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PoAcTBO BCeX CyLLecTB O4HOMO Kaacca UHoraa

n3obparkatot B popme 60/1bLLIOTO AepeBsa.
Al Aymato, 4TO 3TO CpaBHEHME OYEHb B/IM3KO K UCTUHE.

3efieHble BETBU C PaCMyCKaOLWMMMCA NOYKaMM
npeacTaBAAIOT CyLWEeCTBYOWME BUAbI, @ BETBU
npeALwecTBYOLWNX NET COOTBETCTBYIOT AJIMHHOMY pAay

BbIMEpPLIMX BUAOB.

B Kaxkablii nepuoa pocTa Bce pacTyline BeTsM obpasytoT
nobern no Bcem HanpaBaeHMAM, NbITasicb 060rHaTb U
3arnywnTb cocegHue noberu 1 BETBM TOYHO TaK e, KakK
BMAbl U TPYNMbl BUAOB BO BCE BPpEMeHa 040/1eBanu
Apyrve BuAbl B MPOAO/TIKUTENIbHOM }KU3HEHHOM

CTONKHOBEHUWN.

Pa3seTBneHMA CcTBONA, AeNALLMECA HAa CBOMX KOHLLAX
CHayana Ha bonbluMe BeTBU, a 3aTem Ha bonee n bonee
Me/NIKne BETOYKM, BblI CaMu Koraa-To, Koraa AepeBo

elle 66110 MON0A0, Noberamm, yceAHHbIMU NOYKaMU;

BuaoobpasoBaHue 1 BbICLLIME TAKCOHbI

3Ta CBA3b NPEXHUX U COBPEMEHHbIX MOYeK,
npeacTaBnaeT Ham KnaccudUKaLmMio BCEX COBPEMEHHbIX
N BbIMEPLLMX BUA0B, COEANHAIOLLYIO UX B

COMOAYMHEHHbBIE APYr APYrYy rpynnbl.

N3 mHorux noberos, KOTOpble pacLUBenn, Koraa Aepeso
ele He Moo B CTBOJI, COXPAHWAOCh BCErO ABa UK
TPW, KOTOPbIe Pa3poCAUCh Tenepb B 6o/blLME BETBY,
HecyLine oCTasibHble BETOYKM; TaK BblIo U C BUAAMM,
KMBYLMMU B AABHO NpoLlleLlne reonormyeckune
nepuoabl, — TO/IbKO HEMHOTME U3 HUX OCTaBMAU MO
cebe ele HbIHe XUBYLIMX MOAMPULMPOBAHHBIX

NOTOMKOB.

Kak noyku B npouecce pocTa AatoT Hayao HOBbIM
NMoYKam, a 3T, eC/IN TOJIbKO CU/IbHbI, Pa3BETBAOTCA U
3ar/yLwarT mHorue cnabble BETBU, TaK, nosarato, 6bi110
npu BOCNPOM3BEAEHUM U C BENNKUM [JpeBom HKN3HH,
HaMO/IHUBLUMM CBOMMW MEPTBbLIMM ONaBLLUMMU CyYbAMU
KOPY 3€M/1M M NOKPbIBLLIMM €€ NOBEPXHOCTb CBOUMM

BEYHO pacxogAawmmumnca n npeKkpacHbiMm1 BETBAMN.



BuaoobpasoBaHue 1 BbICLLIME TAKCOHbI

® DTU Pa3NINYNA BblparKatoTcA ,

*  BO-NEPBbIX, B PA3/IMYHON M3MEHYNBOCTHU
POAO0BbIX 0CODEHHOCTEN, C OAHOWN
CTOPOHbI, U BUAOBbIX, C APYroW;

*  Bo-BTOpbIX, POAOBbIE NPU3HAKM
OT/INYALOTCA OT BUAOBbLIX M BPEMEHEM
CBOEro NPosABAEHUA NPU Pa3BUTUN
OpPraHnU3MoB,

*  WU3BecTHble B HacToslee Bpems GpaKTopbl
3BOIIOLUMU, T.€. MyTaL MU, KOMOMHALUMU U
noabop, BNoAHe ya0BAETBOPUTENbHO
06BACHAIOT NO HalLEeMy MHEHUIO,
3BO/IIOLIMOHHOE MPOUCXOXKAEHNE BCEX
HU3LWWNX CUCTEMATUYECKUX eANHULL, —
31eMEHTapPHbIX BUAO0B, NAEMEH U
noABUIOB. ..

*  B-TpeTbux, HaKoOHeL, NpuxoanTca
NPU3HATb, YTO U HOCUTENAMM POAOBbLIX
0ocobeHHOCTEN ABNAKTCA COBCEM 0CObbIE
3a4aTKMW, YEM Te reHbl, KoTopble
COCPEeAOTO4EHbI B XpOMaTHUHE NO0BbIX
KJIeTOK, U 3aKNt04atoT B cebe ocobeHHOoCTH
BUA0B, NOABMAOB N APYrNX HUSLKNX
eANHUL, CUCTEMATUKM.

* OpHaKo AN1a 06BACHEHMA TEMU XKe
CaMbIMK NPUYNHAMUM OCOBEHHOCTEN
BbICLLEro, Tak CKasaTb pOA0BOIo
XapakKTtepa (NoHMMasA noa poaom He
TONbKO COBCTBEHHO BUAbI, HO U
ceMencTBa, oTpAAbl, Knaccbl U T.4,.) Yy Hac
HeT pewmnTeIbHO HUKAKMX OCHOBAHUN.

* Bce 310 3acTaBsaeT meHA NPU3HATb, YTO
«poAbl» NPOM3OLLIN UHBIM NYTEM, YEM
«BUAObI».

HO.A.®dunmnueHko. IBonoLUMOHHAA naea B buonormn. M. Hayka, 1977, ctp. 191-192
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babyliKa HaaBoe noaennaach

ARCHAEA

Archaea &

Versus

human
'f/gv'mé sapiens i

3556.3 Million Years Ago

Mean: 3556.3 Mya
Median: 3970.0 Mya
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MapannenbHasa (?) asoaoumna menosa

* Mutos

* Cnopaamnyeckasa gunaonamsauma (340 nam
CAnNAHNE)

 CnapuBaHMe romoa0roB (4Yepes penapauuto)

* [Mapameiios (3ageprkKa pasaeneHus
XpomaTua,

* BoccTtaHOBNEeHMe rannonaHOCTU

* lnnno-ranno umKn
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Hapanneanoe BO3SHUKHOBEHNE MHOTIOK/1IETOYHbIX
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From Facts and fancies about early fossil chordates and
vertebrates

Nature
S 20,
Figure 2: Soft-bodied pre >\)/ F0O551 - 483—489
chordates and vertebrates, f (2:_3 April 2015)
(green), Silurian (pink), Devonian (yellow) and doi:10.1038/nature14437

Carboniferous (purple) periods.


http://www.nature.com/nature/journal/v520/n7548/full/nature14437.html
http://www.nature.com/nature/journal/v520/n7548/fig_tab/nature14437_F2.html#auth-1
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Evidence of Macroevolution—The Origin of Tetrapods

N

Skeletal . \ﬁ :
elements: N N .\,_
L7y
Fossil : g
Evidence: SN
gogts  7dgts(hind) 6 digits

G A, <l T e D T e, P &

Ray-finned Lungfish  Eusthenopteront Panderichthyst  Tiktaalikt  Acanthostegal Ichthyostegal  Tulerpetont
fish nuapoas

Between 385 and 360 million years ago, a
I lineage of fleshy-finned vertebrates evolved four legs and,
I eventually, the ability to walk on land. The steps of this
transition are recorded in the fossils, some of which are
r shown here. Many other lines of evidence, including stratig-

I raphy, comparative anatomy, and genetic comparisons
among modern organisms, support this hypothesis.
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TURNING TETRAPOD

The evolution of terrestrial tetrapods from aquatic lobe-finned

the tail fin disappeared, as did a series of bones that joined
. fishinvolved a radical transformation of the skeleton. Among

the head to the shoulder girdle [skeletons). Meanwhile
other changes, the pectoral and pelvic fins became limbs the snout elongated and the bones that covered the gills and
with feet and toes, the vertebrae became interlocking, and throat were lost (skulls)
EUSTHENOPTERON Noninterlocking
Alobe-finned fish (385 MYA) Very shortribs vertebrae ihioe
‘ Shaort snout with many bones midline
Opercular bones AV ‘A o : 3 fins
cavering gills U TTTAY 3
and throat . A 3
/ e\
v v\\\
} { 1 Pelvic fin
Lo N Skull joined to ‘~+Pectoral finwith | Withbonyrays
1| 1 shoulder bony rays Small pelvis unattached to spine
ACANTHOSTEGA T N Interlocking
l :x
Anearly tetrapod (365 MYA) Longerribs vertebrae One midline fin
Longer snout withe— {
fewerbones ' .
Absence of
opercular bones | f
. Frontlimb with Hind limb with
Y eight-digit foot eight-digit foot
% Separation of Largerpelvis
‘ skull from shoulder attachedto spine
IGUANIA — Skull decoupled from
| Amoderniguana 2\ > shoulderto farm neck No midline fins
| j 1\ - Interlocking
M Long snout with \ ™ : Jartabias
133N few bones LA ) .
( \ £ At )
7 ™\ 2\
~— Absence of \ AN
opercular bones 7 A
Wi P O |
= 7] (L‘ f
‘(j’ AN ) Large pelvis
g ribs attached to spine
Weight-bearing front Weight-bearing hind
limb with five-digit foot limb with five-digit foot
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371.2 Million Years Ago

Mean: 371.2 Mya
Median: 359.1 Mya
Expert Result: 361.2 Mya
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caiman
Caiman &

Versus

human
'l-/fm no sapiens &

296.0 Million Years Ago
Mean: 296.0 Mya

Median: 322.4 Mya
Expert Result: 324.5 Mya

(Time !R\e Book &)
L




Apomopdo3bl U nANMoaAaNTaALNM

Apomopdos

MaATeK He MOXeT ObITb yaa4deH, Torga 6bl 3Ba/iCA OH UHAYe...

[MponaeT MHOro NeT, U NOIKOBHUK AypennaHo byaHauna, cToA y CTEHbI B OXKUAAHUN
paccTpena, BCMOMHUT TOT Aa/IEKUIN Bevep, Koraa oTel, B3sia1 ero ¢ cobor NoCMOTpPETb
Ha nen.



lNepbAa CHavyana cAyXunam anAa KpacoTbl, a ANA NoseTa
npuroaonancb nNo3ixe

Recomtructod by Qs Ji & Xing Lida

B KuTae HamaeHbl ocTaTKku ewle
OAHOro ONepeHHOro AMHoO3aBpa.
HnBOTHOE pasmepom c ronybs,
nosy4YnBLIEe HAa3BaHUE
Epidexipteryx, }Xnno paHblue
3HAMEHUTOro apxeonTepuUKca u He
YMeNo netatb, XoTa 1 6b110 ¢ HOT
A0 ro/10Bbl MOKPbITO NEPbAMM.

Ha KopoTKOm XBoCTe
anuaeKkcunTepukca bbino Yyetbipe
HeobblYaMHO A/INHHbIX Nepa,
NOXOXKUX Ha NepbaA COBPEMEHHbIX
panckmx ntmy,. CKopee BCero, 3Tu
nepbsa Urpasn posb yKpaLeHUH,
NPMB/IEKAIOLLLUX CAMOK, U
Pa3BUAUCH NOA, AENCTBUEM
nonoBoro otbopa
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Mammalia Lepidosauria Testudines Crocodylia Paleognathae Neognathae C

Theropoda

Archosauria

Amniota Reptilia

t= Coelurosauna

m 1 | Yixianormis

fé Eumaniraptora

Avialae

Stem and crown birds with
avian rostrum
Archosaurs with ancestral

b 7 rostrum
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Control Experimental Alligator

: -
A *

Control Weak Strong Alligator

Bhullar et al(2015) Evolution: n/a-n/a.

s i B o —— oY W
N/
ol 4

V &

The skull of a chicken embryo ready to hatch usually has a
beak (left), but when FGF and Wnt are blocked (middle)

develops a reptilian 'snout' from two bones, rather like a
modarn-davs allinatnr (ricnht)
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Bhullar et al(2015) Evolution

Birds with avian palate y

Archosaurs with ancestral palate




MoHoduauna, nonneunnmna, napapunama
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BbiIMUpaHUA

The main extinction at the end of the Triassic had almost as great an impact on life on Earth as the event that wiped out the
dinosaurs at the end of the Cretaceous

Extinction intensity (the fraction of genera going extinct)

Nk
X < S &
N P 3 & Q « o & &
A I S & & & N ¢ N
60%
END-PERMIAN
509
40%
END-CRETACEOUS
END-ORDOVICIAN END-TRIASSIC
309 -
LATE-DEVONIAN
209
10%
0

500

450 400 350 300 250 200 150 100 50 0
Millions of years ago
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Ornithorhynchus anatinus &

Versus

human
‘I'/ém sapiens t?

167.4 Million Years Ago
Mean: 167.4 Mya

Median: 161.8 Mya
Expert Result: 220.2 Mya

(TimeTxee Book &)
‘\E{‘
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opossum
Didelphis virginiana &
~human

Homé sapiens

162.6 Million Years Ago

Mean: 162.6 Mya
Median: 166.2 Mya
Expert Result: 176.1 Mya

(TimeTree Book &)
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HUMAN
AND
ANCESTOR
TO SCALE

Scientists have used a new < =
computer-analysis method

to figure out what the hypo- ‘f

thetical ancestor of most S

mammals would have looked e
like inunprecedented detail. —

About the size of a modem® @~ |
- €%

“squirrel, the 65-million-year- - 3 el : .' < gl Al

old ancestor later evolved _ _

into most mammals (except v P TIDTiday

those that lay eggs or carry '

their young in pouches). - >
HAUSTRATION: CARL BUELL

-t —

A team of scientists analyzed thousands of physical features found in fossils and living mammal species. This infor-
mation yielded a “family tree” showing that mammals arose following the extinction of the dinosaurs, about 65
million years ago. The analysis identified many features that the hypothetical ancestor would have had, as shownin
the skeletal illustrations (above) accompanying the scientific paper published in the journal Science.

SOURCES: STONY BROOK UNIVERSITY, NEW YORK; CARL BUELL; AMERICAN MUSEUM OF NATURAL HISTORY; THE JOURNAL SCIENCE
KARL TATE / © LiveScience.com
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Niche Placental Mammals Australian Marsupials
B €:_ iz ’\Muswm moka
Mole \&:_\' }}.
Amaater Numbal {ameater)

Mouss

Climber

Glider

Cat




KOHBepI'eHLI,I/IFI UJIN NMapaiaieinim




KOHBepI'EHLI,I/IFI U NMapanaieinim

/_&_/\ —’i\\ =
‘;h\x‘-“"/’/—\‘ /é_- '\\\‘ﬁ ._.A

Common dolphin Ichthyosaur I
e> (\6 S
.5 & 2° Xs o <> 5 of
ECS Q 2% 2 o° 2 ?

2 o o> ™ o S o o &
s\\(\ @0 @’b‘ $°6 Q(\((\ $60\Q‘\ Q’\QQ Q\e( 0’\(\0 6\‘6 \ 6\@* \0'\1,@



MonekynapHaa KoOHBepreHUuA

— MoakceoHocue Tl ——  [Nogxosoxocs em
—— [ puinaHosEwe i ——  [ensduH F
e [ EAKDHOCEIE W e [NagxoHoCHe W

Nowsas H r— O[3 HO BRI '1

Yenosey Henoe ek

dunoreHeTnyeckme aepesba reHa Otof mnekonuTaroLWKMX, NOCTPOEHHbIE HA OCHOBE
CpaBHEHMA HYKNEOTUAHbIX NocneaoBaTenbHOCTEN (C1eBa) U HAa OCHOBE CPaBHEHUA
HECMHOHMMMUYECKUX 3aMeH M NoC/ieg0BaTeNbHOCTEN aMUHOKUCAOT (cnpasa). KpacHbim
0603HauyeHbl BUAbI CNOCOOHbBIE K 3X0/I0KaLMMK, YePHbIM — He crnocobHble. Mo (Shen et al.,
2012). moandpumumpoBaHo.
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Phanerozoic

Cretaceous

armadillo
Dasypodidae &

Versus

human
Hemo sapiens @

104.2 Million Years Ago

Mean: 104.2 Mya
Median: 101.8 Mya
Expert Result: 104.7 Mya
(TimeTxee Book7)
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Euarchontoglires

rat
Rattus 7/

Versus

human
Homo sapiens &

92.3 Million Years Ago

Mean: 92.3 Mya
Median: 94.5 Mya
Expert Result: 91.0 Mya
( Iimg]’rQe, Book 7)
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The Hominidae (great apes)

Rhesus
macaque Gibbon Sumatran Bornean
Macaca Nomascus orang-utan orang-utan Gorilla Human Bonobo Chimpanzee
mulatta leucogenys Pongo abelii Pongo pygmaeus Gorilla gorilla Homo sapiens Pan paniscus  Pan troglodytes
0.997 0.996 (ref. 29)
~1 Myr ago ~1 Myr ago
0.990
4.5-6 Myr ago
0.984 (ref. 30)
6-8 Myr ago
0.974
Hylobatidae 12-16 Myr ago
Small apes
g ; 0.971 . . :
CercopltheCIdae 18-20 Myr ago Comparative and demographic analysis of orang-utan
genomes
Old World monkeys
" Nature
Volume:
0.949 469,
25-33 Myr ago Pages:
529-533

Date published:
(27 January 2011)
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Soquencieg of porti of B
genome planved

Our pri latives spiit from cer millions of years

—— ago (MYA). But their genomes could help solve mystedies 2bout our own

W evolution and medical preblems. They could also give us insights into how
> evolution woeks and how new genes and species form.

A A Adlgr 1.

ANCESTRAL PRIMATE

d

Chimp genome: Branching out
Carina Dennis
Nature 437, 17-19(1 September 2005)



Devolve Me

Ready to journey back in time?

Upload your photo and watch
yourself travel back through
evolution.

To check out how others _&,

would've looked, click a pin
on the map.
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