
1.Analysis of fossil taxa
eg. Echinoderm classes

2a. Cladistics: phenotypes of extant taxa
eg. Deuterostomes

Echinoderms Hemichordates Chordates

common
ancestor

(i) “dipleurula” 
type larva

holothuroid echinoderm 
auricularia

hemichordate
tornaria

b. Cladistics: phenotypes of larval forms

adults

feeding
larvae

(ii) Trochophore-type larva: molluscs, annelids, sipunculans, nemerteans 

(iii) “Pluteus” larva: echinoid and ophiuroid echinoderms

Are larval forms always reliable cladistic characters?
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Brusca & Brusca (1990) textbook:
phylogeny based on 

morphological characters
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sister groups2b. Cladistics: molecular characters



Broad phylogenomic sampling improves 
resolution of the animal tree of life

Dunn et al. 2008
(+17 coauthors!)

Nemerteans nested in clade with 
two lophophorate phyla?

Myriapods: sister group 
to chelicerates?

Ctenophores: sister group to rest of animals?

Bryozoa sister group to former 
pseudocoelomates?
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Science (2013)

muscles? nerves? epithelia? axes?



L E D
P CN M A B P B N N A T E H

tim
e

Pattern of evolutionary relationships

cladogram: relative order of events

Timing of evolutionary divergences?
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Pre-Cambrian
Bitter Springs 1000–850 Ma South Australia
Ediacara Hills 630-542 Ma South Australia

Doushantuo Formation 600–555 Ma Guizhou Province, China

Cambrian

Maotianshan Shales (Chengjiang) 525 Ma Yunnan Province, China

Sirius Passet 518 Ma Greenland
Emu Bay shale 517 Ma South Australia

Kaili Formation 513–501 Ma Guizhou province, south-west China

Wheeler Shale (House Range) 507 Ma Western Utah, US

Burgess Shale 505 Ma British Columbia, Canada

Kinnekulle Orsten and Alum Shale 500 Ma Sweden

Öland Orste and Alum Shale 500 Ma Sweden

The major Pre-Cambrian and Cambrian Lagerstätten

History of invertebrate diversity

Mass extinctions of 
marine families

Gymno-Steno-


