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After you have mastered the material in this chapter, you will be able to:

Describe the key contributions to evolutionary theory made by precursors to Darwin
and explain how each influenced the development of evolutionary theory.

Explain how natural selection works.

Contrast the scientific understanding of biological evolution with nonscientific
approaches that seek to explain the origins of life and how life has changed on earth.




Important People / Works

Charles Darwin

(1809 - 1882)

e Origin of Species
1859

e Descent of Man
1871
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Charles Darwin as a young man

Understanding Physical Anthropology and Archaeology, 8th ed., p. 30



Charles Darwin five years b

publication of, Origin of Sp
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Understanding Humans, 11" ed., p. 26



on what he called natu-
selection. This concept was borrowed
from animal breeders, who choose, or
“select,” as breeding stock those animals
that possess certain traits thex want to

By the late 1
that biologi
(that is, differences among individuals)
crucial. Furthermore, he recognized
that sexual reproduction increased varia-
tion, although he didn't know why. Then,
in 1838, he read Malthus’ essay, and
there he found the answer to the ques-
tion of how new species came to be. He
pted from Malthus that populations
faster rate than do resourc-
es, and hL recognized that in nonhuman
imals, increase in population size is
continuously restricted by limited food
%upp]]es He also accepted that in nature
a constant “struggle for exis-
tence.” The idea that in each generation
more offspring »orn than survive
to adulthood, led with the notions
of competition for resources and bio-
logical diversi s all Darwin needed
to develop his theory of natural selec-
tion. He wrote: “It at once struck me that
under these circumstances favourable
variations would tend to be preserved
d unfavourable ones to be destroyed.

The Darwin home, Down House, in the village of Down
Understanding Physical Anthropology and Archaeology, 8th ed., p. 28
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In 1839
Charles
Darwin
married his
first cousin,
Emma
Wedgwood

=

: : s -
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e Daughter of the younger Josiah Wedgwood,
son of the Josiah Wedgwood who founded the

pottery works
e Darwin's mother Susannah was the sister of his

wife’s father



time in response to different island habi-
tats and dietary preferences. But actu-
ally, it wasn’t until after he returned to

could lead to the moditication of one
species into 13 (Gould, 1985; Desmond
and Moore, 1991).

Figure 2-9

The route of HMS Beagle,

The route of the HMS Beagle

Understanding Humans, 11th ed., p. 27

British
it Isles | g

Azores : I;

Islands §- JAPAN 0

i

TLANTIC -

PACIFIC OCEAN : PACIFIC .
" OCEAN | ‘ OCEAN |

oo Cape Verde Is. . .

Marquesas y ‘“""“""“.""rfaléfslgﬁa .E < ‘ £
1 8 3 .? Islands .

Society [slands e St Helen ' -
Tahl ae e 4
Rio de Janeiro Maitus O CEAN f;

Valpara "’i

e Zl N King George's Sound i e
e s | I

Good Hope é
Tierra del Fuego — s Faliarid [5hnds sensnssneessessnnne QUWAIG VOYAQE ‘%
Straits of Magellan =% 3 e g1 VOY20E =

Lo Cape Homn @
T — s T T s e S



9= 0=

-
o Darwin
(Culpepper)

Dy
Wolf

fWienman)

o<

11?

Pinta
(Abingdan)
Marchena Genovesa
(Bindioe) (Tower)
» Rocs Redonda Darwir Bay ¥ Prince Philp’s Sleps
Aibany
rmn
JEMEZ
E:fm gach m%ﬁn J'-'-.'é:lck
o an Bay
Egas 515‘},!,23“ Bartolome
North Seymour
Rabida Baltra
- [:JEMSJ Turile
Fernandina D Gordon Rocks
(Narborough) Gorro Lyagon Plazas

Pinzén | Sa Eal‘h'fnz San Cristébal

Ind
(Duncan) nares Dandin Siation {Chatham)
Kickier Rock
. Plo Ayora (Loon Dommdo
SantaFe
iBarrington) ﬁ
| Fto Baguerizo
Moreno
A Dewiln s Crown
Posl Cifice A ma Cormarant
Floreana REnderby, Charmpion
(Charles) “ e Gardner Bay

Punta Suamz{::g Espafola
ood)



Galapagos

"The only place in the world where you will see penguins next to a
cactus.”

By PETER MANDEL, SPECIAL TO THE STAR TRIEUME
Last upd z 9- 114 P
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Darwin's Finches

If the giant tortoise 1s the symbol of the Galapagos Islands, then Darwin's finches
must be the symbol of evolution in the Galapagos. It may seem curious that of all
the ammals in the Galapagos tlns gmup of ‘E-’EI’}F drab and du]l blrds 15 most ClOSEl}F
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CHAPTER2 THE DEVELOPMENT OF EVOLUTIONARY THEORY

Figure 2-10

Beak variation in Darwin's Galapagos finches.

\ ..?%é‘?t’?'Mi‘ﬁﬁeh -Piétm.esw‘. ;

ui De Roy / Mindan Pictu

Minden Pictures

Tree finch Ground finch

Ground finch Tree finch : (called woodpecker finch) (known as warbler finch)

Main Food: seeds Main food: leaves, buds, Main food: insects : Main food: insects
blossoms, fruits

Beak: heavy Beak: thick, short Beak: stout, straight Beak: slender

Beak variation in Darwin’s Galapagos finches
Understanding Humans, 11th ed., p. 28



(b) Tree finch

(a) Ground finch Main food: leaves, buds,
Main food: seeds blossoms, fruits
Beak: heavy Beak: thick, short
(c) Tree finch (called (d) Ground finch (known as
woodpecker finch) warbler finch)
Main food: insects Main food: insects
Beak: stout, straight Beak: slender

2 2000 Wadsworth Publishing Company/TF

Beak variation in Darwin’s Galapagos finches
Understanding Humans, 10th ed., p. 27



+T-— Galapagos Tortoise - Netscape

File Edit Wiew Go Communicakor Help

Galapagos Tortoise

oy

% PHYSICAL CHARACTERISTICS

Geochelone elephantopus. There are 14
described subspecies of the Galapagos
tortoise of which 11 still exist, some with only
small populations. There are "dome-shelled"
and "saddle-backed" Galapagos tortoises.
Where ground vegetation is the main source
of food the animals are dome-shelled. Those
that feed on higher growing cactus have a
curved shell front to allow their longer neck
to reach the pads.

Galapagos tortoises vary in size from 29 inches (shell length) and 60 pounds to 4
feet and 700 pounds. There is little variation in color, overall dull-brown being
standard. The male has concave underside, which facilitates mating. r
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October 10, 2005 From. Daily Telegraph

SOON to turn 175 years of age,

Harriet the Galapagos tortoise -

possibly the world's oldest

living creature - is finally

getting the recognition she

surely deserves.

Harriet e tc:rtn:nie .18 yea

was ariginally collected by legendary

botanist Charles Danwin, who prompthy went
and mis-identified her as a male.

Harriet, which was first taken from
her home on the Galapagos
Islands, off South America, by
English naturalist Charles Darwin,
is how the subject of a book about her amazing life.

. she

Harriet was hatched in 1830. Five years later, she and two other tortoises
were collected by Darwin and taken to England aboard his ship, HMS
Beagle.

The three, then named Tom, Dick and Harry, were cared for by Darwin, but
five years of freezing English winters and a lack of sunshine reduced them
to a state of vitual hibernation and they were brought to Australia in 1842.

Dick died in the late 1880s and it is not known where its remains were
buried, while Tom died in 1949.

In 1960, a visiting director of Hawaii's Honolulu Zoo examined Harry and
found he was a she, a move that prompted the name Harriet. She now lives
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" ¥ Harriet the Tortoise dies at 175

i 1 #. Harriet the tortoise, one of the ik . | SEE ALSO
world’'s oldest known living F Alert sounds for turtles and
. creatures, has died in Australia 4 -t : tortoises
Amerlcasl aged about 175. L Al - a3 14 May 03 | Science/Nature
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Europe Senior vet Dr John Hangar told ] A k Extmctlon_ nears for whales
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Technology . . .
o —— - Last year staff at Australia Zoo, where Harriet had lived for 17 * Galapagos Islands
ntertainmen i i .
Ao in th years, held a party to celebrate her 175th birthday. + Darwin Foundation
so in the .
news Some people believe that Harriet was studied by British naturalist Galapagos Conservation
Charles Darwin. Trust
Vid d Audi . ] ) The BBC is not responsible for
1deo and AUdIO - parwin took several young Giant Galapagos tortoises back to the content of external
London after his epic voyage on board HMS Beagle. internet sites
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T e DNA testing has suggested the giant creature was born around TOP ASIA-PACIFIC STORIES

1830, a few years before Darwin visited the Galapagos N -
Country Profiles archipelago in 1835. US attacks Burma ‘reign of

Special Reports

fear'
However, Harriet belonged to a sub-species of tortoise only * Fukuda installed as Japanese
RELATED BBC found on an island that Darwin never visited. PM

SITES . . . . Y 'Pumpkin' handed to
At the time of her 175th birthday party, Harriet weighed 150kg grandmother
SPORT (23 stone) and was roughly the size of a dinner table.
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o .. She was the star attraction at the Australia Zoo on Queensland's
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Eventually
Darwin asked the question:

Why would God make a
separate species for each
Island?



Theory of Natural Selection

e Observation 1

Without environmental
pressures, every species tends
to multiply In geometric
progression

(Thomas Malthus, Essay on the Principle of Population,
1798, and others)



Presenter
Presentation Notes
 

http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e population, when unchecked,
grows In a geometric ratio

e population, If unchecked, the
human population will double
every 25 years because of
geometric progression

e1,2,4,8,16,32,64. ...



Theory of Natural Selection

e Arithmatic
(+2) 2--4--6--8--10--12--n

e Geometric

(X2) 2--4--8--16--32--64--n



Theory of Natural Selection

Potential exponential
Increase of populations =

“superfecundity”

(Thomas Malthus, 1798 and others)
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in from unaffected regions. But Cuvier
needed to account for the emerging fos-
sil evidence that organisms had become
more complex over time, so he sug-
gested that after each disaster, the
incoming migrants had a more
rdern appearance because they
were the results of more recent
creation events. (The last of these
events was the one described in
Genesis.) So Cuvier’s explanation
of increased ¢ ity over time
ded any notion of evolution
while still being able to account for
the evidence for change that was
preserved in the fossil record.

Thomas Malthus In 1798, Thomas
Malthus (1766-1834), an English cler-
gyman and economist, wrote An Essay
on the Principle of Population, which
inspired both Charles Darwin and

tred Wallace in their separate dis-

ries of natural selection (Fig. :
In his essay, Malthus argued for limits
to human population growth and
pointed out that human populations
could double in size every 25 years if
they weren't kept in check by limited
food supplies. Of course, humans,
unlike other species, can increase their
food supplies and aren’t dependent on
natural sources, but Malthus ‘ned
that increased numbers of humans
would eventually lead to famine.

Darwin and Wallace accepted

Malthus” proposition that population
size increases exponentially while food
supplies remain relatively constant,
and they extended it to all organisms.
But what impressed them the most was
something Malthus hadn't written about.
They both recognized the important fact
that when population size is limited by

Understanding Humans, 11th ed., p. 24
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PHILADELPHIA — The citv's
garbage strike ended three weeks
ago, but a vestige of the walkout
remains: Nies.

“My husband is presently going
around the kitchen killing fHes as
am trying to ¢ook,”” Rosemary
Cubas, who lves on North Second
Street, sald on & recent evening.
“We have never In my house had
s0 many flies. They're every-
where. It's gefting on people’s
nerves."

For 20 days in July, Philadelphia
residents plled up garbage in base-
ments, back wyards, gutters and
emergency du m!‘* sites throughout
the city. The refuse is gone. But
health officinls sav the acres of rot-

age and high tempera-
ined to -"Ti ate a

{ | A Tat of flie

home from work and find hun-
dreds of flies in thelr basements.
The maggots — customers see
!hﬁlrn and call us. They're hyster-
ical.”

“The strike was the best thing
that happened to us.... I the
strike went on for another two
weeks, I would have been very
well off,” Kanya sald

Those surprised at the large
number of flles should talk to Stan-
ley. Green, an entomologist with
the Pennsylvania State University
Cooperative Extension Service in
Philadelphia.

he reproductive pofential o a
pregnant housefly between April |
and Aug. 311s 191 quintillion flies.”
Green -;aid

That's 191 11Ht]‘1 I8 Zeros after it.

" Green said, noting

the average housefly lays

from ..mgb-ll..- to pupae to full-
grown flies 1:1. .1|'_"l:-IJl a w-nh
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US warns tourists of Naples waste

The US embassy in Rome
has warned American
tourists that they may
face health risks if they
travel to Naples, because
of the city's rubbish crisis.

The streets of the southemn

Italian city have been strewn-rhe Gity's Iandrlll SItES are

with rotting waste since
May.

full and rubbish is
overflowing in the streets

Science /Nature

Technology

Entertainment

Also in the
news

Video and
Audio

Have Your
Say
In Pictures
Country
Profiles

&J Find: |bbc

The US embassy warns that fires lit by local citizens to
try and get rid of the rubbish may give off toxic fumes.

It also warns that tourists may encounter
demonstrations from residents angered by the crisis.

Correspondents say the crisis has its roots in political
mismanagement and the involvement of organised
crime.

"US citizens travelling to or through the area may
encounter mounds of garbage, open fires with
potentially toxic fumes and sporadic public
demonstrations by local residents,

B @ [ [ matchcase

SEE ALSO
*Naples at the mercy of
the mob

07 Jun 07 | From Qur
Own Correspondent
* Mafia turf war grips
Maples

24 Nov 04 | Europe
*Naples schools close in
rubbish’ crisis

18 Mar 04 | Europe
* Rubbish revolt ignites
Maples

10 May 03 |
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Starting Inital Period in which Time it would take for
[}h_hitlt 1ass roies would e the total mass
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Universs
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Lo the same vein: if Adam and Eve and all their progeny, starting in Bishop Ussher’s 4004 po.,
had heeded the admenition o be fraitful and multiply anly at the lazy rate by which each couple

would have four children cach thirty-cight vears, the total mass of humanity in 19657 would have
equaled that of the observable universe.
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Grass carp caught

in St. Croix
expands species'’
range to north

BY DENNIS LIEN
ST. PAUL PIONEER PRESS

LOANS UP TO
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5500 ypekeE

The lowest cost - guaranteed!*
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*se8 Wab site for details.

A 45- to 50-pound grass carp was caught in
the Lower St. Croix River earlier this month,

fueling concern about several types of Asian
carp that are making their way up the

Mississippi River from southern states.
MORE NEWS

FROM

* Wisconsin

* Prescott, WI

* Pepin, WI

* Wisconsin Government

A commercial fisherman caught the carp TOPIX.NET

April 7 (NN, said Jay
Rendall, invasive species program
coordinator for the Minnesota Department of
Natural Resources.

* Discuss Wisconsin

Grass carp are one of four species of Asian
Government

carp that were imported into the United
States in the 1960s and 1970s, escaped
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CROFTON, MD.

Snakehead fish

eradicated |
Tacte show - i
i ﬂleahmet_img
northern snakehead fish has
been wiped out and Maryland
wildlife cmciagmhavgdsmed
INn 2 years 2 ﬂlgahmbmvagdersgoerefound,
tate biologists have found
snakeheads e Hiodies. of 1% A0NE sose

bred to 1000+ veniles since they sprayed the
In a 4-acre pond 4-acre pond about two weeks

Duluth News Tribune, Thursday 19 September, 2002, 2A
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Snakehead fish
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Duluth News Tribune, Thursday 14 October, 2004



Theory of Natural Selection

e Observation 2

But under field conditions,
although fluctuations occur
frequently, the size of a
population remains remarkable

constant over long periods of time
(Source: Universal observations)
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The Wolf, the Moose, and the Fir Tree: Wl
Who Controls Whom on Isle Royal?
A case study of trophic interactions
by
Zary M, Fortier

Department of Small Animal Science
Delaware Walley College

\Dacument: Do


http://ublib.buffalo.edu/libraries/projects/cases/Isle.html
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Woll, moose numbers rebound on Isle Royale

By Sam Cook

5 o, ,- Isle Royale wolves:
[(’.Jf)!!/('.!f!s‘i”.%‘ BN Fhiee ol d coming back

near balance

Fe

Moose population trend
1959-2000

, Page 3B
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http://www.duluthsuperior.com/mld/duluthsuperior/news/local/14064838.htm

Duluth News Tribune

Isle Rovale moose, wolf continue decline

TREND CONTINUES: The battle between
predator and prey on Lake Superior’s largest
Island is turning out to be a lose-lose
situation this winter as wolf and moose
numbers continue a downward spiral.


http://www.duluthnewstribune.com/articles/index.cfm?id=37350&section=None

Duluth News Tribune

Isle Royale moose, wolf continue decline

John Myers
Duluth News Tribune - 03/08/2007

The battle between predator and prey on Lake Superior’s largest
island is turning out to be a lose-lose situation this winter as wolf and
moose numbers continue a downward spiral.

Isle Royale moose numbers crashed another 15 percent from the
2006 record low level of 450, at just 385 animals. Wolf numbers
declined nearly one-third, from 30 to 21.

Moose on the island are dying for a variety of reasons, including hot
summers, infestations of ticks and relentless hunting pressure from
remaining wolves, said John Vucetich, an assistant professor at
Michigan Technological University in Houghton who helped conduct
this winter’s survey.

With fewer moose to eat, wolves are battling and killing each other
over the right to the remaining moose.

XXX



Theory of Natural Selection

e Observation 3

Limits are placed on
population expansion

by limited environmental
resources

(Source: observations reinforced by Malthus)



http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e Conclusion 1

Therefore not all organisms
will survive to adulthood and
reproduce

—therefore there must be a
“struggle for existence”

(Author of inference: Thomas Malthus)



http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e Observation 4

Not all members of a species
are alike

—that Is, there exists considerable
Individual uniqueness and
variation

(Source: Animal breeders, taxonomists)



tend to be short and stocky, while many layer throughout the boc
sub-Saharan Africans, espe- modifications include increased activ
cially East African pasto-
ralists, are, on aver- food consumption, and e
age, tall and linear  into a ball.

Understanding Humans, 11th ed., p. 86



Understanding Humans, 10th ed., p. 89









Theory of Natural Selection

e Observation 5

Parents often pass their
Individual variations on to
their offspring

(Source: Animal breeders, taxonomists)



Theory of Natural Selection

e Conclusion 2

Hence In ““the struggle for
existence” individuals
featuring favorable variations

will enjoy a competitive
advantage over others. ..



Theory of Natural Selection

... and they will survive In
proportionately greater
numbers

...and will produce offspring
In Increasingly greater numbers
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Khagan of Mongol Empire
("Khan of the Mongols")
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Moroccan Alaouite dynasty. Like others of the dynasty, Ismail
claimed to be a descendant of Muhammad through his grandson
Hassan ibn Ali. He is also known in his native country as the
"Warrior King."

He ruled from 1672 to 1727 succeeding his brother Moulay
Al-Rashid who died after a fall from his horse. The then twenty-six
year old Moulay Ismail inherited a country weakened by internal

tribal wars and royal successions. [LERAERIEEENERE RN =

he father of more than 1000 children through a harem of 500

omen. Another account has him the father of 1,042 recorded
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was a cause of great fascination for Western observers. Meknes,
the capital city he built, is sometimes called the "Versailles of
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“Ismail the Bloodthirsty”
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Theory of Natural Selection

There Is
“differential reproduction”
and

“differential survival
—1.e., “natural selection”

(Author of inference: Darwin)



A

Figure 3-1. Darwin’s first diagram of an evolutionary tree appeared in his

" First Notebook on Transmutation of Species,” 1537,
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Theory of Natural Selection

e Conclusion 3

Through the action of natural
selection over many
generations a species could
evolve

(Author of inference: Darwin)



Natural Selection:

The principle mechanism of
Darwinian evolutionary change, by
which the individuals best adapted
to the environment contributed
more offspring to succeeding
generations than others do. . .



Natural Selection:

As more of such individuals’
characteristics are
Incorporated into the gene

pool, the characteristics of the
population evolve.



Glossary

evolution

1. A change In the genetic
structure of a population

2. The term is also frequently
used to refer to the
appearance of a new species



Glossary

evolution

Modern genetic definition:

a change In the frequency of
alleles

(one of a group of genes)

from one generation
to the next



Evolution:

cumulative changes In
the average
characteristics of a
population that occur
over many generations



Important People / Works

Charles Darwin

(1809 - 1882)

Origin of Species
1859



Important People / Works

Charles Darwin

(1809 - 1882)

On the Origin of Species by
Means of Natural Selection
or the Preservation of
Favoured Races In the
Struggle for Life
1859



Glossary

biospecies
paleospecies

chronospecies



biospecies
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Paul H. Ristau driving a mule-drawn cart
In Superior, Wisconsin, ca. 1890

Photo courtesy of the Minnesota Historical Society



http://www.mnhs.org/index.html

male ass female

(Jack) horse
(mare)

Mmule

e all male mules are sterile

e almost all female mules are sterile
ITf not 34 horse or 34 ass



female ass male

(Jennet) horse
(stallion)

hinny

e all hinnies are sterile,
except Iin rare cases



\Q - 9 - a :g% |z§::‘ httpe e FallysFarm, comfdifference_between_mule_and_a_ v| R r_';f 'Ij - & X

FS

Difference between Mule and a Hinny ?

A mule is also known as a half ass.

Mule - Cross between a Jack (male donkey) and a Mare (female
horse)

Hinny - Cross between a Stallion (male horse) and a Jenny (female
donkey)

Both the Mule and Hinny are sterile {unable to reproduce)



http://www.follysfarm.com/difference_between_mule_and_a_hinny.htm

But species are
sometimes not
easy to define

C'anad>

N B I

FIGURE 14-14 At present there

are 34 subspecies of the song spar-
row (Passarella melodia) in North
America; 3 are shown here. Their
approximate breeding ranges are
indicated and those of 14 other
subspecies along the West Coast
are shown by medium shading
(from the West Coast to the Mid-
west of the United States are the
breeding ranges of 5 other sub-
species). The subspecies wvary
greatly in color and size, but if we
look at representatives of all 34, we
find a continuous, gradual series. Samuels’ song sparrow

TT.- _ETEJ | W

*Aexico

Humankind Emerging, 7t edition, p. 418
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Parallel from Linguistics

A B Cmmp N v 7

Smithwick “Smith-wick”

(Duluth)

“Smidt-whick”

(Galway, Ireland)

“Smeéddik™

(Birmingham, England)

“Smeerik”
(Smithwick , England)
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Glossary

pblospecies

paleospecies
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Basic Concepts

genotype
phenotype



Basic Concepts

genotype

Includes genetic items
you can not see



Basic Concepts

phenotype

the observable physical
characteristics of an organism

e the things you can see

e the detectable expressions of

genotypes
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Basic Concepts

Phenotype /7 Genotype

my wife’s
family’s feet



Basic Concepts

Phenotype /7 Genotype

my cousins’ feet



Wikipedia

(a) (b)

Polydactyly in a human infant (a) and in a cat (b).

Understanding Humans, 10th ed., p. 38

Wikipedia



Basic Concepts

Phenotype /7 Genotype

my wife’s heart

-



Important People / Works

Alfred Wallace

(1823 - 1913)

working separately from
Darwin arrived at the
same generalizations at
the same time as Darwin



CHAPTER2 THE DEVELOPMENT OF EVOLUTIONARY THEQRY

Natural Selection

Early in his research, Darwin had real-
ized that natural selection was the key
to evolution. With the help of Malthus’
ideas, he saw how selection in nature
could be explained. In the struggle for
existence, those individuals with favor-
able variations would survive and
reproduce, but those with unfavorable
variations wouldn’t. For Darwin, the
explanation of evolution was simple.
The basic processes, as he understood
them, are as follows:

1. All species are capable of producing
offspring at a faster rate than food
supplies increase.

= 2. There is biological variation within

. all species.

© 3. Since in each generation more
offspring are produced than can

ige Phota Library / The Bridgeman Art Library

Figure 2-13 survive, and owing to limited

Alfred Russel Wallace independently identified Then. in 1858. Wallace sent Darwin resources, there is competition
natural selection as the key to the evolutionary between individuals. (Note: This
process. Alfred Russel Wallace . statement doesn’t mean that there is

e -

Understanding Humans, 11h ed., p. 30



Theory of Natural Selection

e Observation 1

Without environmental
pressures, every species tends
to multiply In geometric
progression

(Thomas Malthus, Essay on the Principle of Population,
1798, and others)



Presenter
Presentation Notes
 

http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e Observation 2

But under field conditions,
although fluctuations occur
frequently, the size of a
population remains remarkable
constant over long periods of time

(Source: Universal observations)



Theory of Natural Selection

e Observation 3

Limits are placed on
population expansion by
limited environmental
resources

(Source: observations reinforced by Malthus)



http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e Conclusion 1

Therefore not all organisms
will survive to adulthood and
reproduce

—therefore there must be a
“struggle for existence”

(Author of inference: Thomas Malthus)



http://www.ucmp.berkeley.edu/history/malthus.html

Theory of Natural Selection

e Observation 4

Not all members of a species
are alike; that is, there exists
considerable individual
unigueness and variation

(Source: Animal breeders, taxonomists)



Theory of Natural Selection

e Observation 5

Parents often pass their
Individual variations on to
their offspring

(Source: Animal breeders, taxonomists)



Theory of Natural Selection

e Conclusion 2

Hence In the struggle for
existence individuals featuring
favorable variations will enjoy
a competitive advantage over

others. ..



... And they will survive In
proportionately greater
numbers and will produce
offspring Iin increasingly
greater numbers



Theory of Natural Selection

There 1s “differential
reproduction” and
“differential survival,” 1.e.,
“natural selection”

(Author of inference: Darwin)



Theory of Natural Selection

e Conclusion 3

Through the action of natural
selection over many
generations a species could
evolve

(Author of inference: Darwin)



Theory of Natural Selection

Both Darwin and Wallace knew:

the principle cause of
natural selection
IS the environment



s0 they weren't studied. But as we've
seen, Darwin recognized the uniqueness
of individuals and realized that variation
among them could explain how selection
occurs. Favorable variations are select-
ed, or chosen, for survival by nature;
unfavorable ones are eliminated. Natural
selection operates on individuals, favor-
ably or unfavorably, but it’s the population
that evolves. The unit of natural selection
is the individual; the unit of evolution

is the population (because individuals
don’t change genetically, but over time,
populations do).

Natural Selection in Action

The most frequently cited example of
natural selection concerns changes in the
coloration of “peppered” moths around
Manchester, England. In recent years,
the moth story has come under some
criticism; but the basic premise remains :
valid, so we use it to illustrate how natu- Figure 215
ral selection works. Variation in the pep-

Before the nineteenth century, the pered moth. (a) The dark
most common variety of the peppered ~ [0/M s more visible on

: the light, lichen-covered

moth was a mottled gray color. During "4 3 trees dark-
the day, as moths rested on lichen- ened by pollution, the
covered tree trunks, their coloration lighter form is more
provided camouflage (Fig. 2-15). There visible.

© Michaal Willmer Forbes Tweedie / Photo Researchers, Inc

(b}

selective pressures Factors in the environ-
ment that influence reproductive success in
individuals.

Understanding Humans, 11th ed., p. 31




Understanding Humans, 10th ed., p. 31

www.blackwellpublishing.com/ridley/a-z/Peppered moth.asp



http://www.blackwellpublishing.com/ridley/a-z/Peppered_moth.asp
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A BRIEF HISTORY OF EVOLUTIONARY THOUGHT

The result of this would be the forma-
tion of a new species” (E. Darwin, 1950,
pp- 53-54). Basically, this quotation sum-
marizes the entire theory of natural
selection.

By 1844, Darwin had written a short
summary of his views on natural selec-

data to support his hypothesis, so he
continued his research without pub-
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tion, but he didn’t think he had enwd

Alfred Russel Wallace Unlike
Darwin, Alfred Russel Wallace
(1823-1913) was born into a family of
modest means (Fig. 2-13). He went to
work at the age of 14, and with little
formal education, he moved from one
job to the next. He became interested
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Figure 2-12

All domestic dog breeds share a common

ancestor, the wolf. The extreme variation exhib-

ited by dog breeds today has been achieved

in a relatively short time through artificial

selection. In this situation, humans allow only

certain dogs to breed to emphasize specific

characteristics. (We should note that not all
Z@ts desired by human breeders are advanta-

geous to the dogs themselves.)




(a) Lamarck’s view

Qriginal, short-necked Keeps stretching And continues stretching A Long-necked i
ancestor neck to reach leaves until neck becomes =+, descendant =y
higher up on tree progressively after many
longer generations

.| Natural selection favors

A longer necks
VI i After many, many
Original group \g# % The favored characteristic is generations, group is still
exhibiting G passed on to next generation variable, but showing a
variation in in greater proportion than the general increase in
neck length shorter neck neck length

Contrasting ideas about the mechanism of evolution.
(a) According to Lamarck’s theory

(b) According to the Darwin-Wallace
Understanding Humans, 11th ed., p. 24
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Theory of Natural Selection

e Problem

What i1s the source of
iIndividual variation?

Didn’t know then
because of lack of
knowledge of modern
genetics



Theory of Natural Selection

Neither Darwin nor Wallace knew:

the source of
Individual variation



Theory of Natural Selection

Neither Darwin nor Wallace knew:

the source of
Individual variation
= genetics

(inherited characteristics)



Theory of Natural Selection

Problem:

If natural selection only
weeds out what already
exists, how can It produce
anything new?

Didn’t know then because of lack

of knowledge of mutation and
sexual recombination from modern

genetics



Mutation

“genetic alphabet”
“misspelling”

“A-T-C-G”>“A-G-C-T"
\

mutations

A 4

new species




Understanding Physical Anthropology and Archaeology, 11th ed., p. 41




LONDON, England (AP} — The Church of England owes Charles Darwin an apology for its hostile
19th-century reaction to the naturalist's theary of evolution, a cleric wrote an an Anglican Web site launched
Monday.

The Rev. Malcolm Brown, who heads the church's
public affairs department, issued the statement to
mark Darwin's bicentenary and the 150th
anniversary of the seminal work "On the Crigin of
Species,” both of which fall next year.

Brown said the Church of England should say it is
sarry for misunderstanding him atthe time he
released his findings and, “by getting our first
reaction wrong, encouraging others to
misunderstand (Darwin} still.

The Church of England said Brown's statement
reflected its position on Darwin but did naot
constitute an official apalogy.

The church's stance sets it apart from

fundamentalist Christians, who believe

evolutionary theory is incompatible with the biblical
stary of the Earth's creation.

Darwin was born into the Church of England, educated at a church boarding school and trained to become
an Anglican priest.

However, his theory that species evolve over generations through a process of natural selection brought
him into conflict with the church.

The Church of England did not take an official stance against Darwin's thearies, but many senior Anglicans
reacted with hostility to his ideas, arguing against them at public debates.



http://www.cnn.com/2008/WORLD/europe/09/15/uk.church.darwin.apology.ap/index.html

Evolution and the Roman Catholic Church

From Wikipedia, the free encyclopedia

» This article may require cleanup to meet
¥ Wikipedia's quality standards.

— Please improve this article if you can. {August 2007)

i

The position of the Catholic Church on the theory of evolution has moved
over the last two centuries from a large period of no official mention, to a
statement of neutrality in the 1950s, to a more explicit acceptance in recent years.
Today, the official Church's position remains a focus of controversy and is fairly
non-specific, stating only that faith and scientific findings regarding human evolution
are not in conflict, though humans are regarded as a "special creation”, and that
the existence of God is required to explain the spiritual component of human
origins. This view falls into the spectrum of viewpoints that are grouped under the

concept of theistic evolution.?]



http://en.wikipedia.org/wiki/Evolution_and_the_Roman_Catholic_Church
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Figure 3-12

Portrait of Gregor Mendel.

Raychel Ciemma and Precision GIaIIIOHE.CS

selection (and evolution) couldn’t occur.
Although there are other sources of vari-
ation (mutation being the only source of
new variation), sexual reproduction and
meiosis are of major evolutionary impor-
tance because they enhance the role of
natural selection in populations.

The Genetic Principles
Discovered by Mendel

It wasn't until Gregor Mendel (1822-1884)
addressed the question of heredity that
this crucial biological process began

to be scientifically resolved (Fig. 3-12).
Mendel was a monk living in an abbey
in what is now the Czech Republic. At
the time he began his research, he had
already studied botany, physics, and

Gregor Johann Mendel

(1822 - 1884)

Understanding Physical Anthropology and Archaeology, 11th ed., p. 48


http://www.d.umn.edu/cla/faculty/troufs/anth1602/PowerPoint/pcpp-06/pc-06A.ppt
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