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Executive Summary   M 

This paper gives an overview of biodiversity and how it is impacted by agricultural biotechnology, 

building upon chapters on the impact of biotechnology on biodiversity for the European Federation 

of Biotechnology (Braun & Bennett, 2001) and UNESCO (Braun & Ammann, 2002). Biodiversity 

encompasses the fundamental bases of life on earth, including genetic, species and ecosystem 

diversity. There is a need to better understand biodiversity in terms of its fundamental components 

(genes and taxa), the interrelatedness of these components (ecology), their importance for human 

life and life in general, and the factors that threaten biodiversity. Within the tropics, Biodiversity is 

still concentrated in unmanaged habitats. In temperate zones, particularly in the European Union, 

almost 50% of the landscape is agricultural, and agricultural lands contain a significant portion of 

the biodiversity in these zones. The greatest threats to biodiversity are destruction and 

deterioration of habitats, particularly in tropical developing countries, and introductions of exotic 

species. Maintaining biodiversity requires addressing these threats. 

Many of the factors affecting biodiversity are related directly or indirectly to the needs of agricultural 

production, and it is important to consider how these impacts could be mitigated. Increasing human 

population and limited arable land have demanded increased agricultural productivity leading to 

more intensive agricultural practices on a global basis. In response, higher yielding crop varieties 

have been coupled with increased inputs in the form of fertilizers, irrigation,  and pesticides and 

more intensive practices such as greater tillage of soil and fewer crop rotations and fallows. More 

recently, technological advances have led to the development of genetically modified (GM) crops 

with insect resistance and herbicide tolerance that have a demonstrated potential to enhance 

productivity. These technologies have been broadly adopted in some farming systems, replacing 

broad-spectrum insecticides in some systems and facilitating reductions in tillage in others.  

Agricultural impacts on biodiversity can be divided into impacts on in-field biodiversity and impacts 

on natural (off-site) biodiversity. Intensive agriculture has negative impacts on both species and 

genetic biodiversity within agricultural systems, primarily because of low crop and structural 

diversity but also through pesticide use and tillage. These impacts can be addressed by 

encouraging diversification of agricultural systems, and by reducing broad-spectrum insecticide 

use and tillage, both of which GM crops can achieve in some systems. Agricultural impacts on 

natural biodiversity primarily stem from conversion of natural habitats into agricultural production 

and from irrigation. Transport of fertilizers and pesticides into aquatic systems also causes 

significant habitat deterioration through eutrophication and toxicity. Increasing the efficiency of 

agricultural production can reduce these impacts, as can minimizing off-site movement of fertilizers 

and pesticides by reducing tillage and total agricultural inputs. Technologies such as GM crops are 

important in this respect. Benefits of GM crop growing related to biodiversity are already visible in 

sound field experiments and can be improved through enhanced management. 

Overall, creating agricultural systems with lower impact on offside biodiversity and maintenance of 

high levels of inside biodiversity will require us to utilize all available technologies while 

simultaneously encouraging appropriate farmer practices. This also means that agricultural and 

conservation policy should work together in order to develop appropriate markets. 
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Section 

 Basics of 

Biodiversity  
1 

 
M 

Definition of Biodiversity  

Biological diversity is a term that may refer to diversity in a gene, species, community of species, or 

ecosystem. It is often contracted to biodiversity and used broadly with reference to the total 

biological diversity in an area or 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 the Convention on Biological Diversity, biodiversity means ñthe variability 

among living organisms from all sources including, inter alia, terrestrial, marine, and other aquatic 

ecosystems and the ecological complexes of which they are partò (CBD, 1992). It is important not 

to oversee the various scale-dependent perspectives of biodiversity, as described in the 

paragraphs below, since this can be the source of many misunderstandings in the debate of 

biosafety. It is not a simple task to define biodiversity, nor to quantify it: (Tilman, 2000), (Purvis & 

Hector, 2000) 

There are many websites dealing with biodiversity and its definition, amongst which: 

GBIF, Global Biodiversity Information Facility (GBIF, 2003) 

BioCase, A Biological Collection Access Service for Europe (BioCase, 2003),  

Natural Science Collections Alliance (Alliance, 2003),  

European Community Biodiversity Clearing House Mechanism (European Community, 2003) 

Euro+Med Plant Base (Euro+Med, 2003) with an European perspective. 

European Federation of Biotechnology, Section Biodiversity (EFB, 2003) 

The present section will look at biodiversity at all levels but the paper will then focus on gene and 

species diversity, particularly in terrestrial and freshwater environments. 

Genetic, Species and Ecosystem Diversity   M 

Genetic diversity  

Genes are the basic building blocks of life. In many instances genetic sequences, functions and 

the proteins encoded by the genes are almost identical (highly conserved) across all species. The 

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

genome), the variability in phenotype that they produce as well as their resilience and survival 

under selection. As such, it is widely believed that ecosystems, natural ecosystems in particular, 

should be managed in a way that protects the untapped resource of genes within their host 

organisms. Today, much work remains to be done to both characterize genetic diversity and 

understand how best to protect and make wise use of it. (Raikhel & Minorsky, 2001). 
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It becomes obvious that 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. It turns out that there are many more proteins than genes in cells 

because of post-transcriptional modification. This would now also explain the multitude of living 

organisms which differ in only a small portion of their genes. Also it explains why the number of 

genes discovered in the few organisms sequenced is considerably lower than anticipated. 

Species diversity   M 

For most practical purposes, species are the most useful units for biodiversity research and 

species diversity is the most useful indicator  of biodiversity. There is no single definition of what a 

species is and species-level taxonomy can change with new data as well as new approaches. 

Nevertheless, a species could broadly be defined as a collection of populations that may differ 

genetically from one another to a greater or lesser degree, but whose individuals are facultative 

able to mate and produce 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, many of these being undescribed insects (Table 1). 

Table 1: Estimated numbers of described species and possible global total 

Kingdoms  

 

Phyla  Described 
species  

Estimated  
total  

Bacteria  4,000 1,000,000 

Protoctista  80,000 600,000 

Animalia    

 Craniata (vertebrates) total 52,000 55,000 

  Mammals 4,630  

  Birds 9,946  

  Reptiles 7,400  

  Amphibians 4,950  

  Fishes 25,000  

 Mandibulata (insects & 
myriapods) 

963,000 8,000,000 

 Chelicerata (arachnids etc) 75,000 750,000 

 Mollusca 70,000 200,000 

 Crustacea 40,000 150,000 

 Nematoda 25,000 400,000 

Fungi  72,000 1,500,000 

Plantae  270,000 320,000 

TOTAL  1,750,000 14,000,000 

(Source:UNEP  World Conservation Monitoring Center 2000) (Groombridge & Jenkins, 2000) 

Ecosystem diversity   M 

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 anthropogenic management activities. These are 

composed of what has been broadly defined as ñNative Biodiversityò. It is a matter of debate 

whether any truly natural ecosystem exists today since human activity has influenced most regions 

on earth.  
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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 typically abut managed 

ecosystems.  

The third broad classification of ecosystems are ñmanaged ecosystemsò. Such systems can be 

managed 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 

they function, how different ecosystems might interact with each other, and which ecosystems are 

critical to the services most vital to life on Earth. The role of the forests for water management is 

crucial due to acute threats through urbanisation, in particular also the dry tropical forests. 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. Nevertheless, we know enough 

about the threat status and the value of the main ecosystems in order to set priorities in 

conservation and better management (World Resources Institute, 2000)  Theory behind patterns of 

biodiversity related to ecological factors is rapidly evolving, but many phenomena are still 

enigmatic and far from understood (Gaston, 2000) 

 

Letôs sum up with the words of Lyn Margulis:  

ñWhat is life? It is a linguistic trap. To answer according to the rules of grammar, we must supply a noun, a 
thing. But life on Earth is more like a verb. It is a material process, surfing over matter like a strange slow 
wave. It is a controlled artistic chaos, a set of chemical reactions so staggeringly complex that more than 4 
billion years ago it began a sojourn that now, in human form, composes love letters and uses silicon 
computers to calculate the temperature of matter at the birth of the universe.ò (Margulis, 1995) 

 

 

 

 

Distribution of Biodiversity   M 

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 (Figure 1). Latin America, the Caribbean, Asia and the Pacific host together 

80% of the ecological mega-diversity of the world. 

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. The Amazon basin contains for example 87 to nearly 300 

different tree species per hectare and supports the richest fish fauna known, with more than 2500 

species. The forests in Asia and South America are considered to be especially rich in animal 

species.  
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Species and genetic diversity within any agricultural field will be more limited than in a natural or 

semi-natural ecosystem. Nevertheless, agricultural ecosystem can be dynamic in terms of species 

diversity over time due to the amount of management. Biodiversity in agricultural settings is 

extremely important at country level in areas where the proportion of land allocated to agriculture is 

high. This is the case in Europe for example, where 45% of the land is dedicated to arable and 

permanent crop or permanent pasture (FAOSTAT, 2003). In the UK, this figure is even higher, at 

70%. Consequently, biodiversity is to a large degree influenced by man since centuries, and 

changes in agrobiological management will influence biodiversity in such countries overall. Instead 

of lamenting the loss of single rare birds (which anyway may be the product of agricultural activity 

to a great extent) it would be important to think along innovative lines to enhance biodiversity in 

general. 

 

 Figure 1  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). 

 

Loss of Biodiversity   M 

Threats to global biodiversity  

Loss of biodiversity is occurring 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. Recently the Subsidiary Body on Scientific, Technical and Technological Advice 

(SBSTTA, 2003) of the Convention on Biological Diversity ranked threats to global biodiversity in 

the following manner:  

 

 

Habitat loss: Probably the most serious of all threats to biodiversity 

Introduction of exotic species 
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Further: flooding, lack of water, climate changes, salination etc., all of which may be either natural 

or man-made (not dealt with in this report). 

The United Nations Environment Program, in their 1997 Global State of the Environment report 

(UNEP, 1997), described regional environmental trends as shown in Figure 2. 

 

 

 

 

Figure 2: Regional environmental trends in habitat loss (UNEP, 1997). 

The unchecked rapid growth of human population has had dramatic effects on biodiversity 

worldwide. Habitat loss due to the expansion of human activities is identified as a main threat to 

85% of all species described in the IUCN Red List (IUCN, 2000). Main factors are urbanisation and 

the increase in cultivated land surfaces.  

The shift from natural habitats towards agricultural land must have been dramatic in past times. the 

following map illustrates this: The spread of wheat in Europe must have changed habitats and 

landscapes thoroughly and irreversibly: 

 


























































































































