Reconstructing Evolutionary Trees
Chapter 13

I) The Need for Classification

A) Practical —although of lesser importance, the categorization and
grouping of the biological world allows standar dization and
or ganization that facilitates communication.

B) Biological —a useful classification scheme should allow the extrapolation
of shared biologically significant infor mation from one group to a
related group. It would also allow the identification of uniquely varying
charactersamong groups.

I1) Cladistics ver sus Phenetics — two schools of thought.

A) Principle of Parsimony — Occam’srazor. When given the choice
between two explanations, one ssmple and one complex, choose the
simpler one.
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B) Cladistics— Generally thought to be begun in 1950 (and again in 1966 in
English) by the German scientist, Willi Hennig (1913- 1976).

1) Major Hennigian principles are (from www.cladistics.or g):

a) Relationships among species areto beinterpreted strictly
genealogically, as sister-lineages, as claderelations.

b) Synapomor phies provide the only evidence for identifying
common ancestry. Synapomor phies are under stood to be the
shared-derived (evolved, modified) features of organisms.

¢) Maximum conformity to evidence is sought (hisauxiliary
principle). Choice among competing cladistic propositions
(cladograms) isdecided on the basis of the greatest amount of
evidence, the largest number of synapomor phies explainable as
homologues.

d) Whenever possible, taxonomy must be logically consistent with the
inferred pattern of historical relationships. Therule of monophyly
isto befollowed, thereby each clade can haveitsunique placein
the hierarchy of taxonomic names.

2) Terminology
a) Synapomor phy —shared derived character. For example all
mammals and only mammals have fur and lactate. The ancestor
to mammalsdid not, thereforethisisa derived trait shared by the
order.
b) homoplasy — similar characters (traits) in different lineages
1) conver gent evolution —derived charactersthat evolved
independently in two groups (i.e., not shared). Flippersin
penguins and seals (parallel evolution).
2) reversals— synapomor phiesin a clade that have been mutated
back to the ancestral state.
C) outgroup — organism(s) chosen to represent ancestral state(s) for
characters.
d) Monophyletic clade—all individualsin the group are more closely
related to each other than they areto individualsin any other
groups. Thisistheonly “true’ unit in cladistics.
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3) Strengths
a) Simple—only onerule: shared, derived characters
b) Assumption “free”
¢) Resulting groups arethought to reflect evolutionary history of
or ganisms
d) Can be universally applied

4) Weaknesses

a) requires consider able expertiseto analyze characters

b) Ignores a consider able amount of data (i.e., only onerule)

c) Assumesthat evolution isa bifurcating processes.

d) Selection of outgroup iscritically important.

€) can be circular when trying to under stand the evolution of
character s and these same characters are the data underlying the
phylogeny.

e.g., pharyngeal jawed fish — cichlids, wrasses, parrotfish, damselfish,
and surfperch.
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C) Phenetics— 1950 and 60s Sneath and Sokal wer e proponents of using all
characters (asmany as possible) and relying on statistical analysisto
define groups.

1) Major Phenetic principles
a) Usesoverall similarity (i.e., shared differences aswell as non-
changed ancestral states) to define groups
b) M easur e as many characters as possible and convert to overall
similarity (of difference) index.
c) Analyze according to standard statistical principles.

2) Strengths
a) Bases relationship on a large amount of data.
b) No special knowledge necessary
¢) Can advance with improved analytical methodology
d) Does not require outgroup.
e) Different approaches with different strengths and weakness can be
used.
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3) Weaknesses

a) groups may not reflect true evolutionary history due to homoplasy

b) sensitive to changesin therate of evolution
c) depending on the analytical approach used, may requirea
consider able number of untestable assumptions

d) No standard approach universally good

D) Data —regardless of thetype of analysis, data can bein a variety of

forms.

1) Morphological —using physical or behavioral attributes (meristic or
metric) to determinerelationship

tympanic
membrane shelled egg aquatic hooded jaw
bullfrog 1 0 0 0
toad 1 0 0 0
tree frog 1 0 0/1 0
hothouse frog 1 0 0 0
salamander 1 0 1 0
alligator 0 1 1 1
turtle 0 1 1 0
—  bullfrog
— toad
treeftog

hothose frog
salamander
allagator

turtle
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2) Molecular —can use avariety of molecular differencesto
deter minerelationships (commonly DNA)
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3) Reliability of Results—almost any sort of data can be used to produce
atree. How well the data fit the tree, however, isa separate question
a)Bootstrapping —data can be resampled with replacement and then

the phylogenetic relationships reevaluated.

Original Data Set

Characters

111
TAXA 123456789012
speci el ABCDEFGHI JKL
specie2 ABCDEFGHI JKL
specie3 ABCDEFGHI JKL
specie4 ABCDEFGHI JKL
speci e5 ABCDEFGHI JKL
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Data set 2

Data set 1

11111

Characters
112777890122

1111

Characters
136888991111

TAXA

TAXA

Data Set 4

Data Set 3

Characters

Characters
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134579912222

223477899
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TAXA
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4) Solving discrepancies among phylogenies
a) Invoke special knowledge or expertise
b) Wait for more data
¢) Use several different types of characters and analytical
approaches and leave ambiguous unresolved differences

III) Phylogenetic Trees for Evolutionary Understanding

A) Character Mapping — understanding the evolutionary history of
important biological, behavioral, or morphological characters

1) Evolution of feeding mode in fish

09/81 Sparisoma viridens
Caribbean
100/9¢ Sparisoma chrysopterum &
East Atlantic
68/* b—— Sparisoma aurofrenatum
East Pacific,
Nicholsina denticulata Caribbean, &
84/* East Atlantic
Seagrass Cryptotomus roseus Caribbean
100/98 Indian &
. ndian
Calotomus carolinus East Pacific
Leptoscarus vaigiensis Indo-Pacific
Scarus coel estinus
100 Scarus guacamaia
Pantropics
10C
100708 | L_ Scarus frenatus
100 Scarus flavipectoralis
100/8= ~ Chlorurus sordidus
Ny
=
Chlorurus oedema
] Hipposcar us longiceps Indo-Pacific
98/7¢
Reef —— Cetoscarus bicolor
98/74 ]
| Bolbometepon muricatum
Pseudodax moluccanus
Choerodon fasciatus
0.05 substitutions per site -Ln likelihood = 8525.1916¢
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2) Understanding Coevolution in Ants and Fungi — some species of

ants farm fungi for food.

Fungus Phylogen

Ant Phylogen
Atta cephalote

Sericomyrmex bondg

Trachymyrmex bugnio

Cyphomyrmex rimosi

Apterostigma colla

3) Identifying Species (or not)

K. subrubrum

0.001

Stock Island, Bi
Grassy Key (N)
100 Stock Island (R)
Stock Island (Q)

Stock Island, Big Pine Key (O)
Grassy Key (L) Keys

Summerland Key (P)
R
Fy Key (M)
Mainland FL and Summerland Key (D)

Tampa (F)

75 Tampa (H)

I
72 Miami (3)

Mainland
Florida

Tampa (E)

Chuluota (1)
Tampa (G)

Everglades (K)

—— \/irginia (B)

100 g Virginia (A) NOI’I-FlOI‘Ida
?l_ South Carolina (C)
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