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1 Introduction . ) " £z .. B N

Blodiversity is a: last officially 1 mporfa...,bapc_"q senis of sysiematics in.the deve cpac
'-.'srld bad been closing down ‘or 5c-g.Cecacss now becauss ivnaa been fal th.ir ths

gene is now s unit of li's, ine org,;m_.m parz-& mere psckaging (Dewkins, 1838}

o
- PR T

ir*ere Is now tz'k of m.using niev fife inlo sysiametics (e.g. Janzen, 1883).
This cerie ebout from two different tyes of infitence. On the one hanc.
collutlen, soil dsgradation and popllziion pressure ccmbined ic cause such largs
. numbers of extnctions of speclss thet soms ssopls staned 1o become frightinec,
Fredictably, theie were nct sclentisis. On the ciner neng, scientlsts with all attenticn
on genss finally managed to combing, or at isast to {sel that, through biotschnuiegy
they cculd com line, geriss across zil taxa, nc mansr novy differant tha taxa are irom
cne ancther. St-ddenly, therefors, all cec.,-har :::*cs pecame rarg commodities anc
blotechnoicgy “irms mushrcomed (RAFI, 1€28). Whera would cne find genes?
Packaged in spscles, of course. Thoss pac ag S must be saved for the genes thsy
contain. The twa elmost opposits starting points. the ene which saw life as intrins cally
werth sustaining, and the other which saw i as rormady a cispesable packags bu:
now, awaiting 8 more secure permanemt gene sicrage sysitem, worthy of temp srary
protsction, for @.acs converged. As a rasult, the Carvennon on Biological Diversity was
neuctl;:*ed 10 minimize extinction of taxa for scme, and to maximize evailebil ty cf
genes for othe's. Other internetlonsl sgreaments were slso reachsed which had
impertant implic.itions for the conservation and sustainabis use of biodiversity incl ding
Agenda 21, the Conventicn on Climate Changs, the Basle Convention on hazar ous
substances, andl the Vienna Convention end its protocols on the ozone layer.

Is blodiversity, therefore, now sscurs? Not really. 8o long as the demnant
blclogical view continues to be that all that there is to life is only genes, it is a ratter
of time, and not very long at that, before the weil known human arrogance feels that
ell genss have riow been stored in deep freezers and taxa can disappear. Therefors,
it is necessary io lock st biology and relate genes to the rest of blodiversity. f wa
develep a balan :sd view of the whola of life, ths ¢chances of susteining it will impiove.

2. The Strusture of Life §

Biolegy Is usually defined as the science of life. A 1883 cryptic but cenciss defirition
would state that blology is the study of the structure and processes of lifa the
functions cf its parts, and its interactiens with its snvironment. Other definitions: ars
also pessible, bt this will co for us now.

- For the pirposs of discussing the conservation and use of biodiversity, ws do
not nsed 10 lonk &t the processes of life per sa. Even the functions of lifs's
snvironment do not requira our full ettentlon though we will need to look at some of
their elements, Our main focus will be the structural parts of life. -

If we arranged materials according to their degrsa of complexity, at one end ws
would have elerr sntary particles and at the other end the bicsphere, with all ather en-
living and living neterials being spread out In betwean.

It we arranged them hisrarchically accoreing to levels of organlzaﬂon we would
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find the same o.der. This |s not surprising since, as the level of orgenization increases,
so must complaxity. The- reverse, however, nesd not necessarily bs trug anc thus
complexity can increase without creating an upper step in the hierarchy....

The simplest sltuation would be when thers are only 2 units at each le sgl of
hierarchy; and wnen the magnitlide of the complexity of‘each unit is the Same. We
would then have a perfectly syrmmetrica! dendrogram dichotomausly branchiag to
successive lowsr levels. If we standardized both the [ndex of organization anid the
index of complexity to lie betwesn 0 and 1, and represented the hlsrarchiczl unts on
a graph with o7, of the index of orgenization on the Y-axis and log, of the incex of
complexity on the X-axis, we would have &ll the units of hisrarchy on a straight | ne of

457 slope sterting at the origin with siementary particles and ending with the biosphers

at the top right hand corner.

In practic:e, the number of sub-units sggregeating. to form a higher unit will bs
meny more thain 2, end would be millions or sven billions at the lowsest [uvsls.
However, the 2 lgregaﬂon of idsntical components dces not increass complexity. For
increase in complexity we lock &t the heterogsneity among the compenent perts, and
ths number cf ciffering catsgories of units is always a small number, especzaliy tit the
lower levels of the hisrarchy, s.g. types of elementary particle, though it rises «t the
higher levals, e.3. In an scosystem, where there could be kundreds or pessibly even
thousands of populations, with each speclss bringing in additional hstercgenegity at
aggregeation Inter 2 community. Even the additional heterogeneitiss need not be very
larce as oiten many of the species are related st the subgeneric, generic, family, stc.
levels. This wonld” mean that-the Index-of complexity will {"Bt necessarlly inctease
linearly with'the index of organization or, in other words, some of the points oh our
graph could lie "o the right of the line of 45° slope and our curve would thus n.at be
a periectly straigiht fine; However, whet interests us besides the order of the hisrarchy
is what happens.to-the lsft and.to-the right of ‘sach of the pomts of the units.cf the
hierarchy. We wauld; therefore, not lodse much information if wé assumed that ths line
Joining the points on the graph is s*raight and at 45° to the axes as in Fig. 1.

— As we'can ‘see in this¥flgure; in-thecry, any level of complexity weuld be
possible for-a gwen hisrarchy, and any number of hlerarch;es could be mede cut of
& single level o complexity; For exampler we talk of. @ human’ being as*a "ciorps”
“body", “Individual’, "spirit* or. "soul*. When we talk of & "corps®, we focus at the level
of the constituént- materlel-devold- of any. functionality, or;; In other words, a: the
bimolecular levél, When we talk: of"body";-Ws"think of Orgens: ccmb!nmg tbgsther to
form a unit;y When we talk of an :ndtvldual wa think of the, body with all life processes
functioningr-— "~ - -

If we draw & horlzontal line- through ‘Individual’, we would find thet its
intersection with the Y-axis gives us the elementary particles In that Individual., This Is
not & very useful unit-end thersfere; we have'no name'for it” But'it can be ‘pracisely
defined: When vie extend the curvé to the right of the line, L.e. whsn only compiexity
increases, we have units that interast-Us very much, but elude preclgs definition. We
can talk of en individual as being "gplritusl”, and there seems to be an agreement that
there is such a thing as “spirituality”; 8ut not many psople would agree zbout its

. Circumscription: As for the."soul®, even its existence hes to berlst to'individual balief.

All the units to te right of the curve are smergént from that level of organization, and
those to the left are constituents. It is one of the inherent problems of sclence: \Vhat
can bs pracissiy studied ls the composition up to any specified level of organizztion;




= | . .
f“z what is interestir o but siusive is e creativity. and creatcn et that isvel. [t is this'iiase
7 ot studying: left. of the . curves and its diificuity “right” of “the: curve that bredispises.

sclentists o star left. of the curve end te acclsed of beirg reducticnist
1€81; Mayr, 1682;. Lewontin; 1893; Wesion, 1803, PR:22-37): i v

(e.g. 81V,
At what ¢ ¢int on our curve does life Esgin? This causes soms ce

bete. For

sxempie, bicmoisciles are mace cniy by iiving things. Ara they then fiving? Could we

eorsider them as members of ‘Elediversity'? As 2 minlmum, for a level ¢l organizition
ic be consldered fiving, it must respire, grov ang regroduce, es zny elementary
Ciclogy text bock can el Us. Biomoiecyias cc net do these. So they ere met li/ng,

DNA con its owr, a2nd even Cenes con thsir cwn carrce: satsly the ¢riteria ior ceing

fiving. It is at the lsvel of the cell that ihess eriteria erg iully satsfied, This vigw vouid
consicer viruses non-living sirce they are marely genes, This Lncertainty crly st ows
thet, 29 in mosi good systems of classification, thera zre poundary probisms, and
cenes share o 3@ oropsriies with the iving But net erough ‘o make them glive. Since
the justification 15r classification is its functicratiny, we can censider these 23 livinng in
i1Cs8 contexis i1 which their peravicur as fiving is the issue, and Cirenvise s= ron-
ving. Geres cin, therefere, be consicered a compensnt of Dlodiversity By ika
cictechnclogist vhe will intredues them inio c=tis, but s nonHliving By the physicl 3gist
who {ests them ‘or iifa Frocssses and finds them iren, Butihe definidion of Ciolc gical
civersity glven n tha Cenventicn on Biclegical Diversity includas ths rengs from
‘genetic materitl! o ‘ecesystems”. This s bscauss Liotechnology flioures ir the
Conventicn and thus the context of ‘genstic matarial" mekes it living.

in.ths hislory of the life sciences the various compenrents cf ticdiversity have,
et dlifering time¢, dominated as cbjscts of study, The earliest to attract attention must
nave besn ths individual, the pcpuiation, the organ and some tissues, Cells eng

organeiles had o aweit the Invention of the microsceps. Communities, gececeysiems
and the bicsprare, shough they:. must have been eppreciated as vague enities,

became clearly sfined cnly in.the last century. The lsvels #rcm biemolscules devvn to

ths slementary sarticles had also to awalt the dsveiopment_of physicel and chenicz
xnowiedge and techniques in the 15 and 20" centuries to be given atention, aven

though atoms s theorstical entitles go back fo the time of the Gresks. The most

recent focus hes been at the lsvels of the gene and the biomoleculs, Since these
ievels cannot be found outsids tha incividual, however, thsir consideration cannat be
mads in isclation. To give what Is seen as due emphasis to genes and bicmolac Ules,
therefore, the ndividual had to be downgraded to being considsrad mensly a
convenient substratum to support the gene (Dawkins, 1888),

Of the er tities to the right of the Curve, the "species” was probably the eerlisst
t0 be rzcogrized, and it is cantral to the stery of Noeh end ths Flood, Hewever, sven
NOW it sludes a precise dsfiniticn. The others are sven mere elusive and the nawast,
ine Ceig, is; nad to the ‘soul’; perhaps the most centroversial, - -

With the help of Fig. 1, we can now clrcumecribe bicdiversity es consistiag of
the hierarchical organization starting frem the biosphars and going down to the jevel
of the cell; and in some contexts, down 10 the lavel of the biomoleculs called [ NA.

- Howsver, cepending cndevslopments in squipment and methodology, resi:arch
at a given tims {3 likely to focus on one lsval of nierarchy of biodiversity or another, but
the temptaticn 13 be reductionist end consider that ths lsvsl one Is studying Is alf there
s to biodiversin has to be resisted. The possibility for this feillng increases as the lavs|
being focused tipon is lowersd. This is oecause it then becemss easy 1o considr the
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higher levels t¢ consist of simple. sucesssive zcditions of that igve} of:focus. & 12 -

_Mayr (1382) calls the belief that the material composition of organisms is the
seme as that ¢f the inorganic world “Constitutional Reductionism®. The reductinism
that we have Ju st considered can, therefors, be ssan-as constitutio"nhl,-’th—not geing
down to. ths Icwaest level possible as would have been expactsd™and it is thus not
consistent everi within its cwn premise of studyirg the most basle constituents 1c kncw
the whois. . %

For a talanced visw of bicdiversity, mnsrefore, one would acsept that ihe
propeniss cf a given higrarchical unit would bs determined by Influsnces from lower
levels and from higher lsvels, the magnitude of the influenca verying depending on the
degrse to whic the influencing unit is internal{y orgenlzed and functionally integ reted
with the unit In question, Thers s rno doubt, icr sxample, that organs havs a great
shars of determ inlsm on the properiies of an ingividual of which they are parts, &5 ¢an
bs ssen in the lifferences between a psrson who has lost his/her eyes end ar other
one with. normally functioning eyes. It is equelly clsar that the hive, of whic ths
individual bes is- 2 component, has a mejor share in determining the properties ¢ f that
indlviduzl bee, 3esides these influences from zbove and from below, thers also are
emergent propertiss that cannot be atributed to sources higher up or lowsr down, For
gxample, a lot I as besn written about consciousness. What ssems cbvicus is trat no
amount of attenation to the lower levels such as studying the Individusl nelirons
constituting the brain can explain it away; and thers Is no way that soclety, frcm its
uppsr but organically unlinked level, can introduce consciousness inte the individual
though it can very much influence the use he/shs makes out of it. Finally, It shorld bs
remembsred thiit one's snvironment can modify cne’s propertles, which even Dawking
(1976, p.37) acsepts. This balencad view should, therefors, be based on an squel
attention being piiven to those organizational levsis whoss emergent pro;:aemes go into
detarmining the preperties of the unit (levsl) in gusstion. 3

The theury of complex adaptive systsms (Kauifman, 1893, pp 173 281
Hubsrman, 1892) looks both at the component parts of & system and also atit as a
whols, and would thus be eppropriate for develeping an integrated view of biodiversity.
It sess the comg onent parts of biodiversity in a balanced perspectivs with connections:
making It possit s for the whole system to gvolve towards a stete at which adapie bility
is meximized through cosvolution. If the components of a system coevolvs, thenthsrs
is no naed to ettribute all responsibility for adaptetion to one or even a féw cf the
compoenents cny, it would be possibie to Identify the role of each contributing ievel
and devslop a systems-wide understanding. ‘

3. The Fociis of Congervatlon of Life - Biadiversily or Genes? -~ - -
Nso-Darwinien e volutionary theory Is now dominant in biology. If we wers to be grided
completely by it, all wa would need for life to continue would be gsnes. As constitl snts
of genas, obviatisly ail the hlerarchical levels below the gens in Fig. 1 would als> bs
required. All levels above the gene can be re-created through the correct combinition
of genes. In fact, since we can now, &t leest in theory, produce all imagirable
combinations of genes, It is in cur control to craate totally new forms of life. It Is also
in our control to creats totally new and uniform environments as we Have done irs the
green revolution and preducs any naw life support’system that we fancy.

This visw has & disquietingly disruptive Impiication on the conservation cf life
as we now know it. in a discusslon by a penel of scientists established to svaluata the
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conservation- cf crop. germplasm held by the. Consuitative Group. ¢n Interne onal
Agricultural Re:iearch; the: worry emerged that pernaps the ~world’s.best gene hanks
are not safe ani that & very high propértion 6f their heldings., h¢d deganarated m.ynnd
any possjbility of rejuvenaticn (Fowler and Mcorsy 1980). In spjte of.this realiz ztion,
an eminent ger eticlst, knighted for hls achievements, circUlztad a proposed aciimon
to cur report tc the sffect that genstic finger-printing be used to 1cenufy the genes In
the ccllsctiens «ind, to avold redundant stersgs, the collections that de not contain any
unigue gens be destroyed.

A view tFat the whols range of struciure of biadiversity forms a complex sy siem
that adapis e¢ a whole would have racognized the suggestion to have besn
rigiculously rediictionist, If we want biogiversity 1c be perpetuated, we cannot foc us at
ona of its comp anents elone to the detriment of the others. Such an isclationist *ccus
at eny particula - level Is fraught with dangsr.

If we foc ised at the spacies level only, we could continue balieving that alf is
well whils infrespecific variation down to the level of the gens is very seriously eraded.
For exempls, tF cugh Scandinavia is perhaps one cf the most feresied pans ¢f the
world, its biodiv srsity has been greatly reduced (Salo; 1883) because of the iccus,.en
orly a few tree ipecies.

A focus et infraspecific levels only is equally irasught with the dangsr of
assuming that he propertiss of that texon are the only velid properties and ihat
individuals which deviats from that are not valid. This is the basis fcr the modern crop
variety with its sery narrow genetlc base, and, thersfore, its vuinerabith; it I¢ this
vuinerability that Is employlng most of the breeders cf the world in shadow boxing with
disesses and p3sts- (Shiva, 1881). The most odious manifestation of this restr cted
focus is perhap!; recism.

As we ha'e glready seen, in this era of bictechnology, a focus &t the gens level
only will producis the rldiculeus réductionism that the organism is.irrslevant, the it is
only the gene that matters. In this view, all genes can be admixed, the whols of Ife is
one super orgar ism, and biodiversity is merely a product of an arbitrary packaging of

-genes, Even thi environment is irrelevant sincs the inclusion of the approfriate

gens(s) can bea: any consiraint thet it imposes, or a new uniform envircnment can be
created to suit the new genetic combingtion. it should be pointed out, howsver, that
a body of opinicn that puts the gens In lts appropriate perspactiva In the species as
a complex-adapive system Is growing. The gense Is'being seen as a mechanism for
changing param:sters drastlcally enough for the wholg system of the Individual to | smp
from one position maintalned by a stabjlizing etiractor to anothsr position stabilize 3 by
anoiher attractor (Goodwin, 1888; Hubbard end Wald, 1998, pp. £8-71).

Focusing at levels above the species have produced less problsms. If should
be noted,.howuver, that a rigid-view of the community as a super- orgartism
(sometimes refer ‘ad fo as quasi-organism) has glven rise to dogmatism cn succas sion
and ciimax.vegetetion.which have had to-be refuted by experiments, and lo the
disregard of lowur levels of biodiversity (Sagoff, 1883)..

There is one comman feiling to focusing at any of the levels without ralatirg it,
and equally focusing on, the other levsls: it becomes sasy to feel that &ll that nesds
to be known per ains only 1o that level which is being focused upon. This will lead to
declsions based anly on pertial information. And If that declsion is to affect biodiver sity,
its consequence: could bs serious and Irreversible. In this context, it is sncouraying
thet ona of the tensts agreed upon in the Rip Dsclaration is the Precautionary Principlse

e .,
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which states: “11 order to protect the env;ronmunt the precautionc;ry approach shall
be widely appl!ﬂd by states according to their ‘cepabilittes. Where thers ‘are thre.its' of
serious of irrev=r8|bla demage, lack of full scientific certalnty shall not be used as™a
reason for postpening cosr-sffactwe measures o prevent environmental degradztion”,
it is to be hoped that not only administrative snd political decision makers, bu disc
sclentists will heed this principle. - : "

~ -

4. Conservation of Blodlversity

If we begin by isxamining the purpose of bioaiversity conservation, it would he p us
svaluate the effurts being made to that end. -

"41 The Purpose of Biodiversity Consarvation

The desire to cunservs biodiversity arisss frem the feeling that human interventlon is
eroding it and e'ren causing the extinciien of some of its comzonents. "Conservétion®
in this context, inerefore, must mean the enasling of the bicdiversity componerts in
question to cont nus into the futurs. Obviously, in order to do this, we must know what
maintains that particularly component of biodiversity.

The varigbles involved in maintaining it are of three distinct categeriss. Orig
category is the external environment. The "fitness.landscaps” described by Kaufirnan
(19S5, pp. 37-1.'2) Is a good modsl for visualizing this category of variables. Ir this
medel, the direcions of variaticn in the snvironment which are-towards conditions of
incraesing edversity to the organlsm in question are visualized as ascending slosed,
the dirsctions of decreasing édversity as descending slcpes, and the least adverse
perts as velleys. Obviously adaption on this modsl means moving Into tha vellgvs,

A second categery of variabies Is the internal environment of tne biodivérsity
cemponent whic can also be viewsd as a fitness landscepe. This environment settles
down to a given state, or specific components of It to given specific states, sven lfths
intsrnal environnient were modereiely periurbed. A given perturbation may pust the
organism some ~ay up a slope In the fitness landscape, but when that psrturbation
stops, the stats of the organism slips back to the valley. The stable states of the
internal environrient corresponding to velleys of the filness landscape ara cullsd

aitractors. In othsr words, provided ihet the variations in the internal snvironment do
not go beyand t1e eatchment of the corresponding vellsy in the fitness landscips,
thesa variations :lways setils down to ihe levals of these attractors.

But this étable situation would at times need to changs since the external
gnvircnment does not necessarily remaln unchanged. The organism would then bo on
a slope or a ridgs and thus loose its fitness. The internal environment will then nead
to keep changiny until it finds an ettractor which corresponds with a vellsy in the
fitness landscape. Therefors, it nesds some mechanism to jerk it out of the catchnient
are of the now maladaptive attractor. Genes are able to "hange the internal
gnvironment to do just that.

Obviously, when we think of "COnsBrvlng bzodwsrsury“ in term of the trras
cetegories of var ables we have just noted, wa mean that we want the sxternal and
internal environm ints to remeln unchangsd since a change in the external environr ent

will necessarlly force a change in the internal snvironmant, or else an extinction of the
taxon In guestlon,

3
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4.2 Types o!f Consservation Used and Thelr Suitabliitises

Efforts at conseving b;ccnversuy have bheen classlified into ax-situ and In-situ ectv ites.
The Cenventior on Blolegical Diversity considers In-situ gs the appropriate typa ty aim -

for, with ex-sizu being used only to supplsment It. The assumption hers is that in-situ
conssrvatlon leaves the exiernal environment unchanged zand thus the infernal

envirerment is srotected from periurbations which wolld meve the taxen cut 97 s

valey cf fitnass. Even if there were genetic changes eifecting the attractors that <eep
‘he iaxcn stable, he stabls external environment would siiminate them,

Ths asst mpticn will Ee valid so long as the "in-sfiu conditien® continues teally
mcn:hged Fe peiusting condiiions ! "or:.ngﬂd i§ nCt &8 essy &s it might & first
apccar This is because when-wse -'conserve’, we usually change snvironmsntal
management ar d thus, unwittingly, also the ex‘nrnal variables.

Ths usuel prescription for /n-situ conservation is the enciosing of the area so
Ihc;t numans ant ¢omestic animals are excluded. This would be the right action 1o 12ks
f ons could ass . me that the “in-sftu” situation we wart to perpetuate had pravicusly

aisg excluded bt mans end domsstic animals. in practice, such umouchsones:: S very
hard ‘o find and iike the continent of Antarctica, usually these areas conat o ssass
much bicdiversi'y. Much of in-situ ceongsrvetion is, therefore, flawed.

In a 24-y¢ar study in a grassiand in Breck icr.d, UK, Wett (‘SSOa, 188Ch, 1582)
excludad graz' nyy by rabbits and found izt the number of speciss was the highest
when under gra:ing and that it gradually reduced tc a few species at the end o' the

study. Under trat sssumption thet we are conserving bnocﬁ.versnty by excluzing
interference, we may bs actuslly hastening its erosion,

Tbeoreticn}ly the solution to the problem is simplel Just allow the human end
domestic enimal pressures to continue, The trouble with this appreoach is that, thcugh
we mey be certan that humans and domestic animais have been part of the exte rngl

environment, weé have no gqueniitative data to enable us ti maintain that pres:sure -

unchanged. In-s'tu conservation would best be initiated, therefore, afier & retiab'
quentification of he initial conditions. But this is usually not sasy.

This problsm is, however, sericus in "natural” ecosystems, but much less ¢o i
the In-sifu conse vation of crep germplasm on farmers’ fislds sincs the managen:snt
regime of such "srtificial" ecosysiems can bs quantitied reletively precisely and thus
mainteined more or less unchanged.

In préacticn, most_conservation activities . have been ex-situ, and they. rave.

focused on cultlv ited crops. Carried away by ths mementum of what they have s far
been deing, germiplasm conservators sge the relationship between fn-situ end ex-sity
in reverse of the /isw of the Conventlon on Biological Diversity. In discussicns at the
international Plan! Genetic Resources Institute in Rome In 1884, | was amazed 10 t sar
them raising "scientific" querles and even objections about in-situ conservation of crop
germplasmm and hisisting that, until mora is known about #t, it hes cnly to be taker as
a supplement o 2x-sifu conservation.

There has been a goed evaluation of the effectivengss of ex-situ consarva ion
in gens banks (Fawler and Moonsy, 1880), which has shown that unacceptably Figh
proportions of iie sesds stored in the gene banks of even ths richest ind
technologically m st advanced countries have now lost their abillity to germmate. “he
basis for the obsctions to ex-situ conservation can be summarized as in Fig. 2
(Tewiolde, 1983). This porirays the reguctionist frsezing of tims at the peint when the
sample was drop >ed Into the deep freezs, and the equally reductionist squsezing of

.
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space |nto a tny volums In the gene tank.. And yet the system the sam Jde s

supposed 10 ripresent s the complex rot crly of genes, which would; at 1ea-=r'
theorstically, be maintelned unchanged un:it rsjuvenation, but also of the srvironmentai-

conditions which bear no relationship with that ambient in the deep freeze, and >f the
physiclogical irternal enviconment, with its essential attractors, which bears litils
reletionship with that ambient in the frczen s:z:5. Yet, the freezirg of time only sicwe
dewn loss of vinbility; i dees not stop it. Trer awe ex-siil conservaticn Is supporied,
Cor is sunpesed to be supponed by rejuveraticr et reguler intervals. This subjec s the
semple 10 an e ternal environment and, thereicrg, 10 a fitness landscaps, that usualy
is very cifferent from what it was when the sampie was originally collected, incressing
the iikelihood ¢! artificially beneficial responsss 10 new attractors causing unw.inted
adeptations, or rether undesirabis deviations iroem the original genotype.
Neon-donissticated plants, espacially trees, are kept ex-sit growing in botunica!
dens and pzrks. Sincs the external environment Is usually very ciffsrent from that
wrere the tree ceame from and the sample is now constantly Interacting with i, the
rkeiinood of uniissiratle genotypic deviations {rom the original occurring is obviousiy

much greatsr {nan is the cese with the !ess freguent reiuvenation of gene bark
accessions.

5. The Sustainible Use of Biodlversity

For the use of b odiversity to be sustainabls, tne range of variations in the living things
with which we interact must continue more or less unchanged. Change canniot be
totally excluded as this would imply the cessation of the process of gvolution. Antd yet,
change cannot be ellowed to continue unchacked because then it would mear that
sustainability we s unattainable. It would also not be practicable to alm at starting with
adequets baselne data so as to monitor shifts in the rate and direction of genetic
change.

An even mre daunting problem ls that in the areas under crop cultivation or

‘animal rearing, t18 need to maximize the required biomass often means the elimination

from those aress of all biodiversity other than one, or at best a few, selectad taxa.
Evan the single taxa have been geiting genstically mors and more homogsnous as
efforis to intens:ly production have continusd to emphasize only speclflc traits.

In order to sustain spproximately the whole range of extant blodiversity,
thersfore, we Fave to resort to /n-s/tu conservation in selected arsa adeguatsly
representative ¢f both the areas under cultivation as well as thosse with "ne ural’
vegetation, The areas under in-situ:conservation for crops could be increised
substantlally if the participation of rural communities were solicited end secuired.
Besides the conservation areas that governmenris sest aside and pay for the
management of, each community could also set aside areas from both egricultura and
non-agricultural and for in-situ congervetion of the flora and feuna, domestic and wild,
In their area of |urisdiction. Since biodiversity now has at fsast a potantial monstary
value, communl:ies could wmmgly creste and look efter their own /n-sity conservistion
aress If they wer 3 assured that is for thelr own use and empowered to make decisions
including the us: of the benefits accruing from any such action.

Even agrisultural ecosystems could be made to include a lot more divers ty in
species and In Ir fraspecific taxa. Genetically narrowly-based monoculiures have besn
shown to be vulr erabls (Shriva, 1991). Such an increase In heterogeneity would maks
modern agriculty ral scosystems as ecologically robust as their traditional counterparts
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and they would re Juire decreased guantities of agro-cremicas {herbicices, fungicics. -
pesticides, eic.) =nd thus e. Wie the many bcns"c 2t organisms-in _the sys‘err s
4ourish.

But to mal & this posw 8, two types of sir.ct 'a: change are FEQU]fEd

On the cn3 hand, industries that use biomass should be designed so as o

accept heteroger ous agricuitu-al products. Given present-day technological capacity,
this is theoretica ly possible, but it will be a hard fight t¢ convinge economisis,
meneagers, stc. 0 such indus:ries.

Cn the oth :r hand, research should ciscover these species eng/or infragpedific
taxa that can be Manted In mixtures that minmize competitive wasiags of resourses
and go into a syrergy which maximizes yields. There ars many traciional agricult iral
systems that prattise mixed pianting. Since thsy nave been doing this for centuris; or
even millgnnia, ruch empirical Knowledge could te cbtained from them which eculd
ne'p identify fruitiul avenues for standerdized scientific ressarch 1o enguire imo nd
meke resuits ava labls to modern farming systems. :

For evaiuwrg such empirical gata and for soientific investigations ‘o find hew
ard better yieldir g viable mixes, it would be usaiu! 1o develop & guantifiable made!
which ralated taxa to fitness iandscapes. In the simplest mods!, there wouid be 'wo
taxa in the mix. The fitness la: ndscapes of the two taxa shouid be such that what is a
ridge for one is thie acaptive veiley for the ctner, thus maximizing niche specialization
and minimizing competition. When we mix mora than two taxa, the valisys for ‘ch
second, third, st3. could be elong the slopes in ihe fitness landscape, kesping &s
much distance 15 possible bstween them. It remains o be seen as to whathsr
methodologles for locating the requlred velleys, slopes and ridges using quant fied
Indices can be de veloped, or whether this will reguire alternetive modsis. The reseiirch
need, howaver, |3 clear.

One possble way would use the spatial dimensions of the soil to do this by
mixing deep-rooied &nd shallow-rooted plants. Another would bs the planting 3t 2
taxcn that requirss direct sunshine with lower growing ones that are light sencltive
end/or shade tolsrant. The spscies nesd not be in palrs. For example, one could think
of deep-rooted, risdium-rooted, and shallow-rooted texa piented In a mixture of trres.

6. Concluslon

Agricuiture is bised on & swategy of replacing all the total biomass of zll the
bindiversity that used 1o grow in a given arsa by the biomass of one or a selexted
smiall number of taxa. As such, agriculiure is not compatibie with biodiversity,

On the other hend, the types of snvironment created by traditional agricul ure,
urstable over a long (sometimes very shert) time frame but recurrent and relat vely
narrowly defined, has produced many new species and verieties of crop and domisstic
enimal, es well 85 ruderals, and pests and diseases, which would othsrwise not have
existsd. As such, traditional agriculture has fostered an increass in biodiversity.

The mode rnization of agriculture has, howevér, reduced blodiversity by sroding
the infraspacific varlables that existed in traditional crops and domestic animals, as well
as eliminating rtderals and many important soil organisms in its attsmpt to eliminate
a fsew pests and diseases.

Though grobably only to a limited extent, agriculure could be made to cult vate
a mixture of typis of biodiversity, thereby not only contributing to conservation but
algo raducing crop diseases and pests. This would reducs the use of agro-cherricals
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and spare other beneﬂc;rﬂ organismsg, pamcuiarly .those in the soil, wn‘t:h weulc
ciherwiss be Killed cff unintent eraﬂy, gventualiy rencering e soii steriie. , -

Natural bludiversity is everywhere giving olace to agricuitural momca'u ‘es.
CenscioUs- In-sitt consarvation programmes run By governments--and  local
cemmurities cou d help conserve it It should be noied, however, thet the maintair ing
of "natural condit ong", If to be achieved by exciuc! rﬂg rumens and domestic ani~-a's
ls net essy, endn ay well no: ce cempletsly cesiradis. Ex-8itu techniques are aver |38s
satisfaciory and riquires much mere reseerch inio the maintenance and managerm ent
ct sucn cciecticns if they ars &t 2ll 1o be pant of ine bicdiversity conserva ion
paracigm. The uconservation ard sustzinable use of biclogicel divarsity in ‘ba
agriculiral cuiturss is fuil of difficultiss whicn will net go away by ignoring therr. A
oolticel, social ar d economic shift, end a grezter awareness ameng ail ciiize.ns are
required 10 Improve the situstion. Anticipating 1re requisiie public awarensss, resezrch
ang developmen work should focus on r*e*r.odclogms for maxmmrg e use of
Ciediversty in agr sultural production. Witn the worid pepulation increasing very rapi iy,
g proviems pcsed by agriculiuie on b'iod:'versity conservation is geing w0 be
exacerbaied,
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