EAL £V F B

- BROJICENEDNED&SHELERT
BIZLT=MDHY. How the modern theory of
evolution has been formulated.

- TBADREER 1M BT Edi DI | ~DERHR
Scale naturae - Tree of Life (Descent with
modification)

- BrEREASRALEBRERR
View of a species as a population and the
theory of natural selection
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Y N Ty

Ao B ERLE?
The human has evolved from the
monkey?

FYAMTLATB RO ]
Aristotle (384-322BC)
Scale naturae

Every object and organisms
can be arranged along a

single line according to the |
complexity.

k T
e s BB

A

AMixa|dwo)

Continuous scale of ascent
towards the human

>
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1> D) FEE 43 48 Hierachical classification of Linnzeus

Carl von Linné (1707—1778)

B Kingdom
1
[ [ I [ I | |
B CEMEDMY BRI RREDWRY  WREMM sm0mr  Reinr BROWM susmne Phylum
il |
[ [ | [ | [ | [ I |
WA RN MEE E5E WE Rl BE 0 STHE S2E 90E A8 Class

[ | | I | I | [ 1 | | 1
WoE BEH WFE ANE AHE BAKE ERE 968 B88 WS wesE $88 28 Order
| | | [ I

1 [ [ [ | .
FURFILE OURE ATEFUE 2HAYLR LM FHAYLE 27NFa9H 7HNF 398 XXAAR vae Family

| I

I | | I |
FFAYIVE cel THYE J07AR FoOYILVE SvH—ILR FI7FaVR PYNFIavR THARITTINK Genus
Macaca Papilio

Al Fwdy FEYE AL Fin Y7
-7 T A

Al 1AL
M, fuscatn M. fascicutaris M. nigra M. sienanus rachiata M. spociosa P xuthus  P. machaon P.n P, protenr
M. sytvanus M. matta

Linné’s classification does not accord with Scale naturae.

—Ho¥i AZFFIl 2o 2075
dehaani

avlbga)*iﬁb\nm TABLEAU

Branching diagram of Lamarck swvasr 4 xoxraen w'oniorns oes srrrenenrs

ANIMAUX

Vers, W70 Tafasoires, 950

Radiaires. 11011

Although Lamarck admitted a Tl
branching, a concept of the
common ancestry was lacking,
and he considered evolution Monnirimen. 57,53
following “Scala naturae”.

BIERIE L

Jean-Baptiste Lamarck (1744— 1829)
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Anna Maria Redfield (1857)
BRITHEL/BEZ (FANLGN =D, SHEEY
REZDESLRTREL =,
HBAKIFEELTLEL,

Tree of animal life
— Arbor vitae
animalis — a
polyphyletic
diagram after
Eichwald (1829)

%?Lﬁ Mammals Dﬁ%éﬁ
/ E 48 Birds / =k
/ ﬂ@ﬁiﬁ Reptiles ﬂ@ﬂﬁ
/ €0 %5 Fishes 2k
Il
Robert Chambers (1844)D X EORDOEG%T HLIAIE
TBIED B AR DR CDESEHDEo1=
(Eichwald D K & FE#K)




FardoIICERENMERD 53 8 Cuvier’s classification of animals
Georges Cuvier (1769—1832)

HHEEE R

Vertebrata

IRENENYER SR

Articulata

PARENE R

Mollusca

AD R D R4

The b7

EHFEYITHEL,

FBATIEATAIEE. Cudier rejected
evolution because df fundamental

FAUAD difference among the taxa.

MGt ENE R

Radiata

The Voyage of the Beagle .
Charles Darwin
(1831-1836)

land lzlands

2017/5/17



HSIIRTRIRIYT=
John GouldDEEIZKY ., BZEICAIDFETH S ¥

L

(a) Nesomimus parvulus  (b) N. trifasciatus (c) N. melanotis

Gould (1841)
http://darwin-online.org.uk/converted/pdf/1841 Birds F9.3.pdf

=>E [igb l’) ‘?%6 ? Mimus po)yglottos |

Species can change? IRIYTE

Northern mockingbird

L2 Y4 T4 F Certhidea olivacea  _ '
Gould (1841) 2YYH {Troglodytes troglodytes (wren)

DarwinlZ = BESYHH LD Gould (1862-1873) (EJI XF LB BT

EEZ =B, EXELT=John GouldlE
21 FEERELT=.

Darwin thought this to be an ally of
wren, but Gould identified as a kind
of finch.

2017/5/17



AAHS8T R T4 F Geospiza < *Coccothraustes coccothraustos (Hawfinch)
magnirostris  Gould (1841) Gould (1832-1837) (EJIKFHE B YEEFTE)
DarwinlXCDBEL AD M EEZ

T=5H3., #EFEL7=John GouldlT 71>

F12ERELT=, Darwin thought

this to be an ally of hawfinch, but

Gould identified as a kind of finch.

1. Geospiza magnirostris. 2. Geospiza fortis.
3. Geospiza parvula. 4. Certhidea olivacea.

AZNTRADT4FEDEIEL L. AFHINTRILF 2. AZINTRT4VF,
3.AF =DV TLVTF A L GATAUF

AIEBRENIZEOT BIELDO M =B ORESIH LD, hoZDOMDEH D
FEEMSRILY IL—T LRSI S. Different beaks depending on different

food.  rwinlE— 4 JL B 52 118904 547 D A5 R M LY

2017/5/17



Carthides ieaces

Gould (1841) http://darwin-oﬁ'l'rn;.'c;fé.uk/converte-arjba\‘flSM Birds_F9.3.pdf

=942 /—HMEE5EL-
BANBEI£a 0]
Darwin’s first note of “Tree of Life”
(1837)
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e L. COLIITIRDBARAIDNERYRLEASHBUT, %
DEIHIZEEXLE TVSRTFE. EE TN TN DEITE T 5 TR
[IZRIEL TLVS, “Tree of Life” is a metaphor of evolution represented by a
tree continuously branching with leaves at tips corresponding to species.

F—q: TEGOBEITETORE YT I EESRE

MLENTELN, RDIRTTIFFEA TS DD,

— HBHEEIERBRTELNOIETRGERHLTLV =,

The tree of life should perhaps be called the coral of life,

base of branches dead; so that passages cannot be seen.
Darwin(1837-1838)

By

Branching coral

2017/5/17



Pristiophorus sp, ./ % 1) 4 4

Sphyma lewini 7 1 1 E7 A

(EMDHADHERL TUL=A25,
Y HRBHEENEALEDE oM
B TELM?

If all the sharks other than these 3 lineages
became extinct, can you imagine how the
common ancestor was?

f.r;fgorl motoro £ }-..El (kT -1’).

Ornithorhynchus anatinué~\j1E ./ I\ Tachyglo

Actually, all monotremes other than
these 2 became extinct, and it is

very hard to imagine how the

BIFEDOZALSD ;éﬁ[ig—,{—cﬁxﬁ common ancestor was. Hence, it

BWLEDT. HBEHEDON-BEE P should be reasonable for Cuvier to
A 2= L gy - = - reject evolution based on the huge

;t;gfg%é&iﬁ/m;i [fg ;?F;I;_r difference among the four sub-

kingdoms of animals.

2017/5/17
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#

19387 IVAHTIELH THESN-RE
< —S5h> AlLatimeria chalumnae DI (7 I+

A—Z PO F AT L L
6,600 ERTICAREAMERAL T, L HELTED i“’ﬁ'ﬁ’ﬂ' (Fossil coelacanth of
Mo TWENDT, #HLI=EEZ BN TULV=, Seliz)

B RRICLAEST. LOEIEE O SLERLERHHED T, RoMT- L EAE

EEYOHBALETHAAREMEIEE LY,
Fossil coelacanths have not bee excavated after 66Ma, in spite that they have survived until

today. Fossil evidence is inevitably scarce, and hence it is extremely difficult to find a direct
ancestor of a living species.

F—J4 DA —L ADFHLILVR R
Novel view points of Darwin and Wallace
s o nEie. XEEENSDEL
Branching evolution from a common ancestor
b % 5B EDescent with modification
s ERZEEDER. ErER LA SR

View of a species as a population .
- BAER . BARAEDER(Za— 2 HFD
RE MBI FIR D ERIE) Theory of natural

selection and the importance of probabilistic
process

2017/5/17
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Natural selection

Exponential growth of a population is expected
.\?([) — .\?: e?’.'

where ris growth rate. Usually, however, the
population size is maintained more or less stable,
because abundant number of juveniles cannot
survive until the age of reproduction.

Is there any difference between the survivors
and the rest?

ONOKYLEF (FRERT LT)ICHFTHIIL, #HRZERSJITONT
BRABIRTEATIK

55) (s8)

£ EARNTHEEER IS S(Variation among individuals)
{& A (Chance) 0000

2017/5/17
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TS5 T AT 7 & Iplaton’s (4272-3478C) Idea

“HREDLRR” (Plato’s cave)

HADANEHROBRRBELTRTLRIDE, KIZBSSh =
HOEREDEDN, AEOBRICHLoNLDIZTELN, D
EEEZDLDZERLEF. bhbhIZTRLTTELL,

We cannot see the real objects, but can only see the shadows

of the objects in front of a fire.
W 1 o

)
| g https://ja.wikipedia.org/wiki/%E6%B4%9E%E7
& " %AA%IF%E3%81%AEKEE6%AF%IA4%ES%I6%A
9#/media/File:Hoehlengleichnis.svg

TS5 T AT 7 & Iplaton’s (4272-3478C) Idea

“R%E D LLI&(Plato’s cave)”

Rl AR OB LT g ¥, EOREL0
EEDEZMN REDEICHRLoNT- SYELL EDER
%@’E%é::‘:liﬂj HROIICILRLTTELLY, We cannot see the
real objects, but can only see the shadows of the objects in front of a
fire.

HHEAEEIFEBEOTYA/T7HoDRE(PoCH)THY., FFICE
EREQTIEGEWN, R EEFICEOTE, BIZITENGZLDITEER
M ot=, Variation among individuals is a deviation from the Idea, and
was considered not important in studying “species”.

A=AV EREENEILDRMERBEITIEELGLDIEE
Z f=. On the other hand, Darwin found that the variation is an
important source of evolution.

2017/5/17
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Peter Grant & Rosemary Grant

1977FE D RKEBDRIETDZEIL

Change of beak before and after a drought

Geospiza fortis
HAZINITRT4F
| m | &
Number of individuals {{A %k 1,200 180

Length of beak <BIELRS(EY) 10.68 mm 11.07 mm
Breadth of beak <-5 [ibj‘(é (Z|Zi’>]) 9.42mm 9.96 mm

RKEBOHEIZ, <BIELOKREZFZDTFH{EHBE M

Beak became bigger in average after the drought, but it is important
to note that the direction of selection changes depending on the
situation.

TR R B

Evolution is not always perfect.

/> Gallinula chloropusld . BED K3 IZHITKZEBE > THES HN(E). KD EHE
(B)o F—04U TNV DEEDNZDKIGEEFIRO TELHFYRBIEST
WELD T, FEMIREEABUL DD TULVELD TIEELD, EER =,
BlEXIc&oTELNIZELT-D . HFEVYICHLFTELTIE AL,
Moorhen swims like a duck, but has no webs, probably because they
started this life-style recently and have not enough time to develop webs.

2017/5/17
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Y

[ 4 fiE¥psaprophytic plant (Bt B X EHEW)

These plants have lost the photosynthesizing ability.

Numnhnnanlnn

2017/5/17
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BARDMEER vs A dn D

A4 EY

Scala naturae NEFRZZ
BADREER
t FEZRHF LD
Lo sma%
Tree of life Common ancestor of
human and monkey
ERENEZXZD
!%iﬁ?g%
ommon ancestor of
human and vole
EREVYTVALEYD
HiEE%
Common ancestor of human and newt
ErEvOTSOD
#i@E% Common ancestor of human and tuna
Haeckel’s (1866)

Phylogenetic tree

e E

5

v

2017/5/17
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Nothing in
biology makes
sense without
evolution

Theodosuis Dobzhansky
(1973)

Nothing in
evolution
makes sense
without

phylogeny

John Avise (2006)

17



+or -
- >+

The interpretation of how a particular character evolved depends
on which tree is correct.

ORI REES DITHIe > TOME R
o Atk i N DZ2 U XL 15> 2

Closeness or Convergence

2017/5/17
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NFRYERZAHE GRS RDS+4) DRIDIRMAE

AT
i ol ) RIKRIT %Y
Threnetes leucurus Macroglossum pyrrhosticta
Gould (1849-1861) (EJII K FIER) ©OM. Hasegawa

B broliw¥5 (Fr#E=#58). & FrdiaszioFay (aFaof) (B
Wi ST 2R s R R R )

ELELMENTFa . Frfv#SENcEE Lok, BiEg<L5ELAEWN, b
viasARraFa PICEBERAVS, FreSTiiBEs s Lot sRNS, =
DR SR A— YR L0 5,

e AATHAE AT (FasFf), G AFHFRD I (R 0UIR). ~—
VRUEE, NFOBHIESNBIE SELRRESIELED, ZONFIHELER DD N ERROAIK S,

2017/5/17
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- AAAI
. Wolf

g1

. 7*:
qj- ) Cat

EEVA
Flying squirrel

794

Anteater

DLV
Chipmunk

ufﬂ
- e Eutheria Marsupialia

2984 X Hh=
Thylacine

249833
Quoll

JU0FEVH
Sugar glider

29ar7 )94
Numbat

2983 R
Striped possum

29055
Marsupial mole

Xt RYY L
Yapok

2017/5/17
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AL vs HRREOSE. RET LW BT
Th. TRZNICHEED 5 WIEEBRBEOREYEH S
DT, ZNHIHOFERTH S Z LIZHHTD o7,
Remarkable convergences have occurred between
eutherians and marsupials, but morphologists have
not been confused by these apparent similarities,
because any marsupials have unique characters
specific to marsupials which are distinct from
cutherians.

& T AR, EREDOL» TIEEILE > T2

However, in the case when convergence occurred
among eutherians...

B H B (Insectivora)?

Hedgehog
P TAVE S
8 Paraechinus
microps

Tenrec
NITULYY
Setifer setosus

2017/5/17
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[HBR D PR VX H I
X 7103 Jp ol e
mINTHD. |
7] A

AR (1947)
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7 F R HRZE Molecular Phylogenetics

c BrDELFIE. LT LLEOEERZRMLE
WZELHEIM., 7/ LIER(EFTIXIEEER)
XRTHY. HHIEEZLDELFERSIE
(&> TIELWRFH (D) NE5N5,

s — /. MEMNBEIIEEELICEHSEDOMN
2 HEBEOHEERESNS,

* DNAD KSR XEEEGIZIZEH 5T, ir
M EILET 5, T=REBITICANSZED
TEAREOHIIFE R (EFDIFZEIMEME)

[ARDRBEE PO EMOBI= 7 ]~

From “Scale naturae” to “Tree of Life Mandala”

o =4 DFLNELEIE, “BHENE 2V H—D R
FEIZHEDWET B2ADREE: 100, “Z RN 2
B[ B Dk |I~DIEHLTdH -7, Darwin’s novel
view is a transition from “Scale naturae” based on
a single measure of “complexity” to “Tree of Life”
taking a serious view of “diversity”.

o ZDXLBEPG, [ HEGOR 1Z2EDIONTHEIT
TRBLT D9 7% % 2 TZ7z, How to represent the

“Tree of Life” visually.
>~ X Z7Mandala

2017/5/17
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E& B o R

SO &SRB R R
FYUH, ROABEZRHK
BOIFESHSHREEEY
MNELELTEHRTFER
BRI HDITE LTS,

afidtE

AHRFILH

A8
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