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Program

Uddgen og masseuddgen

Fra katastrofisme til masseuddgen
Perm/Trias

Trias/Jura

Kridt/Palaeogen

Pause(r) indleegges undervejs
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Feelles diskussion

Hvorfor uddgr en art?
(Planter, dyr, encellede osv.)

- Snak med sidekammeraterne!
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Evolution og uddgen

Evolution

Arter tilpasser sig lgbende til deres miljg

Uddgen = Evolutions-sammenbrud
Miljget aendrer sig hurtig end en arts tilpasningsevne
Baggrundsuddgen:

5-10% forsvinder per 1 million ar

~1 art ud af 100 hver 100.000 ar

Arter "varer” typisk 5 millioner ar

[variation: 100.000— 15 millioner ar]

Geologisk Museum
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Feelles diskussion:

Hvilke vil veere GODE FOSSILER til at studere
uddgensmgnstre med — og hvorfor?

og ligeledes,

hvilke vil veere DARLIGE FOSSILER til at studere
uddgensmgnstre med — og hvorfor?
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Fossilers egnethed til at studere uddgen

GODE DARLIGE

= Sm4&, meget almindelige = Store, ualmindelige eller

sjeeldne . T

e

-

- Mikrofossiler

- Pollen - Hvirveldyr

- Sporer

- Haj-mikroteender =

- Fra havet (almindelig) - Fra landjorden (ualmindeliy)

GENNEI\/ISNITLIGE

= Sma, almindelige

- Sma hvirvellgse dyr

96~ - Smahvirveldyrs teender b

- Haj-makroteender
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Masseuddgen (Biotisk krise)

En uddgens-begivenhed:

- En pludselig og kortvarig nedgang i maengden og
mangfoldigheden af levende organismer

- Nar uddgens-hastigheden stiger i forhold
artsdannelses-hastigheden.

Dvs. “Mange flere arter forsvinder, end der udvikles
inden for et kort tidsrum”
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Masseuddgen (Biotisk krise)

Almindelige kendetegn:

1.

2.

>30% of Jordens arter uddgr

Uddgen omfatter et bredt udvalg af gkologier, bade i
havet og pa landjorden

. Verdensomspandende
. Foregar indenfor “et kort tidsrum”

. Uddgensmeaengden er hgjere end almindelig

baggrundsuddgen
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Program
Uddgen og masseuddgen
Fra katastrofisme til masseuddgen
Perm/Trias
Trias/Jura
Kridt/Palaeogen

Pause(r) indleegges undervejs
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Katastrofisme
Georges Cuvier 1769-1832

Cuvier, fransk zoolog og paleeontolog.
Grundlagde den sammenlignende
anatomi og brugen af fossiler som
korrelationsveerktaj.

4= Cuvier

Paviste at arter var uddede, i

. modstrid med den kirkelige

-1~ ar 1000 opfattelse (alle arter skabt én gang
for alle). Afviklingsfilosofi.

Forklarede uddgen med katastrofer
(katastrofisme).

Arbejdede det meste af sit liv i
. Pariserbassinet (terticere
T a0 aflejringer).

Slide ”’lant” fra Bjgrn Buchardt




KO@BENHAVNS UNIVERSITET

Katastrofisme
Georges Cuvier 1769-1832

_ Cuvier, fransk zoolog og paleeontolog.
&= Cuvier Grundlagde den sammenlignende
anatomi og brugen af fossiler som
korrelationsveerktaj.

Hvilke(n) observation(er)
_ s Kan modbevise katastrofismen?
Snak med sidekammeraten!

Forklarede uddgen med katastrofer
(katastrofisme).

Arbejdede det meste af sit liv i
. Pariserbassinet (terticere
T a0 aflejringer).

Slide ”’lant” fra Bjgrn Buchardt
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Uniformitarianisme

1.Lovens uniformitet: Naturlovene er de
samme igennem tiden.

2.Processerne uniformitet: Nutidige
feenomener bruges til at fortolke fortiden A
(aktualisme). £

3.Skalaernes uniformitet: Processer i
fortiden ma veere sket med samme

PHEP
hastighed og skala som i nutiden %@M

(gradualisme).

. _ ] _ . Charles Lyell
4. Tilstandens uniformitet: Andringer pa
Jorden var cyklisk — det gar ikke i en lineeer, (1797-1875)
fremadskridende retning. English sagfarer

& geolog

Lyell, C. (1830-1833): Principles of Geology... 1st Edition. John Murray, -3;3“_;-::;:@
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Uniformitarianisme

1.Lovens uniformitet: Naturlovene er de
samme igennem tiden.

2.Processerne uniformitet: Nutidige
feenomener bruges til at fortolke fortiden

(aktualisgas

3.Skalaernes uniformitet: Processer i
fortiden ma veere sket med samme

hastighed og skala som i nutiden
gradualisme).

] - _ . Charles Lyell
4. Tilstandens uniformitet: Andringer pa
Jorden var cyklisk — det gar ikke i en lineeer, (1797-1875)
fremadskridende retning. English sagfarer

INGEN enorme katastrofer & geolog
(:oversvgmmelser, vulkanudbrud etc.)

Lyell, C. (1830-1833): Principles of Geology... 1st Edition.
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Klassediskussion

1.Lovens uniformitet: Naturlovene er de
samme igennem tiden.

2.Processerne uniformitet: Nutidige
feenomener bruges til at fortolke fortiden
(aktualisme).

3.Skalaernes uniformitet: Processer i
fortiden ma veere sket med samme
hastighed og skala som i nutiden
(gradualisme).

. _ ] _ . Charles Lyell
4. Tilstandens uniformitet: Andringer pa
Jorden var cyklisk — det gar ikke i en lineeer, (1797-1875)
fremadskridende retning. English sagfarer

Kan 1 kritisere nogen af disse fire & geolog
anvendelser af “uniformitet™?

Lyell, C. (1830-1833): Principles of Geology... 1st Edition.
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Klassediskussion

1.Lovens uniformitet: Naturlovene er de
samme igennem tiden.

2.Processerne uniformitet: Nutidige
feenomener bruges til at fortolke fortiden
(aktualisme).

fort £
gaeia e e ———

_ _ L _ . Charles Lyell
jﬂw (1797-1875)
freTrradskriderde Tetrmmg: English sagfarer

Kan 1 kritisere nogen af disse fire & geolog

anvendelser af “uniformitet”?

Lyell, C. (1830-1833): Principles of Geology... 1st Edition. John Murray,
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Frygtelige andringer...

AWFUL CHANGES.
MAN FOUND ONLY IN A FOs8IL STATE

REAPPEARANCE OF ICHTHYOSAURA. PI’ I Chthyosau rus -

”l bemeerker med det
samme, at kraniet
foran os tilhgrte en
laverestaende
dyreorden; teenderne
er seerdeles
ubetydelige,
kaebestyrken minimal,
og i det hele taget er
det et under, hvordan
dette veesen matte
have skaffet sig fade”

A Lecture.—* You will at once perceive,” continued PROFESSOR [CHTHYOSAURUS, * that the skull before
us belonged to some of the lower order of animals ; the teeth are very insigniﬂcmtbthe power of the jaws
trifling, and altogether it seems wonderful how the creature could have procured food.

Satire-tegning af Henry de la Beche (1830)
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Katastrofe-debatten blev lukket ned

1.Lovens uniformitet: Naturlovene er de
samme igennem tiden.

2.Processerne uniformitet: Nutidige
feenomener bruges til at fortolke fortiden

(aktualisgas

3.Skalaernes uniformitet: Processer i
fortiden ma veere sket med samme

hastighed og skala som i nutiden
gradualisme).

Charles Lyell
—/Endringer pa

Jorden var cyklisk — det gar ikke i en lineeer, (1797-1875)
fremadskridende retning. English sagfarer

INGEN enorme katastrofer & geolog
(:oversvgmmelser, vulkanudbrud etc.)

Lyell, C. (1830-1833): Principles of Geology... 1st Edition. John Murray,
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Charles Darwin (1809-1882)

Geolog, zoolog og botaniker

Jordomsejling med Beagle
(1831-1835)

On the Origin of Species by
Means of Natural Selection
(1859)

Naturlig selektion

The Descent of Man, and
Selection in Relation to Sex
(1871)

Seksuel selektion
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Den geologiske tidsskala

PHANEROZOIKUM
PALAOZOIKUM MESOZOIKUM |[KANDO.
Kambrium| Ordovic. | Silur Devon Kul Perm Trias Jura Kridt Tertizer
488 443 416 359 299 251 199 145 65 0

1800-tallet: Geologiske tidsaldre, perioder and epoker
navngives og etableres ved indhold og reekkefglge af fossiler

1950’erne og fremad: Laeengde og varighed of tidsaldre
etableres ved radiometrisk datering (igangveerende arbejde)

Fossiler: Christian Rasmussen
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1841: De geologiske aeraer

Nutid John Phillips

(1800-1874)
Engelsk geolog

Ceenozoic life

_____
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Mesozoic hife
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Palozoic | Marine fossiler:

life

td

- Opteelling af arter indenfor hver periode

- Forggelse af den samlede biodiversitet over tid
- Forskelle i faunaernes sammensaetning

- To intervaller med lav biodiversitet

I
]

Fortid
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1958 & 1963: Neokatastrofisme

PHANEROZOIC

PALEOZOIC MESOZOIC CENO.
Cambrian |Ordovic. | Silur.| Devonian |Carbonifero.| Permian | Triassic Jurassic Cretaceous Tertiary
542 488 443 416 359 299 199 145 65 0

myr.

Otto Schindewolf
(1896-1971)
Tysk

palaeontolog

251
e
Slut-Perm: >
Masseuddgen og

omveeltning blandt 1

landlevende hVIrVEIdyr (Foto: Tubingen Universitet)

Schindewolf, O.H. (1958): Zur aussprache Uber die grossen erdgeschichtlichen Faunenschnitte
und ihre Verursachung. Neues Jahrbuch fur Geologie und Palaontologie, Monatshefte, pp 270-
279

Schindewolf, O.H. (1963): Neokatastrophismus? Zeitschrift der Deutschen Geologischen
Gesellschaft 114, pp 430-445
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1980: Ekstraterrestrisk nedslag!

PHANEROZOIC

PALEOZOIC MESOZOIC CENO.
Cambrian |Ordovic. | Silur.| Devonian |Carbonifero.| Permian | Triassic Jurassic Cretaceous Tertiary
542 488 443 416 359 299 251 199 145 65 0

myr.

Kridt/Paleeogen-graensen:
Masseuddgen som fglge af
meteorit/asteroide-nedslag

Alvarez, L.W., Alvarez, W., Asaro, F. & Michel, H.V. (1980): Extraterrestrial cause for the
Cretaceous-Tertiary boundary extinction. Science 208, pp 1095-1108

Alvarez, L.W. (1983): Experimental evidence that an asteroid impact led to the extinction of many &N,
species 65 million years ago. Proceedings of the National Academy of Sciences 80, pp 627-642 ‘:b”'
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| dag: Meengder af masseuddgener

“De Fem Store”

PHANEROZOIC

PALEOZOIC MESOZOIC CENO.
Cambrian |Ordovic. | Silur.| Devonian |Carbonifero.| Permian | Triassic Jurassic Cretaceous Tertiary
542 488 443 416 359 299 251 199 145 65 0
myr.
Q® @
282 I = 2

7 1
60% 50% 90% 50% 65%

af Jordens arter som uddgr
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Program

Uddgen og masseuddgen

Fra katastrofisme til masseuddgen
Perm/Trias

Trias/Jura

Kridt/Palaeogen

Pause(r) indleegges undervejs
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Perm (299-251 millioner ar)

PHANEROZOIKUM

PALAOZOIKU MESOZOIKUM (KANDO.
Kambrium | Ordovic. | Silur Devon Kul u Trias Jura Kridt Tertizer
542 488 443 416 359 B 199 145 65 1]

mio. ar
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Permtidens geografi — Pangaea
N Du er her

_Eurarlnerllc w *
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Marin mangfoldighed — komplekse samfund

Foto: Bent Lindow
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Komplekse foadekaeder pa landjorden

Gorgonopsians

'y @ "-.
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Therocephalians

Pareiasaurs / \ ~
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=

.. Millerettids

“={Procolo-
phonids

| ‘INSECTS\
PLANTS
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De Sibiriske Trapper (=251 mio. ar)
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De Sibiriske Trapper

Arealet svarer til:

Vest- og Mellemeuropa

+ Britiske ger + ltalien

+ Iberiske halvg + Norden

Geologisk Museum

600.000 ar:
2-3 millioner km? lava

3,9 millioner km?2

400-3000 meter tykke lag

Tre udbrudsfaser:
Gudchikinskaya-lavaer
Tidlige Norilsk-lavaer

Sene Norilsk-lavaer
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Geologisk Museum

Kappediapir under Nordsibirien

Flood basalt
province

CONTINENTAL
CRUST

LITHOSPHERE

ASTHENOSPHERE

1y,

' magmas

11(

ASTHENOSPHERE

Kappediapiren:
1.600-1.650 °C

15% “"genbrugt” oceanbund

Diapir nar til 50 kilometers
dybde pa 1-200.000 ar

Gudchikinskaya-lavaer:
Dybde 50 km — 1-200.000 ar

Afgasning af CO, og HCI
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Siberiske Trapper: Gudchikinskaya-lava

Forste udbrudsfase varede
mindre end 200.000 ar

Af-gasning af CO, og HCI

(:pyroxenit-afledt smelte)
CO,: 170 *10*2 tons

HCI: 18 *10'2 tons

Sobolev, S.V., Sobolev, A.V., Kuzmin, D.V., 12 — hilli

Krivolutskaya, N.A., Petrunin, A.G., Arndt, N.T., 10 billion (DK’ UK)

Radko, V.A. & VaS|I|ev,_ Y.R. (2011):_ Linking 1012 — mllllon mllllons (UK)
mantle plumes, large igneous provinces and

environmental catastrophes. Nature 477, pp 1012 — trillion (USA)

312-316
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Meishan-sektionen, Sydkina
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Jin, Y.G., Wang, Y., Wang, W. Shang, Q.H., Cao, C.Q. & Erwin, D.H. (2000): Pattern of Marine -:55::-
Extinction Near the Permian-Triassic Boundary in South China. Science 289, pp 432-436 R
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Katastrofe-slaegter med global udbredelse

Armfadder
Claraia | Eumorphotis .
Lingula - L|ngu|a Sp
-a" Muslinger
Claraia sp.

Eumorphotis sp.

Unionites sp.

Unionites

Promyalina g8

Promyalina sp.

(50 sleegter hver af armfgdder og muslinger overlever)

Benton, M. (2003): When life nearly died. The greatest mass extinction of all
times. Thames & Hudson, London, 336 pp
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Meishan-sektionen, Sydkina
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Jin, Y.G., Wang, Y., Wang, W. Shang, Q.H., Cao, C.Q. & Erwin, D.H. (2000): Pattern of Marine -:s?
Extinction Near the Permian-Triassic Boundary in South China. Science 289, pp 432-436




013C-udsving: Kulstof-kilder

Isotop sammensaetning pa jorden: 12C (98,9%) og 13C (1,1%)
Planteplankton foretraekker 12C fremfor 13C => 013C — -26 %o

Fald i 313C = Fald i den marine produktivitet

Fald i 33C = Yderligere 12C tilfgjes havene
Perm/Trias 0'3C-fald: — -4 to -6 ppm

Udryddelse af al biomasse: Representerer kun 20%

CO, fra Gudchikinskaya lava redeggar for hele udsvinget

Benton, M.J. & Twitchett, R.J. (2003): How to kill (almost) all life: the end-Permian extinction
event. TRENDS in Ecology and Evolution 18 (7), pp 358-365

Sobolev, S.V., Sobolev, A.V., Kuzmin, D.V., Krivolutskaya, N.A., Petrunin, A.G., Arndt, N.T., Radko,
V.A. & Vasiliev, Y.R. (2011): Linking mantle plumes, large igneous provinces and environmental .
catastrophes. Nature 477, pp 312-316 °
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Landlevende hvirveldyr - Rusland

Size | Small | Medium | Large Small Medium Large Completeness
Inter- Russi South African )
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Benton, M.J, Tverdokhlebov, V.P. & Surkov, M.V. (2004): Ecosystem remodelling among
vertebrates at the Permian-Triassic boundary in Russia. Nature 432, pp 97-100
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DEN globale katastrofeslaegt

Lystrosaurus
(Synapsid)

1 meter lang
90 kilo tung

Planteaeder

Op til 95% af mangfoldighed

Ingen rovdyr?

Held?

Benton, M. (2003): When life nearly died. The greatest mass extinction of all
times. Thames & Hudson, London, 336 pp
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Trias (251-201 millioner ar)

PHANEROZOIKUM

PALAOZOIKUM 550 Z0IKUM |[KANO.
Kambrium | Ordovic. | Silur Devon Kul Perm Jura Kridt Tertizer
542 488 443 416 359 299 S8 145 65 1]

mio. ar
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R

\§

N

X
R

PATTEDYR
FIRBEN

KROKODILLE

SKILDPADDERi

HVALGGLER R
FLYVEGGLE

- ‘;,'m:' _‘..,-, - — o
Wetlugasaurus TN -
Benthosuchus Chasmatosuchus

(Padder) : T~

Lystrosaurus
(Synapsid) Therapsid (Euryapsid)
(Synapsid)

Proolophonid
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Trias-archosaurer
Pterosaurer

Diapsidt kranie '~ Preondactylus

f//,',;'
(/,‘/ / — 45 cm vingefang
L/
ﬂ:: _Air-.h{?-"'g;”—‘

!l':}h"c

7

Désmatosuchus — 5 meter

Postosuchus — 5 meter

Phytosaurer [ Dinosauromorpher

Rutiodon — 3-8 meter

Rekonstruktioner: Nobu Tamura, Wikimedi@@




Geologisk Museum

UNIVERSITET

KOBENHAVNS
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"Hullet i kullet” — ingen skove i 7 mio. ar

251 245 237 228 216 203 199

Farste svage Solide kullag
kullag vender tilbage

| |
’Coal gap”
Retallack, G.J. (1999): Postapocalyptic greenhouse paleoclimate revealed by earliest Triassic

paleosoils in the Sydney Basin, Australia. Geological Society America Bulletin 111, pp 52-70

Looy, C.V., Twitchett, R.J., Dilcher, D.L., Van Konijnenburg-Van Cittert, J.H.A. & Visscher, H.
(2001): Life in the end-Permian dead zone. Proceedings National Academy of Sciences U.S.A.
98, pp 7879-7883
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Trias (251-201 millioner ar)

PHANEROZOIKUM

PALAOZOIKUM 550 Z0IKUM |[KANO.
Kambrium | Ordovic. | Silur Devon Kul Perm Jura Kridt Tertizer
542 488 443 416 359 299 S8 145 65 1]

mio. ar
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Tidligste Trias: Landdyr tilbage til havet
FOrti( m— | U

Sauropterygia

—« Ichthyopterygia (Hvalggler)

Cyampdontoidea

YILNOOODIVd

Triassic Jurassic Cretaceous
Blacodoptoidea
= b B = B b
a @ = a @ = &
— = = a =
) o
achyplalirosauria

e

uridae

MNothosaliridae

YIDAHIL40HENYSO3

Pistosalridae

emidae QT

x Parvipelvia
-

Z9k
SSFL

Q
HZT
9’68l
9'SLL

obe siead uoipw

9'661
9'5LL
Z'Lal
S5k
9'é8
5'59

Motani (2009): The Evolution of Marine Reptiles. Evolution: Education and
Outreach 2, pp 224-235
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Tidligste Trias: Landdyr tilbage til havet
Sauropterygla Fortid —Nu'Ud

Jurassic Cretaceous
m = — m -
i 2 S - 2 2
= = o @ = @
™ o
2 e lchth t la (Hvalaggl
: chthyopterygia (Hvalggler
8
=l iassic Jurassic Cretaceous
Blacodoptoidea S = = —
g 5EY 2 5| E| % g b
== = = ® = 2 ® = @
3 o
achyplelirosauria D
@
B
= Utatsusaulllae
MNothosalridag; %
a N —
2 rippidae
. . [0}
Ristosallridae =
Cymbofondylidae P
Blesigsauria )
Mifllsauridag ="l
Y] r — = = = © Shastasaia
I r © - [+] I w 7
w wm = wm @
L= o B h I
G Toretocnemidae %
PN’] 5
s
Parvipelvia E
w
L'=]
o
M - . — . o @
Ingen firbenede landdyr 8 g R 8 8
= ® © o = tn b= P
o o L w

vendte tilbage til havet fagr

Tidlig Trias! Motani (2009): The Evolution of Marine Reptiles.
Evolution: Education and Outreach 2, pp 224-235
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Trias (251-201 mio. ar)

SR

2] /! “;’ P

— WA




KO@BENHAVNS UNIVERSITET

Hvalggler (245 - 90 mio. ar)

Ichthyopterygia
Euryapsid kranie

Kgdeedere

Fire luffer
Rygfinne

Lodret halefinne

LT

fl", I

\“?‘?‘?“,‘;-r/f“'f' / ’///J’ S,
fff,‘mlm_nhm)_;;ml‘])]"!])’])})),\,\,‘l\l%zf“ﬁfff[///[//[///////// M{%

&

Fodte fuldbarne unger
Normalt 2-5 meter lange

Shonisaurus: 20 meter




Svaneggler (199 - 66 mio. ar)

Plesiosauria

Euryapsid kranie

Kgdeedere
T _
........... . n.pu.ll_i.\.!.‘..‘.-‘r‘.-'rtf‘ﬁ;}j’} //{z{//////// ///// ,//-}-}qi'%}”uﬂﬂﬂlmﬂmﬂltt‘mnuuuu-'-‘i"‘_- FI re I u ffe r

Fodte fuldbarne unger
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Program

Uddgen og masseuddgen

Fra katastrofisme til masseuddgen
Perm/Trias

Trias/Jura

Kridt/Palaeogen

Pause(r) indleegges undervejs
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Dinosaurerne 1 Trias (251 — 201 mio. ar)

251 245 237 228 216 203 199

DINOSAURG.  DINOSAURER

MORPHER
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Dinosaurerne 1 Trias (251 — 201 mio. ar)

237 T ZTB 216 203 199

DINOSAURER

DINOSAURO-
MORPHER
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Dinosaurernes kendetegn

Tre (3) sammenvoksede
hvirvier i korsbenet

< 5\; _ Eoraptor

// ] \_ 1 meter lang
) 231 mio. ar siden

N Argentina

-
B

Aben larbensskal

S

Herrerasaurus
3 meter lang
231 mio. ar siden

Argentina LArbenshovede

vender indad

Benton (2006): The Origin of the Dinosaurs, pp 11-19 In: Ill Jornadas
Internacionales sobre Paleontologia de Dinosaurios y su Entorno. Salas de los

Infantes, Burgos .

Finger IV og V
steerkt
reducerede
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Dinosaurerne 1 Trias (251 — 201 mio. ar)

e T

DINOSAURO- DINOSAURER
MORPHER MANGFOLDIGG@RELSE
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Ekspansion ind | tomt "gkologisk rum?”

/R —~4E(1-r

185§ § &
] g mm 10% of fauna i
Extinction —s= 200 2 i ' ..m-—m. "-lm -
5 £ e
g : HE 3 g
205 3 3] é E‘ 3
PLANTE- Mk E FE
g §
/EDERE 3 :
215§ | 2 3 2 g
IERE . o ok o & H F g
= g _ = : 5
2 | 3 % ; E
23 | & 8 é‘é - £
E
e @ §§ 5
Exti — 225 & & e
230 .',:,-!":
Dinq;'f_;;um
5L _L__1 : H y —
Herbivoras | Camivores

Benton (2006): The Origin of the Dinosaurs, pp 11-19 In: Ill Jornadas
Internacionales sobre Paleontologia de Dinosaurios y su Entorno. Salas de los
Infantes, Burgos
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Central-Atlantiske MagmaProvins (CAMP)

201 millioner ar siden

600.000 ar:

11 millioner km?

2-3 millioner km? lava

Still extant large
remnants shown
as solid spots @D

50 %0

af Jordens arter uddgr

Kort: Williamborg, Wikimedia
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Ekspansion ind | tomt "gkologisk rum?”

STORE KOGDADERE

5]
g mm 10% of fauna i
Exti — 200 | :
g :
2 E
205| |& :
PLANTE- ;
g §
/EDERE ¢
i
215|8 |2 g 2 g
IERE . o ok o & H F g
= ; _ = : 5
2 L -] + : 2
=3 18§ | :
E
¢ 2 gﬁ 5
Exti — 225 & & -
2'3:' .',:,-!'.I:
Din'l;%;una
236 L a . -
Harbivoras | Camivores

Benton (2006): The Origin of the Dinosaurs, pp 11-19 In: Ill Jornadas

Internacionales sobre Paleontologia de Dinosaurios y su Entorno. Salas de los

Infantes, Burgos

50 %0
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Program

Uddgen og masseuddgen

Fra katastrofisme til masseuddgen
Perm/Trias

Trias/Jura

Kridt/Palaeogen

Pause(r) indleegges undervejs
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Kridt og Paleeogen (66 millioner ar)

PHANEROZOIKUM

PALAOZOIKUM MESOZOIKUMLKANDO.
Kambrium | Ordovic. | Silur Devon Kul Perm Trias Jura Kridt Tertizer
542 488 443 416 359 299 251 199 145 0

mio. ar
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Foadekaede 1| havet

Mosasaurs /=~

.. Plesiosaurs

FREE-SWIMMING
FORAMINIFERA
|

COCCOLITHOPHORE ALGAE |

‘ ‘ CRUSTACEANS
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Ekstra-terrestrisk nedslag

Komet eller asteroide

10-15 km i diameter

20 — 70 km/s

100 millioner megatons (108) TNT

== StgVv og aske skygger for
Solen

Alvarez, L.W., Alvarez, W., Asaro, F. & Michel,
H.V. (1980): Extraterrestrial cause for the
Cretaceous-Tertiary boundary extinction.
Science 208, pp 1095-1108

Alvarez, L.W. (1983): Experimental evidence that an asteroid impact led to the
extinction of many species 65 million years ago. Proceedings of the National
Academy of Sciences 80, pp 627-642
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Chicxulub-krateret

North 0km | 170 km bredt krater

America
J ATLANTIC 15-20 kilometer dybt
W< OCEAN

GULF OF
; MEXICO
Ch?xMub

Crater W

65,5 mio. ar gammelt

@ DD

Verdensomspandende
Iridium-anomali

South Chokkvarts & nedslagsbreccie

PACIFIC -
America

OCEAN

Hildebrand, A.R., Penfield, G.T., Kring, D.A., Pilkington, M., Zanoguera, A.C.,
Jacobsen, S.B. & Boynton, W.V. (1991): Chicxulub Crater; a possible
Cretaceous/Tertiary boundary impact crater on the Yucatan Peninsula, Mexico.
Geology 19, pp 867-871
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Deccan-vulkanfelterne 1 Indien

68-60 millioner ar siden

Hovedudbrud: 30.000 ar

Enkelte lag:

- Op til 150 meter tykke
- 160 km udstraekning

- 3000 km? lava

Producerede SO, [og Ir]

Chenet, A.-L., Fluteau, F., Courtillot, V., Gérard, M. & Subbarao, K.V. (2008):

Determination of rapid Deccan eruptions across the Cretaceous-Tertiary boundary
using paleomagnetic secular variation: Results from a 1200-meter thick section in
the Mahabaleshwar escarpment. Journal of Geophysical Research 113 B04101, :
doi:10.1029/2006JB004635 .
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Fodekaeder — gkologisk selektivitet

ge Sollys-baserede fgdekaede (planter og alger)

@ Detritus-baserede fgdeksede

Sheehan, P.M. & Hansen, T.H. (1986): Detritus feeding as a buffer to extinction at the
end of the Cretaceous. Geology 14, pp 868-870

Gallagher, W.B. (1991): Selective extinction and survival across the
Cretaceous/Tertiary boundary in the northern Atlantic coastal plain. Geology 19, s.
967-970

Rhodes, M.C. & Thayer, C.W. (1991): Mass extinctions: ecological selectivity and
primary production. Geology 19, s. 877-880

Retallack, G.J. (2004): End-Cretaceous Acid rain as a Selective Extinction Mechanism
between Birds and Dinosaurs, s. 35-64 i: Currie, P.J., Koppelhus, E.B., Shugar, M.A. &
Wright, J.L. (eds.): Feathered Dragons. Studies on the Transition from Dinosaurs to
Birds. Indiana University Press, Bloomington, Indiana.
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Masseuddgen til vands og til lands

SO,-gasser:
Global nedkgling og syreregn
Forsuring af gvre vandsgijle

;%Kalkskallede organismer

5% "Barnekammeret”

=> @Jkosystemer under stress

Stgv og aske | atmosfaeren

Udeslutter sollyset

=> Fotosyntese-baserede fgdekaeder
kollapser
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Foadekaede 1| havet

Mosasaurs /=~

.. Plesiosaurs

FREE-SWIMMING
FORAMINIFERA
|

COCCOLITHOPHORE ALGAE |

‘ ‘ CRUSTACEANS
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Fodekaede bryder sammen nedefra

—.  Plesiosaurs

| 25950/40.2.
| cocco2185%
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Masseuddgen blandt Jordens arter

e al
4

=
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Fugle nedstammer fra dinosaurer

Seglklo-dinosaurer Microraptor

(Dromaeosaurer) 125 millioner ar

75 cm lang

Deinonychus
110 millioner ary__ § Anchiornis huxleyi
3 meter lang - 125 millioner ar

35 cm lang — 110 gram
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Archaeopteryx

- Berlin-fossilet
(beskrevet 1877)

Arme = Ben

Teender

Archaeopteryx Frie fingre

147 mio. ar siden Klger pa handen

Krage-stagrrelse
Lang, knoglet hale

Chiappe, L.M. & Dyke, G.J. (2006): The early evolutionary history of birds.
Journal of the Paleontological Society of Korea 22 (1), pp 133-151 .
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Fylogeni: Fuglenes slaegtskab | Kridttiden
Fortid Nutid

MESOZOIC
JURASSIC CRETACEOUS
LOWER | MIDDLE | UPPER LOWER |
205 176 159 144 99
—O

e >
-~ Confuciusornithidae
s _“‘Ei

|Euenantiornithes ———>» Gobipteryx %%:

. ] Neuquenornis I?
= —> Concornis ©~ “#~C
Pygostylia - ’.?; =4
Enantiornithes {_ﬂng-’
h_ A
—> g I
A
Ornithothoraces b ;-’:;ﬁ
— . el
Ornithuromorpha Apsaravis e
_I— He:spw.umrniihlf~-.~.lm1es":'»-_—‘{:::_\:r__"j;-%h
fehthyornis T
Ornithurae Modern i_.;‘:. o
birds =

Chiappe, L.M. (2007): Glorified Dinosaurs. The &=
Birds. John Wiley & Sons, Hoboken, 263 pp

and Early Evolution of
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Tidligste fossiler af moderne fugle

T|d||g Eoceaen

w\ = &N

P a | rocaen éj Presbyornis isoni

ﬂ K/T Masseuddgen %65 mio.

Sen Kridt ‘21 Vegavis iaai
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Paleocaen (65 — 56 mio. ar)

Tilstedeveerende fuglegrupper:

- Stenfugle (Palaeognathae: Strudse/tinamu-linien) -+
- Andefugle (Anseriformes) +
- TBentandede fugle (Odontopterygiformes) +
- 'Neoaves’-linien:

Pingviner (Sphenisciformes) +

Ugler (Strigiformes) +
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Avian Phylogenomics Project

Whole Genome Analyses Resolve Early Branches in the Tree of Life of Modern
Birds. Science 346, s. 1320-1331

Erich D. Jarvist™, Siavash Mirarab?*, Andre J. Aberer3, Bo Li*°®, Peter Houde’, Cai Li*8, Simon Y. W. Ho8,
Brant C. Faircloth®, Benoit Nabholz!?, Jason T. Howard?!, Alexander Suh!, Claudia C. Weber'?!, Rute R.
da Fonseca®, Jianwen Li4, Fang Zhang*, Hui Li4, Long Zhou*, Nitish Narula’'?, Liang Liu'3, Ganesh
Ganapathy?, Bastien Boussau'4, Md. Shamsuzzoha Bayzid?, Volodymyr Zavidovych?!, Sankar
Subramanian®®, Toni Gabaldon'®17.18 Salvador Capella-Gutiérrez!6.17, Jaime Huerta-Cepas'®’, Bhanu
Rekepallil®, Kasper Munch?0, Mikkel Schierup?, Bent Lindow?®, Wesley C. Warren?!, David Ray?22324,
Richard E. Green?, Michael Bruford?®, Xiangjiang Zhan?2’, Andrew Dixon?8, Shengbin Li?°, Ning Li%®,
Yinhua Huang®°, Elizabeth P. Derryberry31-32, Mads Frost Bertelsen33, Frederick H. Sheldon®?, Robb T.
Brumfield3®?, Claudio V. Mello343, Peter V. Lovell3*, Morgan Wirthlin®*, Maria Paula Cruz Schneider3>36,
Francisco Prosdocimi3®>37, José Alfredo Samaniego®, Amhed Missael Vargas Velazquez®, Alonzo Alfaro-
Nufezb, Paula F. Campos®, Bent Petersen3®, Thomas Sicheritz-Ponten38, An Pas®®, Tom Bailey*°, Paul
Scofield*!, Michael Bunce*?, David M. Lambert®®, Qi Zhou*3, Polina Perelman#4, Amy C. Driskell*®, Beth
Shapiro?®, Zijun Xiong*, Yongli Zeng#, Shiping Liu*, Zhenyu Li4, Binghang Liu*4, Kui Wu?, Jin Xiao%,
Xiong Yingi4, Qiuemei Zheng*, Yong Zhang*, Huanming Yang?6, Jian Wang?®, Linnea Smeds!!, Frank E.
Rheindt*’, Michael Braun®, Jon Fjeldsa*®, Ludovic Orlando®, Keith Barker®?, Knud Andreas
Jansson#®51.52 \Warren Johnson®3, Klaus-Peter Koepfli®*, Stephen O'Brien>>4, David Haussler®’, Oliver A.
Ryder®8, Carsten Rahbek*%%, Eske Willerslev®, Gary R. Graves**0 Travis C. Glenn®t, John
McCormack®?, Dave Burt®3, Hans Ellegren'?, Per Alstrom®485 Scott V. Edwards®®, Alexandros
Stamatakis®®’, David P. Mindell®8, Joel Cracraft®®, Edward L. Braun®, Tandy Warnow?*, Wang
Jun46.7L7L73.74% ‘M Thomas P Gilbert®4%, Guojie Zhang*4%
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Avian Phylogenomics Project

Whole Genome Analyses Resolve Early Branches in the Tree of Life of Modern
Birds. Science 346, s. 1320-1331

Erich D. Jarvis'™, Siavash Mirarab?®, Andre J. Aberer3, Bo Li4>5, Peter Houde’, Cai Li*%, Simon Y. W. Ho8,
Brant C. Falrclpth9 Ben0|t Nabholz10 Jason T. Howard?, Alexan_der Suhll ClaudlaC Weber!l, Rute R.

da Fonseca®, jang aelill | Ealond 7hou4 tish Mo iul3, Ganesh
Ganapathy?, | e sankar
Subramanian i€ nasitl’ Bhanu

ttttt

Rekepalli®?, avid Ray?%23.24,
Richard E. G : n Li%°, Ning L|30
Yinhua Huan : st Ber--—;-—-—-—-ddon” Robb T.
Brumfield3?, Claudi Cruz Schneider3>3,
Francisco Prosd ; quez®, Alonzo
aifaro-Nafezt| 82 forskere 1 16 lande Pas3?, Tom Bailey*,
Paul Scofield*, Amy C. Driskell*,
iro2s b Kui Wud Ji
o o v| 48 hele genomer fra fuglearter [[5he s,
Frank E. Rheing Ir*%, Knud Andreas
Jgnsson*¥sts2 1 3 érs arbejde Haussler®, Oliver

A. Ryder8, Ca lenn®?, John
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Meget forenklet fylogeni

Y Fnf

DNA:
- Sleegtskab

- Evolutionens
relative
reekkefolge @
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Fossiler: Evolutionaere mellemtider

Joel Cracraft

American Museum b i — ‘ f - '(
A

of Natural History

Peter Houde

. New Mexico State
" University

Jon Fjeldsa

. Statens
- Naturhistoriske
1 Museum

Evolutionaere
“mellemtider”

til det
Molekylaere Ur

4 Bent Lindow

Statens Naturhistoriske
Museum
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DNA + fossiler == mutationsrater

Molekylaere ur:
’Regne bagud”
- finde tidspunkter
for sidste feelles
stamformer &%
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Avian Phylogenomics Project

http://avian.genomics.cn/en/

Science: 8 artikler

+ 20 artikler | andre
tidsskrifter

@ Jon Fjeldsa
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Primaternes naermeste nulevende slaegtninge

Treespidsmus Kaguanger Primater

(Scandentia) (Dermoptera)

Janecka, J.E., Miller, W., Pringle, T.H., Wiens, F., Zitzmann, A., Helgen, K.M., Springer, M.S. &
Murphy, W.J. (2007): Molecular and Genomic Data ldentify the Closest Living Relative of
Primates. Science 318, pp792—-794
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Primaternes naermeste uddgde slaegtninge

Treespidsmus Kaguanger Primater

(Scandentia) (Dermoptera)

@ . .
Za Plesiadapiformer

Bloch, J.1., Silcox, M.T., Boyer, D.M. & Sargis, E.J. (2007): New Paleocene skeletons and the
relationships of plesiadapiforms to crown-clade primates. Proceedings National Academy of
Sciences 104 (4), pp 1159-1164 .
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Plesiadapiformer (65-37 mio. ar siden)
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Plesiadapiformer

Plesiadapiformers

mangfoldigggrelse

.

o

Bloch, J.1., Silcox, M.T., Boyer, D.M. & Sargis, E.J. (2007): New Paleocene skeletons and the
relationships of plesiadapiforms to crown-clade primates. Proceedings National Academy of
Sciences 104 (4), pp 1159-1164
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Plesiadapiformer (65-37 mio. ar siden)
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Bloch, J.1., Silcox, M.T., Boyer, D.M. & Sargis, E.J. (2007): New Paleocene skeletons and the
relationships of plesiadapiforms to crown-clade primates. Proceedings National Academy of
Sciences 104 (4), pp 1159-1164
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Plesiadapiformer (65-37 mio. ar siden)

KRIDT PALAOGEN
GVRE EOCEAEN OLIGO
99.6 Mi0. AR 55.8 23.0
@ Kridt/Tertiaer Trespidsmus _ ‘(/\‘J
< -masseuddgen (Scandentia) -~
Kaguanger (Dermoptera)
I_ Plesiadapiformer
_ Primaternes
Primaternes oprindelse - mangfoldigggrelse
molekylaere ure (—85 mio.) Zpegynder (55 mio. ar)
Ingen fossiler! §
Bloch, J.1., Silcox, M.T., Boyer, D.M. & Sargis, E.J. (2007): New Paleocene skeletons and the A
relationships of plesiadapiforms to crown-clade primates. Proceedings National Academy of
Sciences 104 (4), pp 1159-1164 . ]
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Proxy-temperaturkurve 65-0 mio. ar

53 1.8 mio. ar

PAL EOCAN EOCAN OLIGOCAN MIOCAN PL.| P.
65.5 55.8 33.9 23.0
12 = ] « Tldllg Eocaene

oL T(C)

Nordatlantisk
vulkanisme:
+3-4 °C /10,000 ar

Primaternes
mangfoldigggrelse
begynder

Klimaoptimum

d180 (%o)

Zachos, J., Pagani, M., Sloan, L., Thomas, E. & Billups, K. (2001): Trends, Rhythms, and
Aberrations in Global Climate 65 Ma to Present. Science 292, pp 686-693
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Mangfoldigggrelse efter masseuddgen

| Jordens historie ser vi gentagne gange at:

En masseuddgen udrydder et veeld af arter med bestemte
gkologiske roller

Kort tid efter katastrofen udvikles der nye arter, som
overtager de uddgde arters "gamle” gkologiske roller

OG

samtidig udvikles en mangfoldighed af nye arter, med helt
nye gkologiske roller
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Tak for jeres opmeaerksomhed!
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