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Evolution of Life:
The Cambrian Explosion, Mechanism
& Pattern of Evolution, Mass
Extinctions



The Ediacaran fauna

The Ediacaran biota consisted of enigmatic tubular and frond-shaped, mostly sessile
organisms which lived during the Ediacaran Period (ca. 635-542 Ma). Trace fossils of
these organisms have been found worldwide, and represent the earliest known complex
multicellular organisms.

Ediacaran Fauna
» dates to about 560 MYA.

» are exclusively soft-bodied (sponges, Jellyﬂsh combjellles etc) and non-
burrowing. , P ey




Burgess Shale Fauna

« a number of phyla dramatically “appeared” — this is the
Cambrian explosion.

- entirely new modes of locomotion evolve (i.e.,
swimming, burrowing, climbing).

- first segmented body plans, external skeletons,
appendages, and notochords

- the diversity of body plans is astonishing!
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What caused the Cambrian explosion?

1. Increase in the oxygen content of seawater

- allowed organisms to achieve increased sizes and
metabolic rates.

* large size is clearly a prerequisite for the evolution of
predators.



What caused the Cambrian explosion?

2. Origin of hard parts (shells and mineralized
exoskeletons).

« some of the earliest shells have holes bored through
them by predators!

» strong selection pressures by presence of predators
would have favored mineralized shells.



What caused the Cambrian explosion?
3. The evolution of eyes
- eyes first appear in trilobites about 543 MYA.

* large predators with eyes make for better predators!



What caused the Cambrian explosion?

4. Genetic changes

» did the diversification of homeotic genes drive the
Cambrian explosion?

« homeotic genes encode for transcription factors.

- they activate suites of genes that control body plans
during early development.



Macroevolutionary patterns

1. Adaptive Radiation

Definition (Mayr 1963): evolutionary divergence of
members of a single phyletic line into a series of
rather different niches or adaptive zones.
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Some generalizations about adaptive radiation

1. Occur at edges of a species range

2. Facilitated by the absence of competitors
and predators

« island archipelagoes are prime areas for radiations.

Examples: Hawaiian Drosophila and honeycreepers



Some generalizations about adaptive radiation

3. May involve “general adaptations”

 general adaptations enable exploitation of new
adaptive zones.

Example: evolution of flight (in insects, birds, bats)

 there are ~1,500,000 insects, ~10,000 birds and
~1,100 bat species.



2. Punctuated equilibrium (PE)

« first proposed by Stephen Jay Gould and Niles
Eldredge in 1972 to account for “gaps” in the fossil
record.

Two characteristics:

1. Periods of rapid morphological change co-occur
with periods of rapid speciation.

2. After species are formed they exhibit “stasis”.



Punctuated Equilibrium Phyletic Gradualism

@ | o
r

}
@ -
E
[
i
~— Morphology —> -— Morphology —>

Figure 18-15 Evolutionary Analysis, d/e
© 2007 Pearson Prentice Hall, Inc.



3. Mass extinctions

* identified when extinction rates raise well above
normal “background extinction”.
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Extinction event

% of taxa exterminated

Possible causes

End of Ordovician

Late Devonian

End of Permian

End Tnassic

End Cretaceous

~450 mya

360 mya

250 mya

200 mya

65 mya

60% of all genera of both
terrestrial and marine life

70% of all species

80-95% of all marine
species went extinct, reefs

80% of all land
quadrupeds

demise of the dinosaurs,
virtually no large land
animals survived, plants
were also greatly affected
while tropical manne life
was decimated

Sea level falls, sustained
glaciation and global
cooling, anoxic events

Sea level falls, anoxic
events, disruption in
ocean circulation

Flood basalts, sea level
fall, global warming,
anoxic event, release of
methane clatharates

Flood basalts, sea level
fall, global warming,
anoxic event

Flood basalts, sea level
fall, global warming,
anoxic event, bollide
impact event.




