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Where did the diversity we
have today come from?

What's so special about it?
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Investigating the Tree of Life

Phylogeny is the evolutionary history of a species or
group of related species

The discipline of systematics classifies organisms and
determines their evolutionary relationships

® Systematists use fossil, morphological, developmental,
and genetic data to infer evolutionary relationships



Hierarchical Classification

® |innaeus introduced a system for grouping
species in increasingly broad categories

® The taxonomic groups from broad to narrow are
domain, kingdom, phylum, class, order, family,
genus, and species

® A taxonomic unit at any level of hierarchy is
called a taxon



Three Domains of life
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ANCESTOR

OF ALL
LIFE

26.21 The three domains of life. Based on rRNA gene sequences, all of life can be
gt?uped into three domains. Branch lengths are proportional to the amount of genetic change in
each lineage. (To simplify the figure, only some branches are labeled.) In this diagram, the lineages
within Eukarya that are dominated by multicellular orgamsms (plants fungi, and ammals) are shown
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Species:

Panthera Bathynomus g’ganteus
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Linking Classification and Phylogeny

Systematists depict evolutionary relationships in
branching phylogenetic trees
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Fig. 26-4
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Species
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® A phylogenetic tree represents a hypothesis about
evolutionary relationships

® Each branch point represents the divergence of two
species

Sister taxa are groups that share an immediate
common ancestor




Different Kinds of Trees

a. Cladogram in the tree format
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Different Kinds of Trees

b. Cladogram in the ladder format
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Different Kinds of Trees

c. Other cladogram
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Figure 1. Three formats for depicting cladograms: (a) tree, (b) ladder,
and (c) other.
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t Kinds of Trees
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fferent Kinds of Trees
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fferent Kinds of Trees
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Three Domains of life
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26.21 The three domains of life. Based on rRNA gene sequences, all of life can be
gt?uped into three domains. Branch lengths are proportional to the amount of genetic change in
each lineage. (To simplify the figure, only some branches are labeled.) In this diagram, the lineages
within Eukarya that are dominated by multicellular orgamsms (plants fungi, and ammals) are shown

Py (pla

Green nonsulfur bacteria

¥
<
A .t
"

(M loq ondrion)
e e




® A rooted tree includes a branch to represent the
last common ancestor of all taxa in the tree

® A polytomy is a branch from which more than
two groups emerge



Fig. 26-5

Branch point

(node)
\(J Taxon A
| Taxon B _
Sister
taxa
Taxon C ]
ANCESTRAL i '
LINEAGE Taxon D
- Taxon E
Taxon F

Common ancestor of
taxa A-F Polytomy

opyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



What We Can and Cannot Learn from

Phylogenetic Trees
RESULTS
Minke
: (Antarctica)
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Unknown #1 3 is most
closely related to:

(a) Gray whale

(b) Blue whale

(c) Fin whale

(d) Minke whale or
(e) Humpback whale
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Applying Phylogenies

® Phylogeny provides important information about
similar characteristics in closely related species

® A phylogeny was used to identify the species of
whale from which “whale meat” originated

here did this fish

come from?
N - and what is redfish
. and whitefish anyway? /

//




Phylogenies are inferred from
morphological and molecular data

* To infer phylogenies, systematists gather information
about morphologies, genes, and biochemistry of living
organisms

 Organisms with similar morphologies or DNA
sequences are likely to be more closely related than
organisms with different structures or sequences




ldentifying Homology and Analogy

® When constructing a
phylogeny, systematists
need to distinguish
whether a similarity is
the result of homology
or analogy

® Homology is similarity

due to shared ancestry

Analogy is similarity due

to convergent evolution




Convergent evolution occurs when similar environmental
pressures and natural selection produce similar
(analogous) adaptations in organisms from different
evolutionary lineages

(a) Analogous traits: Similarities result from convergent evolution.

The members of lineages
between the dolphins and
ichthyosaurs do not have
adaptations such as:

- streamlined bodies

- long jaws filled with teeth
- fins and flippers

The dolphin and ichthyosaur
lineages are far apart on the
evolutionary tree, suggesting
that they are not closely
related




® Bat and bird wings are homologous as forelimbs,
but analogous as functional wings

® Analogous structures or molecular sequences
that evolved independently are also called
homoplasies

® Homology can be distinguished from analogy by
comparing fossil evidence and the degree of

complexity

® The more complex two similar structures are,
the more likely it is that they are homologous



Evaluating Molecular Homologies

Systematists use computer programs and mathematical
tools when analyzing comparable DNA segments from
different organisms



Why do systematists need ¢
computers to analyze DNA

VR —
sequences!

(a) systematists are lazy

(b) there are too many
phylogenetic trees to evaluate
(c) it is the right thing to do
(d) there are too many beetles




The number of possible trees can be
astronomically large

® for 5 species there are |5 trees possible (fully resolved)

® the number of trees increases explosively as the number of species goes
up

® 50 species= 3 x 107¢ possible unrooted trees

® 30 million species (the estimated to be alive to day = [0300.000,000)

® no computer today can search through that quantity of trees

2n — 3)!
.| (2n — 3)!! = 2"(_.:2(72 )2)' , forn > 2
| —2(n —2)!
L total rooted trees anc
| (2n — 5)!
2n —5)ll = — , forn > :
(2n — 5) 2n—3(n —3)I forn > 3

Joseph Felsenstein, 1978



Felsenstein, J. 1978.

COUNTING TREES
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BE LABELLED.

" Number of Sees

n = number of labelled nodes, m = num-
ber of labelled interior nodes with two
descendant, and p = number of labelled
interior nodes with exactly one descen-
dant, we wish to compute Vin, m, p), so
that by addition over all m and p we can
obtain the total number of bifurcating
trees with partially labelled interior
nodes (as before, including the case
where none is labelled). The recurrence
relation is:



How many trees did you say?
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Fig. 26-8
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® |t is also important to distinguish homology from
analogy in molecular similarities

® Mathematical tools help to identify molecular
homoplasies, or coincidences

Molecular sxstematl s uses DNA and other molecular
data to determine evolutlonary relationships
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TTHTCRJ3CTTTCGRTTDTRCGTTRTRCGCTTRCRRTGGCTGTRRCGGGTRHC-GGGGRRTCRGGGTT:GRTTCSGGRDRGGGRGCCTGRGRRRCGGCTRCCRCRTCTRRGGRRGGCRGCHGGCRCGCRRRTTRCSCRCTCCCDGCTCL
CTRTCRJ3CTTTCGRTTGTQGGRTRTRGGCCTRCGHTGECTGTTﬂCGGGTRHC-GGGGRHTCRGGGTTDGRTTCZGDRDRGGGRGCCTGRGRRRCGGCTRCCRCRTCTRRGGRRGGCRGCHGGCRCGCRERTTRCCCRRTCCCRGTTC-
CTRTCR%ECTTTCDRTCDTRGGRTCGGGGCCTRCEHTGECTGTRRCGGGTRRC-GGGGRRTCRGGGTTZGRTTCZGGRDRDGDRGCCTGRGRRRCEGCTHCCRCRTCTRRGGRRGGCRGCRGGCRCGCRRRTTRCZCRQTCCCDGTTC-
CTRATCASGCTTTCGATTGTAGGRATATAGGCCTRCCATGCCTGTTACGGGTARCSGGGGARTCAGGGTTCGATTCCGGAGAGGGRAGCCTGRAGAARCCGGCTRCCACATCTARGGAARGGCAGCAGGCACGCAARTTACCCARTCCCGGETCS
TTRTCRJSCTCTT:iTGDTRCDGTRRGTCCGTRCCGRGECTGTRRCGGGTRRC-GGGGRRTCRGGGTTZGRTTCDGGRGRDGDRDCCTGRGRRRCGGCTRCCRCRTCTRRGGRRGGCRGCRGGCRCGCRRRTTRCDCRCTCTCDGCTCL
TTQTCR+ECTCTTEfTGBTRCGGTRRGTCCGTRCCGRGGCTGTRRCGGGTRRC-GGGGRRTCRGGGTTZGRTTCDGGRGRBGDRGCCTGRGRRRCGGCTRCCRCRTCTGRGGRRGGCQGCRGGCRCGCRRRTTRCZCRCTCTCGGCTC-
TTATCASGCTGTCOGATTGTAGGTTRATACGCCTRCAATGCCTGTARCCGGTARCSGGCGARTCGGGGTTCOGATTCCGOACGAGGGACCCTCRACAARCCGCTRACCACATCTARGCARGGCAGCAGGCACGCAARTTACCCACTCCCGGCACS
TTRTCRJSCTTTCGRTTBTRGDTTRTRCGCCTRCRRTGGCTGTHﬂCGGGTRHC-GGGDRRTCﬂDOGTTQGRTTCZGGRGRDGGRGCCTDRGRRRCGDCTRCCRCRTCTHﬂGGRRDGCﬂDCRGDCRCGCRRRTTRCZCRCTCCCGGCRC-
TTRTCRJJCTTTCGRTTGTRGGTTRTRCGCCTRCRRTGGCTGTRRCGGGTRRC-GGGDRHTCﬁGGGTTIGRTTCZGGRDRDGGRGCCTDRGRRRCCDCTRCCRCRTCTRRGGRRGGC&GCRGGCHCGCRRRTTRCZCﬂCTCCCDGCRC-
TTﬁTCﬁ%JCTTTCGRTTDTﬂGGTTRTRCGCCTRCRRTGECTDTRRCGGGTRHC-GGGGRRTCRGGGTT:GRTTCZGGRGRDGGRGCCTORGRRRCGDCTRCCRCRTCTRRGGHRGGCﬂGCﬂGGCﬁCGCRRﬁTTﬁCZCRCTCCCGGCRCF

TTRATCAGGCTATOORT TOTAGGGTARGGGCCTRCCATGCGCTGTCACOGOGTORCSGGGGARTCAGGOTTCOATTCCGORACACKKHGCCTORCAGRTCGCTCACACATCTARGOARGGCAGCAGGCGCGCARRTTACCCACTCCCOGETTS
TTATCARGCTGTCORAT TOTAGGCTATACGCCTACAATGGCTGTARCOGGTARCRGGGGARTCAGGGT TCOATTCCGOACACGORAGCC TORCAARCGGCTACCACATCTARGGARGGCAGCAGGCACGCAART TACCCACTCTCAGCCCA

CTHTCR%BCTTTCDRTTDTQGBRTRTTCGCCTRCERTBECTGTRRCGGOTRRC-GDGDRHTCRGGGTT:GHTTCDGGRDRDGDRGCCTGﬁGﬁﬁRCEDCTRCCRCRTCTRRGORRGGC&BCRGDCRCGCRRHTTRCDCRRTCCCDGCTCH
CTRTCARGCTTTGORAGGTARTGTAT TGGATTRCCTTGGCTTTARCOGOGTARCEGGORAART TAGGGTTTGATTCCGORAGAGGORAGCCTORCAGRCCGOGCTRCCACATCCARGOARGOCAGCAGGCGCGTAARTTACCCARTCCYGRCACE
TTRTCRJBCTGTCDRTTOTRGDTTRTRCGCCTRCRRTGGCTBTRRCOGOTRRC-GGGDﬂﬁTCGGGGTTZGRTTCCGDRDRDGBRDCCTDRGERRCGDCTRCCHCHTCTRRGORRGGCRGCRGDCRCGCRRRTTRCDCRCTCCCDGCRCL
TTﬂTCR%SCTTTCGRTTGTRGGTTHTRCGCCTﬁCﬁRTDGCTDTHRCOGOTRHC-GGGDRRTCRGGGTTZGRTTCSGGRDRGGGRGCCTDRDRRRCGGCTﬁCCRCRTCTRRDORRGGCRGCRGBCRCGCRRRTTRCZCﬂCTCCCGGCRCF

TTRATCAGGCTATGORAT TGTAGGGTRARGGGCCTRCCATGCCTGTCACOGGTORCEGGGORARTCAGGGTTCOATTCCOOGRAGACKKENGCCTGRGAGRTCGCTCACACATCTARGGARGGCAGCAGGCGCGCARRTTACCCACTCCCGGETTH

TTATCARGCT TTCGAT TGTAGGTTATACGCCTACARTGGCTGTARCGGGTARCRGGGGART CAGGGT TCGATTCCGGAGAGGGRGCC TGAGARARCGGCTRCCACATC TARGGARGGCAGCAGGCACGCAART TACCCACTCCCAGCACE
CTﬁTCﬁJBCTTTCGRTTGTRGGRTRTTCGCCTHCGHTGECTDTﬁﬁCGGGTRHC-GGGGﬁHTCRGGDTT:GRTTCZGGHDRGGGﬁGCCTGRGRﬁRCGDCTRCCﬁCﬁTCTﬁﬁDGHRGGCRBCﬁGGCﬁCGCﬁﬂﬁTTRC:CRCTCCCGGCTC-
TTﬁTCﬁJBCTTTCDRTTGTﬂGDﬁTRTRCGCCTﬂCRﬁTGECTDTﬁﬁCOGGTﬁﬁC-GGGGRRTCRDGGTT:GﬁTTCZGDRDRGGDﬁDCCTGRGﬁﬁﬁCGGCTRCCHCRTCTﬁﬁGGﬁﬁGGCRGCﬁGGCRCGCﬁﬁﬁTTRCSCHCTCCCGGCTC-
UTHTURJJCTTTtURTUU1ﬂUUHTRTbUUUETﬁUtU1UtU1U1TRUUUUTHHC-UUUUHRTUHUUUTTJbﬂTTU;bURURUUUHUCUTURUﬁﬂﬁUtUETRutﬂtﬂ1U1ﬂﬁuuﬂﬂuuuﬂbtﬁuutﬂtbtﬂﬂﬂTTﬂtJUﬂUTTUUUUURU-
UTHTURJJCTTTUURT1U1HUUHTHTRUUUCTﬁUtﬂ1UtU1U1TRUUUUTRHC-UUUUﬂRTUﬂUUUTTSbﬂTTtJbUHURUUURUUUTUHUHHﬁUtUtTRUUHUH1U1ﬂﬁUUHRUUEHUUHUUURUUUHﬂHTTﬂt;tﬂﬁftuuﬂbf1u-
UTﬂTURJJUTUTCUHTUU’RUUUTHTﬁUbULTﬂUtﬂTUtUﬂU‘ﬂﬂUUUUTRHU-UUUUHHTUHUUUTTSURTTUJUUHURUUUHUUUTUﬁUﬁﬂﬁUtUtTHUUHURTU1ﬂﬂUUﬂRUUUﬂUURUUURUUCﬂﬂﬂTTﬂt:uﬂﬁftttﬂbu’u-
7THTURJJUTTTUUHTTU1ﬂbUHTHTﬁTbULTﬁUtﬁTUtU1U‘ﬂﬂUUUUTRRU-UUUUﬂHTUﬂUUUfTSbﬂTTUJUUHURUUUHUUUTUHUHHHUEULTRUUHUR1U1ﬂﬂUUﬂRUUUﬂUUﬂUUUHUUCﬂﬂﬂTTﬂt;tﬂurtuTUbU’U
CTRTCR+BCTGZCGHCTGGRGGCTRTGTGCCTHCEGTGECﬂGTHﬁCGGGTRHC-GGGGﬁHTCﬂGGGTTZGRTTCZGGHGRGGGQGCCTGHGRHRTEGCTRCCHCHTCTHRGGRRGGCﬂGCRGGCHCGCRﬁRTTRCZCR;TCCCGGTTC
CTRATCARGCTTTCGATCGTAGGATATGGGCCTRCGCTGGCTYGYTACGGGTAARCRGGGGARTCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAARRCGGCTRCCACATCTARGGARGGCAGCAGGCACGCAARTTACCCACTTCCGGERL
TTHTERTBCTTTCGRTTGTHGGCTHTRCGCTTﬁCEﬁTGECTGTﬁﬁCGGGTﬂﬁC-GGGGﬁﬁTCﬁGGGTTCBRTTCJGGHGRGGGRGCCTGRGRHRCEGCTRCCHCHTCTﬁﬁGGHﬁGGCﬂBCRGGCRCGCRﬂHTTRCJCRCTCCCGGCTC
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I
TTATCA JCTGTCGRCTGCHRGCTRTRCDCTTRCEGTGECRGTRGCGIGTRRC-GGGGRRTCRGGGTTSBRTTCJGGRGRGGGHGCCTGRTRRRCEGCTRCCHCHTCTﬁﬁGGRRGGCRGCRGGCRCGCRQHYTRCJCRCTCCCGGCTDF
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I
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TTHTCRTSCYTFERTTCGTHTGBTRﬂRCGCCTHCEHTGECTGTRRCGIGTRRC-GGGGRHTCTGGGTTSGRTTCZGGRGHGGGRGCCTGRGRRRCEGCTRCCHCHTCTRRGGHRGGCRGCHGGCRCGCHRHTTRC:CRCTCCCGGCRL
TYRYCRTSCTTTCGRTTGTHGGTTRTRCGCCTRCRHTGECTGTHRCGIGTRHC-GGGGRRTCRGGGTTSGRTTCZGGRGRGGGHGCCTGRGRRRCEGCTRCCHCHTDTRRGGHRGGCRGCHGGCRCGCHRHTTRCZCRCTCCCGGCHC
TYHTCRTSCTTYCGRTTGTHGGTTRTRCGCCTﬁCRRTGECTGTHﬂCGVGTRHC-GGGGRRTCRGGGTTCGRTTCZGGRGRGGGHGCCTGRGRRRCEGCTRCCRCHTCTHRGGRRGGCHGCHGGCRCGCHHHTTRCZCRCTCCCGGCTC
TTHTCRTSCTTYCGRTTGTHGGTTHTGCGCCTRCRRTGECTGTHRCGVGTRHC-GGGGHRTCHGGGTTZGRTTCZGGHGRGRGHGCCTGHGRHRCEGCTRCCHCHTCTHRGGHRGGCRGCHGGCHCGCHRRTTRC:CRCTCCCGGCRD
CTHTDRTBCTTTCGRTTGTHGGRTRTHCGCCTRDERTGECTGTHRCGUGTRHC-GGGGRRTCRGGGTTZGRTTCZGGRGRIiGHGCCTGHGHHRCEGCTRCCRCHTCTHRGGHRGGCRGCRGGCHCGCHRHTTRC:CRCTCCCRGTCD
TTHTDRTSCTTTCGRTTGTRGGCTRTHCGCTTHDERTGECTGTHRCGGGTRHC-GGGGGRTCRGGGTTZGRTTCSGGRGRGGGRGCDTGRGHHRCEGCTRCCHtﬂTCTHRGGRRGGCRGCRGGCHCGCHRHTTRCZCRCTCCCGFCRDF
TTRTDRTSCTTFERTDCGTTGGBTRRRCGCCCHCEHTGEDTGTHGDGGGTRHC-GGGGRRTDTGGGTTZGRTTCZGGRGRGGGRGCDTGRGRRRCEGCTRCCHCHTCTHRGGHRGGCﬂGCRGGCHCGCRHHTTRCZCRCTCC CHDr
TTﬂ7087BCTTTCGRTTGTRGGTTRTRCGCCTHCRRTGEDTGTHRCGGGTRHC-GGGGRRTDRGGGTTSGRTTCZGGHGRGGGHGCCTGRGRRHCEGCTRCCHCHTCTHRGGHRGGCRGCRGGCRCGCRRHTTRCSCRCTCCLUUCHCr
TTRTCRTBCTCTCGRCGGTTTGCTRGTGGCTGHCCGTI-CTCTGBCGGGTRRC-G iﬂHTCTGGGTTSGBTTCZﬁﬁRGRIiGHGCCTGRGRGﬁTEGCTRCCHCHTCTHRGGRRGGCRGCHGGCRCGCRRHTTRCSCRRTCCCHGTHCT
TTATCA ?CTTTCGRTTGTHGGTTRTRCGCCTHCRRTUECTGTHRDOGGTHRC-GUbUﬂHTCﬂGGGTTZGRTYCZUURGRGUGHGCCTGRGRHRCEGCTﬁCCHCHTCTHRGGHBGGCRGCHGGCHCGCHRHTTHCZCRCTCCCHGCHCT
TTATCA CTGTCGRTTGTHGGTTRTRCGCCTRCRHTGECTGTHRDGGGTRHC-GGGGRHTCGGGGTTZGRTTCZGGRGRGGGRGCDTGRGRRRCEGCTRCCHCHTCTHRGGHRGGCRGCHGGCRCGCHRHTTHCZCRCTCCCGGCRCr
TTATCA JCTTTCGHTTGTHCGTTRTRCGCTTRCRHTGECTGTHRCGGGTRHC-GGGGRHTCRGGGTTZGRTTCZGGHGHGGGHGCCTGHGRHRCEGCTRCCRCHTCTRRGGHRGGCRGCRGGCRCGCRRHTTRCZCRCTCCCGGCTCr
CTHTCR-SCTGTCGHCTGCRRDCTRTGCGCTTRCEGTGECRGTHRCGGGTRHC-GGGGRHTCRGGGTTDGRTTCIGGHGRGGGRGCDTGRGRRRCEGCTRCCHCRTCTRRGGHRGGCRGCHGGCTCGCHRHTTRCZCRCTCCTRGCCDr
\
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TTHTCRTBCTTTCGRTTGTHGGCTRTRCGCTTRCERTGECTGTHRDGGGTRHC-G GGARTCAGGGTTCGATTCCGGAGAGGGAGCCTGRAGARRCGGCTRACCACATCTAARGGAAGGCAGCAGGCACGCAARRTTACCCACTCCCGGETC

TTATCASGCTTTCGATTGTAGGTTATACGCCTACRATGGCTGTAACGGGTARCEGGGGARTCAGGGTTCGATTCCGGAGAGGGRAGCCTGRAGARRCGGCTRCCACATCTAARGGARGGCAGCAGGCACGCAARTTACCCACTCCCGGCACE
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Shared characters are used to
construct phylogenetic trees

no info‘!lzmation
Speciesl ACGGATAGTCCACTAGGCACTA
Species 2 TCACCGACAGGTCTTTGACTAG

T TTTT m-*—-)*etc .........

Once homologous characters have been identified, they
can be used to infer a phylogeny



Cladistics

Cladistics groups organisms by common descent

® A clade is a group of species that includes an
ancestral species and all its descendants

®Clades can be nested in larger clades, but not all
groupings of organisms qualify as clades

® A valid clade is monophyletic, signifying that it consists
of the ancestor species and all its descendants
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Shared Ancestral and Shared Derived
Characters

In comparison with its ancestor; an organism has both
shared and different characteristics

® A shared ancestral character is a character that
originated in an ancestor of the taxon

o A shared derived character is an evolutionary
novelty unique to a particular clade

o A character can be both ancestral and derived,
depending on the context



Inferring Phylogenies Using Derived Characters

When inferring evolutionary relationships, it is useful to
know in which clade a shared derived character first
appeared
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Fig. 26-5
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Phylogenetic Trees with Proportional
Branch Lengths

In some trees, the length of a branch can reflect the
number of genetic changes that have taken place in a
particular DNA sequence in that lineage
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In other trees, branch length can represent
chronological time, and branching points can be
determined from the fossil record
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Maximum Parsimony and Maximum
Likelihood

e Systematists can never be sure of finding the best tree in a large
data set

* They narrow possibilities by applying the principles of maximum
parsimony, maximum likelihood, Bayesian inference, and soon
simultaneous analyses

Maximum parsimony assumes that the tree that requires the fewest evolutionary events
(appearances of shared derived characters) is the most likely

The principle of maximum likelihood states that, given certain rules about how DNA changes over
time, a tree can be found that reflects the most likely sequence of evolutionary events



Reviewing Phylogenetic Trees
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Example of Phylogenetic Tree

Gorilla

Common Bonobo Australopithecus Paranthropus Paranthropus Homo Homo Homo X
chimp afarensis robustus boisei erectus neanderthalensis  sapiens

A phylogenetic tree showing the relationships among some of the great apes. Chimps and gor|||as walk on all
four legs, but all other specnes on thls tree walk on two legs and are con5|dered homlnms E




Alternative ways of drawing the
same tree

@1 2 3 4 5 6 (1 6 5 4 3 2 (6 5 4 3

(f) 1 2 6 5




Five of these six trees describe

EXACTLY the same relationship

among taxa | through 6.
Which tree is different from the

other five!



Alternative ways of drawing the
ame tree

(@) 1 2 3 4 5 6 (b) 1 6 5 4 3 2 (c) 6 5 4 3

(d) (F) 1 2 6 5




Biodiversity

more than | million zoologists estimate 3
arthropod species million to 100 million
described undescribed species
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The Beetles Rule
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DATA MATRIX
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lungs + + + -
4 bony limbs s =5 =je —
milk glands + + L —
hai =5 =5 - -
wing — + + —
feathe — — + —
jaws + + + +

milk glands.

4 bony limbs
lungs

jaws



milk glands.

4 bony limbs
lungs

Jaws

milk glands
hair

lungs
4 bony Limbs

lungs

4 bony Limbs j I"



So which of the two
phylogenies would you
select as the better
supported phylogenetic
hypothesis!?



Multiple trees




Multiple trees

milk glands

= S

lungs
4 bony limbs

Choose cladogram B, because it is supported by 5 shared features. Cladogram A is
supported by only 4 shared features.



