G404 Geobiology

The Carboniferous Crisis

Introduction to Vertebrate
Geobiology

Reading: Benton,
Chapter 1

Amphibian tracks left in the mud of a Pennsylvanian Age tidal flat in Martin County,
Indiana. On display at Indiana Geological Survey. (photo by John Day)
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Carboniferous rocks in North
America

Blue rocks are
Carboniferous in Age
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. , . !
Indiana’s Coal Mines

Seams of coal in layers of Pennsylvanian rocks in the ‘
southwest part of the state. s
Known for coal, sandstones, plant fossils, tetrapod

trackways.
y e _—_-4

* Trackway location

Photo credit
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. First flying vertebrates

. First gliding vertebrates

. First amniotes

. First trees and flying insects
. First tetrapods

. First arthropods on land

. First plants and animals on land

(c) 2011, P. David Polly
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The Late Pennsylvanian

(300 mya)

Reconstruction by Ron Blakey
http://jan.ucc.nau.edu/~rcb7/index.html
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Carboniferous
Rain Forests

Coal producing swamps on
low-lying margins of the
continents

Home of the the early
radiation of tetrapods, the
clade of vertebrates who
colonized land and
ancestrally had four limbs

Modern peat bog, Orono, Maine
(photo by D. Polly)

Carboniferous rain forest

(Hancock and Skinner, 2000. Oxford Companion to the Earth)
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The Effects of Plant Burial on Carbon

Normally rate of burial of organically bound carbon is roughly equal
to the rate at which it is released by weathering

Low rates of burial, High rates of burial,
increase in atmospheric CO, decrease in atmospheric CO,

Weathering of carbonates also decreases atmospheric CO,. Carbon dioxide
in atmosphere prevents heat from radiating back into space.

Department of Geological Sciences | Indiana University

(c) 2014, P. David Polly
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Atmospheric carbon dioxide through

CO2 crashed to one of its all time
global lows in the Pennsylvanian and
early Permian

Glacial ice covered most of the
southern continent (Gondwana)

Extinction of plants and animals at
300 Ma, associated with increased
aridity and collapse of the
Carboniferous rain forest system

(Royer, Berner, Montanez, Tabor and Beerling, 2004. CO2 as a
primary driver of Phanerozoic climate. GSA Today, 14: 4-10)
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Global Time Scale
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300 c Western Indiana
Gzhelian
2 Late -
S Kasimovian
>
310 % Middle | Moscovian
c
C - -
o Early Bashkirian c
o ©
320 _ :ES Buffalo Wallow Group
Late |Serpukhovian| g
Z
330 c
O
% Middle Visean
2
340 87, Edwardsville Formation
D Spickert Knob
2 %ﬂ;df: Formation
New Providence Shale
350 o
Early Tournaisian

Eastern Indiana

Blue River

Group

Borden
Group

Edwardsville Formation

Spickert Knob Formation

New Providence Shale

REGIONAL STRATIGRAPHY AND PETROLEUM
SYSTEMS OF THE ILLINOIS BASIN, U.S.A.

a USGS »

for a changing world

Christopher S. Swezey
2009

Department of Geological Sciences | Indiana University

(c) 2011, P. David Polly



G404 Geobiology

The Moscovian-Kasimovian boundary in Indiana

Contact between the Carbondale and
McLeansboro Groups

Rocks west of the boundary were
deposited during the time of
Carboniferous rainforest collapse,
tetrapod extinction, and increasing
endemism.

(2011, P. David Polly, constructed from digital
data from the Indiana Geological Survey)
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Proterogyrinus, a Carboniferous tetrapod

Medium sized,
terrestrial
insectivore

Predates the
Kasimovian
rainforest collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Gephyrostegus, a Carboniferous

Small,
terrestrial
Insectivore

Predates the
Kasimovian
rainforest
collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Greererpeton, a Carboniferous tetrapod

Medium,
aquatic
piscivore

Extinct with the
Kasimovian
rainforest
collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Diplocaulus, a Carboniferous and Permian tetrapod

Medium sized,
aquatic
piscivore

Lived after the
Kasimovian
rainforest
collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Diadectes, a Carboniferous and Permian tetrapod

Large,
terrestrial
herbivore

Lived after the
Kasimovian
rainforest
collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Synapsids, Carboniferous and Permian tetrapods

Large,
terrestrial
predator

Lived after the
Kasimovian
rainforest
collapse

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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The paleobiological diversity of early tetrapods
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Tetrapod diversity through the
rainforest collapse

Sahney et al. 2010 argued that the
environmental fragmentation associated with
rainforest collapse led to increased global
diversity by isolating local communities and
diversifying landscapes to open new niches

Global diversity - number of tetrapod families
in the world

Alpha diversity - number of tetrapod families
in local paleocommunities

Sahney et al., 2010. Rainforest collapse triggered Carboniferous
tetrapod diversification in Eurameria. Geology, 38: 1079-1082.

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Faunal and ecological turnover
at the Moscovian-Kasimovian
boundary

turnover - replacement of one organism or
group of organisms by another, usually after
an extinction event

faunal turnover - replacement of one
taxonomic group of organisms by another

ecological turnover - replacement of a group
of organisms adapted to one environment by
one adapted to a different environment.

Photo credit
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Phylogeny of early tetrapods

* *okk ok ok

Coates, M. ., M. Ruta, and M. Friedman. 2008. Ever since Owen: changing perspectives on the early
evolutio of tetrapods. Annual Review of Ecology, Evolution, and Systematics, 39: 571-592.

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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The diversity of living vertebrates

Class
Class Agnatha Chondrichthyes Class “Osteichthyes”
Lampreys and Sharks, rays and Ray-finned and lobe-
hagfish chimaeras finned fish

Class Amphibia

Frogs, Class “Reptilia”
salamanders and Class Mammalia Lizards, snakes, Class Aves
gymnophonians  Mammals crocodilians Birds

LN

Vertebrata

The phylogeny of living vertebrates

Department of Geological Sciences | Indiana University

Vertebrates are the clade of chordates
stemming from the ancestor of
lampreys, sharks, bony fish,
amphibians, mammals, and reptiles
that first evolved a mineralized skeleton

(c) 2011, P. David Polly
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Principles of Geobiology

Geobiology is the application of biological principles and fossils to the study of earth history.
Geobiology involves:

1. evolution (including homology, adaptation, systematics, phylogeny, and taxonomy)

2. paleoenvironment (including paleoclimate, paleoecology)

3. functional morphology (including biomechanics, structural analysis)

4, biogeography and

. geological time (including biostratigraphy, stratigraphy, dating methods)

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Comparative subjects

Vertebrate
Geobiology
Numb_er of 58,000 (living)
species
. : Yes
?
Historical’ (species are “individuals”)
Governing Evolution, ecology
processes
Elemental One mineral (hydroxyapatite)
composition and only a few elements (O, C,
P H, N, P K, S, Cl, Na, Mg, Fe)
Methods for Ana_tomy, rr)olecul_ar biology,
. P biochemistry, histology,
identification and : .
: phylogenetic analysis,
analysis

biomechanical principles
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Overall structure of the course

1. Vertebrate diversity, morphology and functional analysis
2. Vertebrate phylogeny and classification

3. Phylogenetic reconstruction methods

4. Vertebrate stratigraphic record and biostratigraphy

5. History of vertebrate life and its earth systems context
6. Analysis of diversity, disparity, biogeography and climate

7. Recent history of vertebrate life on earth, human evolution, current
environmental change and vertebrate life

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Kinds of details to learn and memorize

1. Morphological and anatomical structures
2. Taxonomic names, especially “higher taxa”
3. Geological time periods and dates

4. Scientific terminology

Department of Geological Sciences | Indiana University (c) 2011, P. David Polly
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Zooarchaeology lab

Wednesday labs will meet in the William R.
Adams Zooarchaeology lab (4-6 pm)

Lab is located in the basement of the
Student Building (Room 025)

A 1,400 square foot facility run by the
Anthropology Department that includes over
10,000 modern comparative faunal remains.

Directed by Dr. Laura Scheiber, an Associate
Professor in the Anthropology department,
and managed by archaeology graduate
student Matthew Rowe.

It is a privilege for G404 to be able to use the
Zooarchaeology Lab facilities and specimens
- please be careful with the skeletons and
please leave the Lab as clean and orderly as
you found it.

Photo credit
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Scientific papers for further reading

Benton, M. J. 2010. The origins of modern biodiversity on land. Philosophical Transactions of the
Royal Society, B, 365: 3667-3679.

Coates, M. I., M. Ruta, and M. Friedman. 2008. Ever since Owen: changing perspectives on the
early evolutio of tetrapods. Annual Review of Ecology, Evolution, and Systematics, 39: 571-592.

DiMichele, W. A., |. P. Montanez, C. J. Poulsen, and N. Tabor. 2009. Climate and vegetational
regime shifts in the late Paleozoic ice age earth. Geobiology, 7: 200-226.

Sahney, S., M. J. Benton, and H. J. Falcon-Lang. 2010. Rainforest collapse triggered Carboniferous
tetrapod diversification in Eurameria. Geology, 38: 1079-1082.
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