BIFEHFZEE S - 2014 4E2 A 15 A
B HARRIZ2(C) [ c s 58 v A 2 — a0 INE L 2 DE|

—AH T =L LTOFE— (13 : &)%)
INRFEZ

EURZ—LIFE. HEHLE, EORBLETFHOTR

— [FEDER] DF4 FEF—7(E,. (EERMZERIZWO UM TES2000M 540 ) &Ly
SAaIZHD, (DI FyI—X EEERED &£VY)

. EAS— GR) OALE
- BAEDFATEBUDONT
- EEFRE () ORI
AT =T e d e 7V REBLCAIZY By L s s AL R 2 Iy b
L b2y MTOWTOBE - i
5. MFE : RnDEWTF~ HDWTTe LATEDOE T~
FEAAORE AT T A ZONWTDORE « filE
ff s Rob—X R LR LY

B W N+~

1. EVRE— (GR) DEIE

(ERDOZEFOIR Y &)

kL LTOERV ZE —%, HHVNE, FURAZ—HRE LTEXTHET, TIUIEREE,
FEE7RER, ML 7R T, L 2AT, ARMEIRIZIE, FERSEDNVET, & TGk
ERNET, £, ABMERICE, SRS £, WEREOERE L > ThHET, FiEDE
FL, B ER LENEREERE T, EELTRBE VO, FiEform)iE, HUIZEMTIE
2, R LAEMTHL LV 28T, ALV IOBESIT, =) W) BT TR, [=]
B GR) APhE DA TFDEE R L TWET, TIHb, AEEOIMEIZ ST, FEE -
ZERMEE TS & & B7ER DEREROIF MR TGN TOVET, ST, AA0EEE T,
FEEVIERTITE L AX—L AN LILEEAN, T L, BE W) B TITES
AL —=LIFRONERTA, AL @EOERREROFHICBIESTVET, JIUx LT,
PEIE, W OIERREROFHEZ R L TOET, UL, EbAA, ZORSIIHmREZELE
T, OFE0 . AWHEAEOERAZERONR ) 181E E OREETH D DNEED DMENH LT,
B, H5FEVAZ—FRORT, A2 RO [HAR ] OVZOGEP RS CONE L, [H) A
Jeid, ABHEIRICESRTE Z 0 9 DEROFHHNTHLONE I LWV Z ETT, =1L, £
DHEFEEL LET L, B 1) REOANFRNDLDOTT NG, AMDROEOEARIZE RO
ML, BANOHAEITHDHZ LI 3, TOLE, HEHOIZEL IARIFETH-> THEY
EIFERBRNZ LR ET, DF 0, AFHEROBISERZE A L CIRDIRY Tid, B KL
PIE DNz iz £, MUIRLUET, IEFME - B2 S L 2 D72 5,
BRSO BT AL DI L CH I AN 2 L2720 £3, FEhs - i - B - D
HIEAIIHICAEE TOETS, EREEADNCER THY (DXL LOFERIZBNTC)
HTT, £bZb, FEEREOBERIE, AR - EMICHMEL R 7202 2272 F971

L IED DS SN TS O TR, 20 e IR Z Bl 24T, S0

1



(ERDOAKUETIIEYIH72E AZ—IE (AL TIEAT) BlbivanZ L2/ 503)
T OBBETCHER L TR REZENRH Y T, WERIHESOT L A X —HEIIERER - LT
Rz &, IREBA) A TIIRWE S o THIZDITTID, FIVTHHERL TR REZERHDY
iﬁ Thbb, H2, GELEYL, AEHSAFRTEENWHIZE T, ZTLTE I
HIEDS . i%@@fwékwo ET9, & HiZviable 22l T, ®_t%%ﬁ%m9
&%\mF FERET D & D 750N, R T CITFERFTENIL, AR H A SR,
ZHZHANEOEIZ ALV E LB B D THDH EV) Z T, << s, E@RRAEICL
K UolzbliF TFnnn, ABEROBIZIIAY F8A, HHWE, TeLA, HTHRE 912725
TWBIE - R Z ZE2 T EMES_E ) E LLVERA (ZOMIL, BOmEmMINTE £, 70
LTBEZ0VDOIE, AFOFENECTHITT 5 ZOAEFEDS s E, ik GERl]) LFESRETH
HEWVNH T ETT, ZHUINEREIR EFHEN COE T2, Zh &l OUERKDIX Sy & BRI IR
NREFVETT2, LK, ZOMEESIECEESNL YL, OB THES L TR &L, F—
W2, AL AN LAENENDITIZIAB THD &) Z T, ABBAMEETEDT
UANT VARRERNS LT, ANHITHLENH ZETT, BV AX—%B2 L&, HEDZ
L EEBBIAN2TIUTR D A, F S, EZOVTHNAEOTT NG, ZORY TH, EA
—HIIH Y A, B —EOEY, ARERTT,
P52, EROKAE, EAZEROKYE, §CIZBHIOEZ < <O PRI TABIROKAEST DR Y |
FBUAF—IFELIZNESZTLEIDOTT, L, BEUAX—DFEEZZHIZIE, R
\ENT D720 TR CH - T, ST, ERLL EOKAED, AD7n< & QREOKAECENLT 2D ME
NV £, L LTOABEEBIIANDVNENH Y £, FIRE TN, TAX—L, Uk
SR, REECEREOBME L X DN THWETN, REECES L (AT & biER
NTCWNZERH Y FT, DFED, KEEHERL, EROKELFEOKEE XA L7 NIRRT D
HLOROTY, ZOFEMWT, EVAX—IIOWTHIZDINERSHDH ENH ZETY, B, fL
L COANMEBET D &1L, FOmmEs, AROAME (BRAMN) #5852 LRUTT, T
DTN ARX L MRy m— i, —RLTc & ZAEROERITEN L TWE T2,
ELTOANHE, FOBEZ D HHDTT,

[fiL £ 2 2—]
FAZ—RBOIENTRILH D 7, KK, P2k 5 70bDTT, £ AX—REDIEADHTT

B%Tﬁ%@iﬁho

DEWF TIIAMEATFEM OMHAIED Z & LRI A TORNWD T, WAz isnTx
%éi%fﬁbfﬁﬁﬁaﬁfﬁb TENEISERR & L C— RS huifo B IREIRIZ L 58T
R OTEOEIRTEH/NE5mA TR, A Tl BIZE2 5780, #B0 FFTELLR
FHATT, L, WERICRUE, KWk E Ao b CnERAL,
3%&@%#%Aﬁﬁ@ﬁ_ﬁj‘wbi?%ﬂ/&LT%/X&~%T%%%®5&%&%%X%
< HY E LT, ELICHANYISTZDIE, VNIV T2 I=RARE L TT AN - T2
L BRI %@@%;9ELT%/X5*%Tﬁ%@ﬁLﬁ%®T¢(ﬁ%hﬁuOWT%?
73 aT VT AIZOWTHFRERON S £ L), DN Ry—X(+T7 =V v 7 X T7H )
LT NT T2 AN VAL T ENTZHDIFENR VIO N TWETOTI Z T8
ho B L Zv =o)L« LY 4 TRV y v - T U X ERICLEY E LD L LT—
DT HET TR X F9, Margrit Shildrick, Embodying the Monster: Encounters with the
Vulnerable Self (Sage, 2002). Z i1 & DI —FFOWATIZT X, THFHRLIRZ LD L0
TelEoTRNERNET, WE Lo TR [ERERY CRESEAIZRBIRD M ZUT LR BN T L &
Vo TDO—FHT, BUAX—IRHHREL, EVAX— - XT VLU b, BUVAX— 7T g

2



WZHEOH D T, WEl LD OxE WS SRER ST, LonL, £ 2 CIIREOEE - E@b
EVH ZE LB ZLNTOVRNDT (EDBZIUXLONIRIE LT, 2E 5N EDIZ7->T
WET, BEEEINZNE LTI TWRWINS T, FO710I2iE, D7 & bHED L~V aEE
ICAFVZNE DT ERAA,

ST, FANATEET, BAX—FKRUL, HIIX, BABOLHIC, SESEDO A=Y %
MAEDRZLORH Y ET (Var - vy s ARG 2iE MABNEETSE LTS
DO X BRFEERHY FT), TNIET 2L ES LD Z 80O TTR, ZOKRAROEA, A
A ENTZE SN TWE Lz, AL Eo72& AR T2V b DOR4EEI, LrbAEZON
7o EVHOTT, AHTIERNLD, FE - ARITEEHETTN, EOGEREZID SO
& LT, ANHEMOREOE S 2R LTRSS 5010 T, REIIKD/ — TIIe W DEIC
RA D= TT, &35HE, ZOFVAY—E, FHOXRGEBELLIZVEIL LY LTWHZ L
W ET, FOSEAEILLTEVERIL LD T 0DORFAZ—L W) DITTT, L IZAD,
7212 BIZR DN AHRE R, FOSHEIIEIUSIEER2 b DROMNE I N nd ZETT, i
IRERRSEEIC E DAL IBR SR ITUTR Y 8 AL, BT, BABEZRBH LZe v 713, o
BESOIHENERR L4 HRVERIZOWTENR Y ([ZiEne L CWE Lz, FOXGOMEM IS
N2, FEDRDETE L TR T28 W) 22T, FMORD EZ A, HhEifdick
W, EITREO P IEE LTI otz D7a< & BTSN CIIHEE L Qe o7 &
WHZETT, T5H&, E5DTLE I IKABIBHELTH, Tl N DLAEEN T,
BNCHRICK LTe Z & TidenZ L2720 £9, Mo BFECarE ALK O BREANCK LT b o
THDHINE I ONWTEWVEGEGNH VD . FIUTEHR L THWETN, FOSENRIEE TH 572
b, Flo, FOFAEIERDH Y 27207 b, HEHIERD Tz 2 AL, FCiid s idn e
b, FOFELFEICT, BRI LSO TN LI, LR TRPISITE 2 N2 2
0 ET, THFVDZTHLIVDL LERA, EONENTMEE CHIL I H) ot 2ATER Y
— &Y LT D0, NHZEOLOOARME, A ERIOE DEERZD H ONRAMEEIZ /25D TH
ST, FOFIR-HFEELEABIRL TS Z L2250, AL, BRI, Pl ATEE
7RIETC, - AROIE - ARNC2 > TLE I DD LIWVRWDTY, £HZEHA TR « £ U R ML,
AT ST TINGS, ZOZ LIIAFERIHERLET, b HAAHRED TAM] i
WCHBRLET, PNz £ & BO @ L Tld, T TH ARBZHIERENOARE DA Z H o,
ANEZTBEAEDOERTHETH S LWV )i m — B L THEL W E BnET, il A/
W T=FH] 1% FE L TOANEITIKETHD Z EaimEL L) E LW bDTHD EditeZ &

L& HIRROFHIORDTI 2N EFET LD L LT THEE L, LvL, WEHHIE
FHTE LT L DICRAETOT, Zivh, WE & IR BROX G2 ) F LTz,
FEROFEREIL, A« 77 ) B o—imOr BRSNS R COMEE TE A TL X 9, OF
D, HEWRER CERZGETHE LAY —b, HENRER CRVMED SV W AR Z EHT
LS. U BRI BIEZ ES T LESTD L D 72D T, HDH—>DRHRITHEDY
F L 2O, DLEOZ L E2ERITBNT, omENTEXE L, FIEEIERD5ER) THETE
el vol. 1,2012, 7w K= R, Ty K ZA L) [V A 5] 201342 A5, TR L LEL
o TEGE] 201842 A5, L3V x, STORIGIEHIR LENRNEDOZ N > TERTEL
T, TNEEVAL—LRT D20, KZDHRE FRRICHIERITHEOEIS R £ A
A= L THDHIEHTEE ) TTN, WEITEEET,

4 20 AL FED L THRRMICR BEN-bOIL, Vv - Ry—X [ZEREE] T, £
FHEAEELLUL. Db Rol—X+T7 Uy 7« HEY [TOFT7 h—] T,

5 IHRBUAAIIA T A « XU 2 RORIMEZ O TR U TOVE L7z, DR -2 £330 £
T, [HIWEL AR THIVE L AE—TTa SR OA MM K8 ) T HSZEEESE 18] HH3
CAIENE, 2003.3)



NTEET, WIHUTE L+t ThH, & L TH/\ Uit - #aa 1%k
) FORFSIZBN TS, B AY — iﬁﬁ%@ﬁ@ﬁ%gﬁékﬁﬁbfk%iﬁ UK
OREOEESHR SR LE S 2N Wby Z L T97,
bl BEUAZ—GRIZBWT, NI U URNRERNICEE Th o728V ) Z LR £,
WI-VEIOZ ETIN, T IEHHER L CTBMERH Y 97, FOLEPHEEN THD L RS
NI LD T FEOBER AL AR T DAL L COT AX =DV T 5 2 LN TE HDTT,
SUVNR DD, BEUAX—mETEOMESD FTELDL L&, T, bILbiuit 2B 5% 2
2 T2 TNDDTT N, FIURY U RUBEDFGIZ/e D LD 2 ETH, £LT, LUTUISFEHS
ETD, VRBWEnb ZE, =0 4 UHBICE £ Lz, MR - #b - 2T,

[fE [<X] OZHELEE [>X] @ﬁﬁl
ZIBIE, WD A THEELT) T,
HER L TRBWTEIWZ L1, #—v ¢ LR, %%ﬁﬁ@hti%%fﬁékwo LT,
BRI S D, ZIUTRHETT, FOERIL, AFHATREM, BIERICHEOS < 2R CRridh
720 A, ENDS 2L, AFEATREIZ /R DRNIIER X O 7o, AR FTREZ2EIAR (Lo LiE
L2 il ?) 1. FEOLE, FOMLOBENHITETT, TARMERIMOBIZAY A,
UL, ZOX D72 ~F1E, FEOBEE A AR RTEEMEI SRS O T O T CIC-EE AT,
PvbiuL, BENEERT VTNV ANERICHEEEZEZTHNDTL X I, bivbiuirT v
TNV N EAFERTREDNE D Dtz 2 £¥ A, Z 2 TR E W OMEEA, FEOBEIZA
STWVWHDITTT,
LT AL FANTL, ZHRBITTTT, BUAF—IIARIDSAEFNEN, AROREOHIH Ak
ZHT, AETRNWE DL OREOFER L L TAEFN TE LI RMERTH S, IS, ZHns AR
EAFHRIRE Ch o7/ b, Z 2 BAEN TS 2EOERE, AMOF L G (AN, HoH0
1. AR EIEXBIESNDH LWFETHA 90y, TOH HAROMEARD, AR & AFEAS TRE 2 & Hifk
ThHAH, 2FV, FMRITETLAX—THDIM, F _MUTE L AX =TI i F
# Fo MUIS, A —EEN, BIOT AR —ER L 72 AEGE ATRE TR & 3G A A
REZR O (AN AL 572 5) . FAUTHFFEOM Th > T, BLEEUVAX—LITE 2R, T
L%Aﬁ#%%@@ﬁﬁéihk&wﬁ@@T%VX&—T%éOw¢w¢\L#L\%ﬂ:%ﬁ
DAL BRI S > CND I ETH- T, ZAUIBARICK LI=Z & Tlidev, 62 bEROF
FORVIREZ 2726, FHIHRURED RO ANFA~ LN 20 T2000 LV, Lhed L,
OBtk

6Z UTRI LT, RO DO03MRD THEIL TV VE T, Patrick Tort, Lordre et les monstres - le débat
sur lorigine des déviations ana tomzques au XIF siécle (premiére édition, le Sycomore, 1980,
seconde édition, Syllepse, 1998). FEHIZ, EXDUD Z LN TE 22> TBEAD AT DWW T D%
i £97,
TR, B o CRIBEIC R D £, £ T T T hALDRERIEIC OV T, RO
IMEALCUVET, David L. Hull, “Introduction to Part V: Species,” in David L. Hull and Michael
Ruse eds., The Philosophy of Biology (Oxford University Press, 1998).
8 FHIZOWTIX, AMATEOAY) & IEMEAFTEOAY) TlE, FOSFADFEELNE S O TRV, &
62 HHFE OFEOBER A %E TEA T 2 OITHERETII72V O W ) ERZHESH Y £, i
VAEFTERRREC b > TR AR DiamOG I b U £9, ZiUuT o0 TE, ROMERL T
%77, Brent D. Mishler and Robert N. Brandon, “Individuality, Pluralism, and The Phylogenetic
Species Concept,” Biology and Philosophy, 2 (1987): 397-414.



FARIIRE EEA, REFEAN, 9 —OlEE L THERL TR TLWDIL, DitbiusAEFH
RN NENII AT D & &, BRI D EOHZEBE L T D Z SR b0 E N H ET
T, INHIRL TR TIES D A, #LEEDBRTIMIHEDY, FlzIE, 5 L BER
ORfREZEZTH, ANGEIKE WD T TIEA T binzen & g,

2. ADFITEHICOVT

I T, Rt L THRIZO DI, EROZE L FEOIROBHRIZONWTTT, BIE, ZOBRIL, %
L ORIRE L THEELSITWET, £ LT, #E38E (W) T 0 ) 280y LT
F97, AT SR FOSTRZ BT TN, () SRHHEFEOR C AW EhanE 4, £ LT
W DMEER 7R 7o DI KNG A F T H R OB 72D HHWE, FRFEOEZICZEHED
IR D DN HI2DHE L OMHRNDT, e AU L& US> TLENET,
ASHIL, TOKREOFTLEZREE LOT-NWEBSTHWET, Orod Lizh, FADREUAEIE-> TV
LO0H LIWVEEAN, 2D X I ITHALNIRD R LZIUTEILVTHETT, FHoIs, 7V —2
ADIYHEAIGEE (NERNIINER O TY) | 7272 LEaE DM 7O RITY LITEEE -
TWARZEY FFC, BRHEEEDOR U 2R X THIN &N ET,

Mark S. Blumberg, Freaks of Nature: What Anomalies Téll Us About Development And
Evolution (Oxford University Press, 2009)
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Abigail and Brittany Hensel: the world’s most famous conjoined twins with two heads but
just one body (p. 5)

It is the aim of this book to explore that diversity by focusing on some of its oddest
representatives. It is also to conjoin the worlds of the anomalous and the normal—to
show how the Hensel twins and others like them in the animal kingdom reveal the
remarkable flexibility inherent in all individual development, the intimate connection
between development and evolution, and the nature of development itself. (p. 6)
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“Unusual variation is abnormal, at least in the sense of being rare, and sometimes even

»

grotesque. But anomalies represent new options for evolution......
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The boundary between novelty and anomaly is a fuzzy one. After all, bodily forms
considered anomalous in one species can signify novelty in another. For example, some
humans are born without arms and legs, but all snakes are born that way. We may
properly characterize limblessness as an anomalous feature in an individual human (n
relation to other humans), but as a novel feature of snakes (in relation to other reptiles).
But such characterizations do not move us any closer to an appreciation of the shared
developmental processes that underlie limblessness in humans and snakes.

This book explores the biological significance of developmental anomalies of various sorts
and, in so doing, sheds light on “the evolutionary implications of development and the
developmental implications of evolution.” (pp. 11-12)

H, Btk (evrs—) LREMWE (7Y —27 R) OESITERTH D, HHRIIIT DRI
BIORECTIIHAETH D [Mes5-oT0a0TLE Y7 2), BlZIX, OO ANRHEARI IR E 7223, %
DREDEES T ETH D [ROEEN, BRSO/ D1E I 7 FNEFEE LTI Y FTED
MEINHEZLNTOEA, MIEE LTRONEDPATTOWERA, 72720, FEM LORTE TOHEAEEZ TV
5@T FEEOTLE Y, FE Lol dpadongd], L, TARFECERLTH, A&
PRI HSE T DR OB LU DT 720 [Y7-0aTTF, Tl BEOWEEHO S 7= DT L &
52 97,
Eb . ZOBBIE AT T, ZOBEOARTIL, PREOHLE B LORAENEE] 12
BAIOH DR EWFTEIRNT & i?fﬁ%%ﬂfﬁoik\kiﬁémﬁﬁ & L THIERR
HLDITHKEDDLD LT TITHS/TT, 72770, 22 TR 2Nz F8A, #EHx 2o
FEDL DTS\ VI HIERAEFZLHEE L TVD E N ZETY, EVAX—KREHNTZED

VEDFEINIAEIZBN TS TR L MAZFOFHOERTHIEZ > TN D K 5 TT, Wb HIUE
TN, B - AN, IR, BEITiIisneng 2 LT3,

6



FRIZIEOTND EVNH ZETT, EZAN, FADRLEZ A, ZOFV AL —KLIIIHEIINLTH
T ET, FRINEIAINBEEF CTRVLOTY, 7207270 FROERE HcFn 2 FEED X H I
EHDTYT, Lo, b9 B0 3 ETT, Okok Lizh, #E3AFL, 0Tl
SHAEMIFZDLDN, ZOXINTE L AZ =TI BRI HE L AZ —ZBUVAD LW H DT
PRTFIUTER Y SLT2 720N K D 1272 > TND DD LAV EH A,

I HESTHARTEEET, Vexbh s DV RvaIy b THLEREY) fiL VS
DETUIEARDR D 1TDHNTLLSERDNFmm T, LWV )0, FA S LORRICHWTE
VAR EEZ LD ETDHEE, BRIUET DIFEAEME—DFER T, £ 2 E2RR DI,
HEIAETF ORI R ClE £,

3. ELHRE (£Y) FOHEMK

TR DI, BAREDAR T, T OHMIZ2HRBIC DWW CIRAITHIEDORRINH » EHADT,
BEDOXA, Wb EREZERSEDITTOZONXEZTY HL THET, HHWIE, TARKK
WENNTNDEDONE I DERFT L TARET,

A Bty GUXRTFHE, 2004 4)

ZHUTABRNRZE D LHE L CODO T RO TER, 27 nikfbl~7 olbz XA L, %
HZhBF D~ 7 vl (7200) 1220 L AL TnD L) T, 27 uihichi-sF (>
X) OEIFBIRRETUCETNRD D, v 7 ailkiZdH 7= 25 L0 b O DOEIZHOWTIEZE S b
WRNERZLTNDENWS Z LT, NELDIT—D 2 EHDF] HEIHLTHET,

TOAVOIUTTERE AR T O ITES, BRBRDET, & 7V Ofdakis &, ~> 7 VORI
Vi SIVTUNRDN S TN DIDE R %, BGOSR L ET 52 & T 8
LWEA EELDORBREZIRZET Z L0 UORTNIL R 6 RWEA S, AR
(Developmental Constraints) |, [F4=£ff(Developmental Burden) . [/377 7" “(Bauplan) ] .

7 74 1% A7 (Phylotype)| 72 & DEESREWSHE, BEEL, TIHDDRM DHITD773)>
O, EWLEWHIBER ED LV EA = AL BN CL D EDT I ETHETL TP D7
D, #ETEDHDORD), TEDHRVBLEL TP H LWV OBRKREDHIIZ, | (v)

RBEORB, LEWHIBBENED LI BEEAD=AL] UL D FEbd 2 & THETL T
< bHDOROD ITHEELTFEVY, ZAUIYEIZL MY AR ERR > TOETR, ZHLTE
TFET, Vo EIT, BOREAD = RLPRNE L= Z LS, b7 — A OWIRREIZ 7
STWET, ZOPMRREICIE, DRERR] < EAR] PMEVIAFNTHET, ZOUHIEE
L. HOERT (ZOEMMPHETIN), (XT3 L [TrA4aX A7) (Y LET, £
LT, ZIMERRAIZRY ET, BEOLL, o %74 ogfiEkes L THEES N
TWET, TTNDH, ZOPMERESE LTO BEAEA D =KL (FEET TN Ul Z 4R
SHDLLIRLOLIFBEZLNTCOERAL (FOREZFERLIZOMZVFIDZ LIELIEEND T
L X 925, UL LeIHEFTORGRIZZE 9 72> TWVRNZ SIERE L TEREWY), 20 [FBEA =X
L) 1L EEZRESEDITTOREA T = AL EITXB SNAHGRR DO THDD, HDHVIL,

10 D4 TR % Bl 572 5 | #H2BEAZIBT 5 BARIRIESC B RIRIECIER I RIES I 4 A
SOHUERONELIRAED (5 8 AALEDS, BEAIICITTE A Y —DERFITHEYS L CWET, 202 LT
HEINZH, BGECREOSHOMmZ IR TIRA Z ENTEET, L, £OLET, B, £D
KO a7 omE, BFEIICIFECOND RETHDH EEZTWET,

7



ZDOBAN=ALO—HDOY TNt LTHRESN TWET (EP2—WEE Y27 VT 1) |
IZE o T U IOMTRMRIZ 20 95 MEVIDITTT), EnH T Eidk, ZIHEKRR
AT T, ZOPMRREE LTO BEAEA D=L BENET TIHEERZRAESED S
DOTIFRNET D5, YRICHFAERT D LD THRNI L1220 97, 7223720 FOfER
WIEBED A=A LN Z L2 Ed, £L T, AR, ZOHMEEE LTO BEEA =
AL AL TE 7Y ICBRT 2 & SN TOETD, FIIRREICBWTHEE SN TV A EEOREIC
HFETHAD =R LN Z LR FT (ZOEEITRENTHENEI D LELWTT, T
LA, REINTWRNE D TT), BLED XS RUMEED T C, #(br —L038ha7 5017 T,
ZoLE, LS —LOWMBRITE S 1D TLE 90y IHENESE LTO [EAD=XL) 2260
b, Tebb~ruboZ L EBEZ D LI £,

HERICBWNTED L IITH LVET 0 7T AR EN D00y (i)

PLEZSFCEVT, ROF5IHEZ, KBNS NAFHIFRT T, SATRFI, EId, EYEY
LTCUWRWTL X 99y

AT DT A — ROBYREHTINETH E EE D L ZAZIBR, T ORERTHEEE
EHLIZEZAT, BEL-TUTHNLDIZR->TLE Y ZEMELEA S, e ZD—J5 T,
b DR DR R N LA TR & LR B, JERD MO L RE A T IEAUBL L AU T
TR, T AT E D LD E LIVRY, ED b, &EIERZ 70Nz
HAaEX S DA T 7RG OO CEET 5 2 S ITIEIL TV D I S ZIHREUE R B 5 72
A9y LU, ZOAT T DBIRERTI-NRORY | FEREEI LA A TA TE o &
HLEENTHD, T T, BRLH IR EAFE U0, TERERANHR (IF8ERH)
HDHVNTHIZ THER)) & ZNEEEREAEDLGR THOL O T OV TOBETH D,
/A A F— =23 A(Maynard-Smith) 5 (Z L > TRHNIEE SN RAR K 2D < L i
ITHETHHNTERY . TOMEREEMC O b 5T, WETHHBRRERIIS 2 51T
WU, [AIRFCEEE /2 DIL, FEAEFRDFIIA L D703 0 | S LAREIR RS - B, &
[GHZRET T 75 AOBEERINA~E S = L ZAlRRlc T 2 i Ch 5, | (vid)

INST2Z D [SESERZ 7V ONT-BLEEE 5 A 7 7 BFEZ BT 5 Z Lz
ENTWARE] 2E, WEBIFELTWADTL L 25y K, BRI ZOEERHEIG LT
FNTWDHOTL L 9Dy REDBOETFERTA, AT ODRONDOTTN, ZIFWNLKRHT L,
EOE D% 200D & AT D OEEREE W CED DR Z 2 COSTO BT,
B, DA TF, BFNIHER LTI < A_E I, AT, EEREDIRVIEZRO D D
TT, BRDMERT DX 212, ZIUTTORESIURL LTWDDOTIHAL, [ a8fssE ot
FTOL VTR RNHY 3, 7272, HHICLTH, FAERHRDMERIEADZE R OHR Y iF ATk
OHHLDTHDHZ EIZEDLYIZH FA, T BEOUHMTEZERTHTL L Iy 725,
Z 9T, EROERORE D EE2 D DFARRIY, Bt E Y = 1T ¢ v J IR L R
RNEBREE/2 L3 [D 07T SO THDD, TORAEFROEN Ty (P a—/0) 1XT_XTH
[FRER | (272D DT TIHR, ZOSWHIIREHETT NS ()-8 1%, 33T
NEFRLESEZFTND) SVDZETH, TXTH HELIEIK) OxfgiL 722 &5 IaREALC
DRIMBDITTIIR, D T, b AEBRITERRD D) > THIR S E 72 0 N SE 507
DT 5700, EORBIBNADIRH S TOTIEARROES S, ZEHUBRE S DA RO %5 |
THN TN ZEITRD, ZARBERI WD Z LT 9, LirL, T, ZOREKEDX
BEOVRET AT, EORTH, 70k Z & TIRWTL X 90y RIS, OGO T T
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FAPWROIALNGEND & LTH, ZAUTTZTEDHE L~V OB L DFBHO—F I & EE 5 DTl
IRWNTL X DDy FAIVTIRD RO LIVER AN, YHIOHHIREILE 9 TIEeh > 7213 T,
FENORIDFE~EHELT D, LbiIkx 2L U CREARHERN T 2 K 5 72, FELILED L~L 2l
EEZTCWZOTIIRWTLE I, ZINBEXEZATT,

FEIZF > T, PLRE, ZivE TR AEFTOSOREZ BT NTR L TE 22 & T, RoOBE)
BTN D EATREESINVET 20000 LivEREAD, UL, #lziE, ZZ2FTHWTE=LD
7RfERT A BTN BRIV B THH Y £9), &9 LT E BFHIEEN I o> T D
ICRUZIR BIR2NDTIEA I, LS THREOZBRTH L= 20 £, L3z, WEITTEV A
—ECo TNWETOT, b IV LIEITERICHEIRSTAET,

A7 7HER (2692 HERPUR 1, SEIRABEEDEE TWAIET T, MLl koL ~yuc
B DRAEMF DRI, E2MHRTH, E9BXTH, M7 71 - BESHY) 720 TT, FA
IFENDPEN TN ER A, £HZ2BFEOFEEMEEZ D D EN72 D Ofadioisfe T, Ll Eo
EN LS OFEN R b D L DiEmb o T AT TS5 MR 7882 Th &
WESZIXEZDMETIN, LA, FITEXDHZL, MEU EO L~V TOHLDOEE Z
50, LbENEFEOELIZ, S DIZEEROELERIZBEFRSIT LD L9250 (72830522720
L. LTI 0 FHA) . YHIOHIHRLED b OMER LT 25 LD Z & 248G LT iud7e o
RIRDEND T ERDOTY, BELL, FILZZE, BEVAX—DEGFNRSH Y 7,
BARDARDASNZIT 5 BRI b & o5<iEmr, iRt ZsicLEd, [F1=E
FHEEW) OFATCRE— 0 7T o LRI AR D, D090y GELYVY) FIZED H
LTR&ET,

[>T, 7 V7 OEERFIIHRRIZEMI F O Ch o7, b olL Bl o & 7O
FEUT L ST, BAMED R Y =7 Z LW HEATRIZIIVN & Z ATV RS, Falf b b aR
VU DFEANERRIEIC LN E D, Z TR NIRRT R T
(Shimamura et al., 1997 ; Nikaido et al., 1999), 7"/ LAD7e)a @& A 5 a1, L ok
N HOEITFRASID EEDH%BZE LI 28TV, LeRn- T, ZO#E 0%
BIO AN IAFIRNEE, SV VT O bIcdh > T, 2oL haRy U aMsLSeE
OEFMNIZETE LTDIREERH T2 E WIRED S & T, [0 L) Biflizads
T, BOATEHREAONIT A LN TE D, DFED, MEEEOT T [a3da s
AVTWIRUV, T3y & 17 DT 0T T 1IT3bld T HATRERZR L b ARy D3R
. ZNSOEWIMEEFEDORN.O%RIZHSEmOMIEE B > T2 Z Edbh-> T2l Th D,
Z DOFEFUITIEN Y E DR E I e L7, ZFO%MESIFH), ARTC S, 7Y
7 LEEHROIELMELERSND LT T -, 2F 0 (B L ETILPH7R2NET
). 7 VTR MBEREO NAF(ngroup) 720072, <o 7 UIRIE, BN
&Y HINOEIET 5 Z LT o OKPAE, EENEIG LR O NT 77 U2 G L, VWO
FTHRLEDT EBENY O THDOBOVEEORLE 7272, ) (18-19)

Shimamura et al., (1997) Molecular evidence from retroposons that whales form a clade

within even-toed ungulates. Nature 388, 622-624

Nikaido et al., (1999) Phylogenetic relationships among cetartiodactyls based on

insertions of short and long interspersed elements: Hippopotamuses are the closest

extant relatives of whales. Proc. Natl. Sci. USA 96, 10261-10266

1 FEOEAMED IR IR > T2 DI, RETERE LTV ET, Ghiselin, M. J.(1974) “ARadical
Solution to the Species Problem,” Systematic Zoology; 23: 536-544, Hull, D. L. (1976) “Are
Species Really Individuals?”’ Systematic Zoology, 25: 174-191.
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(72T &AMl a 709 28, $ELINE L, WETET R o G 1275
2o TWET, UL, FHEZIE. VIRDZENRDN-ST=OTL L 9Dy L haiRy Ao T
I B EEL LTHRIL TV A 2 e ThoE LET, LT5L. Mkt ©ho ik, [k
HUEMIOER] n6, — X727 (DR 25, 2T (DR 2Erhi
LTI LTE-EW D 2 LT, ESERIEMWIOEN ] N DDA A LTI E D o7z
NTONHIRNEMRL TRV TL X 9, T2 FTITRMbLDOZ & TIND, SFIFiommn
HBHIZLTH, FEOFHIBIE T, WIZ, ARIT. MBEEE © [z 15, 2o%o 3
WO ~EMAag& £, HE 26 @) (GRS OER)) ~Df T, Tl
ZOBUIATTL L DDy, [MZFELTCNDDOTLE 90y, il 7 VT Eh 30 BEaot) L5
i, FEMETHTLL YD, BRI E 7o TH] ~ERESINTNDZ L2 £
(P IHTME S TIESRCTH D Z LITEBE L TR, ZOMOBI&E 7L, 7 V7 )
AMEEE DE) oo DERE . BIEORRS TR Hd DELIM Il TS Qna xd,
B CONEN ST Db, Ty UT HHE) 1B E o [WEE Thd Lo bl T,
ZLT R 1229 ThD ENIDITTT,

PILbEZEE 2T TR (DEEE T CAET, 7V THEORED &) 07 VT, s E
DI Tl L2 &0 TL X 90y BasEofde) WL L THEESNTHDLDR G,
WIRORRZ/R Y E7, FTOERREZBEIC ) EERTEHBGR<R0ET, L2408, bl
PRUABOIRIS BD 705, B2 5L HE@aOHE) 13 EE SN TWDLDOTL X 928,
TR [EIG) T257e 8 E1d, @ bW b0 T (A5 TN 248 LT
TEW), LT, AL RTOZO@ITH 720 bR, HREFEOH 0 bl d 5 2 L1c X
ST MO AT TS5 RS EFRBENTWET, SF 0., B DE ICEEO (EiR) %
ADOIRVIENS T T5ZLick-T, 79T B ([EADOEREAENEL TEX T2V H D
TY (72720, 7 VTHMBEEONEIALE ST BN TND Z EIZHER LT RFEWY), Tk, HE)
BT DRAE LT CRAEITEREALSN TN 3570 5) . B 1B AERAE L IHTTL &
D0y CHE OFRAET AR GER) LIHMUITL X 95y BREOERICHEW T, £ HHE) 135
DZETHDEELNIIE LNVERA, LRI, DE ICEAORREL WD Z L TRED %
EZTNWD, IEhD 220k E2 il L TEO—HEEH b L WA D7EEESbins ) Lttt
A FIUTZFOBEY 2L BN ET,

L L, BBV EVREZVWVEEOOEZ THIZVDIE, Okob L2, 9L THLARAD K
IR XD % 272N E Do TNDD TR EWNWS Z LD Td, EHLTH 27
v 7RFEMEEREOIIORTLEB L TR L X 5 E9°5 L, Ralfg7elpCc =27 v 7l
ENESEID% 27025 TODBDTIFRVINE WD ZETT, L, ZO8MONTHLE
ST 7 VT TIEHD FHA, TEVPEVRITEAEEA, 7272, MENZEEDbNSDIE, Z 21T
VAR — (FR) NHETIIERHD LV ZER0TE, LN, 7 VT OEHITE S AL —
L LTERENTWDDTTMND,

VBT GEAEER TF, 9%, BBROFERNR THIICBV - A REDHER T, £ 2
IZEEFSTHMTTOT, L &EMW R 2o ThEEd, 9. [ MHHOREIC N
T, FO—EFEINREZLNLEI ELTWAZEIE, [T7Aaud A7) LOOEERENDIAS
NCHDLI L EMERLCREET, 28 HE A X D8 Him S ahO—F & ARIEIME )
NHSHLET,

BUEZ T AL TS 77 A4 aX A7 : phylotype] &\ H4EE] (36)
M77A4m247) LiE, HbdE 7 FIMEREEO—FRGET 5, T Ed 5 T
By ) AGET DMIERE R —o D LT D) (36-37)
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[ BTl (germ band stage) s [~ ], FHEEM) GE3EE) CI3HEEIR S (pharyngula

stage)lZ 7 7 A 07 1 By 7 IBIENEIN D, BRIFEMWICYH, hu a7 x THE SR,
T [FRRDF B IAHET S, 1 (37)

WBZIX, SO 7 7 A4 aX A 7L, MRAEICBITS ZRERAW : organogenetic stage] (2
FEY L, ZAUIREDIRE D TH7e<, &b Thel, ZNooHilicEind, 7 7 Raff,
199602 LAUE, HIHIZEAI 04 DRI S TAECBED RN AT 2 HERRE T 0 . 22
TR O AAEF (global interaction)’3E U CUWNAM, ZD T AT A THHHIE
MTHY, FHAERENBENVETHY, ZOBHTHL S TERLARETH D, £z, %H
FAEIZBNTE, BETY 2—0 (BR) OBINIENZEOMEE/ERPE T THDH, i
SIXA7R R B DIZ & £ E Y (local interactions), Z D 9 HUN DEZEH LT H K7
JEREZ — AZEAUDI R ST E1T7ev, /—T, EOHFRIAET D ERAEMICBWTL, K
JRFIZA EAERRZEEC TS (X 2-5a), ZOX DRI AT ATBNTL, EanDeD
ORI HEAERADZAEH Y AT DEIKOIEFZD23 0 hiare, ZD X H ARk > TELE

TRE R — NI O RELSEETDHIEAH L, TOFRERE LRI QI8 ME
Bh> (NEWELK © internal selection ; Arthur, 1997) 7-& 249 TX72L LTH, TEHN-
TREIAR DR T T AME LRV ED &7 D, DFEY | TR 2 — NIRRT 5,/
ZD LD IEASEAEDOMEIL, IR BT AR O 2 IR THI72 & DIZT 5 K 5 70k
DHEITHY . ZO LD RNEHERRRLENERDIFRE & LT T v A v Z A FIHL LT &
ZDHIENTED, ZOET, 774 u¥ 473, 1RSSBS D2 kT2
FITHD L) LLERIT, AR S, BRI LENT 5 2 &Itk > T, TIREAED
BT L LTz My 728 S5 O THDH(Sander, 1983), ZDF z 0L, #IFAR
H— o DEEMEZRD T —/L K 2 2 v MGoldschmidt, 1940)X° K=t"7 (de Beer,
1930) D FfifE L TR 72 o T D, BF 6L, FARRR MM CBERGERT, REmi~ 1
AL LTRATSS, WS ODDRETT 74 0¥ A TR EXITH LD, /i
ZNDIGREICH NS — 0 % b HAEFRD 9 BIT ] 42 &9 FAEFNEHRAEWIZRW T
F=T DT NG T 7 N Ty A XA TOHEOERITITE L, FHEEWO Y T7Z
VESTEIR A BT DL EORMNIH D, UL, BEHRIUC T2 oZFR LS A 7T 03
FETDH) & b LUIEEEROHEZ D L0 THEHLRL—HIELT D [v~] AZE
DIRGE—= BB ENIBZE, ZO/E— TRENWD VAT AOMHE, 72 HONTHEL
DORSRAYFRE & U TSR SN TE b D] LW BZITIREBRFEZV BH D,
TeAIAREL G, BROE(VIEAITGE OIRHINTD, 5%t BTN RETH 7=
D EEFEAE S — P GRFRIZIBW T ED L O RERE B L, ZI ED XS ITRHT
AR AN T < DNEEYR L 72T U7 b7V, 2T OMBEOUE D TH D
b, | (43-45)

Raff, R. A. (1996) The Shape of Life. Univ. Chicago Press

Sander, K. (1983) The evolution of pattering mechanisms: Gleanings from insect
embryogenesis. In : B.C. Goodwin et al., (eds.), Development and Evolution. Cambridge
Univ. Press, pp. 137-159

Goldschmidt, R. B. (1940) The Material Basis of Evolution. Yale Univ. Press

de Beer, G. R. (1930) Embryology and Evolution. Clarendon Press

BADOSTROTU S DHEH - I IELR THMES LBV X 53DV FHAD, £ 2T L £ 9712

12 BpZ, 9 LTELACED D AxiE, #(ERAFACES 3D Ax TS 2 b, BAEAYTFE
AR IR b BEDH D AL ThoT-DIZ bbb, ZOEOHMREETH
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BIOSARTHRBEICSND Z & TN, Z 2 THERMEE FHREORRN RO ET, BETFA7Z0
HOPE LILEEAN, & bN<IRFEITRRITY, [ZRERAES 13, R b Kar7e 21k
(2 [y vy B L L CHESNTCWET, 240, £0 BRE3s4) 1%, ¥
I AHET A HDE LT, WhIiFEE & LT L CWEd, b 2%, FRaEn iz
DN, TNERERK & ZEVRRIK) Tho EEbinEd, ke <° TEfR ([CX2%RIKTT, 2F 0,
BEDT 74 v XA 715, WERIER & ZEMERIROIFRE & U ORI ZENTRAL LTV D & L
bz BT, ZOERI R FZINCRI DI WD DI T, Z0L X, DFD, Z0 I3RE
FAM WEEWREALTHD & LT, 2D EIZRNIT 2R I E T, SROBNT
TN, EORWE, £ ZORFEERRERN S E DR ORI AT TORRIOMRAUINL > T T HIL
F9, LL, EIEREUnH0 9, o) 2<S2EEA L. BNV TREZIIN
2725000 LAIVERAD, RO CRATHAET,

[EVERA) 3B S CLE L TCWE T, 7277 LZEAUTDE O EAERNC L » TR 2 kA
H72HTOT, [EELARE] T, AHEAMREROTEN, TORVIEOH DA Z 5 & )
R [Efif) Z2RERLUET, ZARERIEEIHZROWLAEZOW WD T, b HAAAFICE
HZELHVFERA, EZAN, BELL [BRIVRIGHE R Z — AR LS5 T20IdE, 2o
EREIAH) SIS L LR 20T, UL, BRSO ARRERBZEL T
FIUTBLER IV Z210EH 0 FHA, SEE, BmOEEOSH DRI > TE X THET, (1]
DINEETCOET, T T&RNRE 2 — | LT DITIE, AR CHH %K
OFAELERZAETH > TRIBEIARE L E 720 L9 RZF 0 X 5 BB Z ST iudZe b7,
EHEESNTCWET, HD I FIZEINTEIN TWERAN, ZHHEINTNHDITTTT, B
RERCHPER RIS H D V) Z 2 H - T (HEEFEIIAEZOVDDBNR2NE NI FEEE ST,
EEVDPZTHEWTL X 9)., BOIREDH DT, ZILE TOREDIR D IEE M L CHALF
ATRECAEATREIZ B D K 9 2 KIS LS AR CAE UTald 772 L HEE SN QWL D19 T, &
ITLEIDY EHRD, EHE, EIEIDONEHZTUILNE LS E-STHET, FUL,
ST ZIZEWRE C 202 O T, RN AP DO TT N, WEIF, £ IRV EEAS,
BRI E ZEDENRNOTT, EBIZEDRITIUIR D AN, o=k Hiz, m
WEOH HERSOMEICE LT, @mHofEMEOEBEOFETHEEE S 2 LT+ mTREZ & VWS
T, RIFOAEWFEITZ it 52 TL LY, UL, e E LN L TRBE 70V ld,
(BUAR) FEEABEICANDRC, ZZIZROLND L) 72T/ UV EENTLE S EWVWHZFD T
LT, UL, ENREEZESVTWVDOTT, 7200 ZEEEEFATIEETHD LSV
WODTT, LT, BEETOHOITNEEVEVENRSHD ESWTZVOTT, SLTHREMVNE, &
IBUVNZTHBITITEEETL X 90y [NEREIRSCLE K] i e U CEIERNC S BRI G
BODHET DG, FNEFEITDH AN = A LEIAERFRITEERT 2 Z &i2250, 5. Z0
AH =X LOHAIHR A D = L1272 D, L TF (evolution 235EE L HLOMiFEE Hedalis 2 7=
A ESEET), BEHL, ZOROWOINLTHA, A7 & B FATIT X < BYETE TR0
TT, FE-oTBXETN, FIITELVRAZ— (FER) OERHY T,

KNIV, BRI D R=eTHAICN CREE4, ARIEL. F=t7 Rk o~Furn
= E TR L% T, 298 LCWET, (2 bIT— 3 NARICE-T 208, Holess
AR SN D HIINO R 5212 & A ETERE L T D) (B8), LvL, T~T ey r=—%il
DFEN LA D R/I7) 1, T IEESNDL D NS -V BERTEDL L D77 ) LR

STEBONEH#EFFLE ) ETHOTL L H90, TOELXIEEHOHENT, N7 1 UREENGE
DN WEFEHE SN TWNADTY, £ Z2FFREIC L TOET,

B 2O S, ANHOARMETH S & X FWL 5772 OBIBSEMIL, BITETIE, BIZIX,
DIEFGROVETRCEMELAZIT-o & ERTEND Z N TEET,
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AL 52 EREEHhDTHY Z 5 L7 DHIETH H(cf. 59-60), LTI, £H L TIARFE
HT 4 TR UDE T 20D TL L 95y, RS2 HEXET, “R=7HEL QW \e~T
sa=—0HH, 17 A OFFERZIL TR SND X RBDIHFIEA LR, ~Tr/7a=
— X DREBRFEDOEA L LN D B ZTTEDEDIL, TDO%DIyFAMrF L BB RO R 32 )
T RDEINTEZBNDREZ L THHZ LN TERE", LT, L2A0, ARICIRY £
FAD, ZOXITHFRNIR DT 4 T7pEZ T LRWETTldel ‘Mo L 212826 b
XL NEIFEAEEIND Z LNV OTT, ZHIEETIIH Y FHA, EOTELNE
OHFFTT,

BT, L LT, WEERORGL (B4 5), SEEEF OB G555 - 556 7). MR
JaoHH B8®) 72 lAHY EF GRl CVnE 3728, & 2 TIEliybhi» Wk 272~ T
W5 HFEORERRE) B75) 2R TEEd, 5L 5> CTHLHEMWAREEORRIONT
T3, ZOFEEOFTHAOHIFZONTTT, 1HFT7E] 1%, AR E ZOMER—HFRIM: &
HELHIRTHIIRE ) LS TWET, AR, BROFHEWRT 5 LFRFC, 95 THDH0
b %, FOMRITHA AR TRECT A D L2 SN TWET, MBIk > T, FORAER
HWOWOIZZmED EH S EFETHT 0T8> COVETN, F 2 mEE RANERH D L id—
BAZRD BN TND ENET, XUDICEMNE. L&) OFFIciEsY R L Q& 9

T LUVEER S D L\ ) Z 81T E DWW ) Z L2y, WAFEOHEIZRBOTIE, Worzu ]
PEOEWRT LW O0v? TR K 5 TRORIE 2 b, RFEE 2 UE,
WFLEAD T 7T L EFRTET D OMNKEE R D72, (n] L ARFIEO T OB RE 2 —Z
RONDBERERIT, T_XCHRAFEFEEDO N T 7T ATBNTRDLZ EOTEDL HOIEN
THY, L0 3E/INELENED hRn U—BRICE> L, AOHREIEZEIZTOEICD
DERDZLEINTED, TRTREDO TR, BRI G IF—2 720 TH S (K 7-5),
VWX AUR, BREO AT T X, WEFEEADO H/IVE O X 5 7R RO BN T D,
RIS A £ 75 L TWA WD Z 212725, | (390)

WFLEOE/VEIL, SO GR LD HEEARER) T, FiLnbDL@BmanEd, b=
NEITZ OFRET DD TY, EZAT, HOLHE~OERE LTHEALNTWAD Z EITHEELT
TEW, BRICEA2 0, WHHEOTHED MEKER) 3HaFRbOTIEH Y A, ZOEHSD
MR o—3h A FEATLE D) ICHALNET, Lidnx, MBI TR, BREREI
R PR =% L TWD & B3RO DI T, 20k 5 RREEHRO T, SO -
FANEEDT BIvET,

MHEFEOF HREIC SO TRBEEL <, BB IILI L FFAS, O x-o L LT _XTER
PRLTLEI DS LIV E WD ATREME S 2 FDTAEE DY, [E(tympanic membrane)| C
bbb, THE b, HEE AT mEEE L U ORS00 THhIUL, SIS LI H/ME
DEURZATE L THIBEIY . 23 0 IS e DI L2 F B A SIREE S8, —H T
EN DI L7-H/AME (=77 3F) OBOHIF X2 80 ), b THME
PRIERISE D (K T2a), TeA A, WIVRDREIZEBWTH, 20K ) 2 PiesEsE D)
X a7 AN H -T2 L IFBZ LR, D5, ZAUT R A R F — 2 DZET I,
& DR OE LB CHEFU M CTH 21T TH Y . BIFEORAENENZ Z TOE DD
BaAR-> QD Z LD 2DTH D, | (392)

FIF a4/ T4 X e VaTay - BT g LV e AV S SEETN, )
DE~OEREE 2D L&, HPR B> TopA R £ OB 21772 5 70 6 TMGIZIW T THHE
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k%) HARETOPEICRD £T, FAR [T ARFERIH 72 LITBZ LR DIFY
SRNTY, ZAUCBRE LT, e & Wz oS AR E A L 5 RSl Stk 47, SO
BAZBIT 286w CTd, O LT, 2ok bk T,

BT L\ B2 780 L 7 PIMSEE |1z & AMASEE ERZ D3 LU NV, EOER E | 2> LB
BTHSTYTHOHF L [HEA(connection) |, ED—5 T, BT —IKE 72> Tz FHHIR
B S OREEHRD [/7#f(dissociation), & 25V NIAE#El, WhIkE & B OO Ly B
DGR, HERIZREZEDNE— 2R FF LIRS B LWVREE 726 L2k, 2 oo/ Bt
LWBIREDORINT 0o, THILWEY 27 U T 4 DR 72D ThD, FZ %, s EOH
Ho@itmovelty) e DT 2, | (394)

Z DRI AT TNDDTL X 90y, MFHEOBIROR AR Z . HDHVNTTe LAZTO—H
FREMEL L 9 L LCWET, HIEICRETFO LI Z > THEDOTTNL, Fnd Wbl -
RAT VA VIGE 572 0 iaE b9 2 Z SIXRRICIRE > COETH, Z0RE [£2027 07
4] 1% bHAAUFEUENIIFE LN D TT, bHAL LW DT, 95L&,
TEREHES Chfi U DAV CE 72T _NCOfaCEIL, 2o W ZDFE, HEHORAEEY 2—/L L
WD RAE Y 2 — L OBIRIZOWTREINDIET T, Linh, FHEFL - LHEL 2o
WET, EWVIDY, BAEEY 2/ UTEAMITEERNAME S TH - T, TABENICHAY
BN HEFROHHHALE LT HETWA0E 9 IR OBMRN D L TH LRI TH 50
5TY, FHE CoDRETY 2NV OBOLEIET D Z & bARBICRIT D MR 12
EEFSTVDENILNARNDTT, ROGIHEZRTRFEW,

(BB, DL D7 538 2k 3 4E T — DO, BRERD/ 2 —= 723
DOBILT AT — RIZHBELTNDZ L7259, B, HFIEMEED Y FFIZ Ao
YIFEH, Y FEIE O T IPREELOFINZE UL, TN U725y a7 ekl s L -
TOL BIVTND &V TREMEDR B D, FUIZRESEDS, Z DX 970350 T2va—L ) %
AR L. ZNEUSHk L TEBIOAFRE 52 TE 22 21d, SLTESRE Z LTl
VY TN TmEY 2 — /U, BN B NIMSE UTAEE DS 2%, bR ZSEICk
WTHZIVENDINIDOIZREEA LA R L, BIERE OIEREFRTRL ST Z D T LML,
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DINE— U ~OBATOMNCIE, T OB RGRTRRIC E D b S S E e AER %,
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IRE == 2D TH D, | (395-396)
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b b7 6T 720D T DT ) DAL EFE L, 347 1 A ORFGESHT 72 R R
HREI ARG = DICEARE LTS (3 10 F), N Th, TO X 577 a2 28,
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HIVEEZZTIRVIR-THRE S CB 7)., TCHIAMBMHI & - - OB T,

T 7 EHIEORICIZRERFE AL L TV CTH Y . ENERNL S D K ) 7egs ey
AT BV IER R ORSBEI Sl 4 B 3B COIE T THh D, TREFRBED Z LI,
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ERREITRATL QT2 2 EAVREINTWD, DFE D A7 = F L7 BRI RIFF AT
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—r T RS EHI-OIE, OREAR, b LI AR A TR D M
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SR L NE 2T 7 LB TW ERIFRS, ZOMNCA U8 LS L Y 5 - X
ZEEEROB LWFERS, 77 B U TR B EIRERE O X O 7% ez LU Beps
DLETIR D, ZNDAIRETH H72bIE 5 <, MFFHOHEEICH W T, H/AVEOHT LU
BHEDEIV G, FLWSERFIOIE S BRICAE L T=D2A 9, Rl Uimid, ZA0H I
NEORETHHINTT O, 877 a—Ro TFEENLOHHEE & Tk 25 7RI 5 GF
TE), ZOX T, BAEAROIEESIT, BIRIICHELORBFSIN TEo Xk H72bo Tk
U B2 T=DDy ) ZFafiT 5, | (486-487)

Z IR O LV TEEROMER SV TVE T, O L-VYUIEZ TWET, TInb, Z9EL
DIFFFTEET, £, [TENTDORBOE] OHEREMEIZ DN TS, WAWA LGRS & > Tl
OB TANOE ) DRSS Z L B CE £, FHOLVLPNHEAHZ LT, RFTES
AL —DFEGHTHIEZ COET, TORGITEZRT OIL, EAEBRO T A r— KON -]
RERERE D LT DME] TLIRWDITTT, XTI BEE>TWET, HEREFIX
W LA E E o TWVET, & 5705 BHNKE L FLEA A LU U CRRE S V7= 8rar ki,
ERE O BT O RA . SRR CHER L7 L e b= A0V L C L £ H 721
DOFFETLORODTL L 9D, 725, FAUSTERNEEZ X DIEITRUHENTHNET, L
DU AR AR R > CTHWET, ZhUL, T2SAACEb > QnhET, Bz, 5
k720 HHEMRVIC, BETBBRORZ Hrok Lin) BENELCELET, 2
WIET Y =3 T 4 v IV BRERGERET, TOLE, HERRMLI-X 57, B L HifE, PfEE
IHE, Zx OBIRMPRIONET, ZIARVNTVIEE LT TS ENET, UL, Zhuc
RETQUWARAIFRIQEAND R > TOE T, FAEMERO % 5 £ <HIT TR DIZ LR TE S
M LILER AN, ZIET TIEEE LW RIZRES S S 0 £, £0H20, &9 LKY
AT T=OIZ, RISl TR & F£7,

Sean B. Carroll, “Endless Forms: The Evolution of Gene Regulation and Morphological
Diversity,” Cell, Vol. 101, pp. 577-580, 2000.

WD HFAR L T ORI, FEAED TR 72705 #EOBRI T e b DE b 57
MEND EXFTLHEE IR BRNEN D Z EDFEFIE LTHY RiFET, ZOBEILZ 5T,
ZOMBCThH, IS, BIETERIT UNE7e) b St M5 THRT 1« _2—U D2 TR
) Bk, Fio, Fr Vv LV [EW) LB ke S B O/INEE TR
FHORIA » @RI TEZ DIV EJENGRE SILTCWET, & 2A, flziE, %4
HFE % 7] 5 the cisregulatory systems of genes ® /NX72 ) Z{biE, TEREZAD TRX7z) 24k
ZEO T LW FT- A TH - T, HPINCERIE SV RTEICHERD DT Dt Z 2z STy
KOTE, LFEFHT, TOHITIZE 5 —DOKRFRILBHHT, LHUL, Z7 YV DENZBR
TZ? the cisregulatory systems of genes N ILH SN TNWHENH ZETLZ, L3676, F
O, 20 UhSia) Zuxs 7 oo TEy) L OZEEEY T &) Z L1272 5139°Th
ST, YHNTERE SNV FREICIIH ORI O b Z &I ENHDTY, T Tid, 6% b
HEALRAE TS, NSRRI RIC KD RE R LA RTHD, DE VL, FFF TEVAZ—172 Y
DICERT DB EM b 72D o722 LT > T LEWVWE T, 2213 T, LnLb, AYTLE
IM ENTEODTL & 903 £ HE HESAZ IS NDOESINIRRT T T,
ETHRG, BEUAZ—PHEIT DITTRDICEZNTIHESNIEOTL L 9Dy RO, L<GE
NOHR ARG THET,

For example, all four arthropod classes and the onychophora, a closely related phylum with
a simpler body organization, share nearly identical sets of Hox genes, despite their great
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morphological diversity and the long span of time (>540 million years) since their
divergence from a common ancestor. Similarly, most protostomes and deuterostomes, with
the exception of the vertebrates (which possess four or more clusters), possess roughly
equivalent clusters of Hox genes that must date back to at least their last common
Precambrian bilaterian ancestor. Since cnidarians (ellyfish, sea anemones) and sponges
possess fewer Hox and other developmental genes, we can infer that the bilaterian genetic
“toolkit” was assembled and expanded early in animal evolution, before the bilaterian
radiation, and then significantly expanded again at the base of the vertebrates. The
diversity of protostomes and lower deuterstomes, and of vertebrates (after genome
expansions) has largely evolved then around ancient and fairly equivalent sets of
regulatory genes.

arthropod: #iE®E#. class: #i. onychophora: 7 /NE)#). phylum: FH. protostome: Fii 0 &,

deuterostome: £ W), vertebrate: FHEEN), bilaterian: Wil (245) FHFREM). cnidarian: HliEED

¥, jellyfish: 7 /7, sponge: HERE)

WEKRNDOERD, FEROEROBE e BT D200 bT (W00, £SITZE I THHNH
ZX) . T Uo—EKHL FEEDFEH(closely related, simpler, nearly identical, grat, lomg, common,
similarly, roughly equivalent, fewer, early, significantly, lower, largely, fairly equivalent)3EH L
TWETL, EXCZEINEEROTTN, WEITELET (T—a— [EEOW] O x4
VA, BEPMEDEE ZRHR O AT — A —L L QW AR U A0 2 & 248 L TR L 72T
WZLET), LT, #7 VDOEARDOERIZONTE L) FHEADOTHRLUETN, &b #
7 DLV EEREIIANSR, @di(a common ancestor). #c 4 O 3LiEH S (their last
common Precambrian bilaterian ancestor.) &9 SVVENHTHRD Z L ITHFEE L TRV, Hig
B &M, TERERIIC R E <3E 5 DIZ, H@l e 600l L TR EDDIZ, 1FE A LTH
—® Hox Bty NEFFO LW ) DI TTN, WERITZEDOBEIE 1 v N O/ LS KREA b % A 7
HT EAESNTW DB, 2odudlle, #7 Y D L~YUIsn 0 R ADZ D@D
ZIBNT, YO/ Z 7213 3C, Fdud, BiicZefiZen LISE7-7eM a2 gk LT L
ENFEONETY, ZAUIHEE (NEEHD) (TEZ 72D TL X 95, ik EEH) [Tz o7
DTLE Iy TIUFEBRANZIFEZ OGNV TL X 928, ZARRWEF L TUIWNTR0no
TLEIDy b, ZITEAZ—DFEGINHDH Z LIIfMENTT, SR 526, £
AR —DOFRGIMPHAT UL LD LS 73T E T VW0 T, B hofFEE#E-T, 54
LS EWET, TUAZ— WS ERIL, EEREFE ATRRICT 2GR e, D0
I, LI AETFDIA AT A & D 4572\ B EISETR. - @Y %5:C97, Sean B. Carroll
I, ZOFSCT, ARG FORAZBED I 7 e Lo ~ETT L CWET, ZHUTHHAA

TR BT E 7oK IELDRRD T, LvL, M7V R0 Z & T8, #bEns TR
WKL CE 20050 A, £9 L THRBREZBZ D LOEMNNAEI D 2SFEEA, £
D—RRITE U AZ =D& % 0O1T T,

U B7IA 704~ Ay (REFH2M0] (RH MR, BeERE, —uUL—4) %
RTHEF, b, 14 %= EbrpEaEORE] OBITIR LAY OR b HkEkIY7
RO 1O, miR R AR TE D1 i&@é’%?'ﬁ@jﬁ%foﬁ@b\ﬁ)k@i L TBEELTE T
DNEVIHIRIETHD, EDOLH2BHET, B B, M. MOROHENMEY HEN TS DO TH
A9 EMWELTTUINET, EZAN, MROL A, ZOMWNIHT2E 21352 67T
BRONEDICRAET, ZOETEMTCND Z&ITE W RIT, B, R, o, fE
IR, ARE AR, 1572 8T, B9 DI 7 ni b THAKEETY, £ LT, EOHHIT,
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4. RF4—JJ-J—=)LFZEELTREYEYLEF - TSy R

Uex/L b T hvaly FORFEZIRY LT THES,

Richard Goldschmidt, The Material Basis of Evolution (1940/1982, Yale University Press)

VIR, AL, MHEGEOE ] T b a Iy b THEREY)) dalcd LIETMn-Z EhdH 0 £
TH, RIVAETHRIMET 2 EEHY DT, ZoBERIZ, D LFELIBRILTAET B, Hon
U, THRREL AL —] [ZOVWTENTHLEME R TR £,

d. The hopefill monster (pp. 390-393)

In a former paper (Goldschmidt, 1933) I used the term “hopeful monster” to express the
idea that mutants producing monstrosities may have played a considerable role in
macroevolution. A monstrosity appearing in a single genetic step might permit the
occupation of a new environmental niche and thus produce a new type in one step. A Manx
cat with a hereditary concrescence of the tail vertebrae, or a comparable mouse or rat
mutant, is just a monster. But a mutant of Archaepteryx producing the same monstrosity
was a hopeful monster because the resulting fanlike arrangement of the tail feathers was a
great improvement in the mechanics of flying. A fish undergoing a mutation which made
for a distortion of the skull carrying both eyes to one side of the body is a monster. The same
mutant in a much compressed form of fish living near the bottom of the sea produced a
hopeful monster, as it enabled the species to take to the life upon the sandy bottom of the
ocean, as exemplified by the flounders. A dog with achondroplastic bowlegs was a
monstrous mutant until man found the proper niche for it——to follow the badger (dachs)
into its den—and selected the hopeful monster as a dachshund. Here, then, we have

[ERSFEH A HET D X T LWIZE) 203V RIS, Ehus TERERE] © T
LWEH) o DE(RAR - FAEFAONNE | OBRDER S5 72 BT THROBNIHT 5
BRI DD X TROEDED BTN OTT, £ LT, BFEBEDHARIZ OV TORE. &
LI E RO INL0TTT, 7r A M) —72 8 HAYREEE bR Y ARG, T by
2 Iy MePITBRSBREDL LB, TF, 205, LSV DTLEHI D, 7Y A~D8
i, EARCEFIOEER Ch K EFWWbiF T, LT, EiE, 2O LT, EUAHX
f%& EBITHEMZ DL ODFESGFTNHLELNDDOTTR, 7Y v<IIZOARRRNE D
7207, Adams S. Wilkins, 7he Evolution of Developmental Pathways (Sinauer Associations,
20022 bt Tl X £97, EDHE(L () SfRNE R 12, = >ORR®H 5 & F
EOTVWET(p. 443), FH—IT, AFIRRE IO FKICBWTEHEETHH L) 2L T, 20
ATERRBE VTR AL (M) 1RRER E WD DI T, BT, TERE RO 2 i O
Ci%f%é LW Z LT, TDOIREIEOZEUIZIBW T3 AL () IFJRERE WD o
Tfﬁ‘ =l ﬁﬁéﬁ?ﬂ IRNTVFHMUZ EWTEETHD LV ) Z & T, 22 THRAEE (&
&) iﬂ%mé’]}: WO DITTY, FEHICES>T, ZOREDOEHRTH L b, HARIKOEI2D S
DIE, BHFOBGEROAEOFR G T DRREDESR LB ARV DTIIRNWTL X 970y &
AERMFRNCIIEN TH EEDIIUTENE TTTD, EZANAEILTH, L EOEERN
D LRI DR RN Z AR TNDH DT, iﬁ?’]lj‘?@@?b%)é LESTEREET,
5 7pge, [MAGEOPE] (HEFL, 2003 4F) ZHLZE, 24 b=y MIEbhTing
FEEMHE TRV E EWNWH Z T, Fo, G hraIy MARELTCWZ &l aHIT T,
o EZESIANTIIRZAE L T Ve DIRERZIR T LTz, ZOfEE2 > LR L Th&EET,
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another example of evolution in single large steps on the basis of shifts in embryonic
processes produced by one mutation. I think that this idea of hopeful monster has come
into its own only recently. Only now is the exact basis for an appraisal of its evolutionary
significance available. (pp. 390-391)
HeBR (T~F 2T 1T EW) : Bonavia, E. (1895). Studies in the evolution of animals.
London
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FEOFECO NS BB CORE B ERLTCOET, £2201F, 7~V ROIGhraly
NEfROBYR TR 20 £3, 2o LT, 22T, TH—0(ingle)] &9 SV L THEH]
WEFLTCEE LT, 7ol —EDDOZLTH > TEMITHIR D G Ltz dy THEZ ) P&
Wilp EHIK S 2N WO DI T, 72720, K<EOIZND £33, G b a Xy MNIEE
T, WD BIRERKZRRT= & DTS INE LN ) Th-o72Z LIl b 5o TWHDOTT,
Tz, TH— [ZOWTEHIRD, ZHUIBIRE TEDDIFEDZ & Tlian & B Ed, s
AERFRD E T TIER Z A A E S B2 B0 EDXG3%E E DT D TOEROKNEE S R
FEH DTS TE - TREBRONTNDEDITTIEH D FHAND, AT, G b=y MIGH®
ROBEEBEEL THWE LIz D, ZOFEHRIOA IR E LT, [H—0] BRTHL->TF
REMYR R E BRI Z 2 E WO BERRICEEZE X CHH 20 A ) EEbnEd, REIZE-
T, BB ELIZAEZ: BN Ent L Q0D TlIeun o Ty, 26200 bh 53, i
FT. BEOLFEENFEN OISR AB L SN TE-2 L1, B EARRg7Z R
E LTRSS N TIUIR B0 T L X 9,

ElIVZ, WEESL, ZOXIZTIN I a2y FOFES BdhHE LT, k) ZIEFLL
THEHHLDIEIH Y FHADT, LA, HDH LT HRLZOFERER Lo EEWET,
DL vy FOFERIRWET TRGREVIELHE B LENE ZARH D FT0T, A&
OFRUAT SITND 7 —)b ROfFEE AN HEZ TN ZElicLET, 7~V Ri&, 2L b
va Xy NEEH LR b ZOIEEREREZ & 9 & LI CThRiZefff7es <3, 77—V Rid,
Z D 1977 FDi53(Gould, S. (1977), “The return of hopeful monsters,” Natural History; 86,
22-30)CIN by oy MEEHESEE L 72720, 77—V RiE, Gvbyay b THEEEZR
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FLUAS—] DT AT AT EEHESET-L\0 ) X1 0I1E, 7l Xgsns~7 okl )
TAT 4 T BEMESE T, £k 77—/ RO punctual equilibrium #2856 L7200 T, TTNb,
=)V ROFEERINTZF DI TONRA T AR TWET, £z, V=L Rid, EAwFEoZ L
1T & UTBBIZANTOERA,

fHICTL b2 Xy FOFREEZFLL TR E £,

Richard Goldscmudt

18784F, 777 7NV b ThEEND, BHRALYROFHR, ERDEFL LT,

19 i KA Y EMFE SRR OHEAICF 5, A T /LU 7 T Otto Biitschli, Karl
Gegenbaur (Z, X =2~ T Richard Hertwig |2, =52, T. H. Morgan, Th. Dobzhansky
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1903 4F, Hertwig MBITIZ, 1918 A F T = 0~ UZ, A GRCIE. maturation, fertilization,
and embryonic development in the termatode Polystomum integerrimum (ZF L T,
Theodor Boveri, Carl Correns 7% Kaiser Wilhelm Institute for Biology /LU AZARR, =
ZATBEEOD director & LT 1935 £ T,
IR KB I ANV A T 2 u—2 v 7, BIER L LTSRS,
1935 4F, KENZTAN, 1936 45, /N—2 U —CHEIIZ,
1958 4, FEZ,
ZDORFERY A ML
Goldschmidt, R. (1960) In and Out of the Ivory Tower: the Autobiography of Richard B.
Goldschmidt (University of Washington Press)

Stephen Jay Gould, “The Uses of Heresy: An Introduction to Richard Goldschmidt’s 7he
Material Basis of Evolutiorni’'6

[I. Background]
77—V NI, SROE B AL, TEA S OO0 THET, b a3y FoFEE
LIRRDZDREFRL, RO BDTT,

Dobzhansky, Th., (1937) Genetics and the Origin of Species (Columbia University Press)
TV RICL D70 b, 20a7 « SERAITIRO L 212720 £7,

its central emphasis upon continuity in process and cause for all evolutionary events from
the spread of alleles in local populations to major trends in the history of life

DT LIV B R LN D ETT X TOAA L EOE RIS O & JFRIAIE, —Do7
WYDEDTHDHEND ZLTY, FELIEVDNRD6, 29T,

The observable and operational realm of micro-evolutionary change would become a model
for all levels of evolution; speciation, as Darwin had argued, is a smooth extension of
adaptive change in local populations. “Races, species, genera, and families are nothing
more than different degrees of phylogenetic divergence” (Dobzhansky, 1951, p. 266).
“Adaption to local conditions and evolutionary change are two aspects of the same genetic

16 = D7 —)L ROfiEEIL, Stephen J. Gould, 7he Structure of Evolutionary Theory (Harvard
University Press, 2002)|ZF§k SV TV ET,
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phenomenon, the continuous adjustment of an integrated gene complex to a changing
environment” (Mayr, 1963, p. 332).
Dobzhansky, Th. (1951) Genetics and the Origin of Species (3ed ed.) (Columbia
University Press)
Mayr, E. (1963) Animal Species and Evolution (Harvard University Press)

R7F ¥ o AF— &~ A T—O TR OB b SOk U TR SE S TOETN, & ?675 < N4
2 7 LAMID LV DE L DET N T LD T E T, Z LT, /L Rid, WZxd
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27 i UIC OV CGEIECIRIN 2 X7 L, ~ 7 v ko agent & LT LT A¥—] &5
HLUZEWH bDIFTT,

macroevolution was a thing apart, abrupt in its occurrence, and unilluminated in principle by
process of microevolution that could be studied directly.

He even invented an unforgettable and disturbing Gf whimsical) name for his independent
macroevolutionary agent——the “hopeful monster.” (xiv)
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17 FREIT Y 9 /0 LEMECT, Theodosius Dobzhansky, Genetics and the Origin of Species (1930)
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Nhva Iy ME GERED) IEETH ST ) AT ABRORZEL, &Uﬁiﬁ?ﬂ’]ﬁt
FALDHLZ 5 Z E&2ZF 05l L7zl T3, Zo~v7rd I 7 adXipconT, BUHRGTD
B (ST EHALEBZTOETOT, ZIUIDWTUIKROFLESIR LT FELY,
Michael R. Dietrich, “Microevolution and Macroevolution are Governed by the Same Processes,”
in Francisco J. Ayala and Robert Arp eds., Contemporary Debates in Philosophy of Biology
(Willy- Blackwell, 2010). F£7=, ~7 E’Jﬁfb& 7 a(LDXG3Z DS DOFEIRNREHE & HITE
{ELTWET, ZAUTDWT ., Dietrich 5t G4 T, &<IZ, 77—V RURE, ~ 7 vifkix
FEOEE (species selection), FEOFHEA & HapRi 2B 92 75 (7171 L. fEoHIAEDEAITIE, BEF
DOEEOTED HFFED sorting SH 2 EZEBRL CWETD) OEDMEICSNET, o7
SEMWBED>TND Z EITERELTREV, TIhb, #ERATF R TIEI 7 vl kisEc
SNTHKDY 52OHAHDT, HITPTL Moy MUREFIEL, WE I EMICE RSN
HHDD, {HRL TWD EFNTESTHET, EWad, LA, BAEAEW AT HEFEORE
~DONLBVEOSHRT Z 2 ZOEMIHEL TNDEFHIRETLE I,
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HDOTT,

Some biologists have suggested that the origin of major groups of animals and plants, such
as phyla, classes, or orders, may at times have come about through single mutation
involving large and complex changes that happen to be successful. Such creatures, called
by Richard Goldschmidt “hopeful monsters,” seem with the advance of our knowledge, to be
less and less necessary to explain the beginning of new adaptive advances. A monster is far
more likely to be hopeless than hopeful. The gaps formerly present in our knowledge of
many groups are being filled today by evidence of the usual, gradual transformation of
characters under natural selection. (Eaton, T. H., Jr., 1970, Evolution, W.W. Norton, p. 45)

FERMELTENE, ~ 27 v & X7 mORRIDNG D37z BT, FATT TS THINEIRD T Tk
DIFEOWHERZ ) TRAPMI LW IDIFTE, FIL, FAUTZEDEY LFRD TRV EEST
F7T, UL, 20 ETRE, ST EBEDRH LN LET, BATWVDIL, ZO5OM
BHTY, HDHVE, BN TL 2D OMSRESER 2D, D WNE, EWOHELEE 2
% & EANALEERL _Eﬁ“éﬁ WIRDN, BHOHNE, EHOENDY Iy MOERZ L U CRIE
T HHFG CRIIEMOEUIEZEZ SN T LES> THDDOTIFRVDMNE VS22 & T, HDHWIE
Flo. ZEDEERICTH D E D 00T, HDOEIRT, ZIbDIVINTHOUNTD ANHIOFREIDORTEIZ S
ERNDITTT NG, EAR LU T ST IRRIZRZ Lo D e 28 eh b 5 L S 2 21377 T
FENERD ETER L TH MDD Th > T (ZORRED Z L1338 A7 N CHiR
HHTLLE D), D LT, BEDOE LWHIELZED LD D TRV DNE VST Z 6T, b
LA, TTETORWE, WS SIMBEFERFHITIED U EEAN, S ORAFOERIZIRS
L7zl & ZOMVNZD72) L ERSELILORETIIRVDONER D Z LN TELHDITTT,
JEBURIZ Z < HUNT L THRITHERE T,

7=V RiE, Fvbvaly bOEY T EOBRERBREFRLZIEEL TOES, G b2y M
FNIE FEREV RS —] dakRFIE, SRR TH, SRRO—ROAWTET LI, £7. <
A ~A H(the gypsy moth, Lymantria dlspar)@ﬁ}F DDV ET, ZIUT - DOHWENIZIIET,
OF—7 4 =R LOEENHD R 7 vV ORFZE, 1B CRERI7IIFE T, & <IZ. geographic
variation in phenotypes with known genetic bases MDHFZES°, industrial melanism OAFZENRH 4
T,

O EDOMTE, ZAUIEHTFIE T L7z, & <IZ graded intersexes DAL T, F LT - 4
FHITAEMIACIRBN T (BWTZE) BMEE I RETLLO L, 2206, WAWAREFRICEH
FHOHSNDHDOTTN, SLb-h AL hira Iy MIZHU BRI B L THEEL
Teo ZDO—2%, J— )V REZ O EELOTNET,

He recognized that genes work by controlling the rates of chemical processes. Normal
development requires a proper balance and definite timing of substances; evolutionary
change occurs when the timing of development alters. If genes affect timing, then
experimental manipulations of temperature and chemical surroundings might induce
changes identical to those found in mutants, thus confirming the rate hypothesis.
Goldschmidt produced these mutant phenotypes without mutations and cherished them
phenocopies. We see, in this work, the germs of Goldschmidt’s later apostasy on
macroevolution, for he recognized that a small genetic change, operating early enough in
ontogeny, might engender a cascade of effects producing a large phenotypic “jump” in a
single genetic step. (xviii)
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{EFAERE DI, FOEAER, WD bV A CEHERKEZ B2 LT DIET 72 &3 5750
UGERTY, ENEERIITHEEL THAETZOTY, Lrb, —RLIEE AN, I
Flo—RLTI2E ZAERBINCRE R E AR LE L (2720, ZORY TIdgEARmiz, a1
ho= 2w MERE—FENE OB SRR 2 FE L QU ET), \WE phenocopies DORIBEITHEE F9-
D, ZIZD, NSRBI RERI(CE AL T Z ERHY 5 5 L BFH L THAREEETIIZRNT
L9, LT, TONSREND, BEAEDYHITRO B0 HHRTL L 9, BEDOAL |
TaIy MIZOEMELTOET,

Such conclusions forced me to think of what addition to Darwinism was needed in order to
account for the macroevolutionary processes. The solution was the existence of
macromutations, which, in rare cases, could affect early embryonic processes so that
through the features of embryonic regulation and integration at once a major step in
evolution could be accomplished and fixed under certain conditions. I spoke half jokingly of
the hopeful monster in my first publication on the subject, a lecture read by invitation in
1933 at the World’s Fair in Chicago.

Goldschmidt, R. (1960) In and Out of the Ivory Tower: the Autobiography of Richard B.

Goldschmidt (University of Washington Press), p. 318.

T RHEENHERH L COET, ZORY Tt F—U 4 =X L08MmEFTIIRLTEZE
A, ZIIZEH fix OEWFEZOWTLEFIDO X S IZBZTHBITT TIND, o, ¥—v =
ARE, BHIEIZBITD TR BIbERERE LWL, ZOEETGRIETO N 24k, F1
AT D U DD 5 &3 23T 5133 T2 b, Eiz, VN Z{boiketn
HHECHD LD Z 8D L bR THER SN T ET 0D,

TlE, P2 TIOVM 2y POBRMIIAE 72O TL X 9)y, AT AX—] R DHHEEL 5
ST FENNFERNCFF HIAATE Z EINBRTZEST2DTL X 90y TDZ LB RO =55 1327 >
72CLEIM, ZARIEFEITHLINZ &ETT, BT T, EZCRIRPEE > ToDhE
RS T2 L OHMKRETT, 77—V R ROEHIFES LET, G ha Iy ME, 128
SR O~ 7 v (bZ D8 E FREMN L, X 7 vl MIERAIAR) (281 538 n a2 b & FEEE -
AVEZBIZT DL FRL TV DOTHS, & T, £l LT, 77— Rid, AENL TR
<\ D 1952 OB S I H L TVET,

I derived the hypothesis that in addition to small or large mutations of genic loci, there
exists a completely different type of mutation. I called this “systemic mutation,” meaning
that a reshuffling or scrambling of the intimate chromosomal architecture; which might
occur rarely by chance, will act as a macromutational agent. This means that it will
produce, suddenly, a huge effect upon a series of developmental processes leading at once to
a new and stable form, widely diverging from the former.

Goldschmidt, R., 1952 “Evolution as viewed by one geneticist,” Am. Sci. 40: 84-98, p. 96.

ZDOZ =)V ROBIHADHIET =7 TiHRD, HDOWE, EbAET 727 TliihneExFET,
Vil LBV ROFET A I0 b2 Xy FOREGEHEOMPLE L TIEsWEENVET, O
X, G fRD L)L COZAEDFAMRDO R X 2B AR T 2 ERH D 5> TN DHIEITT
T, TIUIMEMEEZEZ THANMEEZTH, UV RIOZ ETHRNWTL X 92y T LARMET
I b2y MREOEEN DI LS ZE LIZERE] (ZED ETOHERA R L TRnNEWnI Lo
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AZZFEROONET, b, ZNERLTWVRNE N Z LITRETHTHRL, BARAIE
FRFENOBLROFEFAIZT T EHA, 4 HOEERAFRLFR T LT, 825, 77—V R,
~7nu,/ 7 apRsy, BT HIZHS O R E O < Dimda BV Z LR HEANTHD R
T2 DDA T AR TNEDTT, THnb, G a3y M7 aiboFi et~ o
LD ZTW L= & AT, £ 2RISR EN H D &35 7 —/v ROFE L HFIZIE
—TEDE A VEEE LET, 72720, 2O LT, KEOHKEDLDONRE S 70> TWETN, I
FraIy MIIZribl~7 ok PR XAILE D &L LTCWET, 77—V RIck 578D,
FORXRZFDEDE TN hra Iy MIRH LD Tldnong L StFE Lz, ZOXKME.
IRV FET,

X 7 ri#l : changes within local populations and geographic variation—in short, all
evolutionary events occurring within species

~ 7 ik : the origin of species and higher taxa (Goldschmidt recognized, of course, that
higher taxa must begin as new species, but he believed that the morphological jumps
accompanying some events of speciation are so profound that descendant species must be
designated as new higher taxa from their inception. (xx))

TNV FOFE LDFIIEN T ET, ~7 nibodinn, BEE 720 5 Dz Y L
LCHET, BT, @RY 7 VAL U THAE S U beyy ¢, $us, @k
THET 28N, @IkZ 7 YV o OhpE D & LTRZ DNAGEN 2T UTR By T, &2
AT, FHEROEN T, 7o, BOU T VT 0 KOEERO Y 7 U T 1 FiE &3 57 HIER
HEALZRTIURZ2 D FA, LER- T, B=I, GrLvElR (B 2SFfossE D & LTt
LNDGEN 2 TIURZ2 By L0 £, LIzad-o T, BB, ErLVER FH ks 7
VU DEEE D & LT DNDHOOR 2T IUT R By L7 F9, LEa-> T BT, G
LUV (B 1d, BrLWASRO@RY 7 Y R EBAERME L7z b0 & LT DDA DR
FHUuFR oy L0 Ed, ZLT, ZNZE, ZORKTHINLEAZ—L LTIRATE
720D TE, 728, AR L EAREEOBRIZIBO TSR b AT A BB AN 2T UER D £
BAND, BEARREOIGET- DEIEZEREIC, HDWIRGIC AN T UE 0 8 A, £ L TR
2, REE 720 9 DAL CCAL I ENTEET, T2V BB T RN 2 b dh
STIZTIFEMLETR, G0 oIy NEFITZEOHIZEG LT, HHNTZE ZITon
THEZTWZITTTT,

TV ROFEROE _FIB 0 £,

[II A Selected Précis of The Material Basis of Evolution)
T =)V RIC K DAREOERZSIH L Tl E7,

1. Microevolution is all that Darwinians say it is: pervasive, adaptive, and integral to the
success and spread of species.

2. Microevolution does not lead, by extension, to the origin of species. True species are
separated by “bridgeless gaps.” Microevolutionary change leads local populations into
“diversified blind alleys.”

3. New species arise by macromutation, not by the “accumulation of micromutations.” The
genetics of macromutation are different in kind from the point mutations underlying
microevolutionary change. These “systematic mutations” involve fundamental
repatterning of chromosomes. (Goldschmidt also attributes many abrupt shifts of

24



phenotype to small genetic changes affecting developmental rates early in ontogeny; I shall
discuss the potential inconsistency between systematic mutation and these alterations of
rate below.)

4. The nature of developmental programs, with their alternate (and often discontinuous)
channels of phenotypic expression and their regulative properties that direct major
alterations into viable pathways, permits macromutation to be effective in the saltational
genesis of higher taxa. (These arguments, the bulk of the book, have been generally ignored.
I believe that they embody the part of Goldschmidt’s argument with abiding value. They
also counteract the caricatured dismissals of Goldschmidt’s views and render them
interesting and coherent, even if unacceptable today. In particular, they explain why
monsters may be hopeful and biologically well-functioning, and why macromutants may
spread within local populations, even while breeding with conspecifics of normal
phenotype.) (xxi-xxii)

Flo, ZV REERRITHRRH L COETR, G o Iy hoWd ko WER) X
7=V RIZZOWIFWHIE L TOEREAD, 4 HOFRARKIFOBEEOSES & RS b ~&
HDTT, 725, inherited developmental pathways, ”the possibilities and limitations set by
the normal process of control of development” &\ > 74 & T,
WNT, 7=V Rk, AEFHE 17 vk offdicERES, 22CE G0 FaIy b
DOEEMES T 5 Rassenkreis (polytypic species) DAL E /2> TNET, DL b I v
k DEERDOARA > M. Rassenkreis N biwm7s M ff(extreme subspecies) TX &, BIDFHIZ
20 ZIRNEND ZETE, ZORITOWTIE, FIZBE LT, 20 b= Xy MIHPRRIRERE
AEBHNEREZ © > T L CHREMIZITERI S 220 EFENNCZE OFHIOFR Y Tldim U TV DD TT A,
FORDERY | & S FEHHIZEI D Uan b ZA D D0 E BNET, ERE 7 —/L ROBMFETIX
I 2y MIHoTEI 7 HJ@{K@T MZDHONE L BT LEVDNARL 725 T Li
WETN, EARIEE DL R a Iy MAFRLTWEE TR0V OTT, RIZE S FREL T
710)706 b, b bvrualibe 27 ait kDX &V ) FHERREIES TV e Z &2 £97, 7=
Nl iéﬁ%‘c@@/\k@%ﬁﬁ% 0, FMTRIBEEEADT, 7 —Iv ROMIREZ 7~ & as|
HALTBETIZLET,

He admits that extreme subspecies of a rassenkreis may exhibit lowered fertility, but
argues that the causes of their partial incompatibility are not the stuff of which true species
are made. He argues that many extreme subspecies (or very closely related sympatric
populations) can be induced to produce fertile offspring in the laboratory even if they do not
do so in nature (thus brushing by the fact that populations who don’, even if they can in
artificial circumstances, are still reproductively isolated). He allows that isolation may
induce less orderly and adaptive variation than that displayed by continuous clines, and he
admits that isolation may accentuate the amount of variation; but “there is no reason, at
least as far as the factual material goes, to suppose that isolation makes subspecies develop
into species...... Isolation or no isolation, the subspecies are diversifications within the
species, but there is no reason to regard them as incipient species” (p. 136). (xxv)

AFEL IR T~ 7 aiifb) OfFFITHERE T, 77—V RiE, £ 20D 2 oDRR Hifma i H L
i—a—o
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1. on systematic mutation and the nonexistence of “corpuscular genes”
2. on the constraints and opportunities of developmental systems and the potential
macroevolutionary result of mutations affecting early development

TNENIRD &9 Ieidami 272 0 £95

B FNERIIZZ LR 72 < & %, inversions, translocations, and other chromosomal
changes IRBILDORE I E AT DTG FIERIZT D OME—DIRR T H13T 08
RN, HHRIHTC AT 0 T LR oL T 50, £, REARITIFRII NS 2 kA
FlEEZTORE (k%ﬁéﬁﬁ%é‘fﬁ’? WIS 225 8035 & LO) . b7
% genetics 23LEETH V) | & ZIZIFGHEAROMZA L b B ENDH 125 5, T 70D "systematic
mutation.”

2. J—IRRARIZO LD, Fiffz AR REMER S D, £ L Crate genes” |35
EMENCIER L, DA r— Rebst, obodfE - IBEFEZAF L, L viable 72 ff{R%
FAESEDLREMD D D, FNZOFHLTH 5,

phenotypes that arise as teratologies or as products of environmental perturbation within
one species have become the normal forms of related species; since these phenotypes can
arise (or be experimentally induced) abruptly in species that do not normally produce them,
they probably arose by macromutation in related species defined by their fixation (see pp.
304, 306, 331, 353, 356, 360, and 376)

TEOmY . ZOFGREERIE, BB THEIE, B THEFITHLRVWEE X FET, LA,
B DHEWRTEWFRONTITESIZT RS TNWAHEEXHTLLE Y, TiL fRoE A, L
hoz 2w FOBANT 203> T2DTL X 90y 7=V RIC K AHEH LA R Cl&E £,

[III Critique and Appreciation]
=)V ROPLANT IR E £97, 7L RIZ L A7 5, REO—i%HIE 0L uncannily correct (or
at least highly fruitful at the moment) Tid& %753, 2< @ inconsistencies 3% 1), —-D>DOIPRER)
2R CE Dl IR e > TOET, F—o, ZZTIBIHLEFATLER, G hvaly
MZ X %7corpuscular gene”#LHCITIRELY & D Z & T, FAUTEOMEY T, Lo X0, K
RANTILT, HoTHENLITRWRELTT, H%— I, 7 ubl~7 v bEOEr LT X C
WBZ LT, ZOAT, N RiE G hia 3y RO oOMEE A A \%:ﬁ&bi@“
ZOERNT. EmobiiIBo L H D Z b ’%?ETFW‘E) ETT, ZOREOZ ETT, 8
AGERRIECBI L C, 7L RIZZ HENTOET,

The first [poor argument] occurs in part 1, when Goldschmidt must face the intermediary
cases that seem to exist in fair abundance between geographic variation and speciation——
imperfectly separated local populations with impaired interfertility. By arguing that these
extreme members of rassenkreise do not approach species, Goldschmidt engages in an
almost frantic special pleading. When he must acknowledge impaired fertility, he argues
that it is not of the sort that produces true reproductive isolation in specification; it is “a
more or less freakish type of microevolution of the nature of a blind alley within the
confines of a species” (p. 128), he states in one place. When he encounters the intermediate
situation of two entities that interbreed in some parts of their range but not in others (see
pp. 155-68 on “the border case”), he proclaims them mere members of a single rassenkreis
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because the fact that they do in some places reflects their compatibility, while the fact that
they don’t in others merely records a current state, not a potential. Here Goldschmidt wins
his own argument by definition. He has precluded the very possibility of acknowledging
intermediacy by admitting populations to full membership in an ordinary rassenkreis if
they interbreed anywhere, and setting them up as separate species if they interbreed
nowhere. (xxxv)

Bz, T 1Bl T, 77— RiEZ 9FBANTWET,

All Goldschmidt’s illustrations of potential saltation involve fixed characters of species that
are present as mutants, teratologies, or environmentally induced phenocopies of related
species. In other words, he shows that pathways of development could permit the
expression of these phenotypes in single steps. But couldisn’t must, and the simple fixation
in some species of phenotypes that represent deviant pathways of development in related
taxa does not establish their saltatory origin. For as Lande (1980) and others have
emphasized recently, the accumulation of modifiers can lead to the crossing of phenotypic
thresholds under gradual selection. (xxxv)

The classical argument for saltation, on the other hand, requires a claim for the inviability
of conceivable intermediate states. The fact that a phenotype arises discontinuously as a
teratologous mutant in one species does not prove that it cannot be built gradually in other
circumstances. Interesting claims for phenotypic saltation have always invoked the
inconceivability of intermediary stages in an evolutionary sequence—as in the torsion of
snails, Frazzetta’s snakes with a split maxillary (1970), and Long’s rodents with inverted
check pouches (1976). Mivart’s old argument (1871) about the inviability of “incipient
stages of useful structures” seems as sound as ever, and Goldschmidt fails to use it. (xxxvi)

FNEN, AL M L TEERTTOT, 22 TIEBLET, B, 7 —L Nid, ok
#%T, by MO D RE AN T E T, FH, SRS L CTE o Li3Eo
T, b=y MIROEROFEEO TR TOR—E TR Z 5 132N TN E NS Z LT,
% < OYARZALITRFANCE OO F FITHREISEENIICR 2 5 L B2 TW1D 2 & T .
396), 7272, BN TWAHZ LB TT, BT, [AEREVAX—] [ZOWTTTA, I
oo Xy MIEFORBO & O & AFE L CTHEANIIAN D EN S D Z & %2537 T0D &
HIZETT, WO LY, I a2y ML, ALREMIATRRBEE Z > T3 b ¥, iz
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DEZATT, 72770, G2y MRZFDO L) RREAE R LWz b)) Z L3S
7RTFIUTIR D AL

Moreover, he did not ignore, as many critics have charged, the problem that hopeful
monsters must spread through populations by interbreeding with individuals of normal
phenotype. In arguments still invoked by modern models of chromosomal speciation (White,
1978; Bush, 1975), Goldschmidt (p. 207) specified the conditions of inbreeding and lack of
strong selection against heterozygotes that would permit the phenotypes of hopeful
monsters to spread and reach fixation. Finally, since the hopeful monster is not a
phenotypic absurdity reflecting a fundamentally altered genotype, but the product of small
genetic changes regulated by inherited developmental pathways into viable phenotypic
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channels, it is not the deviant “basket case” that any “right thinking” normal form would
reject, or that would invariably produce even more bizarre heterozygote offspring.
(xxxVi-xXxxVil)

DT =)V ROIEEIHRFS LN DO THD EENET, ZORAT DN, BT X
7V o ERET AR EIR A OGNS LT D0, EDRDTLLEIN, FARIENETHED
STEDTLEIDY 2D —ETHEIADTLLIN Dty INbhvaIy bEr—
JVRIE, ZZEEBLLD L LTWET, #BES LWEMTFE ThoTo b 55 NETT,
WODAREDAILNHFINTRBEET,

What I propose to do is to inquire into the type of hereditary differences which might
possibly be used in evolution to produce the great differences between groups, and the title
of this book, accordingly, ought to be something like: The genetical and developmental
potentialities of organism which nature may use as materials with which to accomplish
evolution. (p. 3)

W LOWERIZIERE, HE TN S BISHIZEROWERIEED, AHAD genetical THEARIZR
Ty XNTHD LN DIE, ZOMEETRNE LTELWTL X 9, ENEEXGROFRRT L5
9 2 OINBEZHEENST T E AL

The laws which are supposed to explain the diversification of species must also account for
families, orders, and phyla: differences rat-mouse, cow-whale, horse-lizard, butterfly-snail,
must all be explained. (p. 5)

RO AT AVERNL. BRSO bat LU b e LTWET, Eiksy
BRI Z BT 2 U T AR O THD ERTHDDIT T, ZoRMIZ, WEEFTRT
-k olT, KIROEWFEE CIEERIIER SN TWOET2, ZoREAI-EE LRt L-2 L
DEFIIRENTLL Y, ENDIFETLVAZMISKTDHZ LIl LR T&x £,

There is, finally, another field which has been neglected almost completely in evolutionary
discussions; namely, experimental embryology. The material of evolution consists of
hereditary changes of the organism. Any such change, however, means a definite change in
the development of the organism. ...... From this it follows that the potentialities of
individual development are among the decisive factors, for hereditary change and therefore
for evolution. (pp. 5-6)

FIROBFHRETH L CWET, TID, ERIEAS: - FRREFL. E9 LTHEVAX—EIC
FEBEONDESH>THATHLENWTLE IS, HE, ANEIOWT, NEEABIERT 5 KEABSEE
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18 [FRECEROEHA I L OV 2bD e LT, — %P CBx$7, Etienne Wolff, La Science
des monstres (Gallimard, 1943). SUZHERFAHEBL LI & & 20N 2 E DO BIE - FRFFIZHES
TWDERTON, BFPEO—2DEEITHD LT 570h, E 22— IRFORNZ HEL LR D
FIEL o> THRFORTIHESND Z LI £T38, AFEL ZOBENOE S AZ—DOR Y%
Ao TNET,
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Fertility

The oldest conception of species, and the one which has not yet been replaced, states that
the decisive differences between species of animals are sterility of hybrids between species
and the more or less complete physiological isolation preventing hybridization. (In plants
the situation is less simple, though J. Clausen adheres strictly to the fertility test for the
concept of a good species.) This definition is also involved in the modern taxonomic
conceptions, which consider species forms inhabiting the same area without interbreeding.
The development of intersterility is, therefore, to be regarded as a decisive step in the
isolation of species. (pp. 114-115)

In mature only neighboring subspecies will interbreed in the zone of contact. (p. 115)

As all the higher grades of intersexes are sterile, we find a subspecific difference resulting
in sterile hybrids. As a rule, this happens between races otherwise rather far distant from
each other; e.g., central Japanese versus Eurasian races. The question is whether this type
of sterility is comparable to typical interspecific sterility. (p. 116)

At this point of our discussion there ought to be mentioned a rather informative example
which is rarely discussed in the light of our problem; namely, the subspecific differentiation
of the human race. Though it is possible that different species of the genus Homo have
existed and have disappeared again, nobody can fairly claim that present mankind belongs
to more than one species. Let us suppose that a giant collector from Mars visited the earth,
made a collection of human beings, and returned to work them up in his Martian museum.
He would most certainly come to the conclusion, in applying usual taxonomic standards,
that he had found a new family, Hominidae, and within this a number of very distinct
genera, like the white, the black, the brown, the yellow man. Within these genera he would
distinguish species or ecospecies, replacing each other geographically. For example, he
would identify in the black genus the species Bantu, Bushman, Hottentot, Pygmy,
Australian. Within some species with a rather large geographical range he would find
geographical races; e.g., the different tribes of Negroes across the center of the African
continent. If the collection were large enough he would meet with isolated subspecies, with
very different insular forms, with subsubspecies down to small hordes, with differential
specific traits. ...... In short, his description would closely compare with innumerable other
taxonomical studies, and it would also be perfectly correct, as far as information goes. But
the next collector might have better chances to observe his specimens and he would find
difficulties. He might reach the same conclusion as have recent students of insular faunas
(Galapagos finches, Hawaiian drepanids) (see below), that from a taxonomic point of view
all the forms might also be assigned to a single species, though the morphological and
ecological differences between Negrito and Swede, Papuan and Eskimo, Hottentot and
Chinese are quantitatively just as large as are those between different so-called genera; e.g.,
of gall wasps. The next Martian visitor might be a geneticist who would notice that all
these forms, if given a chance, interbreed and produce fertile offspring. He would notice
that this is also applies to cases in which differences in the structure of the genitals exist
(the Hottentot-Boer hybrids), and he would state with perfect confidence that only a single
species, with many sub- and subsubspecies, exists. Now, there can be no doubt that many of
the isolated human subspecies or end-members of a series are as different from each other
as are extreme subspecies in animals. ...... There may also be detected at some points the
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presence, due to migration, of two races which are interfertile but which do not produce
hybrids on account of psychological isolation. Such an occurrence would be a special feature
without any evolutionary significance. We conclude, then, that if the subspecies is an
incipient species, this must also be the case for the major human races. I wonder whether
anybody would be willing to accept such a conclusion! (pp. 121-123)19

WO RERTCIE, MO~ 7 v TIESEOIZNA I 7 1T, 78,/ I78DRX3EdH 5
IO TORRIZZELET,

Unbiased by the wish to express the facts in neo-Darwinian terms, I prefer to conclude as
follows: Species formation is based upon a different type of evolutionary procedure than
that of subspecific differentiation, which latter is the result of selected or nonselected
accumulation of micromutations. (pp. 154-155)

VAT WEFEIZOWTOREFT S — o5 W Tk E ET,

The change within the pattern of the chromosomes

Three possibilities present themselves: (1) The pattern changes may be a kind of freakish
occurrence without genetical or evolutionary significance, leading the investigator astray
simply because they are conspicuous; (2) The pattern changes are in themselves
insignificant, but act as a visible sign for the appearance or disappearance of genes,
together with mutational changes; (3) The pattern changes are in themselves effective in
changing the genotype without any change of individual genes. ...... The third possibility,
however, finds no place in classical genetics. (pp. 200-201)

The change from species to species is not a change involving more and more additional
atomistic changes, but a complete change of the primary pattern or reaction system into a
new one, which afterwards may again produce intraspecific variation by micromutation.
...... a systematic mutation (p. 206)
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L ZAT, Z2bEHEL AL —DBHET 2500 BIE L E->TLE Y FRL, 13N E R
ONET, TNTIVUEERRNEZET 52 LTI, — o0 RN TR E £7,

—Ol%, ZHEZ [HEWRHET) GO, —uuveP) IR ens HATd, =Hid,
BEE ) 1L AR 12T ITHEETHY, —HLFELERESNDOIRETHD ) (C=H) L LT,
I DHEE & MEIZ L DI ETHl(postdiction) & D H—FINEHEIHEZ TV Ed, FADRS & Z
A, EDZ LIS TEV A —DJEGANIABICHESNE T, 72720, HEEE-TH, R
DR T A—=4)] L LTHEESND ROYHE] & LTo Bhdfde) o o7 7%
EREICANIRNE V) BRIZBWTTY, ZOEMRICOWNTOHIE 2T 7 VDV AT AL
FEON2NE ZATTN) 10, IR0 TN, BRI TV T4 bHHEEZXDHT

19 kD& Z A, psychological isolation (p. 123) Cé - T, physiological TixdH v FtA, LIT,
5720 impaired fertility OFFI) ET S AURRRORS IR A R~ TVE T,
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Helga Satzinger, “Racial Purity, Stable Genes, and Sex Difference: Gender in the Making of Genetic Concepts by
Richard Goldschmidt and Fritz Lenz, 1916 to 1936,” in S. Heim et al., ed., The Keiser Wilhelm Society under
National Socialism (Cambridge University Press, 2009)

(F3 b= v b 1920 FEROMEL, Lymantria disparmolth OPEREDHFZE TS, T Z TEAR 2 LR
LOAFETIL intersexs BVEFNARUETH S E, BUan) « UL EEL L ORIl /2>THWE LT, 372
b, NEMOIRIM IR e a1 S degeneration (ZE35 &35 ANFEFFE - KA FFITNHES
LbDEBRREND DUDIESTZDIFTY, EZAHM, A braly MOMREROSEL 7 DR - H— -
HET L WIIEEMTHRETH2Y) . KON MEOBRE (1) @ (ZREHOMHERER T TRE O 7=
WY | TEOMAGORICbERA RERRHY 55 LT HHD) 1E AITTEHRAESNFETATL, (>
DI ETS)

For Flitz Lenz, the conceptions of racial purity, Nordic supremacy, and a clearly separated and hierarchically
ordered masculinity and femininity were compatible only when with Morgan’s concept of gene, and not with
Goldschmidt’s. (p. 148)

(bHAATN M2y ME ZOFERNS LT, BANEHAO FTREMIIRRO CWVE Lz, 7272, 20 7))

OHIFZANTIE, WOBLUTFD L 5 iZlnvolved) L SN TE 72T, T2 THEOMVIKL,)
However, on the basis of his gene concept — and this deserves particular emphasis — Goldschmidt certainly
saw breeding and eugenic application as possible®. In the 1920s, he was involved in the drafting of a law on
voluntary eugenic sterilization. (p. 155)
n.33: Richard Goldschmidt, “30 Jahre Vererbungswissenschaft des schwedischen Gereidebaues,”
Wissenschaftliches Lorrespondenzbuero “Akademia”?2, [special issuel Lebendige Wissenschaft (1929), 4-5.
(1920 BT, AV by NI NMEEREREISGRL TWEET, £0LEfFlE LTHIT b
DO INEIFERD Z & TLTZ,)

“The Descendants of the Old Settlers on the Ogasawara Islands,” i.e.

“Die Nachkommen der alten Siedler der Bonininseln,” Die Naturwissenschaften, 15 (1927), 449-453.
Goldschmidt had visited these islands on his travels to Japan; the descendants of the settlers were “bastards” in
the racial anthropology sense defined by Lenz. Both the contents of Goldschmidt’s paper and its placement can be
understood as an open challenge to the research premises of the new institute located in his immediate vicinity [=
the Keiser Wilhelm Institute for Anthropology in Berlin under the directorship of Eugen Fisher].

20 521X, James Maclaurin, “The Good, the Bad and the Impossible,” Biology and Philosophy
18: 463-476, 2003, Trevor Pearce, “Evolution and Constraints on Variation: variant
Specification and range of Assessment,” Philosophy of Science 78 (December 2011) pp. 739-751,
afifinm TARDWE, 8okl MBIRER] —OOIFEEH 5E25H,
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Men of various geographical origins had settled in the Ogasawara Islands only in 1830; the women, however, all
came from Polynesia. Goldschmidt first outlined the early history of this group of people in the altogether jovial
gesture of a patriarch: “here there is murder and manslaughter, robbery and the abduction of women on the part
of landing whalers, political intrigues. .. all in all, thogh, the small, isolated colony did well.” He treated the
kinship relations of descendants of these settlers encountered in the 1020s as a zoological crossbreeding
experiment, concluding that the children who had resulted from marriages between whites. .. Negroes,
Polynesians and Japanese. .. pass [the tests] with honor throughout, both physically and above all, morally.. . .
Judging from the success, which several of those who left the islands had in life, they are presumably no different
from other groups of people in terms of intellect either. (p. 167)
(Vb= Xy ME, 1931 FEOFSUTIE, D72 D L7-HEE race Z{H-> T EH A, Cf p. 168)

Cheryl A. Logan, Hormones, Heredity, and Race: Spectacular Failure in Interwar Vienne (Rutgers University
Press, 2013)
M (M) Z D<A - BdRERRASIZOWT, Paul Krammer, Eugen Steinach, Julius Tandler
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~D 53] BEZEHZ TWDHE WD) Z & TTOTNWE IMEEIZEZ HNENE LVETAN, £
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WL TH AFDOAMERLE G E 9 D LEES K 5722 & TlalpnE B E T, B9 512, RO SR -
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H5ZE&TE, FORY T, BELAZ— (L) OHTITEANIIIH Y FHA2, bHAA, 204

2 e L AMBEIIAETY, &9 LTLA RN (EH) A THL L IITRA LD, £9LT
NSO EAEFMERS 2 2 PR LR RE (Roleh b)), LA A HEH) 23REH 5
EOTRZ DD, 72 NIFBIHENRT —~TY, £ LT, BSOHRIESR - M ATy

32



RS 572 8 L) Z LR BERTES TE XTI

FLDORAD & 2 A, BHEDASA ARPFDHEE L OO AR, BEAICEEE LW AR, 1 A0
FEH DOECEARITINRIZHLDOI TS L 91T, Bfm~DOBE T, FEASOBRETIIH Y /A,
MROYIME (IBFE(L) 23 TH5RY | EFEVESND Z EICR LD T8 L, BM~OBRETT,
EH RN AN NAERNAT S O0E B - FET A Z Lick-TmaRELAD 2 &~
DERETY, EMmOBKEZD D0, —H,. FmOFEICIET DT eiEER L VIR TN DD
TY, TOLE, HOLTZOTHOLNARE TEZLOLNDANX [, IR I RE NAHINZE AT
BELTZ L AT, ATVt D THD L) 2L, FERRTIUTET- 270 En) 2
L AELITES NS AE S TND LD T &%, FEin TRV TR LIE S 220Ul
BN END Z LT,
A DOFAMNIFVET, 4 HONA AR E - TODEHEDO—D1E, AHOIE /D
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HOEHITTEEET,

Stanley Shostak, 7he Evolution of Death: Why We Are Living Longer (State University of New
York Press, 2006)

ZL T, ZORTHRISIVTOETH, 20 HhdarEosE L LT,

Pearl, R. The Biology of Death (Lippincon, 1922)

BHVET, ZL T, E2FTHHY EEAN, Bz D> TR, & <ITEEHIEEc VT
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W5 Cancer selection DRdE S B CTY,
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Gavin de Beer, Embryos and Ancestors (1940/1958, Oxford University Press)
When Conklin (1922) wrote that ‘in every well-tried path of evolution progress has
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practically come to the end’, he expressed the results of gerontomorphosis. And if we look
round to try to see which of the species of animals living today are the ancestors of the
leading evolutionary novelties of, say ten million years hence, focusing our attention only
on adult forms we find it impossible to point out any such ancestor. If any new orders,
classes, or phyla of animals are to arise by evolution in the future, it is to the early stages of
animals alive today that we must look for their characterizations. In this connexion a
remark by Haldane (1932 B) is significant: ‘If human evolution is to continue along the
same lines as in the past, it will probably involve a still greater prolongation of childhood
and retardation of maturity. Some of the characters distinguishing adult man will be lost.’
Not only physical characters but types of behavior and mental traits may be susceptible of
paedomorphosis and gerontomorphosis. (pp. 118-119)
gerontomorphosis: E{LJEAEIEK, paedomorphois: SFETEREIZAK
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David Cantor, “Introduction: Cancer Control and Prevention in the Twentieth Century,” Bull. Hist. Med., 2007,
81:1-38
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cancer control DESHIZOUNT,

Lester Breslow et al., A History of Cancer Control in the United States, with Emphasis on the Period 1946-1971,
4 vols., (1977)

Patrice Pinell, The Fight against Cancer: France 1890-1940 (Routledge, 2002)

Robert N. Proctor, The Nazi War on Cancer (Princeton University Press, 1999)

FHAMZIT early detection and treatment, 5713 Nazi Germany, %72, 41 & X5 &5 DI cancer prevention,
Robert N. Proctor, Cancer Wars: How Politics Shapes What We Know and Don‘t Know about Cancer (Basic
Books, 1995)
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Karen A. Rader, Making Mice: Standardizing Animals for American Biomedical Research, 1900-1955 (Princeton
University Press, 2004)

cancer genetic research (DT,

Tlana Loewy and Jean-Paul Gaudilliere, “Disciplining Cancer: Mice and the Practice of Genetic Purity,” in 7he
Invisible Industrialist: Manufacturers and the Production of Scientific Knowledge, ed., Jean-Paul Gaudilliere and
Ilana Loewy (Macmillan, 1988)
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Toine Pieters, Interferon: The Science and Selling of a Miracle Drug (Routledge, 2005)

Nana Loewy, Between Bench and Bedside: Science, Healing, and Interleukin-2 in a Cancer Ward (Harvard
University Press, 1996)

Jordan Goodman and Vivien Walsh, The Story of Taxol: Nature and Politics in the Pursuit of an Anti-Cancer
Drug(Cambridge University Press, 2001)

Peter Keating and Alberto Cambrosio, “Real Compared to What? Diagnosing Leukemias and Lymphomas,” in
Living and Working with the New Medical Technologies, ed. Margaret Lock et. al., (Cambridge University Press,
2000)

Keating and Cambrosio, “The New Genetics and Cancer,” /. Hist. Med. & Allied Sci., 2001, 56: 321-52

Keating and Cambrosio, “From Screening to Clinical Research: The Cure of Leukemia and the Early
Development of the Cooperative Oncology Groups, 1995-1966,” Bull. Hist. Med., 2002, 76: 299-334

Harry M Marks, The Progress of Experiment: Science and Therapeutic Reform in the United States, 1900-1990
(Cambridge University Press, 1997)
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Marie Menoret, “The Genesis of the Notion of Stages in Oncology,” Soc. Hist. Med., 2002, 15: 291-302
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Allan M. Brandt, “Cigarette Risk and American Culture,” Daedalus, 1990, 119: 155-76

John C. Burnham, “American Physicians and Tobacco Use: Two Surgeons General, 1929 and 1964, Bull. Hist.
Med.,, 1989, 63: 1-31

Richard Kluger, Ashes to Ashes’ American’s Hundred-Year Cigarette War, The Public Health, and the
Unabashed Triumph of Philip Morris Knopf, 1996)

John C. Burnham, Bad Habits New York University Press, 1993)

Stephen Lock et al., eds., Ashes to Ashes: The History of Smoking and Health (Rodopi, 1998)
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David Gisselson, “Editorial: Cancer stem cells: Differentiation block or developmental back-tracking?’ Seminars
in Cancer Biology 17 (2007) 189-190
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Dick JE, Acute myeloid leukaemia stem cells. Ann NY Acad Sci 2005;1044:1-5
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proliferative response by the remaining tissue. Thus, chronic injury or inflammation over decades leads to a

sustained expansion of tissue proliferative zones and predisposes to neoplastic progression.
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s
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