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Darwin's Natural Selection and the History of the
Concept of Gene
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ABSTRACT

This paper tries to trace the history of criticisms on Darwin's Natural
Selection theory, which has been believed to explain the mechanism of
producing new species, in contrast with the historical development of the
concept of gene. In the few decades around 1900, considerable advancement
in the area of genetics was made, such as Weismann's theory of the
continuity of germ-plasm, the rediscovery of Mendel and the consequent
establishment of genetics, and the discovery of mutation. However, despite all
those accomplishment in the knowledge of gene, Darwinian theory of
“Struggle for Existence” and the “Survival of the Fittest’” faced fierce
criticism against it. And the anti-Darwinian m ovement almost crashed

Natural Selection to its death, which most historians did not describe
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objectively. The second surge of attack against Darwinism has come up since
1970's. Gould's Punctuated Equilibrium, Lewontin and Keller's criticism
against genetic determinism, the resurgence of Lamarckism, the molecular
biologist Kimura's Neutral Theory, and the spread of 'Gaia hypothesis', all

posed themselves against Natural Selection.

Key Words: Darwinism, Natural Selection, gene, mutation, Whiggish
historiography, genetic determinism, molecular biology,

Lamarckism, environment.
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ol277tA] AEX st WY FS AH3te A BolE (orthodox theory)

O ZA WolEA 3 e A oltt. 2} o|n] thle] A FE] AlZtE oA 21
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1) Xt MEHof| oM M3 27| (52)

AstEol BhRE A A HEEA A3, A%, 277 Aok Bge 482 H
FAsAA o8 FAMoE =gty de) BTk, olnkE B e
2

A Hd o MAYSZeR AL 73 gyd o s dysitiy Wel7]
ol et Heltk Ao stol B2 A& Folxl &Aoo FeA B g5
A-go A s AFA A 2o, ol Fod ostd, AE9] & EH‘/]’
&N 2 Fddo] M e Aol A AH, AE] M fEld dE5S
Aste A Addd o] FdA e 285t stk Adaeta ok, o 24
AL Fol o BF AAE AAdYHd e vEagHA Aty =9
AR A &8, skl e s, stEel et Al A FEC] g8 43S AWetn
Ae Aot a2y A7t Bolo gleol & FH o F F sue
TAR R ogA A g HAYFORE AF] @Ao] 7tsertE Adste
Aolt.»

AA R AAdgoelgt= MAYFo] A9 7dS AT F IAT, T VA
AW E F ue S 22470, oA ZelA AAdgH L sty A ol
oG Ao =de dgetexe AWM F Uk, st JfA o]l YA
AFo g2 ZAdetd # UdeAe A8 F gk Aotk B& v ()

gl Foatse] £Ws AAdstodA, AATY L 2358 ATolut Aol
FE35 A E Fedd A AFH AFe] MEFE 4 Fds
AT FAgnh® o]gl gk oo Ao =S AE V2ol Ut
LEY AESAY AP ES AEY *ﬂﬁ]oﬂ AolA Fef Z 9] lojxe) A&
WA= dHdS T2 Adstet e d34 o= 2ola JUX|RE, vhHof 3t AgZﬁxg
AR E] AFe] S M-S % Ao el FHo R = A Aoz
AAE I AU, 2 HHo| =291 A= 7P A= ¥ o] 2002
AEore] 3+ A A EZA G ‘Theory of Evolution' = ‘F3}& o]} g}# Hu

2) 22| 07|M CHIQ| FX (FEF) 2 M=S &7(& 7kAI7t I Ao|ct. Charles Darwin, On
the Origin of Species by Means of Natural Selection, or, the Preservation of
Favoured Races in the Struggle for Life (London: Murray, 1959). Ct2lo| = e
AE0| EPHSH= HIFHLIEE HAlSsh= Z0[ACE.

3) oS SoiAl 2l OiE2|A * =2lol Mo, get% g2, Dlugolzt 2oiointl] (x15, 1999), 25%.



B S olgt & S Ak vt gtk F Z=(S. J. Gould) 5 FH el
EtAlEo] ol Fadd FAAE Uz, ¢4 ABe] ERHA e
ol FHE ge TdoE AU duE
Folutz AFaAe MAYSS dgsfor &

a

A= AT ) @89 viAYFd - eiA AAdded e =okazt
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185999 L1F9 71l vt A1Fe g8S distes tedel g A4
RBERAB AAREZIT. A MR ¢k Holgte A FolM 1 &2 59
WA ZE Bk, wj ol JfA kel o] MAjA|ef ol E 2} A
ARG, oy F (i) HF2 e A= B E a2 Heldn. =
FAg Wol7t gle Aotk AEAAY ] A2 A Feld WelE
ol A= Al o] A dobda A E23 WMol E AL Hojd

MAe TeEth Ao AZ MAle &S dojM 2AS G714 FEd, olv
9] fEld Blo) 7} ApEo A AEHE . o] Zo] Wol7t & U7t A éﬂs‘%‘ﬂ
F7loF o] A|H o] o2l 1 Wole &2 Axz Al

Aoltt, oAl Qo FEHAYL Az Aol 713
et =

gl ol &6 o271 74X HEE At A3 2 @o] o] FojH Tt A
A e lojAe] wAy A FEAQ 5 (BiE)o] AR, FA3
Hol & 7FA 1 HlE = JHAIZe] A2 a8 AR Eelgte 11 d 4l
dojM = Wgo] glok. 2elxm 1930 ol B3 FRHF2AIGN) Tl &)L
AANZA = AESY] Ayl c2Ae 95 dta dvta e Fdo] ofd
Aoltt.

\l

il

4) Lee Sung Kyu, “Words Matter: cases of ‘sanso 82’ and ‘shinkaron i1k
=’ Yokoyama Toshio & Kim Yung Sik (eds.), Occasional Seminar Reports of
the Institute for Research in Humanities, No. 7 (The Institute for Research in
Humanities, Kyoto University, December 2002)

5) Chelo] xfotxeisol sale 10| xiM Oz (7)) 7120 0ol &g Ul 74 & ()l M=t i
& LiefLtD YUk,



2.1900H 8 H=5 &t

]) 9|'O|£D|_|'9.| CAHALELD O _J_ltA'U

18599 Tl Aldol= FHAE 19 EA7F deEAA g AAT. whEbA
thelo] Wal= Wol7t FAH SR o] DA WAst L E DA FAE =A] el

el A= ofwistd om, Wole] WA (D)ol doiAE  AE (gemmule) ol T
M AR 3t thde BAAE LR, Pan-genesis) o], ¥olo] f3
AAME  ‘EFol2 (Blending Theory)o]l Z1H U= 5&5 1 ATt

18831 9}o] 2WF(August Weismann) 2] ‘A21d AEHAA o] #

AAstHA AR, ol= thde| B & FFH S PAtetAT. A9
gEdo] QoA A2 A (germ-plasm) 2] LE7F o5 Aldle AAMEE A7)
AaiAd WstA] ke A HEdT 7P sts Aot 2B R ool 2t A
AojA Wolgh A2 ol Aol ofil Wittt 7|4 ool =te, grt=2 a7}

Tote g59d0 deddtes A2 Al fHol &3 FHE & sivn

AAddezA, g 538 7M1 el 54 /dd 2 o 24

Aol HAT. A71M &9 TEH ASoldte e FAYLS FEE

BE2 s TAsts A4 WolE 7Hx L AeH, sd= v Bt

ool ofsijr A H7] vl A= o' Hdee] AR &= FoJx A X3
EIA e Aot AEkE 7)o o] 2.

ey olo gl T Fefoll tiek Auizhe] WujdTh o @
A2 A 2o A2 Wsirto]l FHEH AA EelAM dojd Wst= A2 FHHA
Egthe ofol=wto] e Woloh Ao HF BEE ‘mxFo =A
BEHOA, A b E AHA He Aelt.? o] WaAle Alud Fo S0

¢

6) Peter J. Bowler, The Eclicose of Darwinism: Anti-Darwinian Evolution Theories in
the Decades around 1200 (Baltimore: The Johns Hopkins University Press, 1983),
pp. 3-7.

7) Peter J. Bowler, Evolution: The History of an Idea (Berkeley: University of California
Press, 1984), p. 237. 222 BICHIF Qo] EZ2 HIZ 2t0|=gte| 0|2{5t FE0| 2rot4(7}
E|iCtn =L},
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21 & Al A ([REFRY) ol Vul 71&H o2’ (technically)
LAY HA L Fol BEHdts A4S AA S E AAHA

o 1 ]
Zet Aol =H 2]~ (De Vries)ol 213 19019

il
N

< 1

EdWol’ o HHott, FEsto]Z[H REAA ZA t& A& 71zl WF]
sgtol £S BHAPA A0 2A, o] HESZ AuistATY A& HE A9 2
He A Hold Aok, o]F A A AjRo] HHHE EdWol = W ol
(fluctuating variation) ¢} TS WA], o] F 23 E g T a3 Moz
A2 = 7] AlZgitt, & BE ®¥olrt stE FHX(F AT @A 719) 3= Aol
oz o EdWolvto] Fof W3S 93 dFHolgte Aot thdo] wet=
AN & A o] Mol ZHE5tH, o] AW} dojFo A H R A
TS W F dde Aol olFA A oW FE] AES HIE olnne A
2 EdWo] Holgts WAV AP,
gl 2 ZAAA ] oA EARolE XAdolu A dg o] & T HoR
dozl EddelE AEAAA FEld ARl A YEA g dvE
AP o] x| A A, oo tig 1930t = ZIH(T. H. Morgan) 2 %32
Aol FH3id, o71A BEAHolE 27 FHAe EA e Ayt
A, 2AL TYNE7E 103 AA F2 1005 A stzA ofF
womn mo giiite] EARos A AE BT AR gl o=
TFHOE Yol FIH R Pjo] Bttt H#E By oty
Wol7bA Hel s A E o] RstHA, 49 A FA TG A o] A

%0
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971 A E@E. ool taid = Aell =27 A

11) SQiH0[2t QIXtE (genotype) of #St0f Sttsh= 233 (phenotype) 22 A X0l
FE= HO|S =Tt
12) EQ1H0|o| YMHIEO| L3S JHX| T CIE S HIEtsH Q122 M L=0| 0|0tL|A| ZIX| (5 F 85 A])

S S49/ct. 20l0] 2, “Cieloll =Xt OlniLIAl(S R ) ik . stz asiasisx|

L M7 ®15(1995), 39-55%2 &txHi2t,

BB 221 (E. F. Keller) & B3 712 FAIS{EA| Chel 0] BIESQ! QIS H3ic). 0|52 B4
212, 91| &, 50Z. 0f7| A Heli2lofel HEeHo| o (#) sl= Setwole| Hige 1:

100,000 2 FHEICt.
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4) ‘CtFo|ol AF’ (The Eclipse of Darwinism)™®

a2 18834 ol F 19209l Xl o] 27| 7FA 9] 7|z, the] AA A A o]
A dAe] FFo gste] AESAIEC] HoFE WSS oy d =712 L5

dutx o g Vojz a1 = AAHE Y o] 8o] A2 A58 S ¢ 1 AL

oy A tt. Al AAdeg o] tigt A vhd 3} v o] T, o] Al7]d P

=
= olujo] &S AAS] HAbst Tt
329 % ?Z]- 2~# A (Herbert Spencer), =% # %9 thdA] A zfo]H
WA HkE-A (Recapitulation Theroy) = #| %3 &2 (Ernst Haeckel), %3}
Nl AAHRGE 52 %23 ZEZFEET (Peter Kropotkin), " & 2] (Samuel
Butler; 1835-1902) 28] Bl of=<l Z A = (Francis) = 25 2 (i)
ol 7o o] ZIAIEA Al E H#EtHA o]o tigh theto 2 A FHE I
a2 370l 5§55t
A *gﬁ—J At &5 2WF A 2 47 As FHAeA AEC dojve
7)\75:9] xg%ﬁxg/] 7343}% AT 71 AZH Q0 A o2 A

o] Z1ke] ‘g*—lél?ié?ﬁoﬂ o &t E‘lﬁ%% 3’3\2”1 £3] gtut2aFoo Fd =
7HA gk e
ojuf Tyt WH()TH A &te] 7HdEo] gl FEre] AE A
A A A=At eprt2 a4 Qo= SAMold, 3R
ol 2] gk Fetoll A thl o] AALAE o] Bof Wi AlE
Hgte| 2o 2] AYE 81 AFE ZE Wof oAx] ¢
2}, o]} g #¢9]7]%= WL E (Eberhart Dennert) 2] A A1™ ‘E}%%ﬂﬂ dE
ol A" oA FAH o & VERGTE 0 o] A7) Fu| 2 &EA o] FEkE HA

g Folo] A3 (L) (eclipse of Darwinism)2He XS H X2 AW AEL vz
&1&2](T. H. Huxley) ®] <4} &2]<t &< (Julian Huxley) 24, 1+
13) CHIAMQ| 271 19M|7 |2t 20M|7] =0f ZZ1 2k 401(1885-1925) Ztol2t Lxt= LIECHZ

HE2{9| = XAof| o|HaHA H AL

14) Bowler, The Eclipse of Darwinism.

15) T9M7|2ak 2017 Z=0f ZZ Fratot23F2|o] R ChaiM= E1, “ZISHE =ojl A0A 2
gratt2axs  Ostzasiasrsixi O ®232 R125(2001), 144-15622 &7Hi2L

16) Eberhart Dennert, Af the Deathbed of Darwinsm, a translation of Von

Sterbelager des Darwinismus (1903), trans., E. V. O'harra and John H. Peschges
(Burlington, lowa: German Literary Board, 1904).
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245t o] §ol8 TEUTkL At
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=

A= 1900 AFol Yetve o d3S vl Addede dig A1t
A

A A& L (Tsunami)’ ©]2 F=2c}.1®

17) Julian Huxley, Evolution: The Modern Synthesis (London: Allen & Unwin, 1942,
New Edition, New York: Wiley, 1964), pp. 22-28.
18) 2Lt 2| 2iZl 2 XIAMEM 2 O Y SX|stHA L0 1930 EcHo)| Ziste)
SEHEM ZISttA| 0| M| @IXIE Z35|A| =L
S01H0|2t HIEle| RMO|EE 86 W77t 20M|7| Mol S35 TIME|HA EVYSH A2
‘Zlste] Zgtd’ (Synthetic Theory)2 AICHIZFS| (Neo-Darwinism) 2t = £2ICt.
XL 7120] E|0f |XO| O|FO{TICt D HESHHAM, SSYHEQ| EEE ZHs| RHsHH,
QYU TIgte| HFH|Z o2 M XtiMElS Zhxsirt. 1930 ECHofl A2 (Simpson), Ot0[of (Mayr),
EBxAT|(Dobzhansky) S0| F50| =[0] HEsIRict. ZetE2 5 ZIstof| UM X[2|1H
Az|o| ZLEE AMst=0|, OA2 HIZ B2| CtYst(divergency) & 9Ist 88t T7ic=2
ZHFE|ACE F ZIStof| A0IM A2[E 22 FEe| 524 S HopH Zi0|Ct. FEterete| Mute
HrEst QliHt, HTRASE2 CHIo| XAME M HIFo| @MY RIS EAM SO = Zglst
2o E Qoret 4= QUZICE JBLt HERTSE MNE HYstX| Zote stLtel ‘FI= AR Ol2t
Hi= HEA A e QUC}

2023 0|9t CHIF2| 9| CHRIS| ZutZE M| CHF2l2| S2|of| CHali A, utste &l HX| © AtS|H
O|R7t It Hi= Ao QUCEH = 24240| 0|2 E KXotz AFSITTH 7| EARY|o| ZMEME
= 3= QUCHe Aeld|, J2{Lt 047 | M XiMIEH =2 E TlstziCt.

19) 222 19| & AIZIE 20l TpstALZLe] M S Cha 1t Z0] EXEQ4LE Bowler, 7The Ecljpse
of Darwinism, p. 10.

“OfetA7He gt AlcHoll FX|7| Bl O|20] Ciet 78 = siME MSSHES =i 2o
HBH2ACE. Ce| 2H0)| TSR ololl S0 = HETHE 32 = R0/ 22810
S2|HN, DS S| HRE AMME 2RSS AR 7HEhs| XE[st = St Mok
Ch. (---) 2ol AR El AtMS Thest uigio| Mztolztn &&7| B Z40] ofL|2t, JAH= <f
T ARYO] A0l IFetA HES HS = UL, ESHf O A2 FSHE I XS

ARE=7HE YHst 1 260 SHot.”
HE2O| U3 I0| AAtzta, 0|0 SAEH BICHIZR|9| S 7(0f| CHEF HE2{ Q| XMISH M2
ZXte| Mztof| 2 YL = =LY

20) Bowler, The History of An Idea, pp. 233-234.
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Aoz thilol 2o AMEd vt Adstda, ()Tl EE5d = T2 ¢
Mewd s 71 &olA $skthe Bloln.

o] Zo] 19471 204171 2] vt} A (non-Darwinian) 2 3}o] 25 & EA&1A
St AAde o] dig Byke] 8052 s AEEHA ok A 70d ol
ol2gitty Axte Euh, F AEE =4 oA 1900d A Fo A3 3o
70 d el SAMHA AAF T gtk FAE HEEHEZ? 70d Y S0 A

o] T, g Fo) o} A AR S AA G FHEH BHe] A @l A <
AdFoRHEH =HE Ba . AVIAE e Fo vt xSt s 7AA AR T
g whko] =0 R (EH)E ol AFHEH KT AFoA
a9 9 A& AMTEEY FES A . 70dd ol ATt
AL He A4%S IA4e A 23 A& Y (Tsunami)’ o] & 2314 3o},

3. 1970 o[z &gt

1) CHAEEM(EETER) o SE

19709 ol AAACRE FEEE A2 o] & ZF=(S. J. Gould) 9
GEP P o] AT 2D oA HAefFAgely A=Y B2 MRS
woFRNH A ey 2, Belvt u =yt A gtol e Aol
SAclth. Aste] o] A7 Hel FHoF & Fxste == otd, Aske
#2717kl FA4 kel M dojuked, 2 FAx= H D VI AEols

B 7E dojux] e et 74] g9 = Aste At e wet AL 5H
Hstets 49 Wk dvke Aot AEo] 53] vag WEE =54
FAetiA Made gaxlst 2o Fa HA styE FA . 544
Yetues 2 717k kA d EA7 WstE Astaaets @Sy g
ofstdl, Mol HF43] Wete AAY Hole mle A2 F ()] BHEofA &
AlZ18eIt. & A2e Fo] G Ao =2 73] gdo] WA, 2 ¥srt

21) N. Eldredge, &S. J. Gould, “Punctuated Equilibria: An Alternative to Phyletic
Gradualism,” inT.J.M. Schopf ed., Models in Paleobiology (San Francisco:
Freeman, 1972), pp. 82-115; Stephen J. Gould, Ever Since Darwin: Reflections in
Natural History (New York: Norton, 1977), pp. 111-134; S. J. Gould, “Darwinism
and the Expansion of Evolutionary Theory,”  Science 216 (1982), pp. 380-387; N.
Eldredge, 7imes Frames, the Rethinking of Darwinian Evolution and the Theory of
Punctuated Equiibria (London: Heinemann, 1985); S. J. Gould, “Punctuated
Equilibrium: A Different Way of Seeing,” New Scientist94 (1982), pp. 137-41.
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Aot S5, ojHd = A St E eV fFAEY. dEFHFHA L gt TS
G2 A doldte 4= FHetn Aok, F3He] Aol (gap) 7t A3

A7 Bl e T3 T3 S EH L AR, nAE A = o,

o] A RE=EA] AHlsojof & Fagk ZAQ otk 1A A7 F5E T
Tt F2Z9 (random)dtAl WYERVE Wol g}, o] HER & A=A A
A o] Al&EH 289 ARyt 2Fe Fdolgts A4 vx] e Zolt.

a9Y F FAeE Mg E AWy, MMAe AEAAYL A F85HA
egth. Wo] ek A3 HA AddA dojyte WMol obd,| H e (population) =
TA%te e A A dojvtes WUEd e FAITHEAR EdWol st
g Zoln, aga 1 Wole 43 Add Flolojof & Aol

A7IAN Fo% AL, 2=V} Eote @7t AW JFA0 FH < Wle,

g Fo27F Eele fAAL e FA S, A FEg S| 2A = Aol
E7lsstthe Aok, @53 ddn o] de] A5E S Ao FdEHE AR E
AgApdo] fFA8te 37t ofd A2 FHoll o]ojA &= AR th gk =2 o]
e o s Adtn A A= A4E T

e Fde 2= B9d] F(H) @99 stE FEAT. v=9

B A w72 A Scientific American® 9]l 71 (John Horgan) 3] o Fof A,
Z2oE OEH P 5SS AxHEA, HAEA] ddFgH AEd AT
Age felA FAe dole FdAe [ F35) A¥E F glon, A
T (H) E3lete A T FFodA ZEate AU ST A A7t st
1= S R | I R A o A=

RAYERE G710 De) AQAN FAA] T2 A1 D AR FRE
of #oA, Fe 30 Watel FHUl HUHAE o] 5451

D& FA4 % Edele] Adel vl @ = AR Lolsl B,
AFEAN AR Geile) S AsHE QR dotste(hEIE) S AT o
AFE o], o714 Bde MFEFE =AY I Bk

22) =3 Xg, sy g, Unste| szl (ntx1, 1996), 175%.

23) e E)liE O siesanzzn s O (3t 1991). ol MME 2xysstol
QITIO| M LIEFFS ChITISHRO| P S =45t H A, Chelo| Xl MEtMo|| 5|0|S HOjZEL,.
Liztstats MZatxto|n Ap7tets S2[atxtolct.
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ol# gt fF At gk 22 Td 9 =94 5’\)«01’\14
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A woleh AT 278, DNAMES), A e, Axe 5ol
% %

29) U. Segerstrale, Defenders of the Truth: The Battle for Science in the Sociobiology
and Beyond (Oxford: Oxford University Press, 2000), chapter 7, “The Unit of
Selection and the Connection with Culture,” p. 130.

30) 2IHE 212 XIS, 2@d 82, Uopia gaxld (2gesmr, 1993).
31) Z3A XIS, USY 22, Yol &, 166%.

32) oM Paul E. Griffiths and Robin D. Knight, “What is the Developmentalist
Challenge?,” Philosophy of Science 65 (June 1998), pp. 253-258 &=
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28tE A 773 (construction) & A7 HFo2A Eoh, AEA] IA
(life cycle)’ ol SlolA = Fohdt o] A& (Fsr) el Aol +A 3] (contingently)
gy o= FEY AAME PR AxFE e ol

DST7} el ‘Add EH (extended inheritance) el €&tH, 7HAl =
FHAT AL ES 0 T5o2A o] AdE FxHgoz A=A d
TS, 28Uz AV Ete AL AR 2 fFHA] Ax ) 87
o=, AAA, 9 F(nutrients), ¢ =% (ambient temp.), M7 EE7]
(childcare) ¢} &7 422 &4 (chromatin marks), Al X229 383}

(cytoplasmic chemical gradients), W53 4 A} (endosymbionts) % &F9 S T3
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(niche construction) &°] $It}.

DSTel ot xstE Fdxe] Hi=dggtes & ¢+ gle 2], DNA fd =
S TpeFe A Aol FHEL G a2

AENA Y R A o] 2ol ofsfA] vt
A A" (organism -environment systems) 7} Al
el aFels B ZUL KT Agol e,

z9 =gty 59 298 (R. C. Lewontin) & 32, A EA
(organism), @74 olgt= AAH(=F) #AA A dalA =stHA, A=A
Ag&ete T 538" A0 olgke gl Fo Al o] 4 (dichotomy) &
vl Astd et aguA Axe A2 deleoln Axtelu F43d, 2969

33) DSTo|| 25 = Ct2aF 242 2E2 & =Z4HiEL S. Oyama, P. E. Griffiths, and R. D. Gray,
“What is Developmental Systems Theory,” in S. Oyama, P. E. Griffiths and Russel

D. Gray (eds.), Cycles of Contingency: Developmental Systems and Evolution
(2001), pp. 1-11; P. E. Griffiths, and R. D. Gray, “Dawrinism and Developmental
Systems,” inibid., pp. 195-218; Russell D. Gray, “Selfish Genes or
Developmental System?,” chapter 9 in 7Thinking about Evolution: Historical,
Philosophical and Political Perspectives (Cambridge: Cambridge University
Press, 2001), pp. 184-207.

34) E. Jablonka & E. Szathmary, “The Evolution of Information Storage and
Heredity,” Trendsin Ecology and Evolution 10(1995), pp. 206-211.
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st 8 fFAANE I dud Ry dAS e 2A
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d=st0| S2|afstt ESIHM YO L o= 7Hse 2HE MESH| = 5h= SCfet2o|
DAME FHovhe Ml WLl Rt Lhalo| TIsto| 20| SHXQl A 0

Ao Rt CrRIof TIst20| MEX0 2t&35t= ARy el 4im &S
O[O R == UACE ZIm, HHof| A0 YHA| LS| FHF[F | = HHA
olo|ct. = of iR Q| 2AXI7 22| FH|0|H, MEH|= of 22| Zatel &Y
EICh CHA| 2r5liA, WA= O] LHF S| QIXtet 2| Ro| etgol2t= & SElE 2o &2 P‘* “Ef°|
Zo|ct. F 22| 7|AFl 2At7Heto] o[2{gh 2ol 7| =BTt S/, Ch2Iof U0 W=Fof
&3t tg0let= R Xl g2 YEX ROl |lof ElLt. ChA| ZaiM dEx|ets SEHe

EXQI A2 ZEo| FH|7t =[O WHA|= 2H22| theto| ECh W20l dHH = Ho|E
o= WA LIFZFE{Q| 8l1} O] HO|E MEz= siM 52 2SO L= 2/Fetdol2ts
SEE glo| §&%8o| 2Nt OfsHECt J2iA Bl Tistarsto] E= A1t} of2gt 2o

- — — -0

|=5ta et

J2iLt EXtof 2t 2|20 (e MHME ‘SN LHEQIXE [gene for Xo| &9
SO 2 Hi= HHQTSHO| QIZHO|LL XfoIMEd o 50l ANE 2 HiE CHIZISEe| 2t
HEL|E ZUE2 B0{F7| AIRISITH S 7HA|E 2 thes| STXL0| EXisHs &40 BX{ A A
LtQ= 20| OfL|C TS HAX| F=O{ZI EHA0)| 2fsiA LLMoZ dMeljX|= MEHQ| ZAut= OfL|Ct.
SHEA}, MER|, J2|10 A2 M2} 2010|0{ ZIfE M AHSEFR4ET Q= Z40|C}. 0|0] LIEFt
U2 AN ABIE2 & W?UHXHZ ZXst= 20| ofL|0f L5t 2tA0| Z2 ZBHst= AT
Ot 2 2s| HOo{EC iAol Z3E 2 LMo Aol REE Lt 2tF Afo[2| 4E%E9)
Z3to|Ct. o|uf REXL7L Sh= Yo|2E &0 Cist BtSAAM S EMstets HE2 TE 4~ ULt
CiTLL}, TRl Dt 8H20| 25| FOTICH s = ES0| ZHE|= Z42 OfL|Ct.%) ZIStoy|
A0IM MHF|= chas| 20| S35 20| ofL|Dd, A S [Metstn] LMK 77| = Bt
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2
ol

o] 43} o] 24l Ack. e 2Ad oshu, A LA oA s

2
7Y % Aste] Aol A AEAL B¢ o8 A

AR =, AlS
HEA7 = A AP S EEo] Ve o A=A 2 a3
IR Atol 2 2 AA AR =4S ftEs W2 oAl R ol
oA Azl S dol7ta iokE Aeolv. A gl F271 dobgl7]
Al e Bdglol Higlalol dttu 22Ul S Lot R8-S FEgAT, AR
AL vhdol 2ol el wolE ¢S daste Aoldt. Adn zske] A7t
AU gkl Rl B G AR At HEMe ¢ HAGL
22U Axske Aolvh. 1960 o] 23tEle] Fd7 Wold 2 43S &1
Aoz Hrte e 2982 ey Fda 24 24 4 wdsts d=oltt

35) Richard C. Lewontin, “Gene, Organism and Environment,” in'S. Oyama, P. E.
Griffiths, D. Gray (eds.) op. cit. pp. 59-60.

36) Ibid., pp. 61-65.

37) lbid., p. 66.
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FA9 AAE B4 22 SEACR FHAL 9 PYFAAY #H S
Aste 2ARA gl E, AL Aeksy] WE AL WA, 5

Q' e AolA AWAs} 9P ow

AP A= AP s oA E S
FaE A Ag gt AL
Zggt A dgolet= o A
Ao Axete AsEAEe] ¥
7t &t gl oA A7
MIT®] 2P =8 atolm &3S A2 (E. F. Keller) £33 #4724
TS A Histn e v, 249 22 UG (camp) = FAsH Ut
1A A g o] wrdistw] fd A A2 (genetic determinism) & H] #3t=
Ao =g oAV E "t BA}
Aele F2E IPYETY A5 Lol o 22 A& @3, T4
zEas T2 WS 9 3 Ho A A E (instructions) & DNA 1 #}A] o
2o A7, F2 FS AAE FlA AAUSTR? FH AAE
BalAolth. 8= FHAFZRE ZuE 8P o] et S AYste B
o8& ML AE7P? ol FHAE ddAe® AxA E9 (cellular
context) ol 9 E3t=71? 28 Y. A2 F9 2 &t F Y (nutrient) A 7F S
3L

dAA AJDAER)A7F? ddA 2 deltt. A28 £ DNA #4= T83

i My

38) 2IME 2lEl, Zu4 g2, LI3siiM: g7t Mes aelm skl (27, 2001), 69-70%,
39) oto| &, 777,
40) Qto| #, 94%.
41) oro| =, 1212,
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EERS 7} A3 9olA kel d O AAZ FLAD § Esk oy
A7l Al YEo YL =T olA F&3] AAA 9 AHEHT YE
A ZRa (genetic program)ol ki &ofo] disted A et At
Aol di 71AA Asje] DA, Al A4 A 2o HIEA FL
Ay YE AL vz o] §44 Zzadolgts FHo2RE A% FHE A7
W Eolgtn vAeAt, AF T 2o Yzte JFL v m, Sl Y7L
FIHorE o9 Yo JFL v UMW, FAH =z ool @
Lol o] 2 AVHAY W, A WSS du Yo,
ol 43} e Aol Azto] W) TAF R oo P& oA FATA =

Aeie ave AM OfAze A7le

ru
N,
=

%) L
AA R AAAd o] ZEdThe T 7ldH W3
HAWEA, 2R 2 Ao A Azl A7V £ Fo| FE ol stFof
BATderA FEotA a2 T FHE AFAI = =3
o wa stk AES AEAA L AAYES BURlel HEolE
A3t e 94 S i Fo 2 B e Ao

42) E.F.Keller, “Decoding the Genetic Program: Or, Some Circular Logic in the
Logic of Circularity,” in P. J. Beurton, R. Falk, and H. J. Rheinberger (eds),
Concept of the Gene in Development and Evolution: Historical and
Epistemological Perspective (Cambridge: Cambridge University Press, 2000), pp.
159-177.

43) Ibid., p. 175. &

st 22, Llgrxtel M7|e aytctl], 105-14222 &= viat.
44) Zigq, oto| &, 25%,
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5) SUTIEtE

A ERB ol el FA' (Symbiosis in Cell Evolution) & A 2
Ph= 2] 2 (Lynn Margulis) = X3kl 9lojA ARG = T & FxoH,

7ol ol (Gaia) ©] & Vol WY E e AEFAEA, A EZTH
AAEZ A5k Y AL 5 Yo AR A Zo
U}%ﬂ*b W e BAT oA FuA () 48 ol
7 Alo}ﬂw WEE AGAI FAAM ] o 233
FAg Bl AR g QS o Brke Yzhe] A
] 3l t}.4® A3 v AE NFE E}/\] 2231 A}
3 oA = WA ZEAQ 7AA 2wl da)A
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=
Ao

A
9t}
ol

J}nJ
_l

&" =
ojlth. 2

A, AR

m{n rlr =
ol

A=)
R
o)

.l

re o )y o
o of

ol l‘li‘

)

A2 248 B &2 (Samuel Butler, 1835-1902)=2 &/istz Yo}, BEHE
FTRAE? ' ¥R 19009 AFte] vl Fo vt Aot 342 Leks Aol
UMM AT AAAGH S v At grtE2aFoE S5t ¢,
MAFA e WEE AHFGstHA TE99 stE FHsAE QA Eolth 49 O

Aghgel d@ helel AR BAle RonT g5

e A4S e U WY ARelth 0 nhFe] At

e dde gy 1 @ Aol Bl grhas, uaéam ‘7t gEe Waehe
al

ot 22 A

,d
o
> 19
T
I,
o
il

3 ﬂ(symblogenesas) S 53 Fo
1229 gl FoAES vl o A= 34
SR ’ﬂ‘iﬁix}]o]wﬂr aAEA] B

45) 7tojot= of2] 7hx| m&OR SHSIX|EL 7|2IHES = K40 RE M=20| #HTt g2a
IM™ MSERS SICH= o2 Qokst _J'k_ Q7.

46) 2l Ot22|2 - =291 Hlo|, go| M, 24-25%.

47) Qo] M, 642,

48) 9| "‘—.“, 324-333%.

49) Bowler, The Eclipse of Darwinism. pp. 72-75 & 82-83.

50) OF22|A, o] ®, 325%.

51) Qto| =M, 329%,
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ABEAbe| e e vy el Bt 2 2o oatd E5 ()
g2 A} (ultra-Darwinian orthodoxy) -2 Aol 23S w320 7] wjiol] F<
W37E oG dojueAE A skt Adadoks Aot niEel e FL i
dAd 2 b 2Q17R

dA g5ddo s A Bt bl Fo= 70dd o] D}*l%

Gt AFARANEZRE =AS wa Utk 74 8= 20417 FRke] giEA
g2 A Fo2 2 A, 709 2HE A Wolet AAMEd o EatE 3]
ZTEA e g8 EAV dvta FHesA v #s] 2 A £ (Arthur Koestler,
1905-1983)°] &A1& 7194&d Hart dS ot A&/t 53849 4=
Q)71 o] g5 o] ] HAe = #dglol OlOVLL ATH.

2" (E. J. Steele) & fAlIaA, 5 d fxlo dia AFA FAH A
tiate], Bl R A= ASel o =ofrh AASH Ao 2" o,
griease S 459429 #4<= 7te 71 M= FolEn g7 9
deEol dEadlM M2e FaEds e & e o 778 EAHA, 225

o] i EHo] A4ARE DNAd ALH = AS Y Fart ded, AAE o

[

=gl "7 Fo A TSl tha AAbstka it

A7 (S. Sarkar) ol sl e 3 2E FL EAYET] FAMEE]
iE T =R k.Y 1) BRE AP EE AW Ue DNA A4 <ol
E019t}. 2) o] FE = DNAZFE RNAZ AAMHHH) S, HdS 53

Suldo] FAET. 3) o] ARE BUMARRE A% NG How Agd 4 g
1) AWA Y WY YEFAe 2RA2E tddo] AL 9

52) S, 2ol M, 183%,

53) Arthur Koestler, The Case of Midwife Toad (New York: Random House, 1971), pp.
75 & 78. 0| MM= Z0{2] Atzdof| CHg n&A ol ohfAMO|TY, EESH 2tot= 3 3:2| S Ofshstr | 2|8t
HEMIEOHATED EXp= 2Lt 22| Q| MItE/HH|QE KMol Choi M= £, “TISHE =Hoi|
AOIMO| FrEfat23 F K" S EXHIE

54) E. J. Steele, Somatic Selection and Adaptive Evolution: On the Inheritance of
Acquired Characters (Toronto: William & Wallace, 1979). XXt= CHEiEl0] 22 DNA
of ZFOoR P & 4 YUXITH RNATE RIS DNAC HEE =4 & 4 9l 7540
QIX|&= et 2ot E. Joblonko and M. J. Lamb, Epigenetic inheritance and
Evolution: The Lamarckian Dimension (Oxford: Oxford University Press, 1995).

55) Sahotra Sarkar, “Biological Information: A Skeptical Look at Some Centrall
Dogmas of Molecular Biology,” in S. Sarkar, ed., 7The Philosophy and History of
Molecular Biology (Dordrecht: Kluwer Academic Publishers, 1996), pp. 220-223.
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56) 7| 229, 45 2 L2072 exi0 maaxsl] (Emamsmit, 1992). of 2ojA
7|2E= “Q0M|7|9] AOIRI= E[TO| AFAT 2901 FO| SIAIZIO R ®5| 1 QICt. 7|R2t AFALY]
B85 Qote gl 4 ULt

57) Anvgd, U avpaer 2z 2 U (2= E, 1988); Motoo Kimura, Population

Genetics, Molecular Evolution, and The Neutral Theory (Chicago: The University
of Chicago Press, 1994).
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ol tfgt 7] Fete g o]Ht}.5® FrohdFol = 5 FE(REF,
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7152kl o5t fAztets Zeo] 0T F o
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7HA 3 Tl o A9 S tiget A v #etd Aol as g ol
AAA AL L 93 (8 ol ek 7hA] S A sk T Y
58) ARIFELE, Aol M, 222-230%.

59) 7| A2Y, ol M, 1172, Y2o| CEXQI 20t23F2| X} OtALDHZ R — R ) S IAIBHA
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8) 7tolo} O| 21} BiCHRIFo|

o] =& A oA EAE B B = (James Lovelock, 1919- )¢ 7}olo}

(Gaia) o1 B¢ AFeA B #E Atk fushe o] =B S
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AEEo] td o] gEFo| HAole HAAE THH LR Wrolzola 97|
o o] o}
A7 Aejste] FAzaetn BejA 7| & obe HERE A FE st Aokl
F7IAR Eob, A7 S FAA = d8 2045 24 9, ATFE
TAe 8452 Aol FAZH ARAR &I FFET. AL S0l
P FEF L YA A= R HEELS IZte] S Fxdte= oA 1
W= olyeta itk HJEEE A3t ¥ AR T35S xRt o3l 19
S3A Aotk AW AR Hste AASA ] gbEo] ofyn, 28]y AES
2225 YEAIIES Sted dod vt O 45 wjde) do. AEd
(biosphere) & 13lo] Al= A4 g4 8] 4 24T + de 5892
AU gk, A=A di71d, 3} FAEL st E7HEA AAE At
o FEY f1xAH Zol o AAY WHAQ £ s S5t 222
A

‘FAA 78 (science of gene) 2] GAFZA wEA

HHIAIA BT, o] FAl & Aol drtaoz Ay Fda /g ¥s 2
TR 73 A el hE A4 FH 2 29

ARz o9 AF @Y o 4me A
A2 A AHABGAT GAAQ gage] A= At
ol 2047 wRRE e 714840l

FHebe @49 24 A2 AR 2 3

Hideomi Nakahara et. al., “Evolution — the struggle continues,” Nature
321(May, 1986) p. 475.

60) £23| g2, Uztojotld (wepap ut, 1990).
61) eto| =M, 203-223%,
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62) ot2al2, ggoat 2otz 11z,
63) ol =, SILy.

64) o] &M, 45-46%.

65) Qto| =M, 146%.
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o2& AL otutk 7]Fete] JEFd Aot

g Al Ao AAS = Ao BRI =7 vbe, vl e tig Bl #A
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A=A7F 2 g o ste vigtolth. =0 Ao ERAQ AL o] 7
A3t A7 B & dAeta v dae 2o gl Fo oo BEAQ
FTZ FEE A &5 77 52 A gig =909 Aol g A=
deld 2A = RET.

66) S. J. Gould, The Structure of Evolutionary Theory (Cambridge, Mass.: Harvard
University Press, 2002),
p. 687.



