Echinodermata

1 [1/Tt Homalozoa (Camb.-Dev.) /T Echinozoa
— Ctenocystoidea
— Homostelea — Camptostromatoidea (Camb.)
— Stylophora — Helicoplacoidea (Camb.)
— Homoiostelea — Edrioasteroidea (Camb.-Carb.)

— Edrioblastoidea (Ord.)

— Cyclocystoidea (Ord.-Dev.)
— Ophiocystoidea (Ord.-Carb.)
— Echinoidea (Ord.-pr.)

— Holothuroidea (Ord.-pr.)

» [l/T Blastozoa
— Eocrinoidea (Camb.-Sil.)
— Blastoidea (Camb.-Perm.)
— Parablastoidea (Ord.)
— Cystoidea (Ord.-Dev.)

= RemER « T/T Asterozoa (Stelleroidea)
— Diploporita
« T/t Crinozoa (Pelmatozoa) — Somasteroidea (Ord.)
— Paracrinoidea (Ord.-Sil.) — Asteroidea (Ord.-pr.)
— Crinoidea (Camb.-pr.) — Ophiuroidea (Ord.-pr.)
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Chordata Echinodermata

Diagram to show the relationship between stem and crown groups (Paul, Smith, 1984).




Tun Echinodermata (Ubaghs, 1978)

2 [/t Homalozoa =
Carpoida =
Calcichordata

- Ctenocystoidea

- Homostelea (Cincta)

- Stylophora (Cornuta +Mitrata)
- Homoiostelea (Soluta)

1 /T Pelmatozoa

— Eocrinoidea

— Rombifera

— Diploporita

— Blastoidea

— Parablastoidea

(Rahman, 2009)

e A, Ctenocystoidea,
— Paracrinoidea B Homostelea
. C, Homoiostelea,
— Cinglze D,E, Stylophora




GRADES SUBPHYLA and CLASSES
i mll Rival hypotheses concerning the position
: ! of carpoids (Smith, 2003)
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Hemichordates

Chordates
Cincta

Soluta
Stylophora
Crinoids
Ophiuroids
Asteroids

(A) Carpoids as stem-group
echinoderms
(modified from Ubaghs, 1975).

Kapnongen mnpencraBisitoT co00H NPUMHUTHBHYIO
CTEONICBYIO TPYIy WIJIOKOKHUX, HE OO0JaJaronIuX
panuanbHOCTBIO  CTPOCHHS Telda. Bo3MoXHO, Yy
HekoTopbix (Stylophora) He Obuto amOynakpaibHOU
CHCTEMBI.




Hemichordats )

Dexiothetca

=

Rival hypotheses concerning the position
of carpoids (Smith, 2003)

B) Carpoids as stem-group vertebrates and
echinoderms (modified from Jefferies et
al., 1996) = Calcichordata theory

Echinoids

Cephalochordates
Asteroids

Hemichordates
Soluta (pars)
Craniates
Stylophora (pars)
Urachordates
Stylophora (pars)
Stylophora (pars)
Soluta (pars)
Cincta
Crinoids
Ophiuroids
Holothurians

Pterobranchs [ Echinodesmata

Chor}ssu

I Cephalo- Uro- !
chordata chordata Crm:m__

Kaprnon st bopmupyroT napapuieTndeckoe
CMEIIEHNE MIPUMHUTHBHBIX BTOPUYHOPOTBHIX,
UICHTUQHUIMPOBAHHBIX ~ Kak  crebieBas  rpymma

unokokux  (Cinctan, Ctenocystoida), crebneBas
rpynma Acraniata, Craniata mwau Tunicata (Mitrata),
crebiieBas rpymnmna xopaoBeix (Cornuta, OOJBIIMHCTBO
Soluta) wmmm  crebneBas  rpymma  Dexiotheta
(Echinodermata+Chordata)
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Chordates
Stylophora
Ophiuroids
Asteroids
Holothurians
Echinoids

(C) Carpoids as derived crown-
group echinoderms Crown group
(modified from David et al., 2000) echinoderms
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Protostomes

ON

Cyclostomes

S Phylogenetic relationships
of extant deuterostomes
(Smith, 2005).
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Phylogenetic  relationships  of  extant
deuterostomes base on combined LSU and
SSU ribosomal RNA sequence data with
spectral analysis of LogDet distances (from
Winchell et al., 2002). Morphological
characters have been optimized on this
topology and are as follows. 1, Larval
blastopore develops into the mouth (WD-
000000000000 | Asteroids white dot); larval blastopore continues as

00000000000 | Ophiuroids anus, mouth forms secondarily (BD-black
00 R0000000O0O | Echinoids dot). 2. Pharyngeal gill slits absent (WD);
000200000800 || Holothurians present (BD). 3, Larva develops indirectly
forming neothroch: no (WD), yes (BD).

4, Larval to adult transition: does not involve attachment and torsion (WD); involves attachment and torsion (BD); involves torsion without
attachment (*). 5, Body plan tricoelomate: no (WD); yes (BD). 6, Axial complex: absent (WD); present (BD). 7, Mesocoel (=hydrocoel)
developed as a tentacular hydrovasuclar system: no (WD); yes (BD). 8, Body plan bilateral, with paired organs and bilaterally organized nervous
system (WD); adult body plan radiate (BD). 9, Torsion results in vertical stacking of body coeloms and complete suppression of right hydrocoel
development (i.e. water vascular system derived from single hydrocoel and with single hydropore): no (WD); yes (BD). 10, Calcitic mesoskeleton
constructed of stereom: no (WD); yes (BD). 11, No post-anal appendage during development (WD); present, as muscular tail (BD); present as
muscular stalk with attachment sucker (*). 12, Notochord present; no (WD); yes (BD). Between node A and node B in this figure we should
expect to see the following four characters: appearance of a skeleton constructed of stereom; loss of pharyngeal openings; loss of bilateral
symmetry and its replacement with asymmetry followed by radial symmetry; acquisition of an echinoderm-style water vascular system built
entirely from the left hydocoel-axocoel.
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Tun Echinodermata (Ubaghs, 1978)

a 1/ Homalozoa =
Carpoida =
Calcichordata

- Ctenocystoidea
- Homostelea (Cincta)

- Stylophora (Cornuta +Mitrata)

- Homoiostelea (Soluta)

2 [1/T Pelmatozoa

— Eocrinoidea

— Rombifera

— Diploporita

— Blastoidea

— Parablastoidea
— Paracrinoidea

— Crinoidea

A, Ctenocystoidea,
B, Homostelea

C, Homoiostelea,
D, E, Stylophora



ann
(ambulacrum)
mouth

hydropore

gonopore

periproct
(marginal)

dististele

Soluta
(=Kaacc Homoiostelea Gill et Caster, 1960).

Unnamed Lower Cambrian solute, Kinzers
Formation, Pennsylvania, U.S.A. Drawn
from a photograph of a latex cast of the
specimen in the North Museum, Lancaster,
Penn (Paul, Smith, 1984).

The solute Dendrocystoides scoticus (Bather) in lateral view,
based on specimen in the collection of The Natural History
Museum, London E28794 (Smith, 2005).



Generalized view of an asterozoan or crinozoan arm and a blastozoan brachiole.

cover plates

radial water vessel

A, Generalized view of an asterozoan or crinozoan arm. Note that in most crownward crinozoans, the flooring plates are not calcified
and are represented only by a soft-tissue shelf. B, Generalized view of a blastozoan brachiole. Ambulacral plates shaded, extraxial body
wall cross-hatched, cover plates omitted from one side of ambulacrum (David et al., 2005).



Soluta
(=Kmacc Homoiostelea Gill et Caster, 1960)

brachiole ("arm” ol
Most auihors)

Teno coCTOUT U3 TEKH, CTENBI U PyKOTIOJOOHOTO MIPHIaTKa, TeKa OT yMEPEHHO
ACUMMETPUYHOM 70 TIOYTH OMIaTepaibHO CHMMETPUYHON; MapTHHAIBHBIHN CKETIeT,
KaK MPaBUJIO, HE BEIPAYKEH; POT MHTPATEKAIBHBINA, TTIO—BHIUMOMY, BOIH3H
IPOKCUMAIBHOTO KOHI[A PYKH; aHYC, OOBIYHO, OKOJIO JIEBOTO HOCTepOJIaTepaJIBHOFO
Kpasi; cTela TojpasielieHa Ha 3 oTena. '
Bepxuuii keMOpuit — HUKHUN JEBOH.
Onun otpsin Soluta (7 cemeicTn).

small orifices

CaMbIMU IPUMUTHBHBIMU CYHTAIOTCS
"kapriouzien" - CBOOOIHO JICIKABIIIKME HA JTHE,
9aCTO ACCHMETPHYHBIC CYIIIECTBA C OTHUM
WA IByMS TIPUIATKaMH (TO JIH
JOKOMOTOPHBIMH, TO JIH
nuniecoouparomumu). Hekoropeie
UCCIIEIOBATEISIMHA CUATAIH KapIOuaeH
OKANIIIMU POJICTBEHHUKAMU XOPIOBBIX
(oTCrOIa TTOSIBUIIOCH HA3BAHUE
Calcichordata). B keMOpuu 661710 MHOTO
POOJIEMATUYHBIX, HU HAa YTO HE TIOXOXKUX U
MOTOMY TPYAHO MHTEPIPETUPYEMBIX
UTIIOKOXKHX.
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PexoncTpykiust TunimaHoro npeacraButenss Homoiostelea: Castericystis vali Dendrocystites sedgwicki



Soluta =
= Kiracc Homolostelea Gill et Caster, 1960.
=Carpoidea?=Calcichordata?

Reconstruction of Syringocrinus

mouth presumed to be

— -

at base of arm -~ '

"pebbled" surface 1s unique to this
genus, but small plates typical of Soluta

=== position of tripartite tail = stele

presumed anus
Syringocrinius

qa e -.;L:_"_ﬂattenedtheca,
e g somewhat asymmettrical




Soluta =
= Kiracc Homoiostelea Gill et Caster, 1960.
=Carpoidea?=Calcichordata?

Bonee no3gHue kapnouaen (KBagpucepmanbHOE pacnonoXeHUe nnacTMHOK B PYKOATKE
(Mnn xBocTe?)



Cincta =
= Kaacec Homostelea Gill et Caster, 1960.

left marginal
groove

right marginal operculum

EYOOVE {atrial opening)

B

periproct

marginal
frame

Wat

‘REN
- "’3'9‘9%%

integument
(with epispires)

49 o
TALES SRS

The cinctan Trochocystites bohemicus Barrande: (A) anterior profile; (B) upper face; (C) lower face. Drawn from latex casts of
specimen supplied by G.Ubaghs (Smith, 2005).
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Cincta =
= Kmacc Homostelea Gill
et Caster, 1960.

Teno cocTouT M3 TEKH U CTEIHI;
PYKOIIOJIOOHBIN MPUIATOK
MIPUCYTCTBYET; OYEPTAHUS TEKU
YMEPEHHO CUMMETPUYHBIE;
MapruHaJIbHBIN CKEIET OIHOPSIHBIN,
cTporo nuddepeHnnpoBaHHbII; OTHO
0O0JIBIIIOE U OJTHO MAJICHHKOE OTBEPCTHS
HaxOJSITCS Ha Kparo,
MIPOTUBOIIOIOKHOM CTEJIE; OAUH UAU
JIBa SMTUTEKAIbHBIX
(amMOymakpabHBIX ?) JKEIT00Ka
MOIXOAAT K MAJICHBKOMY OTBEPCTHIO;
CTeJIa He Mo/pa3/iesieHa Ha OT/EIbI.
Cpennuii keMOpuUH.

Omun otpsia Cincta (¢ aBymst
ceMelCTBaMHu).

Morphology of a homostelean
(cinctan), Trochocystites bohemicus,
Middle Cambrian, Bohemia,
modified from Friedrich 1993. A-D,
Body-wall anatomy and
nomenclature with views toward the
upper (A), lateral (B), lower (C), and
oral (D) surfaces. E-H,
Reinterpretation using the EAT with
views from the upper (E), lateral (F),
lower (G), and oral (H) surfaces
(David et al., 2000).



Cincta =
= Kiracc Homostelea Gill et Caster, 1960.
=Carpoidea?=Calcichordata?

Gyrocystis



mouth Stylophora = Cornuta +Mitrata
j =Kuaacc Stylophora Gill et Caster, 1960.

marginal frame

Cornuta

The cornute stylophoran Cothurnocystis elizae Bather in dorsal view,
based on the Natural History Museum, London, exemplar E23702

pharyngeal openings (Smith, 2005).

(gill slits; cothurnopores)

atrial opening
(mouth/exhalent)
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dististele

Mitrata

The mitrate stylophoran Mitrocystites mitra.

(A) Upper aspect; based on the Natural EEEENSEL

History Museum, London, exemplar E16062; [
(B) Lower aspect, redrawn from photograph

in Ubaghs, 1968 (Smith, 2005). ?hydropore or

Sensory pore




Stylophora = Cornuta + Mitrata
=Kumacc Stylophora Gill et Caster, 1960.

or stem

Comparison of the single appendage in the primitive stylophoran Ceratocystis (A, C) with the two appendages in the solute
Dendrocystoides (B, D). (A, B) Entire animals; (C, D) appendage architecture and its component parts. (A) and (C) modified from
Ubaghs, 1967 (Smith, 2005).




o P cover plates = A
- ": v N
A .
e = OSSCICS . " | -
5 b o B Kunace Stylophora Gill
' et Caster, 1960.
-]— sty locone
0x Teno coCcTOUT U3 TEKU U
] e o OJTHOTO PYKOITOI0OHOTO
eCLads &
; ] & npuaaTka — ayaakodopa, 6e3
g g 5 CTEJIBL; POT, BEPOSITHO,
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M ll'_-fhi adorad onhice a HpOKCI/IMaJIbHOM KOHIIE
- <\~ ¥ : M RN S SN ')//1aK0(DOpa MM BOIH3H HETO;
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variable Cornute and mitrate stylophorans from the Early
appf:nci,ages Ordovician of Europe. Left figures presumed

orsal view, right ventral. Ruta (2003). .
ey e B st Kuace Stylophora Gill et Caster, 1960.

presumed

generally

syrurasinc sl
theca y
appendage theca

central
canal

Flabellicarpus

Rhenocystis
% (Cornuta)

{Mitrata)

1cm 1cm

|

Mitrocystites
(drawn by V. Petr)

This beautiful "carpoid” from the Bohemian Ordovician (esp. abundant in the Sarka Formation) is drawn in a position as a
“calcichordate" but interpreted as being an echinoderm with typical echinoderm skeleton and having even an aulacophore (bottom),
not a "tail". The "Aulacophore Hypothesis" of Georges Ubaghs and Ronald Parsley is accepted rather than the "Calcichordate
Hypothesis” of R. P. S. Jefferies because it seems that practically all "carpoid” characteristics are clearly echinodermal, not chordate.
The superficial similarity may result simply from a peculiar convergent evolution of both groups. An article published recently by Shu
et al. (1999) on the discovery of two distinct types of agnathans in the Lower Cambrian of China (Chengjiang) is possibly one of the

best arguments for the "Aulacophore Hypothesis".



Morphology of a stylophoran (mitrate),
Mitrocystites mitra,

Middle Ordovician, Bohemia, modified from Jefferies 1968 and
Ubaghs 1981. A-C, Body-wall anatomy and nomenclature with
views toward the upper (A), lower (B), and lateral (C) surfaces.
D-F, Structure of the aulacophore and related body-wall regions
in longitudinal section (D), cross-section (E), and in a view from
the top (F). Body cavities in white, cavity of the stylocone
shaded, body wall variously cross-hatched. G-I, Reinterpretation
using the EAT with views from the upper (G), lower (H), and
lateral (I) surfaces (David et al., 2005).
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Kaacc Ctenocystoidea Robison et Sprinkle, 1969.

Teno cocTout u3 Teku 6€3 MPUAATKOB; €€ OYEPTAHUS TTOUTH
CUMMETPHYHBIC; MAPTUHAIILHBIC U IICHTPAJbHBIC TUTACTUHKH
00b19HO AU PEPEHITUPOBAHBI, MAPTUHAIBHBIA CKEIICT
JBYPSIHBIN; poT (?) BONM3M MEpEIHEr0 KOHIIA CePEIUHBI
HUKHEN MOBEPXHOCTH, C XOPOIIIO PA3BUTHIM KTEHOUIHBIM
arnmaparoM; aHyC BOJIM3U CEpeIUHBI 3aTHETO KOHIIA.
Cpennuii keMOpuii. OHO CEMENCTBO M OJIUH PO/I.




Kaacc Ctenocystoidea Robison et Sprinkle, 1969.

suroral plate anterior aperture

body opening ctenoid plates
lateral
plate
suboral plate
S (X
)
S Sede $
Gy i axial [} openings [N
>~ perforate imperforate
o extraxial ES extraxial [E=E]
upper
integumentary / . lower
area marginal frame integumentary
posterior aperture arca
0.5 cm

Morphology of a ctenocystoid, Ctenocystis utahensis, Middle Cambrian, Utah, modified from Robison and Sprinkle 1969. A, B, Body-wall

anatomy and nomenclature with views toward the upper (A) and lower (B) surfaces. C, D, Reinterpretation using the Extraxial-Axial Theory
with views from the upper (C), and lower (D) surfaces (David et al., 2000).
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OQO00O0O00?Q  Protostomes
oo Cladogram of

©0000000000® Craniata deuterostome
0000000000 ®® Cephalochordates relationships based on

00000000000 ® Tunicates molecular data, as in the

000000000080 previous slide, but with
000000000000 Hemichordata

000000000030

carpoids added on the

79070 7272000000 |cnc basis of observable
. shared derived

7070727200708 7 Comnutes ] _
7070220072007 |Miates morphological traits.
(Smith, 2005)

2070727200003 2 Solutes
00000000 OODO | Crinoids
( JoX X X X X X X X JCHONN RSl Morphological characters have been
0000000 0®O®O®0O 0O | Orhiuoids optimized on this topology and are as

S follows. 1, Larval blastopore develops
Echinoids J
0005000006000 o into the mouth (WD-white dot); larval

000200000000 St blastopore continues as anus, mouth
forms secondarily (BD-black dot).

2. Pharyngeal gill slits absent (WD); present (BD). 3, Larva develops indirectly forming neothroch: no (WD), yes (BD). 4, Larval to adult
transition: does not involve attachment and torsion (WD); involves attachment and torsion (BD); involves torsion without attachment (*). 5, Body
plan tricoelomate: no (WD); yes (BD). 6, Axial complex: absent (WD); present (BD). 7, Mesocoel (=hydrocoel) developed as a tentacular
hydrovasuclar system: no (WD); yes (BD). 8, Body plan bilateral, with paired organs and bilaterally organized nervous system (WD); adult body
plan radiate (BD). 9, Torsion results in vertical stacking of body coeloms and complete suppression of right hydrocoel development (i.e. water
vascular system derived from single hydrocoel and with single hydropore): no (WD); yes (BD). 10, Calcitic mesoskeleton constructed of stereom:
no (WD); yes (BD). 11, No post-anal appendage during development (WD); present, as muscular tail (BD); present as muscular stalk with
attachment sucker (*). 12, Notochord present; no (WD); yes (BD). Between node A and node B in this figure we should expect to see the
following four characters: appearance of a skeleton constructed of stereom; loss of pharyngeal openings; loss of bilateral symmetry and its
replacement with asymmetry followed by radial symmetry; acquisition of an echinoderm-style water vascular system built entirely from the left
hydocoel-axocoel.
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Tun Echinodermata

1 [1/T Homalozoa

— Ctenocystoidea
— Homostelea

— Stylophora

— Homoiostelea

1 [1/T Pelmatozoa

— Eocrinoidea

— Rombifera

— Diploporita

— Blastoidea

— Parablastoidea
— Paracrinoidea

— Crinoidea

1 [1/T Echinozoa

— Camptostromatoidea
— Helicoplacoidea

— Edrioasteroidea

— Edrioblastoidea

— Cyclocystoidea

— Ophiocystoidea

— Echinoidea

— Holothuroidea

1 [1/T Asterozoa

— Somasteroidea
— Asteroidea

— Ophiuroidea




Reconstruction of a Cambrian echinoderm hypothetic community which contains taxa from
different geographic areas and different ages.
After S.Zamora et al, 2010.

Helicoplacoidea (Helicoplacus)
Stylophora (Ceratocystis)
Eocrinoidea (Gogia)

Soluta (Castericystis)
Edrioasteroidea (Cambraster)
Eocrinoidea (Lichenoides)
Ctenocystoidea (Ctenocystis)
Cincta (Gyrocystis).

1.
2.
3.
4.
S.
6.
7.
8.




Soluta Solute gen.sp.
Dendrocystites sp. et al
Helicoplacus Durham & Caster
H.qgilberti Durham & Caster

H.curtisi Durham & Caster

Derstrler, 1975, 1981

Durham & Caster, 1963
Durham & Caster, 1963
Durham & Caster, 1963

H.everndeni Durham Durham, 1967 HeT

H.firbyi Durham Durham, 1967 NeHTapaIiaIbHOMI
Waucobella Durham (?=Helicoplacus) Durham, 1967 CHMMETPHHU

W.nelsoni Durham Durham, 1967 J. Wyatt Durham
Polyplacus Durham Durham, 1967

P.kilmiri Durham Durham, 1967
Camptostroma Ruedemann Ruedemann, 1933

C.roddyi Ruedemann Ruedemann, 1933
Kinzercystis Sprinkle Sprinkle, 1973

K.durhami Sprinkle Sprinkle, 1973 KeM6p|/||7|
Lepidocystis Foerste Foerste, 1938

L.wanneri Foerste Foerste, 1938 €CTh

L.cf.wanneri Foerste Sprinkle, 1973 NeHTapananbHas
Stromatocystites Pompeckj Pompeckj, 1896 CUMMETpHS

S.walcotti Schuchert
S.pentangularis Pompeck]
Gogia Walcott

G.ojenai Durham

Schuchert, 1919
(BMNH collections)
Walcott, 1917
Durham, 1978

(Paul, Smith, 1984)
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Cover plates
i Radiation and phylogeny
' <~ of echinoderms

Perradial

Flooring plate
suture

Cover plates

Expansion Streng{hening
— zone ridge

"\

Flooring plate

Interambulacrum Ambulacrum~

Basic morphology of helicoplacoids. A, B, D, Helicoplacus; C, Waucobella, Poleta Formation, California, USA. A, camera lucida
drawing of H.curtisi Durham & Caster. B, detail of ambulacral structure. C, arrangement of cover plates in the ambulacra of
Waucobella nelsoni Durham. D, reconstruction of the plating across an ambulacrum and two interambulacral ridges in Helicoplacus, as

indicated in A (Paul, Smith, 1984).



Helicoplacoidea

The Cambrian Substrate Revolution

The physical environment of the world was VERY different from what it is today. For example, the substrate (i.e., the
dirt, sediment, mud, etc.) that these animals lived in was not very dynamic. Very still. Non-actualistic.

Up until then, there were no little creatures burrowing up and down through the sediment. Nothing creating burrows.
Nothing contributing to the dynamic fabric that is the substratum we know today.

PLUS, it was covered in sort of a yogurt or cheese-like film or covering of MICROBES (what kind of microbes is
another question).

Helicoplacoids sat with the spindle-end down, essentially suspended in these bacterial mats like living, suspension-
feeding potatoes!

It's thought that when all of this changed i.e., The Cambrian Substrate Revolution, began with the advent of
bioturbation and the mixing of sediment by little critters, mixing up different layers of sediment creating little waves of
sediment and water, etc.

This began a major ecological shift that ultimately did no favors to the weird things that had become adapted to living
there. Did this shift cause or at least greatly affect the Helicoplacoidea? Some believe so.

Thanks to Dr Christopher Mah, Washington, D.C., USA



Helicoplacoidea

The Cambrian Substrate Revolution

Here is a highly detailed graphic reconstructing how helicoplacoids may have
lived, with mouth labeled.

The black lines indicate feeding grooves, which were open to the water around
them and were apparently absent on the surfaces of the body which were directed

below the outward surface.

Thanks to Dr Christopher Mah




Reconstruction of a Cambrian echinoderm hypothetic community which contains taxa from
different geographic areas and different ages.
After S.Zamora et al, 2010.

Helicoplacoidea (Helicoplacus)
Stylophora (Ceratocystis)
Eocrinoidea (Gogia)

Soluta (Castericystis)
Edrioasteroidea (Cambraster)
Eocrinoidea (Lichenoides)
Ctenocystoidea (Ctenocystis)
Cincta (Gyrocystis).
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“Edrioasteroidea”

Camptostroma roddyi
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Radiation and phylogeny of
echinoderms

Basic morphology of Camptostroma roddyi Ruedermann,
Kinzers Formation, Pennsylvania, USA, reconstruction of
the whole animal, B, details of an ambulacrum and part of
an interambulacrum on the oral (ventral) surface. C,
details of aligned cover plates towards the tip of one
ambulacrum. D, detail of the plating on the ridged lateral
wall. E, details of imbricate plating on the aboral (dorsal)
surface. B-E, camera lucida drawings taken from latexes
in the US National Museum of Natural History,
Washington (Paul, Smith, 1984).



“Edrioasteroidea” Stromatocystitoida

Stromatocystites walclejit
(Early Cambrian)

_J Squelette axial

‘_*] Squelette extraxial perforé
[’{‘ G ‘] Squelette extraxial imperforé




Radiation and phylogeny

Dorsal surface

(external) ' o of echinoderms

{internal}

Ambulacral
pore
Geniculate
arginal plate
Epispires

Ambulacral
flooring plates

Centro-dorsal

Peripheral rim of
small plates

Camera lucida drawing of a latex of Stomatocystites walcotti Schuchert, Olenellus Beds, Newfoundland, Canada (Paul, Smith, 1984).
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Radiation and phylogeny
of echinoderms

Ambulacral structure in Stromatocystites. A,
detail of arrangement of ambulacral flooring
plates and mouth frame in S.walcotti. B, detail of
ambulacral cover plates in S.pentangularis (Paul,
Smith, 1984).




Reconstruction of a Cambrian echinoderm hypothetic community which contains taxa from
different geographic areas and different ages.
After S.Zamora et al., 2010.

Helicoplacoidea (Helicoplacus)
Stylophora (Ceratocystis)
Eocrinoidea (Gogia)

Soluta (Castericystis)
Edrioasteroidea (Cambraster)
Eocrinoidea (Lichenoides)
Ctenocystoidea (Ctenocystis)
Cincta (Gyrocystis).
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Radiation and phylogeny of echinoderms

surface

- {5

L4 Gonopore

hydropore

General morphology of Kinzercystis durhami. General morphology of Lepidocystis.

(Paul, Smith, 1984)
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Echmatocrinus brachiatus Sprinkle 1973 — gpeBHee nrrnokoxue?

Age: Middle Cambrian.

Location: Burgess Shale, western Canada.
Hypodigm: Five partially complete specimens and a single plate (prinklé &
1978).

Description: Stalked, sessile animal with tapering, cylindrical holdfast broadening to
a "cup" bearing eight to ten short tentacles. Holdfast, cup and tentacles all covered
with small to medium-sized irregular plates. Tentacles with numerous small,
unarmoured appendages. Specimens show a considerable variation in the size and
length of the holdfast, but it is unclear whether this represents growth differences or
whether the holdfast was capable of telescoping or extension.

Comments: Echmatocrinus was originally described as the earliest known crinoid,
and its irregular plating and holdfast was believed to represent an ancestral stage to
the regular plating and stem of later crinoids. As such, it was compared to a similar
pattern of descent between eocrinoids and cystoids, but with crinoids arising
independently from these other echinoderm classes.

However, reinterpretation of Echmatocrinus excluded it from the crinoids and
echinoderms in general because of the absence of pentamery, a clear column/calyx
distinction, sutured plates organised in offset circlets, evidence for a water vascular
system or stereomic microstructure (Ausich 1998a,b, 1999). Instead, Ausich (1998a)
suggested the Lower Ordovician Aethocrinida with four circlets of plates in the cup
as representing the primitive morphology for crinoids, with crinoids probably
descended from rhombiferans.

As for Echmatocrinus, the presence of eight arms (reinterpreted as tentacles with
the side branches interpreted as pinnae) and the microstructure of the plates lead to
the suggestion that it was an octocoral.




Echmatocrinus brachiatus Sprinkle 1973 — gpeBHee nrnokoxune?
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Distribution of characters in Lower Cambrian echinoderm genera
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S LA S0 Dy 25

snanpdona gy
Dy Agans

Stereom 1 Present

Ambulacra part of thecal wall o () 2z ves

Polvserial cover plates (%) (7] 3 yes

Three primary ambulacra Mo (¥ 4 yes

Spiral plating Absent 5 present Absern

Anus } present fi absent Pyramid in CIY interambulacrum

Interammbulacra with alternating ridges and contraction z2ones ™ 7 yes

— e

Polyplated lateral area Wa

Dorso-ventral differentiation of skeleton

Bifurcate lateral ambulacra in 2-1-2 arrangement

Ventral epispires

Dorsal surface flar, tesselate, as extensive as ventral surface

Marginal ring

Two-layered plating; curved ambulacra

Attached, clongate, aboral stalk

Brachioles

Tesselate cup and stalk

Mulnple free arms

Uniserial arm plates ~o

* Mo stele is known to have heen attached and the carpoid stele is certainly not homologous with the pelmatozoan stem.

{7} indicates that the character 15 not confirmed in these genera

(Paul, Smith, 1984)




C. R. C. PavL AND A. B. SmITH

o) Echinoids
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Holothuroids Asteroids

' |

Crinolds

Primitive
‘ophiurold’

Cystoids

Stromatocystites

Camptostroma

Helicoplacoids

Carpoids

Suggested evolutionary tree for the early radiation and living classes of echinoderms.

(Paul, Smith, 1984)




“Edrioasteroidea”

Cambraster (Edrioasteroidea)
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“Edrioasteroidea

Lilisivelt, 1555) Streptaster vorticellatus, 13 mm, Ordovic




Radiation and phylogeny of echinoderms
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Camptostroma
Helicoplacoid

Diagram to show the evalution in the structure of the ambulacra and water vascular system
in echinoderms,




"Cystoidea"

Blastoidea Crinoidea

Y
(/2

Holothuroidea

o .~ I.Q f :" ,..:' LV

R T |
Mhpaeo i N
BRI N



[Tpekembpunckme Haxoaku (BeHa)

Arkarua
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Arkarua is a small, Precambrian disk-like fossil with a raised center, a
number of radial ridges on the rim, and a five-pointed central depression marked
with radial lines of 5 small dots from the middle of the disk center. The only known
species, Arkarua adami, is 3 to 10 mm in diameter. Arkarua is known only from the
Ediacaran beds of the Flinders Ranges in South Australia, and takes its name from
a mythical giant snake of the local Aboriginal people (Gehling 1987).



Asteroids: Ophio-
Ophiurcids:  Proto- cistioids: Holothuroids: Echinoids:
Rhombi- Eocrinoids: Stylo- Eophlura palaeaster Gillocystis  Protankyra Aptilechinus

Blastoids: ferans: Gogia phorans: Crinoids:
Pentre- Lepado- di.  Phytlo-  Aetho-
mites  cystis | cystis crinus

Lepidocystoids:
Lepidocystis

Stromato-

. .. cystitoids:
. m toids:
placoids: [Camptostromatoids Stromato-

. Edrloateroids:
| Helicoplacus Camptostroma cystites '
_\ Edrioaster

Helico-

o
Arkarua

[ —

(from Mooi & David, 1998; Helicoplacoids shown in red box)

Thanks to Dr Christopher Mah




Helicoplacoida

One idea by James Sprinkle and Bryan Wilbur from the University of Texas
hypothesizes that helicoplacoids are derived from edrioasteroids but have
undergone a striking change in plate geometry and overall shape. Edrioasteroids
were a widespread Paleozoic group of echinoderms with a more conventional five
part symmetry but which looked like little biscuits.

Thanks to Dr Christopher Mah, USA




Hemichordates
Urochordates

Cephalochordates
Vertebrates
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Prolostomes Deuterostomes

Tripartite coelom, Chordate ancestor
larva (Motochord, post-anal tail,
dorsal hollow nerve cord)

Deuterostome ancestor
(Gill slits)

Bilateral ancestor

(Dorsoventral axis, mesoderm, through gut,
cephalization, hox domains in trunk,

tinman heart, paxt/emx/olx domains in head)




