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Zakladni clenéni biodiverzity dle IUCN (pIna ¢ara)
a Ctvrta uroven, populace, rozeznavana jako nejdulezitéjsi pro dlouhodobou ochranu
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g POPULACE

- mnozina jedincl mezi nimiz probiha vzajemné

nnnnnnnnnnnnnnnnnnnnnn

Di OZVOJE
VZDELAVANI

rozmnozovani
- idealné obyva vyhranéné uzemi

- zakladni jednotka v evoluci, druhové ochranée
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== Taxonomie

%' (z rfec. taxis — usporadani, nomos — zakon) je v uzSim slova
smyslu vedni obor ktery se zabyva teorii a praxi&E=S
EEEEEEEE =2
Jejlm cilem je kIaS|f|kovat vsechny znameé biologické !g-@
skupiny (taxony) podle urCitych pravidel do jednotlivych
hierarchicky usporadanych biologickych kategorii.

V sSirsim slova smyslu se taxonomie prekryva !m
biologickou systematikou, tedy védou, ktera studuje nejen v
klasifikaci, ale i obecné principy variability (diverzity)

jednotlivych druhd nebo vySSich taxonu a zabyva se IG&&S
priCinami a dusledky této variability.

doména

Variabilita

taxonu B Variabilita

taxonu C
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== Druh - species
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Latinské slovo znamenaijici ,,typ, vzhled, vzezreni“

o Organismy — prirozena seskupeni fenotypove podobnych
jedincd, lze je usporadat do hierarchicky usporadaného
systému, tj. taxonomického systému
Existuji druhy v prirodé objektivne, nebo je vymezuje az
taxonom ?

Neexistuje univerzalni definice druhu !

John Ray — pravdépodobné prvni pokus o definici druhu
,Druhy jsou skupiny rostlin, které v mezich své proménlivosti,
plodi shodné potomstvo”,

“In order that an inventory of plants may be begun and a classification of them correctly established, we must
try to discover criteria of some sort for distinguishing what are called 'species’. After a long and considerable
investigation, no surer criterion for determining species has occurred to me than distinguishing features that
perpetuate themselves in propagation from seed."
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B carl von Linne (Carolus Linnaeus)
. (1707 - 1778)

w=x.. Systema Naturae, Genera Plantarum,
e Critica Botanica (1737) — znalost variability
rostlin, fixni pocCet druhu

Platae Hydridae (1751) — 100 druhd/hybridu

*0Oddéleni (divisio): — phyta

: v o pododdéleni (subdivisio): — phytina
Species Plantarum (1753) zaCatek botanické  *t¥ida (classis): - opsida

nomenklatury a popis 5900 druhd. *Podtida (subclassis): — idae
Hierarchicky umély, binomicky systém. *Rad (ordo): - ales
*nadrad (superordo): —anae
U e *Celed (familia): — aceae
S T *podceled (subfamilia): — oideae
)SPhClES *Rod — genus
I LAIi\TARUL\L *Druh — species
i e *subspecies

GE \’ER;IA;\’I;'LAT-IS, .
*varietas

SYSTEMA SEXUAL
DIGESTAS.

Towmus I

I Bbtdeddh £0 LM IE,
Dersss LAURKENTY SALVIN



% Casové hlediska ochrany:
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procesy diferenciace a reprodukcni izolace muzou byt
riznorodé, zasadneé odliSné svym mechanismem

* ruzné v ruznych skupinach

* ekologicka, chromozomova, polyploidizacni,
hybridizacni

e proces dlouhodoby

(postupna, gradualisticka speciace)
ctyri zakladni procesy — mutace, nahodné zmény
genofondu, selekce, migrace

e inahly (saltacni) — hybridizace, polyploidizace



== Pojetidruhu
vychazi z detailniho studia morfologickych znaku.

Cil taxonoma
prehledna a snadno pouzitelna klasifikace materialu.

Pojeti druhu:

* Nominalistické

 Realistické - historickeé
- esencialistikeé
- strukturalistické
- kohezni



Ef Morfologicka (typologicka) koncepce druhu

fondv CR

Ed (Phenetic species concept)

EVROPSKA UNIE

Prakti€nost: urCovaci kliCe, atlasy
Rozpoznavani v ramci/mezi druhy

Pheidole barbata

Podobni/stejni, ale jiné druhy

Morfologicky odlisni, ale prece stejni !

Sturnella neglecta  Sturnella magna

Theridion grallator.
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=% Kryptické druhy — morfologicky neodlisitelné

EVROPSKA UNIE

Vzajemneé reprodukcné isolované populace, které casto koexistuji
sympatricky,

aniz by se kfizili. Podle tradicnich taxonomickych znaku je vSak nelze odlisit.

v OdliSeni pomoci molekularnich metod (sekvenci DNA).

OP Vzdélavani
pro konkurenceschopnost

DO ROZVOJE
VZDELAVANI
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Unveiling cryptic species diversity of flowering
plants: successful biological species identification
of Asian Mitella using nuclear ribosomal DNA

sequences

Yudai Okuyama and Makoto Kato

BMC Evolutionary Biology 2009, 9:105

Saxifragaceae



gf Mechanismus druhové koheze

ni.
fond vCR

EVROPSKA UNIE

Druh = nejblizsi skupina organismii majici potencidl pro genetickou a
demografickou komunikaci (Templeton 1989)

Plsobi proti rozSifovani fenotypového i genotypového spektra druhd,
zabranuje jejich splyvani a prolinani.

Zodpovédny za udrzeni podobnosti mezi prislusniky stejného druhu a zaroven
neprimo za existenci rozdild mezi rGznymi druhy.

Nejrozsifenéjsim mechanismem druhové koheze je pohlavni rozmnozovani,
¢imz dochazi ke genovému toku, genofond se tak vyviji jako celek.

U druh se strukturovanou populaci a nizkou intenzitou genového toku
zajiStuje genovou kohezi pouze urcitd podmnozina genu (selekéné vyhodnych)

Predstava Ze v urcitém prostredi existuje pouze omezeny pocet potencialnich nik —
proto omezeny pocet druh( které se mohou témto nikdm pfrizpUsobit.

Jedinec prilis odliSny od fenotypu (genotypu) optimalniho pro danou niku je eliminovan
— model ekologického druhu.
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Cocai SpeCIGCe Q geograf'e allopatricka speciace - ¢ast

m populace se oddéli do dvou
", geografickych celkl
Allopatric Peripatric Parapatric Sympatric

peripatricka speciace — mala

ﬁ”ﬂ'”ﬂ' zakladajici populace pronikne do
weaopulation ;- _

noveé isolované niky

» parapatricka speciace —
Initial step of v p o » ;
speciation k oddéleni mize dojit bud proto,
Barnar Maw habital New habital Ganatic ze mutant s najde Jln bIOtOp (U
farmation antarad antarad change cizopasnfkﬁ napriklad jiného
_ hostitele) a nasledné se nemize
Evolution of - _ o v ov: -
reproductive GD Q kfiZit s vétSinovou populaci
Isolation (salta&ni speciace)

In isclation In isclated In adjacant Within tha
habilat habilat populaton

sympatricka speciace — speciace

Mew distinct . vl s
species after bez fyzického oddéleni
eguilibration

of new ranges

Zdroj: http://www.bio.miami.edu/dana/160/speciation.jpg from http://www.bio.miami.edu/dana/160/160S04_6.html
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B Liniovy — evolucni koncept
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_/Linie je definovana jako sekvence predchozich a naslednych

:_populaci, vyvijejici se oddélené od ostatnich (Simpson 1951).

nnnnnnnnnn

Populace predstavuje skupinu jedincu stejného druhu, vzdjemné se
krizicich organismu, zaujimajicich urcity geograficky prostor a
vykazujici reproduktivni kontinuitu mezi generacemi.

Problemem je vsak urcit co jsou druhy, dfive nez je vymezena
populace.

Problém definice druhu je pfesunut na problém definovat co je
populace. Dulezité hledisko ,oddélené se vyvijejicich se
jednotek” je zde neobjasnéno. Pristup oblibeny v systematice.
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:mz;;;vf Biologicky koncept

fond

t Druh je definovan jako skupina aktudlné nebo potencidlné (?) se

krizicich populaci (jedincu) , které jsou reproduktivné isolovany od
“-jinych (Ernst Mayr 1942).

Klicovym krokem speciace je reprodukcni isolace.
Test sympatrie — schopnost rustu ve vzajemné blizkosti aniz by se
nasledkem hybridizace ztracela druhova identita.

Zjistilo se vsak, ze reproduktivni bariéry mohou byt polopropustné
k toku genu a také ze druhy se mohou diferencovat navzdory
probihajicimu krizeni.

Plvodné tento koncept byl formulovan pro oboupohlavni
organismy. Problémy s jeho pouzitim na jednopohlavni
prokaryotické organismy, v€etné partenogenetickych druhu.

http://pan-aves.blogspot.cz/2010/11/0-druzich-jejich-jmenech-co-s-nimi.html
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Obohaceni o ekologicky prvek.

nnnnnnnnnnnnnnnnnnnnnn

- Druh je rodina (nebo skupina blizce pribuznych rodin), jenz ve

~ svém aredlu obsadila adaptivni zonu alespon minimalné odliSnou
od jinych zon, které obsadily jiné rodiny, a jez se vyvijela
oddélené ode vsech rodin mimo jeji areal.

Ekologicky koncept v zasadé rika, ze "druhy by se mély
definovat samy" (Mishler 1999) - k jakym organizmum se dany

jedinec chova jako ke stejnému druhu a k jakym jako k jinému
druhu.

Formalnéji by Slo eko-druh definovat jako vyvojovou linii nebo blizce pribuznou sadu
linii, ktera sdili stejnou ekologickou niku a vyviji se izolované od vSech obdobnych
skupin.
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Druh je identifikovatelny shluk individui, u nichz je zjistitelny
- vztah pGvodu - posloupnosti (pfedci a potomci) a ktery vykazuje
vzor fylogenetického plivodu mezi témito jednotkami (Eldredge

. _and Cracraft 1980). Unikétni spoleény pFedek.

Problémy s jednopohlavnymi organismy, které nemaji nebo jen
maly genovy tok, a také kazdy klon s novou mutaci by tak mohl

byt definovan jako novy druh.

Je problematicky také vzhledem k Casté existenci hybridizace
mezi blizkymi druhy, kde navzdory tomu probiha speciace.
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Genovy koncept

Zohlednéni genetickych procesu probihajicich béhem speciace
(Wu 2001)

Dle tohoto modelu cely proces zavisi predevsim na genech
zodpovédnych za diferencidlni adaptaci k riznym prirodnim a
sexualnim podminkam (,,speciacnich genech®)

Druh = diferencialné adaptované skupiny, které v pripadée
kontaktu nejsou schopny si vymenovat geny kontrolujici tyto
adaptivni znaky, jak primo tak prostrednictvim intermedialnich
hybridnich populaci

Kritizovan pro priliSny duraz na diferencialni adaptaci
zpUsobenou genovymi mutacemi.
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OP Vzdélavani
pro konkurenceschopnost

INVESTICE
DO ROZVOJE
VZDELAVANI

Type

Koncepty druhu

Definition

Reference

Biclogical

Cohesion

Ecological

Evolutionary

Phenetic

Phylogenetic

Autapomorphic

Recognition

Taxonomic

Unitary

species are groups of interbreeding natural po-
pulations that are reproductively isolated from
other such groups

the most inclusive group of organisms having
the potential for genetic andfor demographic ex-
changeabhility

a species is a lineage (or a closely related set of
lineages) which occupies an adaptive zone min-
imally different from that of any other lineage in
its range and which evolves separately from
other such lineages

a single lineage of ancestral-descendent
populations of organisms which maintains its
identity from other such lineages and which has
its own evolutionary tendencies and historical
fate

dense regions within a hyperdimensional
environmental space

an irreducible (basal) cluster of organisms, dia-
gnosably distinct from other such clusters, and
within which there is a parental pattern of an-
cestry and descent

the least inclusive taxon recognized in a clas-
sification, into which organisms are grouped
beause of evidence of moneophyly..., that is
ranked as a species because it is the smallest
‘important’ lineage deemed worthy of formal
recognition

the most inclusive population of individual bi-
parental organisms which share a common fer-
tilization system

species are the smallest groups that are con-
sistently and persistently distinct, and distin-
guishable by ordinary means

the most extensive units in the natural economy
such that reproductive competition occurs
among their parts

Mayr, 1969; 314

Templeton, 1989; 25

Van Valen, 1976: 233

Wiley, 1978: 18

Sokal & Crovello, 1870: 150

Cracraft, 1989:; 35

Mishler & Brandon, 1987:
as quoted in Mishler & Budd
{1980)

Paterson, 1985: as quoted
in Templeton (1989)

Cronquist, 1988: 71

Ghiselin, 1974: 538
Rieseberg & Brouillet 1994
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m Level of reproductive isolation

W\/%I Oﬂf{] > 1 OOG/EI
Allopatric phase =~ = ---» Sympatric phase

— By-product mechanism Reinforcement

Dominant mechanism assumed

TRENDS in Ecology & Evolution

Reproduktivni isolace zacina allopatrii jako nahodny vedlejsi produkt adaptace k
alternativnim prostredim.

Zvyraznéni reproduktivni isolace (premating) prostrednictvim redukované zdatnosti
(fitness) hybrid(, az ke kompletni reproduktivni isolaci béhem sympatrické faze.

ees

Terminologie: Sympatrie, je existence dvou nebo vice druhd, Zijicich v takové blizkosti, Ze by mezi
nimi bylo mozné pdreni, naproti tomu, Ze jejich pokracujici existence jako samostatnych druht
indikuje, Ze k nému normalné nedochazi. Kontrastuje to s alopatrii, kdy regiondlni nebo
geograficka izolace moznosti kfizeni bézné vylucuje.
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1) Speciace alopatricka

Areal puvodniho druhu je rozdélen na dveé a
vice casti geografickou prekazkou — vysledken
je oddéleny vyvoj, fixace jinych mutaci

Zmizi-li bariéra drive nez nastane plna

reproduktivni isolace — splynuti opét ve stejny
druh

Moznost krizeni — hybridni druh
(viz. Prednaska C. 4)



po zmenseni celkového arealu zlstane
~==== fada malych izolovanych populaci, které se rychle

DO ROZVOJE
VZDELAVANI

Méni v kratkém obdobi vznika cela rada druht s

:r,g,,,skyl 2) Speciace peripatricka
ny areal pavodniho druhu osciluje,
) O

miniaturnimi arealy - druhové roje

!

octomilky (rod Drosophila): geneticky model (jen 6 chromozom)

celosvétové ~1500 druhd, stari skupiny >40 mil. let Se— //'U‘ /y.,,“w O
D. simulans X . AP
D. sechellia -
D. melanogaster A 4‘ =
melanogaster subgroup D. Yﬂkl.lbcl
melanogaster group D. erecta_ | gy - g -
D. ananassae N PAN A
obscura group r D. pseudoobsﬂ/ T
L D. persimilis L. S — -
wiiston] grovp D. willistoni —— 1 @ A
[epiels PO D. mojavensis \ o ‘
_|: D. virilis T o 5
virilis group W, =y = - = - -
Drosophila / — v
~ - D. grimsm Al i .
Hawaiian Drosophila g .
! 1 I I I 1
50 40 30 20 10 0 .
Divergence Time B 8

(Million Years)
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Peripatricka speciace

fondv CR

s —primarné ekologie napf. u Havajské skupiny ,silversword alliance“ z
’\Kﬁ'l Asteraceae

*28 druht ve 3 rodech (Argyroxiphium, Dubautia, Wilkesia), spolecny

OP Vzdélavani

——— kalifornsky predek
VIOELAA *rlzné Zivotni formy — polStarové rostliny, kefe, stromy, lidny, ...

*75—-3750 m n. m.
*400 — 12300 mm srazek rocné

(photos from http.//www botany_hawaii edu/faculty/carr/silversword. htm)

Kauai (5.1) A
Qahu (3.7) % W,, o
' 'ty
Molokai (1.9)
g Lanai (1.3)

Maui (1.3)

D

Hawaii (0.4)
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OP Vzdélavani
pro konkurencescho
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DO ROZVOJ
VZDELAVAN

The Caribbean slipper spurge Euphorbia tithymaloides: the
first example of a ring species in plants

Kru hOVé d ru hy N. Ivalu Cacho and David A. Baum

Proc. R. Soc. B published online 13 June 2012

Carolina St John

o GuaniquillaD 7
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A
I S N

They showed the Euphorbia tithymaloides has reproduced ’
and evolved in a ring through Central America and the Caribbean, 8- \ c

meeting in the Virgin Islands
where they appear to be morphologically and ecologically distinct.
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== Alopatricka speciace je usnadnéna pomoci
,efektu zakladatele”

M
Jen mala ¢ast jedinct zaklada
novou kolonii (populaci)
Genovy pool ma jiné slozeni
(frekvenci alel)
aa
Aa
Aa
Gene pool of Gene pool of ;
parent population founding population
Frequency of A = p = 17/28 = 0.61 p=2/6=033

Frequency ofa = g = 11/28 = 0.39 q=4/6 = 0.67
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EVROPSKA UNIE
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OP Vzdélavani
pro konkurenceschopnost

INVESTICE
DO ROZVOJE
VZDELAVANI

Adaptivni radiace

je diverzifikace druhq, kterd umoznuje
vyplnéni celé fady ekologickych nik.
Nastane, kdyzZ z pavodniho druhu
vzniknou opakovanou speciaci ¢etné
druhy ,, potomk(“, které se stavaji nebo
z(stavaji sympatrické. Casto jsou tyto
,ybuchy“ speciace iniciovany rozvojem
klicovych inovaci ptivodnich druh(. Pri
koexistenci druh( je tendence zadit
vyuzivat jiné ekologické zdroje a tim snizit
mezidruhovou konkurenci. Takova
odpovéd na kompetici samoziejmé
nemUze nastat, pokud jsou blizce
pribuzné druhy rozdéleny fyzickymi
bariérami (napf. vikarianci).

Rychlé rozriznéni, veéjir druht
Casté v pripadé ostrov(, pohori

Island radiation on a continental scale: Exceptmnal
rates of plant diversification after uplift of the Andes

Colin Hughes* and Ruth Eastwood

Lupinus
Stem Node
16.01 Myr
(21.16 Myr)

o
w

t "4'&.‘\

;;;Vé‘&"

Outgroup —

Oid World
and Florida

IE Mexico

1.00 3 X :::‘. *|
o’.

7k

Andean
Crown Node
1.47 Myr
(1.93 Myr)

} v, Andean
' Radiation
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3) Speciace sympatricka

rychla fixace lokalni mutace

) napr . prechod na nového hostitele

— béZné u parazitq,

disruptivni selekce (heterozygoti
znevyhodnéni!)

speciace bez geografické izolace !
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m Systematika a taxonomie

nnnnnnnnnnnnnnnnnnnnnn

Existuji dva hlavni aspekty evoluce:
« Fenotypovd zména béhem ¢asu (anagenese)

« Vétveni diky reproduktivni isolaci mezi druhy (kladogeneze)
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m Systematika a taxonomie

A UNIE

Historicky, taxonomicka klasifikace je zalozena na
~“=* fenotypové podobnosti (fenetice), co? odrazi evoluci
prostrednictvim anageneze.

To znamen3d, Ze skupina organismu, které jsou si fenotypové
podobné jsou shlukovany spolecné.

To plati napriklad i pro Cetnost alel genu, populace majici
podobnou Cetnost jsou shlukovany do jednoho druhu.

Vysledné grafické vyjadreni se nazyva fenogram.
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m Systematika a taxonomie

nnnnnnnnnnnnnnnnnnnnnn

pribuznosti (kladistiky).

Kladistické metody shlukujici dohromady organismy, které sdileji
odvozené znaky (pochazejici ze spolecného predka), odrazi
principy kladogenese.

Na zakladé kladistiky jsou rozeznany pouze monofyletickeé
skupiny, vysledkem je diagram (strom) znazornujici pribuznost,
nazyvany kladogram (nékdy také jako fylogram).
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ROZVOJE

Systematika a taxonomie

Soucasné taxonomické postupy kombinuji kladistiku a fenetiku,
a jsou nékdy nazyvany evolucni klasifikaci (Mayer 1981).

Podle evolucni klasifikace jsou taxonomické skupiny klasifikovany
na zakladé fylogeneze. Avsak skupiny které jsou extrémné

fenotypické clenéné jsou obcas rozeznavany jako odlisné druhy, i
kdyz jsou fylogeneticky pribuzné.
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== Prikladem jsou ptdci, kteri jsou odvozeni od dinosauru, proto
“ jsou klasifikovani jako sesterské skupiny a méli by byt
klasifikovdny do spolecné skupiny. Jelikoz vsak ptdci prosli
extrémni evolucni divergenci spojenou se schopnosti letu, jsou

OP Vzdélavani

pro konkurenceschopnost

vz oddéleni od dinosaurd, kteri jsou klasifikovani jako plazi
(Reptilia).

(C) Stacey Burgess
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m Fenogramy a kladogramy
"
: | ZNAKY
uuuuu " "“' 1 2 3 4 5
mets TAXON
A plazi 0 0 0 0 0
B krokodyli 1 1 0 0 0
C ptéci 1 1 1 1 1

0 ancestralniznak, 1 odvozeny

Matrix fenotypové podobnosti

A plazi B krokodyli C ptaci
A plazi 1

B krokodyli 0,6 1

C ptaci 0,0 0,4 1
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m Monofyletie versus polyfyletie
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Monofyletismus je stav néjaké skupiny organismd, ve kterém se
skupina nachazi, pokud zahrnuje prislusniky jediné fylogeneticke
linie.

Monofyletismus je zakladnim pozadavkem na prirozené
biologické taxony.

Opakem monofyletismu je polyfyletismus, stav, ve kterém se
skupina nachazi, pokud zahrnuje vice nez jednu fylogenetickou
linii, jejichz spolecny predek neni prislusnik tohoto taxonu.

JAROSLAV, Flegr. Evolucni biologie. 2., rozSifené vyd. Praha : Academia, 2009. ISBN 978-80-200-
1767-3. Kapitola Taxonomie, s. 473-481.


http://cs.wikipedia.org/wiki/Taxon
http://cs.wikipedia.org/wiki/Polyfyletismus
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m Monofyletie versus polyfyletie

V soucasnosti existuji dvé rozdilna pojeti monofyletismu.

: Podle prisnejsiho kladistického pojeti se za monofyleticke

“ povazuji pouze takové taxony, které zahrnuji svého spolecného

predka a vSechny jeho potomky. Monofyletické taxony splnujici
toto prisnéjsi kritérium se nazyvaji holofyletické a jsou v
podstaté totozné s klady.

Podle evolucne systematického pojeti nemusi do
monofyletického taxonu patrit vSichni jeho potomci, zadny z
vyrazenych potomku vsak nesmi byt predkem nékterého z
potomkU do taxonu zarazenych.

Taxony, které splnuji evolucné systematické kritérium
monofyleticnosti, ale nesplnuiji kritérium kladistické, se nazyvaji
parafyletické



http://cs.wikipedia.org/wiki/Holofyletismus
http://cs.wikipedia.org/wiki/Klad
http://cs.wikipedia.org/wiki/Parafyletismus

N exonomica fylogeneze
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Prvni systematické usporadani vSech tehdy znamych druht organismu
i (rostlin a zivo€ichll) vytvoril Svédsky biolog Carl Linné v dile Systema
1 naturae (1735). Linnéliv systém byl zaloZen na podobnostech, které Linné
<+ pokladal za dulezité, a sefadil vSechny organismy do hierarchie taxon(
uuuuu : E:f;l;ﬁ:;m.(Fiée, kmen, tfida, Celed, rod, druh).

" 0d konce 19. stoleti se biologové snazili pfizpUsobit tento hierarchicky
systém evoluéni teorii tak, aby se vznik taxonu dal evoluéné vysvétilit.

Tomu odpovida dnes uzivana mezinarodni biologicka taxonomie a
nomenklatura (pojmenovani).

RozliSuji se taxony monofyletické s
jedinym spoleCcnym predkem a d
zahrnujici vSechny jeho potomky, dale
polyfyletické bez blizkého spoleCného
pfedka a konecné parafyletické,
nezahrnujici vSechny potomky

spolecného predka

Archozauria
Ciapzida
" Raphlia
Amnioks
Tabrapoda

Warbsbraks



gf Ve v 14 °
_ DilezZitost presné taxonomie pro
konzervacni genetiku

nnnnnnnnnnnnnnnnnnnnnn

 Nerozpoznané ohrozené druhy mohou vyhynout

 Ohrozené druhy mohou byt bez ochrany a naopak bézné
druhy, nebo hybridi mohou byt chranény

* Nepresne identifikované druhy se mohou krizit s vyslednou
snizenou zivotaschopnosti hybrid(

* Populace které by mohly byt vyuzity pro zlepseni

zivotaschopnosti inbrednich populaci mohou byt prehlidnuty



Taxonomlcke nepr'esnos’rl mohou
byt zpusobeny:

nnnnnnnnnnnnnnnnnnnnnn

 Nepresnymi daty
* Pouzitim ruznych definic druhu
e Soucasné populace nachazejici se v procesu evolucni

divergence
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A) Existence vice druhu nez
je 1'axonom|cky
rozeznavano

B) Rozdéleni jednoho na vice
druha



% One ocean,

B four (or mor'e) killer whale species

MANY WATERS, MANY KILLERS A
study suggests three different
populations of killer whales in the
Antarctic belong in their own
individual species:

a standard form that feeds

mostly on minke whales (top),

NK%

a pack ice killer whale that
hunts seals by knocking them off
floes (center) and

the Ross Sea killer whale, which
pursues fish under the ice

Ref: Morin et al. Complete mitochondrial genome phylogeographic analysis of killer whales (Orcinus orca) indicates multiple species.
Genome Research 2010, 10.1101/gr.102954.109
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ﬂ Whales in the Northern North Pacific
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Srope Or'angutcm

’X%l Sumatran (Pongo abelii) orangutans.

=1 The Bornean and Sumatran lineages diverged from one another about 1.1 to
-~ 2.3 million years ago.

INVESTICE
DO ROZVOJE

Tanjung
Puting

Populace na Borneu a Sumatre jsou geneticky odlisné, dle karyotypu
(pericentricka inverze), mtDNA, ntDNA, frekvencich SSRs
Dle biologického konceptu nejsou povazovani za odlisné druhy !
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=ven  Subspecies

i * Genetic studies have identified three Bornean orangutan subspecies: The northwest
(P.p.pygmaeus), central (P.p.wurmbii), and northeast (P.p.morio). Each subspecies is
differentiated by its geographic distribution and overall body size.

° Central Bornean orangutans (P.p.wurmbii) inhabit southern West Kalimantan and
Central Kalimantan regions of Borneo. They are the largest of the three Bornean
subspecies.

° Northeast Bornean orangutans (P.p.morio) inhabit Sabah and East Kalimantan regions
of Borneo. They are the smallest of the three Bornean subspecies.

° Northwest Bornean orangutans (P.p.pygmaeus) inhabit northern West Kalimantan and
Sarawak regions of Borneo. They have a mid-size body, intermediate between the other

two subspecies.

° Preliminary genetic research indicates Northeast Bornean orangutans inhabiting the
Sabah and East Kalimantan regions of Borneo may be two distinct subspecies.

° Currently there are no subspecies of Sumatran orangutans recognized.
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m Primates

wﬂ October 2006, Volume 47, Issue 4, pp 310-321
; Inferring Pongo conservation units: a perspective based on microsatellite and
mitochondrial DNA analyses

Sreetharan Kanthaswamy,
Jennifer D. Kurushima,
David Glenn Smith
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DNA barcoding has been proposed as an important advance in
——molecular biology for rapidly and cost-efficiently using a short
"~ reference sequence of DNA to help catalog and inventory
biodiversity. It is designed to provide an agreed-upon framework
for an applied approach to cataloging species and to making the
information available to managers and decision makers as well

as the scientific community.
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= DNA bar'coding
B a molecular operational taxonomic units

NE
N

648 bp mtDNA cytochrome oxidase 1 (COX1) lokus pro

obratlovce a hmyz
The Consortium for the Barcode of Life (CBOL)

Rychlejsi evoluce, mutacni rychlost nez ntDNA

Univerzalnost sekvence (primeru)

Odhadnuto ze veskeri zivoCichové by mohly byt takto popsani
béhem 10 let za cca 300 mil USDA (ale pravdépodobné méné)

Kontraverze:

Polymorfismus populaci, bias pro zenské pohlavi, gene flow a
hybridizace, prenos mtDNA do ntDNA
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m Nuclear ribosomal internal transcribed spacer (ITS) region as a

universal DNA barcode marker for Fungi (PNAS 109 (16), Mar 27
2012)

nnnnnnnnnnnnnnnnnnnnnn

The Chaperonin-60 Universal Target Is a Barcode for Bacteria
That Enables De Novo Assembly of Metagenomic Sequence
Data (PLoS One 7(11):e49755, Nov 26 2012)

Plant DNA barcodes
rbcl+matK+trnH-psbA
ITS
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Endangered species that could benefit from a DNA barcoding
approach include commercially hunted wildlife, wildlife
consumed for the traditional medicine trade, rare species
collected for private living collections, and unsustainable
harvesting for other wildlife products.

Active DNA barcoding projects include:

ebarcode reference libraries for larger groups of protected
species recommended by an international advisory
committee

ebushmeat trade in Africa

eshark fin trade in Madagascar

eSoutheast Asian freshwater turtles and tortoises
echaracterization of species involved in current proposals for
protection under CITES


http://www.cites.org/

Ef Of the 572 endangered animal taxa listed on the federal
= register in the United States, 53 occur in Florida
wve Qi bspecies (approximately 10% of all listed taxa).

Ed Of these 53 federally listed taxa, 23 are designated as
", subspecies (approximately 43% of Florida’s listed taxa), and
19 of the 23 subspecies are endemic to Florida

evropsky

* Federally listed subspecies Common name Federal status

pro konky

Non-listed subspecies

INV
00 Mlammals
\'74%

MNeotoma floridana smalli Key Largo woodrat Endangered floridana

Odocoileus virginianus clavium Key deer Endangered virginianus
Oryzomys palustris natator® Silver rice rat Endangered natator, pa.‘usrrr's""
Puma concolor coryi Florida panther Endangered couguar”
Peromyscus gossypinus allapaticola Florida salt marsh vole Endangered gossypinus
Peromyscus polionotus niveiventris Southeastem beach mouse Threatened rhoadsi, subgriseus
Peromyscus polionotus phasma Anastasia Island beach mouse Endangered rhoadsi, subgriseus
Sylvilagus palustris hefneri Lower Keys marsh rabbit Endangered paludicola

Birds

Ammodramus maritimus mirabilis Cape Sable seaside spamrow Endangered maritimus, peninsulae
Ammodramus savannarum floridanus Florida grasshopper sparrow Endangered pratensis, perpallidus
Polyborus plancus audubonii Audubon crested caracara Threatened cherr'wayd
Rostrhamus sociabilis plumbeus Everglade snail kite Endangered sociabilis

Study species comprised 12 taxon-pairs, each included a federally threatened or endangered subspecies and a closely related non-listed subspecies in the same parent
species group (in some cases, two non-listed subspecies were used for comparison). Scientific nomenclature for listed subspecies followed the U.S. Fish and Wildlife
Service Endangered Species Program [11]; nomenclature for non-listed subspecies followed the Integrated Taxonomic Information System [27] and supplemental

literature when indicated.

Citation: Benscoter AM, Reece JS, Noss RF, Brandt LA, Mazzotti FJ, et al. (2013) Threatened and Endangered

Subspecies with Vulnerable Ecological Traits Also Have High Susceptibility to Sea Level Rise and Habitat
Fragmentation. PLoS ONE 8(8): e70647. doi:10.1371/journal.pone.0070647



i

avranaky

Table 2. Threatened and endangered subspecies vulnerability.

Vulnerability
Scientific name Sea level rise Fragmentation Temperature Precipitation
Viammals
Neotoma floridana smalli High High Meutral Meutral
Odocoileus virginianus clavium Very high Very high Moderate Very high
Oryzomys palustris natator Very high High Meutral Meutral
Puma concolor coryi Moderate High Moderate Low
Peromyscus gossypinus allapaticola High High Meutral Meutral
Peromyscus polionotus niveiventris High Moderate Meutral Meutral
Peromyscus polionotus phasma High High Meutral Meutral
Syivilagus palustris hefneri High Very high Moderate Very high
Birds
Ammodramus maritimus mirabilis High Very high Meutral Meutral
Ammodramus savannarum flondanus Low Very high Moderate Moderate
Polyborus plancus audubonii Low High Positive® Meutral
Rostrhamus sociabilis plumbeus Low High Moderate High

Vulnerability of 12 federally threatened and endangered subspecies to sea level rise, habitat fragmentation, altered temperature, and altered precipitation. Sea level rise
vulnerability was derived from the percent of habitat inundated under 1 m of sea level rise (Low =0-25%, Moderate = 26-50%, High =51-75%, Very high = 76-100%).
Vulnerability to habitat fragmentation, altered temperature, and altered precipitation were based on the Standardized Index for Vulnerability and Value Assessment
SIVVA) criteria scores (Meutral =3, Low =3-3.75, Moderate=3.75-4.5, High=4.5-5.25, Very high=5.25-6).

3 (. . i [
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Proportion of habitat inundated SIVVA vulnerability

Fragmentation vulnerability
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Evolucné vyznamné jednotky = Evolutionary significant units
(ESU)

Geneticky odlisné populace v ramci druhu vyzaduiji
samostatnou genetickou ochranu (Moritz 1995).

Pivodné aplikovan na reproduktivné a historicky isolované
populace.

Navrzeno, dle odlisSnosti mtDNA mezi populacemi (reciprocCni
monofylie), a jaderné kddované markery vykazuji vyznamnou
odlisnost ve frekvencich.

Kritika: aplikace ,,neutralnich markeru ignoruje adaptivni
odlisnost.
ESU nebudou zjistény v pripadé druhu s vysokym gene-flow.



gxtrn Gorilla (Gorilla beringei)

socialni

ﬁ subspecies exists:

gkéaes Eastern Lowland Gorilla

S¢ientific name: Gorilla beringei graueri

~tocation: Democratic Republic of Congo

E’%ﬁulation: Less than 3000

Conservation status: Endangered

Physical characteristics: Largest of gorilla sub species,
longer arms than the mountain gorilla and shorter

hair and teeth.

Species: Mountain Gorilla

Scientific name: Gorilla beringei beringei
Population: Less than 720

Conservation Status: Critically Endangered
Physical characteristics: Large skull, wide face and
angular nostrils. Larger body and longer hair than
eastern lowland gorilla.

Gorilla Distribution
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=Western Gorilla (Gorilla gorilla)
"= O subspecies exists:
K
Species: Western Lowland Gorilla
~=-Scientific name: Gorilla gorilla gorilla
“‘Location: Democratic Republic of Congo
Population: 100,000
Conservation status: Critically Endangered
Physical characteristics: Males silverback
colouring extends onto the thighs, also have

redder hair on their heads.

Species: Cross River Gorilla

Scientific name: Gorilla gorilla diehli
Population: Approximately 300

Conservation Status: Critically Endangered
Physical characteristics: Smaller skull and teeth
than other gorilla as well as shorter hands and

feet.

Gorilla Distribution
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BLACK RHINOCEROS
For the black rhinoceros in Africa, there are insufficient grounds to
reject either genetic exchangeability or ecological exchangeability.

Populations show gene flow and their habitats are similar. Conse-

quently, it is categorized as category I{E-'[:}. leading to the recom-

mendation that the species be managed as a single population.
Conversely, mtDNA data have been used to argue for two sub-
species with separate management (O°Ryan et al, 1994),

CRYAN'S BUCKMOTH

For Cryan's buckmoth, Legge et al. {1996 found no evidence to reject
genetic exchangeability based on either mtDNA or allozymes (there
was adequate gene flow), yet there was evidence to reject recent, but

not historical ecological exchangeability among populations I::g—u‘jl

icategory 3). Both the authors and Crandall et al. (2000) argued for
the adaptive significance of the ecological differentiation and thus
for the recognition of separate management units, although gene
flow consistent with current population structure is allowable.

PURITAMN TIGER BEETLE

Puritan tiger beetles from Connecticut River and Chesapeake Bay,
ISA are not genetically exchangeable, based on mtDNA (low gene
flow and significant differentiation). Further they are not ecologic-
ally exchangeable based on habitat parameters. Thus they were

classified as category 7 I:‘—:] « indicating strong adaptive differenti-

* [
arion and the recommendation to manage the two populations as
separate units for conservation purposes. Populations on the east
and west coasts of Chesapeake Bay were genetically and ecologic-

ally exchangeable (%) . Cicindela puritana




ve M ETAPOPULACE

©  -soubor lokalnich populaci, z nichZz maloktera je schopna preizit

sama o sobe
- jejich vnitrni dynamika je asynchronni, navzajem nezavisla

- jsou propojeny migraci jedincu

Cite: Marshal T.C. & Spa|t0n J.A. 2000. Simultaneous inbreEding diu uul.l.ncéuuls \;epAl C“DD‘IUAIIFIII ICIIILIUUU\:CU
Arabian oryx. Animal conservation, 3, 241-248
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- narusenim ko-adaptovanych genovych komplext
uuuuuuu " - kdyz potomstvo geneticky vzdalenéjsich rodic¢d ma
“ nizsi Zivotaschopnost
- dochazi ke ztrate allopatrické speciace

W | Inbreeding “Optimal” Outbreeding
depression outcrossing depression

N

“Distance” between parents

Web of Science from 1945-May 2010 revealed :
379 references when “outbreeding depression” 3,369 references when

“inbreeding depression” was used.
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Dobzhansky (1937) noted that if we assemble a broad collection of individuals:

- The observed variation is not a continuous distribution

- Instead, it’s a multitude of separate, discrete distributions

- The separate distributions relate to different peaks on Sewall Wright’s adaptive
landscape

- The peaks represent gene combinations that render their carriers fit in a given
environment.

- The gene combinations arise by chance, but spread through the population through
selection

- This process is termed coadaptation

Dobzhansky (1948) ~ the classic demonstration of the effect of coadaptation

- Geographic populations of Drosophila pseudoobscura had different sets of alleles
- Reduced fitness was observed upon hybridization

- The phenomenon is termed outbreeding depression

Bruce Wallace: “Genes are coadapted if high fitness depends upon specific interactions
between them.”

Ernst Mayr: Most genes in a species are coadapted.

- Itis the integrated function of the individual, not the separate genes that is the “target
of selection”
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Take this case from Templeton (1986):

"...when the Tatra Mountain ibex (Capra ibex ibex) in Czechoslovakia became
extinct through overhunting, ibex were successfully transplanted from nearby
Austria in 1901 (Greig 1979). However, some years later, bezoars (C. i.
aegagrus) from Turkey and the Nubian ibex (C. i. nubuana) from Sinai were
added to the Tatra herd. The resulting fertile hybrids rutted in early fall instead
of the Winter (as the native ibex did), and the kids of the hybrids were born in
February - the coldest month of the year. As a consequence, the entire
population went extinct (Greig 1979)."
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Canis rufus (vlk rudohnédy) vs.Canis latrans (kojot)

- JV USA

VZDELAVANI

- 1980: 17 poslednich preneseno do zachranného chovu
- 2003: ca 100 jedincu v prirodé (20 ,,rodin“)

- hrozi hybridizace s kojotem

- nékteri autori druh pokladali za hybrida,

dnes se veri, ze jde o druh



