Evolution The Unifying Theory
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What Is a “Science”?

Must be observable ~ “Empirical”

Must have hard data ~ “Scientific Method”
Must be supported by mathematical rationale
Must start as a hypothesis ~ “A Prediction”
Must be subject to “peer review”




A clarification on this Evolution discussion

What It Is: What it isn’t:
e Atheory e A hypothesis or a law
e Testable A discussion about the
e Based on direct existence of a God
evidence « A prediction of how life
e Fossils came Into being on this

. Real-Time Living  Planet
Organisms » Based on the writings of
the Bible



What Is a “theory”?

“It’s just a theory, right? It is not testable, It’s
just a thought experiment. This can’t possibly
be proven correct, can it?”



A definition of a theory:

* An explanation or model based on observation,
experimentation and reasoning...especially
one that has been tested and confirmed as a

general principle to help explain and predict a
natural phenomena.

* The best we’ve got In science at this time!



Currently held theories In Science:

e Atomic

e Nuclear

e Gravitational

e Cell

e Germ

e Plate Tectonics

* Global Climate Change



Keep this In mind...are all new ideas
readily accepted?



http://apod.nasa.gov/apod/image/0110/galileo_sustermans_big.jpg

Evolution

A working definition:

—A progressive change of organisms
over time.



Darwin wasn’t the first to consider the
Idea of evolution...

o Plato, Greek Philosopher
(427-347 BC)
e Theory of Forms

e Two worlds: Perfect
world of Forms and
Imperfect World we
experience

e Variation was considered
“Imperfect”




Aristotle, Greek Philosopher
(384-322 BC)

e Theory of Types

» Species reflect existence
of unchanging, ideal
form, the ""universal’

 Variation represents an
Imperfect organism




Geoffroy Saint-Hillaire
(1772-1844)

« All adaptations are
directly induced by
environment and passed
on to offspring




Jean Baptiste de Lamarck
(1744-1829)

e 1809: His Philosophie
Zoologigue presented
theory of evolution

e Species progressed up
escalator from
spontaneous generation
to pinnacle with man at
top
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Previously held views about Earth and Life on It.

 Earth is about 6,000 years old.

 Everything we see on the surface was created
In one catastrophic divine moment.

 All species were created as a direct result of
“the creator.”

« All species have “been fixed In time.”*

 All species were specially created and
unchangeable. (Literal Bible interpretation)




Charles Darwin
(1809 — 1882)

e Born to a moderately
wealthy family In
Shrewsbury, England

e Father was a very
successful doctor

 Started university at 16
In Edinburgh, Scotland
as a medical student




Being a Doctor was not his idea!

« Hated the brutality of
“modern” surgical
techniques

e Quit Medical School
after two years

 Father sent him to
Cambridge to study
Theology and become a
Priest




Not too excited about this major either!




Graduated in 1831 with a Theology
Degree

e Was clearly more
excited about biology
and “Natural History”
than theology

e Loved sea
creatures...barnacles

* Well-read, but at this
time did not think
evolution was possible




Summer of 1831, a break

Went home to ponder his future

Often took hikes to make observations of local
flora and fauna

Loved hunting, fishing, collecting geologic
samples

Basic taxidermy of local birds and mammals

Botany Professor, John Henslow had a
proposal



Naturalist on the HMS Beagle

British Navy mapping
expedition of South
American coastline

Darwin was only 22
years old at the time.

90 foot long ship with a
crew of 74

Thought to be a two e
year trip...ended up B P
being five years. |




The Trip from 1831 - 1836

L . 2nd H.M.S. Beagle Survey(1831-1836)
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Keep this in mind

« Darwin did not have a favorable opinion of
evolution prior to his departure. Why?

— The lack of a real imperative (Was such a theory
really needed?)

— Insufficient time to accomplish significant change
(6000 year-old Earth)

— Lack of any real mechanism that might drive
evolutionary change



Plenty of time to work and read

Visited many new lands where he collected,
catalogued and described dozens of new
species of plants, animals and notable geologic
formations

Read Principles of Geology by Charles Lyell

Lyell is considered the “father of modern

geology.”
Old-earth hypothesis



Darwin’s Blologlcal Data

e Plants and animals In
temperate regions of S.
America closely
resembled organisms
from the tropics of S.
America...yet different.

* [sland organisms were
similar to, yet different
from mainland
organisms.
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Other fossils were |mpreSS|ve'

e Extinct Gilant Sloth
fossils were found.

Sort of resembled (but
not entirely like) the
modern version of a
three-toed sloth
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Lyell’s book had a great influence on
Darwin’s thinking.

o Started to question
the widely held belief
that the earth was a
static, unchanging
system both
geologically and
biologically.

e P ¢

10/1/1999




Five week stay on the
Galapagos Islands
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Great Interest In Island
“Blogeography”

Volcanic archipelago

Relatively young Iin
geologic age

No known predators

Simple biological systems
without a lot of human
Intervention

Observed many new species
of plants and animals

Giant tortoises!







Finches

 Finch species varied
with each island,
depending on the
available food source.
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Return to England in 1836

e Darwin’s findings and  Settled in rural London
Specimens were curious. . Began cataloging his

e He was sought after at data and writing
conferences to explain volumes on the early
his findings and trip. Ideas of evolution as

e A bit of a “scientific they were formulating
celebrity” within certain 1N his head
academic circles * Remained essentially

silent on a large part of
his thinking...for nearly
two decades



] yn_&--ﬁardncr
Photographer

Photo Courtesy of
Layne Gardner







Dwarf characteristics






http://www.shareasale.com/r.cfm?b=64955&u=4411&m=10782&urllink=www.imagekind.com%2FShowartwork.aspx%3FIMID%3Dd09dd8b1-a039-4d86-a4dc-a79aff21fe84&afftrack=
http://www.bovinebazaar.com/transfer/bovinetransfer.htm?http://www.scz.org/animals/c/dbelted.html

Selective Breeding has been utilized on
numerous agricultural crops for desired
characteristics

Tomatoes




Pumpkins
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Thomas Malthus (1766-1834)

« Malthus was a political
economist.

e Concerned about what
he saw as the decline of
living conditions In
nineteenth century
England




Malthus was a radical “writer”

He blamed this decline on three elements:
1. The overproduction of young

2. The inability of resources to keep up with
the rising human population

3. The irresponsibility of the lower classes




Malthus’ Essay on the Principle of
Population (1798)

Key points:

 |In nature plants and animals produce far more
offspring than can survive.

o Competition for food or space was a constant
force keeping population in check.

e Darwin immediately saw how the idea could
be applied to the natural world.



Alfred Russel Wallace
(1823 — 1913)

Young British Naturalist

Friend of Darwin’s

Collecting and observing In

East Indies
>

Formulating a similar idea
on Evolution
Writes a brief manuscript

that he wanted Darwin to
comment on...!
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Summer of 1858

 Darwin realizes that his ideas that he has been
formulating for years might get scooped by
Wallace...

 In a flash of about three weeks, quickly writes

down the working outline of The Origin of
Species, after years of gathering data and

evidence.



“Descent with modification”

* Never used the word “evolution” until the
closing pages of the book

* Never suggested that man evolved from a
monkey

* Made four key points based on his travels,
observations, readings, and current biological
knowledge



Darwin’s Key Points as presented
In The Origin of Species

1. Nature produces too many young
I.e. Frogs: 2000 — 5000 eggs
Fish: 2000 — 5000 eggs

Fertilization rate @ +/- 10%= 5000 X .10 =500
Development to fry @ +/- 10%= 500 X .10 =50
Development to minnow @ +/- 10%= 50 X .10=5
Of those 5 minnows-> 2 — 3 make It to adult

*About 1 or 2 of those adults make it to reproduction!






Key points continued:

2. Struggle for survival

All organisms struggle for basic necessities
everyday for their entire life:

* Food

* Water

* Space

* Light

* Mates (Later to be called
“sexual selection™)



Key Points:

3. Variations in a population are naturally
present.

Genetic probability due to
* crossing over @ melosis
* random mutations






Key point

This 1s Darwin’s pivotal and brilliant
observation. This Is new and significant
since It Is the first time that a mechanism is
proposed for evolution to occur.

4. Nature selects the best fit organisms for the
environment.

“Natural Selection” (Struggle for survival)
“Sexual Selection” (Struggle for mate(s))




e . g Snowshoe

Hare
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Sexual
Selection




Superb Bird of Paradise
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Evolution

A progressive change of organisms
over time.



Evidence
for the
Theory of Evolution
has been collected for the past
150 years

* Hundreds of thousands of biologists,
geologists, ecologists, bacteriologists and other
specialty scientists test, observe, and measure

the theory on a regular basis



Fossil Record

. Law of Superposﬂmn
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Transitional Fossils

.'."'

 Show anatomical
connections between
groups of organisms
and individual
species



Archaeopteryx




Wing claw
(reptilian character)

Toothed beak
(reptilian
character)

Airfoil wing
with contour
feathers

(avian character)

" Long tail with
many vertebrae
(reptilian character)

Copyright & Paarson Education, Inc., publishing as Benjamin Cummings.



First Bird/Reptile Link

. 5 -

Meaning - Archaeopteryx
means "ancient wing*“

Named By - Hermann von
Meyer 1861

Length - 1 foot beak to tail
Wingspan - 1.5 feet
Weight - 11 to 18 ounces

WHEN IT LIVED: about
150 million years ago
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Embryology

 Embryos of
vertebrates share
NUMeEerous commaon
structures

 Mouse Embryo
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Adaptive radiation - the progressive modification of a
structure to serve many different purposes

o Comparative anatomy
where similar bones
have a common

o Humerls

e i
0 Radius
MWALY

descent but now have | m
been modlfled for PENGLIN ALLIGATOR .
different purposes e

* SWimming, flylng, '--.ﬁt,fe{-la:.;-i:{ ﬁ Metacarpals
Walking’ grasping : II{%' \ I r%{\\ Phalanges

BAT



Analogous
Structures




Analogous Structures

» Vertebrate eyes have an origin in brain cells;
cephalopod eyes have an origin in skin cells.

* \Wings have developed separately In insects,
birds, bats, and reptiles.



Similarity In structure based on adaptation for the same

function, not common origin




Flying Is essential for many different organisms




Body Shape




Vestigial Structures-if functional, perform relatively

simple, minor, or unessential functions







Human Vestigial Structures

1. Human appendix useless yet in other
mammals, including primates, It Is necessary
to aid in digestion of high cellulose diet

2. Human external ear muscles still present but
useless

3. Humans have tailbones and some babies
occasionally have tails

4. Human wisdom teeth vestigial compared to
other primates
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Figure 3. A, Somatic metaphase of Qdontophrynus anericanus, 4n showing amphiplasty (bar = 3 pm). B, Chromosome
pairing in half of the amphiplastic metaphase shown in A.



Look for gene sequence similarities
among organisms
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