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The Proterozoic

~2,500,000,000 — 540,000,000 years ago
(2.5 -0.54 Ga)

E Free oxygen builds up in shallow oceans, then
atmosphere

L Massive banded iron deposited (2.5-1.8 Ga)

U First good body fossils of complex, multicellular
animals (Vendian, 650-540 Ma)

L Probable ancestors of some animal phyla
identified
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3,000,000,000 Years Ago
(three billion years ago)

Iron weathers out of
continental rocks and
washes to the oceans.

No Free Oxygen

Mid-ocean ridges also
contribute reduced iron
to the oceans
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3,000,000,000 Years Ago
(three billion years ago)

No Free Oxygen

blue-green algae
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EonEra Period

2,500,000,000 Years Ago
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Devoni

Over time, free oxygen
diffuses into deeper

water, where it combines

with iron to form iron

oxides

HADEAN| ARCHAEN | PROTEROZOIC

No Free Oxygen

Fres
Iron Oxide Deposlasi\

http://www-eps.harvard.edu/people/faculty/hoffman/snowball_paper.html




Banded Iron Formations (very low O, in atm)

-

{Holland, '84)

1014 Tons of
banded iron
formations 3

3 2 I
billions of years before present

Very Large Fe Deposits

Continent Area Age (10

Africa Transvaal, S.A. 2100-2600
Australia Hamersley Range 2400-2700
Eurasia Krivol Rog, Ukraine 1900-2600
North America Labrador Trough, Canada 1900-2500
South America Minas Gerais, Brazil 2000-2700

http://rainbow.ldeo.columbia.edu/ees/SIPA/Lectures/Lecture 1.html
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500,000,000 Years Ago

Eventually, most of the dissolved iron
precipitates out of sea water, stopping BIF
formation and allowing the oxygen to escape into
the atmosphere.

Free oxygen in the atmosphere bonds
with iron weathering out of continental
rocks, forming red beds.



} Origin of
land plants
]

Shelled
First organisms
metazoa

Origin of S

eukaryotes

Abundant

Detrit pyrite Abundant
i phytoplankton

Uraninkes ‘l_' BIF

=
(6]

Age (Ga)

FIGURE 5.10
Model for the growth of oxygen in
Protista Earth’s atmosphere. I, II, and III
— are stages in atmosphere evolution.

Animalia_ Ajso shown are the time

Plantae relationships of various oxygen-

recording sediments and organisms
as discussed in the text.

Fungi

http//earth.usc.edu/~geol150/evolution/precambrian2.html

http://earth. iS¢, edii/~48l _lna/Earlyatmosphere.htm/ 7



Global Increase in Oxygen

The increase in atmospheric oxygen caused a major turning point in
Earth’s history.

F Once the reduced iron sink was consumed, oxygen became one of
the most abundant gases in the atmosphere. Surface and oceanic
chemistry changed dramatically from primarily reducing to
predominantly oxidizing.

F The effect on life can not be underestimated - the dominant mode of
metabolism on Earth changed from anaerobic to aerobic. Oxygen is a
highly efficient oxidizer of organic matter, and the switch in metabolism
may be responsible for the great diversification of macroscopic life that
would follow. It was a disaster for the dominant life forms of the time.

The Earth would never be the same as it was




Global Increase in Oxygen

As the amount of atmospheric oxygen increased through
the Proterozoic, new living systems evolved.

¥ Eukaryotic organisms became more diverse and abundant. There
was also an increase in eukaryote body size, with large (>1m)
eukaryotes becoming abundant in the late Proterozoic.

¥ Eukaryotes diversified into both new and pre-existing ecologic niches,
and created brand new kinds of ecosystems.

¥ By the end of the Proterozoic, the ancestral taxa of several major
animal groups became recognizable.




What would Earth be like without life?

Venus does not have Earth-like life. We can infer what Earth would
be like without life by comparing Earth’s atmospheric composition to
Venus's.

Gas Venus Earth w/life Earth w/o life
GO G5 Y s wes GrB Y- s et it oG Ofpece

78% 1.9%

21% trace

Estimated surface temperature: 290°C

\& %

http.//csmres.jmu.edu/geollab/Fichter/GeoBio350




Estimated growth of free oxygen in the Earth’'s atmosphere

First land animals—l First mammals

(

First vertebrates

First exoskeletons
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billions of years before present
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Origin of flowering plants

Origin of land plants

First eukaryotic cells

First prokaryotic cells




NONCELLULOSIC
CELLWALL

SMALL
RIBOSOMES

NS
NUCLEOID

CELL
MEMBRANE

FLAGELLUM

9+0
KINETOSOME

CELL
MEMBRANE

PLASTID

NUCLEAR
MEMBRANE

LARGE
RIBOSOMES

CHROMOSOMES

ENDOPLASMIC
RETICULUM

9+2
UNDULIPODIUM

PROCARYOTIC CELL EUCARYOTIC CELL

http://history.nasa.gov/




RUBBING ELBOWS

\ .’*‘ h

wiTH NE "ON,
COPERNICUS,
AND EINSTEIN

http:/lwww.umass .edu/synergy

*
s

Basic idea: The organelles used to be
free living single celled organisms, but
over time were incorporated into larger
single celled organisms, and
symbiosis co-evolved.

Fungi Animals Plants
5 2. s
@ & A @
Spiroch;
2
© ()\ 4]

Cyanobacterium
e '

Aerobic
bacterium

Anaerobic host
bacterium

FIGURE 3.3 Evolution of eukaryotic cells by a series of endosymbiotic events: (1) mitochondria
evolve from small, free-living, respiring bacteria; (2) the nucleus evolves from the simpler
prokaryotic DNA molecule; (3) flagella (undulipodia) evolve from symbiotic spirochetes; (4)
chloroplasts arise from free-living cyanobacteria. Cell walls in plants and fungi, which are struc-
turally quite different, evolve independently

http://www.msu.edu/course/lbs/




EUKARYA Encephalitozoon BACTERIA

The Eukarya, meaning cells
with a nucleus, include all
plants and animals,
including people

Bacteria are single-celled organisms

. with no nucleus.
Hexamita

Valrimorpha
Chiorobium &Y °Phaga

Agro-

M ItOChond rla bacterium

mitochondria
E.coli

Epulopiscium

~ = Chlorplasts
—chiloroplast

hOSooon
Physarum ‘ Synecho

Thermus
Trypanosoma Riftia Thermomicrobium
Chromatium Thermotoga
Euglena Aquifex
EM 17
Naegleria

Entamoeba

Dictyostelium

Haloferax ARCHAEA
Methano- ;
Methanobacterium spirillum wiio Archaesi ook B

bacteria but have
Methanococcus different genes for

% managing and reading
Methano- Gt their DNA.
sarcina

5 Sulfolobus

Porphyra

ORGANISMS VISIBLE
TO HUMAN EYE

Plants
Animals

; Thermococcus
Paramecium

Fungi Methanopyros g

Adapted from Carl Woese and Norman R. Pace, New York Times, April 14, 1898
g 8.n0 Marine group 1
http://cas .bellarmine.edu/tietjen/
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Eucarya (Eucaryotes)

hromobionta)

llpmﬁsm "

Rhodobionta
‘Red algae)
Zhlorobionta
‘Green Plants)
hoanoflagellates

Eubacteria
Hete rokonts
‘ine hiding

-

-
-~
N

Energystorage as alpha 14 ghivans
[instead of beta 1-3 ghieans)

Other membrane-bound organelles
IMitoc hondria (by endosymbiosk)
IMitosis { meiosis
DHNA linear, bound to histones, as ¢ hromosomes
DHA (eircular), wih protein-synthesizing syste m

Membrane-bound ¢ell ———— = endosymbiotic ongm from
RHNA (7], self+veplicating aneestral Eubacteria




Eukaryote %Cyanobacteﬂum

Glaucooystophyta SECONEET
Primary i o . .
prmay Fo > &8 EREOSYINPIOSIS

eie @ @ »Re

Chlorarachniophyta »»
|Seconda!!| Cryptophyta ‘F=—————"= Cryptophytes

Stramenopiles || Chromista

Haptophytes
H rokonto Chromalveolates

Dinoflagellates

(2uiciryaias slgsarolrie) ginjer silziryoiss!)

HBPUOP

Rhodophytes
Chlorophytes

Euglenophyta ‘ Apicomplexa || Alveolates
hyta ' Ciliates

Glaucophytes
Tel'“ar Euglenophytes

HanOPhY‘ﬂ C Heterolobosea
B — Chlorarachniophytes

Euglyphina
2 Nucleus
i e Chlab& Chl. a.c& Chl.a,c &
@ Mitochondrion Carotene ' Peridinin | Fucoxanthin

@i Plastid - 2 memb.

: z:::: : 2 m; Dinophyta Apicomplexa

Modified from Delwiche, C.F. 1999, Tracing the thread of plastid diversity through the tapestry of life. Am. Nat. 154:5164-5177.




Lynn Margulis
accepting National
Medal of Science
(1998)

http://www.asee .org/nstmf/html/photos2 .htm
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Silurian
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Gunflint Chert
2,500 Ma-

#‘ Co limited

Contains high diversity of
prokaryote fossils, very few
eukaryotes
e http://www.visullsunlimited.ca/

3,800 Ma

HADEAN| ARCHAEN | PROTEROZOIC
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Paleogene
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MESOZOIC |CENOZOIC

Triassic

PHANEROZOIC

Permian

Pennsylvanian

Mississippian

Devonian

PALEOZOIC

Silurian

Ordovician g ¥

Cambrian = =
Close-up of fossil of

Eospheera, a
prokaryote

Gunflint Chert i
2,500 Ma-| 7

3,800 Ma-|

HADEAN| ARCHAEN | PROTEROZOIC

" ' B
Www.nrcan.gc.ca/gsclealgary/canpal/pastWes/05 fhtml




EonEra Period

Ag-

PHANEROZOIC

Neogene

Paleogene

MESOZOIC |CENOZOIC

Cretaceous

Jurassic

Triassic

67 Ma —

270 Ma—

PALEOZOIC

Permian

Pennsylvanian

Mississippian

Devonian

Silurian

Ordovician

Cambrian

HADEAN| ARCHAEN | PROTEROZOIC

3,800 Ma

Prokaryote
Eubacteria

€ L€

Chroococcaceae — BITTER SPRINGS FM.

CENTRAL AUSTRALIA — 850 Ma
Cyanobacteria, Bitter Springs Chert, Australia (~ 850 Ma)

http ://'www.ucmp .berkeley.edu/



Prokarybte - Eubacferia

FILAMENTOUS CYANOBACTERIA

BITTER SPRINGS FORMATION — CENTRAL AUSTRALIA — 850 Ma

Cyanobacteria, Bitter Springs Chert, Australia (~ 850 Ma)

http ://'www.ucmp .berkeley.edu/



Eukaryotes

1cm
W

Problematic fossils like Grypania, appear
approximately 1.8 Ga, worldwide
distribution in Proterozoic.

Best guess is that this is the remains of a
_| green alga, a macroscopic eukaryote.

http://astrobiology.ucla.edu/
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Acritarchs are complex little cysts that
became common in the fossil record in |

HADEAN| ARCHAEN | PROTEROZOIC

the mid- to late- Proterozoic. They were L il
e p o .
undoubtedl_y r_nade by eukaryotes, “H''C Roper Group,
probably similar to dinoflagellates. ; Australia

http://astrobiology.ucla.edu/
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Eukaryotes

Acritarch, Bitter Springs Chert, Australia (~ 850 Ma)

http.//cushforams.niu.edu/Acritarch.htm



Metazoans

Includes all animals, including sponges (Philippe et al 2009)

All phyla except sponges have organized tissues and a nerve cells.

Among other traits, “advanced” metazoans are distinguished by their embryonic development.

Echinodermata
Deuterostomia

Hemichordata
Chordata
Arthropoda
Onychophora
Tardigrada
Nematoda

Nematomorpha
Kinorhyncha
Loricifera
Priapulida

Annelidia Most metazoan phyla consist of
Bilateria * ik

Sipuncula worms, which are rarely

Mollusca .
Miranes preserved as fossils.

Entoprocta
FPhoronida

Cnidaria
Animals Ctenophora

— Placozoa
Porifera

Ecdysozoa

Lophotrochozoa

http://www.animalcognition.net/pages/phylogeny.html *Metazoans with gOOd fossil records
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Metazoan Embryonic Development

blastocoel

Radial cleavage
Spiral cleavage

mesoderm

cells blastopore

blastopore

i Enterocoelus
Schizocoelus

lateral

view

N
i (b) }"\'Ju ‘I‘Il" &
Trochophore-type larva Dipleurula-type larva ’4,"-?—:—»:‘-‘ N
T
(U] =

endoderm

OO FA,

q-.'-:: ) mesoderm meSOderm

endoderm | = —————ectoderm

Triploblastic

Diploplastic (h)

(9)

invertebrate body p ans and larvae: upper and lateral views of sp
ment of the mescderm in the spiralians (c) and radialians (d), dir
hophore- (e) and dipleurula- (f) type larvae.
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Guiyang
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uerique)

Upper

Middle Burgess Shale =

Lower
(trilobitic)

Lower ‘?)
(sub-trilobitic) \

uelgwesald

Small Bilaterian Body and
Trace Fossils, Fronds, etc. &

Doushantuo ¥

Phosphorite ¢

Global Glaciation

A. Doushantuo Formation localities
In Guizhou Province, China.

B. Age of Doushantuo Formation
relative to other important early
fossil assemblages.

Chen et al., 2000

ZESNNS

QNN




Phosphatization -
replacement of organic
matter by calcium
phosphate.

Can preserved exceedingly
fine detail of organic

Sy, Y
\\\ ey

basipod

& proximal 5 A40
E§ endite

SEMSs of a phosphatized Cambrian ostracode

Above: Specimen showing exquisite
preservation of legs and antennae. Specimen
~ 1mm across

Left: Leg attachment structure from same
species. Color added.

hitp://biosys-s

erv.biologie uni-im de/sektion/dieter/Stemiine/phosphatos il

AN O AN TN ESONNNT TN NN



o TTE T U T 3 T TN TS/ T T T T 5 T T NS e LU e AT TS
AILEHT B 21U U 2 B\ IS I B 2 B
A}.j///"r".' = :;// 24 BNSIRS A 7 4 BN S P BN A1) BN S AT BN .

N

Doushantuo Formation

Metazoan embryo at different
stages of development

These fossils form a growth
series from several hundred
cell ball to a several thousand
cell embryo with a distinct
spiral structure.
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Fig. 3. Putative fossil embryos that
resemble bilaterian gastrulae. (A-G)
Fossils resembling deuterostome
embryos; (H) Modern example
(gastrulae of the sea urchin Mespilia
globulus, ref. 49) In A, C, and E, the
archenteron is bent to one side, and in
A and C displays bilobed outpocketings

Chen et al., 2000




[]Opening 2
[]Opening 3

O Opening 2
O Opening 3

Yin, Z., M. Zhu, E.H. Davidson, D.J. Bottjer, F. Zhao and p.
with cellular resolution dating 60 Myr before the Cambrian.
Science (Early Edition). doi: 10.1073.

Tafforeau. 2015. Sponge grade body fossil
Proceedings of the National Academy of
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Worldwide distribution

Mistaken
Point

Ediacara Hills = .

The Vendian is the last time period before the
| Cambrian. It is characterized by the Vendian (or
| Ediacaran) Fauna.

~ htp/www.mnh.siedu/museuml




Vendian/Ediacaran Fauna

Late Proterozoic fossil impressions
of soft-bodied animals
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Vendian Fauna

AUSTRALIA

Australia

100200 ft below

top, Ediacara, South Australia. Collector: Glaessner, M.F.

Pound Quartzite. Flaggy beds,

Parvancorina minchami Sprigg

Precambrian
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Vendian/Ediacaran Fauna |

So what were these things?

1 The most popular view is that these were the first large
metazoans, and that at least some are ancestral to animal phyla.

1A now discredited hypothesis is that they were early fungi.

= Aminority view is the “Garden of Ediacara” theory. Q\,\?
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