FURTHER INVESTIGATIONS OF ACCUSATIONS OF LOMBORG OF SCIENTIFIC MISCONDUCT 
III Consideration of the critique of Hanne Stensen Christensen on the book by Lomborg in the booklet of the Danish Ecological Council “Skeptical Questions, Sustainable Answers.
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GENERAL OUTLINE OF MY COMMENTS.
First of all I want to state that I appreciate the comments of Christensen on Lomborg’s Chapter 23 ‘Biodiversity” 

My criticism on Lomborg’s book
The nine pages of this chapter by Lomborg do certainly not provide for a balanced presentation of the immense literature on the biodiversity problem. The last comprehensive review ‘Global Biodiversity Assessment,’ published by UNEP 1995 is over a 1000 pages. Lomborg’s chapter is restricted to the subject how many species may go extinct over the next 25-50 years. And this in terms of percentage of present biodiversity and how much higher the rate today is estimated over the natural background of extinctions. The global Assessment, paragraph 4.4.1. (Current rate of extinctions) covers 4 pages. 

Lomborg had better asked UNEP permission to reprint these pages, instead of relying on Simon and Wildavsky 1995 (“species loss revisited”), firstly because UNEP has more authority and secondly because it should have equally well proven his point: That the estimated guess of Myers in 1979, 40,000 species lost every year, (109 a day) is an extreme exaggeration and that up to today still is referred to that number on a web site and by Worldwatch institute (his notes 2092, 2093).

Lomborg made himself (unnecessary) vulnerable to the critique of his opponents, by mentioning three times the extreme low loss of 0.7 percent over 50 years, which figure seems to be derived from two studies only, on insects (2075) and invertebrates (2076). When his critics pointed this out after the publication of the book in Danish he added to the English text: “It is a rate about 1,500 times higher than the natural background extinction. However it is a much smaller figure than the typically advanced 10-100 percent over the next 50 years (equivalent to some 20,000 to 200,000 times the background rate)”. 

It should be noted that the figure of 1,500 times is in the range of the UNEP report, and is not challenged by the opponents.

The Global Biodiversity Assessment (GBA)

All environmentalists seem to throw around all kind of numbers on estimated extinction rates. (Also Fog and Lomborg).  This is not surprising. A field study will always be restricted to a number of creatures and to a particular habitat. And it is generally recognized that it is very difficult to extrapolate these numbers to global figures. If nevertheless Lomborg tries it, he is in the good company of UNEP who for the sake of policy making also globalizes. 

Let us summarize what UNEP has presented, and in my opinion is generally accepted among the professionals.

First of all, the numbers presented in Lomborg’s table 6 on previous extinction rates since 1600 are only slightly different from these in table 4,4-2 in GBA.

 Quotes from GBA:

The background extinction for the mammalian fauna of nearly 5000 species is 0.5 extinctions per 100 year. The current rate is roughly 100 times higher.

Assuming that the average species lifetime of birds fall within the average range of 5-10 million years, the more than 2000 extinctions that have taken place in the last 2000 years associated with human actions is a rate approximately 1000 times greater than the background rate of extinction.

The estimate for the minimum numbers of globally threatened species is in 1994 11% of birds, 18% of mammals, 5% of fish and 8% of plants.

Because not all extinctions due to habitat loss take place immediately, the recovery of habitats before a new equilibrium number is reached can prevent some extinctions. For example, despite the reduction of the Atlantic forest of Brazil to around 10% of their original extent over the past century, only a handful of species are known the have become extinct. although many are reduced to small populations and are therefore susceptible to imminent extinction.
Estimates of species that will become extinct of committed to extinction in tropical forests over approximately the next quarter of a century ranges from 2 tot 25 % in the groups examined (plants, birds, and all species). The wide range in these estimates stems from different assumptions about future rates of forest loss and proportion of species diversity in tropical forest and differences in the types of tropical forest considered. For example, considering only closed tropical forest at rates of loss measured in the late 1980s (1% of area per year) the equilibrium number of species would be reduced by 4 to 8 percent over the next quarter century.

Because of the potential added impact of forest fragmentation on rates of extinction, the estimates may be conservative, although if rates of forest loss decline during the next 25 years, they could be over estimates.

The published range of tropical forests extinction estimates suggests that roughly 1-10% of the world’s species will become extinct or committed to extinction in the groups examined (plants, birds, all species) over the next quarter century. These rates of extinctions would be approximately 1,000 to 10,000 times the average expected ‘background’ extinction rates.
The summary of the GBA (for policymakers) states: “Genetic diversity is being eroded”.

Thus, as Lomborg stated in his conclusion, there is a problem, not a catastrophe foreseen. But is should be mentioned again that his use of the number 0.7 percent is too optimistic according to GBA and underestimates the ‘problem’.

My criticism of Christensen’s contribution to ‘Skeptical Questions’.
This boils down to the exaggeration of the importance of chemicals to be derived from Nature useful to mankind, from still unknown species.
I chalenge Christensen of taking insufficient note of results from other disciplines as her own, especially plant molecular biology. I present these below. And I regret very much that she was not prepared to give a respond to my comments. 

I had the note presented below, refereed by four other plant molecular biologists, and feel pretty sure I am right in my general outline. But I should also mention again that these referees were a little worried I did not emphasize enough ‘Mankind as the steward of Nature.’
CONSERVATION OF BIOMOLECULAR DIVERSITY
Discussion on chapter 4 ‘Biodiversity is more than extinction rates’ (in “Skeptical questions and sustainable answers”) by H.S. Christensen and chapter 23 ‘Biodiversity’ (in the Skeptical “environmentalist”) by Bjorn Lomborg.  
Arthur Rörsch

Professor emeritus Molecular Genetics, Medical Faculty Leiden University (1968-1998)

Retired member of the board of Management of the Netherlands Organization for Applied research TNO, responsible for Environmental en Public Health research (1980-1995)

Advisor to the TNO center for Applied Fytotechnology, Leiden

SUMMARY

Considering the synthetic capacity in the Plant Kingdom it is unlikely that with current expected erosion of biodiversity, many unknown, but potentially useful biomolecules will vanish. This is based on the assumption, already presented in 1974 by Swain, and now being sustained by microanalytical techniques, that plants have conserved during evolution 80-90% of all synthetic capacity. Differences in production rates of chemicals among different plants are due to specific repression of pathways, as it occurs in somatic cells of all higher organisms. Lifting of the repression will stimulate these pathways. 

Conservation of plant species and in addition of fungi is nevertheless of importance to provide the genetic engineer with the instruments to control gene expression.  

1. INTRODUCTION

1.1. The state of the world
From a cultural point of view biodiversity and wildlife are highly valued. Besides, biodiversity is indirectly of importance as a natural resource. But since it came into being spontaneously by biological evolution it can’t support the large human population on earth. Man had to engineer Nature genetically and reduce the wildlife to provide for sufficient food. 
At the end of the 20th century in certain areas (e.g., Africa) there were still people starving, but in others (e.g., the European community) there was overproduction of food and obesity became a more serious problem than starvation. This disproportion is largely caused by differences in economical development. Food became expensive (and so are many medicines) because it is no longer available as a real natural resource for nothing. The consumer has to pay for added value as with an ‘industrial’ product. That is to say the extra costs of energy input from other sources than the Sun has to be paid for and not at least the investment in research and technological development. Seen globally, however, the price seems not to have risen above financial capacity over the last 25 years in the prosperous part of the world. Surplus production reduces prices, and new technological development provides for more efficient ways of production.

Wildlife has been reduced in favour of arable land, and might need to be further reduced with human population growing. And therewith will also the spontaneous arisen biodiversity be reduced. 
Seeing the large biodiversity as an important natural genetic resource, many worried biologists have argued over the last 25 years that mankind is heading for a catastrophe if wildlife is reduced too far. Lomborg challenged this view, with the argument that the current extinction rates are much lower than rhetorically was presented by several well known biologists and he argued that the dangers are consequently less acute than these biologists proclaim.

It is generally agreed among biologists that (globally) current extinction rates are between a factor of 1,000 -10,000 above the natural rate, and will differ strongly with the family of species considered. In the UNEP ‘Global Biodiversity Assessment’ (1995) it is estimated that over the next 25 years 1-10% of species will become extinct.

1.2. The criticism
The debate whether this is dangerous, or even catastrophic, usually boils down to the principle of ‘precaution’.  The natural biodiversity is considered to be a treasury for useful genes and biochemicals (medicines). The inventory of what is in the treasury room is still limited and one should not destroy unknown products of nature which required billions of years to evolve.

The criticism of Christensen on Lomborg’s anthropocentrical view starts with the cultural argument that Man enjoys and respects Nature, and is inclined to be altruistic with respect to other species. One could state: Man should act as the ‘steward’ of Nature. Destroying species is like book burning. 
This is a civilized argument to be respected, but Man is still an ordinary animal and needs to eat other animals and certainly plants. It is a well-known phenomenon in ecology that a very strong overpopulation of one species will drive others out of their habitats. Thus we have to search for measures to meet our material needs and search for a balance between our love for (wildlife) Nature and the primary needs of our fellows in less prosperous areas. 

Christensen continues her criticism with a scholarly review on the usefulness of genes in the wild for our cultured plants, which are vulnerable to their predators, and on the importance of natural products to Man.

The treatise boils down here to the precaution principle of the ‘treasury’. 
Herewith she neglects some insights that have arisen over the last 30 years from plant biochemistry and molecular biology on the distribution of useful genes over all species. 
Below I elaborate on these concepts, with the conclusion that, from the narrow point of view of usefulness of Nature to Man, it may suffice to conserve some 20 crop species, 1,000 herbs and 10,000 fungi.

2. DIVERSITY ON THE BIOMOLECULAR LEVEL

2.1 The unity of Nature

Early in the 20th century the microbiologist Kluyver formulated the principle ‘The Unity of Nature’.  It stated that in all living beings, the basic metabolism is almost the same. Respiration, synthesis of cell components such as monosaccharides, amino acids, lipids, follow in all the same pattern. (Plants are of course special for their photosynthetic capacity). We now know that some 1000 structural genes and enzymes are involved in this primary metabolism. There is some variance among orders or families. The pathway for the synthesis of a particular amino acid may be a little different among species. And the arrangement of genes in operons (units for coordination of synthesis) can be quite different.
 But for sure, not every species, nor even order, uses a unique way of making its fundamental constituents. This is not surprising from the point of view of current evolution theory. It must have taken a lot of time before our primordial, unicellular organism evolved, probably a billion years. It might have been possible that in the next billion years, something quite different came into being, that would overtake the previous one. But rather than to start from the beginning from the primordial soup, it is far more likely that the earlier generated system evolved, giving rise to the variance we still can observe.

2.2. The diversity of Nature

So what makes one species different from another one, even on the primitive level of protists like bacteria?

That’s the secondary metabolism, which is not essential for cell respiration,   proliferation and replication. 
Species became different because they lost functions and learned to derive essential structures by stealing from neighbors. Especially higher animals lost capacities, even from the basic metabolism (e.g., to make themselves certain amino acids, necessary building blocks for proteins). More important, however, are the unique capacities that in the course of the evolution process were developed (e.g., for the synthesis of haem, chlorophyll, choline, caffeine). The question arises then, how many different capacities can we distinguish at the molecular level? And what is the nature of these capacities?

2.3. Confusing figures
 In the second half of the 20th century we had identified some 4,000 different enzymes When we learned about the coding capacity of DNA, which in principle is infinite, we were assuming there might be millions of different enzymes around or even a multifold of the number of morphologically different species of organisms.

In this respect the human genome project became a disappointment. Even the complicated structure Homo sapiens can do with 30,000 structural genes. 

The next question, in relation to differences between species in secondary metabolism is how much capacities, counted e.g., in enzyme species, will be different in two different species? At first thought one would again be prepared to assume large numbers, but again it is less than expected. Man and Ape look quite different, but on the enzyme level it is hard to detect any difference. 
2.4. Somatic cell differences and species differences

So what makes the difference? 
If we compare the metabolic activity of different (differentiated) somatic cells of a specific higher animal or plant we see very large differences among them, albeit they have the same chromosomes and DNA constitution. It is clear what makes the difference here. It is not the potential to make specific enzymes; it is the number of enzymes that is expressed in each phenotype somatic cell. The difference is due to different regulatory circuits at work. Within the body of a species, the ‘evolution’ of somatic cells is called cell differentiation, which is essentially the switching on and off of functions on the DNA level. 
The difference between two individuals which we reckon to belong to the same species, show some slight differences on the gene/enzyme level. Also the regulation may be quantitatively slightly different, but not the potential to transcribe the genomes. We must assume that also Man and Ape must have some difference on the gene/enzyme level, but most probably what constitutes the essential differences between the two species is the difference between their construction of regulatory circuits, or having different sets of such circuits. 
This view is supported by the experiences in genetic engineering. The transfer of a single structural gene (for an enzyme) does not make the recipient a different species. But from somatic cell hybridization of different species it is clear that the mixing of whole sets of regulatory circuits produces apparently an unworkable situation. Although the hybrid will proliferate for a number of generations, it is all the time losing chromosomes and it returns to the set of one of the two. But by recombination between the two sets, structural genes from the vanishing partner’s chromosome may be incorporated into that of the surviving partner. 

2.5. Detected species differences
From the point of view of conservation of the maximum of biosynthetic capacity, generated spontaneously by biological (species) evolution, it is important to find an answer to the question how many structural genes, are different in two species, further apart in the evolutionary tree than Man and Ape. 
Comparative biochemistry has so far been developed best in the microbial world and the plant kingdom from the point of view of taxonomy. 
Identification of differences is mostly based on the metabolites, not on the enzyme level.  From a purely theoretical point of view we can assume that the total number of enzymes is much less than the number of metabolites they can produce in cooperation. One specific enzyme can use several different substrates, in which each is converted into a specific product. The number of possibly catalyzed conversions in water is certainly limited and these fall into six main classes, subdivided in the earlier mentioned  4,000 different enzymes. How many we still miss is difficult to say, but it may as much as a few 100,000 because of their versatility. 

Some 4,000 different bacteria and 72,000 fungi have been distinguished by their metabolites. Several 100,000 may still be undiscovered. 

The most striking result from comparative biochemistry so far is that at least 80%, maybe 90% of all known secondary metabolites, are produced in the plant kingdom. Thus, from the point of view of conservation of biomolecules, we should at least keep the plants alive. 

2.6. The capacities of plants
But there is something more to say about the fantastic synthetic capacity of plants.
[Quote] (from T.Swain in Florkin & Stotz (1974) ‘Comparative Biochemistry’ page. 214)

“These findings might be taken to indicate that all plants possess the necessary genes to synthesize all known compounds but that under normal circumstances the necessary biosynthetic pathways are totally repressed. It is certainly true that plants possess a much greater number of biosynthetic or degradative routes than are used for normal metabolism, since many are capable of transforming a large number of foreign compounds like herbicides to harmless detoxification products. It is also true that the ability to synthesize and accumulate any complex metabolite implies the possibility of making a number of cognate compounds which do not occur in the plant, at any rate not in sufficient quantity to be detected. […]

Since the steps in secondary metabolism are similar to those in primary metabolism, one must expect transformations to take place and compounds to be synthesized by routes which do not normally occur in the major pathways in the organism in question. […]

It can be stated, therefore, with some degree of conviction that while all plants have the ability to synthesize a wide variety of organic compounds, most of these substances will not normally occur in the cell.” [Unquote]

Since 1974 the detection technique for small amounts has been greatly improved, and this view of Swain is now being sustained (personal communication) by Hegnauer, the taxonomist who has been writing over the last 25 years a 20 volume treatise on the metabolites occurring in plants.

2.7. The theoretical foundation
Before we consider the consequences of biomolecule conservation, we should first see if there is a theoretical basis for the idea that each plant can produce everything, or in other words that ‘everything is anywhere’. 

First of all, plants carry large amounts of DNA, some species a 100 times the human. 
Next we must assume that the primordial organism of plants, and therewith also of many other eukaryotes, must have had already the ‘total’ genome. 
Why did other branches lose some capacities and the plants did not? First, many metabolites are toxic to plant predators. Plants did not develop an immune system. Thus the metabolites are a factor of the selection force. Another but negative selection force is the need for energy to replicate a large genome. Plants get their energy for nothing from the sun. Other organisms must act themselves as predators for energy and in the competition with other species, it is advantageous to reduce DNA content and just steal essential components from the prey. 

Another consequence of the view is that the continued separation of plant species is particularly evolution of regulatory circuits and not the evolution of new structural genes for enzymes. 
2.8. Molecular evolution theory
So the picture emerges that over the first 3 billion years, the evolution was essentially for structural elements. From comparative enzymology, in which enzymes from different organisms, but with the same function, are analyzed for amino acid replacements, it can be deduced that most must be dated back to the early branches in the species evolutionary tree. The early unicellular organisms already tried out all possible and limited number of conversions in water. And next, during the last billion years, the evolution was dominantly one for regulatory circuits of increasing complexity, which gave rise to the large variety of higher organisms with the property of the cascaded development from fertilized egg into embryo and further. Herewith many plants also developed another mechanism for (DNA) conservation, by producing the embryo as a seed inside the body, seeds which can stay viable in the wild for very many years. Even a short living plant can develop a very long life cycle. 
2.9. The unity of Nature in the plant kingdom
The ‘Unity of Nature’ in the Plant Kingdom, also for secondary metabolism, is now quite well understood.
See e.g., P.M. Dewick, Medicinal Natural Products, (John Wiley E Sons Ltd, 1997). The building blocks of the metabolites and their construction mechanisms are limited to respectively eight and fifteen.  Most of the secondary metabolites are produced through three major pathways: the acetate pathway, the shikimate pathway and the mevalonate pathway.  Differences among species are observed with respect to the levels these pathways and their side lines are active. We are beginning to understand how through regulatory proteins, nucleic acid fragments and plant hormones, the different pathways are stimulated or blocked and how by genetic engineering pathways can be influenced. 

2.10 Conservation of all plant capacities

On a theoretical base it seems unbelievable that all plants never lost a structural gene over the 600 million years of their evolution. Therefore it would be an exaggeration to say that a single plant would suffice to conserve 90% of bimolecular diversity. We also need to preserve a number of regulatory circuits they have developed in different species, to produce a range of products. But considering the combinations which we will be able to produce by genetic engineering and site-specific mutagenesis, it might suffice if in each of 300 families a handful of species are preserved.

Next to plants, fungi produce a wide range of extraordinary products, but only one mould certainly not all of them. If, however we consider all fungi together, they may match the synthetic capacity of plants. The individual fungus lost genes in the course of its evolution. Lacking photosynthetic capacity, they had to economize on DNA replication and reduce their genome. The specialized regulatory mechanisms they developed may, however, be of great importance to the genetic engineer who wishes to optimize the production of a rare compound from another source.  

2.11 Is the ultimate genetic engineering Science Fiction?
We cannot expect that by gene transfer from birds to plants, we can make plants fly. But the major instruments to ‘help’ a plant or fungus to make something useful to Man, are available now. (DNA replication and transfer, enzyme engineering, pathway engineering, highly sensitive and automated detection of substances, site-specific mutagenesis).  Penicillin is a nice example of recent progress in pathway engineering. A derivate, with an enlarged sulphur ring, which does not occur in Nature, is more effective than the wild penicillin. To make it in the past the ring had to be opened and closed again in organic solvents. Now has been inserted inside the pathway of the fungus an enzyme that is doing the work. The factory, now running in Delft for three years, uses the engineered Penicillium, on an industrial scale. (It is also to the benefit of the environment, since there is no need any more to use the organic solvents). 

Next, the genes for regulating the secondary pathways, mentioned above, are being cloned and patented. We still have to elucidate the regulation of all possible side lines in these pathways. 
When a useful substance was found in a small quantity in a species, the orthodox approach was  to search in Nature for relatives which are producing more. That was a good argument for maintaining the largest biodiversity possible. The new approach is, engineer the species with respect to its regulation. This is not an argument to meet the threat of extinction, but the engineering will turn out to be more efficient than botanizing.

2.12 Everything is anywhere. The bottleneck is selection.
In principle the idea of everything being everywhere is not new. Applied to microbes, it was also formulated by Kluyver. The problem to obtain a species with a specific property was its selection. (Kluyver demonstrated it, during a congress in Brazil, by selecting a sulphur bacterium from the beach sand in Rio, which was thought to be specific for the (stinking) canal in Delft.) In 1970 I searched for a bacterium that would break down atropine. Initially we searched in the soil near the stramonium plant and found it. The enzyme involved was an esterase.

Later, with an improved selection method, we found the bacterium with this enzyme in any soil sample (and by the way, the same enzyme is in plants and even some animals, where it does not seem to have a function).

With respect to selection for useful medicines, we can expect great advancement by the isolation of specific receptor sides in Man when the Human genome is further investigated for its functioning.
3. THE CHALLENGES TO THE ORTHODOX CONSERVATION STRATEGY
Christensen challenged Lomborg’s view that seed banks should suffice to conserve our major crops. In principle she is right in the sense that we may have to go back to wildlife to find a capacity to resist an unexpected pest. But the argument only holds if we still allow pests to enter our arable land. The obvious alternative solution is containment, separate the arable land  from the wildlife. Or root out the pest world-wide, as we did with smallpox and now are doing with polio. 

Containment has, however, so far not been very effective. The Australian government has taken severe measures, to prevent the invasion of pests, but many have nevertheless entered their continent. The carrier here is Man, and the main cause the wish to travel all over the world. If we want to prevent the spread of diseases, we should firstly reduce travel. It is unpopular to say so.

Containment is very well possible with vegetables, grown in greenhouses. The Netherlands has for 10 years produced most of world paprika consumption in many  varieties. The fruits are sent all over the world, and no accident has occured. 

The major and basic foods for Man are polysaccharides, proteins, containing essential amino acids and lipids. Plants and Animals are also being transported all over the world, and are contributing to the spread of pests. The obvious way to meet this is not to spread the organisms, but have their major constituents produced near the place where they are raised. 
All sorts of measures seem possible, to prevent the spread of pests, but many of them may look ‘unnatural’ to environmentalists, who believe we are still part of wildlife. Which we are not and cannot be with too many speciments of Homo sapiens in the habitat earth.  

We had to ‘engineer’ Nature as soon as the population reached over 10 million. We have to take the consequences if it grows over 10 billion.

4. HOW MANY PEOPLE CAN THE EARTH SUPPORT?
It is a crucial question in all considerations of environmentalists.  John E. Cohen answered it in a much nuanced way in a book with this title (W.W. Norton & Co, 1995). The number depends on what conditions are provided and accepted. The number may be as large as a 100 billion, according to a calculation of de Wit in 1967 on the primary food supply by photosynthesis. It may be even larger, when we learn to improve photosynthesis in plants, whose efficiency is pretty poor as it arose from spontaneous evolution.   A 100 billion Homo sapiens may then have driven most of other species out of our earth habitat, except those which serve Mankind best.

The more obvious question to ask is, how many different species can the earth support with increasing population of Homo sapiens between 10 to 20 billion, as it is expected. 

5. DISCUSSION
As it was stated before,  we have to search for a balance between our material needs as an extremely large population of Homo sapiens and cultural awareness of being ‘steward’ of spontaneously generated biodiversity,  and also for a balance between our love for (wildlife) Nature and the primary needs of our fellow human beings in less prosperous areas in the world.

Lomborg is right, from his chosen anthropocentrical position that we are not heading for a catastrophe if biodiversity is further eroded, although he did not use the right arguments. In principle we can afford the erosion of biodiversity, without having quickly the totally generated biomolecular diversity destroyed. The expectation that not yet discovered and described species might harbor useful but unknown substances which are not already present in our current, well conserved collections has been exaggerated. 
Christensen is right to point out our human ‘stewardship’ from the cultural point of view. But she is wrong with respect to the expected losses at the molecular level with the species erosion. 
A point to make is that we, after the discovery of the mechanism of primitive regulatory cycles in bacteria in the second half of the 20th century, initially did not made much progress to come to an understanding of the regulatory circuits in eukaryotes. Thanks to genetic engineering (and the other new technologies) much progress is being made now but it may take another 5 to 20 years before we master the complete manipulation of regulatory circuits in plants and fungi. But the highest expected loss of 10 % in this period will not be a disaster. And likely we can reduce the loss to 1-2 %. Which is still a 1000 times above the natural extinction rate. But how impressive is the 1-2 % if we consider what has been killed by Nature itself over the geological time scale? We miss anyway more than 99% of all regulatory systems (=species) ever generated.

This is what some opponents of Lomborg have called ‘manipulation of data’. Or is it indeed ‘the real state of the world’ when we are preparing a business plan for sustainable development?  This was the aim of Lomborg. 

Here I could elaborate further on our business plan of the Center for Applied Fytotechnology in Leiden, which is working on crop improvement and searches for useful biochemicals in collaboration with the Center for Pharmacology and several other institutes in the world. Suffice it to say, we are not running into wildlife for new species. And we have no intention to do so. We go to China and talk to the orthodox doctors about known useful herbs. Attention is focused on study of regulation and improvement of methods for detection of very small amounts of rare chemicals. Regulatory elements are being cloned (and patented). 

My considerations are certainly not a plea not to maintain the highest biological diversity possible. We are still in a position that we can reserve room for other species, contained in large nature reservations. And in areas with little room, like Denmark and the Netherlands, responsible measures can be taken, as propagated by Christensen, e.g., not to fragment habitats. 
Here it has only been argued that it is unlikely that with expected losses of species many unknown, but potentially useful chemicals will disappear. 

In striving for sustainable development the quarrels between Lomborg and his opponents on figures for expected extinction rates or forest loss look hardly relevant in the light of the considerations presented above. Some accusations that he cited selectively figures from the literature may hold (I guess they would amount to a handful in the whole book, and may not have been made deliberately to deceive). I consider it to be far worse, in this whole debate, that Lomborg’s opponents neglected facts and figures and philosophies as presented above. Why? I am inclined to accept it is done also not deliberately with an intent to deceive, but that it is inability to look over borders of narrow disciplines.

Christensen’s essay in the ‘skeptical questions’ is certainly a good one with respect to science philosophy and style. It is not venomous to Lomborg in person (as many other contributions are). It is scholarly from her own ecological background and it contains lots of sensible remarks why biodiversity is important (especially in habitats). In my view she just missed points on practical aspects of maintenance of biochemical diversity on a global scale. That is why I considered it worthwhile to comment.

