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Geobiology 2009 Lecture 14

Evolution and Radiation of

Photosynthetic Organisms
Algae
Symbioses (algae, lichens, corals, some foraminifera,
radiolarians)
Vascular plants
Cyanobacteria in the Modern Ocean

Materials for this lecture are from the following websites where more
detailed information can be obtained:

http://tolweb.org; |http://www.ucmp.berkeley.edu/
Inttp://www.algaebase.com/

Readings: Stanley Ch3 49-77 + later sections p. 222-228, p337-347 and 456-60.
Delwiche C.F. Am. Nat. 1999. Vol. 154, pp. S164-S177, 1999, Keeling Trends in
Eco & Evo 20, 2005; Heckman et al, Science 293, 1129, 2002.


http://tolweb.org
http://www.ucmp.berkeley.edu/
http://www.algaebase.com/

Geobiology Lecture 14
Quiz onﬂ,]ApriI 23

on the topic:

The role of symbiosis in the evolution of photosynthetic
Eukaryotes; History of the symbiogenesis hypothesis
and recent advances resulting from the genomic
revolution



Geobiology Lecture 14

Reading:
Stanley Ch3 49-77 + later sections p. 221-228, p337-347 and
456-60.
Delwiche 1999 American Naturalist
Keeling et al, TRENDS in Ecology and Evolution Vol.20 No.12
December 2005
Need to Know:

The role of symbiosis in the Evolution Of
Photosynthetic Eukaryotes

Brief history of plant kingdom; basic characteristics of
algae (acritarchs) ; primitive vascular plants (mosses,
ferns, lycopods), conifers and angiosperms. An
example of interrelationship between plant & animal
divergences



Who are the major groups of marine
primary producers today?

Which groups dominated at different
periods in the geologic past?

How is plankton growth recorded in rocks
— and olil? (subsequent lecture)

What factors influence the completeness
of the fossil record of marine plankton?

How has long-term ecological succession
of marine plankton affected the evolution
of other organisms and biogeochemical
cycles?

Image removed due to
copyright restrictions.

©Jacob Waldbauer, 2007



Marine Primary Producers

Today, 2 major groups:

Acquired photosynthesis by secondary
endosymbiosis
Were preceded by red/green algae &
prokaryotic phototrophs

Left a rich body & molecular fossil
record

Rose to ecological prominence
relatively

recently

Picocyanobacteria
Prochlorococcus/
Marine Synechococcus

Images removed due to copyright restrictions.

Chl a+c Phytoplankton
Diatoms
Dinoflagellates
Coccolithophorids

©Jacob Waldbauer, 2007



CYANOBACTERIA

Two kinds cyanobacteria from the Bitter Springs Fm (850Ma), a chert from the
Amadeus Basin central Australia. On the left is a colonial chroococcalean
form, and on the right is the filamentous Palaeolyngbya.

Morphologies in the group have remained much the same for billions of years,
and they may leave chemical fossils behind as well, in the form of breakdown
products of lipids.

Images removed due to copyright restrictions.

Please see Ancient Fossil Bacteria on
|http://www.ucmp.berkeley.edu/precambrian/bittersprings.html


http://www.ucmp.berkeley.edu/precambrian/bittersprings.html

Stromatolites & Cyanobacterial Mats

Precambrian stromatolites
¥ Siyeh Formation, Glacier Nat'l Par
iCourtesy NPS

Stromatolitic bioherm, 800Ma &
Central Aust. R Summons

©Jacob Waldbauer, 2007



Courtesy Elsevier, Inc.,

Cyanobacterial photosynthesis in the Used with permission.
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http://www.sciencedirect.com/

Cyanobacteria,

Mesoproterozoic and Modern

Heterocysts/
Akinetes
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Courtesy of National Academy of Sciences, U. S. A. Used
with permission. Source: Fig. 1a in Tomitani, Akiko, et al.

"The Evolutionary Diversification of Cyanobacteria:

'

N Leptolyngbya PCC73110 |

-

Molecular-phylogenetic and paleontological perspectives."
PNAS 103 (2006): 5442-5447.©2006 National Academy.

©Jacob Waldbauer, 2007

Archaeoellipsoides

Anabaena

Courtesy EPA




Courtesy Elsevier, Inc.,

Eukaryote Diversity & Chloroplast Endosymbiosis

Used with permission.

Plantae Streptophytes Discicristates Excavates
Lasct piarits Heterolobosea
Kinetoplastids
Green Algae Char Dﬁplnnemlds
Chiorophytes Euglenids
Trebouxiophytes Core jakobids
Ulvophytes Trimastix
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©Jacob Waldbauer, 2007

TRENDS i Ecodagy & Evaition


http://www.sciencedirect.com/

Image removed due to copyright restrictions.

Please see Fig. 3 in Heckman, Daniel S., et al.
“Early Colonization of Land by Fungi and Plants.”
Science 293 (August 10, 2001): 1129-1133.



Plankton Biogeography

Images removed due to copyright restrictions.

Please see Fig. 55, 58, 81, 92, and 112 in Beaugrand,
G. “Continuous Plankton Records: Plankton Atlas of
the North Atlantic Ocean (1958-1999).” Marine
Ecology Progress Series Supplement (2004).

|http://www.int-res.com/articles/CPRatlas/CPRp011.pdf


http://www.int-res.com/articles/CPRatlas/CPRp011.pdf

Building a Fossil Record

Biology

NRespiration

Sediment

Diagenesis
Sedimentary Rock

Subduction,

. Thermal Alteration
Metamorphosis

Old Sedimentary Rock Oil

Microfossils
olecular Fossils



The Fossil Record of Phytoplankton

Total Sediment Thickness of the World's Oceans & Marginal Seas
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Courtesy NOAA

[http://www.ngdc.noaa.gov/mgg/image/sedthick9.jpg


http://www.ngdc.noaa.gov/mgg/image/sedthick9.jpg

Image removed due to copyright restrictions.

Please see Fig. 2 and 3 in Rea, David K., et al.
“Broad Region of no Sediment in the Southwest
Pacific Basin.” Geology 34 (October 2006): 873-876.

80 Ma
Seafloor




Age of the Ocean Floor

Image courtesy Dr. Peter Sloss and NDGC/NOAA. Original data from:
R. Dietmar Miiller, Department of Geology and Geophysics, University of Sydney, Australia;

Walter R. Roest, Geological Survey of Canada; Jean-Yves Royer, Lab. de Géodynamique, Villefranche Sur Mer,
France; Lisa M. Gahagan, Institute for Geophysics, University of Texas, Austin, Texas; John G. Sclater,

Scripps Institution of Oceanography, La Jolla, California.

Crustal Age
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Rocks Made
Of Plankton

White Cliffs of Dover

Cretaceous coccoliths

NASA MODIS
26 June 2006




o Advantages:
— Large populations,
widely deposited

— Can provide fine-scale
systematic information

« Disadvantages

— Not all groups make
preservable walls —
— Preserved fossils may
not be diagnostic
— Diagenesis can ,
obliterate mineralized L
or unmineralized walls

Microfossils
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Biomarkers: Molecular
Fossils

Stigmasterol
Biomolecule

OH

Destruction of Burial,
Labile Compunds Diagenesis,
(Nucleic Acids, Proteins) Heating

C,o Sterane
Molecular Fossil

Loss of functional groups, unsaturation;
Alteration of stereochemistry



Archaea Haloforax
Methanospirillum
Methanosarcina
Sulfolobus Methanobacterium
Thermoproteus
Thermofilum Methanococcus
pSL 50 Thermococcus
PpSL 4 Methanopyrus
PSL 22
pSL 12
ol’igill
Marine
JP 27
group 1 P
pJP 78

itrichomonas

- Giardia
Hexamita

Vairimorpha

Physarum

Naegleria
Trypanosoma Hugleng
ncephalitozoon

Bacteria

RiﬁmE, coli mitochondria
Chromatium
Agrobacterium
Chlorobium
Cytophaga
Epulopiscium
Bacillus

choloroplast
Synechococcus

Thermus

Thermomicrobium
Thermotoga

‘Aquifex
EM 17

0.1 changes per nt

Zea
Homo
Coprinus

Parameclum

Porphyra

Dictyostelium

Entamoeba

Fossils of Protists
(single-celled eukaryotes)

Cell walls contain resistant
biopolymers e.g. algaenans,
spropollinen

Minerals: silica, calcite

Preservation superior to prokaryotes

Record of acritarchs since 1.8-2 Ga

Figure by MIT OpenCourseWare.



Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia.
Used with permission.




Leiosphere cycle
simple cell division

Acanthomorph resting
Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia. CySt CyC I e

Used with permission.



Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia.
Used with permission.

Benthic mat fragments and
fillaments are common but
declined c. 580 Ma

Spherical acritarchs
(leiospheres) dominate from
c. 1200 Ma onward

Dark centre may
be cell contents

Some show cell division

May be original cells rather than cysts




580-565 Ma

-acanthomorphs (spiny
acritarchs) radiated
rapidly

* COmpIlex: morpnoelogy:

e subtly different from
earlier spiny forms

e diversification unrelated to
lithology, facies, or stratigraphic
sequences

Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia.
Used with permission.



Zones

new genus

Range-chart plots show
four acanthomorph
zones

Tanarium conoideum

Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia.
Used with permission.

Appendisphaera




Plastids

Endosymbiotic organelles derived from previously
free-living cyanobacteria

Genetically dependent on the host for proteins
coded for by the nuclear genome

Reduced genome dou to loss or transfer to host
nuclear genome

Greens, reds and Glaucocystophyta have primary
plastids; all other lineages involve secondary
symbioses

Delwiche C.F. Am. Nat. 1999. Vol. 154, pp. S164-S177, 1999



Symbiogenesis:
the
phylogenetic
tapestry of
eukaryotes

Image removed due to copyright restrictions.

Please see Fig. 1 in Delwiche, Charles F. “Tracing
the Thread of Plastid Diversity through the Tapestry
of Life.” The American Naturalist 154 Supplement
(October 1999): S164-S177.



Image removed due to copyright restrictions.

Please see Fig. 1 in Baldauf, S. L. “The
Deep Roots of Eukaryotes.” Science 300
(June 13, 2003): 1703-1706.



Courtesy Elsevier, Inc.,

Used with permission.

Plantae Streptophytes

Land plants
Charophytes

Chiorophytes
Trebouxiophytes
Ulvophytes
Prasinophytes
Mesostigma

Fleridiophytes
Bangiophytes
Cyanidiophytes

Glaucophytes

Green Algae

Red Algae

Apicomplexa

Colpodella
Dinofiageliates
Oxyhrris
Perkinsus
Ciliates
Colponema

Ellobiopsids

Alveolates

Diatoms
Raphidiophytes 7 4
Eustigmatophytes 4
Chrysophytes
Phaeophytes
Bolidophytes
Blastocystis
Actinophryids
Labyrinthulids
Thraustrochytrids
Oomycetes
Opalinids
Bicosoecids

Haptophytes
Cryptomonads

Stramenopiles

Chromalveolates

Lobosea
Archamoebae

Discicristates Excavates
Heterolobosea
Kinetoplastids
Diplonemids
Euglenids
Core jakobids
Trimastix
Oxymonads
Trichomonads
Hypermastigotes
Carpediemonas
Retortamonads

Diplomonads

Malawimonads

Cercomonads
Euglyphids
Phaeodarea
Heteromitids
: Thaumatomonads

Protostelids

Cercozoa

Chlorarachniophytes
Phytomyxids
Haplosporidia
Foraminifera
Polycystines

Acantharla Rhizaria

Ascomycetes
Basidiomycetes

Zygomycetes

Microsporidia

Chytrids

Nucleariids

Animals

Choanoflagellates  oyicihakonts
Capsaspora
Ichthyosporea

Dictyostelids
Myxogastrids

Amoebozoa ‘Unikonts’

TRENDS i Ecodagy & Evaition


http://www.sciencedirect.com/

Algae

Images removed due to copyright restrictions.

Please see Dicroglossum crispatulum and Euglena oxyuris on
lhttp://tolweb.org/accessory/Algae%3A_Protists with Chloroplasts?acc_id=52


http://tolweb.org/accessory/Algae%3A_Protists_with_Chloroplasts?acc_id=52

Algae: Comprise several subdivisions of
the Eukarya

Ahimals  (Metazoa)
Collar-flagellates  (choanoflagellates)

Fungi
mm Microsporidia

opisthokonts

Alvenlates  (dinoflagellates, ciliates, apicomplexa)
stramenopiles  (diatoms, chrysophytes, brown algae, opalines, other algae & protozoa)

Rhodophyta  (red algae)
Green plants (= Viridaeplantae: green algae (ncluding prasinophytes), higher plants)

The other protists  (cryptomonads, edglenids, glaucophytes, etc.)

Ihttp://tolweb.org/tree?group=Eukaryotes&contgroup=Life


http://tolweb.org/tree?group=Eukaryotes&contgroup=Life

Algae
Ecology

eBasis (with cyanobacteria) of oceanic and aquatic
ecosystems

«‘Out of balance’ ecosystems may lead algal populations
to grow large

eAlgae blooms caused by high nutrients (natural or
anthropgenic) - C,,decomposition depletes
O, in the water eg. Red Tides (Dinoflagellates,
Brown tides (Diatoms)

eImportant in global carbon cycle because algal blooms
may lead to enhanced organic matter
accumulation & burial

eMany groups of algae capable of calcification (or
silicification) = limestone - reefs

«Sink for natural and anthropogenic CO,



Algae: ‘Protists with Chloroplasts’

Polyphyletic (several phyla) and paraphyletic (not all

close relatives included) group of organisms:
The subset of photosynthetic eukaryotes that

excludes the higher plants, the sister group of the green
algae

Much controversy on how to classify
Multiple origins for both plastids and
protistan hosts makes phylogenetic
analysis complex

Characteristics used:

Photosynthetic pigments
Cell wall components
Carbohydrate storage
Flagella

Habitat Ihttp://tolweb.org/tree/eukaryotes/accessory/algae.htmi
DNA seqguences


http://tolweb.org/tree/eukaryotes/accessory/algae.html

Algae: ‘Protists with Chloroplasts’
Ihttp://tolweb.org/accessory/Algae%3A_Protists_with_Chloroplasts?acc_id=52

MAJOR
GROUP COMPOSITION ORGANIZATION PIGMENTS
ALVEOLATES* Contains some algae, autotrophic dinoflagellates, unicellular, colonial, chlorophylls a
diverse, Peridinium, Symbiodinium, Ceratium syncytial; free-living, and c,
symbiotic and parasitic | some symbionts
CHLORARACHNIOPHYTES A few genera of amoeboid organisms all with syncytial, free-living Chlorophyll b,
symbiotic algae, Chlorarachnion
CRYPTOMONADS About 12 genera of flagellates, Cryptomonas single cells, rarely Chlorophylls a
forming colonies, and c,
some are endobiotic phycobilins
EUGLENIDS about half of the genera (35) contain members with single cells Chlorophyll b
green chloroplasts, flagellates, Euglena,
Trachelomonas
GLAUCOPHYTES Several genera of flagellated and non-flagellated flagellated and non- Phycobilin
protists with similar phycobilin-rich symbionts, e.g. flagellated cells
Glaucocystis, Cyanophora
HAPTOPHYTES* Diverse, with many genera, all or all bar one genera single cells, some are Chlorophylls a
with plastids, with naked species and those with scales | endosymbionts and ¢
(coccolithophores)
RED ALGAE (Rhodophyta)* | All species are regarded as algal free-living and Phycobilins
parasitic, single celled
and multicellular
STRAMENOPILES* Most but not all stramenopiles are algae, the group single celled, colonial | Chlorophylls a
includes diatoms, brown algae, synurophytes and other | and multicellular, free- | and ¢
'chrysophytes' living and parasitic
VIRIDAEPLANTAE* The green algae, all but a few genera are algal, single celled, colonial Chlorophyll b

*Geologically Important

prasinophytes, chlorophyta (e.g. volvocalean algae,
conjugatopohytes, Ulvales, Charales)

and multicellular, free-
living



http://tolweb.org/accessory/Algae%3A_Protists_with_Chloroplasts?acc_id=52

Algae: ‘Protists with Chloroplasts’

Ihttp://tolweb.org/accessory/Algae%3A Protists_with_Chloroplasts?acc_id=52

GROUP

FOSSIL RECORD AND SIGNIFICANCE

ALVEOLATES*

Dinoflagellates, diverse and important plankton group

Cysts make exceptional index fossils from their Early Triassic
radiation

Symbiodinium (Gymnodinium) the most important symbiont in
marine invertabrates especially corals, tridacnid clams and some
formaminifera

Diagnostic lipids ( dinosterol) and pigments

Many toxic species contribute to fish kills and shellfish toxicity

HAPTOPHYTES*

Diverse, with many genera. Important plankton, index fossils in
Mesozoic and Cenozoic; scales (coccolithophores) of calcium
carbonate carry C and O isotopic signature of seawater

Diagnostic lipids (Alkeneones) carry the signature of sea surface
temperature and the vital effects of C-fixation by Emiliania huxleyi

RED ALGAE (Rhodophyta)*

All species are regarded as algal
Some are calcareous Corallines since Jur and ancestors since Pre-
Camb.; Fossil record to ~ 1200M ; oldest algal fossil of specific clade?

STRAMENOPILES*

Most but not all stramenopiles are algae, the group includes diatoms,
brown algae, synurophytes and other 'chrysophytes'

VIRIDAEPLANTAE*

The green algae, all but a few genera are algal, prasinophytes,
chlorophyta (e.g. volvocalean algae, conjugatopohytes, Ulvales,
Charales)


http://tolweb.org/accessory/Algae%3A_Protists_with_Chloroplasts?acc_id=52

ALVEOLATES-Dinoflagellates

Ciliates

] o Colponema
Text removed due to copyright restrictions.

Please seehttp://tolweb.org/tree/eukaryotes/alveolates/alveolates.html Dinoflagellates

Tmm Colpodells
Apicomplexa Perkinsus

Euapicomplexa

Images removed due to copyright restrictions.

Please see Spiniferites, Ceratium sp., and Dinophysis sp. from

and

Balmula pentaradiata from
|http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/dinoflagellates.html


http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/dinoflagellates.html
http://www.geo.ucalgary.ca/%7Emacrae/palynology/dinoflagellates/dinophysioid.gif
http://www.geo.ucalgary.ca/%7Emacrae/palynology/types/Balmula_pentaradiataH_200x.jpeg
http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/dinoflagellates.html
http://tolweb.org/tree/eukaryotes/alveolates/alveolates.html

ALVEOLATES-Dinoflagellates

Image removed due to copyright restrictions.

Please see
|http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/anatomy.html


http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/anatomy.html

ALVEOLATES-Dinoflagellates

Image removed due to copyright restrictions.

Please see
|http://www.geo.ucalgary.ca/~macrae/palynology
|/dinoflagellates/fossil_cysts.html


http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/fossil_cysts.html
http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/fossil_cysts.html

ALVEOLATES-Dinoflagellates

Images removed due to copyright restrictions.

Please see
|http://www.geo.ucalgary.ca/~macrae/palynology
|/dinoflagellates/Florentinia.gif

and

|http://www.geus.dk/departments/quaternary-
| marine-geol/research-themes/env-cli-dino-uk-
|dino-cycle.jpg


http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/Florentinia.gif
http://www.geo.ucalgary.ca/~macrae/palynology/dinoflagellates/Florentinia.gif
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-dino-cycle.jpg
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-dino-cycle.jpg
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-dino-cycle.jpg

Geological Record of
Dinoflagellate Cysts

Cysts are Organofossils: Constructed of
recalcitrant, non-hydrolysable
ploase seo polymeric organic matter =
|http://www.geus.dk/departments/quaternary- S p oro p o) I I | nen.

|marine-geol/research-themes/env-cli-dino-uk-
|diversity.gif

Image removed due to copyright restrictions.

Important as biostratigraphic markers
throughout the Mesozoic and Cenozoic


http://www.geo.ucalgary.ca/%7Emacrae/palynology/dinoflagellates/theca_cyst.gif
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-diversity.gif
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-diversity.gif
http://www.geus.dk/departments/quaternary-marine-geol/research-themes/env-cli-dino-uk-diversity.gif

Neoproterozoic Acritarchs = Algal Fossils
Dinoflagellates???

Courtesy of Dr. Kathleen Grey, Geological Survey of Western Australia.
Used with permission.


http://www.geo.ucalgary.ca/%7Emacrae/palynology/dinoflagellates/dinophysioid.gif
http://www.geo.ucalgary.ca/%7Emacrae/palynology/dinoflagellates/theca_cyst.gif

Dinoflagellates as Symbionts

Images removed due to copyright restrictions.
Please see Fig. 1 on
|http://www.marinebiology.org/coralbleaching.htm

Courtesy DOE


http://www.geo.ucalgary.ca/%7Emacrae/palynology/dinoflagellates/theca_cyst.gif
http://www.marinebiology.org/coralbleaching.htm

Radiolaria (not algae)

Image and text removed due to copyright restrictions.
Please see

and
Ihttp://www.ucmp.berkeley.edu/protista/radiolaria/radmm.html
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Foraminifera (forams) — not algae

Images and text removed due to copyright restrictions.
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Foraminifera (forams)

Text removed due to copyright restrictions.
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HAPTOPHYTES

Images and text removed due to copyright restrictions.
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HAPTOPHYTES

» Diagnostic lipids (Alkeneones) carry the signature of sea surface
temperature and the vital effects of C-fixation by Emiliania huxleyi

Images and text removed due to copyright restrictions.

Please see Fig. 7 in Laws, Edward A., et al. “Controls on the
Molecular Distribution and Carbon Isotopic Composition of
Alkenones in Certain Haptophyte Algae.” Geochemistry
Geophysics Geosystems 2 (January 25, 2001): 31.

And

Fig. 3 in Prahl, F., et al. “Status of Alkenone Paleothermometer
Calibration: Report from Working Group 3.” Geochemistry
Geophysics Geosystems 1 (November 7, 2000): 13.



RED ALGAE - Rhodophyta D. Wilson Freshwater

Images and text removed due to copyright restrictions.
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RED ALGAE - Rhodophyta

Images and text removed due to copyright restrictions.
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[http://tolweb.org/tree?group=Rhodophyta&contgroup=Eukaryotes

Courtesy NOAA

Bangia fossils recognized on the basis of detailed
morphology in the ca 1200 Ma Hunting Fm., Arctic
of Canada
Butterfield, Knoll and Swett, Science 250, 104-107

Grow attached to substrate —ie not plankton

Coralline reds calcify — ie reef forming

Cell walls = Cellulose fibrils embedded in an extensive
gelatinous matrix = Agar

Chlorophyll a Phycobilins arranged in phycobilisomes;
thylakoids are not stacked


http://tolweb.org/tree?group=Rhodophyta&contgroup=Eukaryotes

STRAMENOPILES —Include Diatoms and Brown Algae

Tmm Hamatores  (Caecitellus and pseudodendramaonads)

r— Froteramaonads
| - Opalines

Developayella
—E Diplaphmys
Lakyrinthulids

— Thraustochytrids

Bicosecids
Hypochytridiomycetes

Commation

Reticulozphaera

Felagomaonas

Felagococcus

Qllicola

Adreococcus

Farmales

Diatoms

Hanthophvltes
_E Phaeophytes (brown algae)
Eustigmatoptntes
Raphidophytes

Synurids

Rhizochromulinaales
_A;mdmeg_l_E Fedinellales




STRAMENOPILES —Include Diatoms and Brown Algae

Mitchell L. Sogm and David J. Patterson
' 4 Courtesy EPA

Courtesy NOAA
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Image from Wikimedia Commons,
[http://commons.wikimedia.org


http://tolweb.org/tree?group=Stramenopiles&contgroup=Eukaryotes
http://commons.wikimedia.org

Diatoms
BACILLARIOPHYTA

Diatoms are unicells that share the feature of having a cell wall made of silicon
dioxide. This opaline or glass Is composed of two parts ( ), which fit
together with the help of a or set of

The taxonomy of diatoms is based in large part on the shape and structure of the
siliceous valves. Although some species can be identified in the living state, and
some genera were and have been erected based on the organization and fate of
cytoplasmic organelles, species-level identification usually requires examination with
oil immersion objectives of permanently-mounted specimens.

Two major groups of diatoms are generally recognized: the centric diatoms
exhibit radial symmetry (symmetry about a point) and have oogamous sexual
reproduction.

The pennate diatoms are bilaterally symmetrical (symmetry about a line) and
produce ameboid gametes that are morphologically similar but may be
physiologically different.

Chloroplasts of diatoms are variable, but consistent within most taxa. Chloroplasts
may be many small discs, a condition found in most centric diatoms and some
(araphid) pennates, or few large, plate-like chloroplasts are found in the majority of
pennate taxa.


http://www.calacademy.org/research/diatoms/overview/glossary.html#frustule
http://www.calacademy.org/research/diatoms/overview/glossary.html#valve
http://www.calacademy.org/research/diatoms/overview/glossary.html#cingulum
http://www.calacademy.org/research/diatoms/overview/glossary.html#girdle_bands

Diatoms

Oldest fossils are Jurassic. Some lower Cretaceous and an excellent record
from the Late Cretaceous

Diatoms have found a resource (SiO,) that few other groups exploit and
have taken advantage. 6% as costly as cellulose to make SiO, frustule

Their lifecycles often involve sedimentation when nutrients decline and later
resuspension. Rhizosolenia (?) Sinks to low O, water to collect NO;
Significant N-fixation by hertocystous N-fixing cyanobacterial symbionts of
Rhizosolenia

CaCO, will dissolve at depth whereas silica is more resistant. Huge areas of
the sea floor are covered in diatomaceous material.

Amorphous silica has interesting optical properties, unlike CaCo3 which is
largely opaque. Why does a photosynthetic organism like a coccolithophorid
choose to bury itself in opaque material? Some believe silica frustules can
refract light to make it more available for diatoms.

Opal changes volume when heated so diatomaceous sediments can make
good oil reservoirs



VIRIDAEPLANTAE

Richard M. McCourt,
R. L. Chapman,
M. A. Buchheim and
Brent D. Mishler
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Frasinophytes
Chlorophyceae
Trebouxioptyceae
Lvophyceae
Chlorokybales
Streptophyta klebsaormidiales
Zygnematales
Charales
Coleochaetales

Embryophytes  {land plants)



http://tolweb.org/tree?group=Green_plants

VIRIDAEPLANTAE
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VIRIDAEPLANTAE- CHLOROPHYCEAE

Image removed due to copyright restrictions.

Please see
[http://www.ucmp.berkeley.edu/greenalgae/chlorophyceae.html

b SitrE ptOp e -

Frasinophytes

chioropmyceas Chlorellales, especially Chlorella are an important

Uophyceas group because of their role as endosymbionts
e inside the tissues of sponges, ciliates and formams.
vebsormigiaes  OF€€N algae produce bioplymers, algeanans, which

Trebouxiophyceae

Zygnematales are recalcitrant, non-hydrolysable biopolymers and
Charales feedstock for crude oil.

Coleochaetales
Embryophytes  {land plants)
http://tolweb.org/tree?group=Green_plants


http://www.ucmp.berkeley.edu/greenalgae/chlorophyceae.html
http://tolweb.org/tree?group=Green_plants

Paul Kenrick and Peter Crane

Marchantiomarpha  {liverwarts)

Anthocerotophyta  (hormeorts)

Bryopsida  (mosses) mosses

Haorneophytopsida +

Aglaophyton major +

Rhyniopsida + .
Lycopsida  {ycophytes) IyCO pS I dS
Eaphyllaphyton bellum 4+

FPsilophyton dawsonii +

Cladoxylopsida +

Equisetopsida  chorsetails, sphenophytes) hOrsetaIIS
Filicopsida  iferns)

Petica varia + fe rnS

Aneurophytales +
Archaeaopteridales 4+

Frotopityales +

Spermatopsida  (seed plants: flowering plants, conifers, etc.) Seed plants



Oldest evident land plant =
Late Ordovician spore

Calamopityaceae +
Hydraspermaceae +

Lyginopteridaceas +

TR Image removed due to copyright restrictions.

Cycads

Callistophytaceas + Please see

Conifers |http://www.ucmp.berkeley.edu/IB181/VPL/Elp/Elp1.html,

|http://www.ucmp.berkeley.edu/IB181/VPL/Elp/ElpP/Elp9l.jpeg,

Cordaitopsida + .
|http://www.ucmp.berkeley.edu/IB181/VPL/Elp/ElpP/Elp10l.jpeg

Glossopteridaceae +
Czekanowskiaceae +
Ginkgos
FPeltaspermaceae +
Corystospermaceae +
Caytoniaceae +
Pentoylales +

Oldest N. Hemisphere

Ghetales

Angiosperms  {flowering plants) VaSCUIar plant — Late
Silurian Cooksonia


http://www.ucmp.berkeley.edu/IB181/VPL/Elp/Elp1.html
http://www.ucmp.berkeley.edu/IB181/VPL/Elp/ElpP/Elp9l.jpeg
http://www.ucmp.berkeley.edu/IB181/VPL/Elp/ElpP/Elp10l.jpeg

Earliest Land Plants - Lycopsids

Images and text removed due to copyright restrictions.
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Ferns
Kathleen M. Pryer and Alan R. Smith
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Stauropteridales +
Zygopteridales +
7= Psilotales
Marattiales
Ophioglossales

leptosporangiate ferns



http://tolweb.org/tree?group=Filicopsida&contgroup=Embryophytes

FERNS

Images and text removed due to copyright restrictions.
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Coniferales

Araucariaceae

Cephalotaxace
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Cupressaceae
Pinaceae
Podocarpaceae

Cheirolepidace
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Utrechtiaceae
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Conifers

Cretaceous to Recent

Jurassic to Recent

Triassic to Recent
Cretaceous to Recent

Triassic to Recent

Triassic to Cretaceous

Triassic to Jurassic

Carboniferous to Permian

Jurassic to Recent

36 extant species
5 extant species

157 extant species
250 extant species

131 extant species
extinct

extinct

extinct

9 extant species

Southern Hemisphere
Northern Hemisphere

both Hemispheres
Northern Hemisphere

Southern Hemisphere
Global

Global
Global

Northern Hemisphere
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Text removed due to copyright restrictions.
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http://www.rbgsyd.nsw.gov.au/science/hot_science_topics/wollemi_pine/facts_and_figures
http://www.rbgsyd.nsw.gov.au/science/hot_science_topics/wollemi_pine/facts_and_figures

Wollemi Pine believed to exist naturally in only one
location approx 200 km of Sydney,

Family Araucariaceae
Different features from any known living pine. Closest

relatives are probably extinct Araucariaceae of

Jurassic and Cretaceous age- between 200 and 65
million years ago and known only from fossils.

Since the great extinctions at the end of the Cretaceous
period, Araucariaceae have survived only in the
southern hemisphere.

May propogate asexually (through root system) since all
known trees are genetically identical
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Angiosperm Phylogeny ???

Ceratophyllaceae

Mymphaeales

Fiperales

Aristalochiales

mMonocotyledons

Eudicots

Laurales

Chloranthaceae
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Madgnoliales
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Time Chart for
Land Plants
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Molecular Clock data for Plant Evolution

Text removed due to copyright restrictions.

Please see Abstract in Heckman, Daniel

S., et al. “Molecular Evidence for the Early
Colonization of Land by Fungi and Plants.”
Science 293 (August 10, 2001): 1129-1132.
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http://www.ucmp.berkeley.edu/mesozoic/mesozoicstrat.html

Angiosperm chemical fossils

b from Western Australia



http://www.ucmp.berkeley.edu/mesozoic/mesozoicstrat.html

Innovations and Impacts of Algae and Land
Plants

Ability to colonize terrestrial ecosystems -
Changes to the weathering regime & hydrological cycle

New biochemistries for cell wall and structural
materials—> cellulose, lignin, sporopollinen, algeanan

Recalcitrant organic matter aided preservation -
increase In f, and increase in pO,

Eocene (?) radiation of C4 plants; grasslands vs forests
Driving forces? Low pCO2, aridity?



Text removed due to copyright restrictions.

Please see Abstract in Ward, Joy K.
“Comparative Responses of Model C3 and C4
Plants to Drought in Low and Elevated CO,.”
Global Change Biology 5 (1999): 857-867.
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