Fylogeneze a diverzita organismu
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Literatura

pro “obecnou” cast:

posledni kapitola Zrzavy et al. 2004: Jak se
dela evoluce (nove vydani 2016777?)

nektere kapitoly Flegr 2005: Evolucni biologie
pro “systematickou” cast:

vsechno spatne, v cestine komplexni
zpracovani neexistuje, tradicni ucebnice
beznadejne zastaralé a nepouzitelne

pouzitelné popularni shrnuti Dawkins 2008:
Pribeh predka




Biodiverzita
a jeji puvod

"An inordinate fondness for beetles"

...reply of the British polymath J.B.S. Haldane
(1892-1964), when asked what could be inferred
about the mind of the Creator from a study of the
works of Creation.

%




Biodiverzita (1985)

Diverzita geneticka, druhova, ekosystémova
Alfa-diverzita: pocCet neceho uvnitr ekosystemu, oblasti apod.

Beta-diverzita: rozdil v neCem mezi ekosystémy (jak moc se
meni druny mezi body A a B)

(Gama-diverzita: velka diverzita velké oblasti)




rozsireni (+
fylogeneze)
5949 druhu
pévcu

Alfa- a beta-diverzita
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Globalni diverzita
aneb
kolik je druhu?

Kolik je popsanych druhu?
neco pres milion
ale co to znamena?

popisuje se uz 250 let a taxonomove jsou z
velkeé casti silenci (a amatéri): spousta
synonym, nejasna kritéria, ,filatelisticky”
pristup

In other sciences the work of incompetents is
merely [gnored; in laxonomy, because of
priority, it is preserved, and too much of the
lime of subsequent taxonomists is devoted fo
Straightening out work of such people
(Michener 1963)




Narust poctu popsanych
druhu

(a) Species (b) Cumulative species (c) Taxonomists (d) Species per taxonomist
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Saturacni
Krivky
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Takze kolik druhu?

zname 14 % kontinentalnich a 9 % mofrskych druht (za 250 let)

poslednich 20 let: 6200 druhu ro¢né, 25 druhu za kariéru jednoho
taxonoma, skoro 50 tis. USD na popis jednoho druhu -

extrapolace: popis ostatnich bude trvat 1200 let, bude to
vyzadovat pfes 300 tis. taxonomu a sezere to pres 350 mid. USD

Table 2. Currently catalogued and predicted total number of species on Earth and in the ocean.

Earth Ocean

Catalogued *SE

171082 145,000
4859 T7ADD 9,640
1097 53 11,100
8600 6,600 9,130
6,690

193756 2210,000 162,000

1 1
9,680 3470 652 1320 436
10,100 3,630 653 1320 436
Grand Total 8,750,000 1,300,000 184,409 2,210,000 182,000
Predictions for prokaryotes represent a lower bound because they do not consider undescribed higher taxa, For protozoa, the ocean database was substantially mor

omplete than the database for the entire Earth so we only used the former to estimate the total number of species in this taxon. All predictions were rounded to three
significant digits.




Kolik je nepopsanych druhu?

nepopsanych: ?7?7?

-> pokus T. Erwina o vypocet pomoci
,Jrovnice"




Drakeova (Green Bank) rovnice
jako jiny (taky absurdni) priklad pocitani rovnic
z neznamych udaju

fl is the fracton of those
planets where life develops

fp is the fracton of those
stars with planets {thought to
be around 1/2)

perple e o A T L is the lifetime of such
planets e for liquid ' communicative civilizations
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*Erwin aplikoval na tropické podminky znalosti ekologie z
temperatu

«temperatni ekologické sité mohou byt velmi specializované, ale
tropické ne (kvuli vysokeé diverzité) — tj. tropicka specializace je
mensi




Tara Oceans Expedition

e 2009-2012 (prvni vysledky publikovany
2015)
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Poznani diverzity

az donedavna zavislé na tom,
které organismy jsme schopni
potkat, rozlisit, nasbirat,
konzervovat Ci kultivovat

(v bakteriologii tento predpotopni
pristup preziva - ,Candidatus
X))

PCR: moznost odhalit i
,neviditelne organismy"” v
prirodnich vzorcich

vysledek: druhu je mnohem vic,
ale stupen lokalniho endemismu je
casto nizky




~Dark mafter

neviditelné organismy v
prirodnich vzorcich

vyznamny podil
eukaryotniho pikoplanktonu
0.2-2.0 ym) — ale obvykle
nove druhy ve starych
skupinach (x Picozoa)

X obrovské mnozstvi novych
a neznamych skupin
,prokaryot*
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Poznani diverzity

Pseudoryx
(1993)




Poznani diverzity

gk Loricifera (1983):
_, ) SN Pliciloricus
Micrognathozoa
(2000):
Limnognathia

Cycliophora (1995):
Symbion Dendrogramma (2014)

=)




Takze kolik druhu?

Erwin: ~ 30 M

Novotny: ~ 4 M (v tropech je nizsi hostitelska
specificita)

jde ovS§em o pocet druhu hmyzu (protoze vérime,
ze ten reprezentuje nejvetsi cast biodiverzity)

ale kolik je druhu hlistic, hub, bakterii???
X saturacni krivky: ~ 11 M (Tara Oceans: 16 M?)
a jsou vubec u asexualnich organismu ,druhy“?




Biodiverzita a fylogeneze

» druhy jsou ruzné staré (nejstarsi radové miliony
let, nejmladsi vznikaji zrovna ted) = druhy jsou
fylogeneticky ruzné vyznamné
druhy jsou ruzné vyznamné ekologicky, ruzné
unikatni morfologicky, geneticky apod.

druhy jsou ruzné nadéjné, pokud jde o budouci
evoluci (napr. pévci, nékteré skupiny jestéru,
cichlidy, kaprovité ryby zazivaji recentni
adaptivni radiace)




Fylogeneze a ochrana prirody

* konzervacni priority: mj.
fylogeneticka izolovanost ({].
o jak velky kus Stromu zivota
prijdeme, kdyz druh vymre)
ruzné indexy, napr. £ED
(evolutionary distinctiveness) T Nowagenver
= délka vétve/pocet druhu

projekt EDGE (evolutionarily s _
aistinct and globally i -
endangered): izolované druhy [ II I‘_
jsou vyrazne ohrozené! J1LLLLTH
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top 10 savcu
podle ED




top 10 savcu podle EDGE

+ 12. asijsky slon, 13.-14. osli, 16.
ksukol, 18.-19. ,pandy”, 21. hrosik,
57. CincCila, 62. sajga, 88.-89.
plejtvaci, 97. orangutan...




Druhova diverzita

» ptaci ~ savci
* ale ne obojzivelnici




Celkova druhova pestrost




A VA 4

RozSifeni ohrozenych druhu a druhu s
malym arealem (= potencialne ohrozenych)




Vznik globalni diverzity:
prostor (biogeografie)




Biogeografie

rozSireni organismu na Zemi je dano
faktory geografickymi (odkud kam se Ize
rozsirit), ekologickymi i historickymi
(dnesni mapa sveta je mladsi nez
vétSina dnesnich skupin organismu)

arealy jsou oddelené geografickymi a
ekologickymi barierami




Puvod arealu

» disperzni biogeografie: dnesni areal
druhu/taxonu vznikl druhotnou disperzi
z puvodniho ,centra rozSireni“ (tj.
geografie je starsi nez rozsireni taxonu)

» vikariantni biogeografie: puvodni areal
byl druhotne rozdelen barierami (1.

rozsireni taxonu je starsi nez dnesni
geografie)




time

» vikariance
e geodisperze
* Dbiodisperze
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Mississippian (345 - 335 Ma)
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Sakmarian arc
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Early Mississippian 340 Ma
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Sonoman), (R Y. Cathyasian
orogeny |\ INAMESHE" DT orogeny

Pacific Ocean

Late Triassic 220 Ma




Rozpad Pangey

spodni-stredni jura: ocean Tethys oddeluje
Laurasii a Gondwanu
spodni krida: Gondwana se stepi na

Afriku-dizni Ameriku, Indii-Madagaskar a
Australii-Antarktidu-Zélandii

pocatek tretihor: kompletni rozpad
Gondwany | Laurasie (na Severni Ameriku
a Eurasii)

zmeny klimatu (studené proudy kolem
izolovane Antarktidy)




Historicke vztahy mezi kontinenty

* Eurasie + Severni
Amerika (dlouho spolu,
stale obnovovane
spojeni, spolecny vyvoj
ve tretihorach, propojeni
béhem glacialu)

Afrika + Jizni Amerika,
Indie + Madagaskar,
Australie + Zélandie +
Antarktida (samostatné
bloky s izolovanym
vyvojem)




Early Jurassic 200 Ma
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Biogeograficke oblasti sveta

ot

Wallace 1880




Moderni revize A ool
obratlovcu)

C Mammals

1 4

ovsem obratlovci nejsou vsechno...




Potopene kontinenty a
,mikrokontinenty”

mnohé ,ostrovy“ jsou ve
skutecnosti fragmenty starych
kontinentu se starou (druhohorni)
biotou

Zélandie (= Tasmantis): Novy
Zéland, Nova Kaledonie, Norfolk,
ostrov Lorda Howea

Maskaréenske plato: Seychely (ale N oz

>~ Narfolk I.
AUSTRALIA 1 A

Maskarény vznikly de novo) )

Kerguelenskeé plato: Kergueleny,
Hearduv ostrov, McDonalduv
ostrov




Biogeograficke vztahy mezi
kontinenty

* |ze ocekavat 3-4 vrstvy _ TN

New Caledonia

4 \l P ‘ ., New Zealand
/i ¢ Australia
. 4 5 A
A T = *
\

* 1. spolecha, ,,druhohorni”
(skupiny rozsirene na nekolika
laurasijskych nebo
gondwanskych kontinentech)
nejcasteji ,amfinoticka biota" v
jiznich oblastech gondwanskych
kontinentu (napf. jizni ¢ast J.
Ameriky, jizni Australie,

Tasmanie, Novy Zéland, Nova fﬂi“éiﬁh3?&'25?2’3.1?’2‘if,'fl,f.’!rf'ﬁ?,'.‘i‘,’fﬁ?;ifu_.u.

or a different (red) biome are shown along each arrow. Arr
) the num

€88 18

L] . -
K | pmpurlmlml (6 umber of colonzations, ranging from vents
a e OI I Ie dashed lines indicate fewer than 4 events. Four ambiguous colonizations are

not shown.




,Druhohorni biota”
(zalezi na realnem stéh’)

*ﬁfﬁ

Noz‘thagui

Profopterus Peloridiidae




Biogeografické vztahy
mezi kontinenty

« 2. unikatni, izolovana biota kazdeho
kontinentu




Biogeograficke vztahy mezi
kontinenty

3. noveé vznikajici superkontinenty (tj. novy
kontakt dosud izolovanych biot, Casto zcela
odliSného puvodu)

60 Mya: Eurasie + Indie (alpsko-himalajské
vrasneni)

15 Mya: Severni Amerika + Jizni Amerika (3
Mya: definitivni Panamska sije, Velka americka
vymena)

5 Mya: Afrika + Eurasie




Velka americka vymeéna

severni fauna
nesrovnatelne uspesnejsi
(malo neotropickych
elementu prekrodilo
tropicke oblasti Stredni
Ameriky)

Darren Naish
Tetrapod Zoology




Biogeograficke vztahy mezi
kontinenty

* 4. dalkové disperze (mangrovove ostrovy,
letajici organismy a jejich disperzni stadia)

* biogeograficka ,logika” dana ekologicky a
geograficky (blizkost, smér proudu), nikoliv
historicky (jihoamericti primati a
hystrikognatni hlodavci)

 osidlovani oceanskych ostrovu




« bud fragmenty kontinentu, OStrOVy

nebo de novo osidlované

mikroinsularizace:
,jnekompletni® slozeni
ekosystému, nahodné invaze
z blizkych kontinentu,
vyrazne zmeny morfologie...




Ostrovy

ostrov Hateg
(krida)




Zasadni zmeny v kenozoiku
(= tretihory” + ,Ctvrtohory)

poslednich 66 My

chladna etapa (glacialy a o neco
teplejsi interglacialy: rozdil v
opcr:L;merne teploté maximalne 10
dnes interglacial (ale stale trva
zalednéni celych kontinentu!)
bazalni priciny glacialniho cykly
nejasné (MilankoviCovy cykly:
interference solarniho cyklu,
zmen geometrie systému Zeme-
Slunce, zmen gravitacniho
usporadani Slunce-Jupiter-
Saturn ...)

Phanerozoic Climate Change

U 100 150 200 250 300 350 400 450

Millions of Years Ago

65 Million Years
of Climate Change

20 30 40
Millions of Years Ago




Posledni doba ledova

Europe during the last Ice Age
(20.000 years ago)




Refugia

 glacialni refugia pro
teplomilne

* Interglacialni refugia pro
chladnomilné

e (+ refugia pro
kontinentalni)




Posledni doba ledova: redukce plochy
tropickych lesu

Il closed Forest (>70% canopy cover)
[] Extreme Desert (<2% vegetation cover)
[] Glacial lce




Biogeografie kontinentalnich
vod a mori

Mesopelagic

1. kontinentalni vody = sous
2. morsky litoral - vysoky endemismus (Selfova
more jsou zatopené okraje kontinentu, nikoliv prava —
more)

3. morsky abysal - vysoky endemismus
4. morsky pelagial = nizky endemismus (diverzita

hloubkova, arkticko-tropicko-antarkticka, atlantsko- Abyssopelagic
indopacificka)

= 'ﬁ"” : %




Druh, speciace a extinkce

type A
Orcirus orc Already Critically
extinct endangered # Threatened

1,000,000
Cretaceous

100,000 —

10,000 —

1,000 - e O
!\pl'“ T W R R TR R R Wm .

100 TH, CR

10 - p @ Permian

Triassic }
o |
L ]

0.1+ Ordovician
Devonian

1
oo 0N

Extinction magnitude (percentage of species)

type C

(Orcanens glacialis?)




(Biologicky) druh

* definice: (meta)populacni
linie se separatni evoluci
nebo segment takove linie
(metapopulace =
propojené subpopulace)

 x delimitace: ruzna kritéria
vznikaji v ruznych fazich
vzniku noveho druhu -
ruzné ,druhové koncepty”
(species concept= SC)




TaBLE1l. Alternative contemporary species concepts (i.e., major classes of contemporary species definitions) and the properties upon which
they are based (modified from de Queiroz, 2005). Properties (or the converses of properties) that represent thresholds crossed by diverging
lineages and that are commonly viewed as necessary properties of species are marked with an asterisk (*). Note that under the proposal for
unification described in this paper, the various ideas summarized in this table would no longer be considered distinct species concepts (see de
Queiroz, 1998, for an alternative terminology). All of these ideas conform to a single general concept under which species are equated with
separately evolving metapopulation lineages, and many of the properties (*) are more appropriately interpreted as operational criteria (lines of
evidence) relevant to assessing lineage separation.

Species concept

Property(ies)

Advocates/references

Biological

Isolation

Recognition

Ecological

Evolutionary

(some interpretations)
Cohesion

Phylogenetic
Hennigian

Monophyletic

Genealogical

Diagnosable

Phenetic

Genotypic cluster (definition)

Interbreeding (natural reproduction resulting in
viable and fertile offspring)

*Intrinsic reproductive isolation (absence of
interbreeding between heterospecific organisms
based on intrinsic properties, as opposed to
extrinsic [geographic] barriers)

*Shared specific mate recognition or fertilization
system (mechanisms by which conspecific
organisms, or their gametes, recognize one
another for mating and fertilization)

*Same niche or adaptive zone (all components of
the environment with which conspecific
organisms interact)

Unique evolutionary role, tendencies, and
historical fate

*Diagnosability (qualitative, fixed difference)

Phenotypic cohesion (genetic or demographic
exchangeability)

Heterogeneous (see next four entries)

Ancestor becomes extinct when lineage splits

*Monophyly (consisting of an ancestor and all of
its descendants; commonly inferred from
possession of shared derived character states)

*Exclusive coalescence of alleles (all alleles of a
given gene are descended from a common
ancestral allele not shared with those of other
species)

*Diagnosability (qualitative, fixed difference)

*Form a phenetic cluster (quantitative difference)

*Form a genotypic cluster (deficits of genetic
intermediates; e.g., heterozygotes)

Wright (1940); Mayr (1942); Dobzhansky (1950)

Mayr (1942); Dobzhansky (1970)

Paterson (1985); Masters et al. (1987); Lambert and
Spencer (1995)

Van Valen (1976); Andersson (1990)

Simpson (1951); Wiley (1978); Mayden (1997)

Grismer (1999, 2001)
Templeton (1989, 1998a)

(see next four entries)

Hennig (1966); Ridley (1989); Meier and Willmann
(2000)

Rosen (1979); Donoghue (1985); Mishler (1985)

Baum and Shaw (1995); see also Avise and Ball
(1990)

Nelson and Platnick (1981); Cracraft (1983); Nixon
and Wheeler (1990)

Michener (1970); Sokal and Crovello (1970); Sneath
and Sokal (1973)

Mallet (1995)




Biologicke pojeti druhu
(BSC)

 druh jsou jedinci (populace), kteri se
vzajemne plodne rozmnozuiji, ale jsou
reprodukcéné izolovani od jinych druhu

* {]. oni 0 sobe vedi, ze patri k jednomu
druhu (,sou-druzi”), a proto se spolu
rozmnozuji

 ale: opravdu to vime?




Biologicky
druh

* nelze aplikovat na
asexualni organismy (coz
by nemuselo vadit — tam
je s ,druhovosti® vzdycky
problem), ale hlavne

* nelze aplikovat na blizce
pribuzné alopatricke
druhy (druhy?)

Mexican Spotted Owl
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Kryptické druhy

clade |

| clade Il

clade Ill

clade IV

1.0/ 1007100

clade V

Cnidaria -
Porifera [

0.98/ 92/ 79) clade Vil

|| clade vi

Mean p distance

, Irichoplax adhaerens”

T T T
Families Species Placozoa




Semispecies
(,polodruh®, ,ring species”)
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Podivne druhy (druhy?)

e Ne ole) hlavni Parthenogenesis Gynogenesis H;.rl::nclr::g enesis

,2druhy” (pouze
ekologicka
koheze?)

Partenogeneze

ruzné typy
sexualniho
parazitismu:
gynogeneze /
androgeneze,
hybridogeneze




Sexualni parazitismus




Hybridogeneze

,Kleptospecies” a) LE
,Synklepton®

B F

system

All-hybrid
populations




Hybridogeneze a partenogeneze

* U zivoCichu to vnimame jako cosi
exotickeho, ale u rostlin jde o beznou
zalezitost
u nas nékolik druhu Uzce endemitnich
jefabu (uZ jména jsou podezrela...) —
Sorbus hardeggensis — 30 jedincu
v Podyji; Sorbus milensis — 60 jedincu
z vrchu Mila u Loun apod.

+ stovky a tisice kontryhelu, pampelisek,
ostruziniku (,druh je, kayz to ma areal v
Jjednom rozmeru vetsi nez 50 kni'...)




Vnitrodruhova variabilita

Klina — stupnovita klina —
“poddruh” (,,subspecies”)
poddruhy dle BSC bud’ mizi,

nebo se z nich stavaji druhy
podle PSC

ptaci: 1 ,druh® = 1,9 evolucné
vyznamnych jednotek (ESU)
ale ESU neodpovidaji
,poddruhum®




Klinalni variabilita clovéka

krevni skupina B
p i g m e n ta Ce p O ko i ky E‘llzt.tl:li:; I;If: 12 ?Eip I: II I:?E'.tli II:-:!I " -‘_';rrl ,_"L
(dnesni populace H. sapiens: '

absolutne zadné naznaky
reprodukcni izolace)

1-12 1517 21.23 2729

‘ | | | ‘ - Human Skin Colour Distribution

12-14  18.20 24-26 30+ Data for native populations collzcted by Rensto Biasutt prior to 1940
yvon Luschan chromatic scale




Fylogeneticke pojeti druhu
(PSC)

e druh jsou jedinci
propojeni sitovitymi
(tokogenetickymi) vztahy,
zatimco vztahy mezi
druhy jsou stromovite
(fylogenetickeé)

e druh je minimalni
jednotka fylogeneze

e druh ma predka a
konkrétni casoprostorove
usporadani




Mimi's half-siblings
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* 1. monofyleticky: jedinci majici
nejblizSiho mozného spolecneho
predka, ktery neni predkem

Fylogeneticky

jiného druhu
2. diagnosticky: jedinci
vykazujici unikatni, jinde se
nevyskytujici znak (ktery je
zaroven v ramci druhu
uniformne rozsireny) - znak
muze byt primitivni a druh
nemusi byt monofyleticky!
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Fylogeneticky druh v praxi

vSeobecné narust poctu druhu
- prumérny druh ma mensi populaci a
mensi areal = je vic ohrozeny

BSC x PSC: opravdu velky prakticky
rozdil?

kde se bere diagnosticky znak (= PSC),
kdyZ ne omezenim toku genu (= BSC)?




Reticulated Masai
Northern giraffe | giraffe |~ giraffe | Southern giraffe

L R e ———— -
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Southern giraffe

s &
C o s s e, S 3
Masai giraffe
Reticulated giraffe
1

Northern giraffe

D

®
3

4 Bowhead whale
Dolphin
Sheep

Bovidae Tibetan antelope

Cow

HHH“III\HHII |_giaridae Giraie

4 druhy

Giraffa camelopardalis
Giraffa reticulata
Giraffa tippelskirchi
Giraffa giraffa




Africti sloni (Loxodonta)

patrne dva druhy (L. africana, L. cyclotis)

rozpor mezi mt a nuDNA: matrilokalita (F zustavaji v
materskem stadu, tj. mtDNA geny netecou)

historicka hybridni zéna (Garamba, SV Kongo)

SLLO OD DS BF

S clade mtDNA:
on S : Samples with S clade
SA”_JH mtDNA detected

KR A S clade mtDNA not

SW ZZ HW KR MA CH SA NA detected in sample
(either sample size is

too small or S clade is
not presen t)




Africti sloni (Loxodonta)

African Bush or Savannah Elephant Compared to
N. ) African Forest Elephant and to a Human Being
Elephantid-Mastodon
=34-72 (not reliable because of high mastodon error rate)
(42%-179%)

‘ TEIephantid-Mastodon
A\, =30.7-65.7 (not reliable because of high mastodon error rate)
\(90%-110%)

IVLox-Eur
© =40-85
(77%-125%)

\ =4.290
\ (88%-113%)
/’NFS; /= 40-87 \ \Mm;,\: 28-60
/' (57%-148%) N \(59%-147%)

/ \=2.6-56 4 2,5-54 ° X h I u b O ka
SN TN (76%-126%) A  (79%-122%) : \

/ b4 \ /.’ "\ ) y

/N, /=37-78\ Ng\,_=1022 /N, /- NNy =131

\ \ = " v
/,./ ./"’[78%7125%‘)*“\.‘ ‘1}(74%*131%}4"/ (77%,125%)'\\: \‘-\\(75%,129%) 3 d IVe rg e n Ce an Itr

\ \ \

ot Magiaton Loxodonta

 ~ Elephas x
Mammuthus




Pripad medveda ledniho

« mtDNA: medved ledni (vCetnée fosilie staré 130 kya) je
specializovana populace medveda hnedéeho, blizce
pribuzna medvédum z ,,ABC ostrovu“ (Admiralty, Baranof,
Chichagof)

NUDNA: medved ledni je davno odstepeny sestersky druh
medveda hnedeho (vcetne ,ABC")




Pripad medveda ledniho

* rozpor v topologii i v datovani

« 1. hybridizace: stara mtDNA
medveda ledniho nahrazena
mtDNA ,ABC medvédu“ (5-10
% jaderného genomu ,ABC* je
pribuznych genomu lednich
medvédu)

2. rychla expanze populace
medveda ledniho z
interglacialnich refugii (mala
geneticka diverzita)

predkoveé ledniho medveda dodnes v
Himalaji??? (~yeti)




,Bili" nosorozci ( Ceratotherium)

~x Ceratotherium simum (Burchell, 1817) Ceratotherium cottoni (Lydekker, 1908)
e \ M ——— ! rf\ 3 ~
= |UCN: ,uznavame jen jeden druh, profoze
g Jsme zastanci BSC..."

=

O Recent range (original populations) i O Recent range (original populations)
+ Recent range (introduced populations) + Recent range (introduced populations)
> Historical range Rucsamsitaone 2072 || T Hetooul tangs




TIGER SUBSPECIES OF THE WORLD

ale i naopak: nékteré poddruhy tygru
neexistuji (tj. neni co chranit a vymreni ceho
litovat)

totéz napr. zebry Equus quagga

Distribution and records

P tigris ahafea
A 7. vgris virgara i

Panthera tigris =

Panthera uncia

Panthera pardus

AMO1 (2]

Taxonomic Manag
units unit

ALT1 [15]
— COR2[2]

™ corar)
— leort (22

Neofelis nebulosa

SUM4 [1] SON1 [1]
SUMS [1]

SUM [1]

9% SUME [1]

- ;suM7 (31 sONS 1]

- SUMB [1]
SUM3 [1] SONA (1]
SUM2 [4] BAL2 (2] SON2 (2]

Ecology Genetic | zue o

amayensis ahaic:

P. tigris
corbetti

P tigris
Jacksoni

Effectiv

= population size (Ne x 1000)

1

g




Splitters x lumpers

* pozor: nejde o spor ruznych
koncepci, ale o spor ruznych
vkusu

(Casto zcela nedostatecné
analyzy a skoro zadna biologie)
Bubalus caffer cunenensis x B.

c. cubangensis (Ludwig
Zukowsky)

Sahelanthropus tchadensis
Ororin wgenensis
Ardipithecus ramidus sensu stricto

_ Ardipithecus kadabg

Australopithecus anamensis
Austrofopithecus afarensis s. siricto
Kenyanthropus playyops

Austral opi thecus bm‘arm'gnazm':

- Ansrmm,mmm.rs africanus

Australopithecus garhi

Austrafopithecus sediba

Paranthropus aethiopicus
Parantir 0pus boisei sensu stncm

annrhr 0pUs. mbuﬂm-:

Hﬂme haﬁms

Hame rudoifensis

Homa gautengensis
Homo ergaster

Homa erecius sensu stricio
Home pekinensis

Homa soloensis

Homo foresiensis

Homa antecessor

Homa heidelbergensis
Hamo rijodesiensis

Homo neanderthalensis
Homa helmef

Home sapiens sensu stricto

sluéovaci (lumping”)

o Ardipithecus romidus

sensu lato

i Australopithecus

afarensis
sensu lato

i Austrolopithecus

africanus
sensu lato

Pm anthr ?::pug ﬂﬂ.rser

¢ sensu lato

Paranthropus robustus

Homo erecius

i sensu lato

Hamo sapiens

. sensu lato




Existuji druhy?

biodiverzita existuje, ,bioprostor® neni homogenne
vyplneny
ALE

,2druhy“ v ruznych kontextech znamenaji néco
jineho (H. sapiens x E. col)

neexistuje zadne obecne meritko pro odliseni
,vnitrodrunove™ a ,mezidruhove” diverzity

(x DNA barcoding)




Cim jsou druhy oddéleny?

geneticky

nekdy jenom jednou mutaci v jednom genu (Euhaara:
chiralita ulity)

zcela negeneticky (Vidua. samci se uci zpivat podle
hostitele a samice preferuji zpev hostitele)

7 VAR AT
d / wr’ A
: .,




Jak zustat dvéma druhy?

* Reprodukcné-izolacni
mechanismy
a) prezygoticke (jak neudelat

nebo vnitrodruhové rozpoznavani BESE
(specific mate recognition
system)

b) postzygoticke (jak zlikvidovat
sterilniho Ci malo uspesného
hybrida — treba az v dalsich
generacich: ,hybridni
dysgeneze®)




Prezygoticka izolace

* 1. (alopatrie =
oddelené arealy)

« 2. Casova (rok,
den, desetileti)

3. ekologicka
(mikroalopatrie)

Magicicada




Prezygoticka izolace

* 4. izolace pres selekci
opylovace

nekteré orchideje se tvari,
jako by mely nektar (food—
deception), jine vypadaji
jako hmyz (sexual
deception)
experimentalni krizeni:
sexualni podvodnici maji
silnou prezygotickou, ale
slabou postzygotickou
izolaci, potravni
podvodmCl naopak

food-deceptive  sexually deceptive
premating

postmating prezygotic
postzygotic




Prezygoticka izolace

» 5. etologicka
* 6. Inkompatibilita
gamet

» /. morfologicka
(,kliC a zamek")




Postzygoticka izolace

 hybridi nezivotaschopni
(ekologicky i ,vnitrne®)

 hybridi sterilni nebo Castecne
sterilni (Haldaneovo pravidlo)

Hybrid appears
narmal,
biut is sterile

MO PROGEMY




Haldaneovo pravidlo

« pokud je sterilni nebo
nezivotaschopné jen jedno
pohlavi hybridu, byva to pohlavi
heterogametické (u savcu
samci XY, u ptaku samice ZW)

heterogameticky hybrid: kazda

alela na lichem chromozomu se

projevi + samci maji rychlejsi

evoluci (dve ruzné sexualni Species 2

selekce — samici volba a — —

konkurence mezi samci) -y —

genoveé konflikty: na pohlavnich XiX Ay XoXp  Aghy

chromozomech alely, ktere jsou ,/ \

vyhodné pro prislusné pohlavi —

jejich evoluce velmi rychla, —— i —

stejné jako evoluce alel o .
ydujicich ,protistrategie” e . .

gggg{:gﬁo [,.,)%NaVI' viable, fertile inviable or sterile




Neandertalci a moderni lid

Ancestors evolve — MNeanderthals Researchers looked at

into Neanderthals R e die out five groups of modern

and first modern a3 ny humans
humans e . N

Some

Neanderthal

and Homo sapiens
interbreeding

Some modern humans leave Africa

Source: Science journal Note: Time periods not to scale

1-4 % genomu neafrickych populaci H. sapiens pochazi od H.
neanderthalensis




Haldaneovo pravidlo a distribuce
neandertalskych genu

cca 3000 mutaci (a 100 aa zmen) odlisuje H.
sapiens od neandertalcu

maly podil introgrese — vzacna hybridizace nebo
néjaké problémy hybridu?

- patrné omezena viabilita nebo fertilita
muzskych hybridl

4 . . . ° - ; i i / _,_,»I,; £ '-_A
x v ramci AMH neexistuje vubec zadna ,hybridni -
sterilita” ani selekce proti cizim alelam £

. Human mtDNA A Neanderthal mtDNA




Vznik novych druhu =
speciace

4 i * ‘_g,!:_‘ %
RN g8 ‘fg;;é‘, )

vznikaji nove druhy? FatGh e sy

L)

 jak casto a jak rychle v PR «g'wgw»w

(,veéda nedokaze vytvorit
novy druh® — ptate se na
diverzitu, nebo na
disparitu???)

 vznik novych druhu (RIM)
muze byt zcela
mimoradneé rychly!
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“Umela” speciace
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R Y 4
yC l I a (b} An aliopolyplod spacies that formead recanthy

Dine of the diplold species Mew tatraploid species
introduced to Morth America resulting from alfopolyploidy

speciace a I
zmeny ploidie

650
P. imbricans ——km P lemmonii

rozSireni alopolyploidniho druhu
je vetsi nez arealy diploidnich
rodicu




N Iy

Druhy a rozsir

« Sympatrie

Sympatry:

Many varieties in one range
Become species through adaptation
to different aspects of the range

» Parapatrie

Peripatry:

Varieties differ at the edge of the range
Become species similarly to allopatry
Parapatry:

Variation evolves at the edge of the range
Become species similarly to sympatry

* Alopatrie

Allopatry:

Each variety in its own range
Become species due to drift and
local adaptation




Vznik druhu = speciace

» speciace alopatricka

* vikariantni (= dichopatricka) +
peripatricka (= alopatricka s
malymi perifernimi izolaty)

* speciace parapatricka

* speciace sympatricka

* pozor: parapatrie x peripatrie




Speciachi mody

Allopatric FPeripatric Parapatric Sympatric
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Alopatricka speciace
faze |

* rozdéleni puvodniho arealu
geografickou bariérou

* nezavisla evoluce nove
vzniklych populaci

* mimodek vznikaji izolacni
mechanismy (pre- i
postzygoticke) Alopatry:

Each variety in its own range
Become species due to drift and
local adaptation




Alopatricka speciace
faze Il

Opétovny kontakt vznikajicich druhu
Co nastane?

a) populace splynou (izolace nestacila
vzniknout)

b) druhy jsou dostatecne izolované

C) populace jsou uz castecne izolovane (tj.
produkuji neplnohodnotné hybridy), ALE

dosud se vzajemne mnozi




Alopatricka speciace
faze Il

» Je vyhodné poznat ,sou-
druha®“ od ,nesou-druha“

 hybridi sterilni apod. x

jejich fenotypy nezapadaji ie__s’ Fpolyploid hytrid
do zadného prostredi N

Vznikaji adaptivni
prezygoticke izolacni
mechanismy (,posileni” =
reinforcement)




Alopatricka speciace:
reinforcement v praxi?

Allopatric taxa (b) Sympatric taxa
A 1 OOE A, A * ‘ A
'y 5
S Tam A A%
0.75F

0.50F

Prezygotic isolation
Prezygotic isclation

o o

o o
o N
O U,

L R L L T s [ | I

1 [ : o= [ (I 1 o [ 1 (8
0.5 1.0 1.5 2.0 : 0.5 1.0 1.5
Genetic distance (D) Genetic distance (D)
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Figure 16.13 S
of Drosophila. (

llII[JHI‘Ig

0.50

0.25 » A

Prezygotic isolation
Postzygotic isolation

T iy ot ! 0.00E“.J_[LMJ_'..J._J S T S T 0 |
1.0 1.5 ) 0.0 0.5 1.0 1.5 2.0

Genetic distance (D) Genetic distance (D)
Figure 16.12 Strength of isolation in relation to genetic distance for pairs of species of

Drosophila. (a) Prezygotic isolation. (b) Postzygotic isolation. Note prezygotic isolation is
higher for low distances than is postzygotic isolation. From Coyne and Orr (1989a).




Parapatricka speciace

* Primarni hybridni zéna
» Ekologicko-
geograficka
diverzifikace (tj.

Varieties differ at the edge of the range
Become species similarly to allopatry

reinforcement)

 Pozor: hybridni zony
jsou casto sekundarni
— dusledek druhotného
kontaktu starych druhu




Sympatricka speciace

Speciace za trvalého kontaktu
obou vznikajicich druhu

Pozor: nema jit o mikroalopatrif

PocCatek speciace: ekologicka
diverzifikace (disruptivni selekce,
reinforcement)

parapatricka i sympatricka
speciace zavisi na
reinforcementu x alopatricka
speciace muze bézet i bez
reinforcementu (kdyz izolace trva
dost dlouho)

Sympatry:

Many varieties in one range
Become species through adaptation
to different aspects of the range

Selection against the mean

Population
after selection

Original
population




Sympatricka speciace:
model

| .
pocet semen

t jedincd

poce

velikost semen Proportion of seed sizes in diets of three Ground Finch species

. G. fuliginosa . G. fortis . G. magnirostris

p velikost zobak(

evoluéni (spésnost

—=3 velikost zobék

staCi ekologicka diverzifikace na

speciaci?

sila ekologicke diverzifikace —

character dispacement S B, il

Seed Depth, millimeters




Sympatricka
speciace:
character
displacement?

G. fortis

Beak depth

Sympatric | Santa Maria,
populations | San Crist6bal

G. fortis,

40
g I allopatric | Daphne

G. fuliginosa,
allopatric

Los Hermanos

Percentages of individuals in cach size class

L T T L4 | SEamtt |

10 12 14 16
Beak depth (mm)

FIGURE 48.11

Character displacement: circumstantial evidence for
competition in nature. Although allepatric populations of
potential competitors are often similar in morphology and use
equivalent rescurces, sympatric populations may diverge in both
charactenistics. In this example, two species of Galapagos finches
have similar beak morphologies and presumably eat similarly sized
seeds where their populations are allopatric on Daphne and Los
Hermanos islands. However, where the two species are sympatric
on Santa Maria and San Cristébal, Geospiza fuliginosa has a shal-
lowser, smaller beak and G. fortis a deeper, larger one. Such evolu-
tionary changes in morphology are thought to reflect resource
partitioning. In this case, the two species have adapted 10 eating
different sizes of seeds.




Seed from field

olation seed

0 20 40 60 80 100
Index of tolerance (per cent)

Is

Copper mine  Boundary Pasture

|

2 3 45
Transect sites

early r (e early

Mean flowering
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Fig. 8.6 Populations of Agrostis tenuis growing on the slag from copper mines show
considerable tolerance to copper (a). In the field their progeny are much less tolerant
than their parents (b). This is because local adaptation is retarded by gene flow from
ncarby non-tolerant populations, as progeny from adults reared in isolation inherit
tolerance [e]. At the boundary between copper-tolerant forms and intolerant pasture
forms (d] there is marked divergence in flowering time, possibly to reduce the costs
of hybridisation (e]. After Bradshaw & McNeilly (1981).




Sympatricka
speciace

homogenni kraterove jezero
Barombi Mbo v Kamerunu (5-7
km?, tj. ~ Rozmberk, ale az
110 m hluboke)

Y o 1.4% admixture

6% admixture

[E8 b} A

Dirift parameter




e srovnani sesterskych :
skupin u ptaku: SpeC|ace d
.pestrejsi skupiny” (s sexualni
vetsim podilem %
sexualni selekce) maji SEIEKCE

vic druhu

narust turbidity a
rasoveho znecisteni
oslabuje moznosti
sexualni selekce u
opticky se orientujicich
ryb = ,mezidruhova”
(?) hybridizace




Speciace a sexualni
selekce

samicim se libi samec se znakem A,
ten proto zanecha vic potomku

vsichni jeho potomci maji jak gen pro
znak A (po otci), tak gen pro preferenci
znaku A (po matce)

SpeC|ace SpOéiVé \V/ rOZdéleni ~ Marriage Patterns by Education, 1960
rekognicniho a preferencniho systemu
druhu = velky vliv sexualni selekce

jak zajistit, aby se gen pro znak A a
gen pro preferenci znaku A déedily
spolu i do dalsich generaci?

—> genova vazba

il
1
1
: Husband's
Education
= HS-

“ HS

C-

EC
C+

R e e e = = = = =

_._..'_____'_.I |

o
£
-

How Likely Marriage Is Compared to Chance
(=] [ = ] w £ w o ~J oo w

(]
+

Wife's Education




Speciace a
sexualni
selekce

* geny _ _ !
znevyhodnuijici | ;
hybridy, geny el AN
u rC u J ICI Zba rv enl fed -"%f__.:'(:.-:'.’.':_‘f'a’._j Cé& - QlDICOHS
samcu i geny
pro vybiravost

OB IO - hieeie | Eastern
chromosomu Z F. hypoleuca F. albicollis Europe)

- Sympatry
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Druh a speciace

speciace neni bod

ani matersky druh, ani
dcerine druhy nejsou
homogenni

identita druhu neni
udrzovana tim, ze se druhy
liSi vSemi geny, ale tim, ze
se lisi treba jen malym
poétem genu, ovSem
,Strategicky umistenych”

druh neni to, co se nekrizi,
ale spis to, co perzistuje, |

rN

kdyz se to kfizi...



Pribuznost genu nemusi odpovidat
pribuznosti organismu

1. duplikace a nasledna specializace (neofunkcionalizace) genu
v genomu: napr. hemoglobin cloveka je pribuznejsi hemoglobinu
kapra nez myoglobinu Cloveka

2. stary zdedeny populacni polymorfismus: Clovek s krevni

skupinou A nez Cloveku s krevni skupinou B

3. geny na chromosomu Y (AMRY) muZze jsou pribuzné genum na

NRY kocoura, ale nemaji zadné pribuzné v genomu zeny (ani
kocCky)

/N BMy sy /
~ . ¢
BMy

Gorilla Chimp. Siamang
B A B



Allelic
polymarphism —

Lianemgse
ol vimarphisny —e

-zdedeny
polymorfismus +
neuplné tridéni linii
(/ncomplete lineage
sorting)

*obtizné odlisitelné
od mezidruhové
hybridizace




Moderni Clovek x neandertalec

o hybridizace X (a) Gene flow <100,000 years ago
neuplné roztfidéni Yy
alel v puvodni
geneticky
strukturované
populaci (Homo
heidelbergensis?)
zalezi na stari
,neandertalskych”
alel




Neuplné trideni lin

Gene® (%)

* rychla kladogeneze je z hlediska 5> wom s

genu Casto explozivni, i kdyz i N7
nakonec dokazeme formalné
rozlisit (ptaci, hominidi)

* muze se tykat i velkych skupin KM sem zom

HOCGR
P
/// 0 (4]

19 (0.16) 10 (0.21)
0 0

1 (0.01) 0

HOGCR
Y{W 0 0
N 4 (0.03) 1 (0.02)
504 (10.42)
13 (0.11) 6 (0.12)

5 (0.04) (4]

492 (10.17) 52 (10.05)
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Mezidruhova
hybridizace

« cCasto i miliony let od
speciace (neboli
speciace neni zcela
Ido;<oncena po miliony
et

hybridogenni druhy jsou
prekvapive bezné: ARKive
kuprej (Bos sauvell),

zubr (Bison bonasus),

jelen milu (E/aphurus

davidianus), norek

evropsky (Mustela

lutreola)...




Mezidruhova
hybridizace:
pripad zubr

* rozpor mezi mtDNA (zubr
pribuzny krave) a nuDNA
(zubr pribuzny bizonovi)

Male introgression Incomplete lineage sorting

paternal __ maternal bison-yak _ taurine-zebu-wisent
lineage lineage mtDNA lineage mtDNA lineage

aurochs

1

0]

"

American steppe yak wisent zebu taurine American steppe wisent yak zebu taurine
bison wisent bison wisent

REPPFRE TP




Mezidruhova
hybridizace:
pripad zubr

zubr v Evrope po cely pleistocén
(hybridogeneticky vznik cca 120 kya)

to, co zachytily jeskynni kresby, je
nahrada stepniho bizona hybridni

formou, ne vlastni hybridizace

Wisent-like morphology




Mezidruhova hybridizace a
Saccharomyces cerevisiae

« kvasinka je diploidni, ale jeji genom
obsahuje bloky duplikovanych genu

« -2 duplikace celého genomu jako
dusledek mezidruhové hybridizace

Parent A

Ancestral tetraploid

Tetraploid
formation

Parent B

Outgroups

Parent B

KLE

i------—----Parent A
pre-KLE peak i ZT
o Saccharomyces

Tetraploid
formation




Hybridni zona
Mus musculus/domesticus

hybridni zéna je Siroka 20-30 km, ale
alely jednotlivych genu pronikaji do
arealu druhého druhu (/ntrogrese)
ruzné hluboko

geny samiciho puvodu jsou USpeSn&jSi s
nepropustna pro geny plnici zakladni
funkce v nitru bunky

propustna pro geny s membranovymi
produkty: napf. imunitni odpoved, boj
s patogeny




Mezidruhova hybridizace a
,druhovost"

druhy nejsou zcela geneticky oddelené a obcas se
mezi sebou kfizi

« ALE

v genomu zustavaji ostrivky genu, jejichz alely se
nemohou s alelami jinych druhd volné kombinovat

—> speciace ~ omezeni volné rekombinace (napr.
genovou vazbou) - casto se nachazeji na
pohlavnich chromozdmech

slavik obecny (Luscinia megarhynchos) a s. tmavy
(L. luscinia) ve stredni Evropé (sekundarni
hybridni zéna): hybridi (samice) maji omezenou
plodnost, genetickeé rozdily pouze na pohlavnich
chromosomech - staci k udrzeni morfologickych,
etologickych a ekologickych rozdilu




Hybridni zona

hybridni zéna je ,selektivhe propustna®
dva druhy a dva geny, kazdy o dvou alelach, AaB, XaY

v jednom druhu alely A a X, vdruhém druhu alely Ba 'Y

diploidni prislusnik jednoho druhu je tedy AAXX, prislusnik druhého
druhu BBYY

pri mezidruhové hybridizaci by teoreticky mohly vzniknout vSechny
mozné kombinace alel (AAXX, ABXX, AAXY, ABXY atd.)

napr. kazdy jedinec s kombinaci XY uhyne — na jedné strane hybridni
zony ,Cisti“ jedinci AAXX a hybridi ABXX, na druhé strané BBYY a
ABYY

alely prvniho genu (A a B) pres hybridni zonu volne teCou, alely
druhého genu (X aY) ne




Mezidruhova hybridizace

* muze byt i adaptivni

« severoamericke blatnice Spea bombifrons
a Spea multiplicata. hybridi jsou biologicky
menecenni, ale maji kratsi vyvoj nez ,Cisty
druh® S. bombifrons, takze spis preziji

obdobi sucha

Pure species
BB? X BB

Hybrid
BBS X MM<

Hybrid
MM? X BB<

Pure species
MM? X MM

Refs

Proportion of hybridisation
Offspring fecundity and fertility

Size at metamorphosis

Probability of surviving to metamorphosis

Time to metamorphosis in the laboratory

Speed of development in the laboratory within 16 days
Probability of metamorphosing in drying pools

N.A.
1.0

Equal
Equal
Longer
Lower
Lower

0.582"
Females: 0.5
Males: 0.0

Shorter
Higher
Higher

0.165"
Females: 0.5
Males: 0.0

Smaller
Lower
Longer
N.A.
N.A.

N.A.
1.0

Larger
Higher
Shorter

[15]
[15]

[15]

[13,15]
[13,15]
13,15]
[13,15]




Adaptivni mezidruhova
hybridizace

« samice lejska belokrkeho maji
behem jarni sezony cim dal mensi
sanci uspesne zahnizdit — pari se se
samci lejska Cernohlaveho (lejsci
cernohlavi dokazou uspesne
zahnizdit i pozdeji) — cast hybridniho
potomstva bude neplodna (samice),
samice manipuluji hybridni pomer
pohlavi smérem k samcum

samci mezidruhovych hybridu
americkych leguanku Sceloporus
undulatus a S. woodii maji vyssi
agresivitu a vetsi hlavu = vyssi
uspesnost v soubojich o ovladnuti
teritorii




denisované

Homo sapiens Homo neanderthalensis

Dénisova j.
D.I. (malicek)
Melanésie

e 050, Dénisova (palec)
Asie &1 ¢ i Vindija

Evropa Mezmajskaja

Afrika

Modern human sequences
9 Homo erectus ?

D.l a N.I = introgrese v AMH

Reconstructed archaic metagenome




,2Denisovani® (2010)

Denisova jeskyne (Altaj): fosilie po 120-160 kya
zname jejich fosilie? (,asijsti neandertalci“?

Denisova allele frequancy

=" e

=

S

s’ 0l
il ./ v
- 79,

palec (Dénisova jeskyné)
Mezmaiskaja (Kavkaz) Mezmaiskaja (Kavkaz)
Feldhofer 2 (Nemecko) ~< — Vindija25 (Chorvatsko)
El Sidrén {Qpanélsko'] 1 Vindija26 (Chorvatsko)
Vindija 25 (Chorvatsko) L Vindijal6 (Chorvatsko)

Feldhofer 1 (Némecko) malicek (Dénisova jeskyné)
Vindija 16 (Chorvatsko) San (Botswana)

——  San (Botswana) Yoruba (Nigérie)

Yoruba (Nigérie) — Francie
Han (Cina) _ Papua-Nova Guinea
Papua-Nova Guinea Han (Cina)

Francie E Karitiana (Brazilie)
malicek (Dénisova jeskyné) Mixe (Mexiko)

palec (Dénisova jeskyné)




Prenos genu imunitniho
systému z Denisovanu
do genomu AMH?

alela HLA-B*73: velmi star3,
podobna Simpanzi x rozsirena v
zapadni Asii, kde lide neziji dele
nez cca 90 ky

na ceste z Afriky jsme potkavali
lidi, kteri zili v Eurasii 200 ky a
za tu dobu se adaptovali na
mistni patogeny

NY3aow

HLA-B*73:01

| Modern/archaic homo split
- 270-440kya Models
B3 ———_ b
c*15- = ——

. ARCHA)C

Out-of-Africa migration |
— ___E?.Ek\,fa

Emerééﬁté' e — | Admixture|

of C*15:05 HlR __.E.F’i'f'f'g_-_;|
B5kya = |

Back-to-Africa guys, f] 23 Disappear
migration  c*15+ | u?+ ippe
10kys et

Eurasia




BE AWARE OF THESE HIGH
ALTITUDE HAZARDS:

ALTITUDE SICKNESS

[ [ ] [ ] , [ ] i
REGARDLESS OF FITNESS
LEVEL, ' UGHTHEADEDNESS"
AND DISORIENTATION OFTEN
- OCCUR AT THIS ELEVATION,

YOU MAY FAINT OR UNDER-
ESTIMATE OTHER DANGERS,
IF YOU EXPERIENCE ANY OF
THESE SYMPTOMS AVOID
PHYSICAL EXERTION AND
BREATHING TOO SLOW AND
TOO SHALLOW. EXERCISING
CAUTION, RETURN TO A
LOWER ELEVATION.
SYMPTOMS DO NOT SUBSIDE,
SEEK MEDICAL ASSISTANCE,

* gen EPAST - silna pozitivni selekce -
u Tibetanu (hypoxie, koncentrace
hemoglobinu ve vysokych polohach

« pochazi od denisovanu

* (X jedina znama lokalita na Altaji
neni vysokohorska

© TIBETAN

AGGAA
(Denisovan)

B O GAAGG
I B AMAGG

AGGAG
GGGAA

GAAAG

Haplotype frequency

YRI LWK ASW IBS TSI CEU GBR FIN JPT CHS CHB HAN TIB MXL PUR CLM

Extended Data Figure 3 | Haplotype frequencies for Tibetans, our Han States; CEU, Utah Residents with Northern and Western European ancestry

samples and the populations from the 1000 genomes project for the CHB, Han Chinese from Beijing; CHS, Southern Han Chinese; CLM,

f (P motif in the EPASI region. The the haplotype y.  Colombian; FIN BR, Brif AN, Han Chin rom Beijing; IBS,

The legend shows all the possible haplotypes for the region considered among  Iberian; JPT, Japanese; MXL, Mexican; PUR, Puerto Rican; LWK, Luhya; TS
1 &

these population: can American from the south western United Toscani; TIB, Tibet RI, Yoruban (see Methods).




v nekterych oblastech
genomu az cca 60 %!!!

biosyntéza keratinu: pod
pozitivni selekci

alely spojené s diabetem 2,
Crohnovou nemoci,
lupusem, depresemi,
zavislosti na nikotinu...

gen HYALZ pro odolnost
proti UV-B: ztracen cestou z
Afriky a znovuziskan
introgresi

49 % u Japoncu, 66 % u
jiznich Cinan(

Distribuce
neandertalskych
genu

America




Evolucni proces
X fylogeneticky pattern

* evoluce — obecné
mechanismy (studium
experimentalni)

» fylogeneze — konkrétni
historie (mozno pouze
zpetne rekonstruovat)




(Adaptivni) radiace

periody ,mimoradne rychlé
speciace” v ramci nejake
fylogeneticke linie
mechanismus nejasny:
zvysSeni rychlosti speciace
nebo snizeni rychlosti
vymirani? (spis to druhe)
casto spojené s
osidlovanim noveho
prostredi

obvykle spojene s ,klicovou
inovaci”




KliCova inovace (key innovation)

» obvykle soubor viastnosti, ktere Neurocranium__
umoznuji rozbehnuti evoluce
ruznymi sméry
napr. rozvolnéni svaloviny zadnich
nohou a ocasu u ptaku, odpojeni
funkce prednich a zadnich
koncetin u bipednich obratlovcu .
(napr. lide) Gk Topic  Communieto
kostra &elisti a faryngealni zuby 0
cichlid (= ichtyofagni,
entomofagni apod. predace,
algofagie, lepidofagie, pedofagie
etc.)




Fig.1 A proposed phylogenetic history of Lake Malawi’s rock-dwelling cichlids based on several molecular phylogenies of Lake Malawi
cichlids ( Meyer et al. 1990; Kocher ef al. 1993; Meyer 1993; Moran ef al. 1994; Moran & Kornfield 1995; Albertson ef al. 1999). Lake Malawi is
presumed to have been invaded by a riverine generalist closely allied with Lake Tangyanika's haplochromine tribe approximately
700 000 years ago. This common ancestor subsequently diverged during the primary radiation into the sand-dwelling and rock-dwelling
lineages. The rock-dwelling lineage diverged during the secondary radiation into the 10-12 currently recognized mbuna genera. These
genera are distinguished primarily on the basis of trophic morphology suggesting the importance of trophic competition during this period
of the radiation. The spectacular species richness of the mbuna principally arose during the tertiary radiation. During this period, as many
as 25 species per genus diverged presumably in response to sexual selection via female choice for male secondary sexual characteristics such
as colour pattern. Line drawings courtesy of R. C. Albertson, colour images courtesy of Konings (1990).




fylogenetické linie Radiace?

mimoradne bohate, anebo
normalni, ale obklopene
mimoradne chudymi? —

zname ,Cistou o

Elpomoipha

diverzifikaci® plus o

absolutni datovani s

Shomid ixmes
L s
A AT
Ao e
B prropfo s

Barydiames + Sephancbany diommas
OpHcifoares

Facanoipha =
Hombd cae Fi
g e A s

Afrothada s Xenarthn
S
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i
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Camini nas ‘ﬁ'f
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Radiace?

 vacnatci: jsou skoro
stejne stari jako
placentalove
diverzita i1 disparita
vachatcu je vlastné
nizka
placentalové nejvic
diverzifikovali na
severni polokouli
(Boreoeutheria 5010
X Monotremata 5,
Marsupialia 340,
Xenarthra 35,
Afrotheria 83)




Vacnatci x placentalove

,v Australii ziji vacnatci proto, ze tam
nejsou placentalové” x v Australii zije
cca 60 druhu placentalu uz cca 4 My (z

toho 10 recenine vymrelych - vyssi
procento nez u vacnatcu)

(+ eocenni 7ingamarra?)

v Jizni Americe dravi vacnatci
(Sparassodonta) vymreli driv, nez prisli
placentalové

kompetitivni vytlaceni vacnatcu
placentaly nikdy neprobehlo




Ne kazda radiace musi
byt ,adaptivni”

A

« Laupala (Gryllidae):

« kryptické druhy s prudce
divergujicim rozpoznavacim
systémem druhu (cvrceni)




Adaptivni radiace a explozivni
diverzifikace

» Brocchinia = sesterska skupina
ostatnich, malo druhu, ale obrovska

ekologicka disparita
X Navia = nejvétsi rod bromelii,
mnoho druhu na tepui




Adaptivni radiace

* maji nejakou logiku?
« - paralelné se opakujici radiace
u blizce pribuznych druhu, napf.

osidlovani karibskych ostrovu
leguany rodu Anolis




GREATER ANTILLES islands,
which consist of Cuba, Hispaniola
(Haiti and the Dominican Repub-
lic}, Puerto Rico and Jamaica, each
have an anole that has evolved to
live primarily on twigs.

TWIG - Puerto Rico
CANOPY - Puerto Rico
GRASS - Puerto Rico

TWIG - Cuba
CANOPY - Cuba

GRASS - Cuba

TWIG - Hispaniola
CANOPY - Hispaniola
GRASS - Hispaniola

TWIG - Jamaica
CANOPY - Jamaica
GRASS - Jamaica

TWIG - Puerto Rico
TWIG - Cuba
TWIG - Jamaica
TWIG - Hispaniola

CANOPY - Puerto Rico
CANOPY - Jamaica
CANOPY - Cuba
CANOPY - Hispaniola

GRASS - Hispaniola
GRASS - Puerto Rico
GRASS - Cuba
GRASS -Jamaica

EVOLUTIONARY TREES depict two of many possible hypotheses about
the anole lizards’ genetic relatedness. At one extreme, each kind of specialist
evolved again and again, on different islands (left). At the other extreme, each
specialist evolved only once and then ended up on various islands (right). DNA
analysis suggests that a situation similar to the first scenario is more likely.

|
HAITI |
@ DOMINICAN:

REPUBLIC PUERTO RICO

JAMAICA




Fylogeneze karibskych anolisu

« ekomorfy vznikaji konvergentne na kazdém ostrove,
meziostrovnich disperzi je minimum

* | kdyz jsou na ostrovech stejne ekomorfy, poradi jejich vzniku
je odlisné
e

& A chlorocyanus|
=/

Yo

Hispaniola = — A marcanoi

~ A, carolinensis
= A allisoni
z o

J'EHﬁLEﬂjT Ty = \?
' \A. semilineatu
=L, .. —= ‘%\

] B crown-giant [ |
trunk-crown
trunk
trunk-ground
twig
grass-bush




(a) Marine species (b) Limnetic species in freshwater

Paralelni i
a d a pt i V n I’ l:narine species

. /V'- V

. ‘
ra d I a Ce Freshwater benthic species

e

- <

» ze stejného genetickeho materialu
vznika ve stejnych podminkach
nekolikrat totez reseni
napr. paralelni vznik pelagicke a
benticke formy koljusek
(Gasterosteus) v severskych

jezerech (sympatricka speciace) —
10-20k generaci postaci

* reprodukcni izolace uvnitr kazdeho
jezera x stejne formy z ruznych jezer
Si nejsou pribuzné




Fylogeneze

» Kladogeneze = stepeni
fylogenetického stromu
(speciace, extinkce) =
Jrozmnozovani druhu“

Anageneze = evolucni zmena
mezi dvema kladogenetickymi
udalostmi = ,ontogeneze
druhu”

Stazigeneze (staze) =
nepatrna Ci nulova anageneze
(kryptické druhy ~
,experimentalni dukazy staze”
v dnesnim svete)




Anageneze a kladogeneze

« POZOR

e pojmy ,primitivni x
odvozeny” jsou
anageneticke,

nikoliv
kladogeneticke




naprosto nutne je aplikovat
,mysleni ve stromech” (free
thinking)

X je kontraintuitivni, mame
sklony myslet (a vykladat)
jinak:

,0d ryb k Cloveku®,

,na cesté k osidleni souse”,
,primitivni skupina®,

,nizsi obratlovci®,

,clovek (ne)pochazi z opice”,
,2hartouni jsou prechod mezi
poloopicemi a opicemi” ...
(,/adder thinking")




Homo

Mus
Didelphis
Ornithorhynchus

Crocodylus
Rana

Lepidosiren

Homo

(TR

Didelphis
Ornithorhynchus
Crocodvlus
Rana

Lepidosiren

Latimeria

,Zebfikové“, nebo ,stromové“ mysleni

Latimeria

‘Macropoma

tMawsonia
TRebellatrix
‘tCoelacanthus
Tt Holopterygius
‘T Miguashaia

Homo




Rychlost anageneze

darwin = zmeéna rozmeéru za jednotku casu (InX, - In.X})/£(1 darwin =
2.718/1My)

haldane = zména o jednu smerodatnou odchylku za generaci

evoluce je velmi ruzné rychla

neexistuje zadna obecna teorie rychlosti evoluce,
takze

evoluce nemuze byt ,pfilis rychla® ani ,pfilis
pomala”

| ta (paleontologicky) nejrychlejsi evoluce je

zoufale (a zahadne) pomala z genetickeho
hlediska

proc je vlastné ,evoluce tak malo™?




Stari druhu |
Micromalthus debilis

pupa

v

male

arrhenotoky

prepupa

rr’o"/ts

pupa

moults

triungulin
larva

paedogenet

larva

cerambycoid




Stari druhu ll; Pantodon buchholzi

m

0 (Mya)

&

I -

9.8 Mya >
— Pantodontdae

- -

(Lamodon beuchho Niger”
Petrovephalis sowdancnsis

Petrovcephaties microphibhalnes -t Mormvridae

——

Miyomyres macrops 2 —

Crmathomenaes petersil 7
Crymnarchu sifotdons ‘t,“‘f"g Gymnarchidae
Xenonmyamus nigri — _\'otopteridae

I

y
Heveronls nioncicr

Osteoglossidae

Sclerapages formosus

Orsscoplossem bicirrhosum
ey,

Hiodon tergisus ——1{ . ’
""u«-‘ Hiodontidae

Hiodon alosoides

Flops hawalensis (_7.'(

A Hiodon tergisus ® Pantodon "Odzala"
A Hiodon alosoides © Pantodon "Niger"

& Petrocephalus simus ® Arapaima giga
© Petrocephalus microphthalms O Heterofis niloticus

W Grathonemus longibarbis == Scleropages formosus
0O Myomyrus macrops ER Osteoglossum bicirrhiosum

AQUASAUR.




Panitodon buchholzi x savcl




,Zivé zkamenéliny*

* napadne staré

* napadne primitivni

* s napadne nizkou
diverzitou

« ale je to vubec
pravda?




ONYCHOPHORA
TARDIGRADA

NEMATODA
NEMATOMORPHA

. . A ATELOCERATA
Hadimopanella A e c’;:ISJ:BCIE:

sensory antennae

"CHELICERATA
e

outh opening

walking appendages

casto zalozeno jen na zcela
povrchni podobnosti

prvohorni ,drapkovci® zili uplne
jinak nez recentni, moc se jim
nepodobali a nekteri jim nebyli
ani bezprostredne pribuzni

Zivé
zkameneliny




Miguashaia

Latimerie jako ,ziva

= = 11 Holopterygius
fosilie [
Allenypterus

* 1. zpomaleni molekularni
eVO|uce Je SpOrne Hadronector

2. latimérie se nepodoba
vymrelym zastupcum
Actinistia — tj. morfologicka Coelacanthus
evoluce nebyla pomala
(napr. latimérie je vetsi nez Rebellatrix
vétsina aktinistii, Macropoma
mela osifikovany plynovy
mechyr, Latimeria ho ma
vyplneny tukem - jine
prostredi) {M"C’”"p"”"a

Latimeria

Rhabdoderma

Mawsonia




Latimeria
) A

= rassjg}""””s Youngina
- R 2 %&lﬂc’\phﬁis Gansus lchthyornis

5 W = Trochilus

__ lchthyostega )
TETRAPODS k

Enchodus

8

=K Cheirolepis
g ACTINOPTERYGII

0.1 0.15 0.2 0.25
Number of autapomorphies per million years




Zivé zkamenéliny
a molekularni
evoluce

Tuatara

Al peEng, il

Aurochs

Mappin's moa  #

Bison

Brown bear

Cave baar

Can lion

.0 0.5

Rate of evolullon {substiutions per base par milon years)




,Hominoid slowdowrn’

zpomalena molekularni evoluce u
savcu: delfini, sloni, lidoopi (a lidé)
molekularni evoluce odrazi
demografii (rychlost
rozmnozovani, déelka generace,
pocCet mladat) spis nez
,makroevoluci®

—— Whole genome (Scally et al. (2012))
—— Encode region ENm001 (Elango et al. (2006))

Hominoids
human

*%

chimpanzee -

Old World monkeys

baboon
w *k

macaque -

New World monkeys

marmoset




Stari ,zivych
fosilil

41

« Latimeria. dva druhy stare
~5 My
nebo ~30-40 My? (mtDNA.
odpovidalo by rozdeleni
arealu po kolizi Indie s
Eurasii)

vsechny dnesni druhy jsou

staré maximalné par

milionu let a zadni

,soucasnici dinosauru“

N eeX| StUJ |’ B Latimeria chalumnae

B Latimeria menadoensis




Triops jako ,ziva
zkamenélina

14

Palearctic M Afrotropic
W Nearctic W Australasia
B Indomalaya

mlmibsz SHEN UL

T. of australiensis (Paynes Find)
T. of. australiensis sp. 2

7. sp. B (Paroo)

T. cfaustraliensis(Walga Rock)
T. of: ausiraliensis(Gibb Rock)
7. sp. A (Paroo)

T. ¢f australiensis sp. 3

T. of. australiensis (Ayers Rock)
T. of. australiensis sp. |
7. newberryi

7. ¢f longicaudatus sp. |

T, of australiensis (Lake Carey)
T. ¢f. granarius (South Africa)
7. ¢f granarius (Tunisia)

T. ¢f. granarius (Nar

T ¢f granarius (Rus

7. ¢f granarius (Japan)

T. vicentinus
T. emeritensis
T. mawvitanicus mauritanicus
7. simplex
7. ¢f. mavritanicus (East Spain)
7. gadensis
T. baericus
T. caneriformis
. of. couesii (Apulia)
. of couesii (Canada)
ard|
. arcticus
. viridis
.« Cryplus
L. lemmoni
L. bilobatus
W L. packardi
L. apus
L. lubbocki

ia sp.

Limnadia lenticularis
Daphnia pulex
Daphnia magna
Lynceus sp,

Artemia sp.

[ Camb. JOrdovician[Siturian] ~Devonian  [Carboniferous] Permian | Triassic Jurassie |

Cretaceous

| Paleugencl Neog.

Paleozoic Mesozoic

Cenozoic

400 35 150

50

Streptocephalus sp.

T. ¢f australiensis (Baladonia Rock)



Stari fylogenetické skupiny

zalezi na pojeti taxonu

1. node-based. druhy D, E,
F, jejich spolecny predek
(MRCA) a vsichni jeho
potomci - age of
divergence

2. branch-based: druh D a
vsechny druhy, ktere jsou
mu blizSi nez druhu B nebo
C > age of origin

obvykly konflikt mezi
paleontologii (1) a genetikou

(2)!

sister group

1
A B C
[ \\< stem
group
_______________ P ——
noi
time ‘ \

monophyletic
crown group

D

ancestor

--age of divergence

age of origin




Krokodylove jako ,zive fosilie”

spolecny predek dnesnich

ARCHOSAUROMORPHA LEPIDOSAUROMORPHA

krOkOd},/IlOJ ZII p‘r’.ed 90 My (AD) ' ARCH(I‘JSAUHIA

krokodylové jsou sesterska | [l e F_l
skupina dinosauru a oddélili se
od nich pred ~240 My (A0)

ptaci (jedna podskupina
dinosauru) jsou tedy stejné stafi

(AO)

- krokodylové (dnesni) jsou
mladsi nez (dnesni) ptaci (AD),
ale pochazeji ze stejne starého
predka (A0O)

x starym kmenovym krokodylum
rtkame ,krokodyloveé®, ale stejné
starym kmenovym ptakum
rtkame ,dinosauri”




Relikty a ,zive fosilie”

terminy zcela mlhave, spise zurnalistické
=

,jhumericky relikt* (skupina drive velka a
pestra, nyni redukovana)

Jfylogeneticky relikt” (skupina vzdy mala, tj.
ma neco s fylogenezi)




Fylogenetickeé relikty

Holocephali




Numerické rel

Gallus
Alligator
g
Dinosauria
(incl. Aves) ' Crocodylia

Baurusuchus
Dyrosaurus
Sebecus

©
g
<]
S
7]
o
o
7]
x

Libycosuchus
Araripesuchus
Bernissartia
Hylaeochampsa

Theriosuchus
Alligatorium

Protosuchia

Goniopholididae

Notosuchus

N\ "—;-:)
W Calsoyasuchus

Thalattosuchia

Sphenosuchidae

Mesoeucrocodylia

SR
B ==
T o




Darren Maish - - Tetrapod Zoology

http:f fhbogs. schentificamerican.com f tetrapod-roology)
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Rust biodiverzity

 vcelku rovnomérny rust poctu
,;odu“ od kambria po
soucasnost (mozna
,provohorni plato®) + masove
extinkce

* X neni to zCasti artefakt (,,tah
soucasnosti®)?

(zname taxon z jednoho bodu v
minulosti a ze souc¢asnosti —
automaticky pridavame jeho
pritomnost do mezery mezi jeho - klasika: modra k¥ivka:

prvnim vyskytem a soucasnostiu pouze realna pfitomnost ve fosilnim
zaznamu)

—

[Km[Or[sii De| Ka|[Pe[ Tr | Ju | KF | Ke |
-500 -400 -300 -200
Cas (mil. let)




Extinkce (vymirani)

« ,smrt posledniho jedince” ({].
u sexualnich organismu
,smrt predposledniho
jedince”)

e pozor na ,chronospecies” v
nekompletnim fosilnim
zaznamu: pseudoextinkce |
pseudospeciace (,fyleticka
speciace”)




Lazarovske taxony

» druh/taxon, ktery zmizel z fosilniho zaznamu
(,vymrel®), ale byl objeven pozdeji (i jako
recentni)




Elvisovskeé taxony

Lobothyris?




Extinkce
normalni a
masove

4 )4 £ Millions of years ago (mya)
1) e a p e a SA!D 4‘?!] -1-.15 435 3I?l] 3I|][I 250 2?0 1?5 65 'I.§ I.:I.[}

|Gmbrian| Ordovidan _fiuranOesonian] _ Carboniferous | Permian. [‘m Jurassic | Cretaceous. i'llﬁ'tl'f Qudtemary

konec ordoviku e |

koneC devon u families
p e rm /t ri a S Extinction Extinction Extinction Extinction ExtirEction
kO nec trl asu foncing |, :50%of ani l l Cretaceous: 50% of animal families,

including the last of the dinosaurs and
many marine species,

A R = Devonian: 30% of animal fal;ni-l.ies-,-! [ Triassic: 35% of animal families,
r I a re I O ry including many fish and trilobites. | including many reptiles.
Permian: 60% of animal families, including

many marine species, insects, amphibians, 1
and all remaining trilobites. |




Priciny masovych extinkci

geologicka aktivita
geograficke priciny?
(spojovani a rozpad
kontinentu)

klimaticke priciny
extraterestrialni priciny?
z biologickeho hlediska je to

skoro jedno: organismy
realne hynou na zmenseni
populaci a arealu

na velké maléry se ovsem
nelze adaptovat (jsou z
hlediska evoluce organismu
prilis vzacne)

zpomaleni mnozeni, anebo
primé zabiti jedincu???




,Velka petka”

Table 1 | The ‘Big Five’ mass extinction events

Event

Proposed causes

The Ordovician event®**® ended ~443 Myr ago; within 3.3 to
1.9 Myr 57% of genera were lost, an estimated 86% of species.

The Devonian event****-"° ended ~359 Myr ago; within 29 to
2Myr 35% of genera were lost, an estimated 75% of species.

The Permian event®’'-"* ended ~251 Myr ago; within
2.8 Myrto 160 Kyr 56% of genera were lost, an estimated
969% of species.

The Triassic event’*’® ended ~200 Myr ago; within 8.3 Myr
to 600 Kyr 47% of genera were lost, an estimated 80% of
species.

The Cretaceous event®**%"*"? ended ~65 Myr ago; within
2.5 Myr to less than a year 40% of genera were lost, an
estimated 76% of species.

Onset of alternating glacial and interglacial episodes; repeated marine transgressions and
regressions. Upliftand weathering of the Appalachians affecting atmospheric and ocean chemistry.
Sequestration of CO,.

Global cooling (followed by global warming), possibly tied to the diversification of land plants, with
associated weathering, paedogenesis, and the drawdown of global CO,. Evidence for widespread
deep-water anoxia and the spread of anoxic waters by transgressions. Timing and importance of
bolide impacts still debated.

Siberian volcanism. Global warming. Spread of deep marine anoxic waters. Elevated H,S and CO,
concentrations in both marine and terrestrial realms. Ocean acidification. Evidence for a bolide
impact still debated.

Activity in the Central Atlantic Magmatic Province (CAMP) thought to have elevated atmospheric
COzlevels, whichincreased global temperatures and led to a calcification crisis in the world oceans.

A bolide impact inthe Yucatan is thought to have led to aglobal cataclysm and caused rapid cooling.
Preceding the impact, biota may have been declining owing to a variety of causes: Deccan
volcanism contemporaneous with global warming; tectonic uplift altering biogeography and
accelerating erosion, potentially contributing to ocean eutrophication and anoxic episodes. CO,
spike just before extinction, drop during extinction.

Myr, million years. Kyr, thousand years.




K-Pg (drive K-T) extinkce




K-Pg (drive K-T) extinkce

TP
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Mammalia J 9 m* 22
v Aves 39 @14
-. )4 Reptilia ﬁ]ﬂ 29"
Zijleme v dobe ESEesSes
Actinopterygii .+ 1° = 28"
Scleractinia .‘i@ a 27
Gastropoda | 9<% /1€ @-‘:! 56*

Y 4
,0. masoveho Ll ==

Coniferopsida ) 0] ol A29
Chondrichthyes:==0 “hsgpm- 17

vymirani“? TR

Big Five mass
extinctions

1
0 25 50

Extinction magnitude

¢ nejsme V 6. eXtinkCi (EX, EW Za (percentage of species

500 let), ale muzeme se ji Crtaly
priblizit

kdyZ CR VymFOU do 100 let a 10,000 -
rychlost extinkci bude i poté
konstantni, dosahneme 6ME za
cca 900-2300 let (kdyz TH... za
240-540 let)

1,000,000

100

Extinction magnitude (percentage of species)




100 milionti let

Devon 10 milionii let

Procento zahubenych druhi

KT a trias

Ordovik
| I—_ Perm
T T Primérnd éekaci doba (roky)
20 40 &0 20

Procento vymtelyjch rodi

Pocet geologickyjch stadii

1 milion let

Obr. 14: K¥ivka zdhuby zndzorfiujici pribéh vymirdni
Obr. 13: Histogram vyjadiujici intenzitu vymirdni fosil- mofskych organismil za poslednich Sest set milioni let
nich rodi ve sto Sesti asovych intervalech (geologickd (fanerozoikum). Kiivka vyjadiuje primérnou dobu, kterd
obdobi nebo jejich ¢dsti). Distribuce je silné asymetrickd. musi uplynout, aby doslo k vymirdni dané intenzity (pov-
Vymirdni ve vét§iné intervali (padesdt dva procent) ne- Simnete si, ze casova Skala je logaritmickd). Tak napfi-
dosdhlo hladiny vy$§i ne# deset procent. Histogram ply- klad k uddlosti, kterd vyhubi asi pét procent druhi, do-

g 5.ov s % gt ; chazi pfiblizné jednou za milion let. Ke katastrofé typu
nule pfechdzi od téchto nizkych hodnot (pozadi) ke kata- Velké gétky doc;uizi pFibliZné jednou za sto miliogﬁ lgf (s

3th£ f-};’“ Velké pétky a naznacuje, e  neexistuje Zddny moznou vyjimkou katastrofy na konci permu) a v primé-
preael mezi vymiranim malého a velkého rozsahu. (Data ru v nich zahyne pétaedesdt procent vech druhii. (Data
poskytl J. J. Sepkoski ml.) pfevzata od J. J. Sepkoskiho ml.)

ALE: liSi se vlastné masova vymirani od normalniho
zaniku druhu???




délka Zivota ,rodu” ve . c v s
fosilnim zaznamu je Riziko vymreni
asymetricka: mnohem
vic ,rodu” zije dobu kratsi onooon <
nez prumeér (cca 20M?) :
,survival of fittest’ x
,survival of luckiest"?
na cem zavisi
pravdepodobnost
vymreni?
~Specializovanost™? (ale
co to je?)
velikost populace x
velikost populace je
korelovana s nekterymi
biologickymi vlastnostmi
(= druhovy vybeér) Ectopistes
£ migratorius

100000

w 10000
&

MNumber of Genera

Lifespan (Millions of Years)




Vymreni ,za trest”
(survival of the filtesi)

,Specializovanost*? ,slepa ulicka
evoluce“???

Alluropoda melanoleuca — 6

horskych pasem, cca 2500 w
jedincu L‘u

velmi nehodnotna strava -
nejmensi novorozenci mezi
placentaly (1/900 matky)

+ hromadné kveteni a umirani
bambusu (1 x 40-100 let) +
slabé rozmnozovaci schopnosti
+ nizkeé prezivani mladat




X na bambusové diete uspesnée
prezivaji 2My, morfologicke
adaptace (,palec”, zuby, lebka),
ekologické adaptace (az 38 kg
potravy denneg, optimalizace
foragingu podle okamziteho stavu
druhu i jedincu bambusu, vyber
snadno pruchozich habitatd — 300~
500 m denne), modifikace travici a
kognitivni fyziologie, symbionty
zadne genetické znamky rychlych
populacnich poklesu (kveteni x
konektivita lokalit)

za 8 My: 2 redukce (posledni 20
kya), 2 expanze, 2 divergence -
klimaticke oscilace + antropogenni
pokles

populacni dynamika slusna,
geneticka diverzita taky (+ odhady
populace byly podhodnoceny)

Alluropoda
melanoleuca




Pravidla extinkci

* 1. kazda fylogeneticka linie jednou vymre

« 2. délka zivota druhu je fadové 10°-107 let
(?7??) — nic blizsiho nelze rict (mj. vinou
taxonomickych artefaktu!)

» 3. specifické duvody mohou byt velmi ruzné,

obecne zalezi predevsim na velikosti
populace a velikosti arealu

* 4. masove extinkce mohou jakakoli pravidla
prekryt




Extinkce a ,prizrak selekcni
minulosti® (,ghost of selection past’)

,2neotropicky paradox”

nocni aktivita a krypticke zbarveni
novozélandskych ptaku (kivi nebo
papousek kakapo) — koexistence

s obrimi dravymi ptaky (Harpagornis
moorei, Circus eylesi)?

hacky a kotvy na plodech
madagaskarskeé rostliny Uncarina -
zoochorie (Aepyornis)? ...




Radiace po masovych extinkcich?

* neni jasne, co presne se deje po masovych

extinkcich

nejsme schopni zkoumat zmeny v rychlosti
speciace, ale zmeny rychlosti ciste diverzifikace

(tedy ,speciace minus extin
nedokazeme rozlisit zpoma
zrychleni extinkce (a naopa

Kee") 2
eni speciace od

)

rychla obnova diverzity: uvolneni prostoru?
(omezeni konkurence o zdroje”? zvetseni
populaci a tim zmenseni rychlosti vymirani?)




disparita = ,diverzita® télnich
planu a zpusobu zZivota

pozor: ve fosilnim zaznamu
nemerime diverzitu, ale (pokud
vubec neco) disparitu (realny
pocet druhu tézko zjisStujeme i v
recentni biote!)

diverzita a disparita jsou obvykle
odpojené

zda se, ze prevlada model
,aisparity-first’. nejprve se rychle
obsadi eko-morfologicky prostor,
pak se v ruznych jeho koutech
speciuje

Diverzita x
disparita a
radiace

diversity and disparnity decoupled

ier:l || | | |“ |
MY R
..‘II {|¢‘|\.|J
pLe

‘diversaty first’ ‘disparity first’




Radiace po masovych extinkcich

vypraveénky o ,véku plazu®, ,véku savcu®,

apod. nemaji zadny smysl — nikdy
neverte na kompetici celych velkych
taxonu!

1. vime, kolik bylo v jure dinosauru a
kolik savcu? (nevime)

2. vime, ze dinosauri vymreli? (vime:
nevymreli)

3. vime, ze dnesni skupiny savcu vznikly
az po ,vymreni dinosauru™? (vime:
vznikly driv)

co tedy vime?

druhohorni dinosauri byli obvykle vetsi
nez druhohorni savci

(no a co ma jako bejt?)







Makroevoluce: anageneze,
kladogeneze a cas

?m’ Y@'ﬁ" ' /

S

Morphological Morphological Mosohippus
change change \

(a) GRADUALISM (b) PUNCTUATED EQUILIBRIUM

0.4m
©1909 Addecn Wesley Longman. Inc Hyracotherium

- " — e’




Makroevoluce x mikroevoluce

mikroevoluce: evolucni procesy uvnitr druhu =
kratkodobé, nedavné, stale probihajici,
experimentalne studovatelne (populacni
genetika, ekologie, etologie ...)

makroevoluce: evolucni procesy nad urovni
druhu = davne, jednorazove, neopakovatelne
(fylogenetika, paleontologle)

je makroevoluce proste soucet mnoha
mikroevoluci v dlouhém casovem meritku?

nebo existuji specificke makroevolucni
procesy??? (druhovy vyber?)




00 0 £00 B00
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Pan troglodytes
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el Makroevoluce: tradicni tema
sporu mezi evolucionisty a

Pan troglodytes

Cranial eapacity (cm?)
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« ,neexistuji prechodne

&lanky*

e opravdu ne?
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of
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El arectus
H. eorgicus H. ergaster

H. habills




Evolucni novinky a prechodne Clanky

« prechodny Clanek® nen/
aritmeticky prumér svych
potomku!!!




Dinosauri a ptaci:

Deinonychus (= , VVelociraptor® z JP)




Basal birds W

Deinonychosaurs W

[| Scansoriopterygids

Oviraptorosaurs

Therizinosaurs

Columba

Compsognathids = /7 | °
. : L‘\ ‘ i 4 . Jeholornis
‘ - i A Sapeornis
| i~ t - - ‘
s, Y

7

Tyrannosaurs

Archaeopteryx

Microraptor
Megalosaurs Anchiornis

Epidexipteryx

Ornithischians







Vznik

infarior
vestibule

nasal
phonic
plugs lips

f
{ large
| bran

neary
hairiess

single nasal
aperture
"blowhole”,_

kytovcu

melon tail flukes
no incisve /
forammna and ¥
vomeronasal™—.__ X
organ ~

\ birth
multi-chambered underwater
stomach nurse

underw ater

pterygoid
air

no outer ears
snus

no olfaciory
ulb (pinnas)

» jedna z nejvetsich
anatomickych a
fyziologickych ,revoluci”
v evoluci savcu v

replacemant
(monophyodonty) .

az donedavna zadné e
,prechodne clanky” — -
jenom fosilni primitivni

kytovci, ale prece
kytovci | '

small

temporal r—

fossa habitat no sebaceous
( glands

retracted | ek g

aymmetrical
saull

no cribriform
plate and \ nasals

/ \, "nohindlimbs

involucrum | / A

fibro-elastic reduced’ detached
| ! »ani | vis

isolationof f PrsCVorous, gparga no .

earbones Camvorous  cavemous  scrotum

fren i m diet fissue

from skull

enormous

| filer-feeder
/ DOoCgy see

unsutured
andibular

obligately
aquatic







Kytovci jsou
sudokopytnici blizci
hrochum

Artiodactyla

Cefacea

=5 posifive

22
an = [{e]

mmnn P
+1d4a

HEE
{160}

]
51
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Balaenidae

Monodontidae

Phocoenidae

Platanistidae -—--r—- -

Kogiidag -—-------1-—-— m

Physeteridae -—--:--_;_m

b,

Balaenopteridag ---{----- w
Eschrichtiidag ---— S

Neobalaenidae -

Hippopotamidae -- -F--------- qh
Bovidae """_""T"*.

Moschidag

Tayassuidag -------f--------

Gamelidae--—-------:--.%







Delphinus ‘—w. S
Physeter “

1al03uopQ

tWaipatia “Q
L-....... tSimocetus -“%

Hanjucetus R
tMammalodon ,1,‘_(4}5\
tAetiocetus ‘ﬂ
r*{umvmn‘hn - E——

tCetotherium :*.‘-‘

Balaena ‘
Megaptera _'\ —
© DNA substitution Qutgroups

© Hox

E9JE130 UMOJID

. tBasilosaurus ’w 2 @ oone
Dense limb bones, sebaceous glands [ost, '

reduced hair, semiaquatic, nurse underwater

b tDorudon
| Dense ear bones for underwater hearing

- - Carnivarous/piscivarous diet, rabust tail e - - Mysticeti

eorgiacetus e
‘ X Fat pad in jaw for underwater hearing 5 st el
tProtocetus L 2
*\*/ Vomeronasal organ lost, move to saltwater f ) .
tArtiocetus e

F

External nares pasteriorly situated, tail flukes il asic
tRodhacetus = -

Detachment of pelvis fram vertebral column
I-— tMaiacetus Vestigial hindlimbs, obligate aguatic = Physeteroidea
% (M) Hindfeet lost/vestiges internal, elbow mobility reduced Key:
®) to (M) Sweat glands lost, body hair lost, outer ears lost 1 Bnet b °
0 .

tRemingtonocetus ,ﬂ N) Broadened rostrum ’

Baleen, feeding with both teeth and baleen ? &
C Ziphiidae

tAmbulocetus M Enamel and teeth in adults [ost, bulk filter feeding

Mandibles bowed, telescoping of the skull

O~ Comergance with beavs '
tPakicetus /m Telescoping of the skull 6 :!*L S ®
., - weergence with pinnipeds
y, ) \ —_—— Skull assymmetry, homodont dentition © - Rate siowdown e
High-frequency hearing, echolocation, single blowhole, -

tindohyus %\ W' increased relative brain size, olfactory bulb lost Delphinoidea
’ 30
|

Hippopotamus m Millions of years ago

25 ’ @MoPHI @ sFTRc
1 S Qaem Aquatic
Tung

2328132 WAl

Millions of years ago

Deep dhiny
oxygenstorage

g8




If The Theory of Evolution Were True (and it is) it actually looked like this §

and millions of these There are billions of these

There are millions of these

w Xy
> QIM__ R

So where are the millions of these?
(The Between Specles)

Seen this picture?

It's wrong. 4
and <300 thousand of these
(modern chimpanzees)

| fixed it. You're welcome
The last common ancestor species of humans and chimpanzees

is NOT genetically identical to either modern chimpanzees
or modern humans. All of these “between species"
@quantumleapyear (an incorrect term) became extinct by becoming us.

evoluce nenilinearni zebrik od primitivhich k pokrocCilym




Makroevoluce

vztah anageneze,
kladogeneze a
casu
gradualismus

punktuacionismus
(= prerusovane
rovnovahy,
punctuated
equilibria)

*» w11
o By |

Morphological Morphological
change change

(a) GRADUALISM (b) PUNCTUATED EQUILIBRIUM

-«

©1999 Asdacn Wesley Lorgman. Inc




,Skokova evoluce”

* myslenka ne-gradualni evoluce se porad
vraci a teorie prerusovanych rovnovah je
jenom jedna (pomerne velmi strizliva)
varianta

 saltacionismus

» explozivni modely fylogeneze




Arabidopsis




Saltacionismus

hopeful monster (= ,nadéjna zruda®): nositel
velke skokove (saltacni) zmeny

saltacionismus ,resi” problém s postupnym
vznikem slozitych evolucnich novinek (tim, ze
se mu vyhyba)

ALE prinasi novy problém s realnym
fungovanim zrud

(x moderni punktuacionismus nevychazi ze saltacnich
zmén, predpoklada uplné obydéejné evoluéni zmény)




Explozivni objevy novych
taxonu

Late Cenozoic
To Cretaceous
Metatheria
Explosive Model

« odrazeji skutecne a
spravne datovane

radiace, nebo jde o
tafonomické a/nebo

Long Fuse Model

Short Fuse Model

0
)
)
0
taxonomicke artefakty? ;
)
)
)




Manairamala

Marsunialla

Evoluce savcu
na hranici kridy
a tretihor

*H—.—.—IIIIIIII EEN

l

—

zrychleni a zpomaleni Cisté
diverzifikace

Placerdnlia

4

I".II EEEEEER

Cretaceous Terrestrial Revolution

T T
110 100 90 80 70 A 60

4 |
&n

KPg
Mass Extinction




Kambrijska exploze

» vznik velke Casti
dnesnich zivocCisnych
skupin a ,télnich
planu“ 540-550 Mya

 ALE molekularni
hodiny odhaduiji
diverzifikaci metazoi
na 570-700 Mya

» fylogeneze metazoi
nenasvedcuje
explozivni minulosti
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Zrychleni evoluce
(morfologicke | molekularni)

Branches proportional to Time (million yrs)
400 300 200 100

Branches proportional to

k) )PycTogo_ﬁida Molecular Change
Xiphosura (Coronoscomivs)  y; " ) 1h|ck Early Cambrian & latest Ediacaran)|

Yiphosura (Limulus)

Chiloy (Seutigera)

Chilopoda (Lithobius) 5

Chilopoda (Scolopendra) sl =

Chiopoda (Craterostigmus) ~= ;

Diplopoda (Pofwenus) \,

Diplopoda (Marceus) - d‘ XN

Pauropoda (Pauropodinae) yriapoda | 3%

Symphyia (Hanseniella)
Symphwa (Sautigerello)

I'(Ig {Derod)xek)ca )<

a ilocaris) T

Branchiura (Arguius) I ——

;gan%smmwda (A:mtﬂferfﬂameneﬂa)O"9°5”a‘a Branches proportional to

Branchiopoda Sﬁ'eptoc.ephaindae) Morphological Change
poda {Triops) (thick = Early Cambrian & latest Ediacaran)

=
e
o

Cephalocarida (Hutchinsoniella) X 4 d

Remipedia (Speleonectes/Remipedia) AEMOcanda

Collembola (Tomocerus) -

Diplura (Campodeidae)

Diplura (lapygidae)

Archaeognatha (Meinertellidae)

Archaeognatha (Machilidae)

Zygentoma (Lepismatidae) =

Ephemeroptera (Ephemerello/Callibaetis) i
. o Diptera (Panopoida A

Posterior Rrobability = (i) Or%tmpmra @”‘;{Uﬁm) Hexapoda

unless otherwise indicated . Blattodea (Periplaneta)




Kde se vzala kambrijska exploze?

» 1. kreacni akt (tj. ,nacapali jsme Stvoritele pri Cinu® x Prvni
kniha Mojzisova se o kambriu nezminuje)

« 2. ekologicke hypotezy (nekdy vcelku verohodné, jindy na
hranici fantasmagorie)

« 3. vyvojove-biologicke hypotezy (Casto za hranici
fantasmagorie): uplné novy typ ontogeneze (set-aside

cells)???




,Predni okraj* exploze: co bylo pred
kambriem?

zname prekambrijskou makrofaunu z obdobi ediakara, ale
nevime, co to je:

zivocichove patrici do (blizkosti) dnesnich skupin?
zivocichove, ale kompletne vymrelé skupiny?
nezivocichové (,Vendozoa“, ,Vendobionta“)?
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Evoluce ,telnich planu
a ,kambrijska exploze”

pry ,telni plany” vznikaly
explozivne na pocatku
prvohor a od te doby nic
ALE

jak se pozna, ze dve
zvirata maji ruznée télni
plany?

jak to pozna
paleontolog, ktery o nich
skoro nic nevi?
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Evoluce ,télnich

o ¢,

planu”;
Rhizocephala

=" basa of sata,
injects cells

Embryonic cell
mass attaches
o midgut and

begins to grow

Thecostraca

Cirripedia

Facetotecta Ascothoracida Acrothoracica Thoracica Rhizocephala

aximaln é
kambrium

tj. rhizocefalni télni plan urcite
miladsi

Mala cyprid
enters
externalized
femala

MNauplius karvae
of parasite releasad

of Sacculina on
hast crab

Sacculina lissue
growing on crab




|, —

Nanomia bijuga
Hydractinia poi gcﬁna

lytia hemisphaerica

iydra magnipapillata

Tripedalia cys!

%yanea capillata N
tomolophus meleagris

Aurelia aurita

Polypodium hydriforme

Gorgonia ventalina - . -
B tovolal Octocorallia  Cnidaria
Pocillopora damicornis
Monlastraea faveolata
Porites australiensis
Ir\;f;.cro for? L;Jen/icotmis_
ematostella vectensis
Edwardsiella lineala Hexacorallia.
Urticina eques
Bolocera luediae
Homnathia digitata
Aiptasia palli )
Latimerta menadoensis
Homo sapiens
Pefromyzon marinus
Ciona intestinalis
Botryllus schlosseri

Deuterostomia
Branchiosfoma floridae
Saccoglossus kowalevskii
Strongylocentrotus purpuratus
Patiria miniata
Pediculus humanus
Nasonia vitripennis
Daphnia pulex

Ecdysozoa

Corticium candelabrum
Oscarelfa carmela

Amphimedon queenslandica
Euplokamis dunfapae
allicula multiformis
Pleurobrachia pileus
Mnemiopsis leid)
= Seroe abyssicola
Monosiga ovata
Acanihoeca_sF
fgphanoeca diplocostata Choanoflagellata
alpingoeca sp
= \fonasiga brevicollis
Ministena vibrans

Capsaspora owczarzaki

Sphaeroforma arctica

Amoebidium parasiticum Ichthyosporea




Evoluce ,télnich planu®: ,druhotna
jednobunecnost”

Afghan  Saluki Lhasa
4 a,

" g . ih Tzu
M‘ \ & a
N y
ALY A P R




Ostnokozci
(Echinodermata)

Hemichordata

[ protocsl

mezocel

[ metaceal

predni
pravy
bisnl —__|-
= hibetni




Vznik sumysu (Holothuroida)

* silur (tj. cca 100 mil. let po kambriu)

Echinoids Ophiocistioids Palaeocucumaria  Apodans Elasipodans

Axial region

I: Extraxial region

D Digestive system

D Water vascular system

. Auxilliary radial water vessel
- Lantern

- Madreporic plate/body
- Ocular plate/radial plate




Archetyp,
Bauplan, zakladni
plan...

Richard Owen (1804-1892)

£ Neural BpMinie.
ﬁ Neurapuph ysis,
D Diapoph yxis.
- Centrum.

IH Parapopliysis,
Tleurapojhysis
E H:imapophysis.
0 Hamalspine.

Appenilspe.

“The skeleton is only a developed, ramified, repeated vertebra; ...the entire man is only a vertebra.”




Homologie: stejny HOmOlOgie X
analogie

puvod (= podobna
pozice, vnitrni
struktura,
ontogeneze, geny...), I
ale odlisna funkce ' W

Analogie: podobna
funkce, ale odlisny
puvod

bird (chicken)

Homologie i analogie jsou morfologicke, etologicke, ekologicke,
molekularni...




Homologie pred evolucni teorii
Pierre Belon (1555)

LIVRE L DELA NATVRE DES OVYSEAVX, PAR P BELON
La comparziion du fidis pereraict des os humains monfire come
bien ceftuy cy qui et dvn eyfesuen eft prochain.

Pormwaift des os de [oylean.

v v -
vsimnete si:
Porraict delamas des os humains , mis en comparaifon

organismus rozdelen |

na koneény podet e
asti (tj. destrukce L
jeho jednoty)

moznost srovnavani

diky pozicnimu

Kriteriu — proto

neprirozena poloha it |
ALE: jeSté mnohem Bl A

e pesrebres don dos par derviver,
deshamehes fent fosgs, cerilny o

rvebees awdefadi dercafler .

/7 [l .' . g ;
r I V . A r I . ' ' fong Befe G Sreefluravempinn
- " d - ¢ 7 Larsselle du genonls .
wehitte £ K farsersde eel] wapparsions pweres finom

ity hary it en gl four boadly.

K Dowgy ermebovsoncol, g firan dov,

,delfin je savec” -




Vznik analogii:

konvergence
gentle giants

Rhincodon a
Ceforhinus

Mysticeti

Leedsichthys (jura) Tamisiocaris (kambrium)




Vznik analogii:
konvergence

« - normalne vlastnéeé
,homonymie"”

zajimava zacne byt,
kdyz ji nejsme schopni
a priori rozlisit (tj.
prijdeme na niaz a
posteriori, konfrontaci
s fylogenetickou
hypotézou)




1 Ma

Struthia
Anea
Aplaryx

Casuarius
" s Dromialuis a
Eudromia i
Nothoprocta i
= Cryplurellus bil
Tinamus L3

Leipoa
— (), 'au;
> —
:‘\um!da
oy — cmon'opnams -
 —— 0
g.ﬂmus
S — 501353
‘._"3— Gallus
Chauna
Denaroc yana 1

e —— Caprimuigus
ey S— ol
Steatomnis
Nyctibius
Podargus

Streptoprocne
Chaelura
aza

oy pody

Archilochus
Tauraco

urmnaewa
Cenflcpus =
Cucuius
Coceyzus

Monias ~
Mesitornis

‘ydiowipno

seAeqUINOD

 potaplice jsou
pribuzneé

g

| tuénakum,
E-u 7 =  albatrostim,

HECUT virostra
U

e ~ ¢apum, volavkam,

“yiowquinioy

Rallus
Micropygia
Porphyiio
Psophia
Aramus
ﬁ?‘ Pﬁ!ll.&

Q-
;k!:l} ) D:'i _‘ 9

Arenaria

i 2 . 3 - - [ 1 4 (o]

Uria - i =— " | I I I I
(.H'UiCOCQDHEJUS - = . ;2 e I a u

Sterna : =t ; e ’

Aynchops
Eurypyga

Fnae.’ non i § 4 o
S SR — ' ormoranum
Oceanites pvee :

Pelagodroma

Oceanodroma
Fuimarus

= T otapky jsou
7 __ Fibuzneé
| JEINERELC

Eocens

Paiasogens




Gradualismus «m &

casove rozlozeni anagenetickych zmeén je vicemene
rovnomerné

anagenetické zmeny nejsou spojeny s kladogenetickymi (tj.
existuje i ,fyleticka speciace”)

No state change; State change; No statechange; State change;
no speciation no specation speciation speciation




Anageneze bez
kladogeneze?

,Fyleticka speciace” = jeden
druh se meni v druhy bez
stepne (kladogeneticke)
udalosti

Je to vubec mozné?

Ize si predstavit velké geneticke
zmeny ve velke populaci?

a pokud ne, neni zmenseni
velikosti populace obvykle
spojene s jejim rozpadem, tj. s
kladogenezi?)




AF072685 Przewalskii

Id
191d

NC001640 Domestic
Recent rack

BuaI0]
auanobin

1. 8. Germany, 125k
/ 25. Alaska, 43.9k
Pleistocene i W WA 28, Alberta, Canada

21 BuaoDe|ed

&

5

_| ausaoy
o auaool|

n.

P
Hyracotherium. |
H ]
& 2. 8. Germany, 12.5k Orohippus
' puS
modern house (Equus) i 12. Siberia, 531 k Haplohippus
o Epihippus
21. Siberia Mesohippus
23. Mlaska, 125k Michippus
Kaicbalippus
= Anchithenum
36. Patagonia, 13-10k Sinchippus
; Hypohippus
37. Tierra del Fuego, 13-10k

1.25m Megahippus
Pliohippus 38, Patagonia, 13-10k Archasohippus
Parahippus
39. Patagonia, 13-10k ——— Merychippus, |

l / by 4. Buenos Ajres Prov. Protohippus

caballines

Pliocens \
rock i | R~ 40. Patagonia, 13-10k

{sdates from 18
milioe paard agel

Hippidion

Miocena

Calippus

fdates trom 30
milion years oge]

34, Yukon, 46.6k
e ¥ s 33, Nevada, 13.0k

1.0m
L. Hippidion
rychipp 32. Wyoming Onohippidium

90/98 D
Ollogocens. m 35. Yukon >47K . Dinohippus
n Fa8 Iy Equus

Pseudnipparion
\ & Hipparion
0.6m Qid Worid Hipparions, |
Masahippus AF2208186 Plains zebra Neohlpparion

3 AF220932 Kiang
\ | AF220938 Kiang
’ : AF220937 Onager
AF220936 Kulan

Plichippus
Astrohippus

stilt-legged

NC001788 Donkey

African
equids

Merychippus, Il
Nannippus
Cormanipparion

Old World Hipparions, 1|

miones

e o
milion yuors age)

3

0.4m
Hyracotherium

\ Equus

nic nenasvedcuje tomu, ze
by dlouha neprerusovana
anageneze existovala

Body Mass (Kg)

Merychippus ﬁ&\;__\

Mesohippus

& i Hyracotherium W =

Nannippus

Million Years Ago
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Prerusovaneé Y &1t
rovnovahy

Wl oy W

okamziky velkych anagenetickych zmen jsou prolozeny
dlouhymi periodami stazigeneze

anageneze spojena s kladogenezi (anagenetické zmeny v
malych perifernich populacich v prubéhu speciace)

No state change; State change; No statechange; State change;
no speciation no specation speciation speciation




Prerusované rovnovahy?

o Alnt he observed fossil _..but this pattern can also be
g rad u a I n I eVO| u Ce X record seems to I e:;;-:ainéd Ii':ry irregular preservation
v v ’ ,? show rapid evolution... of transitional forms.
prerusovana evoluce” -

X diskontinualni fosilni
zaznam & T 7 gl

as fossils.




Peripatricka speciace a
,prerusovane rovnovahy"

Time (many generations)
_—
L SER N V28 Vg
S R R e ~




Gradualismus, anebo
prerusovane rovnovahy?

* fosilni zaznam umoznuje oboji (Casto jen
rozdil v meritku!)

« populacni a evolucni biologie spis podporuji
punktuacionismus

* jiste obcCas plati oboji, zalezi na
kvantitativnim pomeru




Nileids Cnemidopyge Platycalymene Ogygiocarella Nobiliasaphus

General younging direction

Number of ribs

- Figure 19.8 Gradual evolution in Sheldon's study of Ordovician Welsh trilobites. In eight
lineages, the pattern of change is gradual rather than punctuated. Time goes up the page (total

time span 3 million years) and the biometric variable (number of ribs) is on the bottom. From
Sheldon (1987).




EOLSS - PATTERNS AND RATES OF SPECIES EVOLUTION
tenue group unguiculatum group

pacificum unguiculatum

rLsp's ﬂ.sp.3
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. (C) Smithsonian Institution

Fig. 6. Punctuational speciation in the bryozoan Metrarabdotos. The fossils show that Metrarabdotos
radiated dramatically between 8 and 4 million years ago, and several species arose apparently rapidly,
within the Dominican Sampling Interval (DSI), a particularly well sampled sequence. Based on the
work of Cheetham and Jackson.




Pleistocene

Pliocene

la8prm BAE47 4

100 —

120 —

140

160 —

Miocene 180 —

8.3 (Myr BP) 200

Figure 21.5 Evolutionary changes in body size in the foraminiferan lineage Globorotalia
conoidea—G. inflata. (The same lineage is classified as G. conoidea in the Miocene, but G.
inflata from the Pleistocene.) Note the two rounds of increased size, with a decrease between
in the Pliocene. From Malmgren and Kennett (1981).




Evolucni trendy

gradualismus existenci dlouhodobych trendu predpoklada

prerusované rovnovahy: noveé a odlisné druhy vznikaji
speciacnimi udalostmi, které jsou casove izolovane
stazigenezi

tak KDE se berou dlouhodobé trendy???
(... pokud ovsem existuiji...)




Mikroevoluce x makroevoluce

 je makroevoluce jenom extrapolace
mikroevolucnich déju ve velkém
meritku?

* nebo existuji specifické makroevolucni
procesy?

» druhovy vyber — jediny skutecny rozdil
mezi mikro- a makroevoluci




Druhovy vyber (species selection)

 prirozeny vybér pracuje na
urovni genu a jedincu v
populacich — podporuje
jedince (a jejich geny), kteri
dokazou malo umirat a
hodne se mnozit

druhovy vybér pracuje na
urovni druhu ve
fylogenetickych skupinach
— podporuje druhy, které
dokazou malo vymirat a
hodné speciovat




Druhovy vyber

-

velikost téla jedincd velikost t&la jedinci
v rameci drubhu v ramci druhu

» Vlastnost (napfr. velikost téla) muze v makroevoluci
prevladnout proto, ze druhy s velkymi jedinci Ieépe speciuji
nebo lépe odolavaji extinkci nez druhy s malymi jedinci,

* ALE NE proto, Ze se velci jedinci uvnitf druhu Iépe mnozi nez
mali jedinci




Druhovy vyber

patrne malo efektivni:

1. vlastnosti podporujici speciaci obvykle take zvysuji riziko
extinkce

2. druh existuje miliony let = bylo k dispozici malo Casu pro
uspesnou selekci (cca 700 My mnohobunecneho zivota)

3. radoveé nizSi kompetice (druhu je mifi nez jedincu uvnitf
jednoho druhu)

ALE

1. Ize si predstavit rozpor mezi obema vybery (zvetsovani tela x
populacni charakteristiky?)

2. kolektivni vlastnosti, které jedinec vubec nema
(polymorfismus, populacni hustota, velikost arealu, mnozstvi
hnizdist', invazivnost, pomer pohlavi) — pokud by bézne
prezivaly speciaci...




Makroevoluce zaverem

potrebujeme specialni makroevolucni vysvetleni nebo je
makroevoluce jenom mikroevoluce v paleontologickem
meritku?

1. pokud plati gradualismus, specialni makroevoluce
netreba

2. pokud plati prerusované rovnovahy, pak zalezi na tom,
zda funguje druhovy vyber

coz zalezi na tom, zda existuji vlastnosti (a) kolektivni a
zaroven (b) ,dedicne” (= prezivajici speciaci)

tedy: muselo by byt splnéno prilis mnoho, o cem nic
nevime - zatim berme makroevoluci jako extrapolaci
mikroevoluce




