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Appendix 1: Glossary and acronyms

Anterior accessory cavity (AAC) — The AAC-LV is a cavity of the LV generally inset
between the AM-LV and the anterior side of the shell which can be filled with radial blades.
The AAC-RV is a cavity of the RV generally in contact with the ATS, inset between D and
the anterior side of the shell. As AAC-LV and AAC-RV are not homologous, they can
develop independently on each vale, and are always cited with the abbreviation of the
concerned valve. The cavities are designated by the general term “accessory cavities” because
they can be endomyophoral or ectomyophoral, depending on the taxa.

Accessory cavity — Term applying to any shell cavity in the aragonitic layer, excepted sockets
and ligamentary cavities. The different cavities are separated by aragonitic walls. Accessory
cavities include ectomyophoral cavities (cavities lying on the outer side of a myophore) and
endomyophoral cavities (cavities lying on the inner side of a myophore).

Anterior ectomyophoral cavity (AECC) — Cavity of the RV developed between the anterior
tooth socket and the anterior side of the shell. It can be filled with radial blades. The AECC is
always adjacent to the AM-RV.

Anterior myophore (AM) — Attachment structure for the animal muscle that can be
horizontal (shelf), tilted, or vertical (protruding or not into the opposite valve). Recognizable
by its anterior position and sometimes by muscle scars. There is an anterior myophore in each
valve. In Hippuritidae, the anterior myophore is stretched and divided into two myophoral
blades.

Anterior tooth (AT) — Protrusion of shell wall inserted into a cavity of the opposite valve.
Located in the anterior side of the shell, it is generally as large as or larger than the posterior

tooth.



Anterior tooth socket (ATS) — Cavity where the anterior tooth inserts. The socket lies
anteriorly to the central tooth. It can be filled with radial blades. Connection with the posterior
tooth socket is possible in case of elongation on the ventral side of the shell.

Blade — Aragonitic shell thickening protruding out of the commissural plane and lying along
a cavity wall of the other valve. Blades generally carry a myophore. When thick, the blade can
have a tooth-like morphology.

Calcitic canals — Radial canals in the outer shell layer of the left valve, communicating with
the outside by pores and communicating with the inside by openings in the shell margin.
Central tooth (CT) — Protrusion of shell wall between anterior tooth socket and posterior
tooth socket. It can be highly regressed, as in Radiolitidae to well-developed and surrounding
the anterior tooth socket, as in Diceratidae.

Central tooth socket (CTS) — Cavity in which the central tooth inset. The cavity lies between
anterior tooth, posterior tooth and general cavity. It can be filled with radial blades, and be in
connection with the posterior accessory cavity on the ventral side of the shell.

Commissural plane — Plane between the left valve and the right valve, passing through the
margins of both shells. A protrusion is a term applied to any structure passing through the
commissural plane, such as teeth or myophoral blades.

Costulations — Overgrowths of the outer calcitic shell layer, forming ornament of the shell
surface.

Dentition — Group of all teeth and sockets of a shell. In most rudists, dentition includes
anterior and posterior teeth on the left valve, a central tooth on the right valve, and their
associated sockets. In Diceras, a tooth in the left valve is missing and a tooth in the right
valve is supernumerary. Other supernumerary teeth are found in Monopleura aliena and in

some Antillocaprinidae.



Diceratid tooth (DT) — Protrusion of shell wall between anterior tooth socket and D. It can be
seen only in Requieniidina and Diceras.

Ectomyophoral cavity — Accessory cavity next to a myophore.

Endomyophoral cavity — Accessory cavity in which lies a myophore.

Flange(s) — Longitudinal outgrowths of the inner shell layer. Flanges can reach important
sizes and are highly variable in number and development.

General cavity (GC) — General cavity initially occupied by most soft internal organs of the
organism. It is usually the largest cavity of the shell.

Inner layer — Aragonitic internal layer of the shell.

Left valve (LV) — Left valve, free valve or superior valve. The left valve can be coiled or not,
and can be reduced to an operculum.

Ligamentary cavity — Longitudinal cavity where the ligament is inserted.

Ligamentary groove — Small inflexion of the shell allowing insertion of the ligament, and
oriented toward the exterior of the shell.

Longitudinal section — Section of a rudist fossil perpendicular to the commissural plane.
Margin — Flat zone all around the shell where the left valve and the right valve are in contact.
Myophores — The myophores are attachment structures for the muscle, with a specific
microstructure. There are usually an anterior and a posterior, on each valve, but more in
Hippuritidae.

Myocardinal apparatus — Ensemble of dentition and myophores of a shell.

Outer layer — Calcitic external layer of the shell.

Pallial cavities — Cavities resulting in canals when filled with blades. The LV pallial cavities
are AAC-LV and PAC, and the RV pallial cavities are PENC and PECC.

Pallial canals — Canals originating from the pallial cavities filled by radial walls. The pallial

canals can vary greatly in size, number and shape (e.g. square, round, triangular).



Pores — Numerous small holes opening on the outside of the left valve and allowing the
calcitic canals of the left valve to communicate with the outside of the shell.

Posterior accessory cavity (PAC) — Cavity developed between the posterior myophore of the
left valve and the posterior side of the shell. It can be filled with radial blades.

Posterior ectomyophoral cavity (PECC) — Cavity of the RV inset between the PTS (plus the
PENC when present) and the posterior side of the shell. It can be filled with radial blades. The
PECC is always adjacent to the PM-RV.

Posterior endomyophoral cavity (PENC) — Cavity of the RV is connected to the PTS on its
posteroventral side. The cavity is hardly ever filled with radial blades. The PENC always
includes the PM-RV. The position of the myophore in the cavity is, however, variable.
Posterior myophore (PM) — Attachment structure for the muscle of the animal, that can be
horizontal (shelf), tilted, or vertical (protruding or not). Recognizable by its posterior position
and sometimes by its muscle scar. There is a posterior myophore in each valve.

Posterior tooth (PT) — Protrusion of shell wall on the posterior side present in all rudists
attached with their left valve except Diceras.

Posterior tooth socket (PTS) — Cavity where the posterior tooth is inserted. The cavity lies
posteriorly to the central tooth in the so-called inverse rudists. It can be filled with radial
blades, and it can be in contact with the anterior tooth socket on the ventral side of the shell.
Pillar — Two posterior radial folds of the outer shell layer that correspond to infoldings of the
radial bands. In Hippuritidae, the dorsal fold is the P1, and the ventral fold is the P2.

Radial bands — Two zones with a differentiated pattern on the outer calcitic shell layer.
Radial bands extend from the umbo to the commissure of either valves or only the RV. They
are easily recognizable by a distortion of growth increments that differ from the rest of the

shell.



Right valve (RV) — Right valve, attaching valve or inferior valve. It is generally the most
developed valve. It can be coiled or not.

Tabulae — Skeletal wall partitioning the animal cavities parallel to the commissural plane.
The designation of tabulae is followed by the indication of the implied cavity.

Transverse section — Section of a rudist fossil parallel to the commissural plane.

Tubes — Tubular cavities running along with the shell and probably produced by anastomosis
of flanges. Tubes are independent structures from the pallial canals.

Umbo — Apex and oldest part of the shell valves. It is usually coiled.

Wall — The term wall is used to refer to the skeletal walls that delineate cavities, as an
example, the CTS/G wall, separating G from CTS. All rudist cavities can be partitioned with
walls. When a cavity is filled with numerous walls, the resulting cavities are generally

described as pallial canals (with the reference of the cavity of origin).



Appendix 2: Character list

Name: Name of the character
Position: left or right valve
Kind: which morphological structure the character is based on

Coding: newick tree format of the character hierarchy. Several issues can arise in the 3ta
framework, which require different solutions that in parsimony, namely missing data
(Zaragueta & Bourdon, 2007), inapplicable data (Zaragiieta & Bourdon, 2007), and
polymorphism (Rineau 2017). The method to treat missing and inapplicable data in 3ta is
explained in Zaragueta & Bourdon (2007). The procedure to remove polymorphism is
explained in Rineau (2017) and in Lisbeth’s 1.0 manual (Zaragiieta et al. 2012). Imagine a
hierarchical character (0(1)), and a taxa X which has both the states 0 and 1. Because the state
1 is included in the state 0, any taxa placed in (1) is also placed in (0). Thus, issues of
polymorphism in the specific case of fully pectinate hierarchical trees is resolved by deleting
the least derived state for a given taxa. Polymorphism in the case of non-fully pectinate
character hierarchies is explained in Lisbeth’s 1.0 manual (ZaraguUeta et al. 2012). However,

there is no such case in our characters.

States definitions: definitions by character state
States tests

1 passed — clade 1

1: Character state number.

Passed: result of the cladistic test (passed means secondary homology, rejected means

homoplasy).

clade 1: position of synapomorphy on phylogeny (several positions if rejected).



According to Cao (2007), the acceptance of a character state implies in 3ta that the state

becomes a synapomorphy that characterizes a specific clade. The rejection of a character state
implies that the state cannot be associated with a clade (polyphyly of the character state). The
procedure is described in Cao (2007) and implemented in Lisbeth 1.0. We use here a modified

algorithm presented in Rineau (pp. 91-99, 2017).
Retention index: retention index calculated in 3ta and presented as percentage

Remarks: remarks concerning the coding, other phylogenetic analyses or other genera



EXAMPLE OF HIERARCHICAL CHARACTER

Character title —__|
Ancestral character state —__ |

Character state number

Description of the character state =

Sketch illustrating the description — |

/

Sketch explanation

Examples of taxa which
doesn't bear any derived state —_|
(important features enlighten)

List of taxa that do not bear
. \
any derived state

Agriopleura
Amphitriscoelus
Barrettia
Caprinula
Caprotina
Chaperia
Clinocaprina
Coralliochama
Curtocaprina
Diceras
Dictyoptichus
Glossomyophorus

— Character 39: ligament position

State 0

- ligament cavity dorsal to the PTS/PT

Sketch of the main elements around the ligamentary cavity
L and their positions on RV. LC is dorsal to the PTS (PT in LV)

Ichthyosarcolites
Mexicaprina
Monopleura
Offneria
Oryxia
Pachytraga
Plagioptychus
Polyconites
Sellaea
Semailia
Tepeyacia
Valletia

7 Character hierarchy

I Derived character state

State 1

ligament cavity dorsal to the CTS/CT ———— |

Sketch of the main elements around the ligamentary cavity
and their positions. The LC is dorsal to the CT (CTSin LV). -1

/

Character state number

— State 1 definition

Sketch illustrating the

| character state

[~ Sketch explanation

—_ Examples of taxa bearing
the derived state

|~ Scale bar

(1 cm for all character
illustrations)

Radiolites

Hippurites

List of taxa bearing state 1

Taxa with missing data \

Missing data: Titanosarcolites



HIERARCHICAL CHARACTER 1

Name: posterior tooth morphology

Position: left valve

Kind: teeth

Coding: (0(1(2(3))))

States definitions

0 Dorsal margin of the shell flat (no PT)

1 presence of a PT dorsally to the PM

2 large and elongated PT

3 PT squeezed by the ligament and elongated anteroposteriorly
States tests

1 passed — clade 1

2 rejected — clades 7, 9, 12, 18, 22, Sellaea
3 passed — clade 22

Retention index

77.68 %

Remarks

Related to character 3b of Skelton & Masse (1998; #1.1, #1.2). Related to characters 10
(#1.3), 11 (#1.2) and 12 (#1.1) of Mitchell (2013). Related to character 3 of Sano et al.
(2014).

The state 2 is reached when the height of the PT is at least half that of the AT. The PT can

also reach the same dimensions as AT in state 2. The state 3 is for taxa with a PT sub-



quadrangular in section; the height of the PT is rarely described and is not involved in the

definition of state 3.

10



Character 1: posterior tooth morphology (LV)

State O State 1 State 2 State 3

Dorsal margin of the shell flat (no PT) presence of a PT dorsally to the PM large and elongated PT PT squeezed by the ligament and elongated

anteroposteriorly

Left - Sketch of LV dentition in commissural view. Right - Left - Sketch of LV dentition. Right - Sketch of LV rudist in longitudi- Left - Sketch of LV dentition, composed of a unigue AT. Left - Sketch of LV dentition in commissural view. The
Sketch of LV rudist in longitudinal view. Both show a dentition nal view. Both show relative sizes of AT and PT in LV with an AT Right - Sketch of LV rudist in longitudinal view, showing the PT is squeezed by the presence of the LC dorsal to it.
composed of a unique AT. always bigger and taller than PT. relative sizes of AT and PT in LV. AT and PT are of equal
size.
flat posterior side AT

B
Amphitriscoelus Mexicaprina Agriopleura Plagioptychus
Chaperia Monopleura Barrettia Polyconites
Caprinula Offneria Coralliochama  Radiolites Clinocaprina Semaili
Caprotina Pachytraga Hippurites Sellaea Dictyoptichus emariia
Curtocaprina Tepeyacia Ichthyosarcolites Titanosarcolites
Glossomyophorus Valletia

Diceras

Missing data: Oryxia

Hierarchical character #1. A — Diceras arietinum (MNHN.F.A70651). B — Mexicaprina minuta (JPMA.14097-5). C — Radiolites radiosus (MNHN.F.J09021). D — Clinocaprina lowentsami (USNM.245242).
Scale bars, 10 mm.
11



HIERARCHICAL CHARACTER 2

Name: anterior tooth morphology
Position: left valve
Kind: teeth

Coding: (0(2))

States definitions

0 two apexes AT
1 simple AT
States tests

1 passed — clade 1
Retention index

100.0 %

Remarks
This character is informative in 3ta which requires only one taxon in the plesiomorphic state
and two taxa in the apomorphic state in order to make a hypothesis of phylogenetic

relationship: a and b are closer related to each of them than to ¢ : (a, b), ¢).

12



Character 2: anterior tooth morphology (LV)

State 0

two apexes AT

Sketch of Diceras arietinum with an AT (grey) divided in two
parts: a heavy crescentic part surrounding dorsally a small
V-shaped part three times smaller.

Diceras

State 1

S

simple AT

Agriopleura
Amphitriscoelus
Barrettia
Caprinula
Caprotina
Chaperia
Clinocaprina
Coralliochama
Curtocaprina
Dictyoptichus
Glossomyophorus
Hippurites
Ichthyosarcolites

N

-

Sketch of Valletia germani with a simple protruding AT (grey).

AT\

Z

Mexicaprina
Monopleura
Offneria
Pachytraga
Plagioptychus
Polyconites
Radiolites
Sellaea
Semailia
Tepeyacia
Titanosarcolites
Valletia

Missing data: Oryxia

Hierarchical character #2. A — Diceras arietinum (MNHN.F.A70651). B — Valletia germani (MNHN.F.J05798). Scale bars, 10 mm.

13




HIERARCHICAL CHARACTER 3
Name: teeth ornamentation

Position: left valve

Kind: teeth

Coding: (0(2))

States definitions

0 smooth teeth

1 dorsally costate teeth (ridges and furrows)
States tests

1 passed — clade 13

Retention index

100.0 %

Remarks

Associated to folds on the RV for the opening of the shell.

14



Character 3: teeth costulations (LV)

State O State 1

smooth teeth dorsally costate teeth (ridges and furrows)

Sketch of LV dentition in commissural view. Both AT and PT Sketch of LV dentition in commissural view. Both AT and PT
are smooth. have small close costulations on their dorsal side.

Amphitriscoelus Ichthyosarcolites

Barrettia Mexicaprina
Caprinula Monopleura
Caprotina Offneria
Chaperia Pachytraga
Clinocaprina Plagioptychus
Coralliochama Polyconites
Curtocaprina Sellaea
Diceras Semailia
Dictyoptichus Tepeyacia
Glossomyophorus  Titanosarcolites Agriopleura Radiolites
Hippurites Valletia

Missing data: Oryxia

Hierarchical character #3. A — Valletia germani (MNHN.F.J05798). B — Eoradiolites davidsoni (UT.NPL4087). C — Radiolites radiosus (MNHN.F.J09021). Scale bars, 10 mm.

15



HIERARCHICAL CHARACTER 4

Name: posterior myophore morphology

Position: left valve

Kind: myophores

Coding: (0(1(2(3(4)(5(6))))))

States definitions

0 PM on a blade alongside G, on its posterior side

1 PM forming a horizontal shelf alongside the shell commissure

2 PM shelf tilted towards the CTS. Vertical or oblique and inwardly directed

3 vertical PM blade projecting straight into the RV, and the PM is beyond the

commissure
4 projecting PM blade twisted, parallel to the commissure
5 vertical and projecting PM blade becoming outwardly directed (‘backflips’)

6 vertical and projecting PM blade stranded perpendicular to the shell wall, facing the

PT

States tests

1 passed — clade 1

2 passed — clade 3

3 rejected — clades 4, 7, 12, 19, Amphitriscoelus, Pachytraga, Sellaea
4 passed — clade 7

5 rejected — clades 12, 19, Amphitriscoelus

6 rejected — clades 14, 24

16



Retention index
74.78 %

Remarks

Related partially to characters 1 and 6 of Chartrousse (1998a; #4.2, 4.3, 4.5). Related to
character 7 of Skelton & Masse (1998; #4.1, #4.5). Related partially to character 5 of Sano et
al. (2014).

This character implies paralogous nodes and is decomposed in three independent parts.

We describe the PM-LV as a complex hierarchical character with recognition of seven states.
The ancestral condition to the character, as present in Diceras and Epidiceras (Epidiceratidae,
Requieniidina), is the presence of a blade where inserts the PM-LV. A myophoral shelf
parallel to the commissure develops by thickening of the supporting the PM blade. The onset
of a blade thickening is visible in Plesiodiceras (Epidiceratidae, Requieniidina) and
Epidiceras. The state 2 is understood as a modification of the state 1, where the myophore
supported by a shelf becomes tilted inwardly. The tilting is related to a spill of the PM-LV
towards the CTS. The evidence for the inclusion of the state 2 in the state 1 is that in
adumbonal view, the PM occupies the same shell surface in state 2 than in state 1, with titling
being the only variation. The state 3 is differentiated from the state 2 by the development of
the dorsal shell wall supporting the tilted PM. This state has been retained as synapomorphic
for the subfamily Coalcomaninae by Chartrousse (1998b; family Caprinuloideidae in Skelton
2013a). The PM extends beyond the commissure, inserted in a cavity of the RV. Several taxa
have a small PM-LV blade, as Coralliochama and are assigned to state 2 but not state 3. The
criterion for state 3 being a PM blade that protrudes largely from the commissural plane. The
PM in states 2 and 3 is inwardly oriented (toward G). The PM-LV blade can be tilted
outwardly in some taxa, marking a right angle and the myophore returning to a position

parallel to the commissure. Another explanatory hypothesis for the genesis of state 3 would be

17



the rise of the myophoral shelf and a cavity excavating the posterior side of the shell (Skelton
2013). However, the myophore has clearly a blade-like aspect in most Polyconitids rather than
an altered protruding shelf. The state 5 is difficult to root in the character, as it presents a
conformation where there is still a blade, the myophore being at the contrary outwardly
directed. Two evolutionary pathways can be hypothesized: (i) the blade is convergent with the
other blades, and the outward-facing myophoral blade developed itself from the myophoral
shelf in state 1, and (ii) the myophoral blade is the same as in states 2 and 3, the myophore
undergoing what could be called a 'myophoral backflip' with the myophore moving from a
side to another of the blade (state 5 rooted in state 3). This latter hypothesis is supported by
two pieces of evidence: a single explanation for the development of the myophoral blade, and
the observation on Mexicaprina minuta shells that the PM-LV on its protruding blade is on
the apex of the blade (#4, illustration 3-C and fig. 5-C). On this shell, a muscle scar can be
observed at a transitional stage between the inward and the outward orientation. For these
reasons, we choose to include the state 5 in the state 3, the state 3 gathering all taxa with a
posterior myophoral blade, wherever the PM is. The state 6 is explained by the torsion of the

myophoral blade at 90 degrees, facing the ventral side of the shell.

18



Character 4: posterior myophore morphology (LV)

Pt State 0

PM on a blade alongside G, on its posterior side

State 1

PM forming a horizontal shelf onto the shell commissure alongside the CTS

State 2

PM shelf tilted towards the CTS. Vertical or oblique and inwardly directed.

@ State 3

vertical PM blade projecting straight into the RV

Ventral

State 4

projecting PM blade twisted, parallel to the commissure

State 5

vertical and projecting PM blade becoming outwardly directed ("backflips")

Dorsal

a rr State 6
PM vertical and projecting PM blade stranded perpendicular to the shell wall, facing the PT
Ventral
State 0
State 1
State 2
State 3
State 4
State 5
State 6
v
Character 4.1 Character 4.2 Character 4.3
State 0 State 3 State 3
State 1 State 4 State 5
State 2 State 6
State 3

Hierarchical character #4, its character state intensions, and its decomposition in three sub-characters.

19



State 0

PM on a blade alongside G, on its posterior side

Sketch of rudist LV in transversal view showing the thin
myophoral blade on wich inserted the PM. Grey: commisure
plane; blue: PM.

CTS

myophoral
| blade

/

/

PM

myophoral
blade

Diceras

Character 4.1: posterior myophore morphology

(LV)

State 1

PM forming a horizontal shelf onto the shell commis-
sure alongside the CTS

Sketch of rudist LV in transversal view showing the PM on a thick
commissural shelf. Grey: commisure plane; blue: PM; green: CTS.

CcTs

Valletia

Monopleura

State 2

PM shelf tilted towards the CTS. Vertical or
oblique and inwardly directed.

Sketch of rudist LV in transversal view showing the PM inside
the CTS. Inserted vertically on the external wall, it faces the
CTS/G wall. Grey: commisure plane; blue: PM; green: CTS.

PM

Caprinula
Coralliochama

Offneria
Plagioptychus

State 3

vertical PM blade projecting straight into the

RV

Sketch of rudist LV in transversal view showing the
vertical PM inside the CTS riding up to a blade extending
the external CTS wall. Grey: commisure plane; blue: PM;

green: CTS. B cTS

Agriopleura
Amphitriscoelus
Barrettia
Caprotina
Chaperia
Clinocaprina
Curtocaprina
Dictyoptichus
Glossomyophorus
Hippurites

Ichthyosarcolites
Mexicaprina
Pachytraga
Polyconites
Radiolites
Sellaea

Semailia
Tepeyacia
Titanosarcolites

Missing data: Oryxia

Hierarchical character #4.1. A — Diceras arietinum (MNHN.F.A70651). B — Valletia germani (MNHN.F.J05798). C — Plagioptychus arnaudi (UPMC.1273). D — Caprotina striata (MV 2003.2.5147). Scale bars,

10 mm.
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Character 4.2: posterior myophore morphology (LV)

State 3

vertical PM blade projecting straight into the RV

Sketch of rudist LV in transversal view showing the PM inside
the CTS riding up to a blade extending the external CTS wall.
Grey: commisure plane; blue: PM; green: CTS.

—

Agriopleura i j
el Hippurites
ng:t{g;scoel LS Ichthyosarcolites
L Mexicaprina
oy
o ) Radiolites
Inocaprina Sellaea
C(_thocap_r/na Semailia
Dictyoptichus Titanosarcolites
Glossomyophorus

State 4

projecting PM blade twisted, parallel to the com-
missure

Sketch of rudist LV in transversal view showing the PM blade
stranded to become parallel to the commissure. Grey:
commisure plane; blue: PM; green: CTS.

Polyconites

Tepeyacia

Missing data: Oryxia

21

Hierarchical character #4.2. A — Caprotina striata (MV 2003.2.5147). B — Polyconites verneuili (Ch02 in Pascual-Cebrian et al. 2013). Scale bars, 10 mm.




Hierarchical character #4.3. A — Caprotina striata (MV 2003.2.5147). B — Mexicaprina minuta (JPMA.14097-5). C — Radiolites radiosus (MNHN.F.J09021). D — Hippurites radiosus (MNHN.F.A58757). Scale

bars, 10 mm.

Character 4.3: posterior myophore morphology (LV)

State 3

vertical PM blade projecting straight into the RV

Dorsal

@ rT

PM

Ventral

Left - Sketch of rudist LV in transversal view showing the PM
on a blade extending the external CTS wall. Grey line:
commisure plan; blue: PM; green: CTS. Right - sketch of
relative position between PT and PM. The PM is elongated in
the dorso-ventral axis and has a dorsal contact with the PT.

g ;

Caprotina )
Chaperia g’olllyconltes
Glossomyophorus Te aea
Pachytraga epeyacia

State 5

vertical and projecting PM blade becoming outwardly
directed ("backflips")

Dorsal

@ PT

PM

Ventral

Sketch of rudist LV in transversal view showing the PM on a
myophoral blade. Left: the PM is at the apex of the myophoral
blade (B). Right: the PM is vertical and outwardly directed, on the
external side of the blade (C). The blade departs from the CTS.
Grey line: commisure plan; blue: PM; green: CTS.

B
C
i :
Agriopleura lehth it
Amphitriscoelus I\Cﬂ yosalcoltes
Clinocaprina sxicapiing
C : Radiolites
dtoca i Titanosarcolites

Dictyoptichus

State 6

vertical and projecting PM blade stranded
perpendicular to the shell wall, facing the PT

Dorsal
PT

PM

Ventral

Sketch of relative position between PT and PM. The PM
rotates of 90 degrees, and becomes elongated in the
antero-posterior axis. By rotating, it looses its contact
with the PT.

PT\ \ b
/ \ \
PM P
e
p— -
D T
Barrettia »
Hippurites Semailia

Missing data: Oryxia

22




HIERARCHICAL CHARACTER 5

Name: relative position of the posterior myophore and posterior tooth
Position: left valve

Kind: myophores

Coding: (0(2))

States definitions

0 contact between PM and PT

1 PM and PT separated by a gap
States tests

1 rejected — clades 7, 12, 18, 22
Retention index

55.56 %

Remarks

A ‘gap’ implies an absence of contact between the PM and the PT, and a complete
dissociation and individualization of the PM. If PM protrudes sharply in a thick blade, the
PM-LYV can lead to a ‘tooth-like myophore’ but remains distinct from the close PT (see

character 7 of Mitchell 2013).
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Character 5: relative position of the posterior myophore

and posterior tooth (LV)
State 0

contact between PM and PT

@rT
PM

Sketch of PM position relatively to the PT. PM has a dorsal
contact with PT regardless of whether the PM is horizontal or
vertical.

Agriopleura

Amphitriscoelus Glossomyophorus
Caprinula Ichthyosarcolites
Caprotina Mexicaprina
Chaperia Monopleura
Clinocaprina Pachytraga
Coralliochama Plagioptychus
Curtocaprina Sellaea

Diceras Valletia

State 1

PM and PT separated by a gap

@ PT

PM

Sketch of PM position relatively to the PT. PM does not have
any contact with PT.

™~ A
PM\%}\\ Q\

A }
Vi A'J
% /‘q
7,
&
B
Barrettia Radiolites
Dictyoptichus Semailia
Hippurites Tepeyacia
Offneria Titanosarcolites
Polyconites

Missing data: Oryxia
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Hierarchical character #5. A — Mexicaprina minuta (JPMA.14097-5). B — Hippurites radiosus (MNHN.F.A58757). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 6

Name: anterior myophore morphology

Position: left valve

Kind: myophores

Coding: (0(1(2)(3(4(5))))

States definitions

3

AM vertical, attached directly on the inner shell surface
AM forming a horizontal shelf on the shell commissural plane
AM shelf large, flat and quadrangular.

AM tilted towards the anterior side of the shell, forming an AAC. AM vertical

alongside the AAC/G wall and outwardly directed.

4

wall

5

AM outwardly directed projecting itself in the RV by the development of the AAC/G

AM shelf stretched and divided into two contiguous parts

States tests

passed — clade 1

passed — clade 9

rejected — clade 5, 7, 10
rejected — clades 5, 7, 12, 19

passed — clade 14

Retention index

87.99 %
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Remarks

This character includes a paralogous clade and is presented in three independent parts.

The AM-LV can be found in varied forms. The ancestral state is a direct insertion of the
myophore on the anterior wall of G, as observed in other bivalves. There is no differentiated
macrostructure to carry the myophore. On state 1, the myophoral zone is thickened. The
myophoral shelf has a different morphology than the PM-LV (#4.1) probably due to the
absence of an ancestral myophoral blade. The comparison between the two myophoral shelves
on the same valves offers the best conditions to understand the differences, as with
Monopleura or Valletia (see also Schneider & Skupien 2015). While the PM is well
delineated in its contact with G, marking an acute angle because of the ancestral presence of a
myophoral blade, the AM looks like less clear-cut on the anterior side of G. The AM-LV is
generally not as well delineated as PM-LV. The state 1 is a paralog clade from which two
independent states arise: state 2 and state 3. In state 2, the AM shelf becomes slightly better
delineated. It has a globally quadrangular outline, increasing in surface compared to state 1. In
state 2, the AM becomes completely parallel to the commissural plane. Plagioptychid taxa
exhibit AM-LV of state 2 that can heavily protrude beyond the commissural plane while
staying horizontal (e.g. in Plagioptychus coquandi). In state 3, the myophoral shelf is tilted
and pushed posteriorly by the anterior development of the AAC-LV. It results in a vertical,
outwardly directed myophore. This hypothesis explains the 180° rotation of myophores from
vertical and inwardly oriented (state 0) to vertical and outwardly oriented (state 3). A tilted
AM-LV and the presence of AAC-LV are thought to represent a single evolutionary event. No
character is coded for AAC-LV in order to avoid redundancy in the matrix that would derive
from the mechanical dependency between these cavities and myophores. The vertical and
outwardly directed myophore can develop itself like a blade to protrude out of the

commissural plane (state 4). Hippuritids show such a blade, even if it is thick and modified by
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the capuloid LV. In this family, the myophore extends in the dorsoventral axis and is divided

into two parts (state 5).

27



Character 6: anterior myophore morphology (LV)

1 \ ’
1 1
¢ State 0
AM vertical attached directly on the inner shell surface
[l —
L State 1

AM forming a horizontal shelf on the shell commissural plane

State 2
AM shelf large and quadrangular

IR | State 3

AM tilted towards the anterior side of the shell forming an AAC. Vertical alongside the AAC/G wall
and outwardly directed.

State 4

AM outwardly directed projecting itself in the RV by the development of the AAC/G wall

-::ﬂ State 5
AM. AM shelf stretched and divided into two contiguous parts
State 0
State 1
State 2
State 3
State 4
State 5
Character 6.1 Character 6.2 Character 6.3
State 0 State 1 State 1
State 1 State 2 State 3
State 4
State 5

Hierarchical character #6, its character state intensions, and its decomposition in three sub-characters.
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State 0

AM vertical attached directly on the inner shell
surface

Sketch of rudist LV in transversal view showing the AM

commissural plane; blue: AM.

Diceras

directly inserted the shell wall, inwardly directed. Grey line:

Character 6.1: anterior myophore morphology (LV)

State 1

AM forming a horizontal shelf on the shell com-
missural plane

Sketch of rudist LV in transversal view showing the AM on a thick
commissural shelf. Grey line: commissure plane; blue: AM.

e —
Caprotina Offneria
Chaperia Pachytraga
Clinocaprina Plagioptychus
Coralliochama Polyconites
Curtocaprina Radiolites
Dictyoptichus Sellaea
Glossomyophorus Sema/ha.
Hippurites Tepeyacia
Ichthyosarcolites Titanosar colites
Mexicaprina Valletia

Missing data: Amphitriscoelus, Caprinula, Oryxia

Hierarchical character #6.1. A — Diceras arietinum (MNHN.F.A70651). B — Caprotina striata (MV 2003.2.5147). Scale bars, 10 mm.
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Character 6.2: anterior myophore morphology (LV)

State 1 State 2

AM forming a horizontal shelf on the shell commissu{ AM shelf large, flat and quadrangular
ral plane

Agriopleura

Barreﬂja Ig}%’: : ﬁéeura

Caprotina Pachytraga

Chgp il Polyconites

Clinocaprina Racdiolies

Curtocaprina Sellaea

Dictyoptichus S erailig

Glossomyophorus Tepeyacia

Hippurites . Titanosarcolites . :
Ichthyosarcolites Vellotia Coralliochama Plagioptychus
Mexicaprina

Missing data: Amphitriscoelus, Caprinula, Oryxia
Hierarchical character #6.2. A — Caprotina striata (MV 2003.2.5147). B — Coralliochama orcutti (USNM.186662). C — Plagioptychus arnaudi (UPMC.1273) Scale bars, 10 mm.
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Character 6.3: anterior myophore morphology (LV)

State 1

AM forming a horizontal shelf on the shell
commissural plane

Left - Sketch of rudist LV in transversal view showing the AM
on a thick commissural shelf. Right: sketch of relative
position between AT and AM. AM is thick and horizontal.
Grey: commissural plane; blue: AM.

Caprotina .
Colrjalliochama P Iaglopt_y chus
Glossomyophorus Cally cg_n ites
Monopleura U]

State 3

AM tilted towards the anterior side of the shell
forming an AAC. Vertical alongside the AAC/G wall
and outwardly directed.

Left - Sketch of rudist LV in transversal view and in commissural
view (“Sellaea sp.”) showing the AM attached in the CTS. The AM
is attached vertically on the AAC/G wall and becomes directed
outwardly. Right: sketch of relative position between AT and AM.
AM is thick and horizontal. Grey: commissural plane; blue: AM.

AT
AAC-G wall

Pachytraga
Sellaea

Curtocaprina
Offneria

State 4

AM outwardly directed projecting itself in
the RV by the development of the AAC/G
wall

Sketch of rudist LV in transversal view showing the
AM riding on a blade extending the AAC/G blade.
The AM is vertical, directed outwardly. Right: sketch
of relative position between AT and AM. AM is thick
and horizontal. Grey: commissural plane; blue: AM.

Agriopleura Mexicaprina
Chaperia Radiolites
Clinocaprina Semailia
Dictyoptichus Tepeyacia

Ichthyosarcolites Titanosarcolites

State 5

projecting AM stretched and divided into two
contiguous parts

Left - Sketch of rudist LV in transversal view showing the AM
riding on a blade extending the AAC/G blade. Right - Sketch of
relative position between AT and AM in commissural view. AM
is stretched on the dorso-ventral axis, and becomes divided in
two equal parts. Grey line: commissure plane; blue: AM.

Hippurites

Barrettia

Hierarchical character #6.3. A — Caprotina striata (MV 2003.2.5147). B — Sellaea cespitosa (WSA3058). C — Mexicaprina minuta (JPMA.14097-5). D — Hippurites radiosus (MNHN.F.A58757). Scale bars, 10

Missing data: Amphitriscoelus, Caprinula, Oryxia

mm.
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HIERARCHICAL CHARACTER 7

Name: anterior myophore and anterior tooth relative position
Position: left valve

Kind: myophores

Coding: (0(2))

States definitions

0 contact between AM and AT

1 AM and AT separated by a gap
States tests

1 rejected — clades 13, 25
Retention index

47.83 %

Remarks

If protruding sharply as a thick blade, the AM-LV can lead to a ‘tooth-like myophore’. See
character 7 of Mitchell (2013), which however only applies to the PM. Its taxonomic
sampling does not allow the description of an equivalent character state on the other valve

(see character 8 of Mitchell 2013).
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Character 7: anterior myophore and anterior tooth

relative position (LV)
State 0

contact between AM and AT

@ AT
AM

Sketch of AM position relatively to the AT. AM has a dorsal
contact with AT regardless of whether the AM is horizontal or
vertical.

__—AT

Agriopleura . .
Amphitriscoelus 7’}5’5]’-’”1‘95 "
Barrettia I\CA 1yosarcolites
Caprinula Mz)r(,lgafrlna
Caprotina pleura

i Offneria
Chaperia

j i Pachytraga

Clinocaprina e e
Coralliochama P:Igcoe; i¥es u.
Curtocaprina - ”y
Diceras szi%cia
Dictyoptichus ¢
Glossomyophorus Valletia

State 1

AM and AT separated by a gap

Left - Sketch of AM position relatively to the AT. Right -
Commissural view of Radiolites radiosus. AM does not have
any contact with AT.

Titanosarcolites

Radiolites

Missing data: Oryxia, Semailia
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Hierarchical character #7. A — Chaperia costata (MNHN.F.R07950). B — Radiolites radiosus (MNHN.F.J09021). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 8

Name: orientation of the central tooth socket/general cavity wall
Position: left valve

Kind: vertical blades

Coding: (0(1(2)))

States definitions

0 wall separating CTS from the G horizontal

1 tilting of the wall to the dorsal side of the shell

2 verticalization of the wall to the dorsal side of the shell
States tests

1 passed — clade 1

2 rejected — clades 7, 9, 11

Retention index

96.29 %
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Character 8: orientation of the central tooth socket/general cavity wall

State 0 State 1 State 2

horizontal wall separating CTS from G tilting of the wall to the dorsal side of the shell verticalization of the wall

T

Sketch of rudist LV in transversal view. The wall separating the Sketch of rudist LV in transversal view. The wall separating the Sketch of rudist LV in transversal view. The wall separa-
CTS (green) from G is parallel to the commissure. CTS from G is tilted and makes an acute angle relatively to the ting the CTS from G stands vertical. It makes a right
commisure plan. angle relatively to the commisure plan.

Agriopleura : 5
Amphitriscoelus Ul e
Barrettia Offneria
Caprinul Pachytraga
C;J'p JACLE] Plagioptychus
c e oﬁ?p ’Z”a Polyconites
Cor ‘tj g Radiolites
e seraiy

Gop bt Hi ’ Tepeyacia

; Sellaea Iopalites Titanosarcolites
Chaperia Valletia Ichthyosarcolites
Monopleura

Diceras

Missing data: Glossomyophorus, Oryxia

Hierarchical character #8. A — Diceras arietinum (MNHN.F.A70651). B — Monopleura michaillensis (UPMC.1272). C — Plagioptychus arnaudi (UPMC.1273). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 9

Name: central tooth socket morphology (LV)
Position: left valve

Kind: vertical blades

Coding: (0(2))

States definitions

0 CTS located between ligament and G
1 CTS located dorsally to the PT and the AT
States tests

1 rejected — clade 12, 20

Retention index

64.29 %

Remarks

The CTS is generally not recognized in Hippuritids and Radiolitids, in which it is assumed to
be lost, the space is too small between the teeth. We hypothesize here that in shells where the
AT and the PT are close to each other, the CTS can be retrieved in a more dorsal position. An
example of a dorsal CTS can be found in Rotacaprina. The dorsal shift of the CTS can be
difficult to recognize, as it can be associated to a shift of the ligament (#38.1) to a dorsal
position in the derived state #38.1 (#38.0: ligament in posterodorsal position).

In Hippurites, Agriopleura and Radiolites, for example, the CTS is assumed to disappear and
newly formed accessory cavity appears (table 2). It is more parsimonious to postulate that
conjunction of #9.1 and #38.1 lead to a CTS divided into two parts, representing the accessory

cavities of the usual nomenclature. This cavity is also unlikely to be a mere deformation of the
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shell resulting from the modification of the LV into a capuloid valve, as in Hippurites

radiosus for example.
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Character 9: central tooth socket morphology (LV)

State O State 1

CTS located between the PT and the AT CTS located dorsally to the PT and the AT.

Position of the CTS position (yellow) relatively to PT and AT. Position of the CTS (green) relatively to PT and AT. The CTS
The CTS is aligned to the two teeth. becomes dorsal to the teeth that are only seperated by a

Agriopleura

Amphitriscoelus msﬂg:ﬂz,,;g
Caprinula Offneria
gzpr otina Pachytraga

:aperia Plagioptychus
Clinocaprina Polyconites
gqralllochama Sellaea
D;gf;g;ﬁchus sryach

Tit it ' Ll

Qe VIGZZZZG,CO ites Curtocaprina Radiolites

Ichthyosarcolites Hippurites Semailia

Missing data: Barrettia, Oryxia

Hierarchical character #9. A — Monopleura michaillensis (UPMC.1272). B — Hippurites radiosus (MNHN.F.A58757). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 10

Name: Position of the wall that separates the central tooth socket from the general cavity
Position: left valve

Kind: vertical blades

Coding: (0(2))

States definitions

0 posterior insertion of the wall separating CTS from G located ventral to the PM

1 posterior insertion of the wall separating CTS from G located between PT and PM
States tests

1 rejected — clade 5, 12, 20

Retention index

70.91 %

Remarks

Related to character 30 of Skelton & Smith (2000), but described in a distinct manner (see fig.
19).

Related to what Mac Gillavry (1937) called 'symmetrization’, the state #10.1 leading in most
cases to a symmetric myocardinal apparatus.

A discussion of this character linked to the ichthyosarcolitid toothlet hypothesis can be found
in Figure 19. The state O includes taxa having their blade inserted on the ventral side of G, and

without contact with the PM-LV.
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Character 10: Position of the wall that separates the central tooth socket
from the general cavity

State 0 State 1

posterior insertion of the wall separating CTS posterior insertion of the wall separating CTS from G
from G located ventral to the PM. located between PT and PM

Left - sketch of the PM relatively to the myocardinal appara- Left - sketch of the PM relatively to the myocardinal apparatus

tus and their connections (black lines). Right - sketch of the and their connections (black lines). Right - sketch of the CTS/G

CTS/G wall insertion. The CTS/G wall ends ventrally between wall insertion. The CTS/G wall ends posteriorly between the PT
the PM and G. and the PM and G.

/
A CTS/Gwall

Amphitriscoelus o "

Caprinula ffneria Agriopleura : :

Caprotina Pach.y taga Barrettia il :

Chaperia P/agloptychus Clinocaprina Ichthyqsarcohtes

Coralliochama Polyconites C ; Radiolites
urtocaprina 5

e ?ellaea ) Dictyoptichus ?gtmalha "

Mexicaprina Vz;/)/t:)t/_,%c:a Blo-ra) bbhon itanosarcolites

Monopleura

Missing data: Oryxia

Hierarchical character #10. A — Plagioptychus arnaudi (UPMC.1273). B — Titanosarcolites giganteus (UT.47533). C — Curtocaprina clabaughikinsorum (UT.10937). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 11

Name: posterior accessory cavity
Position: left valve

Kind: canals

Coding: (0(2))

States definitions

0 root

1 presence of a posterior accessory cavity
States tests

1 rejected — clades 4, 7, 9, 15, Sellaea
Retention index

62.91 %

Remarks

Related partially to character 31 of Skelton & Smith (2000).

The posterior accessory cavity can be found as a small ovoid cavity between the posterior side
of the shell and the PM-LV in Polyconitidae. In Caprotinidae, a blade develops to form
ventral and dorsal cavities. The PAC can be highly modified, with a wide ventral
development and/or the multiplication of radial walls giving to it an aspect of pallial canals as
in Offneria or Plagioptychus. We, however, reserve the term ‘Complete pallial canals’ (Figs.
14-17) on the LV for radial blades (#13.1) filling the cavity resulting from the fusion between
the PAC and the AAC-LV (#6.3). We call Plagioptychid-like canals the canals deriving from

the PAC only. Plagioptychid-like canals are here considered to be a conjunction of
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independent character states (#11.1 and #13.1) rather than an autonomous character state

itself.
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Character 11: posterior accessory cavity

State O State 1

[root] presence of a posterior accessory cavity
Sketch of LV cavities development in transversal view. Only Sketch of LV in transversal view showing the development of
the CTS is present. a cavity posteriorly, the PAC.

wall within
PAC

Amphitriscoelus Mexicaprina

Caprinula Pachytraga

CZP’ otina Plagioptychus

Chaperia Polyconites

Clinocaprina Offneria

Curtocaprina Sellaea
Auriool Coralliochama s, ili
rosers  onopewrs | Gimomensy e
Diceroe Radiolites Glossomyophorus Tith};sarcolites

Valletia Ichthyosarcolites

Hippurites

Missing data: Oryxia

Hierarchical character #11. A — Monopleura michaillensis (UPMC.1272). B — Caprotina striata (MV 2003.2.5147). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 12

Name: position of the pallial cavities
Position: left valve

Kind: canals

Coding: (0(2))

States definitions

0 LV ventral side thick, devoid of canals
1 ventral contact between the AAC and the PAC
States tests

1 passed — clade 17

Retention index

100.0 %

Remarks

Related to character 10 of Chartrousse (1998a). Related partially to character 19 of Mitchell
(2013) (with #30). Related partially to character 11 of Sano et al. (2014).

In former analyses, the lack of pallial canals on the ventral side of some taxa is considered a
ventral interruption of a continuous series. We here understand this as an incomplete
development of independent structures (PAC and AAC) that form a continuous row of pallial
canals only after merging on the ventral side. The derived state is reached when both PAC and
AAC-LV extend towards the ventral side and they come into contact. When the cavities are in
contact, they are filled with radial blades and it could become virtually impossible to
differentiate the two cavities. This contact seems however to exists only on canaliculated

forms. This state can be recognized in highly modified states by the presence of canals
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posteriorly from the PM-LV (an indicator of the presence of a modified PAC-LV) and
anteriorly from the AM-LV (an indicator of the presence of a modified AAC-LV). This is the
case in Caprinula or Titanosarcolites. In Plagioptychus, no canals are present anteriorly from
AM-LV. It leads us to believe that there is no AAC in Plagioptychus and that the canals only
come from the development of the PAC in this genus. When comparing to Plagioptychus, we
consider that Coralliochama is in the same situation, since AM-LV forms a plagioptychid-like
horizontal shelf (#6.2). This morphology suggests that no AAC-LV has deformed the
myophore, which could have resulted in a modification in the orientation of the myophore, the
latter becoming vertical, perpendicular to the commissural plane, by the development of a

cavity (#6.3).
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Character 12: position of the pallial cavities (LV)

State O State 1

LV ventral side thick, devoid of canals ventral contact of the AAC and the PAC

NE

Sketch of LV cavities development in transversal view. The Sketch of LV in transversal view showing the contact between
pallial cavities (PAC and AAC) are never ventrally connected. the pallial cavities filled with blades. The cavities merge and
become undifferenciated.

AAC
PAC
PAC

Amphitriscoelus
Agrli)opleura Monopleura ventral contact
Barrettia P ach_y tragq
Caprotina ,I;Ialglop by chus Caprinul

; olyconites aprinula . ]
g’;gfﬁizgh o Radiolites Clinocaprina Aoﬂﬁ":ﬁ’e L;Ll?c’zj ftna
e s Sellaea qutoca;:grina Semailia
Glossomyophorus Tepeyacia 2le o nchus_ Titanosarcolites
Hippurites Valletia Ichthyosarcolites

Missing data: Oryxia

Hierarchical character #12. A — Amphitriscoelus waringi. B — Offneria rhodanica (UCBL.R275). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 13
Name: morphology of the pallial canals
Position: left valve

Kind: canals

Coding: (0(1(2((3)(4)))))

States definitions

0 root

1 numerous radial walls, forming pallial canals

2 several rows of pallial canals

3 walls specialized in two morphologies leading to two canal morphologies: a row of

rectangular canals along the external side of the shell wall, and capillary canals everywhere

else
4 bifurcating walls

States tests

1 rejected — clades 9, 15

2 rejected — clades 9, 17

3 passed — clade 17

4 rejected — clades 9, 18, 22

Retention index

82.99 %

Remarks
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Related to characters 12 and 16 of Chartrousse (1998a). Related partially to character 10 of
Smith (1994) (#13.1). Related to character 9 of Stone & Telford (1999; #13.1).

This character includes a paralogous clade and is presented in three independent parts.
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Character 13: morphology of the pallial canals (LV)

State O

[root]

State 1

numerous radial walls forming pallial canals

State 2

walls polyfurcated leading to several rows of pallial canals

State 3

walls differentiated in two morphologies leading to two morphologies of canals: a row of rectangu-
lar canals along the external side of the shell wall, and capillary canals everywhere else

State 4

walls bifurcated towards the outside of the shell

State 0

State 1

State 2

State 3

State 4

v

Character 13.1 Character 13.2 Character 13.3

State 0 State 2 State 2

State 1 State 3 State 4

State 2

Hierarchical character #13, its character state intensions, and its decomposition in three sub-characters.

49



Character 13.1: morphology of the pallial canals (LV)

State O State 1 State 2

[root] numerous radial walls forming pallial canals

walls polyfurcated leading to several rows of
pallial canals

PAC PAC

AAC AAC PAC/f\AC
{undif-

ferenciated)

Sketch of RV cavities development in transversal view

Sketch of LV cavities development in transversal view. The cavities
devoided of blades.

Sketch of LV pallial canals illustrating the several rows by
are filled with blades.

wall polyfurcation and anastomosis.

canal

blade

Caprinula

Agriopleura

Monopleura Clinocaprina .’C\)/i;r);';cggrma
Barrettia Polyconites Coralliochama Plagioptychus
Caprotina Radiolites Curtocapring Sengaiﬁay
Chaperia Sellaea Dictyoptichus Tetesaallice
Diceras Tepeyacia . Ichthyosarcolites
Glossomyophorus Valletia Amphitriscoelus Pachytraga

Hippurites

Missing data: Oryxia

Hierarchical character #13.1. A — Sellaea cespitosa (WSA3058). B — Amphitriscoelus waringi. C — Offneria rhodanica (UCBL.R275). Scale bars, 10 mm.
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Character 13.2: morphology of the pallial canals (LV)

State 2 State 3
walls polyfurcated leading to several rows of walls differentiated in two morphologies leading to
pallial canals two morphologies of canals: a row of rectangular

canals along the external side of the shell wall, and
capillary canals everywhere else

PAC/AAC
(undif-
ferenciated)

[| Capillary
canals

Sketch of LV pallial canals illustrating the several rows by
wall polyfurcation and anastomosis.

Palisading
canals

Q})‘«ﬂ“gi‘"‘ﬁ &b .’.:.:,

capillary canals palisading canals

\

//[ " ) s

Capi rinul g Mexicaprina
Clinocaprina Seriia
: : Curtocaprina - f
Coralliochama Offneria : Titanosarcolites
Dictyoptichus Plagioptychus Ichthyosarcolites

Missing data: Oryxia
Hierarchical character #13.2. A — Offneria rhodanica (UCBL.R275). B — Titanosarcolites giganteus (UT.47533). Scale bars, 10 mm.
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Hierarchical character #13.3. A — Offneria rhodanica (UCBL.R275). B — Schiosa ramosa (R485, Université Claude Bernard Lyon 1; Coalcoman, Mexico). C — Coralliochama orcutti (USNM.186662). Scale

bars, 10 mm.

Character 13.3: morphology of the pallial canals (LV)

State 2

walls polyfurcated leading to several rows of
pallial canals

PAC/AAC
(undif-
ferenciated)

Sketch of LV pallial canals illustrating the several rows by
wall polyfurcation and anastomosis.

Caprinula

Clinocaprina Mexicaprina
e D Semailia
Hreocaprings Titanosarcolites
Ichthyosarcolites

State 4

walls bifurcated towards the outside of the

shell

Coralliochama Offneria

Dictyoptichus Plagioptychus

Missing data: Oryxia
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HIERARCHICAL CHARACTER 14

Name: differentiation of an internal row of large pallial canals
Position: left valve

Kind: canals

Coding: (0(1(2)))

States definitions

0 root
1 one internal row of large polygonal canals bordering G
2 the large polygonal canals increase in size between the two myophores and the

shell/exterior wall

States tests

1 rejected — clade 17

2 rejected — clades 18, 20
Retention index

84.0 %

Remarks

This character follows at a larger taxonomic scale the models of Chartrousse (1998b, 206-
233) who produced the most advanced work about the evolution of pallial canals. The
postulated row of large polygonal canals may be originated from the CTS partitioning,
following the observations made on Kimbleia capacis (Aguilar-Perez 2008), and bordering G

(see Caprinuloidea romeri as another example of state 2).
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Character 14: differenciation of an internal row of large pallial canals (LV)

State 0 State 1 State 2

[root] one internal row of large polygonal canals bordering G the polygonal canals are larger between the
two myophores and the shell/ exterior wall

Agriopleura

Amphitriscoelus Monopleura

Barrettia Offneria

Caprotina Pachytraga

Chaperia Plagioptychus

Clinocaprina Polyconites

Coralliochama Radiolites

iy ?rellaea 1 Caprinula Ichthyosarcolites
Dictyoptichus Eaeplaidel Curtocaprina Semailia
Glossomyophorus Titanosarcolites Mexicaprina

Hippurites Valletia

Missing data: Oryxia

Hierarchical character #14. A — Offneria rhodanica (JPMA.16494). B — Kimbleia capacis (PUAB-81521). C — Mexicaprina minuta (JPMA.14097-5). D — Caprinula boissyi (MNHN.6924). E — Caprinuloidea sp.
(UT.10922-2). Scale bars, 10 mm. 54



HIERARCHICAL CHARACTER 15

Name: anterior tooth canal
Position: left valve

Kind: canals

Coding: (0(2))

States definitions

0 thick AT

1 circular canal in the AT
States tests

1 rejected — clade 18, Amphitriscoelus
Retention index

66.67 %

Remarks
The anterior tooth canal is probably unrelated to pallial canals of the LV, and most likely to
be a neoformation. Other large canals inside rudist teeth can be seen in Alencasteria and

Stellacaprina (see Mitchell 2013b).
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Character 15: anterior tooth canal (LV)

State 0

g

thick AT

Monopleura michaillensis LV with thick AT

State 1

circular canal in the AT

Sketch of Caprinula boissyi (left) and Amphitriscoelus waringi
(right) LV showing a circular canal (green) in the AT.

Agriopleura Mexicaprina

Barrettia Monopleura

Caprotina Offneria

Chaperia Pachytraga

Clinocaprina Plagioptychus

Coralliochama Polyconites

Curtocaprina Radiolites

Diceras Sellaea

Dictyoptichus Semailia

Glossomyophorus Tepeyacia

Hippurites Titanosarcolites o :
Ichthyosarcolites Valletia Ampliigsceelds Capnnuls

Missing data: Oryxia
Hierarchical character #15. A — Monopleura michaillensis (UPMC.1272). B — Caprinula boissyi (MNHN.6924). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 16

Name: capillary canals in the myophores
Position: left valve

Kind: canals

Coding: (0(2))

States definitions

0 thick anterior and posterior myophores
1 capillary canals in AM and PM
States tests

1 rejected — clades 9, 23

Retention index

65.91 %

Remarks
These canals are likely to be derived pallial canals, the morphology of myophoral canals

being always similar to the other pallial canals of the shell.
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Character 16: capillary canals in the myophores (LV)

State 0 State 1

compact anterior and posterior myophores capillary canals in AM and PM

’W

N

Sketch of Mexicaprina minuta LV with cavities, canals Sketch of Coralliochama orcutti LV with cavities, canals
(orange) and myophores devoided of canals. Both AM and (orange) and myophores. Both the horizontal AM and the
PM are thick. oblique PM are filled with little capillary canals.

Agriopleura Ichthyosarcolites

Amphitriscoelus Mexicaprina

Barrettia Monopleura

Caprinula Offneria

Caprotina Pachytraga

Chaperia Plagioptychus

Curtocaprina Polyconites

Diceras Radiolites

Dictyoptichus Sellaea Clinocaprina Semailia
Glossomyophorus Tepeyacia Coralliochama  Titanosarcolites
Hippurites Valletia

Missing data: Oryxia
Hierarchical character #16. A — Mexicaprina minuta (JPMA.14097-5). B — Coralliochama orcutti (USNM.186662). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 17
Name: tabulae in the general cavity G
Position: left valve

Kind: horizontal blades

Coding: (0(2))

States definitions

0 filled G bottom

1 tabulae in G

States tests

1 passed — clade 25

Retention index

100.0 %
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Character 17: tabulae in the general cavity G (LV)

State 0 State 1

No shell floors developed in G perpendicularly to tabulae in G
growth axis of the shell

G

Sketch of LV in longitudinal view, showing an empty G. Sketch of LV in longitudinal view, showing G filled with
tabulae (arrow).

Agriopleura Hippurites
Amphitriscoelus Mexicaprina
Barrettia Monopleura
Caprinula Offneria
Caprotina Pachytraga
Chaperia Plagioptychus
Clinocaprina Polyconites
Coralliochama Radiolites
Curtocaprina Sellaea
Diceras Semailia
Dictyoptichus Tepeyacia Ichthyosarcolites Titanosarcolites
Glossomyophorus Valletia

Missing data: Oryxia
Hierarchical character #17. A — Amphitriscoelus waringi. B — Titanosarcolites giganteus (UT.47533). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 18

Name: tabulae in pallial canals
Position: left valve

Kind: horizontal blades
Coding: (0(2))

States definitions

0 root

1 tabulae in pallial canals
States tests

1 rejected — clade 18, 23
Retention index

87.12 %

Remarks

Related to character 8 of Chartrousse (1998a; with #34). Related partially to character 21 of
Mitchell (2013) (with #34).

Generation of tabulae in pallial canals is not rhythmic in rudists, the generation of tabulae

being asynchronous among canals, and other structures.
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Character 18: tabulae in the pallial canals (LV)

State O

[root]

Sketch of canaliculated rudist LV in longitudinal view. Canals
are shown in orange.

Agriopleura i i
Amphitriscoelus /I;’//’g)ejléz,tgifna
Barrettia Monopleura
Chap_erla Pachytraga
Caprinula Plagioptychus
Caprotina Polyconites
Clinocaprina Radiolites
Coralliochama Sellaea
Curtocaprina Semailia
Diceras Tepeyacia
Dictyoptichus Valletia
Glossomyophorus

State 1

tabulae in pallial canals

Sketch of canaliculated rudist LV in longitudinal view. Canals
shown in orange are filled with tabulae.

s.}‘\“\'ﬂ.".ﬁa'. [ (A4

M

-z

Z

/}/ i
Qe

Ichthyosarcolites
Offneria

Titanosarcolites

Missing data: Oryxia
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Hierarchical character #18. A — Caprinula boissyi (MNHN.6924). B — Offneria rhodanica (JPMA.16494). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 19
Name: tabulae in the central tooth socket
Position: left valve

Kind: horizontal blades

Coding: (0(2))

States definitions

0 root

1 tabulae in CTS

States tests

1 accepted — clade 18

Retention index

100.0 %
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[root]

Agriopleura

Cparotina
Chaperia
Clinocaprina
Coralliochama
Curtocaprina
Diceras
Dictyoptichus

Hippurites

Amphitriscoelus

Glossomyophorus

State O

Sketch of LV in longitudinal view, showing G and the CTS.

Mexicaprina
Monopleura
Pachytraga
Plagioptychus
Polyconites
Radiolites
Sellaea
Semailia
Tepeyacia
Titanosarcolites
Valletia

Character 19: tabulae in the central tooth socket (LV)

State 1

tabulae in CTS

Sketch of LV in longitudinal view, showing G and the CT filled
with tabulae (arrow).

tabulae

Caprinula Offneria

Missing data: Barrettia, Oryxia, Ichthyosarcolites
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Hierarchical character #19. A — Amphitriscoelus waringi. B — Offneria rhodanica (UCBL.R275). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 20

Name: calcitic canals

Position: left valve

Kind: canal/pore system

Coding: (0(2))

States definitions

0 compact calcitic outer shell layer
1 radial canals in the outer calcitic shell layer
States tests

1 passed — clade 14

Retention index

100.0 %

Remarks

Related to character 13 of Steuber (1999; with #21). Related to character 4 of Skelton &
Smith (2000; with #21).

Pores and canals are coded as separated homologs herein. These structures are considered
independent, their morphologies being dissociated in Hippuritids with different evolutionary
rates. As an example, Radiolitella pulchellus shows radial calcitic canals in the same fashion

as Hippuritids, but without pores (Rineau & Viller 2019).
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Character 20: calcitic canals (LV)

State O

compact calcitic outer shell layer

Sketch of rudist bivalve with thick valves. Upper valve: LV;

lower valve: RV; grey: calcitic outer shell layer; black: aragoni-

tic inner shell layer; GC: general cavity (G+D).

Agriopleura Mexicaprina
Amphitriscoelus Monopleura
Caprinula Offneria
Caprotina Pachytraga
Chaperia Plagioptychus
Clinocaprina Polyconites
Coralliochama Radiolites
Curtocaprina Sellaea
Diceras Semailia
Dictyoptichus Tepeyacia
Glossomyophorus Titanosarcolites
Ichthyosarcolites Valletia

State 1

radial canals in the outer calcitic shell layer

pore
fcanal
& O -

Sketch of Hippuritid pore system. The pore system situated in
the calcitic outer shell layer is constituted of canals arranged
radially and covered by a thin layer perforated by pores. Left:
tangential view; right: transversal view. Upper valve: LV;
lower valve: RV; grey: calcitic outer shell layer; black: aragoni-
tic inner shell layer; GC: general cavity (G+D).

Barrettia

Hippurites

Missing data: Oryxia
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Hierarchical character #20. A — Radiolites radiosus (MNHN.F.J09021; umbonal view). B — Hippurites radiosus (MNHN.F.A58757; umbonal view). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 21

Name: calcitic pores

Position: left valve

Kind: canal/pore system
Coding: (0(2))

States definitions

0 compact outer shell layer
1 pores in the outer calcitic shell layer
States tests

1 passed — clade 14
Retention index

100.0 %

Remarks
Related to character 13 of Steuber (1999) (with #20). Related to character 4 of Skelton &
Smith (2000) (with #20).

See character #20 for discussion about dependency between calcitic canals and calcitic pores.
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Character 21.: calcitic pores (LV)

State O

compact calcitic outer shell layer

Agriopleura Mexicaprina

Amphitriscoelus Monopleura

Caprinula Offneria

Caprotina Pachytraga

Chaperia Plagioptychus

Clinocaprina Polyconites

Coralliochama Radiolites

Curtocaprina Sellaea

Diceras Semailia

Dictyoptichus Tepeyacia I

Glossomyophorus Titanosarcolites P :
Ichthyosarcolites Valletia RS

State 1

pores in the outer calcitic shell layer

Missing data: Oryxia

Hierarchical character #21. A — Radiolites radiosus (MNHN.F.J09021; umbonal view). B — Hippurites radiosus (MNHN.F.A58757; umbonal view). C — Barrettia monilifera (fig. 3D in Mitchell 2010;
UWIGM.2010.01.0003). Scale bars, 10 mm.
68



HIERARCHICAL CHARACTER 22

Name: left valve coiling
Position: left valve
Kind: coiling

Coding: (0(2))

States definitions

0 coiled left valve
1 uncoiled left valve
States tests

1 passed — clade 12
Retention index

100.0 %

Remarks

Related partially to character 2 of Smith (1994). Related to character 15 of Skelton & Smith
(2000). Related to character 2 of Sano et al. (2014).

Only shells with the umbo at the centre of the shell in umbonal view are considered as fully

uncoiled.
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Character 22: left valve coiling (LV)

State O State 1

coiled left valve uncoiled left valve
Sketch of valves differential coiling. The left valve is coiled Sketch of valves coiling, showing a LV completely uncoiled
whereas the right valve is uncoiled. that can be concave(left) or convex (right).

Amphitriscoelus Mexicaprina

Caprinula Monopleura

Caprotina Offneria

67, aperidy Pachytraga

Clinocaprina Plagioptychus

Coralliochama Polyconites

Curtocaprina Sellaea

Diceras Semailia ) o
Distyop ichis Titanosarcolites Agriopleura  Hippurites
Glossomyophpr us Valletia Barrettia Radiolites
Ichthyosarcolites

Missing data: Oryxia, Tepeyacia
Hierarchical character #22. A — Glossomyophorus costatus (MNHN.F.R06779). B — Hippurites radiosus (MNHN.F.A58757). C — Radiolites radiosus (MNHN.F.J09021). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 23

Name: diceratid tooth

Position: right valve

Kind: teeth

Coding: (0(2))

States definitions

0 presence of an anterior crescentic diceratid tooth (DT) between D and the ATS
1 zone of the DT flat and thin

States tests

1 passed — clade 1

Retention index

100.0 %
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State O

presence of an anterior crescentic Diceratid Tooth
(DT) stranded between D and the ATS

ATS

cT
DT

Diceras

Character 23: diceratid tooth (RV)

State 1

zone of the DT flush with the rest of the commis-

sural plane

CT

ATS

PTS

Agriopleura
Amphitriscoelus
Barrettia
Caprinula
Caprotina
Chaperia
Clinocaprina
Coralliochama
Curtocaprina
Dictyoptichus

Glossomyophorus

Hippurites
Ichthyosarcolites

Mexicaprina
Monopleura
Offneria
Oryxia
Pachytraga
Plagioptychus
Polyconites
Radiolites
Sellaea
Semailia
Tepeyacia
Titanosarcolites
Valletia

Hierarchical character #23. A — Diceras arietinum (MNHN.F.A52439). B — Monopleura michaillensis (UPMC.1272). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 24

Name: central tooth morphology

Position: right valve

Kind: teeth

Coding: (0(2))

States definitions

0 crescent-shaped CT surrounding the ATS
1 conical-shaped CT between ATS and PTS
States tests

1 passed — clade 6

Retention index

81.9%

Remarks

Related to character 18 of Skelton & Smith (2000). Related to character 4 of Sano et al.
(2014; with #25).

Pachytraga paradoxa is polymorphic for this state. However, the character being hierarchical,

Pachytraga is coded 1.
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Character 24: central tooth morphology (RV)

State 0

crescent-shaped CT surrounding the ATS

@ ©

Schematic representation of CT shapes with respect to the
ATS and PTS. The CT surrounds the ATS dorsally and ventrally.

ATS

Amphitriscoelus

i Monopleura
Caprotina ¢
Chaperia Plagioptychus
Diceras Polyconites

Valletia
Glossomyophorus

State 1

conical-shaped CT between ATS and PTS

® «

Schematic representation of CT shapes with respect to the
ATS and PTS. The CT looses its dorsal and ventral contact to

the ATS.

ATS

Agriopleura
Barrettia
Caprinula
Clinocaprina
Coralliochama
Curtocaprina
Dictyoptichus
Hippurites

Ichthyosarcolites
Mexicaprina
Offneria
Pachytraga
Radiolites
Semailia
Tepeyacia
Titanosarcolites

Missing data: Oryxia, Sellaea
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Hierarchical character #24. A — Monopleura michaillensis (UPMC.1272). B — Mexicaprina minuta (JPMA.14097-1). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 25

Name: central tooth orientation
Position: right valve

Kind: teeth

Coding: (0(2))

States definitions

0 CT curved towards the posterior side
1 CT straight

States tests

1 rejected — clades 4, 7, 9, 12, 17
Retention index

79.61 %

Remarks

Related to character 4 of Sano et al. (2014; with #24).
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Character 25: central tooth orientation (RV)

State O State 1

CT curved towards the posterior side CT straight

Sketch of longitudinal sliced RV showing the hinge composed Sketch of longitudinal sliced RV showing the hinge composed
of two sockets and a CT curved posteriorly. Grey line: of two sockets and a straight CT. Grey line: commissural
commissural plane. plane.

Agriopleura Hippurites
Barrettia Ichthyosarcolites
Caprinula Mexicaprina
Caprotina Offneria
Chaperia Plagioptychus
Clinocaprina Radiolites
: Coralliochama Semailia
Diceras Polyconites Curtocaprina Tepeyacia
Monopleura Valletia Dictyoptichus Titanosarcolites

Pachytraga

Missing data: Amphitriscoelus, Glossomyophorus, Oryxia, Sellaea

Hierarchical character #25. A — Monopleura michaillensis (UPMC.1272). B — Plagioptychus arnaudi (UPMC). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 26

Name: posterior myophore morphology

Position: right valve

Kind: myophores

Coding: (0(1)(2(3(4))(5(6))))

States definitions

0 PM inserted on a posteroventral blade

1 PM alongside D

2 PM on the commissural plane and forming a horizontal shelf ventral to the PTS
3 formation of a PENC by PM tilting

4 PM adjoining the PENC, vertical and outwardly oriented

5 outwardly verticalized PM projecting into the LV by development of the PENC/D wall
6 PM adjoining the PENC, vertical and inwardly oriented

7 loss of the contact between PTS and PENC (thickening of the PTS/PENC blade)
States tests

1 rejected — clades 7, 13, 21

2 rejected — clades 4, 9, 14, 18, 22, Amphitriscoelus, Mexicaprina, Monopleura,

Pachytraga, Sellaea, Valletia

3 rejected — clades 4, 14, 18, 22, Amphitriscoelus, Mexicaprina, Pachytraga, Sellaea
4 rejected — clades 4, 18, Pachytraga, Sellaea

5 rejected — clade 18, Pachytraga

6 rejected — 14, 22, Amphitriscoelus, Mexicaprina
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7 passed — clade 22
Retention index
50.32 %

Remarks

Related partially to character 1 of Chartrousse (1998a; #26.2, #26.3, #26.4). Related to
character 5 of Skelton & Masse (1998; #26.2, #26.5). Related partially to character 10 of
Steuber (1999; #26.1, #26.2).

This character includes a paralogous clade and is presented in three independent parts.

The posterior myophore morphology is complex and shows seven different states, as in LV
myophore. The ancestral state is a thin myophoral blade visible in Diceratidae. Two states are
quite similar: one with the PM is simply inserted in the posterior wall of D without any
particular structure (state 1), and a second one with the PM-RV horizontal on a thick and
well-delineated myophoral shelf (state 2). No evidence of relation can be found between state
1 and 2. We choose to include both states 1 and 2 in the state 0 that becomes a paralogous
clade. The state 1 is understood as resulting from resorption of the myophoral blade, and the
state 2 is seen oppositely as a strong development of the myophoral blade up to form a
myophoral shelf. Then, the myophoral shelf can hollow in a PENC (state 3). Plagioptychus
arnaudi as many other Plagioptychids show the very beginning of myophoral shelf tilting and
PENC formation, which prefigures state 3. All other states, from 4 to 7, are variations of the
myophore position in relation to the PENC. The hollowing of the PENC can result in an
outwardly oriented (state 4) or an inwardly oriented (state 6) vertical myophore, making the
state 3 paralogous. When outwardly orientated, the myophore can rise as a blade out of the
commissural plane (state 5). This state is considered by Chartrousse (1998b) as the

synapomorphy of the family Caprinidae. The state 7 is included in the state 6, where the
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PENC containing the PM-RV inwardly oriented loses contact with the PTS. Hippurites and

Barrettia have clearly the state 6, as shown in their ontogenesis (G6tz 2003).
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Character 26: posterior myophore morphology (RV)

1
1
o oe State O
PM inserted on a posteroventral blade
1
¢ oo f Statel
PM alongside D
] —
)
W ° State 2
PM on the commissural plane and forming a horizontal shelf ventral to the PTS
\
1
W o State 3
formation of a PENC by PM tilting

State 4

PM adjoining the PENC, vertical and outwardly oriented

State 5

outwardly verticalized PM projecting into the LV by development of the PENC/D wall

o State 6

PM adjoining the PENC, vertical and inwardly oriented

)
Yoo State 7
loss of the contact between PTS and PENC (thickening of the PTS/PENC blade)

State 0

S (5 N O 1

State 1

State 2

State 3

State 4

State 5

State 6

State 7

v

Character 26.1 Character 26.2  Character 26.3 Character 26.3

State 0 State 0 State 3 State 3
State 1 State 2 State 4 State 6
State 3 State 5 State 7

Hierarchical character #26, its character state intension§@nd its decomposition in three sub-characters.



Character 26.1: posterior myophore morphology (RV)

State 0

PM inserted on a posteroventral blade

Left - sketch of rudist RV in transversal view. Right - sketch of
relative positions and connections between PM and adjacent
elements. Both sketches show the PM inserted on a thin
blade inside D. Orange: PTS; grey: commissural plane; blue:
PM.

”"myophoral blade

State 1

PM alongside D

~

Left - sketch of rudist RV in transversal view. Right - sketch of
relative positions and connections between PM and adjacent
elements. Both sketches show the PM directly inserted the
shell wall, inwardly directed. Orange: PTS; grey: commissural
plane; blue: PM.

A
Amphitriscoelus )
Barrettia /chthyosarcolltes
Caprinula Mexicaprina
Caprotina Monopleura
Chaperia Offneria
Clinocaprina Pachytraga
Coralliochama Plagioptychus
Diceras Sellaea
Dictyoptichus Semalha'
Glossomyophorus ~ 1epeyacia
Hippurites Tltano_sarcolltes
Polyconites Valletia

Agriopleura
Curtocaprina

Oryxia
Radiolites

Hierarchical character #26.1. A — Diceras arietinum (MNHN.F.A52439). B — Polyconites verneuili (Ch02 in Pascual-Cebrian et al. 2013). Scale bars, 10 mm.
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Character 26.2: posterior myophore morphology (RV)

State O

PM inserted on a posteroventral blade

Left - sketch of rudist RV in transversal view. Right - sketch of
relative positions and connections between PM and adjacent
elements. Both sketches show the PM inserted on a thin
blade inside D. Orange: PTS; grey: commissural plane; blue:
PM.

s

myophoral blade

Agriopleura i
i Oryxia

Curtocaprina Lz

Diceras Radiolites

State 2

PM on the commissural plane and forming a
horizontal shelf ventral to the PTS

Left- sketch of rudist RV in transversal view showing the PM
on a thick commissural shelf. Right - sketch of the PM relative
position showing its posterior insertion. Orange: PTS; grey:
commissural plane; blue: PM.

B
Coralliochama Polyconites
Monopleura Valletia
Plagioptychus Tepeyacia

State 3

formation of a PENC by PM tilting

Left- sketch of rudist RV in transversal view showing the
PENC inserted in place of the myophoral shelf. Right -
sketch of the PENC relative position showing its posterior
insertion in place of the myophoral shelf. Grey: commissu-
ral plane; orange: PTS; blue: PM; brown: PENC.

PENC

@ WY
Amphitriscoelus Hippurites
Barrettia Ichthyosarcolites
Caprinula Mexicaprina
Caprotina Offneria
Chaperia Pachytraga
Clinocaprina Sellaea
Dictyoptichus Semailia
Glossomyophorus Titanosarcolites

82

Hierarchical character #26.2. A — Diceras arietinum (MNHN.F.A52439). B — Plagioptychus arnaudi (UPMC.1273). B — Caprotina striata (MV 2003.2.5147). Scale bars, 10 mm.




State 3

formation of a PENC by PM tilting

Left- sketch of rudist RV in transversal view showing the PENC
inserted in place of the myophoral shelf. Right - sketch of the
PENC relative position showing its posterior insertion in place
of the myophoral shelf. Grey: commissural plane; blue: PM;
brown: PENC.

Amphitriscoelus Ichthyosarcolites

Barrettia Mexicaprina
Clinocaprina Sellaea
Dictyoptichus ~ Semailia
Hippurites Titanosarcolites

Character 26.3: posterior myophore morphology (RV)

State 4

PM adjoining the PENC, vertical and outwardly
oriented

Left- sketch of rudist RV in transversal view. Right - sketch of
PM relative position. Both schemes show the PM inserted
anteriorly to the PENC. The PM is attached vertically on the
PTS/D wall and becomes directed outwardly. Grey: commissu-
ral plane; orange: PTS; blue: PM; brown: PENC.

PENC

Caprotina
Chaperia

Glossomyophorus

State 5

outwardly verticalized PM projecting into the
LV by development of the PENC/D wall

Left- sketch of rudist RV in transversal view. Right -
sketch of PM relative position. Both schemes show the
PENC/D wall extension beyond the commissure. The
PM is vertical, directed outwardly. Grey: commissural
plane; orange: PTS; blue: PM; brown: PENC. PTS

Caprinula

el Pachytraga

Hierarchical character #26.3. A — Hippurites radiosus (MNHN.F.A58757). B — Caprotina striata (MV 2003.2.5147). C — Offneria rhodanica (UCBL.R781). Scale bars, 10 mm.
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Hierarchical character #26.4. A — Caprotina striata (MV 2003.2.5147). B — Amphitriscoelus waringi. C — Dictyoptychus morgani (NHMUK P1.L-58427; original picture provided by Peter W. Skelton). Scale

bars, 10 mm.

Character 26.4: posterior myophore morphology (RV)

State 3

formation of a PENC by PM tilting

Left- sketch of rudist RV in transversal view showing the PENC
inserted in place of the myophoral shelf. Right - sketch of the
PENC relative position showing its posterior insertion in place
of the myophoral shelf. Grey: commissural plane; blue: PM;
brown: PENC.

A
Caprinula Offneria
Caprotina Oryxia
Chaperia Pachytraga
Coralliochama Plagioptychus
Glossomyophorus Radiolites
Monopleura Valletia

State 6

PM adjoining the PENC, vertical and inwardly
oriented

Left- sketch of rudist RV in transversal view. Right - sketch of PM
relative position. Both schemes show the PM inserted anteriorly to
the PENC and becoming outwardly directed. Grey: commissural
plane; orange: PTS; blue: PM; brown: PENC.

Amphitriscoelus Hippurites
Barrettia Mexicaprina
Clinocaprina Sellaea

State 7

loss of the contact between PTS and PENC
(thickening of the PTS/PENC blade)

Sketch of PM relative position showing the loss of
contact between the PENC and the PTS due to a thicke-
ning of the PENC/PTS wall.

Semailia
Titanosarcolites

Dictyoptichus
Ichthyosarcolites
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HIERARCHICAL CHARACTER 27

Name: anterior myophore morphology

Position: right valve

Kind: myophores

Coding: (0(1(2(3)))

States definitions

0 AM in D along the inner side of the shell

1 AM forming a horizontal shelf onto the shell commissure alongside D.

2 AM shelf tilted towards the ATS and forming an AAC. Vertical or oblique and

inwardly directed.

3 Loss of contact between individualized ATS and AAC. AAC located posteroventrally.
States tests

1 rejected — clades 5, 7, 9, 18, 21, 25, Mexicaprina, Monopleura, Sellaea, Valletia

2 rejected — clades 21, 25, Mexicaprina

3 rejected — clades 21, 25

Retention index

43.21 %

Remarks
All of the states of this character are rejected, which means that the states cannot characterize
any clade. However, the retention index indicates that half the 3is content is used to construct

and support the cladogram.
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The ancestral state of the AM-RV is an insertion of the inner shell as in other bivalves (state
0). It can become inserted on a myophoral shelf that may not be delineated as well as PM-RV
(see remarks of character #6) (state 1). By inward tilting, the myophoral cavity can merge
with the ATS or the AAC. We propose a grouping for all taxa with a vertical myophore
inwardly directed. The hypothesis is that the myophore tilting allows the development of an
AAC in direct contact with ATS (state 2). The state 3 varies from state 2 only by the loss of

contact between AAC and ATS.
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Agriopleura
Barrettia
Caprotina
Chaperia
Clinocaprina
Curtocaprina
Diceras

State O

AM in D along the inner side of the shell

Dictyoptichus
Hippurites
Ichthyosarcolites
Pachytraga
Radiolites
Tepeyacia
Semailia

Character 27: anterior myophore morphology (RV)

State 1

AM forming a horizontal shelf onto the shell commis-
sure alongside D.

Coralliochama
Glossomyophorus
Monopleura
Offneria

Sellaea
Plagioptychus
Polyconites
Valletia

State 2

AM shelf tilted towards the ATS and forming an
AAC. Vertical or oblique and inwardly directed.

oY
1

O

Mexicaprina

Loss of contact between individualized ATS

State 3

and AAC. AAC located posteroventrally.

Oryxia

ATS

Titanosarcolites

Missing data: Amphitriscoelus, Caprinula

Hierarchical character #27. A — Chaperia costata (MNHN.F.R07942). B — Plagioptychus arnaudi (UPMC.1273). C — Mexicaprina minuta (JPMA.14097-1). C — Oryxia sulcata (BJ.1901-HR?2). Scale bars, 10

mm.
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HIERARCHICAL CHARACTER 28

Name: the position of the anterior ectomyophoral cavity
Position: right valve

Kind: vertical blades

Coding: (0(2))

States definitions

0 [root]

1 presence of an anterior ectomyophoral cavity
States tests

1 rejected — clade 15, Sellaea

Retention index

82.51%
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Character 28: Position of the anterior ectomyophoral cavity

State 0 State 1

[root] presence of an anterior ectomyophoral cavity

Sketch of RV cavities development in transverse cross Sketch of LV in transverse cross section showing the develop-
section. Only the ATS is present. ment of an AECC. The AM is always located along the

posteroventral side of the AECC, and always facing the
opposite side to it.

ATS

Amphitriscoelus Offneria
Agriopleura Hippurites Caprinula Oryxia
Barrettia Monopleura Clinocaprina Pachytraga
Caprotina Plagioptychus Curtocaprina Sellaea
Chaperia Polyconites Dictyoptichus Semailia
Coralliochama Radiolites Ichthyosarcolites Titanosarcolites
Diceras Tepeyacia Mexicaprina

Glossomyophorus  Valletia

Hierarchical character #28. A — Radiolites radiosus (MNHN.F.J09021). B — Pachytraga paradoxa (JPMA.17738-1). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 29

Name: position of the posterior ectomyophoral cavity
Position: right valve

Kind: vertical blades

Coding: (0(2))

States definitions

0 [root]

1 presence of a posterior ectomyophoral cavity
States tests

1 accepted — clade 16

Retention index

100.00 %
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[root]

\

cavity.

Agriopleura
Barrettia
Caprotina
Chaperia
Coralliochama
Diceras
Glossomyophorus
Hippurites

é"’
™~

State 0

Sketch of RV cavities development in transverse cross
section. The posterior side of the PTS is thick and devoid of

PTS

Monopleura
Pachytraga
Plagioptychus
Polyconites
Radiolites
Sellaea
Tepeyacia
Valletia

Character 29: Position of the posterior ectomyophoral cavity

State 1

presence of a posterior ectomyophoral cavity

Sketch of RV in transverse cross section showing the develop-

ment of an PECC. The PTS is always located along the
anterior side of the PECC.

PECC

PTS

PECC

Amphitriscoelus . .
Caprinula Mexicaprina
Clinocaprina Offneria
Curtocaprina Oryxia
Dictyoptichus Semailia )
Ichthyosarcolites Titanosarcolites

Hierarchical character #29. A — Pachytraga paradoxa (JPMA.17738-1). B — Amphitriscoelus waringi. Scale bars, 10 mm.

91




HIERARCHICAL CHARACTER 30

Name: position of the posterior tooth socket

Position: right valve

Kind: vertical blades

Coding: (0(1(2)))

States definitions

0 root

1 posterior tooth socket between the CT and the PM
2 loss of the contact between PTS and D by dorsal development of the PM
States tests

1 passed — clade 1

2 rejected — clades 7, 9, 18

Retention index

53.35%

Remarks
Related partially to character 12 of Steuber (1999; #29.2).
See remarks of character #28.

In Curtocaprina, the PTS cavity becomes a notch because of the loss of the PTS/D wall.
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Character 30: position of the posterior tooth socket

State 0

[root]

=@

Sketch of the main elements of the RV.

Diceras

State 1

presence of a posterior tooth socket between the

State 2

loss of the contact between PTS and D by

CT and the MP

Sketch of the main elements around the PTS and their
topological relationships on RV. The PTS appears between the
CT on its anterior side, G on its antero-ventral side and the PM
on its ventral side. Black line: contact.

Agriopleura

itri Mexicaprina
gz‘,’:{éﬁsmelus Monogleura
Caprotina g)rff)l;gla
Chaperia ; Vh
Clinocaprina achytraga
Coralliochama Polyconites
Curtocaprina Radiolites
Dictyoptichus SEI/aeg.
Glossomyophorus Sr:.’mallla )
Hippurites Titanosarcolites
Ichthyosarcolites Valletia

dorsal development of the PM

Sketch of the main elements around the PTS and their
topological relationships on RV. The PTS is dorsal and loss

contact with D. Black line: contact.

Caprinula
Plagioptychus

Tepeyacia
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Hierarchical character #30. A — Diceras arietinum (MNHN.F.A52439). B — Radiolites radiosus (MNHN.F.J09021). C - Plagioptychus arnaudi (UPMC.1273). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 31

Name: development of the pallial cavities
Position: right valve

Kind: canals

Coding: (0(2))

States definitions

0 RV ventral side thick, devoid of cavities
1 ventral contact of the AECC and PECC
States tests

1 passed — clade 17

Retention index

100.0 %

Remarks
Related to character 9 of Chartrousse (1998a). Related partially to character 19 of Mitchell

(2013; with #12).
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Character 31: development of the pallial cavities

State 0

RV ventral side thick, devoid of cavities

Sketch of RV cavities development in transversal view. The

pallial cavities (AECC and PECC) are never ventrally connected.

AECC

PECC

Agriopleura

itri Monopleura

gz;r::;gzscoelus Pachytraga
C i Plagioptychus

aprotina i 3
Chaperia Po J_Cc;'mtes
Coralliochama gg” (;‘; (’:’95
Diceras )
Glossomyophorus Tepeyacia

i i Valletia
Hippurites

State 1

ventral contact of the AECC and PECC

-~
Sketch of RV in transversal view showing the contact between

the pallial cavities filled with blades. The pallial cavities merge
and become undifferenciated.

AECC

PECC

Caprinula Mexicaprina
Clinocaprina Offneria
Curtocaprina Oryxia
Dictyoptichus Semailia
Ichthyosarcolites Titanosarcolites
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Hierarchical character #31. A — Amphitriscoelus waringi. B — Caprinula boissyi (MNHN.6924). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 32
Name: morphology of the pallial canals
Position: right valve

Kind: canals

Coding: (0(1(2(3))))

States definitions

0 root
1 numerous radial walls forming pallial canals
2 walls polyfurcated leading to several rows of pallial canals

3 differentiated walls leading to two morphologies of canals: a row of palisading canals

along the external side of the shell wall, and capillary canals everywhere else
States tests

1 rejected — clade 13, 15, Sellaea

2 passed — clade 17

3 rejected — clade 18, 21, 23, Mexicaprina

Retention index

92.71 %

Remarks
Related to character 11 of Chartrousse (1998a). Related partially to character 11 in Smith
(1994; #31.1). Related to character 10 of Stone & Telford (1999; #31.1).

See remarks of character #12.
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Character 32: morphology of the pallial canals (RV)

State 0 State 1 State 2 State 3

[root] numerous radial walls forming pallial canals walls polyfurcated leading to several rows of differentiated walls leading to two morpholo-
pallial canals gies of canals: a row of palisading canals
AECC along the external side of the shell wall, and
AECC/PECC capillary canals everywhere else
PECC (undif-

ferenciated)

Sketch of RV cavities development in transversal view. The Sketch of RV pallial canals illustrating the several rows by caplllary

cavities are filled with blades. wall polyfurcation and anastomosis. canals

palisading
canals

canal

blade Sketch of the two canal morpologies.

palisading canals capillary canals

blades

gg",ffgga Monopleura Ca.prinula. Mexipaprina
Chp : Plagioptychus Chnocapr/pa Oryx:q )

dperid Polyconites Curtocaprina Semailia
Coralliochama Radiolites Ichthyosarcolites Titanosarcolites
Diceras Tepeyacia Agriopleura Pachytraga Dictyoptichus Offneria
Glossomyophorus Valletia Amphitriscoelus Sellaea
Hippurites

Hierarchical character #32. A — Caprotina striata (MV 2003.2.5147). B — Amphitriscoelus waringi. C — Dictyoptychus morgani (NHMUK P1.L-58427; original picture provided by Peter W. Skelton). D —
Ichthyosarcolites bicarinatus (Upper Cenomanian, D559a road, south exit of La Bédoule, Var, France; picture provided by Marc Floguet). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 33

Name: capillary canals in the central tooth
Position: right valve

Kind: canals

Coding: (0(2))

States definitions

0 compact shell in the CT
1 capillary canals in the CT
States tests

1 rejected — clade 21, 25
Retention index

61.59 %

Remarks
Related to character 21 of Mitchell (2013).
Because canals of the central tooth have always the same morphology as other pallial canals,

they are hypothesized homologous.
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Character 33: capillary canals in the central tooth

State 0 State 1

compact shell in the CT capillary canals in the CT

Agriopleura

Ampbhitriscoelus MMesicapring

: Monopleura
Barrettia 7

- Offneria

Caprinula
Caprotina z;Jchy tragt;

: agioptychus
Ch_ap CHas Polyconites
Clinocaprina Radiolit
Coralliochama s a” Jues
Diceras ng:;‘ii g
Dictyoptichus Tepeyacia Curtocaprina Oryxia
Glossomyophorus Valletia Ichthyosarcolites Titanosarcolites
Hippurites

Hierarchical character #33. A — Diceras arietinum (MNHN.F.A52439). B — Titanosarcolites giganteus (UT.47533). C — Curtocaprina clabaughikinsorum (UT.10922). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 34
Name: tabulae in the general cavity
Position: right valve

Kind: horizontal blades

Coding: (0(2))

States definitions

0 no shell floors developed in D perpendicularly to growth axis of the shell
1 tabulae in D

States tests

1 rejected — clades 12, 20

Retention index

74.62 %

Remarks

See character #17.
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Character 34: tabulae in the general cavity (RV)

State O State 1

No shell floors developed in D perpendicularly to tabulae in D
growth axis of the shell

D

D

Sketch of RV in longitudinal section showing an empty cavity D. | Sketch of RV in longitudinal section. D is filled with tabulae
(arrow).

tabulae

Agriopleura

Amphitriscoelus Monopleura

Caprotina Offneria

Caprinula Pachytraga

Chaperia Plagioptychus

Coralliochama Polyconites - .
Curtocaprina Sellaea Barrettia Ichthyosarcolites
Diceras Semailia Cl!nocap(lna Oryxia
Glossomyophorus Tepeyacia Dictyoptichus Radiolites
Mexicaprina Valletia Hippurites Titanosarcolites

Hierarchical character #34. A — Sellaea sp. (UT.48167). B — Hippurites sp. (SU.PAL.2018.0.113). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 35

Name: tabulae in pallial canals
Position: right valve

Kind: horizontal blades
Coding: (0(2))

States definitions

0 root

1 tabulae in pallial canals
States tests

1 rejected — clades 18, 22
Retention index

88.64 %

Remarks
Related to character 8 of Chartrousse (1998a; with #18). Related partially to character 21 of
Mitchell (2013; with #18).

See remarks on character #18.
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Character 35: tabulae in the pallial canals (RV)

State 0 State 1

[root] tabulae in the pallial canals

Sketch of a canaliculated rudist RV in longitudinal section. Sketch of a canaliculated rudist RV in longitudinal section. Canals
Canals are shown in purple. shown in purple are partitionned with tabulae.

Agriopleura

2l Mexicaprina

Amphnjriscoe/us Monopleura

Barrettia i

Caprinula Cg

c P £ Pachytraga

Czpro I{m Plagioptychus

- ap;,.’_r ah Polyconites

C?m lochama Radiolites

et e

Dicerasp Semailia Di ich i
Tepeyacia ictyopticiis il

G{ ossomyo, phorus Valletia Ichthyosarcolites Titanosarcolites

Hippurites

Hierarchical character #35. A — Caprinula boissyi (MNHN.6924). B — Caprinuloidea sp. (JPMA). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 36

Name: pillars

Position: both valves

Kind: pillars

Coding: (0(2))

States definitions

0 flat siphonal bands

1 infolding of the siphonal bands to form internal pillars
States tests

1 rejected — clades 7, 14
Retention index

50.72 %

Remarks

Related to character 8 of Skelton & Smith (2000).

Pillars P1 and P2 are postulated homologous to radial bands because they are both paired and
situated in the same posterior side of the shell. Pillars P1 and P2 are understood as strong
infoldings of the radial bands. The ligamentary ridge, which is not homologous to the pillars,
may adopt a similar morphology in some Hippuritid species, as in Barrettia. Multiple pillars
can also develop from infoldings linked to costae. The character state coded here considers
only the two pillars P1 and P2 derived from the radial bands. Other pillars may be present, for
example in Barrettia. However, the multiplication of pillars is non-informative in our

taxonomic sampling, because only Barrettia has it.
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Character 36: pillars

State 0 State 1

radial bands. infolding of the radial bands to form pillars.
P1

PE

Sketch of a Polyconites verneuili showing a continuous Sketch of an Hippurites radiosus showing its two pillars P1
sub-circular shell wall without infoldings. and P2 compressing the shell posteriorly and stretching it
anteriorly

P
)
N
SRS

Agriopleura : :
Amphitriscoelus Mexicaprina
; Monopleura
Caprinula :
C B Offneria
aprotina Brixia
Cropetia Pa)c/h traga
Clinocaprina ytrag
; Plagioptychus
Coralliochama Dol o siias
Curtocaprina Ra o}llio lites
Diceras Sellcca
Dictyoptichus 5 B tti .
Glossomyophorus ierlrlzatgla H?;;iritis Tepeyacia
Ichthyosarcolites ducud

Missing data: Titanosarcolites

Hierarchical character #36. A — Polyconites verneuili (Ch02 in Pascual-Cebrian et al. 2013). B — Glossomyophorus costatus (MNHN.F.R06779). C — Hippurites radiosus (MNHN.F.A58757). D — Barrettia
monilifera (UWIGM.RUD.2006.223). E — Tepeyacia corrugata (CAS.66657.01). Scale bars, 10 mm.
105



HIERARCHICAL CHARACTER 37

Name: outer calcitic shell layer

Position: both valves

Kind: outer layer

Coding: (0(2))

States definitions

0 thin calcitic outer shell layer, thinner than a tenth of the shell thickness
1 thick calcitic outer shell layer

States tests

1 rejected — clades 5, 7, 9, 12, 18, 20, Amphitriscoelus, Pachytraga, Sellaea
Retention index

51.2 %

Remarks
Related to characters 5 of Chartrousse (1998a). Related to character 3c in Skelton & Masse
(1998). Related partially to characters 2 and 9 in Steuber (1999). Related to character 1 in

Sano et al., (2014), but redefined to reduce size effect.
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Character 37: right valve coiling (RV)

State O State 1

coiled right valve uncoiled right valve

(e

Sketch of a shell with both right and left valves coiled. Sketch of a shell with uncoiled right valve. The shape of the
left valve may vary independtly.

Agriopleura Glossomyophorus
Amphitriscoelus Hippurites
Barrettia Ichthyosarcolites
Caprinula Offneria
oi Chaperia Polyconites
iceras ; Clinocaprina Pachytraga
Caprotina Elaglontyehus Coralliochama Radiolites
Mexi - Semailia :
exicaprina rtor o rcolites Curtocaprina Sellaea
Monopleura B Dictyoptichus Tepeyacia
o Valletia
ryxia

Hierarchical character #37. A — Mexicaprina minuta (JPMA.14097-1). B — Glossomyophorus costatus (MNHN.F.R06779). C — Sellaea sp. (WSA3058). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 38

Name: ligamentary structures

Position: both valves

Kind: ligament

Coding: (0(1(2(3))))

States definitions

0 external ligamentary groove parallel to the commissure

1 invagination of the ligament, forming a ligamentary cavity perpendicular to the

commissure and connected to the exterior by a groove

2 ligamentary groove loss and complete internalization of the ligamentary cavity
3 complete loss of the groove and of the ligamentary cavity

States tests

1 passed — clade 2

2 passed — clade 20

3 rejected — clades 21, 25

Retention index

97.3%

Remarks

Related partially to character 5 of Smith (1994; #37.0, #37.1). Related partially to character 1
in Chartrousse (1998a; #37.0, #37.1). Related to character 2 of Skelton & Masse (1998; #37.0,
#37.1). Related partially to character 5 of Steuber (1999; #37.0, #37.1). Related to characters

11 and 12 of Skelton & Smith (2000). Related partially to character 6 of Mitchell (2013;
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#37.1, #37.2). See Yonge (1967) for a complete discussion on ligament rotation.
Titanosarcolites giganteus has a remnant ligamentary cavity in one valve (pers. com.

anonymous reviewer). Thus T. giganteus is polymorphic for this character state.
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State O

external ligamentary groove parallel to the
commissure

@O

Sketch of rudist valves connected by a ligament (blue) parallel
to the commissure

Valletia

Diceras

Character 38: ligamentary structures

State 1

invagination of the ligament, forming a LC perpendi-
cular to the commissure

@O

Sketch of rudist valves connected by a ligamentary cavity (blue)
perpendicular to the commissure and connected to the outside by a
groove = s

ligament
Y| groove
| cavity

Agriopleura . )
Amphitriscoelus Mexicaprina
Barrettia Monopleura
Caprinula Offl‘;frla
Caprotina Pachytraga
Chaperia Plagioptychus
Coralliochama ’R’Og"a?ﬁltﬁ
Glossomyophorus : G” iolites
Hippurites ellaea
Oryxia Tepeyacia

State 2

ligamentary groove loss and complete
internalisation of the ligamentary cavity

@O

Sketch of rudist valves connected by an internal ligamenta-
ry cavity (blue) perpendicular to the commissure

Clinocaprina

Dictyoptichus Semailia

State 3

complete loss of the groove and of the LC

@O

Sketch of RV myocardinal apparatus showing no
ligamentary structure

Curtocaprina
Ichthyosarcolites

Titanosarcolites

Hierarchical character #38. A — Valletia germani (MNHN.F.J05798). B — Glossomyophorus costatus (MNHN.F.A27280). C — Caprinula boissyi (MNHN.6924). D — Clinocaprina lowentsami (USNM.245241).

E — Curtocaprina clabaughikinsorum (UT.10937). Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 39
Name: ligament position

Position: both valves

Kind: ligament

Coding: (0(2))

States definitions

0 ligament cavity dorsal to the PTS/PT
1 ligament cavity dorsal to the CTS/CT
States tests

1 passed — clade 12

Retention index

91.67 %

Remarks

See #9.
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Agriopleura
Amphitriscoelus
Barrettia
Caprinula
Caprotina
Chaperia
Clinocaprina
Coralliochama
Curtocaprina
Diceras
Dictyoptichus

Glossomyophorus

State O

ligament cavity dorsal to the PTS/PT

Sketch of the main elements around the ligamentary cavity
and their positions on RV. LC is dorsal to the PTS (PT in LV)

Ichthyosarcolites
Mexicaprina
Monopleura
Offneria
Oryxia
Pachytraga
Plagioptychus
Polyconites
Sellaea
Semailia
Tepeyacia
Valletia

Character 39: ligament position

State 1

ligament cavity dorsal to the CTS/CT

Sketch of the main elements around the ligamentary cavity
and their positions. The LC is dorsal to the CT (CTS in LV).

Hippurites

Radiolites

Missing data: Titanosarcolites
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Hierarchical character #39. A — Glossomyophorus costatus (MNHN.F.A27280). B — Radiolites radiosus (MNHN.F.J09021). Scale bars, 10 mm.




HIERARCHICAL CHARACTER 40

Name: shell costulations

Position: both valves

Kind: ornament

Coding: (0(2))

States definitions

0 smooth shell

1 more or less developed ribs on the outer layer of the shell
States tests

1 rejected — 4, 7,9, 12, 18, 22, Amphitriscoelus, Mexicaprina, Monopleura, Pachytraga,

Sellaea
Retention index
44.11 %

Remarks
Related to character 3 in Skelton & Smith (2000).
Ribs are defined as ornamental costae of the outer calcitic shell layer that do not impact the

course of the inner aragonitic shell layer.
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Character 40: shell costulations

State O State 1

smooth shell More or less developed ribs on the outer layer of
the shell

smooth shell

Agriopleura Monopleura
3 ! Amphitriscoelus Offneria
B < Barrettia Pachytraga
Caprotina Plagioptychus
Chaperia Polyconites
Coralliochama Radiolites
Dictyoptichus Sellaeg
Curtocaprina Glossomyophorus Semailia
Diceras Oryxia Hippurites ;ipeyaCIa it
Ichthyosarcolites Valletia Mexicaprina itanosarcolites

Missing data: Caprinula, Clinocaprina

Hierarchical character #40. A — Diceras arietinum (MNHN.F.A52439). B — Curtocaprina clabaughikinsorum (UT.10922). C — Chaperia costata (MNHN.F.R07942). D — Tepeyacia corrugata (CAS.66657.01).
Scale bars, 10 mm.
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HIERARCHICAL CHARACTER 41
Name: flanges

Position: both valves

Kind: ornament

Coding: (0(2))

States definitions

0 shell cross-section circular to sub-circular in shape
1 presence of elongated narrow flanges
States tests

1 rejected — clades 21, 24

Retention index

94.55 %

Remarks

Related to character 4 of Mitchell (2013).

Contrary to costae, flanges involve the inner aragonitic shell layer. Flanges can involve the
aragonitic inner layer and the calcitic outer layer, depending of their thickness. We code the
wide variety of flange morphologies and number as a single derived state. Antillocaprinids
especially can reach an important number of flanges. When the outer layer is thin, flanges can

involve the aragonitic and the calcitic outer layer.
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Character 41: flanges

State 0 State 1

shell cross-section circular to sub-circular in shape presence of elongated narrow flange(s)

BODOA OO

Shell shape of various species in transverse section. Shell shape of various species in transverse section.
Flanges (i.e. local thickening of the shell) enlighten by
arrows.

Agriopleura Hippurites

Amphitriscoelus Mexicaprina

Barrettia Monopleura

Caprinula Offneria

Caprotina Pachytraga

Chaperia Plagioptychus

Clinocaprina Polyconites

Coralliochama Radiolites Curtocaprina s
Diecras seinen Ichthyosarcolites ?’ftzlr%lgrcolites
Dictyoptichus Tepeyacia Oryxia

Glossomyophorus Valletia

Hierarchical character #41. A — Glossomyophorus costatus (MNHN.F.R06779). B — Ichthyosarcolites bicarinatus (MGUP.021.2-110; picture provided by Carolina d’Arpa and Tony Costaglia). C —
Curtocaprina clabaughikinsorum (UT.10937). D — Oryxia sulcata (BJ.1901-HR?2). Scale bars, 10 mm.
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Appendix 3: Character matrix

Matrix of the 41 3ta characters with their hierarchical coding and their assignation to taxa.

1 23 456 7 8 91011121314151617 18 192021 22 23 242526 27 28 29 30 31 32 33 34 3536 37 38394041

Character number

(((((p)e)
(((
(((((s)¥)eX
((((((9))P)E)
(((e)z
S

21150402010000000000011111000101000011010

Agriopleura marticensis

11050?020010101000000010%??6?11101000011010
21061502?100000000?1111116000100010111010
21020?02001132100010001115%?112130000110%"?0

Amphitriscoelus waringi

Barrettia monilifera

Caprinula boissyi

11030101001 000000000001014000100000001010
11030401001 000000000001014000100000011010
3105040201113 00101000011160111130110120%"?0
21020202001040010000001112100100100011010

Caprotina striata

Chaperia costata

Clinocaprina lowentsami

Coralliochama orcutti

1105030211113 2000000001111011113100013°001
000O0O00O0OO0OOOOOOOODOOOOOOOOOOOOOOOOOODOOOOOOODO
3105140201114 00000000011170111120110120110

Curtocaprina clabaughikinsorum

Diceras arietinum

Dictyoptichus morgani

1103010?0110000000000010??4100100000011010
21 0615021100000000011111160001000101111110
210504020111320011?0001117011113011013@001

Glossomyophorus costatus

Hippurites radiosus

Ichthyosarcolites bicarinatus

11050402001131000000001116211113000001010

Mexicaprina minuta

11010101000000000O0O0000O10021001000000O01010
11021302001140000110001015111112001011010

Monopleura michaillensis

Offneria rhodanica

P22 P21 ??1311113110001001

Oryxia sulcata

117



11030302001010000000001105010101000011010
21020202001 040000000001012100200000001010
21041102001 000000000001002100100000011010
2115141211 0000000000011111000100010011110
2103030100100000O000O00O017?”??4110101000011010
310614??2111132010000001117%?11113000002011

Pachytraga paradoxa

Plagioptychus arnaudi

Polyconites verneuili

Radiolites radiosus

Sellaea cespitosa

Semailia smithi

110414020010000000000%?1112000200000111010

2105141201113 00111000011173111131117?03%?11

Tepeyacia corrugata

Titanosarcolites giganteus

110101010000000O0O0OO0O0O0001O00210010000O0O0O0O0O0O0O00

Valletia tombecki
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Appendix 4: 3ia file and corresponding nexus file

File generated by matx;

;

Taxa

AA = Diceras

AB = Valletia

AC = Monopleura

AD = Glossomyophorus
AE = Radiolites

AF = Agriopleura

AG = Hippurites

AH = Barrettia

AI = Mexicaprina

AJ = Amphitriscoelus
AK = Pachytraga

AL = Offneria

AM = Dictyoptichus
AN = Semailia

AO = Titanosarcolites
AP = Clinocaprina
AQ = Ichthyosarcolites
AR = Curtocaprina

AS = Plagioptychus
AT = Coralliochama
AU = Polyconites

AV = Tepeyacia

AW = Caprotina

AX = Chaperia

AY = Caprinula

AZ = Sellaea

BA = Oryxia

Characters
[1 ] (AA (AB AC AD AI AJ AK AL AR AV AW AX (AE AF AG AH AO AQ AS AT AU AY AZ (AM AN AP))))

] (AA (AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ)

] (AA AB AC AD AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ (AE AF)

] (AA (AB AC (AL AS AT AY (AD AK AW AX AZ (AU AV) (AE AF AI AJ AM AO AP AQ AR (AG AH AN))))))
] (AA AB AC AD AF AI AJ AK AP AQ AR AS AT AW AX AY AZ (AE AG AH AL AM AN AO AU AV))

] (AA (AB AC AD AU AW (AS AT) (AK AL AR AZ (AE AF AI AM AN AO AP AQ AV AX (AG AH)))))

] (AA AB AC AD AF AG AH AI AJ AK AL AM AP AQ AR AS AT AU AV AW AX AY AZ (AE AO0))

] (AA (AB AC AW AX AZ (AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AY)))

] (AA AB AC AD AF AI AJ AK AL AM AO AP AQ AS AT AU AV AW AX AY AZ (AE AG AN AR))
0] (AA AB AC AI AJ AK AL AS AT AU AV AW AX AY AZ (AD AE AF AG AH AM AN AO AP AQ AR
11] (AA AB AC AE AF AG AH (AD AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ

[
[
[
[
[
[
[
[
[ ))

[ ))

[12] (AA AB AC AD AE AF AG AH AJ AK AS AT AU AV AW AX AZ (AI AL AM AN AO AP AQ AR AY)

[13] (AA AB AC AD AE AF AG AH AU AV AW AX AZ (AJ AK ((AI AN AO AP AQ AR AY) (AL AM AS AT))))
[14] (AA AB AC AD AE AF AG AH AJ AK AL AM AO AP AS AT AU AV AW AX AZ (AI (AN AQ AR AY)))
[15] (AA AB AC AD AE AF AG AH AI AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AZ (AJ AY)

[16] (AA AB AC AD AE AF AG AH AI AJ AK AL AM AQ AR AS AU AV AW AX AY AZ (AN AO AP AT)

[17] (AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AP AR AS AT AU AV AW AX AY AZ (AO AQ))

[18] (AA AB AC AD AE AF AG AH AI AJ AK AM AN AR AS AT AU AV AW AX AY AZ (AL AO AP AQ))

[19] (AA AB AC AD AE AF AG AI AJ AK AM AN AO AP AR AS AT AU AV AW AX AZ (AL AY))

[20] (AA AB AC AD AE AF AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ (AG AH)

[21] (AA AB AC AD AE AF AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ (AG AH)

[22] (AA AB AC AD AI AJ AK AL AM AN AO AP AQ AR AS AT AU AW AX AY AZ (AE AF AG AH))

[23] (AA (AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA))

[24] (AA AB AC AD AJ AL AS AU AW AX (AE AF AG AH AI AK AM AN AO AP AQ AR AT AV AY))

[25] (AA AB AC AK AU (AE AF AG AH AI AL AM AN AO AP AQ AR AS AT AV AW AX AY))

[26] (AA (AE AF AR BA) (AB AC AS AT AU AV ((AD AW AX AZ (AK AL AY)) (AG AH AI AJ AP (AM AN AO 2Q)))))
[27] (AA AE AF AG AH AK AM AP AQ AR AV AW AX (AB AC AD AL AS AT AU AZ (AI (AO BA))))

[28] (AA AB AC AD AE AF AG AH AS AT AU AV AW AX (AI AJ AK AL AM AN AO AP AQ AR AY AZ BA)
[29] (AA AB AC AD AE AF AG AH AK AS AT AU AV AW AX AZ (AI AJ AL AM AN AO AP AQ AR AY BA)
[30] (AA (AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AT AU AW AX AZ BA (AS AV AY
[31] (AA AB AC AD AE AF AG AH AJ AK AS AT AU AV AW AX AZ (AI AL AM AN AO AP AQ AR AY BA)
[32] (AA AB AC AD AE AG AH AS AT AU AV AW AX (AF AJ AK AZ (AL AM (AI AN AO AP AQ AR AY BA))))
[33] (AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AP AQ AS AU AV AW AX AY AZ (AO AR AT BA))
[34] (AA AB AC AD AF AI AJ AK AL AN AR AS AT AU AV AW AX AY AZ (AE AG AH AM AO AP AQ BA))
[35] (AA AB AC AD AE AF AG AH AI AJ AK AN AR AS AT AU AV AW AX AY AZ BA (AL AM AO AP AQ))
[36] (AA AB AC AD AE AF AI AJ AK AL AM AN AP AQ AR AS AT AU AW AX AY AZ BA (AG AH AV))

[37] (AA AB AC AI AN AO AS AW BA (AD AE AF AG AH AJ AK AL AM AP AQ AR AT AU AV AX AY AZ))
[38] (AA AB (AC AD AE AF AG AH AI AJ AK AL AS AT AU AV AW AX AY AZ BA (AM AN AP (AO AQ AR)))
[39] (AA AB AC AD AF AH AI AJ AK AL AM AN AP AQ AR AS AT AU AV AW AX AY AZ BA (AE AG)

[40] (AA AB AQ AR BA (AC AD AE AF AG AH AI AJ AK AL AM AN AO AS AT AU AV AW AX AZ))

[41] (AA AB AC AD AE AF AG AH AI AJ AK AL AM AP AS AT AU AV AW AX AY AZ (AN AO AQ AR BA))

)
)
)))
)
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Instructions for using the 3ia file:
1. Copy and paste the text below into a text file, then save with the '.3ia’ extension.
2. Download and install the Lisbeth software at:

https://www.infosyslab.fr/?g=en/resources/software/lisheth=en/resources/software/lisbeth

after installing Python 3.3.
3. Follow the procedure to switch from the .3ia file to the.3iz file and then convert to .nex
readable by PAUP or TNT. The procedure is available in: https://lis-

upmc.snv.jussieu.fr/lis/ressources/lisbeth/doc/en/LisBeth%20functionalities.pdf%20functiona

lities.pdf (Part 3: heuristic search).
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https://www.infosyslab.fr/?q=en/resources/software/lisbeth=en/resources/software/lisbeth
https://lis-upmc.snv.jussieu.fr/lis/ressources/lisbeth/doc/en/LisBeth%20functionalities.pdf%20functionalities.pdf
https://lis-upmc.snv.jussieu.fr/lis/ressources/lisbeth/doc/en/LisBeth%20functionalities.pdf%20functionalities.pdf
https://lis-upmc.snv.jussieu.fr/lis/ressources/lisbeth/doc/en/LisBeth%20functionalities.pdf%20functionalities.pdf

#nexus
begin data;
Dimensions ntax=28 nchar=6346;

Format symbols="0 1" missing=?;

Matrix

Profil
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000

Diceras

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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Radiolites



i
?

ppurites
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BV
BV
=
N
N
N
N
N
0
[
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
)
=
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
N
)
N
)
N
N
N
N
N
N
N
N
N
N
N
)
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N

BN
[N}
N}
[N}
=
]
N
)
N
)
N
)
N
)
N
)
D
=
[
[
[
[
[
[
[
[
[
[
[
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
)
N
)
N
)
N
)
N
N
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
D
[
N
)
N
)
N
)
N
)
N
)
N
)
N
)
D
=
N
)
N
)
N
)
N
N
N
N
N
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)
)
N
)
N
)
N
)
N
)
N
)
N
)
)

-
)
)
N
)
N
)
N
)
N
)

i

-

=

-

=

-

=

-

=

-
)
)
N
)
N)
)
N
)
N
)
N)
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)

=
)
N
)
N
)
N
)
N
)
N
)
N
)
N
)
N

-

BN
)

-~
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BV
BN
BN
B
=
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
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N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
)
N
)
N
)
N
)
N
)
N
N
N
N
N
)
N
N
N
)
=
N
N
)
N
)
N
N
N
)
=
N
N
N
N
)
N
N
N
N
N
N
N
N
N



Tepeyacia
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RN
AVERRIV]
NEEN)

RV

)
AVIRRIV]
NI
AVIRLLV]
NI
AVIRLLV]
NI

[l
RN
AVIRLLV]
NI
AVIRLLV]
NEEN)

[l

ENEEN]

RV

ERERN]

KAV INEIV]

o

LAV INEIV]

RN

KAV INEIV]

o

LAV INEIV]

PN

[l

PN

LAV INEIV]

[N

[l
N
AVIRLAV]
NI
AVIRRIV]
NI
AVIRRAV]

)
AVIRRIV]
NI
AVIRRIV]
NI
AVIRRIV]
NI
AVIRLIV]
N
AVIRLIV]

o
AVIRLLV]
NI
AVIRLLV]
NI
AVIRRIV]
NI

[l

LN

LACINEIV]

PN

[y
NERN)
AVIRRAV]
NEEN)
AVIRRAV]
NI
AVIRRIV]
NI
AVIRRIV]
NI

[l
NEEN)
D
NERN)
AVIRRIV]
NI

[l

PN

LACINEIV]

PR

[l

PN

[l

B

KAV INEIV]

]

LAV INEIV]

PR

[l

PN

LACINEIV]

]

LACINEIV]

0o

[l

PSRN

[l

RV INEE)

= e

RV INEE)

= e

RV INEE)

=

=

o

O]

,_.
D
)
D
)
D

=

)

N}

)

I}

=
)
D
)
D
N

=

BN}

=
)
D
)
D
N

=
)
D
)
D
)
D
)
D
N
=

BN}

=
)
D
)
D
N

=

BN}

-~

N}

fiv}

=
D
)
D
)
D
=

)

=

)

=

(v}

N}

)

I}

=

BN}

(v}

N}

(v}

=
D
)
D
)
D

=

)

=

)

=

(v}

N}

[N}

I}

=

BN}

)

N}

)

=
D
)
D
)
D

=

)

=

(v}

=

(v}

N}

(v}
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=

BN}
D
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Oryxia
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end;

Begin Paup;

wts

240:1, 208:2, 184:3, 184:4, 212:5, 212:6, 240:7, 187:8, 212:9, 240:10,

212:11, 212:12, 240:13, 212:14, 212:15, 184:16, 240:17, 240:18, 240:19, 212:20,
212:21, 212:22, 187:23, 240:24, 235:25, 211:26, 211:27, 239:28, 239:29, 267:30,
214:31, 239:32, 267:33, 239:34, 239:35, 267:36, 224:37, 224:38, 196:39, 267:40,
267:41, 267:42, 239:43, 239:44, 239:45, 199:46, 267:47, 172:48, 172:49, 207:50,
207:51, 208:52, 171:53, 210:54, 252:55, 223:56, 206:57, 235:58, 208:59, 208:60,
173:61, 215:62, 231:63, 217:64, 189:65, 193:66, 210:67, 185:68, 238:69, 524:70,
594:71, 372:72, 181:73, 136:74, 197:75, 240:76, 299:77, 319:78, 430:79, 251:80,
251:81, 373:82, 180:83, 216:84, 198:85, 230:86, 177:87, 194:88, 176:89, 199:90,
303:91, 303:92, 223:93, 178:94, 238:95, 249:96, 271:97, 254:98, 254:99, 256:100,

256:101, 341:102, 180:103, 216:104, 166:105, 197:106, 177:107, 194:108, 218:109, 240:110,
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1000:111,

299:

176:

244:

478:

228:

345:

446:

240:

451:

722:

469:

228:

257:

226:

213:

451:

254:

221:

489:

139:

120:

256:

256:

210:

138:

644:

232:

219:

129:

209:

243:

243:

656:

255:

203:

444:

121,
131,
141,
151,
lel,
171,
181,
191,
201,
211,
221,
231,
241,
251,
261,
271,
281,
291,
301,
311,
321,
331,
341,
351,
361,
371,
381,
391,
401,
411,
421,
431,
441,
451,
461,

471,

79:481,

22:491,

134:

201:

201:

501,

511,

521,

220:112,

207:

232:

226:

574:

228:

314:

228:

228:

213:

230:

259:

235:

238:

559:

142:

156:

120:

120:

246:

440:

174:

357:

462:

112:

122,

132,

142,

152,

162,

:172,

:182,

:192,

:202,

1212,

222,
232,
242,
252,
262,
272,
282,
292,
302,
312,
322,
332,
342,
352,
362,
372,
382,
392,

402,

93:412,

243:

243:

183:

111:

644:

220:

41:492,

134:

168:

168:

422,

432,

442,

452,

462,

472,

207:482,

502,

512,

522,

55:493,

176:113
244:123,
275:133,
356:143,
574:153,
544:163,
254:173,
372:183,
1193,
1203,
1213,
707:223,
475:233,
228:243,
230:253,
491:263,
448:273,
251:283,
302:293,
338:303,
132:313,
106:323,
156:333,
156:343,
155:353,
230:363,
284:373,
120:383,
532:393,

129:403,

129:413,

93:423,

93:433,

219:443,

428:453,

161:463,

330:473,

387:483,

41

22:503,

168:513,

168:523,

, 232:114,

226:124,
338:134,
213:144,
412:154,
321:164,
271:174,
372:184,
410:194,
279:204,
:214,
1224,
297:234,
401:244,
418:254,
299:264,
235:274,
272:284,
237:294,
264:304,
268:314,
183:324,
139:334,
139:344,
435:354,
701:364,
107:374,
272:384,
311:394,
105:404,
79:414,
129:424,
129:434,
128:444,
203:454,
271:464,
92:474,
457:484,
:494, 63:
41:504,
22:514,

22:524,

356:

357:

229:

228:

305:

268:

242:

285:

268:

173:

177:

177:

247:

905:

383:

104:

237:

241:

171:415,

275:115,

125,

135,

145,

1155,

1165,

1175,

1185,

1195,

1205,

1215,

1225,

1235,

1245,

1255,

265,
275,
285,
295,
305,
315,
325,
335,
345,
355,
365,
375,
385,
395,

405,

112:425,

112:435,

422:

701:

445,

455,

95:465,

260:475,

236:485,

495,

22:505,

41:515,

41:525,

338:116,

213:

322:

211:

235:

359:

217:

395:

236:

965:

167:

167:

673:

189:

232:

136:

257:

241:

146:416,

220:

905:

77:476,

166:496,

83:506,

55:516,

55:526,

126,

136,

146,

1156,

1166,

:176,

1186,

1196,

1206,

1216,

1226,

1236,

1246,

1256,

1266,

276,
286,
296,
306,
316,
326,
336,
346,
356,
366,
376,
386,
396,

406,

l64:426,

164:436,

446,

456,

371:466,

162:486,

431:117,

229:

290:

234:

299:

359:

187:

339:

517:

289:

242:

276:

634:

481:

261:

l6l:

235:

205:

226:

217:

220:

303:

303:

668:

608:

356:

174:

210:

368:

209:

938:417,

658:

le6l:

109:477,

166:497,

104:507,

41:517,

41:527,

143

127,
137,
147,
157,
167,
1717,
187,
197,
207,
217,
2217,
237,
247,
257,
267,
277,
287,
297,
307,
317,
327,
337,
347,
357,
367,
377,
387,
397,

407,

140:427,

140:437,

447,

457,

220:467,

199:487,

322:118,

211:

261:

297:

214:

323:

221:

233:

217:

220:

396:

323:

687:

625:

138:

210:

120:

204:

193:

276:418,

608:

329:

197:478,

134:498,

863:508,

63:518,

63:528,

128,

1138,

:148,

1158,

1168,

:178,

1188,

:198,

1208,

1218,

1228,

1238,

248,
258,
268,
278,
288,
298,
308,
318,
328,
338,
348,
358,
368,
378,
388,
398,

408,

276:428,

653:438,

448,

458,

161:468,
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Appendix 5: Table of results of the character test procedure

Overview of the results of the character testing procedure using 3ta. List of hierarchical
characters with their localization (LV, RV or both), their number in this paper, their kind, their
number of informative states (i. e. excluding the root), their retention index, and the character

states numbers that pass the congruence test and become synapomorphies on the cladogram.
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Valve Character  Kind Number of informative  Retention  Synapomorphies

involved number states index (%)  (states numbers)
LV 1 Teeth 3 77.68 1,3
2 1 100.00 1
3 1 100.00 1
4 Myophores 6 74.78 1,2,4
5 1 55.56
6 5 87.99 1,2,5
7 1 47.83
8 Vertical blades 2 96.29 1
9 1 64.29
10 1 70.91
11 Canals 1 62.91
12 1 100.00 1
13 4 82.99
14 2 84.00 1
15 1 66.67
16 1 65.91
17 Horizontal blades 1 100.00 1
18 1 87.12
19 1 100.00 1
20 Canal/pore system 1 100.00 1
21 1 100.00 1
22 Coiling 1 100.00 1
RV 23 Teeth 1 100.00 1
24 1 81.90 1
25 1 79.61
26 Myophores 7 50.32 7
27 3 38.45
28 Vertical blades 1 82.51
29 1 100.00 1
30 2 53.35 1
31 Canals 1 100.00 1
32 3 92.71 2
33 1 61.59
34 Horizontal blades 1 74.62
35 1 88.64
Both valves 36 Pillars 1 50.72
37 Outer layer 1 51.20
38 Ligament 3 97.30 1,2
39 1 91.67
40 Ornamentation 1 4411
a1 1 94.55

159



Appendix 6: Proposal of classification of all Hippuritidina genera

Attempt of taxonomic assignment of all Hippuritidina genera (in Skelton 2013a) in our cladogram. As
the assignments presented here remain hypothetical and untested by cladistic analysis, we do not give
them a taxonomic value (see Appendix 4). Black line: stratigraphic range; grey line: uncertainty;
dotted line: ghost range. Caprina*: C. mulleri and C. choffati (?); Caprinaf: all other Caprina species.

Offneria*: O. interrupta, and O. simplex; Offneriaf all other Offneria species.
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