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ETTOXNC TNC VEOPNC yN¢, 3,43 dIC £ TIPIV

>NUEPO eugavidovtal oTtavia (€dw oto Shark Bay
TNC ALOTPOAIOC)

Evolution 4th Edition, Futuyma & Kirkpatrick,
Sinauer Associates 2017



[TEWAOVYIKI XPOVOAOYNON

e TNV NAIKIO TWV YEWAOYIKWV OXNUOTIOUWV
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XpPovoAdynon (radiometric dating)

How to use the slope of the isochron to
measure the age of the rock:
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A hominin walks
on a muddy shore. The hominin dies near water. A]‘[O}\le(buata
o - Vultures and other
scavengers pick away
its muscles and organs.

Remaining flesh rots away,
leaving banes behind.

A thick sequence of
sediments accumulates
over the bones; gradually
the bones fossilize.

The water level
rises, covering
the bones.

Hundreds of thousands
of years later, erosion
exposes the fossilized
bones.

Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company




~~—#— XpovoAdynaon oToABWUATWY PE
| e TO YEWAOYIKA OTPpWHOTO

To aroAiBwpua Tov Homo
o S LT sapiens Tov BpEdnkKe
e, a2 avapeoa g€ d00
e s Volcanic eruption layer; NPAICTEIOYEVI] GTPWHOATO

ash dated to 104,000 otnv AiBioTtia, XpovoAoyeital
years ago ota 195.000 xpovia

Fossil discovered close
to the lower eruption

Volcanic eruption layer;
ash dated to 196,000
years ago

Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company
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International Commission on Stratigraphy

The International Commission on Stratigraphy (ICS) is the largest and
oldest constituent scientific body in the International Union of
Geological Sciences (IUGS). Its primary objective is to define precisely
global units (systems, series and stages) of the International
Chronostratigraphic Chart that, in turn, are the basis for the units
(periods, epochs and age) of the International Geological Time Scale;
thus setting global standards for the fundamental scale for expressing
the history of the Earth. The work of the Commission is divided between
seventeen subcommissions, each responsible for a specific period of
geological time. Their work is overseen and co-ordinated by an executive
of six officers.

News & Meetings

e “The Internetian Age” YouTube link [06-02-2023]

« New book on stratigraphical methods [23-01-2023]

« Prize nominations open [18-01-2023]

« Who owns the Anthropocene? [22-11-2022]

« |CS special presentation “The Internetian Age” [06-11-2022]

Geobiodiversity

Database

BAoEIC OEDOUEVWV, XAPTEC
Kol dlayPAMMOTO IO T
YEWAOYIKA OTPWHATA
UTIAPXOUV OTNV ICTOCEAIDO
NC AleBvoug ETtitportng
>TpwWATOYpPA@IaC

http://www.stratigraphy.




H dnpioupyia ¢ yng

* To ovpTtav dnUIoLPYNONKE TIPIv aTto 14 di¢ £tn (big bang)

* O vyoioéiac pag (Milky Way) uttoAoyiletal 0Tl oOXNUATIOTNKE TIPIV
arto 10 di¢ €T ATtO ACTPIKA OKOVN KAl aEPIN

— O NAIog pag €ival eva aoTtpo 2n¢ N 3n¢ YEVIAC TTIOU OXNUOTIOTNKE
padi ge To NAIOKO ovoTtnua TPV 4,6 d1¢ €T (e Baon N
XPOVOAOYNON HETEWPITWY KOl CEANVIOKWY TIETPWUATWY

* H yn uttoAoyiletal 0TI £XEl TNV NAIKIO TOU NAIOKOU OLOTHHOTOC

— AOYW YEWAOYIKNC KIVNTIKOTNTOC, TA TIOAIOTEPA TIETPWHATA TIOU
BpEONKav otn yn €ival 4 d1¢ £TwV

— EKeivn TNV €TTOXI] LTTHPXOV TIPWIPEC NTIEIPOL KAl PNXOi WKEAVOI



H epgavion ¢ wng
¢ OcwpPOoLPE (XwpPic va yvwpilovpue) ot N (wn &ekivnoe péoa aro pia
OPXIKI) OLOCWPELON POPIWV
- Agv LTTAPXEI ATIOAIBWHA
* ‘Eva aOvoAo popiwv gl otav,
- AapBavel evépyela aTtod To TIEPIBAAANOV TOU Kal

— AIOTIOIEI TNV EVEPYEID VIO VO aUTOOVTIYPAPETaL (Va eEEAiCTETAI)

e 2TOUC OPYOVIOUOUC, N (W) OPYOAVWVETAL, HECO OTIO VOUKAEIKA 0&Ea TTOU
LETO@EPOULV TIANPOPOPIC KOl TIPWTEIVECG TIOL AVOAALBAVOLVY TNV
QVTIYPO@I) TWV VOUKAEIKWY 0EEWV, HETABOAI(OLV TNV EVEPYEIN KOl
TIAPAYOUV TOV QAIVOTUTIO

— Ol TTapAyoVvTEC AUTOI Eival OPYAVWHIEVOL O€ KOTTOPA UE AITUOIKEC UEUPBPAVEC
- To XOpPOKINPIOTIKA OUTA €ival KOIVA yio OAOLC TOUC OPYAVIOHOUC



Last Universal Common Ancestor

Npooeyyioeic yia Tov TPATIo eKKivnong NG LwAC aTn yn:

(1) MTtopoUpE VO CUVBECOLE ATIAQ OPYAVIKA HOPIO ATIO
OBIWTIKA CUCTATIKO OTO EPYACTIPIO

(2) Ta aTtAG OPYOVIKA HOPIO EVWONKAV 0€ HOKPOoUOpIa
(TtBavov pikpd RNA) TTou PuTtopolv Kal avaTtapayovtal,
OTIOTE EEKIVNOE N QUOIKN ETUIAOYN

(3) O1 mpwTeiveg TIIBAVOV va oXNUOTICTNKAV apXIKA agav
“BonBnTiKoi TTAPAYOVTES” aTnV avtypa@r) Tov RNA

(4) OAa QUTA TO POKPOMOPIO OpYyavwONnKav o€ eva
KOTTOPO




ZNMOVTIKN METABOON

OpGda TTIOL OXNHUOTIOTNKE

MEeTAOXNHOATIGHOC

ZeXwpIoToi avtiypageic (yovidia) Kai
OXNUATIOPOC KUTTOPIKWY PEPBPavV
—> yovIdiwpa YEca 0To KUTTAPO

AlQUEPICUOTOTIOINUEVO YOVISIWUATO

EEENIEN pEYAAWVY, TIOADTIAOKWVY
YOVISIWHATWVY

ZEXWPIOTA YovoKUTIOpa —>
OULMUBIWTIKA povoKLTTapPO

EukapuwTika KOTTOpA

EEENEN cLUPBIWTIKWVY OpyavIdiwV Kal
TIUPNVIKWV YOVISIWPATWVY. MeTagopd
yovIdiwv PETAED YOVISIWPATWY

AQUAETIKA JOVOKUTTAPO —> (QUAETIKA

ZLYyWTNC (PUAETIKA avaTIOPAYWYIKOC

EEEAIEN TNC peiwoNng Kal NG

HMovoKUTTOpa opYyavIoHO() (PUAETIKINC aVOTIAPAYWYNG
MovoKOTTapa —> TIOAUKUTTOPOG MOAUKUTTOPOI OPYOVIGHOI E&ENEN dla@opoTToinang KLTTAPWVY
0OpPYaVIOHOCG KOl I0TWV KOl CWUATIKWVY - YEVVNTIKWV

KUTTAPWV

MoAuKUTTOPOI OPYaVIOUOi —>
KOIVOTNTEC OPYAVIOHUWV

Anuiovpyia KOvVoTHTwY (0€ Aiyeg
HMOVO yevealoyieg)

EEEAIEN avaTIOpAYWYIKWVY KAl PN
OVATIOPAYWYIKWVY KAGTWV (TT.X.
KOIVWVIKA EVTOQ)

ZEXWPIOTA €idN —> BIOEIBIKEC
OX£€0EIC apoIBaloTnTaC

Anuioupyia SI0EIBIKWVY AUOIBAIOTTWY

EEENEN CWPOTIKA OLVOESEUEVWV
oLVEPYATWV (TT.X. EVOOCGULUBIWTEIC)
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(A) ZTpwpatoABol
oXNUATIOPEVOI aTTO {WVTa
Kuavofoktrpla oto Shark Bay
otnv Auatpodia. (B) ‘Evacg
OTPWHATOAIBOC 3 dIC ETWV
o110 TN A. ALUCTPOAIO EXEL TNV
idla doUN PE TOLC CNUEPIVOLG
OTPWHATOAIBOUC.

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017

Precambrian
Major events Life

Animal fossils (Ediacaran fauna); inferred lineages of sponges, cnidarians,
bilaterians

Inferred (from DNA) animal lineages
Earliest eukaryotes (ca. 1900-1700 Mya)

Origin of life in remote past (first fossil evidence at ca. 3500 Mya); diver-
sification of prokaryotes (bacteria and archaea); photosynthesis gener-
ates oxygen, replacing oxygen-poor atmosphere; evolution of aerobic
respiration




H MpokapBpia Ttepiodoc

* [lepihapBavel tov ApXaiko Kal tov MpotepolwiKo alwva
- MoAaiotepa TeTpwpata ota 3,8 dI¢ £€1n
- Mpwta amoAiBwpata 3,4 pe 3,5 dIC €N
e E&EAIEN TNC @wTOOLVBEONC OTA KLAVOBOKTHPIO OE ATHOC@AIPa
Xwpic o&uyovo (3,8 dI¢ £1Nn)
- 210 2,4 3I1C £€In TIPIV, N ATHOOPAIPA EiXE 0ELYOVO

- E&EMEN TNC agpOPIOC avaTivong Kal TN TIPOoTaaiog arto tnv
oécidwan

* AUO BOOIKEC HOPPEC TIPOKAPUWTWY, TO apXaio KOl Ta BaKTAPIO



To apxaIdTEPO YVWOTO
aTtoAIBwua, 3,5 dI¢
ETWV, ATIO TN BA
AuOTpOAia

RF Evert & SE Eichhorn, Raven Biology of Plants, 8 Edition, W. H. Freeman and Company Publishers, 2013




Apxaia Kal Baktipia

e @cewpeital OTI Ol TTPWTOI
TTPOKAPUWTEC NTAV Ta BEPUOPIAQ
apxaia

* Ta BakThApla gival TTIONG
TTPOKAPUWTEC, AAAA ETEPOTPOPA
Kal AAAQ auTOTPOPA

* To auBovo oguydbvo odrynoe
OTOV OXNMOTIONO EVUKAPUWTWYV

* [1pOo@ATEC £PEUVEC DEIXVOUV OTI Ol
EUKOPUWTEC TTIBavOV KaTdyovTal
aTro Ta apxaia

Escherichia coli



To kaoTtpo tov Loki

e 5 egvepyd LOPOBEPUIKA TTEDID
OTOV TILOPEVA TOV ATAOVTIKOU
avapeoa otn FpoiAavdia Kal oTn
Nopfnyia (ota 2.352p.)

- AvoKoAO@TNKav 10 2008

e Bpiokovtal o€ Eva YEWAOYIKA
OTOBEPO TIEPIBAANOV

e AVOKOADQTNKOV EVOIOPEPOUVOEC
KOIVOTNTEC UIKPOOPYOVIOUWV

« Apxaia



Lokiarcheota

e 3¢ OEiypOaTa TIOL TIAPONKOV PE POUTIOT EYIVAV UETA-
YOVIOIWMUATIKEC OVOADOEIG
* Bpebnkav apxaia tov ovopaotnkav Lokiarcheota kal o1n

OUVEXEIO 000 OAAO apxaia Bpiokovtav otnv idlo OIKOYEVEID,
ovouadovtav Thorarcheota, Odinarcheota KATT.

* Asgard
- KwO3IKOTIOI00V TIPWTEIVEC TIOU CUVOEOVTAI PE TOUC EVKOPUWTEG

- GTPases, membrane-remodelling proteins like ESCRT and
SNF7, a ubiquitin modifier system, and N-glycosylation pathway
homologs



To UAOYEVETIKO OEVTPO TwVv Asgard

Williams et al. 2019,/°] Eme et al. 2017,[%] Liu et al. 2021/?%] & Liu et al. 2020(?1] 53 marker proteins based GTDB 07-RS$207[2511261127]
TACK "Sifarchaeia"” I: "Borrarchaeales”
"Borrarchaeota” "Sifarchaeales”

"Helarchaeota" "Wukongarchaeia"

"Wukongarchaeales"

"Lokiarchaeota"” "Hodarchaeales"

"Baldrarchaeota” "

, "Heimdallarchaeia” ’7 e liEeElE
"Odinarchasota”

"Kariarchaeales"

"Hermodarchaeota” "Heimdallarchaeales”
Protecarchaeota I I . -
Asaard Thorarchaeota — Jordarchaeia "lordarchaeales"”
"Wukongarchaeota" "Odinarchaeia"  wqjinarchaeales”
"Hodarchaeota" "Baldrarchaeia"

"Baldrarchaeales"

"Gerdarchaeota® "Thorarchaeia" AT re pE P

Kariarchasota Hermodarchaeia "Hermodarchaeales”

"Heimdallarchaeota” ) )
"Lokiarchaeia"

Eukaryota | .
i +|:(—Pr5tl:lutec:-bacteria ] Lokiarchaeales
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(A)

(C)

(B)

(D)

Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017

FIGURE 17.4 Some Proterozoic unicellular eukaryotes
from 780-740 My-old strata in the Grand Canyon, Ari-
zona. The phylogenetic relationships of these forms to
living eukaryotes are not well understood, because they
have few distinctive morphological features and do not
have extractable DNA. (A) Trigonocyrillium horodyskyii.
The globular organisms are the acritarchs (B) Valeria
lophostriata, (C) Lanulatisphaera laufeldii, and (D)
Culcitulisphaera revelata. Acritarchs are diverse single-
celled Proterozoic organisms, some of which are related
fo diverse algae. (A from [71c]; B-D from [71b].)

MoOVOKOTTOPOI, EVKAPUWTIKOI
OPYOVIOMOI: EY@PAVIoTNKAV TIPIV
2,1 d1C Xxpovia Kal Ttpv 1,2 dI¢
XPOvIa gixav TIAEOV EUPAVIOEL
MEYAAN TTOIKIAOHOP®IA.

O1 TIEPICCOTEPOI EVKOPULVWTEC
EKTEAOVV PEION KAl £XOLV
opyaviola




Midichloriaceae

Rickettsiaceae ‘h

Anaplasmataceae

H evdoouuBIwTIKA Bewpia Kal n
€EEAIEN TOL PITOXOVOPIOU:

[Mpiv aTtO 2 dIC £TN TIEPITIOL,
aepOBia Baktpla cuuBiwoav pe 1o
EVKAPULWTIKO KOTTAPO.

>TO (PUAOYEVETIKO OEVTPO PaivovTal
TO OLYYEVEOTEPA BOKTAPIO TIPOC TO
MITOXOVOPI0, UE OLYKPIoN Tou DNA
(Ferla et al. 2013)

bottom: Dr. David Furness, Keele University / Science Source
Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman
and Company




AR [ QA Land plants

e

LS

Photosynthetic
protozoans
Photosynthetic
Photosynthetic bacteria
algae <
Predatory
protozoan

Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company

Evdooupfiwon XAwPOTIAACTWY

Mpv artd ~900 Mya cuvERN
n evooouLuBiwaon evog
(PWTOOLVOETIKOV BakTtnpiov
Kol EVOC TIPWTOLWOU, TIOU
0dnynoe atn dnuiovpyia
TWV XAWPOTIANCTWV




MOVOKUTTOPOI EVKAPLWTEC:
TIPOYOVOI TWV {WWV ®)

(A)

Choanocyte

FIGURE 17.6 (A) Choanoflagellates are
unicellular eukaryotes that can form simple
colonies. They are the closest known rela-
fives of animals, and structurally resemble

Evolution 4th Edition, : J d———
Futuyma & Kirkpatrick, (B) choanocyte cells of sponges. (B, photo
Sinauer Associates 2017 from [23b].)




H €€EAIEN TWV TIOAUKOTTOPWV Rhizari
OPYOVIOUWVY CUVERN TIOAAEC POPEC

5 taxa (Kitpivol KOKAOI) €ival €€
OAOKAPOU TTIOALKUTTAPOI
(KOKKIVO @UKIA, @uTA, dictyostelid
slime molds, plasmodial slime
molds kai {wa)

sueJa}uIWe.lo

teS
nyce
o ©°

O Diatoms
Brown algae

Opalinids Lab}’ﬁnthuﬁds

Lobg Cryptophytes

- , S€ amo, —
Dictyostelid slime molds O ebas Haptophytes y

9 taxa (NUIKITPIVOI KUKAOI)
TiepIAapBdavouv oplopéva
TTIOAUKOTTOPO 1) OTTIOIKIOKA €i0N
Kol 2 (avoIXTog KUKAOC)
TiepIAapBavouv pepiKa
TIOAUKOTTOPO €idN

@
modial slime mo‘tc}s o

me ™
Proxos'ie“d = 06\0‘;\’&‘5

ebozoa

Plas

PSC\O

Root

Evolution 4th Edition,

Futuyma & Kirkpatrick,

Sinauer Associates 2017 O All members are multicellular
@ Clade contains unicellular and colonial/multicellular species

© Unicellular with rare multicellular forms

@ All members are unicellular




[MPWIYOI TIOAVUKUTTOPO! OPYAVIOUOI,
oav 1o Durvillaea potatorum (kelp),
EYKOTOOTAONKAV OE BPaxwoElC
TIAPOAIEC.

To €id0OC AUTO AVNKEI OTA PAIOPUKN
(Phaeophyceae) kal avamtuooeTal
OTIC OKTEC TNG Taopaviac.

Oewpeital 0TI EEEAIXTNKE
ave&aptnta aro

OAAOULC TTIOAVKUTTOPOUC
OpPYOVIOUOUC.

RF Evert & SE Eichhorn, Raven Biology of
Plants, 8 Edition, W. H. Freeman and Company
Publishers, 2013
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Proterozoic

Phanerozoic

Cryogenian
T

Ediacaran

9

700

600

485

Demospongiae ?
I L
Hemichordata % -

Echinodermata g%

Vertebrata w*'

Nemertea |

b}? =
Brachiopoda %
Mollusca %
Annelidm%fs

Bryozoa ?‘,\

Priapulida @m

=

Onychophora ==

Arthropoda m
5=
Cnidaria %‘j{

Ta (PUAOYEVETIKA OEVTPA TTOU
Baaidovtal oTIC aAANAOLXIEC TOU
DNA twv ol0yXpovwv {wv,
OEIXVOULV KOIVOUC TIPOYOVOUC HEaT
OTOV TIPWTEPOLWIKO AWV, AV Kal
OEV €X0OULV [BpeOei aTtoOAMBWPATA TWV
TIPOYOVWV aUTWV TwV taxa.

H évtovn ypapun d€ixvel 1o Xpovo
TWV YVWOTWV OTIOAIBWUATWV.

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017




(B)

FIGURE 17.7 Members of the

Ediacaran fauna. (A) Tribrachidium

- heraldicum. The triradial form of

\ ihis animal differs from that of

any Phanerozoic animals. (B) The

relationship of the wormlike Dick-

= nsonia costata to later animals is
g Lnknown.

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017

Ta (wa TN¢ vLoTePnC MpokAauPPIaC TIEPIOOOL TIOV BPICKOUPE OTO APXEID TV ATIOABWUATWVY
EXOLV EEAPAVIOTE( KOl OEV £XOLV KOIVA OTOIXEIO PE Ta aLyXpova (wa



Mya
252

MaAa10{WIKOC AlWVOC

299-252 Mya

299
ATIO 10 TEAOC TOU MPwTEPOIWIKOL alWVa PEXPI Kal Carboniferous
oHUEPA BIOVUOLPE TNV PavalPolwikn TIEPI0dO. 359-299 Mya

Cenozoic 359
Mpwtn TtEPiodo¢ ival 1o Kaupplo 1tou Eekiva 541

g ) i 'E Mesozoic .
Mya TIpIv, JE Pia EVTUTIWOIOKI EUEAVION O . 1[;?;;;%3
OTIOAIBWPATWY oTta TIpwTa 10 pe 30 Mya: ékpnén ;f% Paleozolo
Tou Kdapuppiou 9 Siiurian
- 443-419 Mya
, ; ; ’ £ Proterozoic o
Ep@avidovtal oxXed0OV OAEC Ol KATNYOPIEC TWV £ Ordovician
r r r 'l'U
ONUEPIVIV OPYOVICHWVY KOl OPKETWV  [r— e Myd
£EAPOVIOUEVWOV _ T
Cambrian
541-485 Mya
541

FIGURE 17.10 Time line of the Paleoczoic
era, illustrating a noteworthy organism from
each period except the Silurian.




(A)

Evolution 4th Edition,
Futuyma & Kirkpatrick,
Sinauer Associates 2017

(B)

AVO opadeg (WWV TIOL
TIPWTOEPPAVIOTNKAV KATA TNV
€kpnén tov KaupBpiov. Ta dvo
auTd aTtoAIBwuaTa
OVAKOAV@ONKOV GTOLC
OUMWOEIC OXIOTOAIBOULC TNG
votiag Mouta, o TtePIoxn
TIOU KATIOTE KAAUTITOVTOV OTIO
pNXEC BdAaoaec. (A)
TpiAoBitng Kauppiov
(Paraceraurus), @UAN
Arthropoda. Meplocotepa aro
17.000 €idn TpIAoPITwV £XOLV
TIEPIYPOPE OTTO TOV
MoAaiolwIKO, OAAA OA
e€a@aviotTnkav oTo TEAOC TOU
Mépuiou. (B) EXivodeppa
(Gogia spiralis) amo6 1o
TipwIho Kaupplo. Ztn
olyXpovn Ttavidoa EVOOKIPOLV
OPKETEC OPADEC EXIVODEPUWV.




E&EMEN TNC (wNc oTov MaAalolwIKo adiwva

« Kaupplo
— MeyAAn TIOIKIAOTNTA OPYAVIOWV
— ©aAACOC101 OPYAVIOUOI, TIPWTA OTIOVOLAWTA XWPIC yvaBo
— [TOIKIAOTNTO UKWV
- MeyaAn e€agpavion oto TEA0C Touv Kappplov (485 Mya)
* OpdofBikio
- Putd otnv ENpd (Bpuoeuta)

— TTOIKIAOTNTO OTO EXIVOOEPUDA, OIOTIOVOUAWV Kal AyvaBwv
OTTIOVOLAO LW WV

- 1n padikn €€a@avion oto TEA0C (443 Mya)



ZTIOVOLAWTA Tou KauBplou. (A) Pwtoypagia Kal
OX€D10 EVOC aTIO TA TIOAAIOTEPO YVWOTA
oTIoVOLAWTA, ToL Haikouichthys, TOL TIPWIKOU
KapBpiov. (B) OoTeWdEIC, 000VIOUOPPEC OOPEC
KOVOOOVTiwv aTto 1o Kaupplo. Ta kovodovia nrav
AETTITA XO0POOTA {wa Xwpig Tttepuyla. (C)

Notochord and Dorsal fin AVOKOTOOKEUN EVOG OGTPAKOBEPHUATOC XWPIG
vertebral elements /L_‘\G”t yvabo Kal akpa, Touv Arandaspis. Agite tn Bopia

o\ BwpPAKION OTO PTIPOCTIVO HEPOC TOU CWHOTOC.
Eye D‘I‘E\ 60( (If/[/ ( (t

(C)

e E__‘,_.‘,_\ "
§ 47 /Z”—L’NW#\

Gill pouches Esophagus Ventral fin  Gonads

Evolution 4th Edition,
Futuyma & Kirkpatrick,
Sinauer Associates 2017



2 IANOVPI0 Kal Ag3ovio

e JIAOULPIO

- Epg@avion yvabootopwv YPapiwv

- To TIpwWTa XeEpoaia ayyelio@uta (TTItepIdoeuta) Kal apbpottoda
* Agfovio

— TTOIKIAOTNTO 0OTEOIXBLWV Kal TPIAOLBITWV

- Ep@avion YOUVOOTIEPUWVY, TEPTPATIOOWV, EVIOUWV
- 2n padiki egapavion (365 Mya)




Heterostraci (Pteraspis, A3ovi0),
O0TPUKOOEPHO XWPIC alayova

A)

Acanthodii (Climatius, Ag3ovio),
yvabooTouo PE olayova

(B)
Evolution 4th Edition,
A . Futuyma & Kirkpatrick,
(C) = Sinauer Associates 2017

E&apaviopeveC TTIOAAIOIWIKEC KAATEIC
OTIOVOLAOLWWV PE XOPOKTNPIOTIKA WaplwVv



et
“,
Dichotomous
" branches
i

1

W Tgaopnyion
[ J‘ very early land
i '515,'}' plant, had no
! i roots or leaves.
I

Huge lycophyte
—_ "trees" dominated
Carboniferous

forests.

MaAaiolwIKA TPOXEOPUTA, OE
OTTEIKOVION JIAPOPETIKAC KAIPOKOAC.

(A) Aglaophyton amo 10 Agfovio,
pEXPL 15cm.

(B) Lepidodendron, Eva AUKO@QUTO
(lycophyte) dévtpo Tou
A1BavBpaKOPOPOL, EPTAVE PEXPI
kal 30m.

Evolution 4th Edition,

Futuyma & Kirkpatrick,
Sinauer Associates 2017
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AIBavBpako@opo Kal MepuIo

* AIBavBPOKOPOPO
- EKteTapéva daon TIPWIHNWY TPOXEOPUTWV
— MPpWTEC TAEEIC TITEPWTWV EVIOUWV
— TMOIKIAOTNTO ap@ifiwv Kal Ta TIPWTA EPTIETA
e [Epuio
- [Mayyaia, TIaYETWVEC Kal UTIOXWPENON BAAacoO(C
— TTOIKIAOTNTO EVTIOHWV KO 1XBLWV, LTTOXWPENON APEIBIwV
— T1OIKINOTNTO EPTIETWV
- 3n padikn egapavion (~250 Mya) — the great dying



Evolution 4th Edition, B Fyavtia apBpomoda tou

Futuyma & Kirkpatrick, ., . ;
Sinauer Associates 2017 AN1BavOpPOKOPOPOUL, OTIWG

gival to Arthropleura, pia
oapavtamodapolca TIou
EQTOVE T 2,3M WPNKOC Kal TO
ITTITAEVO Meganeura e
Avolypa QTEPWVY 25Ccm

H areikdvion Tou avBpwTIou 0w Eival yia VO GLUYKPIVOULUE Ta PEYEDN.
Kaveic avBpwTtog dev €ide TTOTE TETOI0 apBPOTTIOdA.



H e€EAIEN TNC TTOIKIAOTNTOC OTN YN: OPIBUOC OIKOYEVEIWV
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Gastropoda
Biwalvia
Osteichthyes
Gymnolaemata
Malacostraca
Echinoidea
Chondrichthyes
Demospongia
Hexactinellida

Mammalia

Reptilia

Articulata  Cephalopoda  Graptolithing

Cringidea Stenoclaemata Sderaspongia
Conodontophora

Anthozoa Pul‘r: haeta
Ostracoda  Stelleroidea

—l Trilobita, Inarticulata, Monoplacophora
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SIBERIAN
TRAPS
ERUPTIONS

=

-ﬁf

Extent of the
=% Siberian Traps Russia

Thermogenic 1'

gas emissions |

CO, emissions .

Toxic metal }
emissions

Cl, F, NO,
emissions

SO, emissions -

issociation |

D
—— ofgas <'—
‘ | hydrates |

—— [ warming

il Ocean
1 acidification [~
MARINE
i — MASS
i B EXTINCTION
.| Global I Ocean
e ] anoxia —>
-1 Toxic metal f
g beisoning — o eee——)
T e ——

l-j‘} Increased

[ continental
weathering
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< Ozone TERRESTRIAL
.1 depletion, MASS
increased UV-B EXTINCTION

@:

Volcanic
| darkness,
.~ cooling, and

1

[JILIU Tosyr 1thetic
shutdown

y . Arctic Ocean .

> UVOLACHOC TIOPAYOVTWY TIOU
(TtBavov) 0drynoe otnv PHEYAAN
e€apavion tou lMNepuiov.

APXIKA oLPBAVTO ATV N NPAICTEIOKN
dpaoTnPIOTNTa 0T ZIBNpia. XN
OUVEXEID LTTAPEE I OAVTIdA
CLPBAVTWV TIOL TIEPIYPAPOLV HId
KAILOTIKI] METOBOAN TEPACTIOS
KA{OKOC.

|Zimmer/EmIen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company _
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Mya
FIGURE 17.20 Time line of the Me- 66
sozoic era, with illustrations of some
noteworthy species. Triassic: Ginkgo et
and phytosaur. Jurassic: cycad and Skt
, 145-66 Mya
Apafosaurus. Cretaceous: magnolia
and Tyrannosaurus.
145
%) o :
0 Mesozoic Jurassic
o 201-145 Mya
@
=
é:ﬂj Paleozoic X
Triassic
252-201 Mya
@ | 252
‘= Proterozoic
D
=
[a]
§ Archean
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(A) Early Triassic (C) Late Cretaceous

Pangaea

(B) Late Jurassic (D) Oligocene
: o 30 Mya

; . Mountainous highlands (>1500 m)
Evolution 4th Edition, Other land masses

Futuyma & Kirkpatrick, Shallow oceans (<200 m)
Sinauer Associates 2017 Ocean basins (>200 m)




(C)

XOpOaKTNPIOTIKA TIPOCOPHOYHC BOAGC IV BNPEVTWY Kal BNPAPATWY TIOU
avaTItuxOnkav Kotd tov MeoolwIKO alwva.

(A) O1 pEYAAEC DAYKAVEC TWV KAPKIVOEIOWV (TT.X. OOTAKOC).
(B) Ta aykdBia twv diBupwv Kal Twv yaoTpoTtiodwv (TT.X. Murex) Evolution 4th Edition,

(C) To oKANPS KEALPOC KOl TO GTEVA OVOIYHOTA TWV YAOTPOTIOdWV (TT.X. sF,ﬁZLﬁ"ﬁf\ ;3’; (’fg’;f:st”z%ﬁ :
Cypraea mauritiana)




Zrieppoto@uta: (A) ‘Eva {wvtavo Kukado@uto (Encephalartos sp.).
Ta youvooTIEpUA NTav AEOoVa Kal o€ YEYAAN TIOIKIAIO KOTA TN
OIAPKEID TOL MEGOLWIKOV, OAAG POVo TiEpiTIou 130 €idn LTTAPXOLV
onuepa. (B) 'Eva amoAiBwpuévo @UANo Ginkgo attd to MaAalokaivo
(66-56 Mya). (C) 'Eva (pUANO TOL HOVOSIKOU 0WIOPEVOUL EIBOUC
ginkgo, Ginkgo biloba. (D) Protomimosoidea, £va aroABwPEVO HEAOG
TNC OIKOYEVEIOC TwV Puxavowv attd to Maiaiokaivo / Hwkaivo, Kal
onuePa TTEPIAAUBAVEL €idn OTIWC N KIPOJa Kal N OKOKia.

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017



(A) An ichthyosaur

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017

MeoolwIKA EPTIETA




AEIVOOOLPOLI

e E&eAixtnkav ard toug apxaiooaupouc Kal Xxwpilovtal oTou
Saurischia kai Ornithischia

- Eival Kupiw¢ dirmtoda kal 0oa €ival TETPATIONN {Wa £XOULV JITIOOEC
TIPOYOVOU(

e Tavw arto 39 oikoyeveleg, 550 yevn kat 1000 €idn

« Ta Ornithischia rjtav guto@aya €idn

« 310 Saurischia avikouv Kal Ta coupoTtodd, Ta HEYAAUTEPA (W TIOU
TIEPTTIATNOAV TIOTE OTN YN

— O Brachiosaurus (Oyie Ttavw aTto 80.000 kg kal o Argentinosaurus
Eptave 1a 40 m o€ PnRKog

* Q1 dirodec ocapko@ayol dEIVOOOLPOI OVKOUV oTa Saurischia
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STEGOSAURINAE

ANKYLOSAURINAE

CERATOPSINAE ~

ORNITHISCHIA

iR N
R
TR

BRACHIOSAURIDAE
¥
>
e
"

e
e
Sy

TYRANNOSAUROIDEA

DROMAEOSAURIDAE

Archaeopteryx
~ 4

SAURISCHIA

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017




Ol OKEAETOI TOU OPTIOKTIKOL delvooalpov Velociraptor, TOU 10LVPOCIKOL TITNVOL Archaeopteryx, T0u
TITNVoU Tou TIPWIPoU KpntidikoV Sapeornis, Tov Longipteryx, Tou Ichthyornis Tou 0oTEPOL KpNnTidIKOUL Kal
Tov Gallus (KOTOTIoLAO).

Ta teAevTaia Xpovia, EXEl AVAKOAVQOE aTTO TIETPWPATA TOU METOLWIKOV G€ OAO TOV KOO0 £VaC TTAOUTOC
OTIO YN TITNTIKOVE OEIVOCOUPOUCE TIOU POIAOLV HE TITNVA Kal TIPWTOYOVA TITNVA TIoU PoIddouy JE
OEIVOOOLPOUC. AUTEC Ol AVAKOAVYEIC £XOLV EQPAIWTEL TNV AVTIANYN OTI TA TTOVAIA €EEAIXONKAV OTTO
OPTIOKTIKOUC diTtodEC dEIVOTAVPOUC.

Chiappe, L.M. Downsized Dinosaurs: The Evolutionary
Transition to Modern Birds. Evo Edu Outreach 2, 248—-256
(2009). https://doi.org/10.1007/s12052-009-0133-4


https://doi.org/10.1007/s12052-009-0133-4

H €€EAIEN TV BNAACTIKWV

e [1oAAOI KAGDOI ONACOTIKWVY gP@avioTnKav oTnv loupdaolo Kal otn
Kpnuidikn Ttepiodo

- Mdavw artd 300 yévn
* MIKPO PEYEBOC KOl HEYAAN OIKOAOVYIKI) €€€10ikELON
* MOAIC TPEIC YPOUMEC KATAYWYNC eTtE(NOAV

- Movotpiuata

- Mapairo@opa

- [TAaKoLvTO@OPA



458 CHAPTER 17 &
Morganucodonts

PUAOYEVETIKEC OXETEIC KOl XPOVIKI) Docodonts
KGTGVOHH'HSVG)\Q)V OHGB(A)V Australosphenidans—
ONAQOTIKWV. monotremes

Eutriconodonts

Ta morganucodonts, Ttou TipoEKLYaV
oto loupdaio, gival eEENIKTIKA avapeoa

OTO EPTIETA TIOV YOIAOLV UE |
BNACCTIKG Kol TO OANBIVA BNACCTIKG. dultRuberculnies
O,l U()VS,C OUG&F Ttou ET[IBI(’,OV'OUV Spalacotheroids
HEXPI CPEPA EiVAl TO OVOTPAUOTA, T |
TIAOKOLVTOZWA Kal TA POPCITIOPOPO. Sladetherns

Boreosphenidans

To petaBaAAOpEVO TIAATOC KABE
KAGOOUL AVTITIPOCWTIEVEI GANAYEC OTNV

Placental

TIOIKIAIO TWV YVWOTWV EI0WV G€ AUTHV mammals
TNV opdoda.

>

Marsupials\' M\ 3

Evolution 4th Edition,
Futuyma & Kirkpatrick, [ 1 ] J | K | Pg | Ng |
Sinauer Associates 2017 252 201 145 66 23 Present
Time (Mya)
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O1 KATw (HaVPEC) HOPPEC Eival
OVOKOTAOKEVEC TNG TUOAVNC HOPPNC
OlOPOPETIKWVY HETOLWIKWV
BNAOCTIKWY, TIOL CUUTIEPAIVETOI
aTtd TNV avatopia Toug OTI ixav
OlAPOPETIKA OIKOAOYIKA
XOPOKTNPIOTIKA.

Ol eTTAVW QIyoLPEC ATTIEIKOVI(OLV
{wvtava BnNAaoTIKA TToU €ival
OIKOAOYIKQ TIOPOUOIO HE TIC
TIOPOKATW PHECOLWIKEG HOPPEC,
OTIOTEAECHA TNG OLYKAIVOLOO(
eEENENC.

Epgavidovtal pop@eg yia

KOAUUBnon, okayipo, avappixnon
Kal agpla oAioBnan (gliding).

Early Cretaceous

Jurassic

Swimming Digging Climbing Gliding
Aardvark G-_
-- Otter Q{
) . Flymg {
+ squirrel
4 Sugar
gL Tree shrew H ‘ glider

Beaver

Castorocauda

‘T&nod@n

| Armadillo

Fruitafossor

Eomaia

Sinodelphys !’

%ﬁ

Henkelotherium

"\<
"\l'-rP‘

&

Volaticotherium




K/Pg extinction

]

Florida
To t€Ao¢ Tov MegolwIKoL alwva NPBE pE
NV 5n HadIKR KATOoTPOYN: TNV
TIEPIBAANOVTIKI] KOTAOTPO@I] TIOU
TIPOKAAEDE 1 0LYKPOLON OOTEPOEIDN ' iy
otnv Tteploxn Yucatan oto Me€IKO. Culf of Mot :

H okovn atto v €kpnén EUTTOdI0E TNV
NAIOKI] OKTIVOBOAIO va TACEl OTNV
ETIPAVEID TNC YNC KAl 001 yNoE O€ €vav
MOKPUL XEIHWVA.

E&agaviotnkav OAOI Ol U PTEPWTOI
OEIVOONLPOI, TA TIEPICCOTEPA BNANOTIKA
KOl 47% OAWV TV BOAACCI0WV {WIKWV Caglll

VSVQ,)V . A - Jmajﬁi‘w

The Chicxulub crater




B La Sierrita Iridium

1.0

£

e =
(=]
5]
R
&

0.6
66.0 mya
-
&
U

0

il

"'_..,ﬂ".- _...f s ." !
A: U.S. Geological Society
Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company




Holocene
(0.01 Mya—present)

Mya
Quaternary —_ Pleistocene
2.58-0.01 Mya
2.58 ‘
Pliocene
5.33-2.58 Mya
@
=
b
U} .
2 Miocene
= =2
Cenozoic 23.03-5.33 Mya
[&]
S Mesozoic
s 23
(13}
% .
= Paleozoic Oligocene
33.9-23.03 Mya
3
5 Proterozoic
=
@ Archean %
= =2} Eocene
8 56.0-33.9 Mya
&
Paleocene
66.0-56.0 Mya
66

FIGURE 17.29 Time line of the Cenozoic
era, with illustrations of some noteworthy
organisms.

KaivolwIKOC alwvacg

H BaAdoola TIOIKIAOTNTA ATIOKOTACTABONKE. MOAAG
LOPOLIa BNANCTIKA Kal PAPIa TIIPAV TIC OIKOBETEIC TWV
BaAdOaIWV OEIVOCAVPWV.

MeyAaAn TIOIKIAOHOP@IO OTA AYYEIOCTIEPUA QLT Kal
OTO EVTOUO

H e€EAIEN TwV TITNVWV
H evTUTIWOIOK TIOIKIAOHOP®IO TWV @ISV

H e€EAIEN TV BNAACTIKWY ATIO TIC TPEIC YPUMMEC
KOTOYWYNC TIOU ATIEPEIVOV

Evolution 4th Edition,
Futuyma & Kirkpatrick,

Sinauer Associates 2017




OI TIEPIOOOTEPEC YPOUMEC
KOTAYWYHC TWV 0LYXPOVWV
ONAACTIKWV EEEAIXTNKOV
MEOO OTOV KAIVOIWIKO
alwva

Evolution 4th Edition,
Futuyma & Kirkpatrick,
Sinauer Associates 2017

FIGURE 17.30 A phylogeny of living groups of mam-
mals, based on DNA sequence data. The timing of branch
points is based on sequence divergence, calibrated by
many different fossils. The data indicate that most orders
diverged from one another during the Cretaceous. Some
very short branches imply that some groups of orders
diverged within a relatively short time, as is characteristic
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Ol KAMUOTIKEC METAPOAEC TOL MAEIOTOKAIVOU

 MeEoa oto MNAEIoTOKAIVO EEKIVNOOV EVTOVEC KAIMOTIKEG
OIOKLUAVOEIC o€ ouxvoTnta TteEpiTtov 100.000 £Twv

— MayeTWOEIC KOl YETOTIAYETWOEIC PATEIC

* JTIC TTAYETWOEIC PACTEIC, N OTABUN TNC OAANCOOC ETIEPTE
oNUAvVTIKA (akopa Kal 100m o€ oxEon PE T onuEPIv ataoun),
KUPIOPXOULOE N Enpaaia Kal ol XOUNAEC BEPUOKPOTIEC o1
EVKPATA YEWYPAPIKA TIAATN

— 20vdean ENpAc o€ TIOANG ONUEIa Kol HETOKIVNOT QUTWV Kol {WwV
- Ta daon PEIWBNKav Kal ETIRIoaV 0€ TIHYETWON KATUHQLYIO
(refugia)

e Madi Toug Kal TIOAAG €idN QLTWV Kal {WWV



FIGURE 17.33 Pleistccene glaciers (A)

lowered sea level by 100 m or more, IO
s0 that many terresirial regions that i
are now separated by oceanic bar-
riers were connected. These maps
show the configuration of land in
twa parts of the world about 15,000
years ago. {A) Eastern Asia and Morth

Arnerica were jpined by the Bering s

. '
Land Bridge. Mot the extent of the -
glacier in North America. (B) Indone- %
sia and other islands were con- f
nected 1o either southeastern Asia or Motk

Australia. (After [13].)

_ _ — ANAYEC OTNV OTABPN NG
 prpe— : BdAaooacg eTETpePav TIC

were broadly connected when

glciaion owered sea el e e mostorweenn | METOKIVI)OEIC TIANBUOHWV QUTWV

Glaciers r ’
®) = Connanal e exposes - KOl Z(D(,J\) (K(] | TOU (]\)ep(JOT[O U)

(= 200 m below current sea level)

Philippines

Wallace's Line separates two
distinct modem terestrial faunas.

It coresponds to a deespwater
separation between continental plates.
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