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Everybody alive 
today is related

True of humans - 
and true of every 
other species too



These	dogs	(like	all	dogs)	are	distant	
cousins.	They	shared	a	common	ancestor	
(at	most)	30,000	years	ago.



Just	like	humans,	dogs	have	pedigrees	and	are	
	related	to	other	dogs.	Trace	back	far	enough...



Phylogeny	of	85	dog	breeds	(study	using	900	dogs	and	200	
wolves	-	from	Wayne	et	al.	2010,	Nature)

a a	



Phylogeny	of	the	
canids	(from	
Lindblad-Toh	et	
al.	2005,	Nature)

But	dogs	have	a	lot	more	
distant	cousins…



All	the	carnivores	are	related



All	the	mammals	are	related

Over	5,000	species	
have	evolved	over	  
200	million	years

From	Meredith	et	al.	
Science	28,	Oct	2011



And	the	vertebrates
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And	all	the	animals
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And		
the	

plants!
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“Tree thinking” to 1950s

§ Trees were used 
frequently as a metaphor 
for evolution - most 
famously by Ernst Haeckel 
(1891)



How	do	we	know	that		
Common	Ancestry	is	true?



Theodosius Dobzhansky (1900-1975)
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committed Russian 
Orthodox Christian

1974 - “Nothing in Biology 
Makes Sense Except in 
the Light of Evolution”



What is the evidence for 
common ancestry?

• Homology
– “Unexpected” similarities among organisms

• Classification
– Hierarchical nesting of taxa within taxa 

• Biogeography
– Similar species occur near one another

• The fossil record
– Transitional forms in temporal sequence
– The “fossil record” inside us (genetics)



• Distantly	related	
organisms	share	
structural	similari3es	

• Func3on	varies	
• Explicable	by	common	
ancestry

grasping

leaping

flying

swimming

running

Deep	Homology



Whales	have	hands!
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• Also true of molecular data

Homology
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The evolution of:
  1) tetrapod limb
  2) amniotic sac
  3) hair
  4) gizzard

Time 

Nested	hierarchical	structure	 
“groups	within	groups”
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Why	do	we	predict	nested	
	hierarchical	structure?

• Only	branching	evolu\onary	processes	are	capable	of	
genera\ng	nested	hierarchical	structure.	

• For	example,	human	languages,	which	have	common	
ancestors	and	are	derived	by	descent	with	modifica\on,	
can	be	classified	in	objec3ve	nested	hierarchies.	

• Library	books	cannot	be	classified	in	this	way	(traits	like	
subject	ma_er,	author,	date	wri_en,	etc.	overlap.)

















Biogeography

• Species (living and fossil) tend to live near 
their closest relatives



Biogeography: closely related species live 
near each other

Charles Darwin wrote of the Galapagos finches: “Seeing this 
gradation and diversity of structure in one small, intimately 
related group of birds, one might really fancy that from an 
original paucity of birds in this archipelago, one species has 
been taken and modified for different ends.” (C. Darwin, 1859)

© Peter Grant



Biogeography: closely related species live 
near each other

Hummingbirds: New World not 
Old World 

Penguins: Antarctica not 
the Arctic



Cactus: New World  
~1,750 species

Euphorb: Old World  
~7,500 species



Marsupials



History of Marsupials  
 

— All Australian 
species evolved from 

one species ~50 
million years ago 
which came from 

South America



Biogeography

• Facts about the distribution of fossils
• Facts about the distribution of types of 

organisms (cactus, hummingbirds, 
penguins, etc.)

• Facts about the distribution of native life 
on islands (continental vs. oceanic)
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The	predic\ons	of	common	ancestry	and	
descent	with	modifica\on	are	borne	out	again	
and	again.	No	other	theory	can	explain	so	well



Fossils

botit.botany.wisc.edu www.arizonaskiesmeteorites.com

http://botit.botany.wisc.edu
http://www.arizonaskiesmeteorites.com/


Evidence	for	common	ancestry

• Fossil	record	
– Transi\onal	fossils	(some\mes	in	temporal	
sequence):	consistent	with	the	existence	of	real	
common	ancestors

Living sister group Major clade

Traits
!
!

!
!Transitional	

fossils



Origin	of	Tetrapods	(4-limbed)

	 New	tetrapod	traits	
include:	

• Limbs	and	digits	
• Interlocking	vertebrae	
	 -	(connec\ng	ribs)	
• Ears	
• Lungs	instead	of	gills



www.NCSEweb.org -- PUC, June 2006.  “Evolution and Education.”

Pandas version (above) 
Scientific version (below)



Acanthostega	(~360	mya)

• Limbs:	no	ankles,	paddle-like,	8	digits	
• Skeleton:	ribs	too	short	to	support	weight	out	
of	the	water	

• Lungs:	present,	internal	gills

Found in 1952, eastern Greenland

First fossil evidence that feet did not evolve for walking!

Ahlberg et al. (2005) 
Nature



Ichthyostega	(~363	mya)

• Limbs:	strong	enough	to	support	itself,	hind	
limbs	were	‘flipper-like’,	7	digits	

• Skeleton:		able	to	support	organs	out	of	water,	
but	no	lateral	movement	

• Lungs:		present/gills
First fossil evidence for non-aquatic limb use!

Found in 1955, eastern Greenland

Ahlberg et al. 
(2005) Nature



Pederpes	(354-344	mya)

• Limbs:		forward-facing	hind	feet,	non-paddle-
like,	5	digits!	

• Skeleton:	resembles	that	of	Ichthyostega	
• Lungs:	present/gills

Found in 1971, but only described in 2002, western Scotland

First fossil evidence for terrestrial locomotion!

Clack (2002) 
Nature
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• Tiktaalik	roseae	~375	mya	(unveiled	in	2006)	
• has	fish	gills/scales/fins	
• has	“fishapod”	limbs,	joints,	ear	
• has	tetrapod	ribs,	neck,	lungs

3	skeletons	discovered	in	
Ellesmere	Island,	Nunavut,	
Canada.	Team	led	by	Neil	
Shubin	(Chicago)	and	Ted	
Daeschler	(UPenn)	found	it	
right	where	they	expected



www.NCSEweb.org -- PUC, June 2006.  “Evolution and Education.”

The origin of whales

	 	 	 	
	 	 (Pandas, pp. 
101-102)
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Land	Mammal

Missing
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Is	there	a	big	problem	
here?	How	could	you	
get	from	a	land	
animal	to	a	whale	(or	
dolphin	or	porpoise)?



Evolu\on	of	the	whale













Evolu\on	would	also	predict	that	species	
occupying	very	dis\nct	environments	from	that	of	
a	common	ancestor	might	show	ves3gial	
structures	—		structures	obtained	from	a	common	
ancestor	but	no	longer	needed	for	the	original	
adap\ve	func\on.

The	pelvic	girdle	seen	in	rep\les	and	
mammals	as	an	adapta\on	for	
support	in	tetrapods,	is	ves\gial	in	
whales	—	it	is	a	“fossil”	footprint	of	
their	ancestry	and	serving	no	
func\on	today	in	swimming	
descendants	of	tetrapods.

Rudimentary	tooth	in	lower	jaw	
of	a	baleen	whale

Sources:	top	-	Young,	1992;	lower	-	h_p://www.lclark.edu/
~seavey/gene\cs04/home.html

Ves\gial	Structures	in	Whales 

http://www.lclark.edu/~seavey/genetics04/home.html
http://www.lclark.edu/~seavey/genetics04/home.html
http://www.lclark.edu/~seavey/genetics04/home.html


•         * (A) Pan troglodytes, chimpanzee, modern	
•         * (B) Australopithecus africanus, STS 5, 2.6 My	
•         * (C) Australopithecus africanus, STS 71, 2.5 My	
•         * (D) Homo habilis, KNM-ER 1813, 1.9 My	
•         * (E) Homo habilis, OH24, 1.8 My	
•         * (F) Homo rudolfensis, KNM-ER 1470, 1.8 My	
•         * (G) Homo erectus, Dmanisi cranium D2700, 1.75 My	
•         * (H) Homo ergaster (early H. erectus), KNM-ER 3733, 1.75 My	
•         * (I) Homo heidelbergensis, "Rhodesia man," 300,000 - 125,000 y	
•         * (J) Homo sapiens neanderthalensis, La Ferrassie 1, 70,000 y	
•         * (K) Homo sapiens neanderthalensis, La Chappelle-aux-Saints, 60,000 y	
•         * (L) Homo sapiens neanderthalensis, Le Moustier, 45,000 y	
•         * (M) Homo sapiens sapiens, Cro-Magnon I, 30,000 y	
•         * (N) Homo sapiens sapiens, modern



www.NCSEweb.org -- PUC, June 2006.  “Evolution and Education.”

H. M. McHenry (1994). "Tempo and mode in human evolution." Proceedings of the National Academy of Sciences. 91(15), pp. 
6780–6786. July 19, 1994.  New data from McHenry (2002). “Introduction to the fossil record of human ancestry.”  Ch. 23 of: 
The Primate Fossil Record.  Edited by W. C. Hartwig.  pp. 401-405.

Brain size over time:



“Fossil	traits”	of	humans

• Arrector	pili	muscles	(goose	bumps)	
• Muscles	to	wiggle	ears	
• Coccyx	(some\mes	with	a_ached	muscle	
to	wiggle	your	non-existent	tail)	

• Embryos	have	a	lanugo	(coat	of	hair)	
Yolk	sacs	
Branchial	arches	(become	
gills	in	fish)



Recurrent	Laryngeal	Nerve

• Originates	from	the	
vagal	nerve,	then	
extends	down	the	neck	
into	the	chest,	and	then	
back	up	to	the	neck	
again	(brain	to	larynx)	

• In	fish,	this	nerve	follows	
a	straight	line	(brain	to	
gills)

Illustra\on:	www.voiceproblem.org	



Fossil	genes	are	even	
	more	impressive

• We	don’t	smell	well	since	hundreds	of	our	genes	for	
olfactory	receptors	are	broken	(but	there...)	

• Primates	(and	fruit	bats)	have	genes	for	
metabolizing	vitamin	C,	but	they	don’t	work	
anymore	

• We	have	hundreds	of	molecular	markers	shared	only	
with	chimps,	other	shared	with	chimps	and	gorillas,	
others	with	all	great	apes,	etc.



Forensics	in	humans	uses	
molecular	markers

§	Thomas	Jefferson	
fathered	Sally	
Hemings’	last	child	
(at	least)	-	Nature,	
1998



www.NCSEweb.org -- PUC, June 2006.  “Evolution and Education.”

These same forsensic techniques can be 
used to detect our shared ancestry with 
the other great apes 



Like other traits, endogenous 
retroviruses are shared by groups 
united by common ancestry

�61



Comparative Genomic 
Evidence was Decisive

“More than a century ago Darwin and Huxley posited 
that humans share recent common ancestors with the 
African great apes. Modern molecular studies have 
spectacularly confirmed this prediction and have 
refined the relationships, showing that the common 

chimpanzee (Pan troglodytes) and bonobo (Pan 
paniscus) are our closest living evolutionary relatives.”



Chromosome numbers in 
the great apes: 

human (Homo) 46  
chimpanzee (Pan) 48  
gorilla (Gorilla) 48  
orangutan (Pogo) 48

Testable prediction: If these 
organisms share common ancestry, the 
human genome must contain a fused 
chromosome.

Testing the Evolutionary Hypothesis  
of Common Ancestry



Chromosome numbers in 
the great apes 
(Hominidae): 

human (Homo) 46  
chimpanzee (Pan) 48  
gorilla (Gorilla) 48  
orangutan (Pogo) 48

Testable prediction: The marks of that fusion 
must appear in one of the human 
chromosomes.

Centromere
Telomere

Ancestral 
Chromosomes

Fusion
Homo sapiens

Centromere #1

Telomere 
sequences

Centromere #2



“Chromosome 2 is unique to the human 
lineage of evolution, having emerged as a 
result of head-to-head fusion of two acrocentric 
chromosomes that remained separate in other 
primates. The precise fusion site has been 
located in 2q13–2q14.1 (ref. 2; hg 
16:114455823 – 114455838), where our 
analysis confirmed the presence of multiple 
subtelomeric duplications to chromosomes 1, 
5, 8, 9, 10, 12, 19, 21 and 22 (Fig. 3; 
Supplementary Fig. 3a, region A). During the 
formation of human chromosome 2, one of the 
two centromeres became inactivated (2q21, 
which corresponds to the centromere from 
chimp chromosome 13) and the centromeric 
structure quickly deterioriated (42).”

Homo sapiens

centromere 
#13 (inactive)

Telomere 
sequences

Human Chromosome #2 shows the exact 
point at which this fusion took place

centromere 
#12 (active)

Hillier et al (2005)  “Generation and Annotation of the DNA  
sequences of human chromosomes 2 and 4,” Nature 434: 724-731.



Molecular similarities show a 
single origin for all living things

• DNA/RNA - same 4 nucleotides
• Proteins - same 20 L-amino acids
• Genetic code
• Ribosomes
• Similar membrane structures
• Shared metabolic pathways (ATP)
• Shared genes (many)


