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My collaboration with Nancy...

EVOLUTION

INTERNATIONAL JOURNAL OF ORGANIC EVOLUTION
VoL. 56 Novemser 2002 No. 11

§ . 2007 2997_2242 The deep and shallow morphologies of the coral Favia fragum in subtidal habitats of the Bocas del
Evolution, 56(11), 2002, pp. 2227-2242 Toro, Panama * D. B. Carlon and A. F. Budd, p. 2227.
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Quantitative Genetics...
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Diversification...

Schwartz et al. BMC Evolutionary Biology 2012, 12:123

http://www.biomedcentral.com/1471-2148/12/123
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Evolutionary Biology
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Molecules and fossils reveal punctuated
diversification in Caribbean “faviid” corals

Sonja A Schwartz", Ann F Budd? and David B Carlon®
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Major systematic revision

Wells (1956) Veron (2000) This Study
Family Mussidae Family Mussidae Family Mussidae (clade XXI)
Genus Mussa Genus Mussa Subfamily Mussinae
[=Scolymia] Genus Mussa
Genus Mussismilia Genus Scolymia (Atlantic only)

Genus Mussismilia Subfamily Faviinae

Genus Favia (Atlantic only)

Genus Homophyllia
Genus Parascolymia Genus Scolymia Genus Mussismilia
Genus Blastomussa [=Homophyllia, Family Lobophylliidae, new (clade XIX)
Family Faviidae Parascolymia]
Subfa;nﬂy Faviinae Genus Blastomussa
Genus Favia Genus Indophyllia
Family Faviidae
Genus Favia

Genus Homophyllia (part Indo-
senus Bikiniastrec Pacific Scolymia)

Budd, A. F., H. Fukami, N. D. Smith, and N. Knowlton. 2012. Taxonomic classification of the reef coral
family Mussidae (Cnidaria: Anthozoa: Scleractinia). Zoological Journal of the Linnean Society 166:
465-529.




Trait diversification within the Mussidae —

Adaptive radiation in corals?
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ich fossil record

Cenozoic Caribbean Reef Coral Genera
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We would like to maximize
information from two kinds of data...

* Molecular Sequences * Fossil Record
— Phylogenetic relationships — Phylogenetic relationships
— Comparative method (hard)
— Dynamics of ghost taxa
— Extinction
— Calibrations
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Scenario 1 - Tethyian Radiation
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Scenario 1 - Tethyian Radiation

Miocene




Scenario 1 - Tethyian Radiation




Scenario 2 — Atlantic Radiation




Scenario 2 — Atlantic Radiation

Miocene




Scenario 2 — Atlantic Radiation

Miocene




Phylogenetic Tree
Taxonomic Sampling

9/10 genera
14/26 species
Sampled 1 — 14 individuals/species

Sequenced three nuclear genes in 139
samples



Calibrating nodes with fossils

* Place minimum constraints on node ages

e Use recent and fossil taxa to establish
monophyletic nodes
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Relative Pr

Calibrating nodes
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Lognormal Prior —
uncertainty of fossil
record

Multiple calibrations
allows for molecular
rate variation among
lineages



Time calibrated phylogeny
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2 genera
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Biogeography of fossﬂ_sm
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Environmental Change — late Miocene

Progradation and steep margins
< mesophotic shelf habitat

N

Backstepping and infill of
shallow shelf environments
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Klaus, J. S., B. P. Lutz, D. F. McNeill, A. F. Budd, et al. 2011. Rise and fall of Pliocene
free-living corals in the Caribbean. Geology 39: 375-378.



We would like to maximize
information from both kinds of data...

* Molecular Sequences * Fossil Record
— Phylogenetic relationships — Phylogenetic relationships
— Comparative method (hard)
— Dynamics of ghost taxa
— Extinction
— Calibrations

AAYATYA

GCTAGGA




Two important papers...

Felsenstein, J. 2002. Quantitative characters, phylogenies, and
morphometrics. Pp. 27-44 in N. MaclLeod and P. Forey, eds.

Morphology, shape and phylogeny. Taylor and Francis,
London.

Revell, L. J., D. L. Mahler, R. G. Reynolds, and G. J. Slater.
2015. Placing cryptic, recently extinct, or hypothesized taxa
into an ultrametric phylogeny using continuous character
data: A case study with the lizard Anolis roosevelti. Evolution
69: 1027-1035.



Another way of using fossils

morpholog?l morphology molecular
(palaeontology) (neontology) sequences

Tree
(neo)

Infer tree of present-day species from molecular sequences

Slides are Joe Felsenstein’s, with permission




Using fossils

morpholog?l morphology molecular
(palaeontology) (neontology) sequences
Cov

Ny

Tree
(neo)

Infer covariances of morphology using it, present-day species



Using fossils
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morphology molecular
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Tree

(neo)

Infer placement of fossil species using their data



Using fossils

1o

Time

Likellhood —

Use fossil and present-day morphology, covariances, tree,
also stratigraphic models
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Using fossils
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Using fossils
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Thanks to Nancy,
and to my many colleagues in this room

" : National Science Foundation




