the use, often in situ, sometimes under controlled 
conditions, of populations, communities or ecosystems with the aim of modifying one 
or more of the environment’s biotic or physico-chemical dynamics in a way that is 
considered to be favourable to society and compatible with the maintenance of 
ecological balances and the adaptive potential of the environment”28. Ecological 
engineering thus leads to the production of “eco-compatible” technologies, derived 
from the knowledge of how ecological systems function, to treat water, process 
waste, transform our habitat and configure our industrial systems. It also allows 
certain natural environments to be restored in the interests of the common good. 
Such use of the living world clearly develops into scientific and social reflection, as 
well as ethical reflection on the consequences for development of land, rehabilitation 

                                                 
28 http://www.cnrs.fr/prg/PIR/programmes/IngECOTech  
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of damaged ecosystems, the reintroduction of species, the creation of new 
sustainable ecosystems and the manipulation in situ of ecological systems to benefit 
from one service rather than another.  

The prospects created by ecological engineering fuel a real industrial ecology the aim 
of which is to rethink our production and consumption activity based on the model of 
the ecosystems29. Achievements already foreshadow some future developments, for 
example the industrial symbiosis of Kalundborg in Denmark – a kind of food chain of 
seven industries, each one feeding off the waste of its neighbours, thus minimising 
raw material requirements and reducing waste. Another example is the Beddington 
Zero (fossil) Energy Development, through which a settlement in London is 
developing without the use of fossil energy in order to be “carbon neutral”, meaning 
that it produces at least as much renewable energy as it uses. In addition, the 
Sécheron underground water-supply control station pumps water from Lake Geneva 
and distributes it at low temperatures to a district of Geneva, saving the energy 
needed to produce cold.  

In this way, little by little the possibility of “green growth” based on more parsimonious 
use of non-renewable energy resources and raw materials is being established. The 
benefits? Fewer greenhouse gas emissions, a preference for more environmentally 
friendly technologies, the possibility of using ecosystem services, respect for culture 
and heritage, promotion of the involvement of everyone in decision-making… and let 
us not forget the possibility of jobs being created in different sectors: transport, 
construction, agriculture, tourism, biodiversity-ecological services, etc. 

Ecological engineering is therefore a new tool for adapting societies to global 
changes and adopting sustainable modes of development. Demand in this field will 
continue to explode, predict ecologists30. Biodiversity is increasingly being seen as a 
new opportunity for companies to assert their competitiveness. It is now incorporated 
into the strategies designed by these companies, creating new markets, new skills 
and organisational needs and new research, training and action perspectives.  

4.3. By assessing the current rate at which species are disappearing and 
comparing it with past extinction periods, are we really experiencing a 
biodiversity crisis?  

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

Species have been appearing and disappearing since life began. The case of 
vertebrates is well documented. The average life expectancy of a species can be 
estimated by using palaeontological data and analysing divergences between 
species. We know, for example, that the chimpanzee and Man diverged from a 
common ancestor a few million years ago. This approach gives a life expectancy for 
a vertebrate species in the region of one million years or more. Among around 
50,000 species, at most  50,000/1,000,000 should therefore die out every year, 

                                                 
29 Erkman S. (2004) Vers une écologie industrielle Ed.Mayer. 
30 Abbadie L. L’ingénierie écologique et les entreprises. Day events organised by the Fondation pour la recherche 
sur la biodiversité. Paris, 18 November 2008 
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giving a rate of 0.05 species per year. The number of species that appear should be 
similar but is impossible to evaluate due to the regular description of species that 
pass away unnoticed, new only to science.  

And yet we know, as there is a list, that more than one vertebrate per year has 
disappeared over the last five centuries under the influence of human activity. This is 
the case for the famous “dodo” on the island of Mauritius, a large, flightless relative of 
the pigeon, exterminated by humans in the 17th century. The extinction rate of 
vertebrates has been multiplied by at least 20. 

This acceleration unfortunately started thousands of years ago. The rapid 
disappearance of mammal numbers at the end of the glaciations in North America is 
partly the result of them being hunted by Native Americans. The moas, giant cousins 
of the modern-day kiwis, were wiped out by the Maoris a few centuries ago. More 
striking still, it is estimated that between 1,500 BC and 1,500 AD almost 2,000 
species of island birds vanished (20% of the world’s bird fauna). Almost 10% of 
vertebrates have therefore died out in recent millennia because of Man. While 
mankind’s influence on the biosphere is becoming more marked, the International 
Union for Conservation of Nature, a respected NGO which claims that 10% of birds, 
at least 20% of mammals and 18% of reptiles are currently under threat, cannot be 
accused of pessimism…  

Island fauna, that most often evolved in  the absence of predators and pathogens, 
has paid dearly under the effect of direct destruction or detrimental introductions, 
particularly of rats. In all environments, the “long-lived” species (those whose 
individuals live for a long time), of which the reproductive effort is staggered over 
many years, have little capacity for annual population growth. Such growth capacity 
cannot make up for the slightest increase in mortality rates: just like capital at an 
interest rate that is too low, they cannot withstand the tax of human activity. These 
are resources with poor renewability. In addition, they are often characterised by a 
large body size and limited numbers: they t need a lot of space and are therefore 
more sensitive to human activity. For instance, there are now around 300 right 
whales left in the North Atlantic, once hunted in their tens of thousands. Fewer than 
10 adults die of natural causes each year. Deaths through collision with boats or 
ingestion of fishing gear are at about the same level: this species has perhaps 
already been condemned by these diffuse impacts. All cetaceans are heading in the 
same direction and the hunting, allegedly for scientific purposes, by Japan and 
Norway is a real insult to science and to common sense.  

The example of long-lived vertebrates is also cause for pessimism regarding 
biodiversity’s self-healing capacity: in less than a year, 2,000 of the 4,000 elephants 
in Zakouma National Park died during the recent troubles in Chad. To get this 2,000 
back up to 4,000 it will take at least 20 years in ideal conditions. The collapse of cod 
stocks is a similar example. 

For insects, anecdotes aside, such as the rarefaction caused by collectors of the 
splendid Isabella moth of the Southern Alps, in the dragonfly group almost 10% of 
species are under threat despite their ability to scatter. Long-lived trees suffer from 
the same demographic fragility as large vertebrates. California’s giant sequoia almost 
disappeared in the 19th century. But hundreds of species of insects are strictly 
indentured to each species of tree in the rainforests. Deforestation has inevitably had 
a significant impact on these long-lived trees and all of their occupants.  
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According to various assessments, the natural rate of extinction of all living species 
now seems to have been multiplied by 50 to 100 by human activity. 

Finally, without becoming extinct, i.e. disappearing from the planet altogether, 
countless species disappear from many locations or whole regions. These local or 
regional extinctions impoverish living communities everywhere and disrupt 
ecosystem function. 

It therefore seems to be no exaggeration to talk about a “biodiversity crisis”. 

4.3. By assessing the current rate at which species are disappearing and comparing it 
with past extinction periods, are we really experiencing a biodiversity crisis?(contd.) 

Philippe Taquet (Membre de l’Académie des sciences) 

Biodiversity has a long history.The first life forms appeared on Earth around 4 billion 
years ago.Then, over the course of millions and millions of years and from 
microscopic forms, countless living things differentiated themselves.Around 
600 million years ago, multicellular forms started to populate the oceans and 
525 million years ago, life blossomed, diversified and became more complex with an 
abundance of invertebrate organisms. 

As time passed, biodiversity continued to increase and a new stage began with the 
conquest of terrestrial environments:plants and animals went on to populate the 
continents by evolving and adapting.But the history of life has not been linear, far 
from it.It has been marked by several major crises, caused by environmental 
upheaval following serious, relatively quick changes in the climate. 

It is in this way that five major crises have disrupted the expansion of biodiversity 
over geological time:444 million years ago, at the end of the Ordovician period, with a 
third of marine fauna dying out; 359 million years ago at the end of the Devonian 
period, with the disappearance of a large number of reefs; 251 million years ago, at 
the end of the Permian period when it is estimated that 95% of fauna disappeared, 
perhaps due to disruptions caused by exceptional volcanic activity; 201 million years 
ago, at the end of the Triassic period, with a major change in marine environments 
and, most recently, 65 million years ago at the end of the Cretaceous period, with the 
disappearance of very many animal species, including ammonites, belemnites and 
marine retiles, from the seas, flying reptiles from the air and dinosaurs from the land, 
with the exception of a line of small carnivores from which birds descended. 

But life has overcome each of these crises and, in the spaces freed up by the 
extinction of a large number of species, it has been able to evolve and adapt to give 
birth to new forms.Thus, in the ecosystems vacated by the large dinosaurs, many 
lines of new mammals have diversified very quickly over the last 50 million 
years.These mammals, with which we are familiar, now populate our environment. 

Of these mammals, the primate line was to see a massive boom.Within this line, one 
species, ours, has in just a few hundred thousand years conquered all spaces, 
effectively hunted other species, domesticated some for our own benefit and deeply 
modified ecosystems through harvesting and agriculture, in short changed the face of 
the Earth forever.In just a few centuries, we have wiped out a large number of 
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species to the point that we can only wonder if mankind is going though the sixth 
major extinction and if it is the main perpetrator of this extinction. 

The Steller’s sea cow, a mammal from the Sirenia order first described by the 
naturalist Steller in 1741, had vanished from the oceans 27 years later, in 1768, due 
to overhunting.The dodo of the island of Mauritius, dear to the writer Lewis Carroll, 
belongs to times past.This large land-dwelling bird that looked a bit like a pigeon but 
was unable to fly was hunted for food.Its extinction was recorded in 1801. The last 
great auk was killed on an island off Iceland in 1844. The last quagga, the original 
form of the zebra which lived in South Africa, died in an Amsterdam zoo in 1883. The 
heartsease vanished from the Paris basin at the end of the last century.The last 
passenger pigeon of America, of which there were hundreds of millions of individuals, 
died on 1September 1914 in Cincinnati zoo.The last pink-headed duck of India 
vanished in 1935. The last thylacine, or Tasmanian tiger, was killed in 1961. 

The rate of extinctions is only accelerating and it is thought that the 20th century saw 
the disappearance of 260 vertebrate species and that the numbers of birds in Europe 
has fallen by 20% over the last 20 years.According to the last reckoning by the 
International Union for Conservation of Nature, 36% of the species assessed are now 
under threat from extinction.Alteration of natural habitats, deforestation, urban 
development, introduction of invasive species, over-fertilisation or contamination of 
soil and overexploitation of living resources, a plethora of causes that shatter natural 
balances and give the impression that we are heading towards a serious biodiversity 
crisis, a crisis for which mankind is primarily responsible. 

It took millions of years of slow evolution to shape the face of the Earth and to 
distribute, on its surface, in the seas, on land and in the air, an extraordinary 
biological diversity involving ecosystems, species and genes.Yet this biodiversity, 
which is vital to us, is now under serious threat. 

Forecasts unfortunately predict ongoing loss of biodiversity by 2050. The extinction 
rate of species in the first half of the 21st century is likely to increase.Unlike the 
dinosaurs, which could not escape their fate and suffered a relatively sudden 
extinction, the human race has the opportunity, the ability and, above all, the duty to 
react by looking out for the future of its planet.A radical change in lifestyle and 
development of representatives of the Homo sapiens species is essential and is 
needed before Nature dies. 

4.4. Is the state of marine resources of particular concern? 

Claude Combes (Membre de l’Académie des sciences) with Bernard Banaigs 
and Annabel Simon-Levert (Université de Perpignan) 

Treasures under the sea.Schoolchildren are taught that humans, like every other 
animal species, are entirely dependent on the living environment that surrounds 
them. They get their source of energy from it as well as various essential substances, 
in addition to specific molecules which are capable of interacting with our body 
chemistry. Although some of these interactions are perceived in a negative light, such 
as venoms or toxins, others are viewed positively, such as the molecules used in 
materia medica (in fact, the effects of many molecules vary according to the dose). 
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Where can Man find the molecules that he can use to treat himself? 

It is tempting to say “everywhere”. 

And this is true. But what is also true is that research into these active molecules is 
not as advanced in all environments.This is valid if we compare the large terrestrial 
ecosystems, but is even more so if we consider the marine environment, in which 
research is a long way behind. And yet, in their physiology and in their chemical 
composition, terrestrial organisms, including humans, keep something of their marine 
ancestors. 

While the first credible accounts of life on Earth go back 3.8 billion years, the 
conquest of the land only dates back just over 400 million years. In other words 
terrestrial life in the geographical sense of the word is a “recent” development in 
evolution… Perhaps that is why, while all the phyla that are today present on land are 
represented in the seas, the opposite is not true:at least ten or so marine phyla have 
not yet provided a continental species. The seas and oceans occupy more than 70% 
of the earth’s surface and even if biodiversity is at its greatest near to the coasts, no 
area, whether at the bottom or in the middle of the water, has remained unconquered 
by life. 

Identifying species that may be useful for health (or for such and such an aspect of 
human activity) is not easy whatever the environment. Without doubt, even more 
problems are encountered in oceanic ecosystems. 

This is why biologists use a certain number of indices. The biosphere is a world of 
signals that are constantly being exchanged between the cells of an organism, 
between organisms of the same species and between different species. But the 
oceans are not just fish and plankton: many marine species are sessile (algae, 
sponges, corals, tunicates, etc.), so that natural selection has favoured chemical 
communication between them. This is a real chemical ecology – one might even say 
chemical sociology. Amongst these species there is a lot of diversity of pheromones, 
allomones and other kairomones, all chemical mediators different from those found 
on the continents and which therefore create new therapeutic opportunities. 
Research into natural active compounds of marine origin is focused on particular 
aspects of the organisms:for example, it is often in species not protected by 
carapaces, spines, shells or cryptic colouring that natural selection has adopted 
original “defence” molecules, of interest because of their toxic, anti-mitotic, apoptosis 
induction or other properties. Six thousand molecules have already been identified in 
sponges alone! One difficulty anticipated is that a tonne of biological material 
sometimes needed to be collected to get a few milligrams of active 
substance.Laboratory synthesis, either chemical or genetic, must take 
over.Otherwise the species in question are likely to disappear. 

Research in this field has already made discoveries and resulted in products 
reaching the market but is still in the early stages compared to the emerged lands. 

Still not enough is heard about marine ecosystems when it comes to biodiversity 
conservation. However, although hidden and sometimes difficult to get to, treasures 
are awaiting divers, biochemists and doctors. These ecosystems are as fragile as 
terrestrial ecosystems, if not more so. Their biodiversity is also worth the maximum 
amount of protection. 
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4.4. Is the state of marine resources of particular concern?(contd.) 

Yvon Le Maho (Membre de l’Académie des sciences) 

The result of the overexploitation of marine resources, combined with the illusion of 
their inexhaustibility, is that it is the environmental domain in which it is the most 
obvious that human’s actions are heading for disaster.As the 2003 Académie des 
Sciences report, “Exploitation et surexploitation des ressources marines vivantes”, 
under the aegis of Lucien Laubier, Correspondent of the Académie des Sciences 
(1936-2008), showed, the first evidence of this overexploitation is the fact that the 
total yield of fish worldwide stopped increasing in the early 1970s despite an 
exponential increase in the energy investment for fishing.A study has just shown that 
we were catching more fish off the British coast in the 19th century than we are today, 
and with equipment whose productivity now seems laughable. 

As shown by Philippe Cury, director of the Mediterranean and Tropical Fishing 
Research Centre at the Institut de recherché pour le développement (IRD), and Yves 
Miserey, a journalist for the Figaro, in their recent work “La mer sans poissons”, the 
situation is very serious indeed. Despite the cessation of cod fishing off 
Newfoundland in 1980, the shoals have still not re-established themselves 30 years 
later.The functioning of a marine ecosystem is complex and the dynamic of a 
population of a species cannot be considered independently of other species.For 
example, overfishing of herring on which adult cod would feed has resulted in them 
feeding on young cod.For the arctic cod, still an important resource for Norway and 
Russia, another problem lies in the fact that the meshes of fishing nets are too small 
to allow this species to reach a size enabling it to breed.Similarly, the size of red tuna 
caught is getting smaller and smaller and this also runs counter to optimum 
conditions for stock replenishment.It is easy to see in this context that the 
modification of quotas will not change anything. 

On the contrary, as just shown by a Norwegian study in which biologists working on 
the arctic cod were joined by economists, an increase in the size of the mesh of 
fishing nets would enable cod to reproduce in optimum conditions.The result would 
be sustainability of populations while the current size of males compromises the 
future of these populations. From the point of view of fishermen, the most interesting 
thing is that, contrary to their fears, their income would gradually increase over ten or 
so years up to around three and a half times their current income. 

In other words, they would have a much higher income while protecting the source of 
this income! 

The current spiralling out of control is particularly marked by deep sea fishing without 
the consequences of the risk of overfishing being assessed.Indeed, some species do 
not start to reproduce until they are 5 or even 10 years old. 

It is therefore time for the political decision-makers, as the French President said in 
his speech in Le Havre in July 2009, to take on board scientists’ opinions without 
bowing to pressure from fishermen.But French society also has a responsibility 
towards them.Indeed, they need help to be able to commit to sustainable 
fishing.Severe measures must be taken to prevent illegal fishing.As whale hunting 
shows, an allegedly scientific practice the products of which are then sold, we must 
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not delude ourselves.The battle against overexploitation of marine resources will be 
very difficult.Did you know, for example, that for some species of whale, the 
population that remains today represents scarcely 1% of the original population? 

4.5. Are biological invasions a widespread phenomenon and what impact do 
they have on biodiversity? 

Christian Dumas (Membre de l’Académie des sciences) 

A species is said to be invasive when it increases its natural geographical area of 
distribution, when it is a damaging factor and when it is harmful to biodiversity. In 
literature, there is a whole series of terminology for this: we talk about colonising 
species, pests, aliens, invasive species, etc., a whole range of terms associated with 
our anthropomorphism. In our imagination, an invasive species refers to invasions 
that destroy everything in their wake. And what can be said about colonising 
species?! In scientific circles, this type of questioning emerged as a major theme 
during a conference of the International Union of Biological Sciences (IUBS) in 1964. 
Today, we talk about introduced species even though the term ‘invasive species’ is 
still used. A special committee was set up for these species in 1982. It dealt with 
three key issues illustrated by a few examples which cannot, however, be applied 
generally. 

What factors make a species invasive or not? Public awareness was raised, 
around twenty years ago, to an alga, the caulerpa (Caulerpa taxifolia), which was 
gradually taking over the seabed off the Mediterranean shore of Monaco. This alga, 
originally from Australia, had been accidentally released from an aquarium in the 
Monaco Museum. The specificity of the bacterial flora associated with the caulerpa 
increases its resistance to low temperatures, adding to its proliferation capacities. In 
competition with native species like the posidonia, flowering plants that make up the 
water plant communities, the caulerpa develops its vegetative tissue known as the 
thallus and reduces its content of caulerpenyne, a toxin, while the opposite 
phenomenon is observed in the posidonia, which reduces its leafy stems and 
increases synthesis of the tannins. In addition, the caulerpa can grow in water that 
has a little or lot of contamination, potentially with high metal content, as is 
sometimes the case in ports. The caulerpa increases its geographical area using its 
ability to adapt to a new ecosystem. 

Do ecosystems have characteristics that make them vulnerable or resistant? 
Ragwort (Senecio jacobea) is a senecio native to Eurasia. Introduced into America, 
this plant became invasive and is very aggressive towards indigenous plant species 
and even poisonous to cattle because of the alkaloids it synthesises. In 1976, an 
aerial photograph showed that this species covered approximately 12,000 km² in the 
west of Oregon in the United States. But in 1988, the infested surface was reduced 
by three quarters and the native vegetation was practically restored to its initial state. 
This change is attributed to the deliberate introduction (biological control) of a 
European moth called the Cinnabar (Tyria jacobaeae). In its larva form, its caterpillar 
attacks the plant, which it feeds on despite the presence of alkaloid poisons. The 
larva holds these alkaloids in special structures and uses them to defend itself 
against its predators. Its red colour acts just like hazard warning lights! For the 
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ragwort, the absence of predators or pathogens is a factor that helps it to develop 
and makes it invasive, unlike what happens in its native area.  

Can effective biodiversity management systems be developed? One of the 
difficulties with the biology of invasive species and controlling them is the absence of 
experimental strategies, which poses a real problem for administrators responsible 
for natural species even though, as in the previous case, invasions of biological 
species may be seen as large-scale natural experiments. In addition, early action is 
required as the longer you wait the more the introduced species performs functions in 
this new ecosystem. It is better to naturalise it than to try and push it back to the 
borders of the ecosystem, all the more so because these borders are as imprecise as 
the definition of an ecosystem! Thus, it is estimated that more than 9% of French 
vascular flora (flowering plants, conifers and ferns) excluding its overseas territories, 
or 440 species, are non-native naturalised species. In contrast, more than 40% of the 
flora on Reunion is made up of invasive species which continue to develop and 
reduce island biodiversity! 

Another example, which directly affects human health, is relevant here. It involves the 
accidental introduction of the common ragweed (Ambrosia artemisiifolia) at the 
beginning of the 20th century. When it flowers, in August, this species gives off a 
large amount of pollen which leads to serious allergies resulting in a cost estimated at 
several million euros for French Social Security. This invasive species is firmly 
established and is considered to be a real problem for public health. Municipalities 
have to eradicate it and green brigades are enlisted to deal with it in the public 
domain. Its proliferation continues on private land, particularly when soil is turned 
over (ploughing) or as the result of construction work. 

Is the world of invasive species all negative? The follows example shows that it is 
not. The eradication of the plague, which wreaked havoc between the 12th and 17th 
centuries, was partly down to the arrival of a non-native species: the common rat 
(Rattus norvegicus). It was stronger and more prolific than the indigenous, plague-
carrying black rat (Rattus rattus), which it practically exterminated.  

Although important work has been done, knowledge in this field of ecology is still very 
fragmented. Few experiments are possible and are therefore difficult to be widely 
used by administrators. It is considered today that out of 100 introduced species, 10 
will adapt (i.e. without resulting in visible damage), while one will become invasive. 
These studies lack theoretical basis and the best remedy is still prevention which, of 
course, involves education and a minimum knowledge of flora and fauna. But where 
today can we learn to observe, know and identify living organisms? Not really at 
primary school anymore, or even at college or university. Botany and zoology come 
under waning disciplines left essentially to a few specialists, societies of enthusiasts 
or even some NGOs. However, the latter most often spread fear, have exaggerated 
debates or try to rigidify current regulations under the often, but not always, 
unintentional pretext of protecting biodiversity! Hence the difficulty in forming a clear 
opinion of this subject and the obvious dilemma faced by politicians and 
administrators.  
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4.6. Where in the world is biodiversity at its most fragile and under the biggest 
threat? 

Christian Dumas (Membre de l’Académie des sciences) 

This question is extremely relevant in 2010, following the explosion and fire that 
destroyed a drilling platform off the Florida coast in April 2010. Aerial photographs 
have shown the size of the oil slick which stretches over hundreds of km² and which 
in July reached the coasts of several states (Louisiana, Alabama and Florida, 
including the Mississippi estuary). In the past they have seen other such disasters. A 
vast biodiversity-rich coastal area, with thousands of animal and plant species, is 
therefore under threat. Indeed, some already endangered species emblematic of 
these regions, such as the Florida manatee, the brown Louisiana pelican and even 
the Kemp turtle, are threatened with extinction, along with more than 400 others that 
have already been catalogued. What we have here is an example of areas where 
biodiversity is both very rich and, at the same time, very fragile. Richness and fragility 
are characteristics common to all wetlands, with the threats with which they are faced 
in large part linked to human activity. 

What are wetlands and what is their significance in the world and in France? 
Wetlands are transitional areas between land and water, whether the water comes 
from ponds, bogs, lagoons, rivers, seas or oceans. There are many temporary and 
permanent ponds and pools of all sizes on the planet. Their number is estimated at 
280 million with surface areas of between 1,000 and 10,000 m² and up to 3 billion if 
you include pools of 100 to 1,000 m². In France, wetlands are estimated to cover a 
total of 3 million hectares (Sologne, Dombes, Marias Poitevin, Camargue, etc.). 
Some are fresh water, others brackish, particularly estuaries like the Bay of Somme 
or even the Rhone delta. These are extremely rich in migratory birds, with abundant 
flora and fauna including species that are specific to these zones, either integrally or 
temporarily (bird migration, for example). Two thirds of France’s wetlands have 
disappeared in one century, while their importance has been recognised for decades 
leading to various initiatives being taken to protect them. 

The example of the mangroves. Outside of mainland France, there are tropical 
forests located in intertidal zones, in bays or estuaries. These are the mangroves. In 
these special ecosystems, only a few species of mangrove trees can grow. Indeed, 
they live in brackish water and grow in the silt (oxygen-poor environment), which 
requires specific adaptation: aerial roots, viviparous reproduction, etc. These 
mangroves cover 50,000 hectares in Guiana and 20,000 in Guadeloupe. They are 
bigger still in the tropical regions of Southeast Asia, Africa and Central America. After 
the coral reefs, they are the coastal ecosystems most threatened by human 
destruction (wood resources, aquaculture, urban development) while they contain 
unique flora and fauna and play a protective role against tides and tsunamis. The 
disaster which struck Southeast Asia in 2004 is still fresh in everyone’s minds. A 
2010 study revealed that 16% of mangrove species, out of the 70 catalogued 
worldwide, are threatened and need to be included in the list of endangered species. 
The zones most affected are those in Central America where 40% of the mangroves 
are already under great threat. Their ecosystem value, i.e. all the benefits that society 
gets from this particular ecosystem, is estimated at €1.2 billion by the Millennium 
Ecosystem Assessment (an international report published in 2005). 
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The role of wetlands in France. Rainforests of alluvial origin or found by the side of 
streams are made up of various different species: ash, elm, alder, poplar or willow, 
and perform major ecological functions. They are, for example, nitrate traps which 
denitrify the water. Nitrates are often added to cultivated soils to improve crop yields. 
They also play a key role as a filter in water catchment areas, surfaces especially 
protected around major cities which are used for their drinking water supply. These 
areas also play an important role by filtering solar radiation and regulating the water 
temperature. Finally, with the deadwood they provide to the surroundings and the 
uniqueness of the associated organisms that feed off it (fungi, insects, bacteria, etc.), 
they contribute to the complexity at the bottom of the water and are involved in the 
organisation of this mosaic of biodiversity-rich habitats. Within them there are also 
mammals, birds and batraciens, the most visible species and therefore those whose 
numbers and diversity are best monitored. This is another remarkable example of a 
valuable ecosystem service. 

The pools and ponds are also home to a diverse fauna very rich in insects. These are 
the most numerous animals, making up more than 70% of the known specific 
diversity of the animal kingdom and representing a significant biomass. This forms 
the intermediate energy flow between the primary production provided by plants and 
that of aquatic predators like birds and fish. Thus, in autumn, the dead leaves fall into 
the water and are broken down by bacteria and fungi, then consumed by a whole 
category of plant-eating insects which break them down further into increasingly fine 
parts. This energy flow has been quantified: for 1 kg of dead leaves that fall into a 
pond, around one quarter is transformed and available in spring, in the form of larvae 
or adults, such as midges, mayflies, dragonflies and other caddis flies, for 
consumption by fish, bacteria, birds or mammals. In some countries, these insects 
are also eaten by humans, for example giant water scorpions cooked with pepper 
and rice in Thailand or dragonflies with their wings removed cooked in coconut milk 
with ginger and garlic in Bali. 

Wetlands are fragile and therefore need protection. The level of protection 
afforded to Europe’s forests and wetlands is fairly low. Experts consider it to be in the 
region of 6% for alluvial forests and 13% for swampy forests. This means that 94% of 
the former and 87% of the latter have little or no protection! Their continued 
degradation is largely due to forestry practices: soil compaction linked to 
mechanisation, gradual disappearance of the associated fauna, planting of foreign 
(i.e. non-native) species, intensive short-rotation farming of poplar plantations 
(regularly cut down every 15-20 years). Add to that the expansion of invasive plants 
(Himalayan Balsam revived in Japan, for example) and even water pollution, bank 
modification and, of course, the extension of road systems and urban development. 
Over the last fifty years, this has resulted in fragmentation of these habitats which are 
becoming genetically fragile, particularly due to the reduction in gene migration 
between species. In Europe, their surface areas continue to shrink, resulting in slow 
but inevitable erosion of their biodiversity. A European report covering the period 
2001-2006 reveals that the proportion of habitats and species in a good state of 
conservation is low, especially for heritage species. Fortunately, Article 17 of the 
“Habitats” Directive obliges the Member States of the European Union to monitor 
these habitats and these species and to draw up a report on their condition and 
conservation every six years. But this Directive has not always proven effective. In 
France, this is only done for one habitat in six and one species in five with the worst 
situations for wetlands. This finding has led to the idea of the blue continuum 
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designed to encourage the continuum of water courses and related landscapes, in 
order to protect the biodiversity it contains. Since 2009, this notion was even 
introduced into French law following the Environment Round Table.  

Luckily, some species have become emblematic of these wetlands as they contribute 
to the aesthetic, educational and recreational value of their biodiversity. This is the 
case for animals such as the dragonfly or the beaver, the image of which can be 
found in many brochures published by nature protection associations. A dragonfly 
park (Honmoku Citizen Park) has even been created in Yokohama, Japan. It is also 
worth mentioning certain plants that are emblematic of these environments, such as 
the cattail, the water buttercup, the water iris and of course the carnivorous plants 
found in our bogs (butterwort and sundew). Education is still the best way to ensure 
that this biodiversity is protected. The teaching programmes would need to put 
enough emphasis on this subject and staff would need to be well trained in and 
aware of these issues. 

4.7. What is the state of biodiversity around the world and in Europe in 
particular? 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

Biodiversity has already been depleted worldwide by human activity: almost 10% of 
vertebrates have become extinct in recent millennia. Locally, regionally, in a 
mountain range or a lake, extinctions are increasingly prevailing over recolonisations. 

In Europe, agricultural plain environments point to a marked reduction in diversity of 
plants and animals (insects, birds, etc.). In France, the abundance of birds in 
agricultural areas has fallen by 20% in ten years, especially for the species specific to 
a given environment. 

Added to that is the increased presence of invasive species, introduced by Man, such 
as the Louisiana crayfish. While some introduced species have been naturalised, 
such as the chestnut in Europe, invasions, including those of rats on islands, are one 
of the major causes of biodiversity loss. 

Biodiversity is therefore falling and homogenising. The erosion of a locally adapted 
biodiversity and its replacement by a more general biodiversity usually results in 
degradation of ecosystem services for human society (see pages 53-54).  

Realisation sometimes allows this trend to be reversed: in France, permitted hunting 
levels and strict control of poaching have led to an increase in numbers - and hunter 
kills - of large hoofed animals (deer, boar, roe deer, chamois, etc.). This real 
restoration of biodiversity has led in particular to natural recolonisation of the Alps by 
the wolf, from Italian populations. 

In the general trend of biodiversity erosion, the leading cause has historically been 
direct exploitation. Now changes in how land is used play an important role and 
climate change is starting to have an effect. 

Direct exploitation has had a great impact over thousands of years. In 1914, the last 
passenger pigeon, a species that had blacked out the sky when in flight only decades 
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earlier, died out in North America, following unbridled over-hunting. Overexploitation 
is still very commonplace: in Nepal, harvesting by commercial firms is reducing 
populations of medicinal plants unlike the more selective collection practiced by the 
traditional “Amchi” doctors. Overexploitation of sea fish populations is so evident that 
there is no need to dwell on it. The move towards aquaculture, similar to the switch 
from hunting to breeding, is not without its problems, aquaculture tending to 
reproduce the excesses and disadvantages of intensive farming.  

Of the changes in how land is used, deforestation of the rainforests, which are home 
to 50% of the world’s biodiversity, releases massive quantities of CO2 into the 
atmosphere. The intensification of land and sea use is done at the expense of 
biodiversity, resulting in the disappearance of often unexpected services. The 
disappearance of the mangroves has opened up many coastal areas to storms. The 
development of transport is a key factor in the levelling of biodiversity, with many 
consequences, such as the rapid intercontinental spread of mosquito strains that are 
resistant to insecticides. 

Of the climate-related events, the drought in the Sahel has greatly affected trans-
Saharan migratory birds like the white stork, the populations of which in Eastern 
Europe were decimated in the 1970s. Turtle dove numbers have fallen by 70% in the 
United Kingdom in this same period. 

The anticipated effect of climate change also concerns emblematic species of 
extreme environments such as penguins in Antarctica, or the polar bear. But the most 
striking consequences for biodiversity relate to the climatic vegetation belts which 
follow one another depending on the latitude (from the hottest to the coldest, 
therefore from south to north in the northern hemisphere: leafy forests, taiga, tundra). 
The potential speed of movement of these vegetation belts towards the north could 
be as much as 6 km per year in the middle of the 21st century, or ten times the rate at 
the end of the last glaciations. But, without seed trees to produce enough seeds and 
dispersers with a sufficient radius of action, the forest may not be able to move as 
quickly northwards: considerable imbalances between vegetation and climate are to 
be expected; significant episodes of forest decay and an increase in fires and 
windfalls (when trees fall like skittles during storms) are to be feared. 

The effects of interactions between these different human modes of operation are 
currently the subject of intense scientific investigations. 

4.8. Is it possible to predict biodiversity loss and the consequences for human 
society in the decades to come? Have there already been irreversible effects? 

Henri Décamps (Membre de l’Académie des sciences) 

In 1995, Stuart Pimm and his colleagues estimated that recent species extinction 
rates were 100 to 1,000 times higher than before the arrival of humans on our 
planet31. Of course, this assessment only related to certain well-known groups, but 
these groups represented a great diversity of taxons and regions. The authors added 

                                                 
31 Pimm S.L., Russell G.J., Gittleman J.L., Brooks T.M. (1995). The future of biodiversity. Science 269: 347-350 
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that if all the species classified as “under threat” in 1995 disappeared during the 21st 
century, extinction rates would be a further 10 times higher than recent rates.  

Since 1995, what have we learnt about future biodiversity losses and the 
consequences of these losses for human society? First of all, we have learnt that 
species will continue to disappear over the course of this century at a higher rate than 
before the development of our human societies. The latest report from the secretariat 
of the Convention on Biological Diversity32 is clear in this respect: there are many 
signs to indicate that biological diversity is continuing to decline at all of its three 
levels: genes, species and ecosystems. These signs include the fact that the 
abundance of vertebrate populations fell by a third between 1970 and 2006, that the 
size of natural environments has decreased across the planet, through extinction, 
fragmentation or degradation, and that genetic diversity of crops and farm animals 
has weakened… These trends all pose a threat to the services guaranteed by a 
certain level of biodiversity: supply of food, fibres, drinking water and medicines, crop 
pollination, filtration of pollutants, protection against natural disasters – services to 
which spiritual, educational, recreational and aesthetic values can be added.  

There is therefore real cause for concern over the consequences for biodiversity of 
the accelerated urban development of our societies, the deforestation of tropical 
regions, the introduction of invasive exotic species, pollution and damming of rivers 
and the abuse of marine ecosystems. And don’t forget the effects of climate change, 
with species moving towards the poles and to higher elevations and, as a result, 
upheaval in the composition of plant and animal communities. We should also worry 
about the thresholds, fractures and tipping points that regulate ecological dynamics. 
These sudden changes of state of ecosystems are marked by important biodiversity 
changes and the degradation of ecological services on which the survival of human 
society depends, starting with the poorest societies. Often these changes only arise 
after a latency period in relation to the causes which determine them. They are 
sudden, persistent and difficult, even impossible, to reverse. They can even become 
more marked themselves, in a kind of self-perpetuating spiral.  

These tipping points are even more formidable as their dynamics elude us. The 
Amazon forest is likely to waste away suddenly beyond a deforestation rate above 
around 20%, affecting the reduction in rainfall and the sequestration of atmospheric 
carbon, and with disastrous consequences for local and regional economies. The 
accumulation of phosphates and nitrates in inland and coastal waters is likely to lead 
to proliferations of potentially toxic algae, a decline in fish stocks and consequences 
for health, food safety and the economy of entire regions. The acidification of the 
oceans combined with the warming and pollution of the waters are likely to heighten 
the disappearance of coral reefs through a shortage of carbon ions, proliferation of 
algae and impoverishment of biodiversity, at the expense of the means of existence 
of hundreds of millions of people. In none of these cases can we pinpoint when the 
ecosystems will change state: all we know is that it will prove very expensive, and 
often impossible, to return them to their previous states and that biodiversity 
protection is still the best bet for increasing the resilience of ecosystems faced with 
the risk of reaching theirs tipping points.  

                                                 
32 Secretariat of the Convention on Biological Diversity (2010). Third edition of the Global Biodiversity Outlook. 
Montreal, 94 pages. 
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And yet we can support the evolution of biodiversity with more efficient use of land 
and fresh and marine water, by fairly and sustainable sharing resources, by 
recognising the services provided to our economies by the ecosystems and by 
educating people about respecting biodiversity. We can therefore restore damaged 
ecosystems by managing biodiversity evolution locally, with the aim of reducing 
poverty, improving human health, prosperity and security conditions and adapting to 
climate change. All in the knowledge that the next decade will be decisive for the 
future of biodiversity. 

Is there reason for us to put hope in this future? Yes, because although it was not 
met, the 2010 Biodiversity Target encouraged the creation of new protected areas, 
the conservation of certain species and the fight against pollution or invasive exotic 
species. This target led 170 countries to adopt biodiversity strategies and action 
plans. Financial resources were committed and progress made in scientific 
biodiversity monitoring and evaluation. All of these efforts have slowed down 
deforestation, contained the expansion of certain invasive exotic species and saved 
others threatened with extinction. They also meant that biodiversity protection could 
be used to lessen the effects of climate change, improve water supplies, combat 
flooding, etc. These results suggest that impoverishment of biodiversity may, by the 
end of the century, be curbed, perhaps even reversed, if “urgent, concerted and 
effective measures, in support of a long-term shared vision”33 are taken now. 
Measures that are essential for sustainable reduction of poverty in the world, 
prevention of the effects of climate change and adaptation of our societies to these 
effects. 

Any prediction about the future of biodiversity is part of a singular framework: that of 
a constantly, sometimes slowly, sometimes suddenly, changing environment and Life 
on Earth that has tried to adapt to these changes since it began – Life which itself 
contributes to changes in ecological systems. Biodiversity is therefore evolving in an 
environment that does not stay stable for long, whether due to human influence or 
not, and the balances of which are always temporary. But this natural instability in no 
way prevents us from finding some changes desirable and others not. And it does not 
stop us taking action. Put simply, our actions must be decided in full knowledge of the 
permanent instability of our environment. We must also be aware of the fact that 
biodiversity is a crucial factor for the resilience of ecological and social systems in the 
face of the extreme events that mark their dynamics34. 

Indeed, it is not a question of conserving biodiversity as it is, or even as it was, but 
rather of predicting how it will evolve35. It is a case of knowing whether this evolution 
will enable us to benefit from the same ecosystem services tomorrow as we do today. 
The current biodiversity crisis, with its social and economic consequences, will only 
be resolved through an understanding, as yet incomplete, of the processes involved 
in biodiversity evolving in an ever-changing environment… and by safeguarding the 
evolutionary potential of species, based on knowledge of their genetic variation. 

                                                 
33 Ibid  
34 Extreme climatic events: reducing the vulnerability of ecological and social systems. (2010). Science and 
Technology Report 29. Académie des Sciences. 194 pp.  
35 Grant, F., Mergeay, J., Santamaria, L., Young, J. and Watt, A.D. (Eds.). (2010). Evolution and Biodiversity: The 
evolutionary basis of biodiversity and its potential for adaptation to global change. Report of an e-conference. 
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5. Man and biodiversity 

5.1. Does Man create biodiversity?  

Michel Delseny (Correspondant de l’Académie des sciences) 

While it is true that some aspects of human activity, such as urban development and 
deforestation, are devastating and harmful for biodiversity, others, such as 
agriculture, are necessary inconveniences can be partly controlled by better 
management of cultural practices. We will limit our contribution to the plant sector, as 
we are not proficient in the other fields.  

Agriculture and plant improvement have a tendency to reduce the biodiversity of 
cultivated ecosystems. The cultivation of large surface areas with a limited number of 
crop species results in decreasing local plant biodiversity, but does not alter the 
biodiversity of non-cultivated zones. For crops to be profitable, they must be 
homogeneous (single crop per field with plants of the same size, the same flowering 
time and maturity dates and an optimum yield to aid harvesting). This objective can 
only be met with rigorous genetic selection which identifies and combines the best 
alleles of a few important genes. Alleles are different forms of the same gene that can 
be found in a population. For instance, different alleles of a disease resistance gene 
can confer different degrees of resistance to a pathogen, or alleles of a lipid 
biosynthetic gene can control oil content in the seed. During the breeding process, a 
number of alleles are lost in the variety that is finally marketed and cultivated, 
compared to the initial population. They are not, however, lost if the precaution is 
taken beforehand to preserve a collection of plants representative of the original 
genetic variability. In other words, successful selection goes hand in hand with the 
conservation and preservation of genetic resources. This conservation is assured by 
the various national public or private breeding stations and by several large 
international centres which cultivate, or store as seed collections, the important 
biodiversity of a cultivated species. For example, the IRRI (International Rice 
Research Institute) in the Philippines stores and regularly cultivates almost 100,000 
varieties of cultivated and wild rice collected from around the world. 

When the breeder creates a new variety of wheat, maize or strawberry, he creates 
biodiversity from a pool of genes and alleles present in natural populations, as the 
new variety did not exist before. He has not created new alleles but has combined 
existing alleles in a new way which he then uses to create a new variety of a given 
plant. The breeder has several ways of increasing biodiversity beyond traditional 
crossbreeding. He can perform interspecies crossbreeding. For example, many 
varieties of tomatoes are resistant to viruses, fungi or dry conditions because the 
cultivated tomato Lycopersicum esculentum has been crossed with wild tomatoes 
such as the more rustic Lycopersicum pimpinellifolium, Lycopersicum hirsutum or 
Lycopersicum chilensis, which naturally have the genes or alleles that determine 
these characteristics. The plants derived from such interspecific crossbreeding are 
then repeatedly back-crossed with the cultivated tomato and bred so that the majority 
of the genes in the plants obtained after several generations are those of the 
cultivated tomato plus some of the interesting genes borrowed from the wild tomato. 
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Breeders noticed that when they crossed two varieties of the same species, the next 
generations of plants were stronger and often resulted in increased yields. This 
phenomenon is known as heterosis and has led breeders to try and produce, in a 
reproducible and controlled way, hybrids which are now the main cultivated forms for 
some species such as maize, sunflower or rape. These hybrids are also new forms of 
cultivated species, created by Man, which do not exist in the natural state. To control 
hybrids and their line of descent, the breeder first used castration. For example, the 
pollen from a line of maize that will be used as the female parent is eliminated (the 
line is castrated) and its ovules are fertilised using pollen taken from the line that is 
being used as the male parent. The result is a maize hybrid that is superior to its two 
parents. However, if the hybrid maize self-fertilises, or if it is pollinated in a non-
controlled way, the genes are remixed and the superior qualities are lost within a few 
generations. This is the main reason why farmers renew their seeds every year and 
trust seed companies to give them a quality product. Manual castration was replaced 
by chemical, then biological systems as they were discovered: these are mainly 
systems of incompatible interactions between the nucleus of a line and the cytoplasm 
of another, leading to male sterility. To use them effectively and to be able to 
maintain the parental lines, a means of restoring fertility is essential. Such systems 
are well known for a number of cultivated species, such as maize, sunflower, rape or 
rice. In this way, INRA introduced a male sterility system into rape by merging rape 
protoplasts with radish protoplasts and selecting regenerants with nuclei and 
chloroplasts from rape but with radish mitochondria. This also created diversity. 

With regard to these hybrid varieties, it should be noted that the study of genomes 
shows that many plants, whether they are cultivated or not, are in fact ancient hybrids 
that Man can only reproduce by adding a selection stage, which nature has already 
done. Species such as wheat, maize, rape and sugarcane are without doubt hybrid 
species, created by Man, or natural species identified and amplified by him since the 
dawn of civilisation. The most recent creations include triticale, a hybrid of wheat and 
rye, also created by INRA. 

At this stage, Man’s impact on the creation of biodiversity is limited to dealing out the 
cards again by remixing the different genes and their alleles, through intra or 
interspecies crossbreeding followed by the selection of varieties of interest.  

However, Man can take this one step further by forcing crossbreeding through fusion 
of protoplasts and regeneration of plants, by forcing chromosome duplication, either 
by using colchinine treatment or by selecting natural abnormal duplications. The 
result is a polyploid plant which has double the amount of each gene. A classic 
example of this is the cultivated strawberry which is an octoploid species while the 
wild strawberry is a diploid. This is also the case for certain varieties of mandarins or 
bananas which are triploids.  

When the breeder considers genetic variability to be insufficient, he can use 
chemical, physical (for example irradiation) or biological (through in vitro cultivation 
followed by regeneration and selection of somaclonal variants) mutagenesis. The 
latter are variants which appear during regeneration of whole plants after a stage of 
in vitro cultivation, aside from any sexual reproduction. They are most often caused 
by the activity of transposable elements, small fragments of DNA that can move 
elsewhere in the genome under the effect of stress). The most elaborate case of 
biological creation of variability is transgenesis in which one or more genes of 
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interest, originally from another organism or another species, even synthetic ones, 
are inserted into the genetic heritage of the GM variety. 

It can therefore be concluded that the effect of human activity, in particular 
agriculture, on biodiversity is not completely negative. It helps to provide us with, from 
a limited number of species (fewer than one hundred of the 300,000 or so counted), 
new varieties which have never existed in the natural state and which are of 
particular interest either as food or for our industrial and environmental needs. 

5.1. Does Man create biodiversity? (contd.) 

Pascal Ribéreau-Gayon (Correspondant de l’Académie des sciences)  

The creation of new disease-resistant vines. Considering the interest that Man 
has always had in wine, the vine has a certain economic value. For this reason, it has 
always been the subject of particular scientific and technical research.  

A simplified classification is used to distinguish between different forms of the Vitis 
genus giving us, depending on their origin, “European vines” and “American vines”. 
The former all belong to the Vitis vinifera species which includes the majority of the 
world’s wine-producing grape varieties. The second group includes several species, 
the main ones being Vitis riparia, Vitis rupestris and Vitis labrusca. Some do not bear 
fruit, others only fruit and wine of mediocre quality. One essential difference between 
these groups is their resistance to various diseases (powdery mildew, phylloxera, 
downy mildew). V. vinifera varieties are on the whole very sensitive, while many 
American vines are resistant.  

Given the great diversity of natural species, vineyards have been improved for 
centuries through empirical breeding of the vines found in the environment. But we 
have long known that the different varieties can be easily crossbred. We get new 
forms which fall under the concept of biodiversity. One example dates back to the 
beginning of the 19th century. There are some grape varieties, rare but sought-after, 
that have fruit with coloured juice that can be used to produce deep red wines, but 
unfortunately yields are low. By crossing one of them with Aramon, a high-yield grape 
variety, in 1925 Alicante Bouschet was created, which satisfied these conditions and 
represented 18% of French vineyards in 1927.  

Much more significant were the varieties created when diseases ravaged European 
vineyards: powdery mildew (fungi) in 1852, phylloxera (insect) in 1868 and downy 
mildew (fungi) in 1878. These diseases were undoubtedly transmitted by cuttings 
taken from American plants which were unknown to be contaminated and the 
importation of which increased considerably during the fight against powdery mildew. 
The development of the insect, which attacks the roots of European vines and 
causes phylloxera, was rapid and dramatic.  

The fight against phylloxera was long and difficult. The flooding of vineyard soil in 
winter caused problems but gave satisfactory results. Two chemical treatments 
seemed promising but turned out not to be effective enough. American plants were 
trialled and their resistance to parasites was good but the quality of the wine was 
unacceptable. After a few difficulties, the grafting of V. vinifera varieties onto 



81 

Independent opinions of Academicians on biodiversity - September 2010 
 

American stock with strong roots turned out to be the right solution and still is today. 
It does not affect biodiversity but maintains the sustainability of planting which has 
made our vineyards famous. Today, around the world, practically all wine-producing 
vineyards use V. vinifera grape varieties grafted onto American stock.  

A few years later, the appearance of downy mildew was another disaster. Grafting 
proved ineffective. Prevention was obtained by a copper sulphate-based treatment 
(Bordeaux mixture) but this was more onerous than grafting. This situation prompted 
plant nurseries to research the creation of new varieties derived from multiple 
crosses between V. vinifera and American plants. We could, in this way, hope to 
obtain new varieties with the characteristics of their parents, resistance to disease 
from American varieties and wine quality from V. vinifera. This practice proved easy 
to implement and many connoisseurs tried out this technique with favourable results. 
It involved creating a new viticulture, using scientific knowledge applied to very 
traditional agricultural production, with the hope of creating new vine varieties 
combining wine quality with disease-resistance and therefore lower growing costs. 
These new varieties were known as direct-production hybrids as no grafting was 
required. The great hope was to create the “perfect wine”.  

Professional plant nurseries set about this task and several new varieties, especially 
black grape varieties, were created and marketed, of which around ten have been 
planted over more than 10,000 hectares. In 1958, hybrids represented 
400,000 hectares, 30% of French vineyards; in 1980 this figure had fallen to 
150,000 hectares. Today, they have become very limited, essentially just for self-
consumption and Armagnac production. The reasons for this failure are 
understandable. Resistance to disease was achieved but it did not make up for the 
poor quality of the wine.  

The cultivation of hybrid grape varieties was permitted for ordinary wines but not for 
appellation contrôlée wines the origin of which is guaranteed as these are governed 
by strict regulations. However, in a period of economic crisis, the risk of fraud was 
real and indeed there was a lot of fraud in the absence of any objective analytical 
controls. This justified the introduction of judicial procedures that have remained 
famous.  

In the 1960s, it was demonstrated that the red pigment of the wines is different. In V. 
vinifera varieties, anthocyanin only exists in the form of monoglucosides, while V. 
riparia and V. rupestris, those most used in crossbreeding, have mono- and 
diglucosides. As this characteristic was dominant, in the genetic sense of the word, 
with crossbreeding, the majority of hybrids have mono- and diglucosides, but the 
recessive character of V. vinifera may re-emerge as the result of several crosses; 
some hybrids cannot be detected using anthocyanin analysis.  

The anthocyanin in wine can be analysed very simply using chromatography. The 
widespread use of this method quickly eliminated all hybrid grape varieties in 
appellation contrôlée vineyards. This was one of the things that paved the way for the 
prosperity of Bordeaux vineyards.  

Today, despite the desire to cut down on the use of pesticides in biological 
agriculture, it is estimated that it will not be possible, even with modern scientific data, 
to revert back to the crossbreeding work using American varieties. The results would 
be too far removed from the immutable natural factors of great high-quality viticulture. 
Biodiversity would certainly be more acceptable, as long as it related solely to 
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crossbreeding between V. vinifera varieties. Results have been obtained (see 
Alicante Bouschet) but at present they are limited and have more to do with table-
wine vines.  

5.2. Do GMOs pose a threat to biodiversity? 

Christian Dumas (Membre de l’Académie des sciences) 

The term GMO (Genetically Modified Organism) is often used today, in a restrictive 
manner, when talking about plants, the subject of much controversy and debate in 
France since 1997. It was indeed at this time that authorisation was first granted for 
cultivation of a GM variety of maize, authorisation that was quickly suspended 
following various moratoria. Only a few field tests have been authorised but they 
have most often been destroyed by opponents to this type of cultivation, anarchic 
destructions widely publicised in the media by the organisations that advocate these 
illegal actions. Do genetically modified plants pose a threat to the environment and to 
biodiversity? The genetic qualities introduced thus far are basically resistance to 
insects, herbicides or viruses. From 2012, the introduction in maize of resistance to 
drought is planned in South Africa. In the near future, the production of molecules 
with high added value, such as medicines, will be obtained from GMOs. 
Experimentation is required to answer the question about a threat to biodiversity.  

The impact of GMOs on the environment needs to be assessed. A 2010 report 
published by the US National Academies (sciences, medicine, technology) responds, 
amongst other things, to this question. It relates to around fifteen years of GM 
technology being used in the fields of the environment, agronomy and the economy 
throughout the North American continent. It states that GM maize, cotton and soya 
cover half of the areas where these species are grown. Produced by experts, will this 
study have more chance of being communicated by the media than previous reports 
published in France by the Académie des Sciences or by the Académie de 
Médecine, the Académie de Pharmacie or the Académie d’Agriculture? Close 
analysis of the pros and cons shows that GMOs are of real benefit from an 
environmental point of view. This is the case for plants genetically resistant to plant-
eating insects which contain an insecticide protein derived from a bacterium in the 
soil (Bacillus thuringiensis) long known for its insecticide properties. This bacterium, 
which has been sprayed onto crops for the last fifty years, is permitted in biological 
agriculture. In the case of GM plants, it is the plant itself which produces the 
insecticide but in infinitesimal doses with no effects for associated fauna, the soil or 
the water, unlike traditional treatments. Somebody once said: “All substances are 
poisons; there is none which is not a poison. The right dose differentiates a poison 
and a remedy!”  

The history of the moratorium on GMOs in France. The issue of transgenic plants 
has crystallised around Bt maize, which received official cultivation authorisation from 
the French Ministry of Agriculture in February 1997. The authorisation was 
suspended one week later whereas imports were not! This suspension, enforced with 
no explanation, was temporarily lifted by the Jospin government in December 1997, 
and then stopped again following an appeal by Greenpeace to the European Court in 
the Hague. These successive U-turns, by virtue of the precautionary principle, 
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without the opinion being explained, arouse fear associated with the use of this new 
technology by the seed industry and with the catastrophic scenarios widely reported 
in the media. 

The publication by the scientific journal Nature on 20 May 1999 of a short note on 
GM maize led to strengthening of the moratorium in Europe and was considered by 
anti-GM militants as the proof they were looking for to support their argument. Unlike 
a traditional scientific article, notes are printed under the sole responsibility of the 
editor, i.e. without being critically assessed by summary judgments. What did it say? 
A North American team had fed Monarch butterfly caterpillars in the laboratory with 
sow thistle leaves sprinkled with pollen from transgenic maize expressing an 
insecticide. This protocol was supposed to imitate what happens around maize fields 
when the butterflies lay their eggs. Designed to protect the plant from herbivorous 
insects, the “transgene” incorporated into the plant enabled it to manufacture its own 
insecticide. This was also found in the pollen and the caterpillars fed in this way had 
higher mortality rates. This experimental work had a fairly simple protocol and was 
widely criticised in scientific circles but had a huge media impact:  

it transformed this work which was only in its early stages into tangible proof of the 
danger posed to biodiversity by GMOs! 

 Anti-GMO campaigners saw it as a way to stop field testing and, an especially strong 
argument, to promote a moratorium on growing transgenic maize, including in the 
United States. This also had repercussions in North America. Indeed, the Monarch 
butterfly, which migrates from Canada to Mexico in clouds of several million 
individuals, is a real symbol and a tourist attraction in some States. The ancient 
Mexicans even believed that Monarch migrations take with them the souls of the 
dead, as they return around All Saints’ Day.  

Several independent teams of scientists, including insect experts, geneticists, 
agronomists, etc., conducted field experiments to check the work published by the 
Nature journal. Their results, evaluated by international referees, were published at 
the end of 2001 in the same issue of PNAS, the prestigious journal of the US 
National Academy of Sciences. Scientific circles became aware of these results, 
which demonstrate that transgenic maize is not toxic for biodiversity as the thresholds 
are often much lower than those obtained with maize treated in the traditional 
chemical way. But the media did not pick up on this information at all! Since then, 
several thousands of scientific articles have been published. While some have further 
fuelled the debate by not being convincing or by being very controversial in the 
protocols used or the interpretation thereof, the vast majority of them vouch for the 
harmlessness of GM plants, like insecticide maize, for the environment and 
biodiversity. 

The social effects of GMO use. They are the same as those associated with the 
development of new technologies that mark a breakthrough in agriculture, as in the 
case of GMOs. One example is the mass rejection by French farmers of the first 
American hybrid maize introduced in 1947, following the Marshall plan designed at 
getting European agriculture back on its feet and by making it self-sufficient in terms 
of the food it needed. Hybridisation technology, a real technological breakthrough, 
was not developed in France until 1957 thanks to INRA and the work of André 
Cauderon (Membre de l’Académie des sciences, 1922-2009). It increased maize 
yields from 18 qx/ha in 1948 to 100 qx/ha in 2009. 
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The cultivation of transgenic plants, another conceptual and technological 
breakthrough, recently saved some cultivated varieties. This is the case for the 
papaya on the Hawaiian Islands, irretrievably condemned following a viral disease for 
which there was no effective treatment. GM papayas, resistant to this virus, have now 
meant that this crop can be maintained on these islands. GM technology, with its 
underlying concepts, has recently been introduced into the college curriculum but as 
an option only. Only a very small percentage of citizens have access to this scientific 
training that allows them to cast a critical eye over the subject. 

The purpose of field testing. Field tests are essential as they are the only reliable 
experiments that first and foremost eliminate any potential risk with regard to the 
environment. Cultivation authorisation is put forward by experts under the aegis of 
the Haute Autorité sur les Biotechnologies (High Council on Biotechnology) since the 
Environment Round Table. The final decision then lies with the policy-makers. Risk is 
not synonymous with danger and it calls for careful assessment in natural conditions, 
i.e. out in the field. The greenhouse conditions recommended by anti-GM militants 
are totally artificial and unrealistic as the various parameters of the field ecosystem 
cannot be modulated. These parameters include the soil and its microorganisms 
(bacteria, fungi, viruses) and the associated microfauna (earthworms, arthropods, 
etc.), predators, parasites, pathogens, crop weeds and finally the climate (rainfall, 
wind, etc.). Varied tests in localities under different pedoclimatic conditions are 
therefore essential. These are the conditions needed for a new variety to be 
successfully entered in the official list of cultivated plants.  

In conclusion, what should we think about the bans on field testing voted in by some 
regional assemblies or municipal councils? And what can be said about the 
information relating to this issue that is communicated, in particular, on television? 
Today, the people we listen to most about subjects relating to the environment and 
GMOs are journalists, photographers or film-makers, talented as they may be, but 
who have no real scientific competence. In this much debated field, refutability is in 
the scientific sphere, the only sphere in which it can be tested. We need to be 
allowed to experiment once again! 

5.2. Do GMOs pose a threat to biodiversity? (contd.) 

Georges Pelletier (Membre de l’Académie des sciences) 

GMO has generally become synonymous with genetically modified plant. It is only 
these plants that are debated whereas genetically modified microorganisms are 
widely used in medicine and in the food industry. 

A genetically modified plant has one or more genes obtained through genetic 
engineering in its genome. The term used is genetic constructs. For what purpose? 
The point is to give a crop a property aimed at improving or securing its yield, such as 
resistance to a group of viruses or a destructive insect, tolerance to a non-selective 
herbicide or a water shortage, or even the ability to make better use of the nitrate in 
the soil essential for its growth, or giving its crop a new quality such as the production 
of essential fatty acids in its seeds. For each case, a specific gene has somehow 
been constructed to obtain one or other of these properties. So, twenty years ago, we 
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began research at INRA to create a fungus-tolerant rapeseed that produced superior 
oil. This type of study was interrupted following the anti-GMO group rampages which 
first hit our public research institutes. One justification used by these militants to 
justify their actions was the assertion that GMOs are harmful to biodiversity.  

Almost 8,000 scientific articles have been published worldwide on the agricultural and 
environmental aspects of growing transgenic plants. Take for example herbicide-
tolerant varieties. The herbicide reduces wild plant populations in the field to a 
greater or lesser extent. Dependent on these plants are insects, which, deprived of 
their habitat, will not reproduce there. The animals which feed on them will abandon 
this field. It is clear in this case that the GM character is a factor in the reduction of 
the field’s biodiversity, as careful hoeing would be elsewhere! But the easy use of 
herbicide reduces the need for plouphing, a CO2 emitter that greatly disturbs soil 
microflora and fauna. Furthermore, tolerance to a herbicide is not exclusive to 
transgenesis: crops such as wheat that are treated with a so-called “selective” 
herbicide are therefore spontaneously resistant to this herbicide. 

The qualities created by transgenesis may themselves have indirect favourable 
effects on biodiversity. For example, according to studies funded by the European 
Commission, Bt maize (which produces a protein toxic to caterpillars) has no 
negative effect on bees or on ancillary arthropods, mites, aphids, soil microorganisms 
or soil microarthropods. For all of these species, the impact of crop rotation or 
variations in climate from one year to the next is infinitely greater than the difference 
between Bt maize and a conventional maize not treated with insecticide. The 
biodiversity of insects in a Bt maize field is about the same as that in a field not 
treated with insecticides, excluding the target insects and of course their parasites. 
This biodiversity is greater than in a treated field. Plants that produce highly specific 
Bt toxins render useless insecticides of which the spectrum is broader and which do 
not differentiate between crop predators and the useful insects.  

Prohibited in France for political reasons, the genetic construction MON 810, created 
by the Monsanto Company research centre, is in this category. The “scientific” 
reasons put forward in support of this ban have been disproved by scientific experts 
from the international community, which ridicules French expertise: political posture, 
scientific imposture.  

All varieties of cultivated wheat have a common quality, which does not exist in wild 
wheat and which keeps the seeds attached to the rachis of the ear until it comes to 
threshing. This mutation of a gene has been favoured since the Neolithic Age. The 
term domestication mutation is used here. More recently, the gene responsible for 
shortening the straws has been popularised in cereals. Genetic engineering is also, 
fundamentally, a form of domestication. When a single gene is involved, it is very 
easy to transfer it by crossing it with a variety of your choice adapted to specific 
pedoclimatic conditions. As soon as 2004, for some genetic constructions used 
worldwide, resistance to glyphosate or resistance to caterpillars, there were 1,261 
different varieties of soya, 782 varieties of maize and 81 varieties of cotton plant. 
These varieties may differ from one another by the 30,000 or so genes that make up 
their hereditary heritage. Recent studies have shown that the genetic diversity of GM 
varieties grown in North America for less than fifteen years is equivalent to that of the 
traditional varieties that preceded them, and has even increased in the case of the 
cotton plant.  
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The versatility of transgenes helps with their transfer into various plant varieties, 
adapted to specific environmental conditions when these varieties reproduce 
sexually. It also provides the opportunity to preserve or rehabilitate cultivars of 
species with clonal reproduction like the potato, the vine and some fruit trees, more 
or less abandoned or at least little cultivated given their sensitivity to disease. From 
this point of view, GMOs are a factor that encourages the genetic diversity of 
cultivated plants and would be even more so if they were to become commonplace. 
However, in practice and in current conditions, the problem of the very high cost of 
safety assessments, most often totally unjustified, favours a few large companies by 
excluding many stakeholders, and eliminates the species of secondary economic 
importance. 

The greatest threat from agriculture to biodiversity is, to respond to population 
growth, the expansion of cultivated territories at the expense of uncultivated zones 
like the great forests, an inevitable consequence of the continuation of inferior 
agricultural practices. Without genetic progress, of which GMOs are a part, this 
movement will not be arrested. 

5.2. Do GMOs pose a threat to biodiversity? (contd.) 

Bertrand Saint-Sernin (Membre de l’Académie des sciences morales et 
politiques) 

Domesticated organisms and genetically modified organisms. The plants and 
animals we use for our food have been transformed by farmers since the Neolithic 
Age. The question is this: do we have the means to test the qualities of GMOs in as 
safe and as complete a way as we test the qualities of wild organisms or organisms 
modified by traditional agriculture? 

Where medical use of GMOs is concerned, the answer is “yes”. Insulin, some anti-
coagulants and medicines used in the treatment of cancer are synthesised from 
GMOs. This medical use of GMOs is widely accepted. New generations of GMOs 
can overcome certain dietary deficiencies and provide a solution, for example, for 
certain forms of infant blindness. 

Where the use of GMOs for food is concerned, the answer is also “yes”. We have 
reliable tests and, in countries where consumption of food products containing GMOs 
is permitted, no cases of poisoning have been reported. Besides which, even in 
France where the use of GMOs is restricted, cattle feed is partly transgenic soya-
based and no specific problems have been recorded.  

That leaves the action of genetically modified plants on the environment. Creating a 
genetically modified plant means creating a new variety. This variety behaves in 
nature just like the other varieties obtained by farmers. If, in a given environment, the 
genetically modified plant has a reproductive advantage, it marginalises its 
competition or eliminates it. The same thing happens between genetically modified 
varieties and other varieties as happens in nature between wild varieties according to 
the laws of natural selection. 
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To measure the effects of a genetically modified plant on the environment, field 
testing must be carried out: this is the practice in the USA, Brazil, China, Egypt, 
South Africa, etc. And yet it is no longer possible in France. As the tests performed in 
INRA’s public centres or the private centres of seed companies are destroyed each 
time, we have no way of getting a clear idea of the advantages and disadvantages 
for the environment of a given transgenic plant.  

Nor are there any studies comparing the effects of dusting crops with chemical 
fertilisers with the use of biological crop protection means. 

French agronomic research is therefore hindered, while large countries are 
developing theirs and China is offering Sub-Saharan Africa a GMO research and 
development cooperation. 

Biotechnologies and biodiversity. In theory, biotechnologies are not the enemies 
of biodiversity. Let us take a moment to reflect on what has happened in chemistry 
since the first third of the 19th century. Chemical synthesis, in less than two centuries, 
has produced more than twenty million substances, only 5% of which were already 
found in nature. The substances created by synthesis take their place in nature 
alongside the rest.  

Similarly, agriculture has succeeded, since its beginnings in the Neolithic Age, and 
much more rapidly in the 20th century, in creating very many varieties within 
cultivated species: there are, for example, 100,000 varieties of rice.  

The technique known as transgenesis, which involves taking one or more genes 
either from another variety of the same species or from a different species and 
introducing them into a living organism (e.g. a plant), does not reduce biodiversity but 
instead increases it, as it creates a new variety within a given species. Over the 
course of the 21st century, synthetic biology will reveal new living organisms – new 
varieties – in the same way that chemical synthesis has manufactured millions of new 
substances. 

Why, then, do some people see biotechnologies, particularly in the manufacture of 
GMOs, as an attack on biodiversity? For one simple reason: GMOs behave 
classically in the same way as wild or cultivated species. They are subject to “natural 
selection”: if a GMO is manufactured which has a reproductive advantage in a given 
environment containing certain types of predator, this GMO will supplant the 
organisms which do not have the same advantage. This is true of GMOs as it is of all 
living organisms: they cooperate with their environment but are also at war with other 
living things.  

This is why ideological positions cannot be taken in agricultural matters. Now that 
“natural selection” is thought to resemble the “artificial selection” practiced by farmers 
for millennia, the advantages and disadvantages of introducing such and such a 
variety into a particular place, or of using certain types of chemical or biological 
fertiliser, must be judged on a case-by-case basis.  

The precautionary principle applies but only comparatively. Indeed, in agriculture, as 
always, living things must protect themselves against various enemies: humidity, 
frost, drought, predators, etc. It is not a case of there being ‘good’ nature on one side 
and ‘bad’ human devices on the other side. Agriculture, breeding, medicine, 
education, politics, etc. are human practices invented to obtain certain advantages 
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and to protect against certain dangers. Biotechnologies are no exception. They are a 
contemporary stage in a history that goes back thousands of years. 

Conclusion: relevance of biotechnologies. Biotechnologies concern the order of 
life: as techniques, they are actions, i.e. causal processes. As “technologies”, these 
actions are supposed to be based on scientific knowledge which is also used to 
validate them. Biotechnologies therefore require science to be able, at least partially, 
to faithfully represent natural processes, i.e. chains of causation. To this end, they 
are part of a realistic conception of science. From this point of view, natural 
processes are not “mysterious”: they are understandable because they are not 
fundamentally different from human techniques.  

Testing the relevance of a biotechnology means comparing its advantages and its 
disadvantages with other types of possible action: for example, in agriculture, 
comparing the use of one variety of plant with another, or comparing the use of 
chemical fertilisers and pesticides with the use of partially or solely biological predator 
control processes. In medicine, testing a biotechnology means making sure, through 
a series of tests, for example, that human insulin manufactured from a GMO (a 
genetically modified yeast) has the same properties as insulin produced by the 
human body. Finally, we are starting to be able to produce varieties of genetically 
modified plants which combine nutritional value and medical use (for example, a rice 
obtained through biotechnology can reduce the risk of infant blindness). 

Biotechnologies are not limited to the creation of GMOs: they have a constantly 
expanding scope. However, transgenesis is, for them, an essential instrument as it 
helps to better specify the action of genes in living organisms obtained through 
traditional agriculture or through more recent technologies.  

Biotechnologies are part of a history which began in the Neolithic Age, when mankind 
started to replace gathering and hunting with the domestication of plants and 
animals. They require, like other human enterprises, a difficult combination of 
boldness and caution.  

6. What about France? 

6.1. What impact do the various aspects of human activity (demography, 
urbanisation, transport, agriculture, industry, etc.) have on biodiversity in 
France? 

Henri Décamps (Membre de l’Académie des sciences) 

The example of freshwater fish is the perfect illustration of the diversity of the impact 
human activity has on a natural environment. According to a recent census, 15 
species of freshwater fish out of the 69 species in our mainland territory are 
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threatened with extinction36. These 15 species are classified into the following 
categories: “critically endangered”, “endangered” and “vulnerable” (see table). 

Table: Distribution of the 69 species of freshwater fish in mainland France according 
to the categories of the International Union for Conservation of Nature Red List 
(according to the red list of threatened species in France, 2009). 

 

Category Number 

Extinct 2 

Extinct in the wild 2 

Critically endangered (CR) 4 

Endangered (EN) 2 

Vulnerable (VU)  9 

Near threatened 6 

Least concern 22 

Insufficient data 22 

These categories are based on five fairly simple criteria, for example population size, 
the reduction in this size, the area of occupancy of the species and the decrease in 
or the fragmentation of this area. Threatened species (VU, EN and CR) require 
particular attention as passing from one category to another highlights the 
improvement or the degradation of aquatic environments, as well as the urgency of 
the measures to be taken. If nothing is done to try and safeguard them, VU species 
would have a 10% chance of becoming extinct in the next 100 years, EN species 
would have a 20% chance of becoming extinct in the next 20 years and CR species 
would have a 50% chance of becoming extinct in the next 5 years37.  

The impacts may vary from one place to the next. Here, gravel extraction destroys 
shingle or gravel areas, sites favoured for the reproduction of river lampreys (a 
vulnerable species) and sofies (a near endangered species). Elsewhere, drying out 
wetlands affects the habitat of pond loaches (an endangered species) while draining 
wet meadows reduces the length of flooding periods, altering the conditions that are 
favourable to the reproduction of pike (a vulnerable species). Everywhere, pollution 
affects the quality of fresh water, particularly pertaining to two critically endangered 
species: the European eel, its immune defences weakened by many pollutants and 
pesticides; Cottus petiti, its fertility affected by various pollutants of agricultural origin. 
All of these impacts also affect large diadromous migratory fish – Atlantic salmon, 
river lamprey, European sea sturgeon, European eel – which spend part of their life 

                                                 
36 Red List of threatened species in France (2009). French Committee of the IUCN and the National Museum of 
Natural History, in partnership with the Société française d’ichtyologie (French Society of Ichthyology) and 
ONEMA (the French National Agency for Water and Aquatic Environments). 
37 Begon M., Townsend C.R., Harper C.R. (2007) Ecology 4th edition.  
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cycle in the sea and part in rivers, where many dams stand in the way of their 
movements38. 

A few threatened species encapsulate the range of human activities likely to 
impoverish the biodiversity of inland waters in France39. The European sea sturgeon, 
Acipenser sturio (CR), the longstanding victim of intensive fishing has seen its natural 
habitat destroyed by gravel extraction. Its large size prevents it from using traditional 
fish ways to get past dams and its late sexual maturity (approximately 10 years old 
for males and 15 years old for females) complicates the renewal of its populations. 
The European eel, Anguilla anguilla (CR), is confronted with overfishing aggravated 
by the poaching of its fry (elvers), in addition to dams, the silt plugs of estuaries, 
pollutants and pesticides and the parasitism transmitted by other farmed fish. The 
apron of the Rhone, Zingel asper (CR), is critically endangered because of the 
modification of the bed of water courses, pollution and the dams that isolate its 
populations, leading to a gradual loss of genetic diversity. The pike, Esox lucius (VU), 
is in decline in many water courses due to the drying out of the wetlands – water-
meadows, swamps and river oxbows – it needs to reproduce: agricultural drainage 
and hedge levelling have shortened the time it takes for these areas to flood, while 
impoundment has disconnected them from the flood plains of water courses. The 
species is also weakened by water pollution, the presence of dams and overfishing. 

It therefore seems very difficult to separate the various aspects of human activity: the 
effects of demography, urban development, transport, agriculture and industry 
combine to impoverish biodiversity. This combination of impacts particularly affects 
ecosystems such as estuaries which, at the interface between fresh water and sea 
water, are subject to pressure from activities carried out both upstream and 
downstream combined with port, tourist and fishing activities. This is the case with 
the vast Gironde estuary, modified by the reduction of flow from the Garonne and its 
tributaries, as well as by the development of a channel fairway, with dredging and 
underwater backfill. This has led to sea water getting into the estuary and a 
transformation of its fauna over the last thirty years. This raises the question of the 
choice of a biodiversity accompanying a common project for this estuary40.  

Whatever the environment, whether it is an estuary or not, the search for such 
common projects, debated and shared, is the only sustainable response to the many 
different impacts that human activity has on biodiversity in France. 

6.1. What impact do the various aspects of human activity (demography, 
urbanisation, transport, agriculture, industry, etc.) have on biodiversity in 
France? (contd.) 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

                                                 
38 Rochard E. Evolution des poissons migrateurs et impacts anthropiques. Bordeaux Hydroecology Colloquium, 
17-18 November 2009. 
39 Red List of threatened species in France (2009), op. cit. 
40 Boët Ph., Béguer M., Delpech C., Girardin M., Lepage M. L’estuaire de la Gironde face au changement global. 
Bordeaux Hydroecology Colloquium, 17-18 November 2009. 
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The sources of Man’s impact on biodiversity can be broadly classified into three main 
types: a) direct exploitation b) changes in soil use and other changes in use c) 
climate change. 

The direct exploitation of living things contributes to the erosion of biodiversity in 
France, both on the mainland and in its overseas territories. For instance, 
overexploitation of sea fish like red tuna is obvious and well known. France has also 
had to fight illegal fishing of the Patagonian toothfish in the waters surrounding the 
Kerguelen Islands. The situation of hunting is heterogeneous: good management and 
a marked increase in numbers of large herbivores, waterfowl hunting that is 
struggling to be really “sustainable”. The surprising absence of hunting legislation in 
Guiana (where hunting is permitted all year round!) also has inevitable consequences 
for its huge biodiversity. 

But the influence of human activity on space and changes in use are currently, 
inarguably, the main source of biodiversity erosion in mainland France. The plains 
(Paris basin, Rhodanian corridor, Aquitaine) are almost entirely taken up by intensive 
farming and transport. The biodiversity pools there are considerably reduced and 
fragmented. In an economy founded on a principle of growth and not used to 
incorporating long-term costs, a motorway will be more “natural” in forests than in an 
appellation contrôlée vineyard. The planet loses around 1% of its natural 
environments each year and France is no exception, despite the abandonment of 
agricultural land, particularly in the Massif Central. Some highly original 
environments, such as the steppes or “Coussouls” in Crau(Bouches-du-Rhône), have 
virtually disappeared. Wetlands have been widely destroyed over recent decades. 
Attempts to get around the so-calles “mountain” and “coastal” laws, designed as 
space management tools, are constant. However, the Conservatoire du Littoral et 
des Espaces Lacustres (French Coastal Protection Agency), which associates 
elected representatives such as mayors or “deputes” to a conservation strategy, 
plays an important role in the conservation of spaces favourable to biodiversity. 
Faced with cutbacks that are not really slowing down and that seem inevitable, we 
must also acknowledge the activism and effectiveness of the conservation actions of 
nature protection associations.  

The impact of agriculture which has already been felt for a long time is getting worse 
due to increasing intensification. Numbers of common birds have fallen by almost 
30% in around fifteen years. The fragmentation and increasingly artificial nature of 
environments is leading to a significant wave of local extinctions, particularly of 
specialist species. Many cases have been documented for vertebrates, resources 
which are not easily renewable and therefore sensitive, which act as a warning. Many 
examples of agricultural intensification have an impact on ecosystems. The 
development of landless production, based on complementation or even on food 
brought in entirely from the outside, is at its most extreme with pig breeding in 
Brittany: imported nitrate waste leads to proliferations of harmful green algae which is 
expensive to contain. This pollution is the responsibility of local authorities and the 
State, and the polluter pays principle is therefore clearly not applied. 

On the mainland, climate change has already resulted in appreciable movement of 
species distribution towards the North and to higher altitudes, to an extent so far 
moderated by the great inertia of plant and animal communities. The extreme 
environments of the French Southern and Antarctic Lands are the breeding site for 
tens of millions of seabird pairs. Their access to food resources largely depends on 
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rapidly changing oceanographic conditions and some of these populations are now 
significantly weakened. Combined with transport, climate change increases the risk 
of biological invasions, like that of pampas grass, which is already invading Spanish 
Catalonia and some places in the south of France. This problem also involves 
various pathogens and the dynamic of “emerging diseases” is being actively 
researched. 

In summary, the interactions between changes in use and climate change are 
therefore now at work in France as they are elsewhere. Minimising their impact on 
biodiversity and ecosystem services calls for multifaceted and bold action.  

6.2. What can we do in France? Where should we start? With what objectives, 
programmes and schedules? 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

Which modes of action should we focus on? Looking at just mainland France, for the 
three types of impact on biodiversity (direct exploitation, changes of soil use and 
“changes in use” like the development of transport, and climate change), there are 
very many different answers.  

With regard to direct exploitation, whether this is intentional or accidental, the 1976 
Nature Protection Act, together with the persistent action of societies and 
associations, has given general impetus to terrestrial flora and fauna conservation 
and has enabled biodiversity to be significantly restored. For hunting, particularly of 
waterfowl, European Directives establish a framework to be fully implemented in the 
coming years. The overexploitation of marine resources remains a problem and will 
have to change. 

With regard to the impact that changes in use have on biodiversity, there seem to be 
three priorities: space management, agriculture and transport. Particular attention 
must be paid to the Mediterranean and mountain environments which are, especially 
compared to other temperate environments, “hot spots” that support great 
biodiversity. 

France’s protected zones are reconsidered too often, with a general nibbling away of 
areas that support biodiversity. The recent rewording of the law on national parks 
may help to make creation of parks easier than before, like the current Calanques 
project near Marseilles, but, at the same time, this rewording lowers the standard of 
French national parks to below international standards, with potentially harmful 
consequences for these parks and in terms of exemplary nature. Less debatable 
standards and homogenisation of other protection statuses would probably help the 
situation.  

But unprotected zones face challenges that are at least just as important, in two 
areas: space policy and the activities in these spaces. 

Impact studies, for each individual development project, as useful as they may be, 
only serve to accompany the reduction and fragmentation of areas that support 
biodiversity without contributing to the bigger picture. Discussions on the “green and 
blue infrastructure” within the context of the Environment Round Table do, however, 



93 

Independent opinions of Academicians on biodiversity - September 2010 
 

respond to alarming reports of the fragmentation of environments, especially on the 
plains. These debates, if they continue, will clearly pose the problem of the growing 
influence of diffuse urban development and transport infrastructures, in surface as 
well as in a linear way. At the same time, it would be desirable to restore the full 
meaning of the “mountain” and “coastal” laws to prevent incessant attempts to 
bypass them.  

Confronted with these challenges, the success of the acquisition policy for mainly 
coastal areas by the Conservatoire du Littoral et des Espaces Lacustres would justify 
the creation of a similar protection agency for inland areas. 

Where the use of space is concerned, re-examination of agricultural and forest 
policies seems unavoidable. The erosion of biodiversity (for example the rarefaction 
of birds that prey on insect pests and of pollinators) is likely to create a vicious circle 
of agricultural intensification. The use of GMOs, with the unknown potential risks of 
“horizontal” transfer of genes to wild plants and the rapid emergence of forms of 
resistance in pests, would only be an additional component of this intensification. 
Aquaculture must also be mastered in terms of its impact on biodiversity. 

The tourist policy is also worth looking at, for example for ski resorts as France 
already has the highest number in the world. The widespread use of snow guns 
raises the issues of energy consumption, water resources and soil erosion, with 
many impacts on biodiversity as a consequence. 

Just like climate change lays down serious challenges for biodiversity, in itself and by 
its many interactions with changes in use, all the measures to reduce CO2 emissions 
and lessen the effects of climate change will have positive effects on biodiversity. The 
problem of road transport falls into this category. 

Together with the fight against climate change, the priority seems to lie in rethinking 
the management of space on the mainland. It is a serious reconsideration of how we 
are developing, which can only be acceptable if it is done alongside a detailed 
quantification of ecosystem services, to restore meaning to the words “sustainable 
development”, massively undermined in just a few years. 

The democratic debate on environmental issues is only just beginning: the sciences 
of biodiversity are ready to do their bit. 

6.3. Which indicators can be used to monitor the dynamics of biodiversity and 
the effects of the measures taken to protect it in France? 

Henri Décamps (Membre de l’Académie des sciences) 

The indicators report on more vast groups, often about which little is known, from a 
limited number of easily observable entities. The progress that has been made in this 
field now enables diagnosis of the status and future of biodiversity: as decision-
making tools, biodiversity indicators help environment managers; as consultation 
tools, they enable joint management of interactions between nature and society. 
Indeed, they clarify the challenges, articulate the representations, coordinate 
conservation actions and change individual behaviour. 
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It follows that indicators must “speak” to their users, adapt to their representations 
and enable learning dynamics to emerge; they must also help them to anticipate 
possible futures. All biodiversity indicators must, in fact, meet two requirements that 
are somewhat contradictory: on the one hand, they must give an account of 
ecosystems including large interconnected functional groups with very different 
abundance variations. On the other hand, they must assess and monitor the status of 
these ecosystems to deliver information that is as clear and concise as possible, 
using easy to interpret indices. An abundance indicator like the Red List Index (RLI) 
can thus describe the dynamic of biodiversity using changes in the statuses used for 
the IUCN Red List – “vulnerable”, “endangered”, “critically endangered”.  

At the beginning of the 2000s, the Convention on Biological Diversity (CBD) identified 
236 biodiversity indicators and the European Environment Agency (EEA), 382 
potential indicators of which 280 are used41. Striving for conciseness and 
harmonisation, with the SEBI (Streamlining European 2010 Biodiversity Indicators), 
led to a list of 26 biodiversity indicators for Europe being proposed (see table). 
French national strategy has aligned itself with this list, adapting it, on the one hand, 
to mainland France and, on the other hand, to French overseas territories42.  

Table. SEBI biodiversity indicators (The Committee of the Pan-European 
Biological and Landscape Diversity Strategy (2006): biodiversity in Europe, 
streamlining European 2010 biodiversity indicators, 10 p.) 

 

Focal area Generic indicators Indicators proposed by the 
SEBI 2010 process 

Trends in the abundance and 
distribution of selected 
species 

1a. Pan-European index of 
common birds 

1b. European butterflies 

Change in status of 
threatened and/or protected 
species 

2. IUCN Red List Index for 
European species 

3. change in status of species of 
European interest 

Trends of selected biomes, 
ecosystems and habitats 

4. trends in extent and 
composition of selected 
European ecosystems 

5. change in status of habitats of 
European interest 

Status and trends of the 
components of biological 
diversity 

Trends in the genetic 
diversity of domestic animals 

6. number and breeds per 
country 

                                                 
41 Levrel H. 2007. Selecting indicators for the management of biodiversity. Les cahiers de l’IFB.  
42 Chevassus-au-Louis B. et al. 2009. An economic approach to biodiversity and ecosystems services. 
Contribution to public decision-making. Centre d’Analyse Stratégique www.strategie.gouv.fr   
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 Coverage of protected areas  7. trends relating to the creation 
of protected areas 

8. sites designated under the EU 
Habitats and Birds Directives 

Nitrogen deposition 9. critical load overstepping for 
nitrogen 

Populations and costs of 
invasive alien species 

10. total number of invasive 
species in Europe 

Threats to biological 
diversity 

Impact of climate change on 
biodiversity 

11. indicators of species 
abundance 

Marine trophic index 12. marine trophic index of 
European seas 

Connectivity/fragmentation of 
ecosystems 

13. change in coverage and 
distribution of natural areas 

14. status and trends of the 
fragmentation of river systems 

Ecosystem integrity and 
ecosystem goods and 
services 

Water quality in aquatic 
ecosystems 

15. organic matter in transitional, 
coastal and marine waters 

16. freshwater quality   

Areas of forest, agricultural, 
fishery and aquaculture areas 
under sustainable 
management   

17. growing stock 

18. deadwood 

19. nitrogen balance 

20. agricultural systems under 
sustainable management  

21. number of fisheries under 
the biological renewal threshold 

22. effluent water quality 

Sustainable use 

Ecological footprint of 
European countries 

23. ecological footprint of 
European countries 

Access and benefits 
sharing 

Percentage of European 
patent applications for 
inventions based on genetic 
resources 

24. percentage of European 
patent applications for 
inventions based on genetic 
resources 

Resource transfers and 
use 

Funding to biodiversity 25. funding to biodiversity 

Public opinion Public awareness and 
participation 

26. number of visits to nature 
reserves 

Of the indicators adopted by the SEBI, those relating to populations of common birds 
have been particularly developed in France. They use the STOC (Time Survey of 
Common Birds) database which gives information such as abundance, distribution, 
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diversity, fertility and survival of common bird populations and communities, 
information obtained thanks to a network of birdwatchers throughout the mainland.  

These common birds, of which there are around 120 species, can be used to 
effectively evaluate ecosystem function: there are a lot of them, they are sensitive to 
the condition of ecosystems as they are situated high up in the food chain, and they 
are easy to interpret as the causes of their decline are relatively well known. In 
addition, the size of their populations very quickly reflects environmental changes, 
which can now be monitored practically from one year to the next. 

Common birds are also well known by the general public and any changes in 
abundance represent something concrete with regard to the services they can 
provide as predators of harmful species in the fields, such as seed dispersers, not to 
mention their interest for nature enthusiasts. According to the French National 
Museum of Natural History, common bird populations fell 14% in France between 
1989 and 2001. Out of 89 species looked at, 27 are in decline, 14 are to be 
monitored, 40 are stable and 8 are on the increase43. Common birds can also be 
used to assess the impact of climate change on biodiversity through shifts in their 
areas of occupancy towards the North and the advancement of their laying periods. 
Variations in their populations have revealed a general decline in specialist species in 
Europe, particularly “agricultural birds”. Similarly, the thermal index of bird 
communities has shown that the number of southern species has increased 
significantly throughout France over the last twenty years44.  

The importance of nature exploration in the creation of biodiversity indicators must be 
stressed. Such exploration relies on networks of volunteer observers who are likely to 
provide sufficient data representative of various natural environments. Plants, 
butterflies and birds are some of the groups most used in this respect.  

However, the creation of biodiversity indicators assumes a revival of traditional 
taxonomy, a discipline neglected for several years but essential for improving our 
knowledge of the biodiversity of living environments. At present, species are 
disappearing quicker than we can identify them: at the rate of 10,000 additional 
species identified each year, we will know five million species in 2300, i.e. between a 
half and a sixth of the species that are supposed to exist. New investigative and 
analytical instruments are therefore necessary, and even new classification concepts 
based on the phylogenetic relationships between species and the functional 
relationships these species have with their environment. 

Of these investigative and analytical instruments, the importance of the indicators 
relating to the abundance and distribution of selected species (common birds, 
common butterflies, etc.) is confirmed as research progresses. Consideration of 
various trophic levels can also give a better understanding of how ecosystems work 
or their capacity for resilience45. And "indicators of interactions" can help us to 
understand the interactions between the dynamics of biodiversity and socio-

                                                 
43 http://www.mnhn.fr/mnhn/crbpo/index.html  
44 Devictor V., Julliard R., Couvet D. and Jiguet F. (2008), "Birds are tracking climate warming, but not fast 
enough", Proc. R. Soc. B (doi:10.1098/rspb.2008.0878) Published online. 
45 Couvet D., Jiguet F., Julliard R. and Levrel H. (2007), "Observatoires et indicateurs de biodiversité", Working 
Paper. 
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economic dynamics46. Improvements are also to be expected in terms of “risk 
indicators”, in order to specify the level of vulnerability to disturbances of populations, 
species or ecosystems, and the spatial validity range of any indicator used to monitor 
evolution of biodiversity. 

6.4. What role do protected spaces (national parks, botanical conservation 
centres, zoos and botanical gardens, marine sites) play in the protection of 
biodiversity in France? 

Christian Dumas (Membre de l’Académie des sciences) 

The creation of botanical gardens and zoos originates from curiosity, a taste for 
collecting plants and animals and a more or less well defined perception of the need 
to protect them. The desire to collect objects considered as strange from the three 
kingdoms, animal, vegetable and mineral, has probably always existed. This practice 
became gradually more formal in the 16th and 17th centuries with cabinets of 
curiosities, the historic ancestors of museums. During the great explorations between 
the 16th and 19th centuries, the discovery of totally unknown plants and animals 
aroused an interest in and passion for their identification, classification and finally 
their biology. It was the golden age of botany and zoology and the era of great 
names such as Linné in the 18th century, the inventor of the binominal scientific 
classification system (a genus name followed by a species name in Latin to 
characterise all biological organisms) and one of the first great classifiers, or like 
Darwin in the 19th century, the father of the theory of evolution. It was during this 
period that most of the world’s botanical gardens were built to show the public the 
riches brought back by these explorers. 

The International Union for Conservation of Nature (IUCN) recently put on its Red 
List 47,677 critically endangered species, 12% of which were birds, 21% mammals, 
30% amphibians, 27% corals and 35% conifers and cycadals. France is one of the 10 
countries with the most threatened species. According to the Living Planet Index, 30 
to 40% of wild species have seriously declined since 1970, particularly those in the 
mangroves (ecosystems on the edges of tropical lagoons rich in mangrove species) 
and those forming water plant communities that are home to a very rich, diverse 
fauna. All of the studies on biodiversity reported in a 2010 article published by the 
Nature journal lead to annual economic losses linked to the destruction of biodiversity 
being estimated at values which are beyond belief: 1.35 to 3.1 trillion dollars! The 
figures relating to the destruction of the rainforests, in the region of 6 million hectares 
each year, are perhaps more relevant but are just as worrying! We do not have such 
data on biodiversity for our territory but the scales of values must be in the same 
region. 

What is the purpose of botanical gardens and conservation centres in France? 
The oldest French botanical garden was created in 1593 in Montpellier and led to the 
creation of many others. Botanic Gardens Conservation International (BGCI), 
founded in 1987, deals with issues surrounding conservation of wild plants and has 
more than 500 gardens around the world in more than 100 countries. In France, 
                                                 
46 Levrel H. (2007) op. cit. 
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there is some ambiguity surrounding the creation in 1975 of national botanical 
conservation centres, of which there are now 12, including those in overseas 
territories. Some of these depend on the Ministry of Ecology, Energy, Sustainable 
Development and the Sea or regional authorities while others have various statuses 
such as public-private partnerships. Since 2000, they have been grouped together in 
a Federation. Their role is in their name: conservation centres. They are independent 
bodies responsible, in particular, for conducting censuses of the flora of their region, 
developing strategies to protect and conserve endangered species (species 
classified according to the estimated risk of extinction), informing and educating the 
public and, of course, supplying expert advice to public establishments and other 
regional authorities. This is the difference, in France, between conservation centres 
and botanical gardens. Botanical gardens, according to BGCI, should have three 
missions: biodiversity education, conservation and research. In France, practically all 
gardens, except those of the Natural History Museum and those in Montpellier, 
Strasbourg and Grenoble, with its Lautaret Alpine Botanical Garden, are municipal 
and as a result there is an almost total absence of links with universities and 
research, unlike leading gardens worldwide such as Kew (near London), Geneva or 
Berlin in Europe, or even those in New York and Saint-Louis in the USA. The latter 
have their own researchers, laboratories and scientific publications. National 
botanical conservation centres could have bridged this gap that is specific to French 
municipal gardens. It has, only in part, been done: the large number of structures, 
governances, missions that are more or less well defined, limited resources of 
qualified scientific personnel and the absence of research structures, fosters a certain 
general vagueness and does not contribute to the effectiveness of French botany. 
The French National Museum of Natural History (MNHN), another public 
establishment and another governance, with immeasurably rich herbariums and 
highly qualified staff, also has a role to play in conservation. 

In conclusion, despite many skills and a lot of enthusiasm amongst the professional 
botanists who work in France’s botanical gardens or conservation centres, and the 
amateurs associated with them, the overall assessment is fairly modest compared to 
the work of the world’s great gardens which serve as a reference. Conservation 
centres, and to some extent some gardens, are however fairly effective in terms of 
the referencing of species or zones to the protected or conserved. With politicians, 
NGOs also play a specific role in the field of biodiversity conservation and protection, 
as was seen at a recent Environment Round Table. But there is a difference between 
the scientific approach of a conservation centre or a botanical society of experts and 
the militancy of these NGOs whose scientific competence is not always proven. It can 
especially be seen in the pragmatism of their approaches and in the often extreme 
solutions they propose.  
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6.5. Are the problems the same in mainland France and in its overseas 
territories? 

Jean-Dominique Lebreton (Membre de l’Académie des sciences) 

The erosion of biodiversity in France does not only affect mainland France. The 
overseas territories can be divided into two main areas: a) the intertropical zones like 
Guiana or New Caledonia, b) the Southern and Antarctic Lands. 

In both cases, they are often islands whose flora and fauna are particularly sensitive 
as they have evolved in isolation from the rest of the living world, i.e. developing 
many local adaptations, often with no predators, and limited exposure to pathogens. 
In birds, the loss of the ability to fly together with the absence of any aggressiveness 
is therefore common in island species, making them highly vulnerable. 

In the intertropical zones, the fight against biodiversity erosion is both necessary in 
itself, as France is there the guardian of a significant proportion of planetary 
biodiversity, but also because of its value as an example to southern countries. 
Safeguarding great monuments is inevitably dependent on a certain economic 
wealth: developed countries have historically played a driving role. In the same way, 
France can hardly be more demanding in terms of biodiversity with a southern 
country than with itself.  

In both of these respects, the introduction of hunting legislation in Guiana is a priority. 
Space and use management is fundamental in the long term. The creation of the 
Guiana National Park, with a core of 2 million hectares, has luckily made up for the 
creation of the large Petit-Saut impoundment, something which has certainly not 
made other countries in the Amazon region wise when it comes to deforestation. But 
in Guiana, the issue of gold panning and the problems and pollution it causes still 
need to be dealt with.  

The islands, for example Reunion, have serious problems with invasive species. 
Biological control attempts, for instance against Rubus alceifolius, an Asian invasive 
alien bramble which severely damages indigenous vegetation at low altitudes, are 
encouraging but there is still a risk of unforeseen secondary effects.  

Finally, France has a particular responsibility with regard to the coral reefs in the 
Pacific archipelagos as these reefs are home to an astonishing diversity of numbers 
of species and life forms: it is amongst coral fish living in groups that a female 
changes sex if the male in the group disappears… The bleaching of the coral, 
caused by both the increased acidity of the water due to the increase in the CO2 
content of the atmosphere and the increase in temperature, poses a considerable 
potential threat of impoverishment. 

In the French Southern and Antarctic Lands, the efforts to destroy non-native species 
like the rat have already allowed seabird colonies to re-establish themselves on some 
islands. On Amsterdam Island, which has an area of 58 km², a sharp fall in the 
number of introduced cows and their penning has saved the Amsterdam albatross by 
reducing disruption to nests. This bird, which has a wingspan of three metres and 
was discovered in 1982, only breeds on this island and there are only a few dozen 
pairs. But the solutions that are too obvious, like the introduction of cats to Kerguelen 
to kill the rats, almost always have unforeseen effects in these simplified ecosystems, 
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as there has been no co-evolution to adapt the different partners to each other. 
Transport and the introduction of plants and animals therefore contribute to the 
impoverishment and homogenisation of biodiversity, even in extreme environments 
and in the most remote regions of the planet.  

The effects of climate change are starting to be felt, particularly with the disruption of 
the distances of supplies at sea for birds and marine mammals like the sea elephant, 
therefore modifying their breeding and their mortality. 

Alongside local causes of biodiversity impoverishment, the examples of coral reefs 
and seabirds in the French Southern and Antarctic Lands demonstrate clearly the 
role of planetary phenomena. Faced with biodiversity erosion, the fight against the 
increase in atmospheric CO2, climate change and the transport of living organisms is 
therefore just as important overseas as it is in mainland France. 

6.6. What is a green and blue infrastructure? 

Henri Décamps (Membre de l’Académie des sciences) 

The fragmentation of the habitats of plant and animal species is a major cause of the 
reduction in biodiversity. The aim of the green and blue infrastructure is to combat 
this fragmentation by developing the territory in terms of ecological networks. To this 
end, the Environment Round Table has assigned an operational committee the task 
of defining how, using what means and under what conditions a green and blue 
infrastructure should be implemented in France: green for hedges, verges and 
groves; blue for water courses, pools and wetlands. These various elements form 
part of rural and urban “landscape matrices”. 

The main challenge lies in establishing continuity – in the form of corridors or 
stepping stones – enabling species to circulate between favourable habitats of 
various distances. This interconnection of space involves three territorial levels: 
municipalities, regions and the State. It is based on a “regional ecological coherence 
plan” using locally refined mapping (1:5,000), for example in the context of local 
urban development plans and infrastructure projects. Ten or so pilot experiments in 
France and in Europe have been carried out in preparation for the establishment of 
these regional ecological coherence plans by 2012. Major methodological work is 
proving essential and, in its report dated 14 March 2008, the operational committee 
stressed the need to use scientific developments in conservation biology. 

In fact, the idea of a green and blue infrastructure came from concepts developed in 
conservation biology and landscape ecology in the 1980s. These concepts include 
fragmentation, connectivity and ecological corridors as well as the theory of 
metapopulations. To understand the importance and the limits of the green and blue 
infrastructure, it helps to remember how these concepts came about. 

In 1984, in a work entitled The Fragmented Forest, the biologist Larry D. Harris drew 
attention to the consequences of fragmentation of forest cover in Great Britain47. This 

                                                 
47 Harris L.D., The fragmented forest. The University of Chicago Press, 1984. 
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fragmentation, which started back when agriculture began around 5,000 years ago, 
has largely contributed to the disappearance of species like the brown bear, the wild 
boar, the wolf, the grouse and the goshawk. In many areas, this fragmentation 
phenomenon has transformed former forest regions into dispersed groves within 
cultivated zones. Besides the forests, it has also affected meadows and wetlands, 
transforming relatively vast areas of natural habitats into groups of increasingly small 
islands isolated from one another. It has also affected many water courses on all 
continents following the construction of dams that, to some extent, prevent migratory 
fish getting through. 

The fragmentation of natural habitats leads to subdivision of populations: each 
fragment is home to a local population made up of individuals that interact more 
closely with each other than with the individuals of the populations of other 
fragments. In extreme cases, some local populations may be isolated and evolve 
independently of other local populations, for example when the species in question 
finds it difficult to move. The smaller the fragments and the more isolated and poorly 
populated they are, the more their populations are likely to disappear under the effect 
of demographic or environmental hazards, a harsh winter, for example, destroying 
populations in some fragments.  

Two models are used to explain the survival of subdivided species. In the first, 
“continent-island”, a sufficiently large “source” population raises the other more fragile 
“target” populations by migration of individuals moving from the source to the target. 
In the second, “metapopulations”, all local populations can alternate between being a 
“source” or a “target” population, and they all survive under the effect of birth and 
death rates combined with migration between local fragments. A metapopulation 
therefore appears to be a population of local populations which turn off and on 
independently of one another like fairy lights in a shop window at Christmas. This 
theoretical model, proposed by the American Robert Levins in 1969 was brilliantly 
analysed by the Finn Ilkka Hanski about a group of Glanville Fritillary butterfly 
populations. Other metapopulation dynamics were then described for many other 
animal and plant species48.  

The persistence of a metapopulation therefore assumes that the individuals can 
migrate between habitat fragments that are more or less isolated from one another. 
And yet, these migrations are encouraged by the presence of ecological corridors: 
zones alongside water courses, networks of hedges in farmland, tree alignment, etc. 
The links constructed above motorways or tunnels underneath also serve as 
ecological corridors, for lynx movements for example. Of course, the sizes of the 
corridors vary depending on the species in question: insects, batrachians, small 
rodents, birds, large wild mammals. 

The presence of corridors strengthens the connectivity of a landscape, i.e. its ability, 
for a given species, to facilitate movement between the fragments of a dispersed 
habitat. Thus, in the Canadian campaign around Toronto, the hedges connecting 
isolated groves enable the white-footed vole to recolonise the groves most exposed 
to the harshness of winter. However, we must ask ourselves about the probability of 
an individual passing from one grove to another: will this individual find the corridor? 
Will it choose to use it? Will it succeed in going through it? Will there be prey of the 
species living in the surrounding agricultural areas?  
                                                 
48 Hanski I. (2001) Metapopulation ecology. Oxford University Press. 
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While the corridors have advantages, they also have disadvantages. The networks of 
hedges, the woodland areas alongside water courses and the edges of roads and 
other linear structures enable thousands of movements in a fragmented habitat. But 
these same structures can turn out to be too straight, too interrupted or too long and 
therefore put the species that use them in danger. They can also facilitate the spread 
of invasive species, diseases and parasites. It has thus been demonstrated that while 
the creation of wooded corridors had re-established the flow of genes between 
Scottish and English populations of red squirrels, it has also propagated a serious 
virus that threatened these same populations.  

Therefore the connection of fragmented habitats must be well thought out and its 
success is dependent on in-depth knowledge of the behaviour, preferences and life 
history of the species to be protected and the dynamic of their habitats. The creation 
of a green and blue infrastructure seems to be a step in the right direction in land 
development. But this strategy involves a whole process of consultation and 
consistency between urban, agricultural and ecological policies. It also involves 
economic compensation, application methods, etc. It must be supported by new 
knowledge with regard to both natural sciences and to human, social and behavioural 
sciences.  


