Evolutionary Biology
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Readings and Studying

* Only material covered in lecture during exams.

o Textbook chapters listed in syllabus are intended as help
for finding information and are not required reading.

|t is your responsibility to find and extract the necessary
Information for studying.




What 1s Evolution?

Change over time via descent with modification
and often diversification from common ancestors.

Latin for unfold or unroll
English for change

Unifying theory of biology




The Universal Tree of Life
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Figure 1. Diagrammatic “Universal” phylogenetic tree of life, based on small-subunit ribosomal RNA
sequences, Based on analyses of Barns et al. (1996b), Olsen et al. (1994), and Sogin (1994).
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What Is Evolutionary Biology,
and Why Is It Important?

» Fundamental Observations: Diversity and Adaptation
 Evolution as Explanation of Biology

 Evolution as Fact and Theory




Fundamental Observations:
Diversity and Adaptation

1. Diversity of all characteristics & forms

2. Changes In diversity

3. Apparent "good fit" of organisms to the
environment
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Why do the form and function of organisms fit their
environment so well?




Evolution as Explanation of Biology:

1. Levels of organization in biology: From
molecules to populations and beyond

2. Proximate and ultimate causation

3. The concept of fortuitous contingency

4. Testable hypothesis using scientific
method
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Proximate vs. Ultimate Causation

 Why do birds sing in the spring?




Proximate vs. Ultimate Causation

Proximate cause Is the immediate trigger for a behavior. For example, if a zebra

Is drinking at a water hole, and all of a sudden it hears another zebra nearby make
an alarm call, it may stop drinking immediately and start running away instead.
The proximate cause of the zebra running away would be the alarm call. But the
ultimate cause, or real reason why the zebra is running is survival. It is running
away because it wants to survive. The alarm call is not the source of danger, but the
alarm call alerts the zebra that danger, such as a lion, may be nearby and the

lion can threaten the zebra's chance to survive.

i
o

A \ e ~ — = / N
/' see / e T — e S I / natural

| 4 f 4 _ i ) ~, / . W -~ — 2
biclogical ! what causes / Proximate ™ ™ f Ultimate - e [ selection
g / b / # favorable N ( i

aspects the biclogical Causation— i S Y / Causation— F
through traits to be how Undggﬁ:l:ggg ot ( evolutionary |: gegﬁg":‘hat Darwinism
which favorable for '1,\ biological \ history of a VR pass
behaviors animals . traits work \ \-\_ species b P A \ these
Y occur b . L \, genes on
l'\ "n

\ .




Principal events across the Vendian-Cambrian boundary, spanning an interval of
approximately 60 Myr (570-510 Myr), in the context of the early evolution of metazoans.

[ METAZ0A 1
r—— Diploblasts 1T Triploblasts

r——Coelenterates——  r—Ecdysozoans —1rLophotrochozoansa — Deuterostomes —

o Wheeler Formation

» Burgess Shale

o Kaili

® Chengjiang
® Sirius Passet

» Abundant shelly
Tossils
® Shelly fossils

® Cloudina

» "Advanced”
Ediacaran faunas

» Mistaken Point
faunas

@ First known fossil
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® 7End of ice-age
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Fortuitous Contingency




BlFs aka Banded Iron Formations

Fortuitous Contingency




Short-circuiting the Ocean Conveyor

What factors caused the Northern Hemisphere to develop sea ice and glaciers about 3 million years ago? The closing of the Central Ameri-
can Seaway intensified the Gulf Stream, the upper limb of a conveyor-like global ocean circulation called the Ocean Conveyor. The Gulf
Stream transported salt to the North Atlantic, making waters there dense enough to sink and drive the lower limb of the Conveyor. Accord-
ing to one theory, the Gulf Stream also transported moisture to the North Atlantic region and encouraged ice formation. But the Gulf Stream
also conveys heat, which would deter glaciation. Neal Driscoll and Gerald Haug proposed a solution to this apparent contradiction (below).

Less salty Arctic waters )
flowed back into the o,
North Atlantic, curtailing = %
the sinking of dense salty

waters that drives the

Ocean Conveyor.

More fresh water was
deposited into great
- ‘ "3 rivers emptying into the
An intensified Gulf Stream , 1% 5 Ly h Arctic Ocean.
brought more moisture to = g

the North Atlantic region. — : d
Prevailing westerly winds

transported moist air to
Eurasia, increasing
precipitation.

Fortuitous Contingency




The approximate temporal extent of named hominin
taxa in the fossil record

Present

Homo sapiens

H. neanderthalen51s
i H. heidelbergensis
isf antecessor

Australopithecus

hablhs

H. erectus
H. ergaster

Au. mdolfenszs

Au. bahrelghazali IR

Au. anamensis -

Kenyanthropus
platyops

B Large brain, small teeth, obligate bipedalism

B Small brain, very large teeth, facultative bipedalism
Bl Small brain, large teeth, facultative bipedalism

B Insufficient evidence

Paranthropus
boisei

P, robustusi

Au. garhz

P. aethiopicus
Au. africanus
Ardipithecus

q

Au. afarenszs ramidus h

Ar. kadabba [}
Sahelanthropus

tchadensis .

Orrorin j

tugenensis

Fortuitous Contingency




Scientific Method

By GARY LARSON

THE FAR SIDE

An instant later, both Frofessor Waxman

and his time machine are obliterated,

leaving the cold-blooded/warm-blooded

dinosaur debate still unresolved.



Evolution as Fact and Theory:

1. Change over time

2. Descent with modification

3. Evolution by natural selection

N.S. = Mechanism of sorting individuals
among hereditary variations.




The Logic of Darwin’s Theory

 Some variants have traits that make them
more likely to survive and/or reproduce
than other variants, and will therefore
produce more offspring than the other
variants. This Is natural selection.




Why do fossils from different
sedimentary layers differ as
they do?
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Why Should We Care about
Evolutionary Biology?

It illuminates our understanding of nature.

It illuminates our understanding of
ourselves.

It helps answer questions In conservation
biology.

An evolutionary understanding can be used
to Improve the human condition.




How have the various animal body forms evolved?




Why are some genes remarkably similar among organisms?
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How did complex cell
structures evolve?

Kinesin motor

- .. protein carries a
~o= “yesicle along a
|- \..microtubule.
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sometimes at great cost

1
X
(<B)
N
>
qo]

L
%)
&

2L
-
©
(@)
o
o
o

[®)
>

=




Why do organisms get old
and die?
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...and how we peopled the earth.




Which organisms are distinct enough to warrant protection?

Figure 3

(12)

(11)

A Pops 4-7 —t
7? &" -

Pops 8-10 5 A

o RO

O = Achatinella mustelina sampling
localities. Genetically defined EESUs are
indicated by black outlines.

Holland & Hadfield. 2002
Molecular Ecology 11(3), 365-376

Pops 11-16 : / :
99 2 :

ESU = Evolutionary Significant Unit




How should we maintain genetic variation?
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How about Pleistocene Park?




Evolutionary biology explains why Moraxella
bacteria become resistant to antibiotics so quickly.
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Similarly, evolutionary biology helps guide
efforts to slow the evolution of pesticide
resistance in insects.

d-Endotoxin from B. thuringiensis




Evolutionary biology may help minimize the
risks of transgenic crops.

Growth in adoption of genetically engineered crops continues in the U.S.

Percent of planted acres
100

HT soybeans

Bt cottan

HT corn

T T T T T T T T T T T T
1986 1997 1898 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Drata for each crop category include varieties with both HT and Bt (stacked) traits.
Sources: 1996-1999 data are from Fernandez-Cormnejo and McBride (2002). Data for 2000-11 are
available in the ERS data product, Adoption of Genetically Engineered Crops in the U.S., tables 1-3.

image source: USDA/ERS http://www.ers.usda.gov/Data/BiotechCrops/

herbicide tolerance (HT): most common inserted trait, makes the crop resistant to a particular herbicide (usually Roundup; different inserted
genes encode resistance to different herbicides)

insect resistance (Bt): second most common trait, gene for Bt toxin (originally found in bacteria) is toxic to chewing insects

increased nutrients: researchers have explored many different methods of increasing production of vitamins and other nutrients in plants -
some are currently on the market and some are in developmental stages (for example, "golden rice” produces 23 times more beta-carotene
than normal rice)




Text Book Concept Flow Chart

Figure 1.25 A flowchart showing how
the concepts in each chapter are linked
to each other.
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