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. A
EEEXEXEE
LA thn Prinzrtzn Gaisnra fihrarw CHizinr

In the six yrars since the first edinon of How fhe Teopard Chaggaed
i Spees. much has chanpeed 1m0 bialopey, s apphoatioms, sl s
hroader counectuone with bumar vaives, Some of these changes have
beon faizly predictable, cthers much Cess w00 Precicrably. penetics has
coatinusd to plowr cver Geeper furecws noo the soil of Life, revealng
1 incroasing detail che srenedc voocs that (e beneath the processer of
embvoms developrent and how penes have chaaped during evalo-
oo, Uhie koowledpre prondes s wnith the passilnlite ol prean by ex-
rencing coc concrol over the species that serve horamiry, sushe oy
'\,'h_i.:'l-']'l.h ]"'iiﬁ-: salmon, arul rhe J'||:|r|1'\. e :||'2|ri-:'|.||':uT|.'.I L readusign-
‘ng their genares. The Heneen Genooe: Praject s ceacntially com-
plate, opening ihe daor oot s regarded by many as a vicceally
unlinsited ciasztivmaricn ol che human species in terms of mcreased
ficness —improved heaon, increased loneevier, and greater repre
doctive porenoal W2 ase curcently hving through che greatest in
ft'l_lﬂi'l.'ual Tament '|'|'| h'iiib;'ll_':r'._ .g'll;'l.:l;'lrl.li'l'.ﬁ AT I o E L TP |'||:-r.| 'I-'r'h'!'ﬁl.
vhromasumes apprar an tee cover ot his boale, The gooes ane thase
chrismominmias sdo net behimg e hing, however, They are nweed by che
Bivtcchenlegy wrd pharvmazeotioal com paties warhich kave parcnoed
Lhew, mnder few Daws tan Bave wcansfraed inoiocone yeaes che vy
ocaning ead purpose of a patenc, Al life @5 noes vp for auction,
Trooy, e e in lnerestnp times.

Cheic is a sease of desony in the aw. 3 realization that we Rave
seached a decisive moment o our hstory when e need all war wars
Lo NCEOOALS & Passage inco a suscamable futucs wach a ool gualitr

of life for all, human ang roenhoman alixe. Of conrmse, aur soencs
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will continue o serve us as it hacs in che pasc, oponing 1p wohooloar-
il proassihidries, and binecheclopy s che new toncer. Ju e nos ovi-
-:]r'1||.I hierav weer, 1hal i e l.'-e'.||'|'|1||'u_"||'. has caker: |'|'|:|.il." that was ne fore-
ners s wvears apn. This is Lhe cxprossion ol o widespiead sublic
eregse aluaes the imrpliatioms ol penctic snamipolatian of Fatir -
:rna|.:-. .;|1'.|_| LrAp _:-|:|r|‘..a~ I_Il.'EI'.-'II:I‘iI" 1t Tiralih aral I‘l\_'l'l.ll'fl_d,il.'lll T T
safe techraplopy? Tt ois previsely here tiat the perspecrive presencad in
Hose the Leupard Chaaged Toe Spos s relevant, Genes -nake sense
I:.'Iﬂl!.' 'ﬁ']l_’h:n []..l'_" coarnte s |F|: |_'I'|t" 'l'rh';_'l:l:' 'i.“'t':i-l_rliﬁ.’rl.l .-|'|'I|.I llrgilrli‘irllﬁ |'|a'|1:|"
sense unly within the conrest of che sofegne i which they bl
Fedptionist Tiologr 1w a powerful analetic:] onl, b the ioerinsic
|.:|:-|1'F|'|r::'ir1|:'.- o Tife mean 1hal the L 171 s TR od H::III"‘.iL: aned e
Topical Firipolatior are “omrver unpreshictabie, THes s ooz ol dee Tl
owwni ©F e “acenees ol wompesity,” which bave continesd o
suenzthen and grow checughour che past docade, develaping scicn-
zific toals 2o descrizing the emerment proporcas of hfe. sucs as <he
kealch of orpanistas and che mateecn of sorcies abeodzoce 10 neozal
ecovverere, My colleaguy Bicanl 50lé and | bave examined tlese in g
bxale epotities Segeer af Tagerr Deone Conmepdeazey Fermackes Broduge T
‘l’rll-l-\:: H\.-'l.'\-il.: !:lll.:lllkﬁ.\. 2“"]”:‘. TI'"' IJ1'.[rTr:L1iLI:I|1]F ThaA NS0 Ll L':.L'll'l"l!:':
sesteng A Claege ol coditmez: 0% = lac ol Lz, end dos s -
Fownc im=lications for che war in whech we pracice zhe scencze of
complexicy and applr che knewledac we cain from o

The lass chapror of Leopard sxploves what | call —a scicnce of
cualoes,” in connectien Wikt e elating vogaalty of life, T a-gue
thar complex wrhales such s organiane, vommoemnes, aml ecoe s
rems man:fest ther emecient propenes thoongh cns'ities 3w well ax
cuAnnries. e nsel e dake asonnmt ol this i anampAing e under-
sraml aml relare to che wlosles on who'h ogr hve- ||r:|_'||-.|u|. Thes
what tag pahlic w dernanding, 1 Teleee, v cpmmertion with healchy
fueal, soszaimalle agmien'tiezce, ancl dheerss sroasestenn, Sensts o
ret knuw bowr to esoend b these demands because al qualites
have to be ceduced to measurable quantites o by tegatded 2. uhjec

ovely. soweat:iically “real.” A poonl facmer, huoweeever, cecugnizes the

LN}
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quulity of anil indeperdenly of wheihar iz has al. the reconcmended
lezwncls il vtz phaomshaces, ollaes, and s o, tha seicnzises de-
fine an 2he |_1.wi:' LZI‘IthII':I'ﬂ] .'I-I'EI.-.-I_IH |_:-f ;.Tl.‘:-[l ]_'\llllllr.‘\.. ”:- Inr L::I-cul'|'||::-|-e:, 17
miceihes, rhe myceorhizzl fongral neswarl, 2l che o werms hawe
rane, poisonsd br excess cheenicals, chen the tevooe and yuaadire of
the soul are clezsiy dencions 1o a discermung Garmer. one wheo celates
diczctly 7o che lanc. The sarwe applies tu Barm animals, wha in ches
own npht, and for healthy food, reguire a rood gualioe of lite, Lut
how can science respoad o zhis aced 2 zhere 5 no way o reliabliy
assctsinE cuales?

Bocenr sisizes have shown that anvenc can be mood a7 qeesseimg
the qualimy of I3 of farm crimals. As the very end of Leapsrd, [
mention che cesearch of ltangesse veemel: felder un smimal welface.
$he has now Semunscraeed that prople are wery gool at evaluating
Thﬂ I;,I_l,'lﬂ]l_t}' |_'|f I:':l'?l:':']l:"nl_'t! I'_"f FI_E.‘;. qﬂ\ I:.]II.-'I'I'ITITII'_",.&-\. Hind i'l'.'l'l_:ll'u'-l‘!ti.\. .ﬂ'l'.l.l ric1
sxperience witl the animals s regoered, Perpie aan ol diserinmna:
Iwtweren es thas e been liviesd ina deprivad crvirnnziern ang
thesse dram an crniched ane. e ouglu aon 2o me sorsrized ac Lhis, We
live ace lives primasily chrowph the evaluation of qoalcics —u oo
ielatiashizs wich acher people, in the test place, bur also with ari-
mals, laadscape, and Ofe in goneral, 4pualoy 1 what we lose fur
Yeestern soence has, for historeal and wealugwal reasuns, chasen o
Ficus uym Jaaniifies, while the scisnces f arker coltures have e ecd
I foens rrael rrigare o -:]I.I.-'Ilil e, TRt sonee has given oy renmele-
able insigbus oo nataral srocesses, and wee haee learnod 0o
these in ror e honlopies: elocirennggeeti dhesices TN T Y] TERET
s, carnpuiers, =idicn anel ceevining chesical proecsses svenlved in
ther produtioan el iz, syt hetic Llbaics, hobic.des and posticides,
and elrugs, oo St lews, B whea i come e life, “he applica-
P ol s vz af gquarere i lieited, and s kees reaching, booed-
Aties. Alvips la canirnl weoepsleme, Loonomies,  ciHtmuoniic,
]_'||:|r|'.x| ﬂ'l'lilll:-ll‘-i:. ilrI':J !'H:-ll'li: I'I.:I'c'ﬂ: rI” r‘::ﬁl.ll'.'::l.l i'll UIIl::':?I.'L"'L:L" I'ITI.‘:'I.“Z"I'.:IIIl'i.|
nofureseen dibSeulnies, whick we neeve oraderstzn:] 1o e direcr comse

squences uf cher: complexaoy, their inteinswe onprekctabilaoy,
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Aonow feancicr is wow openivg for our cudar:, o Irencr whiere
sciener will continae s b orelevara, e ina rindically alieread daren.
Traread ail 2 ]_'\-riln:lr:r' i 1% um -:_'|_:-r|fr\-:_|||'i1'.p_'I -C\,]!Iilrll_'i‘.'it_ﬂi: ~he n;:h.;|'|'||:'11E|_-' for
srience 15 o cosperate wirk the nararal ooeative dynames chac oper
ares ar the edee of chaos, w expenence the quzlites char emerae
there, anul su muws roward a parciciparocy arocllview which cecop-
sures the intoinsts waloes that make Lie worthwhie, Many seople ace
cxalonng what chis means in differcns contexs —in healche ane, envi-
renmencal accon, the corsorace secoov. and scicnce qsclf. This seems

ro be how -he ieopard is now chaaping iz speots.
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Suirnibfe theories develop out of choice wnd assospeions thar an
reither seliteary nor isevicable. Darwin made parocular asswmprians
ahewn the propertics nl acganisms and ctheir cvalution ckar have Iod oo
vk ol the nnst snceessful thenries cear a0 hase ocrged 0 scaene.,
He accepeed char the majae phenomenan of life char needs oo he ac-
counoed for is e adapoacion of organiss oo theic habueacs, and be
bsclicved chae this could e explained m cerms of random hereditary
variations among the wemoers of a specics and aatoral selechor of
the beoer saciants over ienp peneds of crolotionary dme. 'Lhis has
becowe the basis for explaimng ali aspeces of life on earch, or clse-
wher=. Mo acpest of human ld= 5 antonched by Darvan's theonr of
cvoludon, modificd 10 varions wars te apply o coonemics amd politus,
to che explanadon of dhe ovipins aad <he sigoificance of art. and £ven
to the buseory of 1deas themselves,

Heweeves, all cheorees cacoy weith them x pacticalar visepoiat, a
wiay o seeing pheoomena that produowes shacp facns on certinm asoects
of realiby and Bloceed wnswon sbsewhece. & striking pacados that has
emerge] frum Thowin®s weay of approaching lneleprical quescons s
thar orgamsms, which ke tuok to be prumacy exsmples of hvine nacoce,
heve Eadie] away tothe pome where ther oo longer exiet as fundamencal
sl irrgdncible wzity ol e Omganisens have haen repliosd Dy peaes
arul |_"n |_-':ir ™ hﬂu-:_'l:s HES r'.‘n:' |1'.:|5i|.: |;'| rarrer s 1l 11i1|1|rt;in::|| rl:'::| i‘r',.'. -|_|'|i5 Cr
sapant b By in the facr ol all comrmon sense, hut serasger 1thinga have
hagpenes] 11 the o nl s e, VWili's mwore, Crere ia oo lack of
hit:_hh.- |_'|L-:rhu:|.£i'.-i.". Iwnsks whase li'll.‘."il.:l.'ii\'l.: i5 10 dderinass e 'A'J!I:r nr-

givrnsens e ool what they secm e be—micgrated enboe with lives
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ancl naowees aftheirovwn St eomplex oolecalae sachizes conemolled
1'::.-' the ey arrical within them, heares nl the bastoroel reenred ol
1he SPerIvs ik wlicn the |:-r_|_e_.:|||i~:|'|!| |H:|-E'III._|.£"-.. T|||.‘:-u;..:|‘| i s n-e'.rr..:irl'l:r'
nut whar he anticipaded, this s m Bt rle shars Ineos con has de-
velapec fronn Therwin™s dasanpiicz- thout elee v of Tife, 2l there
in awn demping the remankalle insights thay have secnmpanicd i,
ilumiacion of ehe molecolar level of arpanisms.

Tuere s always a price o be paild For cxccssive preoccupation with
o aspeeit 0l pealicy. Muodern clogy bas come o oceupy an et
porsitinz da e specteunt af the sciences, dnminaed Sy hisioricel ex-
planatinnsg in a0 of the cvolucionary advenioes of geacs and an
assaciated sisgle-lovel malecular reductionismw of gene produce. Phvs-
ics, on the: atker hand, kas developed cxplanatinns of differcne lewcls
nf rcalivy, microscopic and macrascopic, w cermes af theorics appea-
priawe v thuse lovels, suck as quantom mechanics for the bekayivor af
microscopic pacdcles pliotnns, elecreons, quacks! and hedrocymamic.
teor ke beh avior of macrascopic liquids. Ieis che abscnce of aay dieory
of areamsms as distincove entities in their own righe, wedh a chaeac-
reristic ope af dynamic arder and crmanizaing, thar bas resuloed in
thew disappearance from che basiz concepmal srucrure of moce:n
biclopy. ‘They Lave succumbed ro the enslanght of an overwheludap
malecular reductionism,

Elcre we face another conons consequence of Daswin's way of
looking at hfc: despace the power of molecular cenencs @ revea. the
hereditary csscoces of urzanismes, the lazge sals aspeos of evolution
remain onexplained. inclodioz the onzin of speaes. Lhere 15 oo clear
evideace ., . for the grachal emeceence of any evoloounacy oovelty,”
sivs Frost Blaven ome of the rogst grningnt ol oo tenmuecaty evealy
tunary boloelsts, Bew cepes of orgaoisos simply xpoeas uoun the
rvlutionary seene, persist for warious serneds af birneg ened then he
warng extnct, i Damvir's assumption that ghe tree o life 15 a0 wan-
SPCILIS ik the gf:||.||:|::| Aciurng s of sl '.‘H;"I:'l:iil‘ilr]-' chil Ferenomsy
appear w0 b oweithown significant sappar. Some mhoer proaese s e

spariaill e o 15 e vgent prepuries al L, nse distiocnive leaneees

af
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Ciil nepITate orne £raup ol crgzinsins Iecees ancther fzfes and am

prhihre, woris and iesecs, harsecnls zen) grasses. Clearly sornetizing
g5 arissto Froon binloey. T apapears thie Drowincs theoey wircks i the
sinall-scale wpuces of cvaluios: iccan explain U vaiacions s he
aduparions within spucies that preduce finc-taning ol varictics e dil-
fevenu Eabizas, The larpe-scale differences of B betwern 1y ol
arganista that are the fowndanen of bioloaical classificazion systcims
seom g Toquire anocher ronciple than nacral selection opesaoae, qu
smail warianons. some mrocess chat oives cise o disonctly difrcrent
frarms of orgamsm. 'Lhis 15 the problem of emerzenc order o evelunon,
the oogins of novel strmctares w ocranesms. which has aiwars beea
one of the primacy foo of aferbun o biclogy.

It 15 here char new theaoses, themeselees cecently emecred arithin
mathematics and phvecs, offer sicmfivant wnsichts inco che orimas of
sialomeal voder and form, Whereas obysicists nave tradinonally deal
with “simple'" syutemns 1 the sense chac they ace masde up of few opies
of cumponenes, and abseoved mawroseepue Hacee scaled ocder s chen
exolaned io terme of vmform interacrngms becaresn ciese commanents,
Tiaalugnses deal wick svsrems [wells, utzansms: that ace hadeowsly com
plex, with thuuwsands nf differenc crpes of genes and melecules ail
mteracting i ifferent wars, Or su o seene at the moleeoiar level.
Horesver, wlhar is heimg reegnred weithin she “sciences of warnplex
! as soolies of these bighly diverse sestems wee colled, s thar there
are Uirasreriste frpes o arder claer ernenge oo e mtemactioms of
neny dilferern? coanpanents, Snd the -easen o uolike whan Dap penos
in '"5i|n[|'|r." |:|'|t:.'.x'i|_':|| s;.-'xh—:nl'\.'. nlrh_'.:-ih- the pxlrpine -I]'i'l-'l‘THil!r ol FEres
sl endezules imoorganisms, ther mcrachens aee lieied sicthan -
tinctive Pepes ol smder arese, cepecialle o selanin e tha: Targe-aciele
aspects nf ruciare o maphology, and the panezns nodme
cohshlwle organismic bekavior. A pacticulaele soiking properey of
these camplex sysicms is thae even claotic behasar ao oae level of
acoviy—rralecules or colls ar arganisms—can avee vise o disoncgve
ordet ac ihe el lovel—morphaleayr and bebavicr. "This has resulzed

i one of the pramary cecsaing of comp.ex scudics: crder croecpres ons

=il
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of chaos, The souarce of lacee acinle coder i Tiology may cherefore be
Jocared a8 disoacave tepe of cemplexity of the lving state chat 15
aften deserived inoreems of the comprtationa] capaty of the intec-
actne cumponents tacher than theic dyrnamue bebavion These rerms,
Fﬂmjil.l.'rlfl.{lﬂc'..!l! el r.I'_'..':l.'_-'arr:lzr.', :cl.:lu.u'l:.- reflect differemr em FI:'IHQ-fb aml
are i i okt with one anrter Whe hs llH'-tjl-:_lFﬁl_l Ircirn rhe
wicdespread use 0l wanpters e explare dhe dpmemic porencisl of
i1'|l'|:'.r:||.l."i11|:=I sy sre s eluiml i TrYILN: S mbarzation, snch s |'|'i|,:-'||,:-£;i|;,:a|
telecnles, crlls, or I'E-r‘:l.{.:llliﬁll'.!ﬁ:_ 9L e I:|1t'-::lr:|-' 13l Ll:rlli-trllil.:-dl SFSEETLS
collectively velermd ooy the seignces o coenglesciry, Trann wliich have
duselnpod siwnilion hmanches such as wruficial lfe

[ chis Dok Dexploie U consegqueees ol thue iduie s they appdy
tn o uaderscandioe of the eonergence af bialagizal famms incvaluin,
parcicular.y the ariam and naccre of the manshologizal characieiscie,
thar distinguieh diffeient crpes of oreanism. Fhow questicns oweclp
those addressed by Liarwin, hur chey fecus on che lazge-scale, ar global,
aspecrs of biocemical ferm cather than oasmall-scale, lowal acapracicn:s.
A A resir, chere 15 no neccssasy condbicr between he azpraaches, no
with the msights of medern Biolkaey e the genede and aniecolar
levels of urzariems, Thew cunmibuze to the constov.ooon of dymamical
theuries from which emerge Righer level properoes of braioincal form
anul the mrggrarec] hehavnper of arganisens, Confliee acees only wen
1here w5 wanfasian alwot et coetiiotes Buslogizal ceales, [ take the
Jueiticn rhac prganismy are as rezl, as funlamental, and as icced nable
at che rlecales tna of wliich ey ee snacde Thes wre o cestingt lewel
-:'.lf l.:|'|'||.:r.|_2|1:rll hialn;.gi.:nl -:.lrlJ-.:r, A the nme o oweluch e sl ilnrnr.-
Gaichy relitic

The weognicion af the fundimnonwl nase of oreanians, wn-
wocing dicectly widh oo cwst marres as inedusible Beings, has sie-
nilicant cacsequences regacding o attwude 1o tre Bving ealn, Do
here thar anather aspoce of scienlic dieorics cnmes o the fare, an
thar is ofter vegarced as ieeelevant o1 secondary oo the facts thar scicnce
wocovers, Dazwudsm. (ke ali theorics. has distine: metaphorical as-

secianons that are famibar Eom che vse of descrptive werms suck as

afe
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saerpaad of the filtesd, enanpeliow caderac oy hebween speges, seffish
genes, swreival sfrategies, svea ot panrse will buzed wad Joee st
pfes Sech nwoaphars 2 exwremcl ¥ imsnoaon They give monng o
seierilic thenics, and they tncounage pazticolae aniades mothe poo
cosane duseribed—in 1he case af Darwanism, oo che paare af the ceo-
luticnacy pioccss s predooanancy driven by compoeritiag, swrvival,
and selfskoess. ‘Lkis makes sense oo ns in coocmes of oo cxpericnes of
our own cultore and its values, Boch culture and naoee theo hecams
cooresd 1% sumilar ways of seeinp the woreld, whoch ace shaped at a
deemer level chan metaphaor by cnicucal mechs, feom wrhuch che meta-
phuts acise, The consequences of this perspechive bave emesped par-
twulacly clearly in this cencury, especially o the veew of species as
grinerary vellewcions of penes thae bave pasl the surveval rest, Tae
vriferizm af willue here iy pereely luagenal s vithier speaes wark e they
thor's, Tlerw hawe mox e rinsie valie,

Poshall argae tlea this vicwe af species ariwes Do gz limdtesd el
ill;&drqu:ilre wione a1l 1l nadure of ffll‘lﬂ,ﬂ.l'lihl'l'lﬁ. The seienie. -:'|I"u-||1r|:|_'l||-':-:iI1_.I
ad 1 L constructinr af o demoe Lieory af nmgassme s e
pringary =oueee o the emereent poopoitics 9f Lile tat ave e n re-
vealed inevnluine, These rroperaes are gevesated duting the proces,
knows as mepkogenesss, (he development af the comples Fazon af
“he adult aceamsin teorm simele seaimings sucs as an epg or a buod.
Dring morphogenceis, cmerpene avder is gencrates by disoncrive
types of dynamic prwcess in whick rencs play a signiboane boc umioed
role, Morphorenesis 15 the source of enerpent evolunonacy 2rozerdes,
and it is the 1bsence of a cheory uf organdsms thao inclodes <hie basic
genecanve prowess that has reeolted 1m0 bodk she disappeacance of s
ganismy frum Thirgarism aned che failace o acveant Soc the ongm of
1l g nETEeng chatagte-mins char iclennly spe:-,.'il;-a.. .".."l",lrl_',.' Pt.-u,lple;' have
e el B Tarnatation ol Thireins visian, ard oy pees sgasrmernes,
Are |:|r1+'r|:.-' -:||—.]'lr'1'||.|i.".r|1' ar therr derrconserarinan of tha p:arh by A sraTe
Balanoed biclage, Priniaes amang, e s the loavering achisesnmene
af T ey Thompson an s Tnok O Geateth ascd Fore (1917, in

which he sigle-lazadedly defined e prabiom al Siological foem in
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withernatical rerens ard reestablialed the argamesm oz e Symamic
vehagde af '|_'-i||'||:-5i-:':'.| FITIFTERTILE, Cimer this s oonehoded an s eatended
viem 1l the hving prose, thoe Lecos i e in b ianee and vacoeal
setlectice e crradive anergence s the coneral qualiny of the evalucion-
ary process. Booanse organisms an: peionery Iogi ob thes Jadinetive
qualiey ol lile, they become again che fundamenal unics of lite, as 1ther
were for Darwin. Inheritance anc natwral selection coannue o play
significane rnles in dhes expanded bualopy, bur they become pares of a
mone compreheasive dyaamical cheorw of life thaz is focnsed oa the
dynamics of erterpene processcs.

The consequences of chis alocred »erspezove arve considerable. par-
tizulardy o relanco o the status of ecganemes, ther createes porenaal,
and ke qualines of Dfe, Oreamsms sease te ke mece zveeval mashines
and assume intrinse value, having waurch inoand of themseives, hlke
wirks of art, Such o oreavaogn anses fromoan altered oulemstambinge
el the narare ol IAFEATI SO A% CRErers ad sabeacrmsns acticon aned e
.ﬂlivit:ﬁ L:-:_l.'llle:l..'.‘{'d -.-l.-iﬂ‘l il -:::|u:n:|:: EgETILY “lar carnel s |J|_-.w::ri|1¢x] iy
ncchavical s relanseal ardoer i companeoe. that naziers oo
thr, nates il croaipositioz in Teeingg pricesses, 0 thal onerganl qual-
L |1|-::|.‘|-:'.l|:1'|i1'|fl||.' nwLr |.'||'.'1.r11ili1:ﬁ. Tlis LIALE Ut ralunds 10wl
aructure, swhese relatioashops, creaciviy, aed valucs o ol prunary
siguificance. As a resolo valocs coter fuadawcncally inoa the appre-
ciation of the naccee of life, and biclomy cakes cn zhe poopertics of a
science of qualities. This 15 a0t in conflis wizh che preconmnan scicnee
of quantites, oat o does bave a chfferenc Bns and mphasis,

Darwimisma sees the linng process 1 terms chat emphasiee sum-
priition., inlecitance, selAshness, and svevival as che dreang bocees of
cedlutisni, These are certainly aspects of the renackahle dearns clat
incluedes soer e histamy anoaospecies, Bu? it s ceee ivemples ancd
Tiritend srory, hen boscicvaifical ¥ and melaphoically, Tased oo ine
adraquate view of mgastiaers; and i anvie osonoaan i lintined way
as an cwdalwed doecics iwL relaticon oo oot covaieneamend, which iscodes
acher culoures anc ssecics. These limizations have concibuozed o sciva:

of the difficuloes we nowr face, soch as <he crises of eavironmencal
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cdeseriecancon, pollomen, deceeasang seardarcds ob health and gualice of
]i"l.'!l :-ETHI Ii|$$ 'iI‘F '::II'I-'III'III'IIIII ".'.-JIIJE:E. .Fll-l'.r nilr'-‘.'i'lli.'\-\.lzl h.IHIT'rl.}IiIIIt:_I.'.'\-\. 12T
Bicidngneal 1etures, We ire eeery [l s cowaperilive s s ere cocnel -
itive; as alrosic s we wre selfish; a5 cocative snd plaglnl s we ane
destructive and ropetitive And wae g hialngically gioonded inorela-
ticarelips, which operate at all dre diflesent levels al oo beings, as the
basis of our natuees as agenrs of creative evalonanacy emeereace, a
proqeesy we share wam all acher specics. Lhese are noc romantiz yearr.-
inps and woopdan jdeals. Thew acese fzam a rechinkiag of aur Boloacal
naowres char s smerging from the sceoces of cumpeexity and s leading
roward a saierce of qualines, which may help it oor efores to ceach
a move balanced relanonship wath che other members of oor plapetary
LOoCIcty,

o'y
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L wndebted tosu mane peaple dar eche insiphes thae Eornn the basg
iof thig sk rizar Parn 2zonproal oo aon g 1 ko chis st of
Irienel s are? ..'-:llllﬂ::g:.lm:._ worsiie 1L The peaple wehior hivee: millusnced e
i cleve nping ehene ideas inchade ald and e rulaicnsfips, thaugh
nwvitally i i rle coldur vzt hawe nade due mcee Lasaing ingpact
Aomane these T ntust @esticns oy Lamgest workang cnllaboranias, wicls
Crerry Welsoor, which stared cwer owery yeans apn when we were
Lo ac dac Uzsiversity of Susscx, wiere wae discussed at lenpeh wrkar
secmed wo us the decper levels of bialopical meaning, invacring mane
studencs in che process. Anocher vecy important aflusnce from chat
owe was John Mavnard smith, whose clanicry of chinking abeuoc bia-
logical marers abwraye forced Covry and me o go fuccher into comn-
cepral detail chan we miche wtheradse have Sune. |lowever. John
would certaimly net thank me fur implicanng bim o the dicemmon and
the conclusions of this book, Uhe same s cove af Lewis Wulperr, an
oled culleagme arhee work iy been g stimu’us b dlaridicaoen of tee
altermative views ua mocpiogenests aml evolatiom ghat are presente|
fiere. i the acher hand, an o egually long working frigoclalip with
Sraart Kautbnan hay ineolesd o comningans caneergenee of ideas thae,
c!-rspije: -C\,]I.Ii‘l‘-t' wifbereng ::r|5||1.'1ic_':|| il ol |_-'1-'|J:'|h:|._~.i::.'\,'r Fras leed 3% 10
wirtzally edeiical ennclasions, Trame which 1tk gresc satislaceion
o 2 duepered belicl thar we are cnin a pocmising oack.

| LTRREITSE P e ) veah the inlluenees s crnse Irmn |;'-:'.l||-e::".[:;u-e:£ aL
el Copreon Thiien sy, pran tico bl ¥ £vcam ast cognizte dialoeoc wics hae-
Woan Hiv, wluee thioking aad imaeisaciose koow oo boundarics and

aoaatinually elallenge aceepied liminaiinas. | am alsa indebeed oo Sceven
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Rease dar aodialecnic alaoo i logy and acaedy 3k i snes] o henaed
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usclzl conmnens covciens el e s D inde bued oo Haeel ©xcsdwan,
Tooe Humw, Slasisie batbosaon, Junifee Sicndanne, and Francoi
1:':"[:|‘|'|I.'I.‘hj'::|d|.:r.

As for the mane acmer people whose wark and ideas have influeazcd
me, 1 have i ackaowledee chem collecdvely here and specificalls b
refecenes: it che wean aosclf. Scicnce is a collecove enoe pose, an outcme
of the zype of ccladonal order char vadeches all cocative acorizy, so
my own coocribunon is minimal. ewever semecne has oo ke re-
sponsinility for the limitations af e worle, ard thar can anly be me.
v pratefn: thaoks go wo all those with whom it Eas been my privdere

o 1terac aver the mara.
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VWhatever
Happened ta
Organisms?

sruswerking very cucicus and incicsing kas happened oo Biolnge i
cocenL viodls. Caaisms have disappeared as he fuadamencal wnics of
life. In their place we now have genes, which have aken over all the
basic properoes thar wsed o charaveernize liviay ucgarisme, Cenes mul-
oply by makms more copwes of rhemselves they vary he momation:
they evolee by cumpetiye inescacoen, the beter vecsions imaersing
0 namer at the expense of less weerel vanants, And e adiboon o
Al chiy, penes make srganisine s A means of exploiting dhffesene en-
virnmrnenee caeer the face ol che garth s that they can ivereiss wncd
Pradspar- Hrﬂrr L'flrf;illl'iﬁlllﬁ rracis |".~:.- ledler HElIES are e srviedrs m
e Tonery o Wfe, B Bachiod e Tronn that we see as 1he liviog,
behaving, repronducing organisim is a gang ol g 1hat s i el
They alon: puamasl Erom el geaeszinn e the nest and socvalve. The

argansin el s mortal, dying alier & mcre geneeation, Wheiets e
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wenes are poderhally el the Diving strem ol herehity that s
rI'II.'! FhNeTICE 'iI‘I IIII"

This s 1l birdvgye wee all wowmw a0z wmany b, the Lopacy ol O lrles
Tra-wn's viniom nf Hie as chance variation i dn hencsditany waternl
of organiszna and as periisence of e Bower vaiants wia aanmel
solecian. Iois a beaweibully savsle and clegan siarvor baw the varones
zypres of orpamsms thar we sec abour vs, and <he fossil focms char have
lefr theiv traces, come inme being znd pass aveay, rold now iaezms af
zhe adventorcs of cheir genes. Fhis leads naally and inevicable 1o
the sonclusion thate o understand everythiap chat is sssenoal sbout
orramsms, whar we need oo koow 15 the infermanon in thawr geres.
Then we weould be alle to wompuse the adade orgamsm in ail ws decanis
af lomrr amel Igctiom, inothe sirne weay that we gan preshae the ausput
ok i ;.L‘:-lnpu‘.rr fm:n e nlererenion conslzanel an 1|1|_-. Prigmarn <t G
wiver 1o red, This s wly orgaosms e wanished Fraen Tglogy 55
sl Tendssrnennal wreins el D, replaced by g as 1ledr mus basic
and inipaLand comipenenea.

Thin grrncentric sialepy is 4 seefoctle logical canaeguencr af the
way Dacwin chose to doscobe evoluc:en i wenws of wkerizance, ran-
com variaron, nacaral selecoor, and dhe suvvival of zdapied speces.
¢ course Darwin did noc Eeresee bowr chis stare would wobold, and
chere were crraas changes o hes wess of mberiznce char kad o be
male hebore ceretics conad fower imee the excraccdinanly pewerdnd
sviense that ic has beoome im this wotory, Thers 15 oo denvine che
|r|¢'ii:'|:r$ rhiat have lwen E:tlm:.d frovm the .};Tuq!:.- iaf the remarclk akde Frup
erlies i ~he _ty-'.'lv‘.ic mernl < |'ivi||H .:-rg:.:mi.nrl:-., Ta™l4 |:|:|¢;'|_:-:-::.-r||,1|_:-
aaclerc asidy B s science theare i oalwies the danger thas o zartizulas
wiay Al looskivg s sobjoct can zeveltin el visinnr e assnnpram
char i can explais: escrvthizg, anomabalive oorconniee Cre o oo
af the appenach, and reductance o erenain nule: possibilines. This
is what has happeaed v genaoeneic biolagy. Iis jusn lee the saory
of acoceawric cosmmaloay—ihe cld idea thar die Earth s he ceows of
the cosmos, wich all the planess and stars rocns aloue us. This dheary

vorked perfoectly weell foe 2 loap oene. and explaine ncarly all the
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