Species and evolution



Speciation

* Divergent evolution

Populations

become isolated Evolutionary changes

(no gene flow). accumulate over time, and
the populations diverge in
their characteristics.

Figure 11-4 Biology: Science for Life, 2/e
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Speciation

* Divergent evolution

Pacific snapping
shrimp (P)

North America Caribbean snapping shrimp (C)

South America

P1 Ci1P2 C2P3 C3P4 C4 P5 C5P6 C6
Isthmus of - “R& .S - A A - " Three million
Panama closed years ago

Figure 11-7 Biology: Science for Life, 2/e
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Homology

 Homology

— Any characteristic...
« Genetic
* Morphological
* Developmental
» Biogeographic
— ...that is shared by common descent



Homologies

Turtle Platypus Kangaroo Beaver



Homologies

Turtle Platypus Kangaroo Beaver

Vertebral column



Homologies

Turtle Platypus Kangaroo Beaver

Hair and mammary glands



Homologies

Turtle Platypus Kangaroo Beaver

Gestation



Homologies

Order Primates

8 AN

Family Hominidae

Subfamily Homininae

A &

Common
Gorilla chimpanzee Bonobo

Squirrel
monkey

Orangutan

47 increase in size of genital structures
7 delayed sexual maturity
N\ broad incisors
¢7- shortened canine teeth

47 enlarged brow ridges
47 elongated skull

N reduced hairiness

&7 large brain
& no tail
4 more erect posture

Mammal ancestor

Figure 9-11 Biology: Science for Life, 2/e
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Homologies and classification

Domain
Kingdom
Phylum
Class
Order
Family
Genus
species



Domain

Kingdom Animalia

Phylum
Class
Order
Family
Genus
species

Classification
Human Blue Whale
Eukarya Eukarya

Animalia
Chordata Chordata
Mammalia Mammalia
Primates Cetacea
Hominidae Balaenopteridae
Homo Balaenoptera
sapiens musculus
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Giant octopué

Eukarya
Animalia
Mollusca
Cephalopoda
Octopoda
Octopodidae
Enteroctopus
dofleini



Classification

« Comparative anatomy

Humerus

Radius and
ulna

Carpals

Metacarpals

Bat Sea lion

Chimpanzee Human

Figure 9-12 Biology: Science for Life, 2/e
© 2007 Pearson Prentice Hall, Inc.



Classification

Comparative anatomy

— Vestigial traits

 Traits that are functional in one species, but
non-functional in another

(a) "Useful" trait in primate relative Vestigial trait in human
Tailbone '

Figure 9-13 Biology: Science for Life, 2
© 2007 Pearson Prentice Hall, Inc.




Classification

* Development

— Embryonic and early development may

show similarities
Sunflower Maple tree

e S

Figure 9-16b Biology: Science for Life, 2/e
© 2007 Pearson Prentice Hall, Inc.
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Figure 9-16a Biology: Science for Life, 2/e
© 2007 Pearson Prentice Hall, Inc.



Classification

* Biochemistry

— Protein sequences coserelative
— DNA sequences

Similarity to human DNA sequences

monkey

Comparing DNA sequences

Species A

ATTGC
TN ATY ATTGC ‘ACTGG ATCG GGTTC - AC

Gorilla Chimpanzee Human
98.90% 99.01% 100%

Figure 9-17b Biology: Science for Life, 2/e

© 2007 Pearson Prentice Hall, Inc.

ATTGCAACTGGTATCGAGGTTCTAC
‘ ACTGG ATCGAGGTTCTAC’

2 differences in 25
nucleotides
2/25=8% or

92% similarity

4 differencesin 25
nucleotides

4/25 =16% or
84% similarity



Classification

* Biogeography
— Organisms that are closer together in space are
likely more closely related than organisms far
away from each other

Q'_e’;l ,



Classification

» Use information from many different
sources

— What if they don't all agree”?



Classification

* Using homologies
— Parsimony
» Use the simplest hypothesis that can explain the facts
« Minimize # of evolutionary changes
— The best explanations use traits as homologies
— Generally use many traits to create trees

« Consensus trees

— Retains all splits found in most all the most parsimonious
trees

— Some lineages unresolved, because other trees disagree
on split



Aegithalos
Alauda
Cisticola
Garrndax
Zosterops
Svivia
Pyenonotus
Hirundo

56 — Bambycilla
L— Parus
Cardinalis
Thraupis
Emberiza
leterus
Panuda
Fringilla
Moracilla
Ploceus
Passer
Prunella

Chl ump.\l.\_
e Based on DNA
Certhia

s % sequences at 2 genes

Cinclus
Muscicapa
Turdus
Minms
Sturius
Irena

Consensus tree- based
g™ on 27 trees

Vanga
Corvus

Lanius
Monarcha
Paradisaea
Dicrurus
Oriolus
Pachyeephala
— Coracina
L— Vireo

21 Melanocharis
@ Oedistoma
Taxorhamphus
Orthonyx
14 Picathartes
19 — Pomatostomus
L— Tregellasia

~ o e Unresolved branch

f’wz;zllum.s
15 o« Climacteris
Prilonorfiyne fus
Menura
Famicarius
Fumarius
Thamnophilus
Pipra
Rupicola
Tyrannus
Philepitta
Psarisomus
Smithornis
Pitta
Acanthisitta
Coracias
Apus

Gallus From Barker et al, 2002
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