
Biodiversity and the debate on GM crops 
 

Can GM crops help to enhance biodiversity? 

Klaus Ammann, AF-11 web version 30. November 2009 

Contents 

1. THE ISSUE ................................................................................................................................................. 3 

2. SUMMARY .................................................................................................................................................. 3 

3. THE NEEDS FOR BIODIVERSITY ï THE GENERAL CASE  ................................................................ 4 

3.1. RELATIONSHIP BETWEEN BIODIVERSITY AND ECOLOGICAL PARAMETERS  .................................................... 5 
3.2. A NEW CONCEPT OF SUSTAINABILITY  ................................................................................................................... 6 

4. TYPES OF BIODIVERSITY ....................................................................................................................... 9 

4.1. GENETIC DIVERSITY .................................................................................................................................................. 9 
4.2. SPECIES DIVERSITY ............................................................................................................................................... 10 
4.3. ECOSYSTEM DIVERSITY ........................................................................................................................................ 10 

5. THE GLOBAL DISTRIBUT ION OF BIODIVERSITY ............................................................................. 11 

6. LOSS OF BIODIVERSITY  ....................................................................................................................... 12 

6.1. AGRICULTURE AS THE MA JOR FACTOR OF BIODIV ERSITY LOSS ................................................................... 12 
6.2. INTRODUCED SPECIES, ANOTHER THREAT TO BI ODIVERSITY ........................................................................ 14 
6.3. BIODIVERSITY AS A BIO LOGICAL INSURANCE FO R ECOSYSTEM PROCESSES ............................................. 15 
6.4. ON THE DIFFERENCE BETWEEN CENTERS OF BIODIVERSITY AND CENTERS OF CROP DIVERSITY .......... 15 

7. THE CASE OF AGRO-BIODIVERSITY, OLD AND NEW INSIGHTS  ................................................. 16 

7.1. ON THE GENOMIC LEVEL , GENETICALLY ENGINEER ED CROPS ARE NOT BAS ICALLY DIFFERENT FRO M 

CONVENTIONALLY BRED CROPS. ................................................................................................................................. 16 
7.2. NATUREôS FIELDS: ANCIENT WILD CROP RELATIVES GREW OFTEN IN MONODOMINANT STANDS ........... 20 
7.3. EXTREME PLANT POPULAT ION DYNAMICS OF AGRICULTURAL SYSTEMS  .................................................... 21 
7.4. AGROBIODIVERSITY AND THE FOOD WEB OF INSECTS ALSO SHOW EXTREME POPULATION DYNAMIC S 22 

8. SELECTED PROPOSALS F OR IMPROVING HIGH TECHNOLOGY AGRICULTURE  RELATED 

TO BIODIVERSITY .................................................................................................................................. 23 

8.1. BIODIVERSITY AND THE MANAGEMENT OF AGRICU LTURAL LANDSCAPES  .................................................. 23 
8.2. MORE BIODIVERSITY THROUGH MIXED CROPPING ........................................................................................... 24 
8.3. ON THE WISH LIST: MORE CROP DIVERSITY, FOSTER ORPHAN CROP SPECIES. ......................................... 25 
8.4. VARIETAL MIXTURE OF G ENES AND SEEDS ....................................................................................................... 25 
8.5. MORE BIODIVERSITY IN THE FOOD WEB INCLUDING NON-TARGET INSECTS BY REDUCING PESTICIDE USE 

WITH TRANSGENIC CROPS AND OTHER STRATEGIES ............................................................................................... 25 
8.6. PUSH- AND PULL STRATEGY FOR REDUCING PEST DAMAGE IN MAIZE FIELDS . .......................................... 26 
8.7. PLANT BREEDING REVISI TED ............................................................................................................................... 26 



 2 

8.7.1 New biotechnology approaches in plant breeding ............................................................................ 26 

8.7.1.1. Cis - and Intragenic approaches ............................................................................................................................. 26 
8.7.1.3.  Reverse screening methods: tilling and eco -tilling ..................................................................................... 27 
8.7.1.4. Zink finger targeted insertion of transgenes  ................................................................................................... 28 

8.7.2. Improvement of conventional breeding ............................................................................................. 28 

8.8. NEW WAYS OF USING BIOTECHNOLOGY FOR ENHANCING NATURAL RESISTA NCE .................................... 28 
8.9. FINAL REMARKS ON THE IMPROVEMENT LIST RELATED TO BIODIVERSITY  .................................................. 29 

9. INTERLUDE: THE ROLE OF FUNDAMENTALIST AC TIVISTS AND SCIENTISTS WITH A 

STRONG ANTI-GMO AGENDA IN THE DISPUTE ABOUT GM CROPS  .......................................... 30 

10. TWO CASE STUDIES ON THE IMPACT OF TRANSGENIC CROPS ON BIODIVERSITY AND 

HEALTH  .................................................................................................................................................... 31 

10.1. THE CASE OF HERBICIDE TOLERANT CROPS , APPLICATION OF CONSERVATION TILLAGE EASIER WITH 

HERBICIDE TOLERANT C ROPS ...................................................................................................................................... 31 
10.2. THE CASE OF IMPACT OF BT MAIZE ON NON-TARGET ORGANISMS  ............................................................. 34 

11. BT CORN HAS LESS CAN CER CAUSING MYCOTOXINS THAN CONVENTIONAL  CORN ......... 40 

12. CITED REFERENCES ............................................................................................................................. 41 

 

  



 3 

 

1. The Issue 
Genetically engineered crops are often taken automatically for the main reason of biodiversity loss.  

There are numerous false claims of this kind, such as Vandana Shiva gives in her frequent world tours: 
Shiva, V., Emani, A., & Jafri, A.H. (1999) 

Globalization and threat to seed security - Case of transgenic cotton trials in India. Economic and Political Weekly, 34, 10-11, pp 

601-613  http://www.botanischergarten.ch/Cotton/Shiva-Globalisation-Threat-Seed-Security-1999.pdf  

άLƴ ǎǳŎƘ ŀ ǎƛǘǳŀǘƛƻƴΣ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ƎŜƴŜǘƛŎŀƭƭȅ ŜƴƎƛƴŜŜǊŜŘ όD9ύ ǎŜŜŘǎ ōŜcomes worrisome. In absence of any such regulation, 

the costlier GE seeds will offer no guarantee for whether they perform well or not. This will lead to complete erosion of the 

agricultural biodiversity and adversely affect the socio-economic status of the farmers. This will be further aggravated since GE 

ǎŜŜŘǎ ǿƛƭƭ ōŜ ǇŀǘŜƴǘŜŘΣ ŀƴŘ ŎƻǊǇƻǊŀǘƛƻƴǎ ǿƛƭƭ ǘǊŜŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜƳ ŀǎ ǇǊƻǇǊƛŜǘŀǊȅΦέ 

And another citation from Greenpeace Great Britain, downloaded from their website November 12, 

2009 1 

άThe introduction of genetically modified (GM) food and crops has been a disaster. The science of taking genes from one species 

and inserting them into another was supposed to be a giant leap forward, but instead they pose a serious threat to biodiversity 

and our own health. In addition, the real reason for their development has not been to end world hunger but to increase the 

stranglehold multinational biotech companies already have on food production.έ 

The contrary is true, GM crops can help reduce the application of herbicides which are problematic for 

the environment, and a plethora of hard data proofs that non-target  insects often survive quite well in 

Bt maize fields, whereas in non-GM crop fields, often the non-target organisms suffer from massive 

spraying of chemicals problematic to the environment and life. Another set of hard facts has been 

generated from the no-tillage culture of herbicide tolerant soybeans, where it is proven that soil fertility 

is greatly enhanced. 

2. Summary  
The need for biodiversity on all levels is made clear: Biodiversity provides a source of significant 

economic, aesthetic, health and cultural benefits (3.). Relationsships between biodiversity and 

ecosystems is given in a table (3.1.) and a new concept of sustainability with more emphasis on 

development and progress is given (3.2.) 

Types of biodiversity are often used without clear definition: genetic biodiversity - species diversity and 

ecosystem diversity are all part of biodiversity (4.). 

A short chapter on global distribution on biodiversity closes the general part (5). 

The loss of biodiversity has one main reason: habitat destruction through urbanization, land use and 

agriculture (6.1.). Another threat to indigenous biodiversity is invasive species and species migration due 

to human activities (6.2.). Biodiversity is a kind of biological insurance for ecosystem processes (6.3.). 

                                                           
1 Greenpeace, statement on GM crops http://www.botanischergarten.ch/Fundamentalists/Greenpeace-Biodiversity-GB-website-

20091112.pdf AND http://www.greenpeace.org.uk/gm  

http://www.botanischergarten.ch/Cotton/Shiva-Globalisation-Threat-Seed-Security-1999.pdf
http://www.botanischergarten.ch/Fundamentalists/Greenpeace-Biodiversity-GB-website-20091112.pdf
http://www.botanischergarten.ch/Fundamentalists/Greenpeace-Biodiversity-GB-website-20091112.pdf
http://www.greenpeace.org.uk/gm
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In chapter 7 crop biodiversity gets a closer look: the genome of transgenic crops is not basically different 

from non-transgenic crops (7.1.).). Strikingly enough, the ancestral crop species chosen by the first 

farmers have lived in monodominant stands (7.2.). Agricultural biodiversity is characterized through high 

dynamics of all processes (7.3 and 7.4). 

Chapter 8 deals with a series of proposals on how to enhance agricultural biodiversity through 

(landscape) management (8.1.), mixed cropping (8.2.), enhancing crop diversity through fostering orphan 

crops (8.3.) varietal mixture of genes and seeds of the same crop (8.4.), allow indirectly more diversity of 

non-target insects with the use of pest resistant transgenic crops and by reducing pesticide use and 

through no-tillage (8.5.), push-and-pull technologies (8.6.), better plant breeding (8.7), enhancing natural 

resistance with biotechnology (8.8.).  

In an interlude chapter 9 on the activities of the protest industry and opponent scientists it is explained 

why the obvious success of GM crops is not really making progress in Europe. 

In chapter 10, two case studies on GM crops are given with some detail on how those crops with 

widespread commercialization are helping efficiently to regain biodiversity in regions with intensive and 

industrial agriculture: Herbicide tolerant crops (10.1.) and pest tolerant Bt crops (10.2.) 

In a final chapter 11, the health benefits of Bt maize are documented: transgenic Bt maize has much 

lower mycotoxin levels than non-transgenic maize. 

 

3. The needs for biodiversity ɀ the general case 
Biological diversity (often contracted to biodiversity) has emerged in the past decade as a key area of 

concern for sustainable development, but crop biodiversity, the subject of this book, is rarely considered.  

The authorΩs contribution to the discussion of crop biodiversity in this volume should be considered as 

part of the general case for biodiversity.  Biodiversity provides a source of significant economic, 

aesthetic, health and cultural benefits.  It is assumed that the well-ōŜƛƴƎ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅ ƻŦ ŜŀǊǘƘΩǎ 

ecological balance as well as human society directly depend on the extent and status of biological 

diversity (Table 1).  Biodiversity plays a crucial role in all the major biogeochemical cycles of the planet.  

Plant and animal diversity ensures a constant and varied source of food, medicine and raw material of all 

sorts for human populations.  Biodiversity in agriculture represents a variety of food supply choice for 

balanced human nutrition and a critical source of genetic material allowing the development of new and 

improved crop varieties.  In addition to these direct-use benefits, there are enormous other less tangible 

benefits to be derived from natural ecosystems and their components. These include the values attached 

to the persistence, locally or globally, of natural landscapes and wildlife, values, which increase as such 

landscapes and wildlife become scarce.   

Biological diversity may refer to diversity in a gene, species, community of species, or ecosystem, or even 

more broadly to encompass the earth as a whole.  Biodiversity comprises all living beings, from the most 

primitive forms of viruses to the most sophisticated and highly evolved animals and plants.  According to 

ǘƘŜ мффн LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴǾŜƴǘƛƻƴ ƻƴ .ƛƻƭƻƎƛŎŀƭ 5ƛǾŜǊǎƛǘȅΣ ōƛƻŘƛǾŜǊǎƛǘȅ ƳŜŀƴǎ άǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ŀƳƻƴƎ 
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living organisms from all sources including, terrestrial, marine, and other aquatic ecosystems and the 

ŜŎƻƭƻƎƛŎŀƭ ŎƻƳǇƭŜȄŜǎ ƻŦ ǿƘƛŎƘ ǘƘŜȅ ŀǊŜ ǇŀǊǘέ (CBD, 1992)  It is important not to overlook the various 

scale-dependent perspectives of biodiversity, as this can lead to many misunderstandings in the debate 

about biosafety.  It is not a simple task to evaluate the needs for biodiversity, especially to quantify the 

agro ecosystem biodiversity vs. total biodiversity (Purvis & Hector, 2000; Tilman, 2000). 

One example may be sufficient to illustrate the difficulties: Biodiversity is indispensable to sustainable 

ǎǘǊǳŎǘǳǊŜǎ ƻŦ ŜŎƻǎȅǎǘŜƳǎΦ .ǳǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ Ƙŀǎ Ƴŀƴȅ ŦŀŎŜǘΩǎΣ ŀƳƻƴƎ ƻǘƘŜǊǎ ŀƭǎƻ ǘƘŜ ƴŜŜŘ ǘƻ ŦŜŜŘ ŀƴŘ ǘƻ 

organize proper health care for the poor. This last task is of utmost importance and has to be balanced 

against biodiversity per se, such as in the now classic case of the misled total ban on DDT, which caused 

hundreds of thousands of malaria deaths in Africa in recent years, the case is summarized many 

publications, here a small selection: (Attaran & Maharaj, 2000; Attaran et al., 2000; Curtis, 2002; Curtis & 

Lines, 2000; Horton, 2000; Roberts et al., 2000; Smith, 2000; Taverne, 1999; Tren & Bate, 2001; WHO, 

2005) 

3.1. Relationship between biodiversity and ecological parameters  
The relationships between biodiversity and ecological parameters, linking the value of biodiversity to 

human activities are partially summarized in Table 1. 

Table 1 Primary goods and services provided by ecosystems 

 

Ecosystem Goods Services 

Agro ecosystems Food crops Maintain limited watershed functions (infiltration, flow  

 Fiber crops    control, partial soil protection) 

 Crop genetic resources Provide habitat for birds, pollinators, soil organisms 

  important to agriculture  

Build soil organic matter 

Sequester atmospheric carbon 

Provide employment 

Forest ecosystems Timber 

Fuel wood 

Drinking and irrigation water 

Fodder 

Non-timber products (vines, 

bamboos, leaves, etc.)  

Food (honey, mushrooms, 

   fruit, and other edible  

   plants; game) 

Genetic resources 

Reduce air-pollutants, emit oxygen 

Cycle nutrients 

Maintain array of water shed functions (infiltration,  

   purification, flow control, soil stabilization) 

Maintain biodiversity 

Sequester atmospheric carbon 

Generate soil  

Provide employment 

Provide human and wildlife habitat 

Contribute aesthetic beauty and provide recreation 

Freshwater  

ecosystems 

Drinking and irrigation water 

Fish 

Hydroelectricity 

Genetic resources 

Buffer water flow (control timing and volume) 

Dilute and carry away wastes 

Cycle nutrients 

Maintain biodiversity 

Sequester atmospheric carbon 

Provide aquatic habitat 

Provide transportation corridor 

Provide employment 

Contribute aesthetic beauty and provide recreation  
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Grassland 

ecosystems 

Livestock (food, game,     

   hides, fiber) 

Drinking and irrigation    

   water 

Genetic resources 

Maintain array of watershed functions (infiltration,  purification, flow 

control, soil stabilization) 

Cycle nutrients 

Reduce air-pollutants, emit oxygen 

Maintain biodiversity 

Generate soil 

Sequester atmospheric carbon 

Provide human and wildlife habitat 

Provide employment 

Contribute aesthetic beauty and provide recreation 

Coastal and marine 

ecosystems 

Fish and shellfish 

Fishmeal (animal feed) 

Seaweeds (for food  

    and  industrial use) 

Salt 

Genetic resources 

Petroleum, minerals 

Moderate storm impacts (mangroves; barrier islands) 

Provide wildlife (marine and terrestrial) habitat 

Maintain biodiversity 

Dilute and treat wastes 

Sequester atmospheric carbon 

Provide harbors and transportation routes 

Provide human and wildlife habitat 

Provide employment 

Contribute aesthetic beauty and provide recreation 

Desert Limited grazing, hunting Sequester atmospheric carbon 

ecosystems Limited fuelwood Maintain biodiversity 

 Genetic resources Provide human and wildlife habitat 

 Petroleum, minerals Provide employment 

  Contribute aesthetic beauty and provide recreation 

Urban space Provide housing and employment 

ecosystems  Provide transportation routes 

  Contribute aesthetic beauty and provide recreation 

  Maintain biodiversity 

  Contribute aesthetic beauty and provide recreation 

 

3.2. A new concept of sustainability  
With this introduction, the following sustainability scheme can easily be understood: The left column is 

really the most important one when it comes to necessities of mankind: But in order to reach 

sustainability in agriculture, we must adopt progressive management strategies, it will be necessary to 

combine the most efficient and sustainable agriculture production systems. Details can be seen in the fig. 

1. It should be made clear that agriculture needs to become highly competitive, innovative and there is 

an urgent need to produce more on a smaller surface. But all efforts will be in vain, if we do not succeed 

to make substantial progress in the fields of socio-economics and Technology. 

Unfortunately, the concept of sustainability is often seen in combination with an extremely defensive 

ŎƻƴŎŜǇǘ ƻŦ ǘƘŜ ǇǊŜŎŀǳǘƛƻƴŀǊȅ άǇǊƛƴŎƛǇƭŜέ ς which actually has to be called correctly the precautionary 

approach (Böschen, 2009), it is often abused as a defence against the introduction of GM crops. 

If we want to aim at a more sustainable world, it needs more than defensive measures usually 

advocated. 

Sustainable development has been defined in many ways, but the most frequently quoted definition is 

from Our Common Future, also known as the Brundtland Report  (UN-Report-Common-Future, 1987): 
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"Sustainable development is development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs. It contains within it two key concepts: 

the concept of needs, in particular the essential needs of the world's poor, to which overriding priority 

should be given; and 

the idea of limitations imposed by the state of technology and social organization on the environment's 

ability to meet present and future needs 

Sustainability is usually understood as a definition with a rather defensive spirit, but if one reads it in its 

original content, then the words envision uncompromisingly the way forward ς asking not only for 

conservation, but also for development and management of patterns of production and consumption. 

The declaration of the OECD, authored by Yokoi (Yokoi, 2000) catalogues a range of concrete measures 

and rules in order to achieve a more sustainable agriculture.  It is remarkable, that the proposed 

indicators do not distinguish between farming with or without transgenic crops. 

The scheme in Figure 1 meets those needs and asks for an intransigent view of the future. The three 

column model has been chosen with care, and as one can see,  

¶ the most important column to the left is agriculture. Lǘ ŘŜƳŀƴŘǎ άǘƻ ŦƻǎǘŜǊ ǊŜƴŜǿŀōƭŜ  

resources, knowledge based agriculture  (Trewavas, 2008) and with some additions 

(Swaminathan, 2001) (Ammann, 2007b, 2008d). The rather provocative word άhǊƎŀƴƛŎ tǊŜŎƛǎƛƻƴ 

.ƛƻǘŜŎƘƴƻƭƻƎȅ !ƎǊƛŎǳƭǘǳǊŜέ ƛǎ ƴƻǿ ŎƻƛƴŜŘΣ ŀ ǎƘƻǊǘŜǊ ƻƴŜ ƳƛƎƘǘ ōŜ άƻǊƎŀƴƻǘǊŀƴǎƎŜƴƛŎέ 

!ƎǊƛŎǳƭǘǳǊŜΣ ōǳǘ ǘƘŜ Ƴƻǎǘ ŜƭŜƎŀƴǘ άƻǊƎŜƴƛŎέ (Gressel, 2009) is unfortunately already lost to other 

purposes.  By no means does this want to suggest that the mistakes of organic farming  or 

exaggerated industrialisation of production  should be included; those mistakes in organic 

farming are dealt with properly in my previous article in New Biotechnology (Ammann, 2008d). 

The most dramatic mistakes in organic farming are the low yield, documented in many long term 

monitoring experiments and the eco-imperialist attitude towards farmers of the developing 

world (Paarlberg, 2000, 2009; Paarlberg, 2001; Paarlberg, 2002). On the positive side is some 

pioneering work in developing recycling loops in agriculture (Albihn, 2001; Ernst, 2002; 

Granstedt, 2000a, b; Kirchmann et al., 2005; Korn, 1996; Srivastava et al., 2004) and also in 

better landscape management: (Belfrage et al., 2005; Boutin et al., 2008; Clemetsen & van Laar, 

2000a; Filser et al., 2002; Hadjigeorgiou et al., 2005; Hendriks et al., 2000; Holst, 2001; Jan 

Stobbelaar & van Mansvelt, 2000; Kuiper, 2000; MacNaeidhe & Culleton, 2000; Norton et al., 

2009; Potts et al., 2001; Rossi & Nota, 2000; Schellhorn et al., 2008; Skar et al., 2008; Stobbelaar 

et al., 2000). For more documentation see the previous paragraph on landscape management 

and organic farming. To balance local production against  global trade will not be easy, since the 

equilibrium between the demands and perils of pressure to produce for global trading and local 

food production must be found. The economic basis should be important, but local social 

networking and life need to be taken into account as well. 

¶ Middle column: Socio-Ethics: It is of utmost importance to reach greater equity, especially in 

these difficult times of the credit crunch 2009. It will be imperative to reduce the huge 

agricultural subsidies paid to the farmers in the developed world, a kind of protectionism which 
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needs to be questioned. Access to global markets is important, but should not hamper local food 

production and social structures in the developing world. The myth that developing countries are 

in the tight grip of multinationals can be debunked with some publications: (Atkinson, 2003; 

Beachy, 2003; Chrispeels, 2000; Cohen, 2005; Cohen & Galinat, 1984; Cohen & Paarlberg, 2004; 

Dhlamini et al., 2005). A new creative capitalism ς a novel discussion which would have  been 

totally utopic before the global economic crisis ς needs our attention. It will be a demanding 

process to reconcile traditional knowledge with modern science; the IP system is up to now 

completely unilateral, and no wonder since it has been created by the developed world.  In the 

IP handbook of Krattiger et al. (accessible over the internet),there  are numerous contributions 

offering innovative solutions to reconcile this contrast; the author also contributed and offered 

some solutions  (Ammann, 2006).  This contribution made it clear that we need a big boost in 

breeding science, but also a new focus on emerging fields in science: biomimetics (formerly 

bionics) could be a promising area of research, where high technology  equipment is certainly 

helpful, but not indispensable, and agriculture needs new research goals for new production 

lines. Hygroscopic mechanisms are offered within the plant kingdom and also abundantly with 

insects, but the details, often functioning for 200 years beyond the organismal death, need 

clarification;  maybe in some future days we will be able to use the adiabatic moisture 

differences of our daily climate fluctuations to produce power. 

¶ Right column on evolution: The most audacious third column questions our view of evolution in 

the biological and in the general sense of the word. Evolution deplorably still contains ς often 

not conscious ς some elements of creationism (Mayr, 1991) ς and this not only with opponents 

of gene splicing. It will be important to emancipate these views and make clear, that for many 

years we have taken human evolution into our own hands through modern medicine, and we 

need to deal with the problems and prospects of a new evolutionary view. Modern breeding has 

the potential to enlighten the population, if done in an ethically acceptable way and if 

communicated properly. The tasks will grow over the next decades, and in many fields of science 

ǿŜ ŀǊŜ ŀƭǊŜŀŘȅ ƴƻǿ ƘŜŀǾƛƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ŎŀƭŎǳƭŀǘƛƻƴ ǇƻǿŜǊΤ ǘƘŜǊŜŦƻǊŜΣ ƭŜǘΩǎ ƳŀƪŜ sure that 

mathematical algorithms can be translated into useful artificial intelligence in the service of 

mankind. We need the help of all new and emerging technologies (of course regulated in a 

sensible way) in order to enhance food production and the livelihood of mankind. The statement 

άƻƴƭȅ ƻƴŜ ǇƭŀƴŜǘέ ƛǎ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ŀ ǊŜƳƛƴŘŜǊ ǘƻ ǇǊŜŎŀǳǘƛƻƴΣ ōǳǘ ŀǇǇŜŀƭǎ ŀƭǎƻ ǘƻ ƻǳǊ 

responsibility to take evolution as a whole into our own hands. This can only be achieved if we 

have a close and conscious look at the cultural side of human evolution as a whole with all its 

ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ƻǳǊǎŜƭǾŜǎΦ ¢Ƙƛǎ ǿƛƭƭ ōŜ  ŀƴƻǘƘŜǊ ǎǘǊƛƴƎ ƻŦ ǘƘƻǳƎƘǘǎ ƛƴ ŀ ƴŜȄǘ ŦŜŀǘǳǊŜ  ƻƴ Ψ5ŀǊǿƛƴ 

ŀƴŘ ōŜȅƻƴŘΩΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŜǾƻƭǳǘƛƻƴŀǊȅ ǘƘŜƻǊȅ ŀŦǘŜǊ 5ŀǊǿƛƴ ƻƴ ŀƭƭ ƭŜǾŜƭǎΣ ŦǊƻƳ ǘƘŜ 

molecules to culture, it will need historical and philosophical scrutiny, going far beyond the usual 

disputes on technologies. (Azzone, 2008; Mesoudi & Danielson, 2008). 
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Fig. 1  A new concept of a sustainable world, in AGRICULTURE based on renewable natural resources, knowledge based 
agriculture and organic precision biotech-agriculture, in SOCIO-ECONOMICS based on equity, global dialogue, reconciliation 
of traditional knowledge with science, reduction of agricultural subsidies and creative capitalism, in TECHNOLOGIES in 
(Ammann, 2009c). 

4. Types of Biodivers ity   

4.1. Genetic diversity  
In many instances genetic sequences, the basic building blocks of life, encoding  functions and proteins 

are almost identical (highly conserved) across all species.  The small un-conserved differences are 

important, as they often encode the ability to adapt to specific environments.  Still, the greatest 

importance of genetic diversity is probably in the combination of genes within an organism (the 

genome), the variability in phenotype produced, conferring resilience and survival under selection.  Thus, 

it is widely accepted that natural ecosystems should be managed in a manner that protects the untapped 

resources of genes within the organisms needed to preserve the resilience of the ecosystem.  Much work 

remains to be done to both characterize genetic diversity and understand how best to protect, preserve, 

and make wise use of genetic biodiversity (Batista et al., 2008; Baum et al., 2007; Cattivelli et al., 2008; 

Mallory & Vaucheret, 2006; Mattick, 2004; Raikhel & Minorsky, 2001; Witcombe et al., 2008). 
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The number of metabolites found in one species exceeds the number of genes involved in their 

biosynthesis. The concept of one gene - one mRNA - one protein - one product needs modification.  

There are many more proteins than genes in cells because of post-transcriptional modification.  This can 

partially explain the multitude of living organisms that differ in only a small portion of their genes.  It also 

explains why the number of genes found in the few organisms sequenced is considerably lower than 

anticipated.  

 

4.2. Species diversity  
For most practical purposes measuring species biodiversity is the most useful indicator of biodiversity, 

even though there is no single definition of what is a species.  Nevertheless, a species is broadly 

understood to be a collection of populations that may differ genetically from one another to some 

extent degree, but whose members are usually able to mate and produce fertile offspring.  These genetic 

differences manifest themselves as differences in morphology, physiology, behaviour and life histories; 

in other words, genetic characteristics affect expressed characteristics (phenotype).  Today, about 1.75 

million species have been described and named but the majority remains unknown.  The global total 

might be ten times greater, most being undescribed microorganisms and insects (May, 1990). 

 

4.3. Ecosystem diversity  
At its highest level of organization, biodiversity is characterized as ecosystem diversity, which can be 

classified in the following three categories:  

Natural ecosystems, i.e. ecosystems free of human activities. These are composed of what has been 

ōǊƻŀŘƭȅ ŘŜŦƛƴŜŘ ŀǎ άbŀǘƛǾŜ .ƛƻŘƛǾŜǊǎƛǘȅέΦ Lǘ ƛǎ ŀ ƳŀǘǘŜǊ ƻŦ ŘŜōŀǘŜ ǿƘŜǘƘŜǊ ŀƴȅ ǘǊǳƭȅ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳ 

exists today, as human activity has influenced most regions on earth.  It is unclear why so many 

ŜŎƻƭƻƎƛǎǘǎ ǎŜŜƳ ǘƻ ŎƭŀǎǎƛŦȅ ƘǳƳŀƴǎ ŀǎ ōŜƛƴƎ άǳƴƴŀǘǳǊŀƭέΦ 

Semi-natural ecosystems in which human activity is limited.  These are important ecosystems that are 

subject to some level of low intensity human disturbance. These areas are typically adjacent to managed 

ecosystems.  

Managed ecosystems are the third broad classification of ecosystems.  Such systems can be managed by 

humans to varying degrees of intensity from the most intensive, conventional agriculture and urbanized 

areas, to less intensive systems including some forms of agriculture in emerging economies or 

sustainably harvested forests.   

Beyond simple models of how ecosystems appear to operate, we remain largely ignorant of how 

ecosystems function, how they might interact with each other, and which ecosystems are critical to the 

services most vital to life on earth.  For example, the forests have a role in water management that is 

crucial to urban drinking water supply, flood management and even shipping.  

Because we know so little about the ecosystems that provide our life-support, we should be cautious and 

work to preserve the broadest possible range of ecosystems, with the broadest range of species having 
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the greatest spectrum of genetic diversity within the ecosystems. Nevertheless, we know enough about 

the threat to, and the value of, the main ecosystems to set priorities in conservation and better 

management.  We have not yet learnt enough about the threat to crop biodiversity, other than to 

construct gene banks, which can only serve as an ultimate ratio ς we should not indulge into the illusion 

that large seed banks could really help to preserve crop biodiversity. The only sustainable way to 

preserve a high crop diversity, i.e. also as many landraces as possible, is to actively cultivate and breed 

them further on. This has been clearly demonstrated by the studies of Berthaud and Bellon (Bellon & 

Berthaud, 2004, 2006; Bellon et al., 2003; Berthaud, 2001)  Even here we have much to learn, as the vast 

majority of the deposits in gene banks are varieties and landraces of the four major crops.  The theory 

behind patterns of general biodiversity related to ecological factors such as productivity is rapidly 

evolving, but many phenomena are still enigmatic and far from understood (Schlapfer et al., 2005; 

Tilman et al., 2005), as for example why habitats with a high biodiversity are more robust towards 

invasive alien species. 

 

5. The global distribution of biodiversity  
Biodiversity is not distributed evenly over the planet. Species richness is highest in warmer, wetter, 

topographically varied, less seasonal and lower elevation areas. There are far more species in total per 

unit area in temperate regions than in polar ones, and far more again in the tropics than in temperate 

regions. Latin-America, the Caribbean, the tropical parts of Asia and the Pacific all together host eighty 

percent of the ecological mega-diversity of the world. An analysis of global biodiversity on a strictly 

metric basis demonstrates that besides the important rain forest areas there are other hotspots of 

biodiversity, related to tropical dry forests for example (Kier et al., 2005; Kuper et al., 2004; Lughadha et 

al., 2005).  

Within each region, every specific type of ecosystem will support its own unique suite of species, with 

their diverse genotypes and phenotypes. In numerical terms, global species diversity is concentrated in 

tropical rain forests and tropical dry forests.  Amazon basin rainforests can contain up to nearly three 

hundred different tree species per hectare and supports the richest (often frugivorous) fish fauna known, 

with more than 2500 species in the waterways. The sub-montane tropical forests in tropical Asia and 

South America are considered to be the richest per unit area in animal species in the world. (Vareschi, 

1980). 
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Fig. 2  Global biodiversity value: a map showing the distribution of some of the most highly valued terrestrial biodiversity 
world-wide (mammals, reptiles, amphibians and seed plants), using family-level data for equal-area grid cells, with red for 
high biodiversity and blue for low biodiversity (Williams et al., 2003) 

6. Loss of biodiversity  

6.1. Agriculture as the major factor of biodiversity loss  
Biodiversity is being lost in many parts of the globe, often at a rapid pace. It can be measured by loss of 

individual species, groups of species or decreases in numbers of individual organisms. In a given location, 

the loss will often reflect the degradation or destruction of a whole ecosystem.  The unchecked rapid 

growth of any species can have dramatic effects on biodiversity.  This is true of weeds, elephants but 

especially humans, who being at the top of the chain can control the rate of proliferation of other 

species, as well as their own, when they put their mind to it.   

Habitat loss due to the expansion of human urbanisation and the increase in cultivated land surfaces is 

identified as a main threat to eighty five percent of all species described as being close to extinction.  The 

shift from natural habitats towards agricultural land paralleled population growth, often thoroughly and 

irreversibly changing habitats and landscapes, especially in the developed world.  Many from the 

developed world are trying to prevent such changes from happening in developing nations, to the 

consternation of many of inhabitants of the developing world who consider this to be eco-imperialism, 

promulgated by those unable to correct their own mistakes. A clear decline of biodiversity due to 

agricultural intensification is documented by (Robinson & Sutherland, 2002) for the post-war period in 

Great Britain. 

Today, more than half of the human population lives in urban areas, a figure predicted to increase to 

sixty percent by 2020 when Europe, and the Americas will have more than eighty percent of their 
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population living in urban zones.  Five thousand years ago, the amount of agricultural land in the world is 

believed to have been negligible. Now, arable and permanent cropland covers approximately one and a 

half billion hectares of land, with some 3.5 billion hectares of additional land classed as permanent 

pasture.  The sum represents approximately 38% of total available land surface of thirteen billion ha 

according to FAO statistics. 

Habitat loss is of particular importance in tropical regions of high biological diversity where at the same 

time food security and poverty alleviation are key priorities.  The advance of the agricultural frontier has 

ƭŜŘ ǘƻ ŀƴ ƻǾŜǊŀƭƭ ŘŜŎƭƛƴŜ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ŦƻǊŜǎǘǎΦ ²ƘƛƭŜ ǘƘŜ ŀǊŜŀ ƻŦ ŦƻǊŜǎǘ ƛƴ ƛƴŘǳǎǘǊƛŀƭƛǎŜŘ ǊŜƎƛƻƴǎ ǊŜƳŀƛƴŜŘ 

fairly unchanged, natural forest cover declined by 8% in developing regions. It is ironical that the most 

bio-diverse regions are also those of greatest poverty, highest population growth and greatest 

dependence upon local natural resources. (Lee & Jetz, 2008) 

 

Fig. 3  Regional environmental trends in habitat loss (UNEP, 1997) 
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Fig. 4 Estimated loss and gain of plant species from 2000 to 2005. It is interesting to see that in highly disturbed regions as 
Europe, SE-Asia and North America the number of species has even augmented, but no doubt: always on the cost of the 
indigenous flora. http://maps.grida.no/go/graphic/estimated-loss-of-plant-species-2000-2005 

 

6.2. Introduced species, another threat to biodiversity   
Unplanned or poorly planned introduction of non-ƴŀǘƛǾŜ όάŜȄƻǘƛŎέ ƻǊ άŀƭƛŜƴέύ ǎǇŜŎƛŜǎ ŀƴŘ ƎŜƴŜǘƛŎ ǎǘƻŎƪǎ 

is a major threat to terrestrial and aquatic biodiversity worldwide.  There are hundreds if not thousands 

of new and foreign genes introduced with trees, shrubs, herbs, microbes and higher and lower animals 

each year (Kowarik, 2005; Sukopp & Sukopp, 1993). Many of those organisms sometimes barely survive 

and can, after years and even many decades of adaptation, begin to be invasive. In the case of exotic 

tree species in Central Europe, the average lag time has been calculated to about 150 years (Kowarik, 

2005).  This might be misconstrued as increasing biodiversity, but the final effect is sometimes the 

opposite ς even though (Landolt, 1994) has enumerated after years of inventory work for the town of 

Zurich some 2000 higher plant species, a majority of which inhabit disturbed and ruderal habitats. Still, in 

natural biota the introduced species often displace native species such that many native species become 

extinct or severely limited, such cases are known to be very serious in tropical islands (Ammann, 1997; 

Fowler et al., 2000). An important share of alien species originates from agricultural weeds and as a 

result of constant traffic with commercial seeds and plant materials such as cotton. 

Freshwater habitats worldwide are amongst the most modified by humans, especially in temperate 

regions.  In most areas, introduction of non-native species is the most or second most important activity 

affecting inland aquatic areas, with significant and often irreversible impacts on biodiversity and 

ecosystem function. A classic example is the extinction of half to two thirds of the indigenous fish 

http://maps.grida.no/go/graphic/estimated-loss-of-plant-species-2000-2005























































