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HOW OLD IS OUR STAR?



STAR / SUN~5 BILLION YEARS AGO

SUN / STAR

~5 BILLION YEARS AGO

?



HOW OLD IS THE EARTH?

QUESTION

QUESTION



~4.5 BILLION YEARS AGO

EARTH

~4.5 BILLION YEARS AGO

?



QUESTION

QUESTION

HOW OLD IS LIFE?



~3.5 BILLION YEARS AGO

~3.5 BILLION YEARS AGO

FIRST CELLS

+



1ST CELLS



PROKARYOTE CELLS



PROKARYOTE CELLS

HETEROTROPHIC



FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC

“PRIMORDIAL SOUP”



PROKARYOTE CELLS

AUTOTROPHIC

FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC

?



?

PROKARYOTE CELLS

AUTOTROPHIC

FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC



CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC



CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC

EUKARYOTE CELLS

AUTOTROPHIC

CHLOROPLASTS / PLASTIDS



CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

ENDOSYMBIOTIC

THEORY

FOOD SHORTAGE

PROKARYOTE CELLS

HETEROTROPHIC

EUKARYOTE CELLS

AUTOTROPHIC

CHLOROPLASTS / PLASTIDS

?



?

CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

ENDOSYMBIOTIC

THEORY

PROKARYOTE CELLS

HETEROTROPHIC

FOOD SHORTAGE

EUKARYOTE CELLS

AUTOTROPHIC

CHLOROPLASTS / PLASTIDS



PLANTS

CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

ENDOSYMBIOTIC

THEORY

PROKARYOTE CELLS

HETEROTROPHIC

FOOD SHORTAGE

EUKARYOTE CELLS

CHLOROPLASTS
CHL A&B – CAROTENOIDS

?



? PLANTS

CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

ENDOSYMBIOTIC

THEORY

PROKARYOTE CELLS

HETEROTROPHIC

FOOD SHORTAGE

EUKARYOTE CELLS

CHLOROPLASTS
CHL A&B – CAROTENOIDS



TRUE PLANTS

CYANOPHYTA

PROKARYOTE CELLS

AUTOTROPHIC

ENDOSYMBIOTIC

THEORY

PROKARYOTE CELLS

HETEROTROPHIC

FOOD SHORTAGE

EUKARYOTE CELLS

CHLOROPLASTS
CHL A&B – CAROTENOIDS

?



?

TRUE PLANTS



CHLOROPHYTA

TRUE PLANTS 3



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

!!!ALGAE CLASS STANDARD ENDING: PHYCEAE!!!

?



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

? ? ?

“LAND PLANTS”



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

“LAND PLANTS”



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

“LAND PLANTS”

?



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

?



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

EMBRYOPHYTES

SLC



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

EMBRYOPHYTES

SPORIC LIFE CYCLE

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

H



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

EMBRYOPHYTES

SPORIC LIFE CYCLE

HETEROMORPHIC LIFE CYCLE

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

GS



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

EMBRYOPHYTES

SPORIC LIFE CYCLE

HETEROMORPHIC LIFE CYCLE

GAMETOPHYTE & SPOROPHYTE

PHYSICALLY ATTACHED

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

AT



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

EMBRYOPHYTES

SPORIC LIFE CYCLE

HETEROMORPHIC LIFE CYCLE

GAMETOPHYTE & SPOROPHYTE

PHYSICALLY ATTACHED

ANTITHETIC THEORY

?



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

?

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

?

EMBRYOPHYTES



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

BRYOPHYTES

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

TRUE PLANTS

TRACHEOPHYTES

EMBRYOPHYTES

?



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

BRYOPHYTES

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

? ?

TRUE PLANTS

TRACHEOPHYTES

EMBRYOPHYTES



CHLOROPHYCEAEULVOPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

PHYCOPLAST PRESENT

PHRAGMOPLAST ABSENT

FLAGELLA APICAL

CHLOROPHYTA

BRYOPHYTES

EMBRYO

CHAROPHYCEAE

PHYCOPLAST ABSENT

PHRAGMOPLAST PRESENT

FLAGELLA SUBAPICAL

VASCULAR TISSUE ABSENT VASCULAR TISSUE PRESENT

TRUE PLANTS

TRACHEOPHYTES

EMBRYOPHYTES



TRACHEOPHYTES ?



?

TRACHEOPHYTES



RHYNIOPHYTA

TRACHEOPHYTES



ZOSTEROPHYLLOPHYTA

STEM ENATIONS

RHYNIOPHYTA

TRACHEOPHYTES

ENATIONS



STEM ENATIONS

RHYNIOPHYTA

TRACHEOPHYTES

MICROPHYLLS

ZOSTEROPHYLLOPHYTA

ENATIONS


