Zakladni terminy a koncepty — klasifikace

PEDIGREE OF MAN
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klasifikace uméla vs. pfirozena

Klasifikace

« existuje jediny pfirozeny = spravny
systém, ktery je obrazem jednou
probéhlych evoluénich procesu a
zmén (= fylogeneticky s.)

« telefonni seznam druhti?

« systematicka zoologie se zabyva
nenahodnym sefazenim taxon(

* k dal$imu ¢teni — povinnému:
Dawkins R. 2002: Slepy hodinar.

Zazrak zivota ocima evolu¢ni biologie.

Paseka, Praha. (kap. 10)

Kdo necetl ,,Slepyse“ neni biolog! ‘




Evoluce je hromadéni odvozenych znaka...
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| Mammals

Time

Amphibians

Fishes

Ladder Bean stalk
(a)

FIGURE 1.21 Evolution of dendrograms. The course of
evolution, with some branches becoming extiner, is depicted by
the left dendrogram. We stand at the time horizon plane (P)

to observe the lineages that have persisted to the present.

The illustration on the right is one possible two-dimensional
dendrogram that represents only the major surviving lines

of descent.

FIGURE 1.20 Bean stalks and bushes. () The “ladder of
creation” is a misleading metaphor. Evolution proceeds not in
stately fashion up a ladder of species, one to the next, but along
parallel lines that branch outward. Dendrograms shaped like bean
stalks illustrate the order in which a group appeared but nurture
the misleading view that species evelved in linear sequence up to
the present time. (b) The diversity of unfolding evolution is better

Bush
i) represented by a dendrogram shaped like a bush.




Kladistika

« fylogeneticka systematika
= kladistika

* metoda hierarchické klasifikace

» diskrétni jednotky a pod-jednotek
(,matrjoska*)

* kladogram — hypotéza o

pfibuzenskych vztazich (spolecny

predek)

« S&tépeni evolucnich linii je jedina
jednoznaéna udalost umozriujici
objektivni klasifikaci

* hierarchické uhnizdéni podle
mnoha podobnych znaku

* vs. systém na zakladé nahodné
vybranych podobnosti

* ne vSechny znaky jsou ,dobré*

ﬁlﬁﬁ:ﬁm

Zahavci
Acoela
ostnokozci |
polostrunatci
plasténci
kopinatci
obratlovci
hlistice
hlavatci
drapkovci
¢lenovci
plosténci
mékkysi
krouzkovci

druhousti

kladogram

Neni podobnost jako podobnost:
Homologie vs. konvergence

» konvergence = homoplazie =
analogie

— funkéni podobnost

— dana ekologickymi podminkami

Gryllotalpa gryllotalpa

Talpa'europaea




Neni podobnost jako podobnost:
Homologie vs. konvergence

* homologie
— strukturalni podobnost
— dana pfibuznosti

typy homologii:

+ ortologie

— homologie vznikla speciaci

— pfedni kfidlo brouka a komara

2 informace o pribéhu fylogeneze

* paralogie
— homologie vznikla duplikaci genu
— dvoukfidly hmyz:

mesothrorax — kfidla,

metathorax — kyvadélka (haltery)
2 informace o evoluci funkci, tvar(

Pozor na nékteré podobnosti:
funkéné homoplazie, ale strukturalné homologie!

Carpometacarpals «

Radius Humerus

Phalanges —_

Metacarpals * ~ &

Ulna’

C. tPterosaur wing with airfoil surface made of skin
supported by a single elongated digit

Carpals

Radius Humerus

B. Bat wing with airfoil surface made of skin supported
by four elongated digits

FT FIGURE 1-9

Homoplasy demonstrated by three independent evolutionary
origins of wings for powered flight. A, Skeleton and outline
rd, based on Young. B, Skeleton

of the airfoil surface in 2
and outline of the airfoil surface in a bat, based on Owen,
C, Skeleton and outline of | surface in a tpterosaur

nples are

based on (
homoplasic because ing evolved
indk wtly. H
appe: s, all three w

a) ¢ ison of

cause each

represents a modification of a terrestrial vertebrate forelimb.




(Ne)podobnost # (ne)pribuznost:
divergence vs. konvergence

eDEPOD

Move into
water, lose limbs

Move onto land, gain limbs

Phylogeny of vertebrate animals, showing convergence
of swimming mammals on the fish body shape.

(Ne)podobnost # (ne)pribuznost:
divergence vs. konvergence

http://core.ecu.edu/biol/summersk/summerwebpage/Research/Mimicry/Mimicry.htm




Kladistika — homologické znaky

0
ABCDEF

1 2

3 4
A’‘BCDEF  A'B'CDE'F A'B'C'D'’EF A'B'C'D'EF

» apomorfie vs. plesiomorfie (odvozené vs. primitivni znaky)

* synapomorfie vs. symplesiomorfie

+ vyznam pro klasifikaci maji jen synapomorfie

» hierarchické usporadani kladu na zakladé
sdilenych odvozenych znaku

Parsimonie

Figure 15.15

The same character is found in
both a descendant species and
one of its ancestors. It is more
likely (a) that the character has
remained constant and has
been passed on by inheritance
than (b) that it has changed and
reverted to its original state a
number of times between the
ancestor and descendant,

(a) Likely inference

d
A Descendant species

Ancestral species
Character a

(b) Unlikely inference

Character

Descendant species.

o

&
‘f' Ancestral species
a




Kladistika Echinodermata

Hemichordata
Chordata

« uroven analyzy! — vnéjSi apomorfie se stava vnittni plesiomorfii:
spodni Celist — dentale:
plazi, ptaci, savci vs. kun, antilopa, velryba

« charakteristika skupin na zakladé synapomorfii
* charakteristika druhd na zakladé autapomorfii
» apomorfie = autapomorfie + synapomorfie

* kazdy znak: autapomorfie = synapomorfie = symplesiomorfie

Zrzavy J., Storch D. & Mihulka S. 2004: Jak se déla evoluce. Paseka,
Praha. 296 stran

A o ——1 Princip shlukovani




Shlukovani

Imagine meaeuring & bunch of animal specikes and graphing their widthe againet their engthe. Each species would sppesr ¢ a2
=ingke doton the graph, and the dot would tell v something about their £hapes, and howthoes ¢hapes compare with e=ch
other. Snshes, for instance, would £bowrup 2 long, skinny things, but turtles =2 shorter, wider things. The graph woul et us
digtinguiz h their shapes & aglance, and would "cheter” the similsr body shapes Dgether.

: " Map Turtle
(A
. L B Turtle
e ¥
_ . Mud Turtle
Snapping Turtle e Bl

Boa

Copperhead-=¥
Gatter Shake

STAMDARDIZED ¥WIDTH

STANDARDIZED LEMNGTH

Kodovani znaku

CREATION OF A DATA MATREC - A "1" IMPLIES THAT A CHARACTER
IS PRESENT IN THE O.T.U., A"0" IMPLIES IT IS ABSENT IN THE O.T.U.

rouND OUTLINE |

SQUARE OUTLINE

DoOTS

SPIMES

FATTERNED SkiIM

oO|lo|lo|—=]—

"SPOKES”
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o

Princip parsimonie

Aquisition of spines Aquisition of pattemed skin

]

Aguisition of dot

Change to square shapé

Loss of "spokes”

sousmeouTuwe 1 1T 11 LD QO
= ' EBERERE Two possible cladograms are shown above, along with
the apomarphies that identify the branches. The one
SPHES o1 111010 on the leftwill be rejected because t contains ane
additional step and is therefore less parsimonious than
ratTERNEDSXH [ O QO 11 O QO the one an the right. (What isthe extra step?)
-SPOKES 11111710100
a = 2] =] w
LI &' o
Typy znaku
anatomické sekundarni tvrdé patro, 2 — 3 polokruzné chodby ve
vnitfnim uchu, srast kosti, pomér velikosti kosti, tvar
spankové jamy, ztrata zubl
molekularni sekvence nukleotidli, pofadi gent, duplikace Hox-gen(,
zmény genetického kodu
embryologické neurentericky kanal, zarode&né obaly, typ ryhovani
vajicka
ontogenetické (ne)ukonceny rast
fyziologické endotermie
ekologické navrat do vodniho prostfedi
behavioralni 2vykani, pé€e o potomstvo, schopnost letu




Typy znakd: molekuly 76

Homo
14
70 92 Pan
150 L% Gorilla
128 AL bl Pongo
457 Macaca
6/212 Ateles
Numbers indicate the minimum possible
nucleotide substitutions, which produce
this "most parsimonious” phylogeny.
Yellow indicates Great Ape Red indicates
synapomorphy Homo/Pan
(Homo/Pan/Gorilla/Pongo). synapomorphy.
Homo ATA -+« T e+ » s GAAGAGATG » - -
Pan ’ A A G 3 CcCG
Gorilla TAAT A A T GG
Pongo TAAT A A T CG
Macaca T A AT C G T CA
Ateles TAAT A G T AT
®@ * * e & s = s s =@ @ * * = @ @ e = ® s = = Y
3903 3913 5361 5365 6367 6375
Typy znakd: molekuly Sy e pr——
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Jarvis et al. Science 2014
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Genové stromy
* trans-speciacni polymorfismus

* kladogram podle gent vs. vice znaku

H-A3
H-All
C-Al108 } MHC
C-A126 locus A
H-A24

u

|

H-B13
C-B1
H-B44 ¢ MHC
C-B2 locus B

H-B27

0.08 0.06 0.04 0.02 0
L I I I

Branch length

At both loci, each
chimpanzee allele is
more closely related
(and has a more similar
nucleotide sequence)
to a human allele than
to other chimpanzee
alleles.

(Ne)zahrnuti vyhynulych skupin

Extant groups

Testudines
Crocodylia
Aves
Lepidosauria

(a) Mammalia

Extant and
extinct groups

Procolophenia

Crocodylia)

Phytosauria

Pterosauria
Stegosauria
Ankylosauria
Omithopoda
Sauropodomorpha
Ceratosauria
Carnosauria
Omithomimidae

Aves

Ichthyosauria
Plesiosauria
Placodontia
Champsosauridae

Lepidosauria |

Captorhinidae
Sphenacodontid
Dinocephalia
Anomodontia
Theriodontia
Dicynodontia
Therocephalia
Tritylodontia
Merganucodon
Triconodontia
Multituberculata
Symmetrodonta

Mammalia

11



1,541 loci
87% complete matrix

Waterbirds

0.95] 35 Trochilidae ( ingbirds - 21)

(Ne)zahrnuti zijicich skupin

Pittidae (pittas - 1)

Viduidae (wydahs & indigobirds - 2)
Psittacidae (parrots - 3)

Falconidae (falcons & allies - 4)
Coliidae (mousebirds - 5)
Megalaimidae (Asian barbets - §)
Picidae (woodpeckers - 7)
Phoeniculidae (woodhoopoes - 8)
Momatidae (motmots - 8)

Tregonidae (trogons - 10

Tytonidae (barn owls - 11)
Accipitridae (hawks and allies - 12)
Cathartidae (New World vultures - 13)
Phalacrocoracidae (cormorants - 14)
Scopidae (Hamerkop - 15)
Balaenicipitidae (Shoebill - 16)
Spheniscidae (penguins - 17)
Hydrobatidae (storm-petrels - 18)
Gaviidae (Ioons - 19) Tauraco persa Chrysococcyx cupreus
98 — Myclibiidae (potoos - 20)

as sister

. Our study did not include a member of the cuckoo
Phaethonti tropichirds - 22 — - — H - -
onldas wroplchis = 22) family, which has ofien been considered a close relative of the
Eurypygidae (Sunbittern - 23) -

0.99 | 43
T

Opisth idae (Hoatzin - 24) turacos and thus might be its true sister taxon. An additional note
Otididae (bustards - 25)

Musophagidae (turacos - 26)

Columbidae (pigeons and doves - 27)

Pteroclididae (sandgrouse - 28)

Phoenicopteridae (flamingos - 29)

Podicipedidae (grebes - 30)

C i (plovers - 31)
Psophiidae (frumpeters - 32)
Phasianidae and partridges)

McCormack et al PLoS ONE 2013

1,541 loci
87% complete matrix

(Ne)zahrnuti rdznych gent
416 loci

Pitiidag (pltas - 1) 100% complete matrix

Viduidae (wydahs & indigobirds - 2) E Pittidae (pittas - 1)

Psittacidae (parrots - 3) Psittacidae (parrote - 3)
Falconidae (falcons & allies - 4) B o Megalaimidae (Asian barbets - 6)
Coliidae (mousebirds - 5) Picidae (woodpeckers - 7)
Megalaimidae (Asian barbets - §) — Momatidae (motmots - 8)

Picidae (woodpeckers - T) ;;o'w i (wa . -8)
Phoeniculidae (woodhoopoes - 8) iidae -
Momatidae (matmots - 9) 0.99 | NP, Tytonidae (barn owls - 11)

Tregonidae (trogens - 10 9% '™ Accipitridae (hawks and allies - 12)
Tytonidae (barm owls - 11) Cathartidae (New World vultures - 13)

Waterbirds

L Gaviidae (loons - 19) %

Accipitridae (hawks and allies - 12) Charadriidae (plovars - 31)
Cathartidae (New World vultures - 13) Omslhmmm{e (Hoatzin - 24)
Phalacrocoracidae (cormorants - 14) F'hela_rcroooracnuae (cormorants - 14)
Scopidae (Hamerkop - 15) Scopidae (Hamerkop - 15)
Balaenicipitidae (Shoebill - 16) Balaerflca.pmdae {Sho.stnu =16}
Srhanicmid ins - 17) a8 88 Spheniscidae (penguins - 17)
Hydrobatidae (storm-petrels - 18) Hydrobatidae (storm-petrels - 18)

Gaviidae (loons - 19)

’
b Otididae (bustards - 25)
98 — Nyctibiidae (potoos - 20)
P L 26 Psophiidae -32)
0.95]35 Ti ( gbirds - 21
: Phaethantidae (tropicl biras-zz; i Musophagidae (turacos - 26)
Eurypygidae (Sunbittern - 23) e L T'°°Il'!f|a° ‘""m"""gzr’t"'ds =21),
Opisthocomidae (Hoatzin - 24) L hycibicae (poicos =20}
099 421

Otididae (bustards - 25)

P 9 -28)
Musophagidae (turacos - 26) 43 Eurypygidae (Sunbittern - 23)
Columbidae (pigeons and doves - 27) Phaethontidae (tropicbirds - 22)

Pteroclididae (sandgrouse - 28) Phoenicopteridae (flamingos - 29)

Phoenicopteridae (flamingos - 28) ﬁ"?idﬁm .‘9"*”1'”3"‘,",% _am
Podicipedidae (grebes - 30) gy e d : X
C driidae (plovers - 31) ) o

e >0.95PP, >70%BS

Psophiidae (1 ters - 32
phida (t1umpe ) @ >0.95 PP, <70%BS

P (i and partridges) k:
@ >0.90 PP, notin ML tree

McCormack et al PLoS ONE 2013
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hynulych skupin
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r 1
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DICRAEOSAURIDAE : l l
DIFLODOCIDAE \

L 4
o

ANKYLOSAURINAE

IODONTINAE

O

HADROSAURIMNAF
LAMBEOSAURINAE

3
COELOPHYSIDAE
TORVOSAURIDAR
SPINGSAURIDAE
ALLOSAURDIDEA
Cr. s
COMPSOGNATHIDAE o
ALVAREZSAURIDAF
@ ORNITHOMIMIDAE k. v

THERIZINOSAURIDAE

TYRANNOSAUROIDEA T
OVIRAFTOROSAURIA
DROMAEOSAURIDAF W
TROODONTIDAE

© Archa - -

( I\:_I;'\ll“;_;{.lm‘.l\“ CONFUCIUSORNITHIDAE &
BT LI ENANTIORNITHES
EUORNITHES ﬂ

ORNITHISCHIA SAURISCHIA modern bards

=
=
T
-~
~—

Alvarezsal

Zobrazeni kladogramu

A — B

B — A
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® s 3 4 L

Table 4. Comparison of the likelihood values of different topologies within the Actinopterygii, applying the
and the Shimodaira-Hasegawa-test (SH) based on the soxll-tyrosinase dataset

Topology Li ALD +SE PKH PSH PAU §

1 (A(L{(G + E) (O + 1)) (D(C + TN -6782.639 0.000 0.000 ~1.000 ~1.000 0.839 .
2 (A(LIGE©O + 1)) (DIC + T -6785.527 —2.887 3137 0.179 0.685 0.228 F
3(AWLUG + E) (O + ) (DIC + T))) -6812.590 -29.951 11.394 0.004 0.046 0.002
4 (A(G + E) (O+ D) (LID(C + T)HH) —-6812.568 -29.929 11.425 0.004 0.047 0.001
5. (A(L(G + E)((O + ) (IXC = T -6809.472 -26.833 12.003 0.013 0.073 0.006
6. (A(L(O + 1) (G + E) (D(C + T —6809.938 -27.299 11.850 0.011 0.068 3.004

Note. ?hc first topology 1s the maximum likelihood tree. Abbreviations: Acipenser (A), Lepisosteus (L), Gnathonemus (G), Elops (E), ©,
Oncorhynchus + Takifugu (O), Danio + [etalurus (1), Danio (D), Oreochromis (C), Takifugu (T), likelihood (Li), difference of likelihood 4
(ALi), P value for Kishino-Hasegawa (PKH), P value for Shimodaira-Hasegawa (PSH), P value for approximately unbiased test (PAU). ¥
Values in boldface indicate significance at the 5% level.

Zobrazeni fylogenetickych vztaht

Figure 15.18
Phylogenetic relations within Homo sapiens, as revealed by
mitochondrial DNA. Each of the 135 tips is a mitochondrial DNA

= O 10 type; the 135 types came from 189 individual human beings. The
phylogeny suggests that humans originated in Africa and there
1— have been successive colonizations from that source. The
120 i 20 phylogeny is based on sequences of the control region within the
27— mitochondrion, which evolves 4-5 times as fast as the average for
/ the whole mitochondrion. The 135 types have the following
o oL “ 30 cthnic sources: Western Pygmies (1, 2, 37-48), Eastern Pygmies
A \-‘ (4-6, 30-2,65-73), 'Kung (7-22); African Americans (3, 27, 33,
Ancestor

1 35, 36, 59, 63, 100), Yorubans (24-6, 29, 51, 57, 60, 63, 77, 78, 103,
: 106, 107), Australian (49), Herero (34, 526, 105, 127), Asians
100 (23,28,58,74,75,84-8,90-3,95,98,112, 113, 121-4, 126, 128},
Papua New Guineans (50, 79-82, 97, 108-10, 125, 129-35),
Hadza (61, 62, 64, 83), Naron (76), and Europeans (89, 94, 96, 99,
%0 101, 102, 104, 111, 114-20). The computational procedures for
calculating the most parsimonious tree for 135 units are imperfect

o 60 and the tree shown is only one possibility among many. The tree
70 was inferred using paup and rooted using the chimpanzee. Arrows
— Africans indicate branches where changes are inferred to occur. Reprinted,
——= Non-Africans by permission, from Vigilant et al. (1991). © 1991 American

Association for the Advancement of Science.




* polyfyleticka
* parafyleticka

* monofyleticka
= klad (clade)

Typy skupin

Taxon 3

Taxon 2

Taxon 1

Aves

“Reptilia” ' Mammalia

* sesterskd skupina

* bazalni klad
* korunovy klad

« evoluéni taxonomie:

ptaci, savci —

vyrazna anageneticka
divergence = “tfidy"

B C '

« kladistika: nelze definovat tradi¢né pouzivané taxonomické kategorie:
Celedi, rady, tridy neexistuji (tfida ptaci vs. hmyz)

Common ancestor
of A,B,and C

%

Typy skupin

A monophyletic taxon includes all
descendants of a single ancestor.

[
o w o

Common ancestor

of D, E,and F

F
G
/7 H

A paraphyletic taxon includes some
but not all of the descendants of a
single ancestor.

A polyphyletic taxon includes

descendants of two or more ancestors,

both of which have descendants that

are not included in the taxon.

Common

ancestor I

eaman —
Common ancestor / A — K

of I, J,and K

N\

16



Skupiny a znaky ,,v kostce*

Skupina______Znaky

Monofyleticka Apomorfni
Parafyleticka Plesiomorfni
Polyfyleticka Konvergentni

Nékteré druhy jsou parafyletické

(ex-Porphyrio mantelli) vs. modra (P. p.)

Slipka takahe Porphyrio hochstetteri
4 LA™

17



Jaky je rod Parus?

Fars (%
Payus Ingainus i
Fans

Johansson et al
Mol Phyl Evol . el (B

2013 m’msb
m‘;w,@




16 ssp.

Turdus merula merula

(Z Palearkt) & -

Turdus merula maximus (Himalaje, Tibet)

-

darinus

Nylander et al Syst Biol 2008

19



Turdus merula

mnohonasobné polyfyleticky

spol. pfedek: tretihory!!!

konvergence — barva: opefeni,
zobak

divergence — zpév

< Reed Warbl

These three birds in the hand

(from left to right Easterr

ceous, Upcher's and Oliv
Warblers) are a striking example of
the astonishing monomaorphism
within the Acrocephalidae family,

which isam d by convergent

similarities ecies that are not

close relatives: Eastern Olivaceous

Warbler is an Iduna species,

20



Nepfrirozena vs. prirozena klasifikace

Gibbon

Siamang

Gorilla

Pigmy Chimpanzee
Chimpanzee
Human

Orang Utan
= 'APES'

Gibbon

Siamang

Gorilla

Pigmy Chimpanzee
Chimpanzee
Human

QOrang Utan

= AFRICAN
APES

Kladistické mapovani znaku

* mapovani znaku

testovani fylogenetickych hypotéz: méli dinosaufi rodi¢ovskou péci?

Archosauria

Phytosaurs

s

Dinosauria

Saurischia

Crocodilians Pterosaurs Ornithischian Saurischian Birds

/ dinosaurs dincsaurs

Most recent common ancestor
of crocodilians and birds
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Technické zapeklitosti vyroby kladogramu

bakterie
latimerie
kocka
tygr
pes
liska
pavian
makak rézus
Simpanz
Clovék
gibon
lemur
sled’
___l: kambala
e hlem\,’ridi
L—i: chobotnice
olihen
|-—-|: sekvoje
borovice
E L— 4ub

Tento rodckmen je spravny. Exis 8 200 794 532 637 891 559 374 » 2lsich zphtsoby, jak
klasifikovat 20 organismu - vechny z nich ] X

Trudny zivot kladisty

Pocet taxont Pocet nezakofenénych (un-rooted) strom

1

1

3

15

105

945

10 395

135135
0 2027 025
20 221643 095476 699 771 875
62 666 409 461 * 10798

= O 0 N O 0o & W DN =

pocet atomi ve vesmiru: 10279 — 10781
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* soubor vyznamnych znakl charakt. velké taxony (,kmeny*)
» archetyp — zakladni vstup do fylog. analyz

* jenze: mozaikovity postupny vznik apomorfii

* bézZna selekce

* netfeba Zzadnych specialnich evoluénich mechanismu

+ standardni hromadéni evolu€nich novinek

* kladogram: molekulara vs. morfologie

* kladogram: archetyp vs. konkrétni druhy!!!

»télni plany“ vznikaji jako
vedlejsi produkt neznalosti prechodnych ¢lanku

* klicova adaptace — klicova evoluéni novinka

« evoluéni ,novinky*“ vs. preadaptace
(napf. Choanoflagellata, Metazoa & tirosinkinazy)

* obratel: sliznatky (nic), mihule (aspondylini), paryby (s tély)
* lidské vynalezy — kumulativni selekce mem
* evoluéni novinky — kumulativni selekce gent

+ evol. novinky vznikaji postupné, nikdy ne ,z ni¢eho (nic)*

télni plany, archetypy a evoluéni hovinky nejsou
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Vyznam paleontologie pro kladistiku (?)

Paleontologie =
deformované fragmentarni fosilie a
sugestivni interpretace

Acanthostega: fossil. . .

Proc¢ je tak tézké zaradit zkamenéliny na fylog. strom?

Echino- Hemi-
Chordata
Cephalochordata |Urochordata Vertebrata

B Pikaia

B Myllokunmingiids
Metaspriggina ol
Nectocaris _~~ Stem chordates
Cathaymyrus i

Il Yunnanozoans /

W SRS BRISIDBOESS Sansom et al. Nature 2010
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Nenahodny rozklad synapomorfii vs. sympleziomorfii!

Chordates .

Vertebrates !

L s

Stem vertebrate
%&cav

Stem chordate

Figure 1| 'Stem-ward slippage.! Decomposition and the loss of morphological features have the effect
of making a fossil seem less evolved than the organism was in life, and therefore closer to an ancestral
(stem) position on an evolutionary tree.

Briggs Nature 2010

Shrnuti: pro¢€ je kazda klasifikace vzdy jen pokusem?

+ definice znaku vs. formy znaku

+» vazeni znaku (napf. velikost organu vs. geneticky kéd)
+ konflikt morfologickych a molekularnich dat

+ neuplnost paleontologickych dat

¢ dlouhé evolucéni vétve (viz ,kruhousti“)

+¢ interpretace pozorovani (viz paleontologie)

+ lidsky faktor (Xenoturbella mékky$em)

« archetyp vs. existujici kombinace znaku
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Shrnuti: klasifikace feneticka vs. fylogeneticka

A. numericka taxonomie (= fenetika, numericka fenetika)
B. evolucni taxonomie

C. fylogeneticka systematika (= kladistika)

Dawkins R. 2002: Slepy hodinar.

Zrzavy J. et al. 2004: Jak se déla evoluce.

pouzivané znaky

skupiny homologie
klasifikace mono- para- poly- homo- ancestralni - odvozené
fyletické  fyletické fyleticke plazie
feneticka + + + + +
evoluéni + + el £
kladisticka + i s o s

Ridley M. 2004: Evolution. Blackwell, USA.

Evoluéni taxonomie vs. fylogeneticka systematika: klasicky
priklad

e R §
Class Reptilia n Class Aves Archaeosaurs

| Lizards H Lizards
{ Turles  andsnakes Crocodilians ||  Birds nals  Turtles  and snakes

RS

Crocodilians Birds

AR

]

Traditional
Taxonomy

Cladistic
Taxonomy

Early reptiles Early reptiles

FIGURE 28.7

Traditional and cladistic interpretations of vertebrate evolution. Traditional and cladistic taxonomic analyses of the same set of data
often produce different results: in these two classifications of vertebrates, notice particularly the placement of the birds. In the traditional
analysis, key characteristics such as feathers and hollow bones are weighted more heavily than others, placing the birds in their own group.
Cladistic analysis gives equal weight to these and many other characters and places birds in the same grouping with crocodiles, reflecting
the close evolutionary relationship between the two
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Evoluéni morfologie

- &

Pectoral
(b) Heterocercal tail fin

Forma a funkce

+ adaptivni problémy (napf. plavani)

« odliSna funkce = odliSna forma/struktura

+ adaptace jsou hypotézami o prostfedi

Evoluéni morfologie

FIGURE 4.31 Water pressure. Water pressure increases
with depth, but at any given depth, pressure is equal from all
directions. For each meter below the surface, the pressure in
fresh water increases by about 9,800 Pa. A large saurcpod |
submerged up to its chin would experience water pressure of
about 49,000 Pa (5 m » 9,800 Pa) around its chest, too much
pressure to allow chest expansion against this force. Breathing
would be impossible. Sauropods such as Brachiosaurus shown
here were probably not completely aquatic.

fyzikalni zakony jsou
Casoprostoroveé univerzalni 2
rekonstrukce Zivota vyhynulin
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Evoluéni morfologie

a
o

N

-

\\

R

S
N

-/ff

=

i

¢ biomechanika

* princip paky @ morfologie kostry

Ve

FIGURE 4.25 Strength versus speed. The forearms of
digger (a) and a runner (b) are drawn to the same overall length.
Input forces (F) and input velocities (V)) are the same, but cutput
forces (F,) and velocities (V) differ. The differences result from
the differences between the lever arm ratios of the two forearms,
Qurput foree is greater in the digger than in the runner, but
outpur velocity of the digger is less. Formally, these differences
can be expressed as differences in mechanical advantages and in
velocity ratios.

Distal insertion— strength
(a) Proximal insertion———speed

(1) Line of
| | /muscle
| 1.-’ action

N
Distal end

! / of arm u /

1 f n e
Er=f v e (L_,o
{b) Proximal insertion Distal insertion
of muscle of muscle

FIGURE 10.14  Strength versus speed. A muscle
inserced on different points in a lever system produces different
mechanical advantages. (a) If inserted near (proximal) the point of
rotation, the muscle favors speed. If inserted distal to its point of
rotation, it favors strength. (b) Proximal insertion also favors
greater excursion of the distal end of the part rotated. The thick
solid bar represents the distance of muscle shortening, which is
equal in both,

¢ biomechanika

* princip paky @ morfologie svall

Evoluéni morfologie

(a} Badger (b} Cheetah

FIGURE 10.15 Strength versus speed in the design of
forelimbs. (a) In the badger, the teres major is inserted distally
on the humerus. (b) In the cheetah, the teres major is inserted
cleser to the point of rotation. The resulting change in the lever
arm in (I} and lever arm out (l,) changes the mechanical
advantage from one favorable to strength (the badger) to speed
(the cheetah). Both forelimbs are viewed medially and drawn to
the same overall length.
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Strukturalni analyza
* popis organismu + &asti
(bunky, tkane, organy)

* i popis je hypotézal!
(pefi Archeopteryxe)

Funkcni analyza

« jak to funguje?
biomechanika

« funk&ni parovani — Celisti
Salamandridae vs.
Plethodontidae

« funkéni omezeni — dychani
jesStérka vs. pes; kfidlo
racek, alka, tuénak

Urovné analyzy |

Andrias
davidianus

Eurycea
longicauda

funkéni omezeni

Urovné analyzy |

Structural Functional Ecological

Soaring

Deep
plunging

Diving

FIGURE 18.9 Functional compromise. The wings of the
gull serve flight; those of the penguin serve swimming. As a result,
the demands on each are quite different, which is reflected in
design. The aul;, which flies but also uses its wings when diving
below the water, is a morphological intermediate. The design of
its wing is a compromise between these different mechanical
demands.
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Urovné analyzy Il

Ekologicka analyza

* v jakém realném ekologickém
kontextu zvife funguje?

Evoluéni analyza

« fylogeneticka omezeni —
plavani delfin vs. ichthyosaurus

Viz takeé:

FIGURE 18.10 Convergent design. Both porpoises
{a) and ichthyosaurs (b) are designed for swimming in siriiar

* Grim T. 2000: aquatic habitats. However, orientation of the tail fiukes is
Paralelni Vysvét]eni_ :n:Fr'izon:al in pou'mé?eb;, and :e.rtia:dn:-’:’nc;lcflf'ltlnrmaln:s.'I;hese

v . om vy " " ifferences are probably explaine ifferences in the
PrOC a./ak se ptat prOC a jak 2 evolutionary histories out of which each comes rather than from
Vesmir 79(2) 92-93. functional or ecological factors alone.

,»Chybéjici“ mezi¢lanky & mozaikovita evoluce
* mezic¢lanek jako ,primérny“ organismus < the missing link fallacy

» mezi¢lanek jako produkt mozaikovité evoluce

Table 2 Representative examples of intermediate forms linking major groups of vertebrates. The specimens were discovered, described or
analyzed during the last 20 years and represent connecting links in the fossil record of vertebrates

Evolutionary transition (genus) Age (Ma) Description Reference
I. Fish/amphibian (Panderichthys) 370 Intermediate form fish/amphibian in the series Eustenopteron  Ahlberg et al.
(fish ~380 Ma) — Panderichthys — Acanthostega (amphibian  (1996)
~363 Ma)
2. Amphibian/land vertebrate 350 Intermediate grade between primary aquatic Upper Devonian  Clack (2002)
(Pederpes) amphibians and carly tetrapods
3. Reptile/mammal (Thrinaxedon) 230 Mammal-like reptiles that show a blend of mammalian and Rubidge and Sidor
reptilian characteristics (2001)
4. Terrestrial reptile/ichthyosaur 240 Extinct marine reptile that shows features that are transitional Motani et al.
(Uratsusaurus) between ancestral terrestrial amniotes and aquatic ichthyo- (1998)
saurs
5. Anapsid reptile/turtle 260 Pareiasaur with turtle-like rigid body; all osteoderms are Lec (1996)
(Nanoparia) united, forming a rigid covering over the entire dorsum
6. Dinosaur/bird  (Microraptor) 126 Bird-like four-winged dromacosaurid that could glide, repre-  Xu et al. (2003)

senting an intermediate stage between the flightless thero-
pods and volant primitive birds such as Archaeopieryx

7. Lizard/snake (Pachyrhachis) 95 Primitive snake with limbs, transitional taxon linking snakes  Tchernov et al.
1o an extinct group of lizard-like reptiles (2000)
8. Land mammal/seacow 50 Intermediate form of a primitive scacow with both terrestrial  Domning (2001)
(Pezosiren) and aquatic adaptations
9. Hoofed land mammals/whales 4847 Connccting links between amphibious and terrestrial even- Thewissen and
(Ambulocetus, Rodhocetus) toed ungulates and aquatic whales Williams (2002)
10. Ancestor of chimpanzees/modern 7-5 The most basal ape-like African hominid. Mosaic of primitive Wood (2002)

humans (Sahelanthropus) (chimpanzee-like) and derived hominid features




