1.Analysis of fossil taxa 2a. Cladistics: phenotypes of extant taxa
eg. Echinoderm classes eg. Deuterostomes

Crinoids  Holothuroids  Echi Dphilizaids; - Asteroids

ids

Echinoderms Hemichordates Chordates

Primitive
"ophiuroid"

common__—"

ancestor

b. Cladistics: phenotypes of larval forms
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Lepidstoids

(i) “dipleurula”
type larva
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Are larval forms always reliable cladistic characters?
(ii) Trochophore-type larva: molluscs, annelids, sipunculans, nemerteans
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1. Multicellularity, with a high degree of division of labor
L. Acetylcholine/cholinesterase system

3. Callagen
4. Septateltight junctions between cells
5. Aquiferous system (Porifera)

& Unique porifersn omiogeny of layered construction (Pari-

7. c.p junctions between cells
8. Stristed myofibrils
#. Loss of flagellated collar cells
10a. Gastrovascular cavity [i.e., incomplete gut) with mouth aris-
ing from blastopere
10b. Complete gut with mouth arising from al-nhm
10¢. Complete gut with mouth not arising from blash
11. Gastrulation {origin of true germ liyess and a.yiuunac
construction)
. Symmetrical body plan

12b. Fundsmentally radially ical (Coidarial
12c. Fundamentally bilaterally symmetrical
124, Secendedt i )

. Typieal radial cleavage

. Typical spiral cleavage

14, Basement membrane (= basal laminal beneath epidermis
15, Multieiliate/multiflagellate cells

9, Unigue na-olldm head of presegmental prostomium and
eristomiu
=, Compcnullaq system (Sipuncula)
51. Unique prearal probascis (Echiural
52 Anal vesicles, with excretory funnels (Echiwral
53. Hemal system (Echinodermata)
$4. Use of external cillary grooves for suspension feeding (Echi-
modermatal
35, Unique proboscis apparstus (Nemertea)
%5, Planula larva (Caidarial

13 Mesoderm derived directly an archenteron
3. Body cavity (coelam) tripartite and derived by enterocoely 57. Sheets of subepidermal muscles derived, at least in part,
4. Unique anterice introvest (Sipunculal from aschenteric masoderm
15, Serially arranged clusters of lateral epidermal setae 38, Sheets of subspidermal muscles derived, at least in part,
6. Schizocoelom reduced; body cavity a hemocoel from 4d mesod
17, With schizocoelomic pericardial remnant sround heart 59,
Mollusca)
8. Cephalic ecdysial glands (Arthropods) a
29. Arthropodous ecdysis (Arthropodal clrculatory system of wessels onl;
30, Unique eyes #ab. Complece loss of closed circatatory system (Sipunculal
3. Sclerotized, mnml. ehitinous cuticle with segmental scler- $0c. Reduction to open clroulstory system with dorsal ostiate
Ires (Arthropodal heart (Arthropoda)
n ded by chil cuticlesnd 604, Reduction ta open circulatary system with dorsal chambered
Inteinsie 1A heart (Mollusea)
33, Lass of motile clllaflagella (except in sperm of some species) 61, Clreulatory system derived, at least in part, from srchenteric
(Anthropoda) mesoderm (varies nm-; taza)
34, Ciliated feeding tentacles derived from mesosome and con- 62, Trochophore larv,
taining extensions of the mesocoel 62b. Trochophore last M:!Ilrvpodlb
Mb. of mesosomal tentacles (Chardatal (also in Hemi 83, [“wings™ ( L
chordatal &, Synaptic nervous system
35, Stereom calcite ossicle endoskeleton (Echinodermata) e, Nervous system um\n-d im noncentralized, metlike fashion
36. Waber vascular system derived from mesocoel (Echinoder-  &ib. Nervous system with anterior cancentration of neurons (cer-
mata) ebral ganglion) and tending toward presence of longitudinal
37. Pharyngeal gill slits cords
38. Notochord (Chordata) bic. Cerebral ganglion issues pairs of longitud
39, Muscular, locomator, postanal tail (Chardata) mected by tranaverse commias :L:ﬂl;--a
40. Endostyle (Chordata) dency ta emphasize veniral ar ventrolateral
. P P by reduction of ta & single ventral cord in some taxal
the prosome (lophophorates) 64, With circumenteric nerve ring attached to one or more ven-
42 Radula iMolluscal tral perve cords
43. Molluscan mantle (Mokluscal e, Langi cords not ladder-like in and ot
#4. Dorsal mantie shell gland produces spicules or sheil (Mol wmphasized ventrally
Tuscal &I Doral w nerve cord
4. muscular, cilisted, solelike foot or its precursor  G4g. Nervous system pentaradially arranged, loss of cerebral
ganglion (Echinodermal
46, Antevior (preoral) gut diverticalum (Hemichordata) 5. Unique chactognathan Chaetagnathal
47, Tripartite body arranged as unique probescis/collactrunk ss_ I.Imrpu chaetognathan buccal mam..- (Chaetogmathal
iHemichordata) 67, ciliary boop (Ch
44, Unique kidmey ichordatal 4. rnlpnk larva (Chordats)

2b. Cladistics: molecular characters
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Ctenophores: sister group to rest of animals?
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Pattern of evolutionary relationships
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cladogram: relative order of events
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The major Pre-Cambrian and Cambrian Lagerstatten

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
Oland Orste and Alum Shale 500 Ma Sweden
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