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1. The Issue
Genetically engineed crops are often taken automaticaftyr the main reason of biodiversity loss.

There are numeroufalse claim®f this kind, such as VandaBhiva gives in her frequent world tours
Shiva, V., Emani, A., & Jafri, A.H. (1999)

Globalization and threat to seed securit€ase of transgenic cotton trials in India. Economic and Political Weekly,-34, fp
601-613 http:// www.askforce.ch/webCotton/ShivaGlobalisatioAThreatSeedSecurity1999.pdf
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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 samionomic status of the farmers. Thisl\wi further aggravated since GE
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And another citatiorfrom Greenpeace Great Britain, downloaded from their website November 12,
20091

GThe introduction of genetidlg 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 tyiodiversi
and our own health. In addin, 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.

The contrary is true, GM crops can help reduce the application of herbicides arbighoblematic for

the environment, and a plethora of hdidata proofs that noriarget insects often survive quite well in

Bt maize fiads, whereas in no&M crop fields, often the netarget organisms suffer from massive
sprayingof chemicals problemat to the environmenand life Another set of hard facts has been
generated from the ndillage 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 madecIBiodiversity 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 ad progress is given (3.2.)

Types of biodiversity are often used without clear definition: genetic biodiversyigcies diversity and
ecosystem diversity are all part of biodiversity (4.).

A short chapter on global distribution on biodiversity closesgbreral part (5).

1 Greenpeace, statement on GM cropisp:// www.askforce.ch/wellFundamentalists/GreenpeaeBiodiversityGBwebsite
20091112.pdANDhttp://www.greenpeace.org.uk/gm
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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.).i&diversity is a kind of biological insurance for ecosystem processes (6.3.).

In chapter 7 crop biodiversity gets a closer look: the genome of transgenic crops is not basically different
from nontransgenic crops (7.1.).). Strikingly enough, the ancestogl species chosen by the first

farmers have lived in monodominant stands (7.2gricultural 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 agricultodaldrisity 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 witlthe use of pest resistant transgenic crops and by reducing pesticide use and
through notillage (8.5.), pustand-pull technologies (8.6.), better plant breeding (8.7), enhancing natural
resistance with biotechnology (8.8.).

In an interlude chapter 9 on #hactivities 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 doeuetk transgenic Bt maize has much
lower mycotoxin levels than nemansgenic maize.

3. The needs for biodiversity z the general case
Biological diversity (often contracted tmodiversity has emerged in the past decade as a key area of
concern for sustaint@e development, but crop biodiversity, the subject of this bookaisly considered.
The authof contribution to the discussion of crop biodiversity in this volume should be considered as
part of the general case for biodiversity. Biodiversity presid source of significant economic,
aesthetic, health and cultural benefits. It is assumed thatthe@&lA y 3 | Yy R LINR & LISNA G &
ecological balance as well as human society directly depend on the extent and status of biological
diversity (Table X1 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 agriculttepresents 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 diracte benefits, there are enormous other less tangibl
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 beconsearce.

.



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 sopticated and highly evolved animals and plants. According to
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living organisms from all sources including, terrestrial, marine, and other aquatic ecosystdrtiwe
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scaledependent perspectives of biodiversity, thés can lead to many misunderstandings in the debate
about biosafety. Itis not a simple task to evaluate the needs for biodiversity, especially to quantify the
agro ecosystem biodiversity vs. total biodiverg®yrvis & Hector, 2000; Tilman, 2000)

One example may be sufficient to illustrate thiéficulties: Biodiversity is indispensable to sustainable
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organize proper health care for the poor. This last task is of utmost importance and had&danced

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 selectiqdttaran & 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 1Primary goods and services providég ecosystems

Ecosystem Goods Services
Agro ecosystems Food crops Maintain limited watershed functions (infiltration, flow
Fiber crops control, partial soil protection)

Forest ecosystems

Freshwater
ecosystems

Crop genetic resources

Timber

Fuel wood

Drinking and irrigation water

Fodder

Nontimber products (vines,

bamboos, leaves, etc.)

Food (honey, mushrooms,
fruit, and other edible
plants; game)

Genetic resources

Drinking and irrigation water

Fish

Hydroelectricity

Genetic resources

Provide habitat for birds, pollinators, soil organisms
important to agriculture

Build soil organic matter

Sequester atmospheric carbon

Provide employment

Reduce abpollutants, emitoxygen

Cycle nutrients

Maintain array of water shed functions (infiltration,
purification, flow control, soil stabilization)

Maintain biodiversity

Sequester atmosph& carbon

Generate soll

Provide employment

Provide human and wildlife habitat

Contribute aesthetic beauty and provide recreation

Buffer water flow (control tintig and volume)

Dilute and carry away wastes

Cycle nutrients

Maintain biodiversity

Sequester atmospheric carbon

KI a



Grassland
ecosysems

Coastal and marine

Livestock (food, game,
hides, fiber)

Drinking and irrigation
water

Genetic resources

Fish and shellfish

Provide aquatic habitat

Provide transportation corridor

Provide employment

Contribute aesthetic beauty and provide recreation
Maintain array of watershed functions (infiltration, purification, flow
control, soil stabilization)

Cycle nutrients

Reduce a#pollutants, emit oxygen

Maintain biodiversity

Generate soll

Sequester atmospheric carbon

Provide human and wildlife habitat

Provide employment

Contribute aesthetic beauty and provide recreation
Moderate storm impacts (mangroves; barrier islands)

ecosystems Fishmeal (animal feed) Provide wildlife (marine and terrestrial) habitat
Seaweeds (fofood Maintain biodiversity
and industrial use) Dilute and treat wastes
Salt Sequester atmospheric carbon
Genetic resources Provde harbors and transportation routes
Petroleum, minerals 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 aesthéic 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 efficiendnd sustainable agriculture producin systemsDetails can be seen in the fig.
1.1t 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 seemonomics and’echnology.

Unfortunately, the concept of sustainability is often seen in combination with an extremely defensive
O2y OSLIi 27F (KS LINGvithdmiuallg yas thlie callddisdstly tBekptdtaltibnary
approach(Bdschen, 2009it 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 frequentldodefinition is
from Our Common Futur@lso known as the Brundtland Rep@uN-ReportCommonFuture, 1987)

"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 oheeds in particular the essential needs oéttvorld's poor, to which overriding priority
should be given; and

the idea oflimitations 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 aiiébn with a rather defensive spirit, but if one reads it in its
original content, then the words envision uncompromisingly the way forwaasking not only for
conservation, but also fatevelopmentaind managemenbf patterns ofproductionand consumpion.

The declaration of the OECD, authored by Y (kokoi, 2000¢atalogues 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 Figuremieets 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,

1 the most important column to the left isagriculture.L & RSYlF yRa a2 F2aiGSNI NBy
knowledge based agriculturéTrewavas, 2008nd with some additionéSwaminathan, 2001)
(Ammann, 2007b, 2008dThe rather provocative word h NBH I yA O t NSOA&A2Yy . A2
' AINROABG ¢gz8B ¢ O2AY SR | AK2NISNI 2yS YAIKG 0SS az2N
St SAl yi (GreseEH2DGAP ubfbrtunately already lost to other purposes. By no means
does this want to suggest that the mistakes of organic farming or exaggerated industrialisation
of production shald be included; those mistakes in organic farming are dealt with properly in
my previous article in New Biotechnolo@ymmann, 2008d)The most dramatic mistakes in
organic farming are the low yield, documented in many long term monitoring experiments and
the ecaeimperialist attitude towards farmers of the developing wb(Paarlberg, 2000, 2009;
Paarlberg, 2001; Paarlberg, 2000n the positive side is some pioneering work in developing
recycling loops in agricultur@lbihn, 2001; Ernsf002; Granstedt, 2000a, b; Kirchmann et al.,
2005; Korn, 1996; Srivastava et al., 2084d also in better landscape managemdi@elfrage et
al., 2005; Boutin et al., 2008; Clemetsen & van Laar, 2000a; Fier2202; 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.p80Stobbelaar et al., 2000yor 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 presge 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.



1 Middle column: SocieEthics:It is of utmost importance to reachrgater 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
needs to be questioned. Access to glatmarkets 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 publicatifhkinson, 2003;
Beachy, 2003; Chrispeels, 2000; Cohen, 2005; Cohen & Galinat, 1984; Cohen & Paarlberg, 2004;
Dhlamini et al., 2005)A new creative capitalisqa novel discussion which would have been
totally utopic before the global ecamic crisi; heeds our attention. It will be a demanding
process to reconcile traditional knowledge with modern science; the IP system is up to how
completely unilateral, and no wonder since it has been created by the developed world. In the
IP handboolof Krattiger et al. (accessible over the internet),there are nhumerous 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, whegh 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, oftefunctioning 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.
1 Right column on evolutionThe most audaous third column questions our view of evolution in
the biological and in the general sense of the word. Evolution deplorably still coqtaften
not conscioug; some elements of creationisgMayr, 1991); and this not only with opponents
of gene splicing. It will be important to emapate 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 problemand prospects of a new evolutionary view. Modern breeding has
the potential to enlighten tk 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
S INB It NBIFIRe y2¢ KSIFI@Afte RSLISYRSydG 2y OFff Odz
mathematial 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 mankirelstatement
az2yfte 2yS LXFySd¢e Aa 4 GKS aryS GAYS I NBYAYR
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 sideinfdan evolution as a whole with all its
O2yaSljdsSyO0Sa T2NJ 2dzNESf @gSad ¢KAa ogAff 0S Ly 2
YR 0S&82yRQ: (KS RS@OSt2LISyd 2F (GKS S@g2tdziazyl
molecules to culture, ivill need historical and philosophical scrutiny, going far beyond the usual
disputes on technologie$Azzone, 2008; Mesoudi & Danielson, 2008)



Sustainable World

Fig.1 A new concept of a sustainable world, in AGRICULTURE based on renewable natural resémmeledge based
agriculture and organic precision bioteeagriculture, in SOCIEECONOMIClsased on equity, global dialogue, reconciliation
of traditional knowledge with scienceseduction of agricultural subsidies and creaéwcapitalism, in TECHNOLOGIE
(Ammann, 2009c)

3.3. Crop biodiversity has not been reduc ed in the twentieth century
according to a new meta analysis

According tolvan de Wouw et al., 201®he agricultural crop biodiversity trends are not as negative as
common sense would suggest: Although there waigaificant reduction of crop biodiversity of 6% in
the 1960s compared to 1950, the data indicate that after the 1960s the trend was positively reversed.

van de Wouw, M., T. van Hintum, et al. (2010¥%enetic diversity trends in twentieth century croptodrs: a

meta analysis.TAG Theoretical and Applied Genefi@§(6): 12411252.

http://dx.doi.org/10.1007/s00122009-1252-6 http:// www.askforce.h/web/Biotech-Biodiv/vande-WouwGenetieDiversity
Trends2010.pdf In recent years, an increasing number of papers has been published on the genetic diversity trends in crop
cultivars released in the last century using a variety of molecular technijoedear general trends in diversity have emerged
from these studies. Meta analytical techniques, using a study weight adapted for use with diversity indices, were applied to
analyze these studies. In the meta analysis, 44 published papers were usedsmgdaéersity trends in released crop varieties

in the twentieth century for eight different field crops, wheat being the most represented. The meta analysis demonsttated th
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overall in the long run no substantial reduction in the regional diversityopf varieties released by plant breeders has taken

place. A significant reduction of 6% in diversity in the 1960s as compared with the diversity in the 1950s was observed.
Indications are that after the 1960s and 1970s breeders have been able to agaasthe diversity in released varieties. Thus,

a gradual narrowing of the genetic base of the varieties released by breeders could not be observed. Separate analgaés for wh

and the group of other field crops and separate analyses on the basis afs@dlishowed similar trends in divergitgn de
Wouw et al., 2010)
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Fig.2 Crop genetic diversity in the twentieth century based on anweighted (a) and a weighted (b) meta analysis of 44
publications. The diversity in the decade with the lowest diversity was set to 166m (van de Wouw et al., 2010)
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3.4. Biodiversity is better served by conventional agriculture compared to
organic production
According to

Gabriel, D., S. M. Sait, et 42010) "Scale matters: the impact of organic farming on biodiversity at different

spatial scales.Ecology Letters --.

http://dx.doi.org/10.1111/j.14620248.2010.01481.x ANM@tp:// www.askforce.ch/wellOrganic/GabrielScale
Matters-Organic.2010.pdAND comment in TIMEBttp:// www.askforce.ch/webOrganic/Webster
StudySpikesorganicTimes201005.PDF

GThere is increasing recognition that ecosystems and their services need to be managed in the face of environmental change.

However, there is little consensus as to the optimaoatesfor management. This is particularly acute in the agricultural

environment given the level of public investment in-&gniironment schemes (AES). Using a novel multiscale hierarchical

sampling design, we assess the effect of land use at multiplebpeales (from locatiewithin-field to regions) on farmland

biodiversity. We show that efarm biodiversity components depend on farming practices (organic vs. conventional) at farm and

landscape scales, but this strongly interacts with-farel coarsescale variables. Different taxa respond to agricultural practice

at different spatial scales and often at multiple spatial scales. Hence, AES need to target multiple spatial scalesze maximi

effectiveness. Novel policy levers may be needed to encoomaljple land managers within a landscape to adopt schemes that

create landscapéevel benefit€
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Fig.3 Farmland biodiversity components in relation to landscageale management (C: coldspot vs. H: hotspot), farm
management (Conconventional vs. Org: organic), locatiemithin-field (centre vs. edge vs. margin) and crop type (arable vs.
grass fields). Mean species density + SEM of (a) forb plant species per transect and survey, n = 3456; geometric mean number
of individuals + SH of: (b) epigeal arthropods per sampling station and survey, n = 5139; (c) butterflies per transect and
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survey, n = 856; (d) hoverflies; (e) bumblebees; and (f) solitary bees per sampling station and survey, n = 4354, regpectivel
From(Gabriel et al., 2010)

From the discussioRlant speciedensity was much higher organic fields than conventional ones
(although differencesvere much lower for margins), and there were additioteddscapdevel effects

but mainly in organic fields. Tlasence of a landscape effect in conventional cereal fieldisago

farmers using more chemicals to suppress wegitlsin hotspots Similarly epigeal arthropods,

butterflies (and bumblebees in arablields) were more abundant in organic farms and hotspits.
contrast, adult hoverflies (Syrphidae) were more comroarconventional farms, especially in hotspots,
despite theirlarvae beingnore comnon in organic fields-armland bird diversity was also higher on
conventional farmgexcept generalist species and corvidae). In general, the conclusions did not fit the
common views of clear benefits of organic farming related to biodiversity. In a &irtiegls, Ben

Webster, the editor on environment, concluded:

aLy 2NEHIFIYAO FAStRa GKIFIy 2y O2y@SyiGAiz2ylt FINyaz | OOmmRAYy3I G2 |
for wildlife. It concludes that organic farms produce lessithalf as much food per hectare as ordinary farms and that the small

benefits for certain species from avoiding pesticides and artificial fertilizers are far outweighed by the need to maloedand
LINERAzZOGA DS (G2 FTSSR | ANBgAYy3I LRLIZA I GA2Yy DE

4. Types of Biodiv ersity

4.1. Towards a general theory of biodiversity
(Pachepsky et al., 200&8how in a thoughtful publicatiorthat there are still many unknowns in the
equations modeling biodiversity. Thpyesent a framework for studying the dynamicsofnmunities
which generalizes the prevailing speciEsedapproach to one based on individuals that are
characterized byheir physiological traits. The observed form of the abundagtis&ibution and its
dependence on richness and disturbance iegroduced, and can be understood in terms of the trade
off between timeto reproduction and fecundityThis is more or less confirmed (Banaar & Maritan,
2009)with the following caveatA lessorfrom these calculations is that just becaustheory fits the
data, it does not necessarily imglyat the assumptions underlying the theory aserrect.

Whereas Pachepsky et al. emphasize the irtgrece of individual organisms over speciggvine &
HilleRisLambers, 2008pme to the conclusion, that niches play an important role in maintaining
biodiversity, together with sbng evidence, that species differences have a critical role in stabilizing
species diversity.

4.2. Genetic diversity
In many instances genetic sequences, the basic building blocks of life, encoding functions and proteins
are almost identical (highly conserJeakcross all species. The smaloamserved 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 organiem (th
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 neédo preserve the resilience of the ecosystem. Much work
remains to be done to both characterize genetic diversity and understand how best to protect, preserve,
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and make wise use of genetic biodivergBatista etal., 2008; Baum et al., 2007; Cattivelli et al., 2008;
Mallory & Vaucheret, 2006; Mattick, 2004; Raikhel & Minorsky, 2001; Witcombe et al., 2008)

The number of metabolites found in one species exceeds the number of genes involved in their
biosynthesisThe concept of one geneone mMRNA one protein- one product needs modification.

There are many more proteins than genes in cells because otqaosicriptional modification. This can
partially explain the multitude of living organisms that diffepirly 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.

4.3. Species diversity
For most practical purposes measuring species biodiversity is the most uskdéakor 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 membease 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 (phmEr)otToday, 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 wmicganisms and insec{May, 1990)

4.4. Ecosystem diversity
At its highest level of organization, biodiversiycharacterized as ecosystem diversity, which can be
classified in the following three categories:

Natural ecosystems.e. ecosystems free of human activities. These are composed of what has been
ONRIFRf& RSTAYSR I a abl (if dabde whetherRoy @ dyMItvral ezdsystent & A a |
exists today, as human activity has influenced most regions on earth. It is unclear why so many
SOz2ft23Arata asSSy G2 OflaaArfe Kdzylya |a 6SAy3 dadzyyl

Seminatural ecosystemis which human activity is limite These are important ecosystems that are
subject to some level of low intensity human disturbance. These areas are typically adjacent to managed
ecosystems.

Managed ecosystenare the third broad classification of ecosystems. Such systems can beeddnag
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 modelsf 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 roleén management that is

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



14

Because we know so little about the ecosystems that provide ousuifgort, we should be cautious and
work to preserve the broadest possible range of gstasms, with the broadest range of species having

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
managenent. We have not yet learnt enough about the threat to crop biodiversityeothan to

construct gene banks, which can only serve as an ultimate ¢ati® should not indulge into the illusion

that largeseed bankgould really help to preserve crop biedrsity. 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 studieBasthaud and Bello(Bellon &
Berthaud, 2004, 2006; Bellon et al., 2003; Berthaud, 2@n 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 patternsof general biodiversity related to ecological factors such as productivity is rapidly
evolving, but many phenomena are still enigmatic and far from unders{8otlapfer et al., 2005;

Tilman et al., 2005)ys forexample 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 aried, 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 thesrtpan in temperate
regions. LatirAmerica, the Caribbean, the tropical parts of Aesid the Pacifiall togetherhost eighty
percent of the ecological meegdiversity of the world An analysis of global biodiversity on a strictly
metric basis demonstratethat besides the important rain forest areas there are other hotspots of
biodiversity, related to tropical dry forests for exampl€ier 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 spedies, wit
their diverse genotypes and phenotypes. In numerical terms, global species diversity is concentrated in
tropical rain forest@nd tropical dry forests Amazon basin rainforests can contain up to nearly three
hundred different tree species per hectaredagupports the richedfoften frugivorous¥ish fauna known,

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

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

1980)
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Fig.4 Global biodiversity value: a map showing the digtution of some of the most highly valueterrestrial biodiversity
world-wide (mammals, reptiles, amphibians and seed plants), using fafglel datafor equatarea grid cells, with red for
high biodiversity and blue for low biodiversitgWilliams et al., 2003)





















































































































