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1. Summary

The need for biodiversity on all levels is made c{@aBiodiversity provides a source of significant
economic aesthetic, health anduitural benefits (3.). Relatiahips 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 &d without clear definition: genetic biodiversitgpecies diversity

and ecosystem diversity aedl part of biodiversity (4.)A shot chapter on unnecessary

stigmatization of GMO). Types of biodiversity, an overview (6) and distribution of bioditerér?).

The bss of biodiversity has mamgasors (8) In chapter &rop biodiversity gets a closer look: the
genome of transgenic crops is not basically different from-ttansgenic crops (7.1.).). Strikingly
enough, the ancestral crop species chosgrihe 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 nortarget insects with the use of pest resist transgenic crops and by reducing

pesticide use and through rillage (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 the activities of theofest 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 commercializaticare 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: transgeniaiBt hms much
lower mycotoxin levels than neimansgenic maize.

2. The needs for biodiversity zthe general case

Biological diversity (often contracted modiversity has emerged in the past decade as a key area of

concern for sustainable developmenggs3.2), but crop biodiversity, the subject of this text, is rarely
O2y&aARSNBRO® ¢KS dziK2NRa O2yiNROdziAz2y (2 (GKS RA
considered as part of the general case for biodiversity. Biodiversity providesce sy significant

economic, aesthetic, health and cultural benefits. It is assumed that thebewelly and prosperity of
SFNIKQa SO2t23A0Ft oFflyOS Fa ¢Sttt & KdzYly azoOA
biological diversity (Table 1Biodiversity 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 reptesa 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 dirgetbenefits, there

are enormous other less tangible beitefto 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.

Biologica 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 sophisticaged highly evolved animals and plants.

I O0O2NRAY3I (2 GKS mMdppH LYGSNYylFLGA2YyLFE [/ 2y@SyldAzy 2
variability among living organisms from all sources including, terrestrial, marine, and other aquatic
ecosystemsand® SO2f 23A 0Kt 02 YLX SEBX92)TIs infoktadtkhot toK S& | NB
overlook the various scalgependent 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 ¢hagro ecosystem biodiversity vs. total biodiversityvis and
Hector(2000,Tilman(2000)

One example may be sufficient to illustrate the difficulties: Biodiversity is indispensable to
adzadFAylroftS adNHzOGdzNBa 2F SO2 aambrigStheisdlso.thdzli & dza G | A
need to feed and to 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 hueads of thousands of malaria deaths in Africa in recent years, the

case is summarized in many publications, here a small seleétitaman and Maharaj2000,Attaran,

Roberts, et ali2000,Curtis(2002 Curtis and Line000,Horton (2000,Roberts, Manguin, et al.
(2000,Smith(2000,Taverng1999,Tren and Bat€2001,WHO(2005)

The theory of biodiversity, not the central topic here, needs renewed attention, and the old dilemma
of species limits and definitions is not really solved, it needs, besides the indispensable field
experience of biodiversity experts, which is often seriously underestimated, also new attention in
molecular insight, here just one paper which underpins thaseshent: (Neto C. 2016)

Neto, C. (2016)Rethinking Cohesion and Species Individuditylogical Theory, 13), pp. 138149.

http://dx.doi.org/10.1007/s13752016-02435 AND
http://www.ask-force.org/web/biodiversity/NeteRethinkingCohesioirSpeciedndividuality2016.pdf

GAccording to thé8peciesasindividual€thesis(hereafter SA-1), species are cohesive entities. Barker\afildon ecently pointed out that
the type of cohesioaxhibited by species is fundamentally different from thadrginisms (paradigmatic individuals), suggesting that
species are homeostatic property cluster kinds. Indtiisle, | propose a shift in how to pqach cohesion in theontext of SA-I: instead of
analyzing the different types abhesion and questioning whether species have thémeuk on the role played by cohesion in the identity
of individuals. This shift allows us to recognize why cohesdaiters to SA-I, as well as to reconceive the analdmtween species and
organisms (paradigmatic individualsid also allows us to highlight the context sensitivitp& 1 K YWO2KSaA2y QQ | YR WWAYRI
perspectivel identify two problemd y . I NJ SNJ F YR 2 Af a2y Qa | NBdzySyidldizyo

Firstly, the authors fail to recognize that speciesiadéviduals even if they do not have the same typeobiesion that organisms have.
Secondly, their argumenglies on a misinterpretation of&l. | concludettat species cohesion is still best framed as a feature of species
individuality rather than a feature of species as homeostatiperty cluster kinds. The arguments presented kergribute to the re
articulation and reevaluation of S\-lin the face otontemporary discussiost CNRY 6bSi2 / @ unamco

Neto is contadicting Barker and Wilson 2010 about their species cohesion theory:

Barker, M. J., & Wilson, R. A. (201@OHESION, GENE FLOW, AND THE NATURE OR&#EalBSPhilosophy, 1(2,
pp. 6279. <Go to ISI>://W0S:000277051600001 AND
http://www.ask-force.org/web/BiodivSystematik/BarkeWilsonGohesiorRGeneFlowNature-Species2010.pdf

Since the Modern Synthesis, the view that species are cohesive entities held together by gene flow
has moved from being a the oretical insight amongst systematists to common knowledge amongst
biologists. The plant biologist Vern @tarovides a classic and succinct expression of this view,
hereafter simply The View, in saying that "species populations are homogenized and integrated by
gene flow."1 As one of us has recently detailed, several biologists have challenged the empirical



http://www.ask-force.org/web/biodiversity/Neto-Rethinking-Cohesioin-Species-Individuality-2016.pdf
http://www.ask-force.org/web/Biodiv-Systematik/Barker-Wilson-Gohesion-Gene-Flow-Nature-Species-2010.pdf

adequacy of The View over the past fodygd years.2 Nevertheless, most biologists, including many
phylogeneticists, have thought that species are cohesive entities, and the idea that gene flow is the
primary cause of this cohesion continues to hold sway.

The classic paper of Ehrlich and Raven doubts that gene flow is given such impdEanceh &
Raven 1969)

Ehrlich, P. R., & Raven, P. H. (1969FFERENTIATION OF POPULATCHRe, 163899), pp. 122&. <Go to
ISI>://WOS:A1969E154300007 AND
http://www.ask-force.org/web/Overpopulation/EhrliciRavenrDifferentiation-Populations1969.pdf

oMost contemporary biologisthink of speciessevolutionaryunits heldtogether by gendlow. ForinstanceMayr (1) writesiThe nor
arbitrarinessof the biological speciés the result ofnternal cohesion of the gene pabMerrell (2) stateiThespeciess a natiral
biologicalunit tied together ly bonds of matingand sharinga cormongene pook

This idea is foundeid the pioneeringvork of Dobzanskyayr, Stebbins, and others integratitize theoryof population geneticsvith
laboratoryand field experimentand observations tgroducethe neeDamwinian orsynthetic theonof evolution.These workerguite
logicallyconcludedhat differentiation ofpopulationswould beprevented by gene flow, arteyfocused their discussionssgecation on
various means dhterruptingthat flow. In other words, they emplsized the role of mechanisms isolatpapulationsfrom one another.
Until quite recentlythere has been little reson toquestionthis view. In thepastfew years, however, growingvidencefrom field
Experimentas led us tee-evaluate theprocesses leadinp organic diversityand to conclude that eevision of this section of
evolutionarytheory is in order.

In thispaperwe suggesfThatmany,if not most, specieare not evolutionarynits, excepin the sense thathey (likegenera, families, and
so forth) areproducts of evolution. We will argue thaelection is both therimary cohesiveand disruptiveforce in evolution, anthat the
selective regiméself detemines vhat influence gene flow (or ikdion) will have Threefold evidence Eesentedor this. We will show
that (i) geneflow in nature is much monestricted than commonly thought; (pppulations that have beecompletelyisolated for long
periodsoften showlittle differentiation; and (iii) poputéons freely exchanging gendsut under different selective regimes maljow
marked differentiation.

Wefinally reiterate the point (3}hat a vast diversityf evolutionarysituations is subsumed under the rubdapeciationé and that this
diversitytends tobe concealethy an extensiorof a taxonomiapproachfrom the productsof evolution to the processésadingto the
differentiation ofpopuations. Euphydryas editha and Festughra are bothspeciedo the taxonanist, but knowing this does not tell ifs
they are evolutionaryunits or howthey evolved. Nor doespermitus toguesshow similar are their evoluti@ary pasts, in whatvay they
are similartoday, or to predict anythingabouttheir evolutionaryfuturesé CNEBY 69 KNI A OK 3 wl @Sy wmdc 0

More citations here from Barker

3. 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 Tab(edauthored with Jonny Gressé@lressel

(2007M).

Table 1 Primary goods and services provided by ecosystems

Ecosystem Goods Services

Agro ecosystems Food crops Maintain limited watershed funabns (infiltration, flow
Fiber crops control, partial soil protection)


http://www.ask-force.org/web/Overpopulation/Ehrlich-Raven-Differentiation-Populations-1969.pdf

Forest ecosystems

Freshwater
ecosystems

Grassland ecosystems

Coastal and marine
ecosystems

Desert
ecosystems

Urban
ecosystems

Crop genetic resources

Timber

Fuel wood

Drinking and irrigation water

Fodder

Norrtimber products (vines, bamboos,

leaves, etc.)

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

Genetic resources

Drinking and irrigation water

Fish

Hydroelectricity

Genetic resources

Livestock (food, game,
hides, fiber)

Drinking and irrigation
water

Geneticresources

Fish and shellfish

Fishmeal (animal feed)

Seaweeds (for food
and industrial use)

Salt

Genetic resources

Petroleum, minerals

Limited grazing, hunting
Limited fuelwood
Genetic resources
Petroleum, minerals

space

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

Build soil organic matter

Sequester atmospheric carbon

Provideemployment

Reduce a#pollutants, emit oxyge

Cycle nutrients

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

Maintain biodiversity

Sequester atmospheric carbon

Generate soll

Provide employment

Provide human and wildlife habitat

Contributeaesthetic beauty and provide recreation

Buffer water flow (control timing and volume)

Dilute and carry away wastes

Cycle nutrients

Maintain biodiversity

Sequesteatmospheric carbon

Provide aquatic habitat

Provide transportation corridor

Provide employment

Contribute aesthetic beauty and provide recreation

Maintain array of watershed functions (infiltration, purification, flow control, sc

stabilization)

Cycle nutrients

Reduce aipollutants, emit oxygen

Maintain biodiversity

Generate soil

Sequester atmospheric carbon

Provide human and wildlifeabitat

Provide employment

Contribute aesthetic beauty and provide recreation

Moderate storm inpacts (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

Sequester atmospheric carbon

Maintain biodiversity

Provide human and wildlife habitat

Provideemployment

Contribute aesthetic beauty and provide recreation

Provide housing and employment

Provide transportation routes

Contribute aesthetic beauty and provide recreation

Maintain biodiversity

Contribute aesthetibeauty and provide recreation




4. 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 progressind annovative management strategies, it will

be necessary to combine the most efficiemtd sustainable agriculture production systems. Details
can be seen in the fig. 1. It should be made clear that agriculture needs to become highly
competitive, innovatre and there is an urgent need to produce more food 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 iger seen in combination with an extremely defensive
O2y OSLIi 27F G(KS LINGviithdaiuallg as thliBe callddNdkratily sheJire8autionary
approachBoscher(2009) it is often abused as a defence agaihe introduction of GM crops.

If we want to aim at a more sustainable world, it needs more than the usual defensive means
advocated.

Sustainable development has been defined in many ways, but the most frequently quoted definition
is fromOur Common Futaey also known as the Brundtland Rep&iN-ReportCommonFuture
(1987)

¢Sustainable development is development that meets the needs of the present without compromising the ability of futuregeterat

meet their own needs. It contains within it two kegncepts:

The concept oheeds in particular the essential needs of the w&@ldoor, to which overriding priority should be given; and

The idea ofimitations imposed by the state of technology and sacial organization on the enviro@nadility to meepresent and future

needs

Sustainability is usually understo@ahd clearly abuseds a definition with a rather defensive spirit,

but if one reads it in its original content, then the words envision uncompromisingly the way forward
¢ asking not only foconservation, but also fatevelopmentindmanagemenof patterns of

productionand consumption

The declaration of the OECD, authored by Y¥kdioi(2000)catalogues a range of concrete
measures and rules in order to achieve a more sustairedplieulture. 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 into the future. The
three column model has been aben with care, and as one can see:

4.1.Revisiting the original Brundtland definition of sustainable development
Sustainable development has been defined in many ways, but the most frequently quoted definition

is fromOur Common Futuralso known as the Brundtland Repoii#ReportCommonFuture(1987)
6Sustainable development is development that meets the needs of the present without compromising the ability of futuregeterat
meet their own needs. It contains within it two key cgaisethe concept of needs, in particular the essential needs of the®@pddr, to
which overriding priority should be given; and the idea of limitations imposed by the state of technology and sociaktiorganizae
environmen® ability to meetpré8y i | Yy R T diRiepdBCoyhiddrRitire(1987)

Sustainability in the sense of Brundtland is usuallg-understood as a definition with a rather
defensive spirit, but if onereally reads it in its original content, then the words envision
uncompromisingl the way forwardg asking not only for conservation, but also for tievelopment
and managemenif sustainable patterns giroductionand consumption One should be aware of an
SEGSyardS (GKS2NBGAOIt RA&AOdzAAAZVGRFY | 2 & LINHA OR RIY B
elaborated byHermans and Knippenbe@006) They present a intricate and purely theoretial



philosophical map of intetwined factors of sustainability, where the main elements are justice (in our
model equity) and resilience. bur model resilience is included in a pragmatic way, where good fields
of activity and research meet the demands of resilience (e.g. This is done in a mixture of the two basic
views about the role of science: The deterministic view where science teflsmisthing about the

true nature of the real world and a more constructivist view where scientific understanding is to a large
degree socially constructed, in order to avoid the polarizing view of Hermans et al. 2006.

A move forward to a more pragmatic, neconcrete concept of sustainability is offered by the OECD
with a focus on agriculture: The declaration of the OECD, author&akgi(2000)catalogues a range

of concrete measures and rules in order to achieve a more sustainable agricultsreertarkable,

that the proposed indicators do not distinguish between farming with or without transgenic crops. See
in particular the Table 11.1 in the link given in the reference: it contains a comprehensive list of
agricultural sustainability factors.

4.2. Redefining Sustainability for Agriculture and Technology , see fig. 1

Sustainable World

Fig.1 A new concept of a sustainable world, in AGRICULTURE based on renewable natural resources, knowledge based
agriculture and organic precision bioteeagriculture, in SOCKECONOMICS based on equity, global dialogue,

reconciliation of traditional knowledgewith science reduction of agricultural subsidies and creative capitalism, in
TECHNOLOGIESAimmann(200%).

1. Agriculture, (left column fig.)



Agriculture is the source of renewable natural resources, including energyoridwide potential remains largely underexploited.

Industrial agriculture is still largely stuck in the petrochemical age, and organic agriculture panders too much to udigia ol thus
wastes its potential to contribute to the solution of the rgabblems on this planet. The main goals of sustainable agriculture are instead
a2 F2a0SNINBySslo6fS NBEaz detddBags)| y26t SRIS oF &SR | ANA Odz G dzNB

The mistakes on the side of industrial agtieré have been already anticipated by one of the creators of the green revolution:
SwaminatharBwaminathar{1968)LJdz0 f A 8 KSR SI NI & ¢+ NyAy3a 2y dzyeSt 02YS RS@GSt2LI¥Syda
of exploitive agriculture without a proper understanding of the various consequences of every one of the changes introduced into

traditional agriculture, and without first building up a proper scientific and training base to sustain it, may only lgrathe®ng run, into

Fy SNI 2F F3INROdz GidzNF £ RA&FAGSNI NI GKSNJ GKFEyYy 2yS 2F | INROdzf G dzNT €

Organic agriculture may be part of the solution but it is currently also part of the problem. For a more extensive disctiss&m
G 2 NBi-N02y & 3 Sy as@ee chapteNs. G S 3 A

Another possible technology driven progress may come from precision farming, which has developed from a high tech domain in

developed countries like the USA, where considerable energy savings have been realized and remote contiforrifieldeskperimental
designGerhards, Gutjahr, et g2012) This emerging variant of industrial farming is developing rapidly in the Upiied G Sas Yy R A Qa
management system is based mainly on satellite monitoring, it helps saving energy and time and can lead to a more fscaliggcal

with higher yieldGodwin, Richards, et §2003,Godwin, Wood, et a(2003 Kitchen(2008 Kitchen, Sudduth, et 2005, Leithold and
Traphan(2006,Shanahan, Doerge, et 004,Shanahan, Kitchen, et 2008,Slaughter, Giles, et 2008, Slaughter, Giles, et 20083,
Thenkabai{2003) Methods of precision farming, applied in an acceptab&nner, do not directly contradict the main rules in organic and

integrated farming and should seriously be considered as helpful auxiliary methods.

Another highly promising technology development field can be summarized under FertiGats@mpud, Srinivasan, et @011)a
technology dramatially saving water with subterraneous irrigation. It offers as a minimal technology in rural settings new elements of
social entrepreneurship, especially also in developing countries.

In addition, we need to give more attention to underutilized cr@esse(2007) and new realms of research are opening with a more
systematic approach by learning from nature for the development of new technologies with biomirRetitss Burgert, et a(2010) This
leads to the last, more general view on the evolution of technologies:

Balancing local food production against global agricultural trade will be a challenge, since thbecimdteasing divergence of global
demand (that is constantly increasing due to income growth in poor countries) and supply (which is stagnating in vieof ofiestment

in agricultural productivity). As a consequence, there will be pressure tjusbénhance local food production but also increase the share
of food that is globally traded. After all, the food importing countries will be the ones that are most vulnerable tchaggs.sThe

economic basis should be important, but local social reking and life need to be taken into account as well and protected from
protectionism, also under the false premise of import bans for GM crops.

Considering the complexity of the global challenges in sustarfabb production, we should nmore rely onideological, rather on a
pragmatic understanding of sustainable agriculture. Sustainable agriculture must be based on efficient resmagement that makes
effective use of the new opportunities of the global knowledge economy and combines the bgstesfi®riented organic agriculture
with the new tools in precision agriculture and biotechnology. There is no reason from a scientific point of view whynoegfamils of
production do not go well together with gerieally improved plant varietietBmmann(200%, Ammann Klau2006,Ammann Klaug007,
Ammann Klaug008, Ammann Klaus and van Montagu M§2609,deRenobalesScheifle(2009,Ronald and Adamch#R008,
Swaminatharf2001) For a more extensive discussion of thosebfgms see chapter 6.

Eventhough the Green Revolution was a great success, there were also detrimental effects such as the upsurge of new massgpest ins
growing insect resistance against widely used pesticides and negative effects on the soil fertility and a rising numbieid® hesistant
weeds. Swaminathan was one of the fathers of the Green Revolution who recognized its shortcomings. In his call for an Evergre
Revolution in 200&esavan and Swaminathé008,Swaminatharf2006)he argues, that ensuring continuous productivity increases
requires a rething of sustainhle agriculture: a new emphasis on better infrastructure, crop rotation, sustainable management of natural
resources as well as progressive enhancement of soil fertility and overall biodiversity. These are goals can only té&wncoieEning
traditional and high technology knowledge. Logically, detrimental effects like upcoming weed and pest resistance (new resistant species
moving into a huge ecological niche) are also likely to become serious problems fesdalgéarmers that adopt new high te(@M)

crops. But these are wetinown problems from experience with conventional and traditional agriculture as well, the only difference is that
these problems can be addressed more quickly and more effectively with new technological means available freeding,

conservation tillage, mixed cropping etc.).

2. SocieEconomics (middle column fig) 1

¢KS FT2dzyRINGA2y-9PEZYyaKEORIRI AENDOWESE@A2Y G(KS FIFOG dGKIFG Fff S02y2YAO
societal appoval. Its outcomes must be considered socially accept@bkeweijer, Ammann, et §2010) Modern biotechnology faces an

LJn

)
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acceptance problem and its outcomes are perceived as socially unsustainable. Butdll@ns the public debate on genetic engineering

in agriculture in Europe, it becomes increasingly obvious that the critical arguments actually never refer to geneticiaggiserich but

they refer to problems related to industrial (petrochemical)ieglture with its often exaggerated monocultures without sufficient crop
rotation Broer, Busch, et al2009,Broer, Jung, et af2011,Taube, Krawinkel, et g2011) Interestingly, the fact that over@ of those

farmers having adopted GM cropsdeveloping countries are smalitale farmers is rarely mentioned in these public debates because they
are inconsistent with the conviction that this technology only benefits the big and wealthy and should be basically watsestdmone

should understimate the risk of increasing concentration in industry, but opponents are actually encouraging this trend by pushing for
ever more expensive regulation on GM crops, ensuring that the small players either go out of business or become pag pfayesb

(Miller 1996). The socieconomic dimension should therefore be addressed by increasing the quality of the public debate, support public
understanding of science especially in the education system, fostering global dialogue and working towardsatémobeitiveen the

polarized debates by finding a common denominators among the opposing parties in the spirit of an open end désoouasa and
Papazova Ammar@004) ¢ SN & f A1 S W bIchivdimkar(R010)2 NJUAYWK | dgaAGEI YAQY | 6 £ S 5 Sn@didn2HowaBhy G Ay . dza
et al.(2006)should have this integrative power to facilitate joint action. New visions can only stem from a new culture of looking at
innovation, what we really need is a new question cultitepazov Amman{2010)

Another crucial component of socezonomics is the need for mosmcial equity The financial crisis combined with the global food crisis
started to escalate for in 2008 and policy makers have still not found proper means to stop these crises. As a refgigs@dini as well
as hungernd starvation continue to increase. In order to stop this trend, it will be imperative to reduce the huge agriculturdiesubsi
paid to the farmers in the developed world. Even if some of these subsidies continue to be legal under the WTO AgreegrantitomeA
they are still distorting trade and thus harming farmers in developing countries. They should therefore wear a warnittgdag ca
WLINE (i S OGodrénySkiéxYeQaP006,Devos, Maeseele, et §2008) In this context, the case of New Zealand proves that export
oriented agriculture does not necessarily undermine efforts to protect the environment, maintain local traditions and medug@verty
Aerni(2009,Aerni, Rae, et a{2009) Here again, solutions may be found in new technologies and strat€taele and Agyem&@011)

Lots of empirical research revealed that the popular argument that developing countries are in the grip of multinatrmafthis

Atkinson, Beachy, et d2003,Beachy2003,Chrispeel$2000,Cohen(2005,Cohen and Galingl984,Cohen and Paarlbe(g004,

Dhlamini, Spillanest al.(2005) Instead of keeping ourselves busy with finger pointing to possible scapegoats that the global sustainability
debate should focus on the creation of new form of capitalisat thould help mankind to overcome the global economic crisis that

persists now for over 3 years and facilitate sustainable global change through combination of traditional knowledge withstiedee.

For that purpose, we need to mobilize science andtetogy for development. It will however have to be based on a bottgmapproach

that encourages local entrepreneurs to make effective use of the new knowledge and opportunities. They will be the cresntiost

likely to come up with locally sustain&tproducts and services because they know how to successfully tailor new technologies to
particular needs in their respective region. But in addition, there is also a need for science to reform itself. In #ue méwiology it is
necessary to abandahe inherited mechanistic and reductionist views of science. Besides new breeding technologies such as Zink finger
transgenesiShukla, Doyon, et §2009)allow a targeted insertion of transgenes in higher plants by creating double stranded breaks in
DNA, also the deovo engineering of a Transcription Activatoke Effectors (TALE) will allow for a more efficient and targeted gene
transferMahfouz, Li, et a(2011)

3. Technolay Evolution (right column fig.JL

It represents a holistic view of technological evolution. The general problem of technology is that it means differeriotifigeent

people. It can be linkgtto invention, profits, problersolving, or causing problems etc. Public disagreement about the role of technology is

mainly the result of an imprecise understanding of its nature. In fact technology neither represents something goodutriseathoer

based on a system that exploits certain effects in nature and puts them to use with purpose of addressing specific hug¥anthueed

(2011) It evolves through a process of trial and error. In other words, it constantly improves through leaoningnistakes. At the very

outset, a new technology is perceived and debated as either something useful or something risky but with its ubiquitoersensesilly

fades into the background and is taken for granted unless there is a sudden loss of amfiderto a serious accident. Modern

biotechnology faces the odd situation that it continues to be debated in Europe as a new and potentially risk technologgdhétirther

risk research; while in many other parts of the world, modern biotechnologgieral and genetically modified crops in particular have

become a reality in the production and consumption of food in many other parts of the world for the past fifteen yearnigGradence

from these adopting countries shows that green biotechnology indeed the potential to contribute to sustainable and equitable

agricultural production can preserve biological diversity through sustainable intensification of agriculture on land @h@edgultivation,

is safe to eat for animals and human beiagsl helps reduce greenhouse gas emissions. Here we present a few examples of conservation

tillage effects, which are largely made possible in combination with herbicide tolerant GM crops and the use of glyphbizadehe

CerdeiraGazziero, et a(2007 Christoffoleti, Galli, et a{2008) No one should argue that no mistakes happened in the course of its

widespread adoption with agricultural management, but it is the great strength of technological evolution that it actai/fflem

mistakes. A recent correction of all the false accusations against the use of glyphosate has been pubWghiehis/Amy Lavin, Watson
RebeccaE., et #2012F KSI @gAt & ONRGAOATAY3I tf GKS AYyONBRAOL & ole®BayxAitl 6 LINBOS
(20120109pmnd e.gMesnage, Clair, et g2012) pointing at the notoriously sloppy or outright wrong laboratory practices ohallsgroup

2F AGAYRSLISYRSyilGé¢ aOASyidraita 2F GKS NBASINDK INRdzZ) 2 RislogsbfLD9b FNRY
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evidence, that this scaremonger attitude of the protest industry is also influencing science and worlelgiitiion:Giddings, Potrykus, et

al. (2012 Miller, Morandini, et al(2008), there is urgent need for correction. We should not follow certain stakeholders like Greenpeace

and Friends of the Earth in Europe that seek popularity with consumers and taxpayers by proponing populist decision thakiagie

of the precautionary principle unfortunately the news press happily follows those scaremonger schéfiiles (200%). Merely

postponing decisions is indeed not conducive to sustainable change. Technological evolution seems to suffer sometimesnatsagfrom

understanding of evolution. The term deplorably still contajmsten not consciously some elements of creationisiWeber, Rao, et al.

(2009)¢ and this not only with opponents of gene splicingwilt be important to move beyond such a dualist mindset 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 thesproblem

prospects by following along new evolutionaigws. 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 field® ofeseien

already now heavily dependentoncaich G A 2y L2 gSNIT GKSNBF2NB>Z fSiQa YIFI1S adNB GKFG YId
artificial intelligence in the service of mankind. All new and emerging technologies must be considered (and of coutse ragula
reasonable way) ino®INJ (12 Sy KIFyOS F¥22R LINRRdzOGAZ2Y FyR (KS fA@GStAK22R 2F YIyl
healthy attitude of precaution because it appeals also to our responsibility to take evolution as a whole into our owrAftanddl.we

liveini KS LISNA2R 2F (KS W yikKNRLR2OSYSQO sKSNB Yz2ad LINRoftSya OFdzaSR o@
mankind itself. This requires a close and conscious look at the cultural side of human evolution as a whole with @tjiieoes fous.

It will need historical and philosophical scrutiny, going far beyond the usual disputes on technAloges(2008,Mesoudi and Danielson

(2008) Finally, it should be stated, that monotheistic religions do not have basic evolutionary or theological objagaamst

bioengineered crops. For example, two publications from the Pontifical Academy of Science are proof of titstrydwrs and Ammann
Klaug2010,Potrykus, Arber, et a{2010). Also in the Islamic world there is no basic resistance against modern biotechnology, as the Halal
statements show: Recent international conferences on the highest Islamic level have questioned the validity of argunmsttgeamgsic

engineering in ageulture Sharia Compliand2010,World Halal Forun2010)

The most recent report on sustainability coming from the United Nations confirms the Brundtland report again:
United Nationg20150812)

United Nations. (20150812)UN-Draft-outcome-post2015developmentagenda, Transforming our WorRD30-AgendaUN General Assembly, Sixiiynth
session, Agendiéems 13 (a) and 115p. 35pp and 29phttp://www.un.org/ga/search/view doc.asp?symbol=A/69/L.85&Lang&ND
https://sustainabledevelopment.un.org/content/documents/7891 Transforming%200ur%20WorldANID http://www.ask-force.org/web/Sustainability/UN
TransformingOurWorld-2030-AgendaSustainableDevelopment2015.pdf ANDhttp://www.ask-force.org/web/Sustainability/UNDraft-outcome-document
post2015developmentagenda20150812.pdfAND Lettehttp://www.ask-force.org/web/Sustainability/KutestN-8026 Letter-cochairspost-development
Agendas20150812.pdf

& H Webwill seekto build strong economic foundations for all our countries. Sustained, inclusive and sustainable economic growth is
essential for prosperity.

This will only be possible if wealth is shared and income inequality is addressed. We will work to build dystainiable, innovative and
peopleOSY i NBR SO02y2YASas LINRBY2GAy3a e2dzikK SYLX2eYSyid yR 62YSyQa
will eradicate forced labour and human trafficking and end child labour in all its formsuAdfies stand to benefit from having a healthy

and welteducated workforce with the knowledge and skills needed for productive and fulfilling work and full participation in\Atciety.

will strengthen the productive capacities of least developed couritrigt sectors, including through structural transformation. We will

adopt policies which increase productive capacities, productivity and productive employment; financial inclusion; sisggicalblee,
pastoralist and fisheries development; sustaileaibdustrial development; universal access to affordable, reliable, sustainable and modern
SySNEBe &aSNUAOSAT &ddzadlAylot$S NI yaLR NI United Matiéhy28160812y R ljdzZ t AG& FyR NI
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A comprehensive overview on how sustainability coulbtmanizedh y |y WI RI LJGA @S € S| N
is offered byReed, Fraser, et §2006) The good thing about this scheme is that it is open ended and
conceived as a learning process, thus having the near automatic capability of adaptation to local

needs.


http://www.un.org/ga/search/view_doc.asp?symbol=A/69/L.85&Lang=E
https://sustainabledevelopment.un.org/content/documents/7891Transforming%20Our%20World.pdf
http://www.ask-force.org/web/Sustainability/UN-Transforming-Our-World-2030-Agenda-Sustainable-Development-2015.pdf
http://www.ask-force.org/web/Sustainability/UN-Transforming-Our-World-2030-Agenda-Sustainable-Development-2015.pdf
http://www.ask-force.org/web/Sustainability/UN-Draft-outcome-document-post-2015-development-agenda-20150812.pdf
http://www.ask-force.org/web/Sustainability/UN-Draft-outcome-document-post-2015-development-agenda-20150812.pdf
http://www.ask-force.org/web/Sustainability/Kutesa-UN-8026-Letter-cochairs-post-development-Agendas-20150812.pdf
http://www.ask-force.org/web/Sustainability/Kutesa-UN-8026-Letter-cochairs-post-development-Agendas-20150812.pdf
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Fig.2 Adaptive learning process for sustainability indicator development and applicatirom Reed, Fraser, et al.
(2006)

On a more theoretical level, but in a comparable proces# $hillis and Andriantiatsaholiniaina
(2001)have chosen the approach over fuzzy logic, followed by a recent publication within the
same framework:Phillis, Kouikoglou, et a{2010) giving a truly holistic picture including
corporate structures.

dalye LIS2LXS 068t ASAS i KI tddaybedehidseiopsOcledlard erdvitonnterital piokléms OfNd@lasaadd@ng R &
from the local to the global. Such problems as global warming, species extinction, overpopulation, poverty, drought btat mame

few, raise questions about the degree of sustaingbéf our society. To answer sustainability questions, one has to know the
meaning of the concept and possess mechanisms to measure it. In this paper, we examine a number of approaches irr¢he literatu
that do just that. Our focus is on analytical quaatite approaches. Since no universally accepted definition and measuring
techniques exist, different approaches lead to different assessments. Despite such shortcomings, rough ideas and estitnates ab
the sustainability of countries or regions can be aled. One common characteristic of the models herein is their hierarchical nature
that provides sustainability assessments for countries in a holistic way. Such models fall in the category of systensoSsyste

of these models can be used to assedlcd?2 NI G S & dExoinPhillig, IKduikaglau(ied £BE10)

5. The Issue: unnecessary stigmatization of GMOs

Genetically engineered crops are ofterken automatically for the main reason of biodiversity loss.

In a special treatment on the background of the Golden Rice debate the author is describing in detail

the unfortunate cultural, social and psychological situation in the western world, simpisnatzed

the ardent, evetlasting toxic debate is the result of a lack of real fear topics in our-sitfa society

gAGK oflGFryd SySNHe |yR F22R gladaSo {2 Ylye LIS2L
GAGK | aO02y@AYyOAYy3IE NKSUZ2NAOOD

The scierific basis of the biosafety assessment in Europe and the Cartdgyatacol is designed on

GKS SNNRyS2dza LINAYOALX S 2F F20dzaAy3d 2y (GKS LINROS
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winner Werner Arber has stated in many publications, the molequiacesses which promote gene
transfer from one organism to the other are based on the same mechanisms as natural mutation, so
the resulting stigmatization of GMOs is scientifically not justitfatber(2010) All details can be

studied in anothepublication of the author, including the unfortunate history of the EU and the
Cartagena Protocol regulatioAmmann Klaug014) Actually, the Genomic Misconception is the

basic mistake amolecular views on modern breeding, since it fixed very early the concept of
processoriented regulation. Canada and partially also the USA (with some other countries like
Argentina and Australia) adhered right from the beginning to the produanted vew, which also

is the basis for a completely different approach to risk assessment.

Stigmatization is made easy and normal with the concept of pragesgnted regulation. And there
are many other reasons for such stigmatization.

There are numerousther false stigmatization claims of this kind, such as Vandana Shiva gives in her
FNBIjdSyld 62NIR G2dzNBR 2y LINBFOKAYy3I F2NJ GKS LR22N 6
FANRG OflFaa FANI GAOYLSR 2F wmMnQnnsinaverpaggessivdl y i SSRE
manner:

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, pp 601613
http://www.ask-force.ch/web/Cotton/ShiveGlobalisatioAT hreatSeedSecurity1999.pdf

GLY &dzOK | &Aldzd GA2yS GKS AYyGNRRdAOGAZ2Y 27T & 8 sukhOdglldtian, tiey 3A Y SSNBR ¢
costlier GE seeds will offer no guarantee for whether they perform well or not. This will lead to complete erosion icttheagr

biodiversity and adversely affect the seeimnomic status of the farmers. This will beter aggravated since GE seeds will be patented,

FYyR O2NLIE2NI GA2ya oAttt GNBFIG AYF2NNIEGA2Y | 62dzi GKSY & LINELINARSGI NE

The bestritiques of the activities of Vandana Shiva areblished bythe following authors:

ConradRossi Marco Rosai(20140209PeGegori Tom(20030416Entine Jorf2014,Entine Jon and
Ryan Can{20140119Kershen Drey20140604Koor Keith(20141023Miller Henry(20140716,
Novella Stevef20150820Remnick Davi(R0140902Ryan Cam(0140128Shiva Vandana
(20140824 Specter Michalg20140825)

And another citation from Greenpeace Great Britain, downloaded from their website November 12,
2009%, another classic example of stigmatization with blatantly wrong data:

dThe introduction of genetically modified (GM) food and crops has been a difdsescience 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 biodidensityoa/n

health. In addition, the real reason for their development has not beeend world hunger but to increase the stranglehold multinational
biotech companies already have on food producfion.

Thecontraryis true, GM crops can help reduce the application of herbicides which are problematic
for the environment, and a plethoraf hard data proofs that nottargetinsects often survive quite

well in Bt maize fields, whereas in r@M crop fields, often the netarget organisms suffer from
massive spraying of chemicals problematic to the environment and life. Another set of bexdthés
been generated from the nallage culture of herbicide tolerant soybeans, where it is proven that
soil fertility is greatly enhanced.

1 Greenpeace, statement on GM crojpigp:// www.askforce.ch/weblFundamentalists/GreenpeaeBiodiversityGBwebsite20091112. pdf
ANDhttp://www.greenpeace.org.uk/gm



http://www.botanischergarten.ch/Cotton/Shiva-Globalisation-Threat-Seed-Security-1999.pdf
http://www.ask-force.org/web/Fundamentalists/Greenpeace-Biodiversity-GB-website-20091112.pdf
http://www.greenpeace.org.uk/gm
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6. Types of Biodiversity

6.1 Toward a general theory of biodiversity

Pachepsky, Crawford, et £001)show in a thoughtful publication, that there are still many
unknowns in the equations modeling biodiversityeypresent a framework for studying the
dynamics otommunities which generalizes the prevailing spebiasedapproach to one based on
individuals that are characterized Hyeir physiological traits. The observed form of the abundance
distribution and is dependence on richness and disturbanceraproduced, and can be understood
in terms of the tradeoff between time to reproduction and fecundity

This is more or less confirmed Bgnavar and Marita(2009)with the folowing caveatA lesson
from these calculations is that just becaustneory fits the data, it does not necessarily imtigat
the assumptions underlying the theory azerrect.

Whereas Pachepsky et 8achepsky, Crawford, et £001)emphasize the importance of individual
organisms over specielsevine and HilleRisLamb€2909)come to the conclusion, that niches play
animportant role in maintaining biodiversity, together with strong evidence, that species differences
have a critical role in stabilizing species diversity. Ecological niches also have been seriously
underestimated when calculating with models the impactiahate change on biodiversity:

Strikingly enough coexistence of prairie grasses seems to be stabilized with climate variability
according toAdler,HilleRisLambers, et £2006)

6.2. Genetic diversity and dynamics

In many instances genetic sequences, the basic building blocks of life, encoding functions and
proteins are almost identical (highly conserved) across all species. The siwatisaved

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 phenotypeduced, 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 ecgstem. Much work remains to be done to both characterize genetic diversity
and understand how best to protect, preserve, and make wise use of genetic biodiBatsta,

Saibo, et al(2008,Baum, Bogaert, et 82007 Cattivelli, Rizza, et 42008 ,Mallory and Vaucheret
(2006,Mattick (2004,Raikhel and Minorsk§2001,Witcombe, Hollington, et a{2008)

The number of metabolites found in one species exceeds the number of genes involved in their
biosynthesis. The concept of one gerane mMRNA one protein- one product needs modification.
There are many more proteins than genes in cells because otgaostriptional 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

Genomes are subject to many dynamic processes and structural changes as has been previously
anticipated:Actually, gnomes are highly dynamémd often have been subject to horizontal gene
transfer, so the myth that we are dealing with over Centuriegiasting stability of the genomes of
conventional crops is erroneous.

The classic papers on the reasons why genomes are highly dynamic ovdrdaatoeoff, Schlappi, et
al.(1995,Fedoroff Ning2013,Fedoroff Nina and Jeffrey L. Bennet£2013)
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From her book introductioRedoroff Ning2013)

Astonishingly, the vast majority of the DNA in higher plants comprises transposons and retrotransposons:

85% & the maize genome, for example, consists of TEs, predominantly retrotransposons. The typical large angiosperm get®me exhibi
avyrft aratryRaé 2F 3ASySa Ay | aaStré 2F NBLSGAGA GBS igsignifizantLINA Y I NK £ &  (
constancy of total gene numbers and retention of gene complements, tlirgeenity of homologous genes declines with evolutionary
distance and intergenic regions change rapidly (Chapter 10). Comparisons even among inbred strains of mainbseweal differences

in gene organization and even larger differences in both the length of intergenic regions and their content of transpbsons an
retrotransposons (Chapter 10). Whole genome comparisons across species suggest that both the mégemesiand the intergenic

churn are caused by transposons and retrotransposons. Whether examining the results of transposition events involérngaspogbn
(Chapter 3) or viewing the contribution of transposons to the evolution of chromosomesefCl®), the centrality of transposons to
contemporary genome organization is inescapable. FHredoroff Ning2013)

Consequentlyalso it is wrong to talk about a new completely artificial dynamics of the genome of
GMOs is not meting the results of numerous genomic analysis throughout the living widddter
(2015,Voytas and Ga(2014,Yang, Du, et a2014,Yang, Nakabayashi, et g1014)

And- by all means human beings are not excluded from such evolutionary dynamics of horizontal
gene exchange, sderisp, Boschetti, et g2015)

éBackground A fundamental concept in biology is that heritable material, DNA, is passed from parent to offspring, a process cadled vertic
gene transfer. An alternative mechanism of gene acquisition is through horizontal gene transfer (HGT), which involves nf@memto

material between different species. HGT isaketiwn in singlecelled organisms such as bacteria, but its existence in higher organisms,
including animals, is less well established, and is controversial in humans.

ResultsWe have taken advange of the recent availability of a sufficient number of higlality genomes and associated transcriptomes

to carry out a detailed examination of HGT in 26 animal species (10 primates, 12 flies and four nematodes) and a sialptifeth a

further 14vertebrates. Genomwide comparative and phylogenetic analyses show that HGT in animals typically gives rise to tens or

Kdzy RNBRa 2F I OGAQGS WF2NBAIAyQ 3ISySasx I+ NBSte O2yOSNYyddshavé A i K YSil ozt
continued to acquire foreign genes throughout their evolution, humans and other primates have gained relatively few siometheir

ancestor. We also resolve the controversy surrounding previous evidence of HGT in humans and provide at least 33 egwfexampl
horizontally acquired genes.

ConclusionsWe argue that HGT has occurred, and continues to occur, on a previously unsuspected scale in metazoans and is likely to have
contributed to biochemical diversification during animal evolution. C §&py Boschetti, et §2015)

. = Key:
Drosophila spp .

2.2 26.5 46.5 14.9 9.9 . 50%
Caenorhabditis spp. . .
Q@

0.0 46.2 29.5] 12.4 11.9
Primates . D . . 1%
2.0 25.0 57.6 54 10.0
Archaea Bacteria Protists Plants Fungi

Fig.3 Mean origin of class C foreign genes for each taxon. Numbers show percentage contribution within each taxon
(row). The sameanalyses for Class B or A genes show very similar patterns. The colour scheme is as in Figure 3: origin
from archaea is light blue, from bacteria dark blue, from protists is grey, from plants is green and from fungi is pink

Fig. 4 fromCrisp, Boschetti, et a(2015)

A scientifically correct comparison also on a physiological level between transgenic and conventional
maize crops reveals on both s&limpressive variatiohi, Ding, et a(2015)

The conclusion of this summary: these facts of a horizontal exchange represent another nail in the
coffin of a purely process oriented biosafety assaent.
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6.3. 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 ba 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, physiabgviour

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 timagagter, most being undescribed microorganisms and
insectsMay (1990)

6.4. 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.e. ecosystems free of human activities. These are composed of what has been

broade RSFTFAYSR & aGblGAGS . A2RAQGSNEAGE:E® LG A& | Y
exists today, as human activity has influenced most regions on earth. It is unclear why so many
SOz2t23Araia asSSy G2 Oflaairte Kdzylya |a o0SAy3a adzyy
Seminatural ecosystemis 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 ecosysternare the third broad clasfication 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 gstainably 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 lifencearth. 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 ouslifgort, we should be cautious
andwork to preserve the broadest possible range of ecosystems, 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 ecosystEnset 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 ultimategat@should not indulge into

the illusion that larg 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 byttigies of Berthaud and
BellonBellon and Berthau(2006,Bellon, Berthaud, et a{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 betfd patterns of general biodiversity related to ecological factors

such as productivity is rapidly evolving, but many phenomena are still enigmatic and far from
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understoodSchlapfer, Pfisterer, et dR005,Tilman, Polasky, et 4R005) as for examig why
habitats with a high biodiversity are more robust towards invasive alien species.

7. Biodiversity Distribution

7.1. Global Biodiversity Distribution

Biodiversity is not distributed evenly over the planet. Species richness is highest in warnter, wet
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. Latihmerica, the Caribbean, theopical parts of Asia and the Pacific all

together host eighty percent of the ecological medjaersity of the world. An analysis of global
biodiversity on a strictly metric basis demonstrates that besides the important rain forest areas there
are other totspots of biodiversity, related to tropical dry forests for exanigler, Mutke, et al.

(2005 Kuper, Sommer, et gR004,Lughadia, Baillie, et al2005)

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 foresdsnazon 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. Thasithne
tropical forests in tropical As and South America are considered to be the richest per unit area in
animal species in the worliaresch{1980)

Fig.4 Global biodiversity value: a map showing the distribution of some of the most highly valtexdestrial biodiversity
world-wide (mammals, reptiles, amphibians and seed plants), using fadglel datafor equatarea grid cells, with red
for high biodiversity and blue for low biodiversityilliams, Lees, et a(2003)
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7.2. On Centers of Biodiversity and Centers of Crop diversity
Centres of biodiversity arstill a controversial matteas was shown bBarthlott, Hostert, et al.
(2007)with the example of various African biodiversity patterns published over decades.

WuLsF 1935 i LEBRUN 1560 i Ozenpa 1982

Fig.5 Historical evolution of maps displaying plant species richness patterns in Africa. Apart fronmiye of Wulff (1935)
which indicates the total species richness of the displayed areas, the maps show species richness per standard area of
10,000 km2. Almaps are inventorybased and to a varying degree rely on exp@pinion. The same legend of ten classes
as displayed was applied to all mapsom Barthlott, Hostert, et al.(2007)
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Fig.6 The original eight centers of crop diversity according to Vavilov, Mawkes(1983,Hawkes(1990,Hawkes(1991,
Hawkeg(1999,Hawkes and Harri€l990,Vavilov(1987 Vavilov(1940,Williams(1990)

Also the definition of centrg of crop biodiversity is still debatediarlanHarlan(1971) in deviation

of the classic Vavilov centeriawkeq1983,Hawkeg1990,Hawkeq1991, Hawkeq1999,Hawkes and
Harris(1990,Vavilov(1926,Vavilov(1951 ,Vavilov(1987,Vavilov(2009) proposed a theory that
agriculture originated independently in three different areas and that, in each case, there was a
system composed of a center of origin and a noncenter, in which activities of domestication were
dispersed over a gm of five to teathousand kilometers. One system was in the Near East (the
Fertile Crescent) with a necenter in Africa; another center includes a north Chinese center and a
non-center in Southeast Asia and the south Pacific, with the third systendingla Central

American center and a South American raamter. He suggests that the centers and the-non
centers interacted with each other.

The centers of diversity which Vavilov described were not discrete but overlapped for a number of
crops, as regias which have concentrations of variation assessed in terms of recognizable botanical
varieties and races. But he also included a complex of properties which include physiological and
ecotype charactergVilliams(1990) This is why the concept of the biodiversity centers underwent
later many amendments and enlargements, which resulted among others in the nZavef(1998,
Zeven and Zhukovsky975)
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Alterations w.—
Additions ===~

Fig.7 P.M. Zhukovsk® alterations (solid lines) and additions (broken lines)Vavilov@ original concept of crop
diversity, after Zeven and Zhukovskil975)taken fromHarlan(1971)

Harlan proposes the theory that agriculture originated independently in three different areas and
that, in each case, there was a system composed of a&cefrigin and a nogenter, in which
activities of domestication were dispersed over a span of 5000 to 10000 kilometers. One system
includes a definable Near East center and a-ocenter in Africa; another center includes a North
Chinese center and a nacenter in Southeast Asia and the South Pacific; the third system includes a
Mesoamerican center and a South American+genter. There are suggestions that, in each case,

the center and the nostenter interact with each othelCrops did not necessarilyriginate in the

centers of their highest diversity (or in any conventional concept of the term), nor did agriculture
necessarilydevelop in a geographical center.

Fig.8 Centers and nofcenters of agricultural origins (A1, Near Eaenter; A2, African norcenter; B1, North Chinese
center; B2, Southeast Asian and South Pacific 1vemter; C1, Mesoamerican center; C2, South American-nenter,
from Harlan(1971)


























































































































































































