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FIGURE 9.2 Can you distinguish the species? (A, B) Gray and rufous morphs of the east-
ern screech owl (Megascops asio). (C) The western screech owl (Megascops kennicoftii).

Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017
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FIGURE 9.6 An example of species
distinguished by morphological charac-
ters. These seven species of horned lizards
(Phrynosoma) from western North America
can be distinguished by differences in

the number, size, and arrangement of
horns and scales as well as body size and
proportions, color pattern, and habitat.
Good scientific drawings can often show
detailed features better than photographs
can, especially when the critical features
are subtle. (From [98].)
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[MpoBANuaTa TNE KAQAOIKNC TAEIVOUIKNC
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. MeyaAn TtoIKIAOpop@ia pEoa ota €idn (VTTOEIdN, PLAECQ)
MAQOTIKOI @aIVOTUTION

[[EVETIKEC JIOPOPEC TIOL OEV AVTIOTOIXOUV OE OPATEC
(POIVOTUTTIKEC DIOPOPEC

A&V UTTAPXEL EEEAIKTIKO OEVAPIO
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O Darwin rjtav 131aiTePa ETUKPITIKOC ATIEVAVTI OTNV
KAQGIKI) TA&IVOUIKN

Charles Darwin (1809-1882)



PUAOYEVETIKOC OPICHOC TOU €id0ULC

* To €ido¢ TIPETTEN VA Eival TIPOIOV TNC EEAIENC
* TTOAAEC DIOPOPETIKEC TIPOTEYYIOEIC

- Ano}\le(buu-[a Kal GVGTOUlKéC 6la(popéc Charles Darwin (1809-1882)

— PUAOYEVETIKEC DIOPOPEC PACIOUEVEC OE MOPIOKOUC DEIKTEC KOl
OAANAOUXIEC
* “A species is the smallest aggregation of populations that
can be diagnosed by a unique combination of character
states”
e (MUAOYEVETIKN TIPOCEYYIOT: £Va €i00C Eival N MIKPOTEPN duvaTh opdda,
TNC OTTOIAC TO PEAN KATAYOVTOI OTIO £VOV KOIVO TIPOYOVO Kal OAX
OIABETOVV DIOKPITA XAPAKTNPIOTIKA OE OXEON ME AANEC OUADEC



DUAOYEVETIKI TIPOOEYYION OTA €10N

Chimpanzee Human Chicken Dinosaur

MoVadIKO Kal OIOKPITO
XOPAKTNPIOTIKO
yvwploua




H €vvola Tou BIoAoyIKOU €id0UC

Eido¢ cival pio opdda TTANBLUGHWY TTIOL UTTOPOUV KAl
EXOUV QVOTIOPAYWYIKH GXEON YETAEL TOLC Kal Eival
OVOTIOPOYWYIKA OTIOUOVWUEVOL ATIO AAANEC OUADEC

H €u@aaon dIVETal GTOV aVATIOPAYWYIKO SIOXWPIOUO
OVAUETO O€ JIAPOPETIKA €idN

O dlaxwplopog dev gival avaykn va gival artOAUTOC Kal
0 YN oXNUATIopog Biwaipou vBpPIdioL deV €ival TO POVO
OTOIXEIO TToL dlaXwpIlel Ta €idn PETAEL TOUC

Ernst Mayr (1904 - 2005)

O opIoPOC TOL BIOAOYIKOU €idoLC €XEI BPEI HEYAAN
papuoyn



[eplopIoPOi TOL OPIGHOL TOU BIOAOYIKOU
gidoug:

* [EWYPAPIKA SIOXWPICHEVA €idN
* APUAETIKOI oOpyavIoloOi
* E€agpaviopéva €idn

- FIGURE 9.3 The geographic ranges of the pygmy nuthatch (Sitta
pygmaeaq, left), in western North America, and of the brown-headed
nuthatch (Sifta pusilla, right), in the southeastern United States, are
separated by hundreds of miles in which neither bird occurs. They
differ in voice and subtly in color pattern. It is difficult to tell if they
are different biological species.

Evolution 4th Edition, Futuyma & Kirkpatrick,
Sinauer Associates 2017
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H €vvola TNC YPOAUUNEG KOTAYWYNC

* 'Evag peTaTANOLOHOC (metapopulation) sival
Jia opada TTANBLCPWY TIOU EIVal YEWYPAPIKA
JIAXWPIOUEVOL PETAEL TOLC, OAAQ BpiokovTal
O€ OVATIOPAYWYIKI oUVOEDN

—  AVTOAAAOOOULV OAANAOUOP@O PECO ATIO
pon yovidiwv

* 'Eva €ido¢ gival Evag HETATIANBLOUOC PE
IKOVH) POI] YOVISIWV WOTE VO OTIOTEAEI Hidt
yovidiakn oeéapevn (gene pool) Kal £Tol va
OTIOTEAEL Hia EEEAIKTIKA YPOMMA KOTOYWYR(
(lineage)




[Mo10¢ OPIoPOC €iVal O KATAAANAOC;

e KaBe oplopog O€iXVEL pia dIOPOPETIKA TIPOCEYYION OTNV
EIO0YEVEDN KOl Eival XPNOIU0G
— O (PULAOYEVETIKOC OPIOUOC €ival XPNOIYOC OTNV TA&IVOUNGOT TwV
EIOWV
* ZETIEPVA TO PEIOVEKTHMATA TOL BIOAOYIKOU OPICUOU
= O BIOAOYIKOC OpIOHOC EVOIOPEPEL TIOAD TOUC EEEAIKTIKOUG
BloAGyouLC

e @EWPOULV TNV @PAYN Kal TNV aTToPovVwaon oav TIPolTo0eon Tou
OIAXWPIOHOL TWV YPOUHWVY KATAYWYHC KOl TOL OXNUATICHOU E10WV

* ®paypoi otn por) yovidiwv (barriers)

Sula nebouxii
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AUO OKOPO OpIoHOI

* 'Evag @paypoc (barrier) gival Ttapayovtog Tou TIEPIBAAAOVTOC, TwWV
yovidiwv, tn¢ nboAoyiac (CLPTIEPIPOPAC), TNC PUOIOAOYIOC N TNC
OIKOAOYIOC €VOC €i00LC TIOL PEIWVEL ) KATAPYEL TN POr YOVIdiwV OTTO
ATOUO EVOC AAAOL EidOUC

- Mropei va gival Tt polVYWTIKOG 1 HETUH{LYWTIKOC

« E100yéveon (speciation) €ival n €EEAIKTIKN dl0dIKOTia PEca ATIO TNV
OTIOIO TIPOKUTITEL EVO VEOC €i00(

— H €1doyéveon TIPOKAAEL pIa EEEAIKTIKN YPOUUA KATOYWYNC VO
OIAXWPIOTEI € OVO 1 TIEPICTOTEPEC YPAUMES KATAYWYNC
(cladogenesis)

— H YEeVETIKI) EKTPOTIN N / KOI N QUOIKNA ETTIIAOYI] UTTOPOLV VA OPACOLV JE

OIAPOPETIKO TPOTIO OTIC VEEC YPOPUEC KATAYWYIC Kal VO 0dNYyoouv
O€ VEQ €idn



Katnyopieg payuwv

* MpolLYWTIKA ATIOPNOVWON
— ATttotportr] (EVYOPWHATOC
* ATIOTPOTIA ouvVAVTNONC
» ATtotportr) (ELyapPWPATOC PETA TN ouvAvVTNOoN
- Mn oxnuatiopog (uywTtoL PETA To (ELyapWUO
e MeTadUYWTIKN ATIOPOVWOTN
- E&wyevnc (TIEPIBAANOVTIKN) MEIWHEVN APUOCTIKOTNTO LBPIGIOV
- Evdoyevnc (Un TIEPIBOAAOVTIKI)) MEIWHEVN OPUOCTIKOTNTA LBPIdIOV



ATIOTPOTII) OLVAVTNONC: YEWYPOPIKI] ATIOUOVWON . :

’ TERELSAUR, | A S To eAa@1 (Cervus

i 2 i S ) elaphus) Kal 10

KOVOOIKO EAAI
(Cervus canadensis)
(OLV O€ OIOPOPETIKEC
NTIEIPOULC KOl OEV
EPXOVTOI O€ ETTOPN VIO
9000 xpovia.

Av ouvovtnBouv
ohuEPA divouv yoviua

LBpidla.
M Elk range Ol ST[IO-Tr,]HOVEC OEV
T 9 Fsk e e gival aiyoupol av

TIPOKEITAL Y10 XWPIOTA
gion.

Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company
left: Paul Tessier / Getty Images; right: DamianKuzdak / Getty Images



ATIOTPOTII) OLVAVTNONC: YEWYPOPIKI] ATIOUOVWON

! f:\ 7\ 7 e, To aVOTOAIKO Kal TO
J - 4. BUTIKG TAXTAV! Efvar

%% Platanus occidentalis 83 @ 6lGX(DplO'|JéVC(

Kl LN TOUAGXIOTOV 50 &K.
Ul e Wi XPOvId, 0AAG divouv
L LA yoviua LBpidia
X (London plane)

Platanus occidentalis
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ATIOTPOTII) OLVAVTNONC: OIKOAOYIK] OTIOMOVWON

didla Tov yévoug
Thamnophis otn B.

ALEPIKN

> € LOATIVO TIEPIBAAAOV

Thamnophis atratus



https://en.wikipedia.org/wiki/Thamnophis_atratus
https://en.wikipedia.org/wiki/Thamnophis_butleri

ATIOTPOTII) OLVAVTNONC: OIKOAOYIK] OTIOMOVWON

O1 TtaoXoAitoec Epilachna vigintioctomaculata Plant family and species v B
Kol E. pustulosa Tiopaoitoly Kal TPEPOoVTal OE gheé‘;%ﬂaceae ;finachhsﬂgnggaiﬂfﬁf‘?; pustum *
r r ’ en I eae ue conos LIoLAYILMm rooustu -t
5l0((p0p81’lKG puta kat O€V OLVOVTWVTAL Cruciferae Chinese cabbage Brassica campestris + +
Leguminosae soy bean Glycine max +
E. pustulosa scarlet bean Phaseolus coccineus +
yard long bean Vigna Catiang var. sinensis + +
Buxaceae FPachysandra terminalis +
Araliaceae senncki Kalopanax pictus +
Solanaceae Physaliastrum japonicum +
black nightshade Solanum nigrum o ? +
5. megacarpum +++ ++
potato S. tuberosum e+ +4?
egg plant 5. melongena + +
tomato Lycopersicon esculentum + +
green pepper Capsium annuum + +

Datura stramonium var. chalybea
Cucurbitaceae Schizopepon bryoniaefolius et +

+

water melon Citrullus vulgaris +

cucumber Cucumis sativus 4 +

melon C. melo +

pumpkin Cucurbita pepo -
Compositae thistle Cirsium spp. ++

creeping thistle Breea sefosa - ++

great burdock Arctium Lappa + +

E. vigintioctomaculata . — "
+++ main host plant; ++ subsidiary host plant; + edible plant; ? assumed.

Katakura (1997), Zoological Science, 14(6):869-881 (1997)
https.//doi.org/10.2108/zsj.14.869


https://en.wikipedia.org/wiki/Thamnophis_butleri
https://doi.org/10.2108/zsj.14.869
https://doi.org/10.2108/zsj.14.869

ATIOTPOTT (ELYOPWHOTOC: XPOVIKI ATIOPNOVWON

AUVO BI0QOPETIKA €idN KOPaAAIwV Montastraea
OTIEAELOEPWVOULV YAUETEC OE DIAPOPETIKO XPOVO

Spawning times

B M. annularis
W M. franksi

Frequency

TR <120 1:40 200 220 240 300 320 340 400 420 440
' e e i o Time past sunset (hours, minutes)

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

O @puvoc Bufo americanus avattapAyeTal VwPI¢ To KAAOKaipL, evw o B. fowleri avartapayetal Ttpog
TO TEAOC TOL KOAOKOIPIOU

Bufo americanus Bufo fowleri




ATIOTPOTIN) (ELYOPWHPATOC: XPOVIKI] /OIKOAOYIKH] OTIOMOVWON

To €idog Dendrobium nobile avBilel otav To €idoc Dendrobium phalaenopsis aveilel
UTTAPXEl CUYKEKPIPEVN BEPUOKPATia OTaV N MEPA Eival LIKPN), UE OXETIKN (E0TN




ATIOTPOTIN) (ELYOPWPATOC: ETIIKOVIOOTEC

(A) M. lewisii (B) M. cardinalis

FIGURE 9.7 Pollinator isolation in monkeyflowers. (A) Mimulus

lewisii has the broadly splayed petals characteristic of many bee-

pollinated flowers. (B) M. cardinalis has the red coloration and

narrow, tubular form that have evolved independently in many

bird-pollinated flowers. (C) Some F, hybrids, showing the varia-

fion that Schemske and Bradshaw used to analyze the genetic Evolution 4th Edition, Futuyma & Kirkpatrick,
basis of differences between these two species. (From [92].) Sinauer Associates 2017




ATIOTPOTI) (ELYOPWHATOC: TIPOCEAKLON CUVTPOQPOU

DUAETIKI] ATIOPOVWAOT AOYW XNHIKWVY
ONUATWV:

H rtetaAovda Ostrinia nubilalis €xel otnv
EupwTin d00 TTANBLCPOLE, OTIOL TA
OPOEVIKA EAKVOVTAI ATIO TEAEIWC
OIOPOPETIKEC PEPOPOVEC TIOV EKTTEUTIOLV
Ta BNAUKA.

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




ATIOTPOTI (ELYOPWHATOC: TIPOCEAKLON CUVTPOPOU

DUAETIKI] OTIOPOVWAT HECW NXNTIKWVY
KOAEOUATWV:

O BnAukog devdpofatpaxog Hyla chrysoscelis
OVTOTIOKPIVETOI OTTOKAEIOTIKA OTO KAAECUO TOU
OPOEVIKOV TOL OIKOU TOU €id0oUC Kal OXI O€
TIOPEUPEPEC KAAETUO OTTO GAAQ €idN.

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

Hyla chrysoscelis




ATIOTPOTIN (ELYOPWMOTOC: TIPOCEAKLOT CLVTPOPOU

Heliconius cydno

DUAETIKI] ATIOPOVWON HECW XPWUOTIOPWV:

Ta apoevika Twv €1dwv Heliconius &gxwpiouv Ta
ONAULKA OTIO Ta OXEDIO KOl TA XPWHATA OTA QPTEPJ.

Heliconius pachinus

University of Chicago Medical Center



ATIOTPOTI (ELYOPWHATOC: TIPOCEAKLON CUVTPOPOU

PUAETIKI ATIOPOVWON HECW NXNTIKWVY KOAECUATWV: T VO TITNVA ToU yévoucg Sturnella dev
MTTOPOUV VO avaTtapaxBouv PHETAED TOLC YIAT OEV £XOUV TO idI0 «TPAYOULdI»

Sturnella magna Sturnella neglecta

—



PUAETIKA aTIOPOVWON
MECW QWTEIVWV
TIPOTUTIWV:

AlOQOPETIKA €idN
TTUYOAQUTTIONC
EKTIEUTIOLV
OIAPOPETIKA TIPOTULTIA
QWTIOUOU Kal JE TOV
TPOTIO AUTO TO
OPOEVIKA
avayvwpidouv 1
BNALKA TOL BIKOU TOLC
€idouc




ATIOTPOTIH (ELYOPWHOTOC: TIPOCEAKLOT CLVTPOPOU

PUAETIKN ATIOPOVWON
MECW XOPEUTIKWV
KIVI|OEWV:

To apOEVIKO
BaA0cOoOTIOVAI

Sula nebouxii EKTEAEI
EVO OUYKEKPIUEVO
OUVOAO XOPEVTIKWV
KIVI|OEWV YIO VA YiVEl
OTTOOEKTO ATIO TO
BNAUKO. ZUYYEVIKA €idn
KAVOULV EADPPWC
OIOPOPETIKEC KIVIOEIC,
KATI TTOU Eival OPKETO
YIO VO TO OTIOPOVWOEL
OVOTIOPAYWYIKA
METAEL TOUC.

https //WWW youtube com/watch ’)v—l VfuNrKA O



; ; A
ATTOTLXIO YOVIMOTIOINONG:

LOPEOAOYIKH aoLUBaToTnTa

FIGURE 9.10 Differences in genitalia

can contribute to reproductive isolation
between species if copulation between
them occurs. (A) The genital arch in male
Drosophila is involved in transferring
sperm to females. Its shape differs among
closely related species, as the close-ups  (C)
show: (B) D. sechellia, (C) D. mauritiana,
(D) D. simulans. This morphological fea-
ture is almost the only one by which these
species differ. (A from [53]; B, C,and D
courtesy of J. R. True.)

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

(B)




ATIOTULXIO YyoviuoTIoinoNG:

LOPEOAOYIKH aoLUBaToTnTa

Ta coAlyKapla Ye dI0POPETIKA POPa CGTIEIPWONC
OTO KEAUQOC d¢v gival oupfatd

AoLUBATOTNTA YOUETWY OE JIAPOPETIKA €idN
axIVOU: Ol YOUETEC Oev eTTICOVV PECT OTO
QVATIOPAYWYIKO GUCTNUA TOL AAAOUL (PUAOU

ATTOTULXIO YOVIPOTIOINONG:

YOUETIK) aouuBatotnta



ATIOTUXIO YyovipoTtoinong:
YOUETIKI) aoupBatotnta

>Ta OTPEIdIO TNCG OIKoYEVEInG Haliotis
(abalone), 10 OTIEPUO PEPEL TNV TIPWTEIVN
ALGIVN OTNV KOPLPI) TOU OTIEPUATOC
TIPOKEIUEVOL VA dNMUIOVPYCEL AVOoIlyua OTNV
TIPOOTATEVTIKI ETUPAVEIN TOU wapiov. KABe

€i00C £XEl DIAPOPETIKY) OAANAOLXI
OUIVOEEWV VIO TN ALCivh, KAVOVTOC TOUC
YOUETEC DIAPOPETIKWV E10WV aoLUBATOLC.

(A) Haliotis tuberculata tuberculata, (B) Haliotis tuberculata tuberculata with lamellae, (C)
Haliotis mykonosensis, (D) Haliotis tuberculata coccinea, (E) Haliotis stomatiaeformis

Chiappa, G.; Fassio, G.; Corso, A.; Crocetta, F.; Modica, M.V.; Oliverio, M.
How Many Abalone Species Live in the Mediterranean Sea? Diversity
2022, 14, 1107. https://doi.org/10.3390/d14121107




Katnyopieg payuwv

* [polLYWTIKN OTIOPNOVWON
— ATttotportr] (ELYOPWHATOC
e ATIOTPOTII) OLVAVTNONC
e ATtotportr) (ELYOPWPATOC PETA TN oLVAVTNON
- Mn oxnuatiopog (uywTtoL PETA To (ELyAPWUO
e MeTtadLYWTIKI ATIOPOVWON
- E&wyevn (TIEPIBAAANOVTIKN) MEIWHUEVN OPPOCTIKOTNTA LBPISIOV
- Evdoyevic (Un TIEPIBAAAOVTIKN) MEIWPEV APUOCTIKOTNTA LPRPIdIOV



E&wyevnc (TIEPIBAAAOVTIKI]) OTIOPNOVWON:

LEIWPEVN OPPOCTIKOTNTO LBPIdIOV

Ol YOVEIC €ival KOAG TIPOCOPUOCHEVOL OTO
TIEPIBAAAOV TOUC, OAAG Ta LPPIdIa OXI. Ol
TIETOAOVOEC Heliconius €X0LV KOKI YELOT] KAl
TIPOEIDOTIOIOVV TA TIOVAIA E TO XPWHA TOUC.
Ta vBpidla dev gival yVWOTA oTA TIOVAIA KAl
OEXOVTAI TIOAD TIEPIOOOTEPEC ETIIOETEIC.

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

FIGURE 9.11 Model butterflies with the
color pattern of the F, hybrid between
Heliconius melpomene and H. cydno
were attacked by birds significantly more
frequently than those with the pattern of
either parent. The low survival of hybrids is
an example of postzygotic isolation caused

by an extrinsic factor. (From [60].)




Ancestor

Evdoyevnc (YEVETIKN) ATIOPOVWOT): MEIWUEVN

OpHOOTIKOTNTA LPBPIdIOV A,A.B,B,
Geographic
separation / \
Population 1 Population 2

O1 GLVOLACHOI TWV YOVIdIWVY (XPWHOCWHATWVY,
YOVISIWUATWVY) TwV OVO YOVEWV dNUIOVPYoUV AA.B.B, A.A,B.B,
LBPIdIa TTOL £XOLV XOUNALN OPUOCTIKOTNTO
(UEIWPEVN BIWOINOTNTA 1] OTEIPOTNTA)

Genetic
divergence

awil|

Y1t60eon acvppatotntag Dobzhansky-Muller

AEAZB‘EB‘E A‘EA‘EBE'BE

F, hybrids A.AB.B,

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



Evdoyevri¢ (YEVETIKN) OTIOPOVWOT): MEIWUEVN OPUOCTIKOTNTA LBPIdIOV

o © o
n (8)] [e)]
U1 o 92}

T 1
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(population A) o I
Male
(population B)
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hybrld backcross backcross

O olgo

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

FIGURE 9.13 Crosses show that the low fithess
of hybrids between populations of the cope-
pod Tigriopus californicus is caused by a genetic
mismatch between mitochondrial and nuclear
genes. Maternally inherited mitochondria (circles)
and nuclear chromosomes inherited from both
parents (rods) of populations A and B are colored
red and blue, respectively. Crosses produce F,
hybrids with population A mitochondria. These F,
offspring have slightly higher survival, showing
“hybrid vigor.” Crosses then produce F, and F,
hybrids, with recombined nuclear genes. The pa-
ternal backcross is produced by mating F; females
with population B males. These offspring have
low fitness, because most of the nuclear genes
come from population B and are mismatched

to the mitochondrial genes from population A.

In contrast, offspring of the maternal backcross,
in which most of the nuclear genes come from
the same population as the mitochondria, have
normal, high survival. (After [9].)




Evdoyevri¢ (YEVETIKN) OTIOPOVWOT): MEIWUEVN OPUOCTIKOTNTA LBPIdIOV

A Ta cuyyevika €idn Mimulus
s - Hybrid male sterility 2 (Hms2) guttatus koi M. Nasutus
) oLVAVTWVTAI TNV
800~ KaAipopvia Kai
oxnuatidouv vBpidla. H
o yOpn Twv LPPISIwY gival
5 600 ouVNBWC EAQTTWMOTIKI).
Vi
B 500~ BpéBnkav d00 yovidia TTou
s OXETI(OVTal PE TN
£ 400~ YOVIPOTNTO TNC YOpNng Ta
= Hms1 kot Hms2.
S 300~
200~ Mimulus guttatus Mimulus nasutus
100~ Otav ouvdvaletal Eva aAANAOLIOPEPO Tou M.
guttatus oto Hms1 pe éva tou M. nasutus oto
> T & 5 = "2 Hms2, T0te n yupn ival xaunAng {wTtikOtnTag

Position along chromosome 13

Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020 W. H. Freeman and Company
left photo: Juergen + Christine Sohns / Picture Press / Getty Images; right photo: Amanda Kenney



Evdoyevnc (YEVETIKN) ATIOUOVWOT:

OTEIPOTNTA LBPIdIOV

Ta yovAdpia (LBPIdIa HETOEL aAOY WV
KOl YOIOOULPIWV) €XOLV HOVO apIBUO
XPWHOOWMUATWY Kal €ival OTEipa.

ANoYO: 64 xpwuoowpuata (32 {svyn)
[cidapoc: 62 (31 XpwHoowWUATA)
MouAdpl: 63 XpwpoowuaTa




Mnxaviouoi €100YEVEDNC

* H c1doyévean ival n e€EAIEN TWV PNXAVIOUWY OTIOUOVWONG

e H 1110 OLVNBNC TIEPITTTWON TIEPIAAUBAVEL EVAV OPXIKO YEWYPOPIKO
OIOXWPICHO Kal TN OIAKOTIH ETTIIKOIVWVIOC HETOEL TWV dVO TIANBLCHWVY
— XTI OULVEXEIQ, Ol TTANBLC oI E€EAicOoOVTAl AUVTOVOO KOl OTIOKTOUV

HMOP@POAOYIKEC Kl PUOIOAOYIKEC OIOPOPEC I TtpocapuolovTal o€
OIAPOPETIKA TIEPIBAANOVT

— AV TEAIKA TIPOKANBEL avaTtapaywyIKr artopovwaon, TOTE €XOUPE dVO VEX €idN
KOl O UNXOVIOUOC aUTOC AEYETOl OAAOTIATPIO EI00YEVED

e O YEWYPAPIKOC dIOXWPIOHOC Eival ONUOVTIKI apXIKI ouvenkn yia va
TIEPIOPIOTEL N por) Yovidiwv PETAEL TwV TIANBLCPWY KAl VA ETIITPATIEI N
OPACN TWV EEEAIKTIKWV OUVAUEWV XWPIOTA
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YEWYPAPIKAC EEATIAWONC
€VOC TTANBLCoPOL

Dispersal
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Ancestral population Geographic Isolation Speciation
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O 1006po6¢ oL Mavaud
OXNUOTIOTNKE TIPIV 3 €K
XPOvIa.

[EVETIKEC EPELVEC £OEIEAV
OTI KATTOIO €idN yapidag
€ixav TOV TIANCIECTEPO
OUYYEVH 0TNV AAAN TIAELPA
TOUL 100uOoL:

BIKOPIOVIOHOG
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To Grand Canyon otic HINA
OTIOTEAEI ONUAVTIKO
EUTIOBIO OTNV Kivnon
TIANBLG WV KOl TIPOKOAEI
(POIVOUEVO BIKOPIAVIOHOO.

Edw Vyia €idn Twv YEVWV

=

Ammospermophilus kai S b, abert

Sciurus. south rim north rim
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BIKOPIOVIOHOG

O mtotapog Kovyko
OlaXwpPICEl UTTOEION
TOU XIUTTATdr) KOl TOV
HUTTOVOUTIO PETOEL
TOULG

Pan troglodytes verus
B Pan trogiodytes vellerosus
B Pan troglodytes troglodytes
B Pan troglodytes schweinfurthii
. Pan paniscus

Pan troglodytes
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Mpoocappootiki diacTiopd (adaptive radiation)

E&ATTAON TIANBLOUWV 1] E10WV O€ VEA TIEPIBAANOVTO PIE
€EEAIKTIKI] OTIOKAION AOYW TIPOCAPUOYC.

MpoKaAgital attO TIOAAG JIOPOPETIKA TIEPIBAAAOVTA, OTIOU
€EATIAWVETAI £V APXIKO €id0¢, oLvBWC YE aTIOLTIN
(PUOIKWV EXBPWV KOl OVTAYWVIOTIKWV E10WV OTA VEX OLTA
TiePIBAAAOVTO.

AlOQOPETIKA €idN XEAWVAC OTA VN OoId
Galapagos




Kauai (5.1 mya)
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B N"h (2.6 mya)
Bow oy W L Molokai
L E B B E B (4.9 mya) (1.9 mya) (1.76 mya)
(3.7 mya)
(1.28 mya)
, Kahoolawe
To apxITteAayoq (1 mya)

NC Xapang eivai
€va TIOAD KOAQ
MEAETNUEVO
TIAPAdEIY O
TIPOCOPUOCTIKAC
dIAOTIOPAC

O 50 108 150 ki

Formed mya = millions of years ago

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

Company




. : “Tarweeds” of Hawaiian Islands
AN\OTTATPIO €100YEVEDN

Clo Nort American relative,
the tarweed Carlquistia muirii

million
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HAWAII

0.4
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Dubautia aiafealae

Dubautia scabra Enl e S £
Dubautia linearis
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MeAlooo@ayol ota vnold XaBan

>T0 apXITtEAayog XaBdan n puolIkn
ETIIAOYT 00NYNOE O€ TIPOCOPHOYN
TWV TITNVWV O€ JIAPOPETIKA €idN
TPOPNC. Ta TITNVA aPXIKA avhKav €
EVO OUYKEKPIPEVO €iDOC TTOU
METAVAOTELOE TIPOC TA dlAPOoPA
VNoId TOU aPXITIEAAYOUC

Nihoa Finch

insects, seeds,

Amakihi
' nectar and insects |

Akiapola'au
| insects

Maui Parrothill

insects
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e 3TN YEWYPOUPIKA OTIOUOVWOT), OEV Eival JOVO 1 QUOIKNA ETIIAOYI] TIOU
TIPOKOAEI O10POPOTIOINGN Kal EIO0YEVEDN, OAAQ KOl N YEVETIKI EKTPOTIH)

- Idlaitepa Otav 1dPLOVTAL VEOI TTANBLVOUOI PIKPOUL PEYEBOLC
* [MepimtaTpia e100yEVEDN
— ApXn Tou 1dpLTH)

e Al@QOPOTIOINCN TIEPIPEPEIOKWVY TIANBLOPWVY AOYW UIKPOU TIANBUOUIOKOU
LEyEBoLC

—  MIKPOI KOl OTIOPOVWUEVOL TIANBUCUOI EHPAVIOLY TIOAD EVTOVEC OIOPOPEC OF
OX€O0N PE TOUC KLPIOLC TTANBLOUOUC

— [dpLovTtal aTtd Aiya ATOUO TIOL ATIOKOTITOVTAL OTTO TOV KUPIWC TIANBLOUO

e Paydaia diagpopoTroinon AOYyw EKTPOTINC 0€ OAQ Ta yovidla!
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CEVETIKN ETTOVACTOON

To (PAIVOPEVO TOL I0PUTH OVOUAOTNKE ATIO TOV Mayr Kol «YEVETIKI)
Emst Mayr (1904-2005)  ETIOVAICTOCN» AOYW TNC PAYdAIOTNTAC E TNV OTIOIO YivovTal Ol
OAAQYEC OTOLC VEOLC TIANBLOOULC

EKTOC aTTtO TN YEVETIKI) EKTPOTIH, KATA TNV TIEPITIATPIA EIOOYEVEDN
Opa TAUTOXPOVA KAl I PUOIKI] ETTIIAOYI], TTOU 0dNYEi O€
TIPOCOPUOYN O€ VEA TIEPIBAAOVTA

H dia@opd TNC TIEPITIATPIAG ATIO TNV TIEPITITWAON TN dIACTIOPAC
(aANoTtaTpla €100YEVEDN) Eival OTI OTNV TIPWTN TIEPITITWON O VEOC
TIANBLOPOC TIOU 1OPVETAI Eival PUIKPOC KAl N YEVETIKK) EKTPOTIN
gival N Baoikn dVVON TIOU TIPOKOAEL EEEAIEN
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T. carolinae

T. galatea

SPECIES AND SPECIATION 235

FIGURE 9.21 Variation among paradise kingfishers in New Guinea. Tanysiptera
galatea is distributed throughout the New Guinea lowlands (regions 1, 2, 3) and
some satellite islands (4, 5). The very localized forms TI. riedelii on Biak Island (6)
and T. carolinae on Numfor Island (7) are distinct species. Mayr [56] proposed
that these represent cases of founder effect speciation. (T. galatea photo
courtesy of Rob Hutchinson/Birdtour Asia; T. riedelii and T. carolinae courtesy of
Mehd Halaouate.)

Admiralty Is  *

New Britain
Solomon Is

Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017
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e MTTOPEI VO TIPOKLVYPEL E1O0YEVECN OTAV OEV UTTAPXEl YEWYPUAPIKI)
OTIOPOVWON KOl N POr) YOVIdiwv Eival Ttapovoa;

— [pé€ttel va dnuiovpynoei Evag BIOAOYIKOC @PayuOC

AW_,"‘“"

Allopatric Speciation (

A . i

Sympatric Speciation
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FIGURE 9.27 The palms of Lord Howe Island are among

the best examples of sympatric speciation. (A) Lord Howe D o030 Kentia palm Curly palm
Island is small and remote, lying between Australia and /Female
New Zealand. (B) The kentia palm (Howea forsteriana). (C) & 095 flowers /:'I"E"e
The curly palm (H. belmoreana). (D) The flowering time % owers
of the kentia palm overlaps only slightly with that of the g 020 '
curly palm. Each plant has a phase when male flowers =
open, beginning shortly before the female flowers begin g, 015
to open. (After [90]; B,C courtesy of W. J. Baker, Royal < —
Botanic Gardens, Kew.) 8 010l /ﬂemae
LGE . Male \ owers
flowers
0.05
Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017 0—— "t R TR TR

Weeks
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FIGURE 9.26 Genomic differences in the apple maggot fly (Rhagoleti
pomonella), in which populations associated with different host plants
have diverged by natural selection. The difference in allele frequency
between the populations is measured as F; for several loci on one
chromosome. Similar patfterns were found for loci on the other chro-
mosomes. Loci with significant allele frequency differences between
samples from different host populations are shown in green. These loci
and several of those shown in purple, are thought to be near genes the
contribute fo reproductive isolation. (After [61].)

Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017
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* Mia evdlapean pop@r) EI00YEVEONC, OVAUETO GTNV OAAOTIATPIO KOl TN
ougTIaTpla
*  ATIONOVWOTN XWPIC QUTIKO PPAYUO
e 2 UVEXOUEVOI TTANBLUOHOI TIOL EKTEIVOVTAL OE PIO MEYAAN YEWYPOPIKI)
TIEPIOXN)
- H arntoéotaon euttodidel tn pory yovidiwv o€ OAn TNV EKTAON TOL TIANBLGHOV
- Ta Akpa €ival OTTOPOVWPEVA OAAA Ol KOVTIVEG TIEPIOXEC OXI
o H eTuAOyN TIPETIEI VA €ival TIOAD 10XUP] TIPOKEIMEVOL VO UTTEPVIKNOEL TN

YOVIOIOKI por) (Ta LBPISI0 TIPETTEL VO £XOUV CNUAVTIKA XOUNAOTEPN
OPMOCTIKOTNTO OTTO TOUC KABOPOULE TUTIOUC

—  MEIOVEKTNUO TOU ETEPOLLYWTN
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FIGURE 9.28 Incipient speciation with gene
flow: divergence of lizards on the white sand
and dark soil habitats shown in the photos at
fop. Multiple nuclear genes show that geno-
types differ between habitats strongly in Hol-
brookia maculata and less so in Sceloporus
undulatus. Each bar represents the genotype
of one individual. The proportion of a bar that
is green shows the probability, based on a liz-
ard's genotype, that the individual belongs to
a distinct white sand population, and the pro-

= T
portion that is blue that it belongs to a distinct q | I

aeneuc score

dark soil population. Bars with infermediate
amounts of green and blue indicate that the
individual has a mixed genotype. (After [86].)

Evolution 4th Edition, Futuyma & Kirkpatrick, Sinauer Associates 2017
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EidoyEveon HEOW TIOAVTIAOEIdIOC

MEIWTIKA TQAAJOTA UTTIOPEL VO
0dNyrioouv o€ BIWCIPO ATOPO PE
TTOAUTTAOEIDEC YoVIdiwpa (cLVABWC
an).

‘Eva TTOAUTTAOEIOEC ATOPO €ival
AUECO OTIOUOVWPEVO OTTO TOV
UTTOAOITTO TTANBLOUO, APOUL Ol
OTIOYOVOI EVOC 2N Kal EVOC 4n
OTOMOL Ba rTav 3n — cuvRBWC

un-Biwaoipo

[Mapadelyua, @ULTA TOL YEVOUC
Anemone




EidoyEveon HEOW PETAANAENC
]

Hox gene 6 Hox grne 7 Hox gene 8

Av OLUBEI HETAANOEN

O€ ONUAVTIKO YOVidlo
About 400 mya /\ TIOU ENEYXEL TNV
aVATITUEN, UTTOPEL VO
TIPOKVYPEL auTopaTa
OVOTIOPOYWYIKN

aovupBatotnta

Avtopatn
€100YyEvEDN

\_

Drosophila Artemia




Heterochrony | neotony

H avAartuén twv XapakTpwyv
OKOAOUBEI dIAPOPETIKO XPOVIKO
MoTifo.

KATtola XapaktnpIoTIKA Tou
avBpwTIov Bewpeital Ot
eEEAIXTNKOV ATIO CUVTOUOTEPN
dlaQOPOTIOINON XAPAKTIPWVY
TOUL XIuTtatdy).
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