MIDDLE ORDOVICIAN BIVALVES FROM SPAIN
AND THEIR PHYLETIC AND PALAEOGEOGRAPHIC
SIGNIFICANCE

by CLAUDE BABIN and JUAN-CARLOS GUTIERREZ-MARCO

ABSTRACT. The rich bivalve fauna from the Middle Ordovician of Spain is reviewed, and some new taxa
established : Dulcineaia manchegana gen. and sp. nov., Praenucula sharpei sp. nov. and Ekaterodonta hesperica
sp. nov. Some palacotaxodontids probably had archaic characters, such as the dentition of Ekaterodonta and
the pedal muscles of Myoplusia. The common trend towards the production of crenulated teeth among
actinodonts and their descendants is underlined; Dulcineaia is a new example among Redoniidae. The
comparison with the crenulations of some paleotaxodontids does not show any general constraints governing
the evolution of microcrenulations. Bivalve distribution within the Selenopeltis province is apparently complex
with some endemics during the Middle Ordovician. The Spanish faunas were largely dominated by small
endobenthic shells which suggests a cool-water area.

THE Middle Ordovician bivalve molluscs from the shales of the Hesperian Massif were described
by Sharpe (1853) from Portugal and by de Verneuil and Barrande (1856) from Spain. Since then,
these faunas have not been revised. In contrast, other groups, trilobites, graptolites, echinoderms,
have provided the basis of numerous studies which have enabled a precise biostratigraphy for the
Llanvirn and Llandeilo series to be established in the Hesperian Massif (Hamman 1974, 1983;
Hamman et al. 1982; Romano 1982; Gutiérrez-Marco et al. 1984b; Rédbano 1984, 1988;
Gutiérrez-Marco 1986). The only indications of bivalves are a list of species by Gutiérrez-Marco
et al. (1984b), a figure of Redonia cf. deshayesi from the Ossa Morena Zone (Gutiérrez-Marco et al.,
19844) and the description of a new cycloconchid (Babin and Gutiérrez-Marco 1985). Similar
faunas have been the subject of detailed researches in the Armorican Massif (Babin 1966, 1977;
Bradshaw 1970). Increasing interest has been given to other Lower and Middle Ordovician bivalve
faunas elsewhere (Pojeta 1971; Morris and Fortey 1976; Pojeta and Gilbert-Tomlinson 1977;
Pojeta 1978; Morris 1978, 1980; Babin 1981, 1982; Babin et al. 1982). Thus, it is appropriate to
revise the systematics of these numerous and diverse molluscs in a modern framework, and to
discuss their phyletic and palacogeographical significance.

This paper is a contribution to Project ID-456 (‘ Biostratigraphy and palacoecology of the Lower
Paleozoic rocks of SW Hesperian Massif’) of Comision Acesora de Investigacion Cientifica y
Técnica Consejo Superior de Investigaciones Cientificas, 1985-1988 programming.

. GEOLOGICAL SETTING OF SPANISH MIDDLE ORDOVICIAN BIVALVES

We have studied 2400 bivalve samples from 87 localities widely distributed along the Spanish part of
the Hesperian Massif. This massif comprises a large area of the Iberian Peninsula and contains the
most extensive outcrops of Ordovician rocks known in the European Hercynian fold belt. Text-
figure 1 shows the approximate position of the fossil localities. Their detailed locations have been
deposited with the British Library, Boston Spa, Yorkshire, UK, as Supplementary Publication No.
SUP 14041 [6 pages].

The bivalve faunas come from several formations, composed mainly of shales with scarce
sandstones, the latter predominating only in the youngest beds of the succession. They can all be
assigned to the ‘Tristani Beds’ of early authors, which have been divided into a number of
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mextT-ri, 1. Map showing outcrops of Ordovician rocks inithe Iberian Penimsula in solid black with the studied
Lower Urdavician bavalve locahtes. Symbals: a, Precamibnian and Palascosoic rocks; b, Ordovician oubonogs
¢ posi-Palagoroic cover, a-i, streciurl zones of the Hesperian Massi(: 4. Camabrian pone; B, West-Astarian.
Leoness pond (and 108 soqithern extension i@ the [heman Cordallera); ©, Central-1beran rone; ix, Ossa-Morena
mame; B, South-Portuguese rone. Foasil localities: 1, “Sweeve”; 2, Fombuena-Herrera (FB. LU, HERR): 1,
Calamocha (M0); 4, Arsgoncille (CR, PS); 3, Fl Pobo (PD¥; 6, Geo de Albarracin (GA): 7, Truckas (TR):
&, El Acazar (AT): % La Bastida (LB); 10, Ala-Pavalpmo (PSY, HM, BA); 11, Navas de Estena: Retseria
(NE, RE); 12, Ventas (YPA): 13, Benacaire-Puebla de Don Rodrige (Hd, PR, Pl); 14, Herrera del Daque
(HI¥); 13, Pomuelos-Corral de Calairava (FZ, CO); 16, Skerra de San Pedro (5VA, PC); 17, Sanla Eafemia
(SEL: 18, Almadén (AT, AM. CHIL. G5): 19, Fuencaliente (FLU); 20, Calzada-Yiso del Margqués (OC, VM)
21, Sierra Morena onental (ALAM); 22, Cazalla de la Sserea (CS)

formations as summarnized and correlated by Hammann of af. (1982) and Gutiérrez-Marco ef al,
(1935de, iIn press)

Most of the bivalves are preserved as internal fexternal moulds in shales, silty nodales and the
sandstones ; rare casts of specimens with conpoined valves replaced by hematitke or slty materials
have seldom been Found,

Text-figure 2 shows the stratigraphic dsinbution of the species based on accompanying fossils of
bigstratigraphical value {graptolites, trilobites. brachiopods and microfessils). Mevertheless, it has
been shown elsewhere that there is difficulty in correlating the Spanish Ordovician with the British
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LLANVIRN

LLANDEILO

Lower

Upper Lower

Upper

1 Ctenodonta cf. escosurae (SHARPE)
2 Praenucula costae (SHARPE)

3 Praenucula sharpei n.sp.

4 Cardiolaria beirensis (SHARPE)

5 Ekaterodonta hesperica n.sp.

6 Myoplusia bilunata perd, (BARRANDE)
7 Cadomia britannica (BABIN)

8 Goniophora (Cosmogoniophora) sp.
9 Modiolopsis ? elegantulus SHARPE
10 Cyrtodontula sp.

11 Glyptarca ? lusitanica (SHARPE)

12 Ananterodonta oretanica BABIN & GUTIERREZ-
13 Babinka prima BARRANDE MARCO

14 Coxiconcha britannica ROUAULT)
15 Redonia deshayesi ROUAULT
16 Duicineaia manchega n.gen., n.sp.

stratotypes of the Llandeilo Series. For this reason, some authors adopt the Bohemian Dobrotiva
Series (Havlicek and Marek 1973), with which the Ordovician sequences of the Southern
Gondwanan platform (‘Mediterranean area’) are also easier to correlate. The Dobrotiva Epoch is,
however, a possible equivalent of the global standard Teretiusculus Zone. Thus, with reservation,

TEXT-FIG. 2. Stratigraphic distribution of Spanish Middle Ordovician bivalve species.

we use the Llandeilo Series in spite of controversy (Whittington ef al. 1984).

descriptions are those defined by Babin (1966, p. 28). If not otherwise cited, figured and described
specimens are in the Department of Palacontology, Complutense University of Madrid, Spain.
Complementary material is housed in the Laboratory of Palaeontology, University of Brest (LPB),

SYSTEMATIC PALAEONTOLOGY
The classification used by Pojeta (1987) is adopted here. The morphological indexes used in some
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in the Université Claude Bernard — Lyon I (FSL), in the British Museum of Natural History,
London (BMNH) and in the Ndrodni Museum of Prague.

Class BIVALVIA Linnaeus, 1758
Subclass PALAEOTAXODONTA Korobkov, 1954
Order NUCULOIDEA Dall, 1889
Superfamily CTENODONTACEA Wéhrmann, 1893
Family CTENODONTIDAE WGhrmann, 1893
Genus CTENODONTA Salter, 1852

Type species. Tellinomya nasuta Hall, 1847, by subsequent designation of Salter (1859, p. 34).

Diagnosis. Nuculaniform ctenodontids lacking prominent concentric ornament.

cf. 1853

cf. Ctenodonta escosurae (Sharpe, 1853)
Plate 1, figs 14

Leda escosurae Sharpe, p. 151, pl. 9, fig. 8.
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Material. Two internal moulds (one right valve and one left valve), CR II 2161/OR.

Locality and stratigraphical range. Basal shales of La Venta Formation, Aragoncillo Massif (Iberian Cordillera,
Castilian Branch); lowermost Llanvirn.

Description and discussion. Small shell (respectively 13 and 10-5 mm long) with a weak beak situated at the
anterior third. Anterior margin and ventral side convex; maximum height located exactly behind the umbo.
Posterior end gently elongate and rounded; a very faint depression on the posterior part of the shell produces
a discrete inflexion of the ventral margin between the posterior fourth and fifth parts. Characters of the hinge
plate unknown. Anterior adductor muscle scar posteriorly fringed by a small high and broad septum. Posterior
adductor scar poorly visible and anteriorly limited by a weak undulation of the valve.

Sharpe’s material of Leda escosurae is BMNH Pl. 4106 (internal mould of a bivalve specimen, figured by
Sharpe, pl. 9, fig. 8, which must be considered as lectotype; figured here, PI. 1, figs 1 and 2) and BMNH Pl
4138 (internal mould of a right valve, paralectotype).

Sharpe’s types are nuculaniform with their elongate posterior end, but the dentition, with numerous chevron-
shaped teeth, has no resilifer. Thus these forms must be referred to Ctenodonta as used since McAlester (1968)
and Pojeta (1971) for Nuculoida without a resilifer and with a rostrate end. Our specimens have an outline
similar enough to that of Ctenodonta escosurae, but their dentition is not preserved and we must leave them
in open nomenclature. Barrande (1881, pls 269 and 270) figured several ‘species’ of  Leda’ from the Ordovician
of Bohemia, but they belong to other genera and are different from C. escosurae (Pfab 1934). There are many
elongate shells in the Ordovician, and they probably belong to different families or even different orders (e.g.
Thoralia Morris, 1980 = Miguelana Babin, 1982, junior synonym from the Arenig of the Montagne Noire);
unfortunately, the material is often poorly preserved.

~ Superfamily NUCULACEA Gray, 1824
Family PRAENUCULIDAE Pfab, 1934

Remarks. Since the revision by McAlester (1968) of the type material, efforts have been made to homogenize
the generic designations of palacotaxodontids from the Lower Palaeozoic. However, some confusion persists
because these small bivalves are numerous, variable, sometimes polymorphous and are often badly preserved
or distorted. Among the praenuculids, Tunnicliff (1982) has discussed the difficult distinctions between
Praenucula, Praeleda, and Deceptrix. We shall try to apply this author’s criteria to distinguish Praenucula
(anterior and posterior teeth subsimilar in size and number; umbo lying in the posterior half) and Deceptrix
( = Praeleda) (posterior teeth smaller and more numerous than the anterior; umbo lying in the anterior half;
adductor muscle scars larger and more ventral than in Praenucula.)

Genus PRAENUCULA Pfab, 1934

Type species. Praenucula dispar expansa Pfab, 1934 (from the Sarka Formation, Llanvirn of Bohemia) by
original designation of Pfab, 1934 (pp. 234-235). See discussion under Praenuculidae above.

EXPLANATION OF PLATE 1

Figs 1 and 2. Ctenodonta escosurae (Sharpe, 1853). Lectotype (BMNH, Pl. 4106), Middle Ordovician, Portela
de Loredo, Serra de Bussaco (Portugal). 1, right view, 2, cardinal view. Both x4.

Figs 3 and 4, cf. Ctenodonta escosurae. Aragoncillo Massif (Iberian Cordillera), basal part of La Venta
Formation, lowermost Llanvirn. 3, internal mould of a right valve (CR-II 2 161/OR), x 4. 4, internal mould
of a left valve (CR-II 2 161/OR), x4.

Figs 5-9. Praenucula costae (Sharpe, 1853). 5-8, Calzada de Calatrava (Ciudad Real), middle part of the
Guindo Shales, late Lower Llandeilo; 5, internal mould of a right valve showing numerous borings on the
ventral part (CC-I 2 169/0OR), x4; 6, detail of the postero-umbonal part of an internal mould of a right
valve, the muscle scars (posterior adductor and pedal accessory) show growth lines; some borings are present
(CC-12166/OR), x 8; 7, internal mould of a left valve (CC-12 168™</OR), x 4. 8, latex replica of the same,
x 4. 9, Ventas con Pefias Aguilera (Toledo), lower part of the Navas de Estena Shales, Lower Llanvirn;
internal mould of the continuous dentition of the right valve of a young specimen (VPA 2 171/0R), x8.
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FProacmrcils cosfae (Sharpe, 1853)

Maiz 1, figs 39

1853 Nucule oosrar Sharpe, po 149, pl, 9, fig. 4.
1970 Proeleds coarar (Sharpe), Bradshaw, p. 630, texi=figs 7-10 {(symonymy).

Marerial, About 320 imeraal moukls,

Lovativies and stradtgraphical ramge. Lower Llanvirn o Upper Llandailo imuddy and sandy facies) of the
Cantabrian ronc (Sweve), West Astuman-loonese zone (TR=1IT), Therian Cordillera (FB-IV, GA-11, HERR-I,
PD-1, PO-1). and 34 localities in the Cemtral-lherian zone (AC-11, ALAM-II1, Albadakejo, CC-1 & 11, CHI-IY,
COXI and XTV-XV1, HD-IV-¥1, HM-11 and 1V, La Carcel, La Vibora, NE-IV & VII, PI-IV, PR-1X. P5SV-
IN-%, PE-100, RA-L 1A, 1L IVE and V1, SEU-IL, SP-IV, VM0, VPA) This ST 1 pamicalardy common in
KA1, CC-1, YPA. PSY-III/TY and La Vibom,

Description. Shell small, convex, with a strong unbo bying in the posterior hall and prominest corvex cardinal
margin, Yewiral margin also convex, the postenior sde mare or ks rounded and the anlenor side truncate. In
Javenale Fforms the adductor scars are poorly impressed, bual in adults they are more marked. Amierior sddwcior
scar large, oval, parallel with the antersor margin and strongly impressed om ns postenior side. Posterior scar
smaller and round, Two pedal accessory scars always present ; ane adjacent Lo the anterior adductor scar on
its dorsal side; the oaber s clongate and situated half-way along ihe posierior hinge plate. One specimen (CC
21660} shows growih lines on this scar and on ihe posterior adductor scar (PL 1, fig. 6). Spocimen RA.1
2V6T/OR has oiher sears near ths extremity of the umboe (Teal-fig. 30

TEXT-FiG. 3. Procauculs cosvoe (Shaspe, 18330 Umbonal view of an internal mould of a left valve (RA-] 2
16T /R ) showing acocssory musche scars: two small anterior scars (medium arrows), ome umbonal scar {large
armoew’) and fowr very small postersor scirs (Between the fine arrows).

The dentition comprises a varving number of teeth according Lo ibe size of the shell, The 1w series, anterior

and pasterior. are arranged withowt disruption beneath the wmbo (P, 1, fig. %) and so the teeth are difficalt
o Gauni.

Lengah of shell (mm) 3, 35, &5, 75, T8, &5, 10, 10, 10:5, 12, 12:5, 13, 135 04, 15, 16, 16, 17, 19
Mumber of posterior teeth &, 7, 6,9, 6, 10, 8, 13, 100 15, 14, 14, 10, 13, 14, 16 21, 15, 17
Number of anterior teeth b, 5.6, 9,06, 7, 7 10, 9 10, 12, 10,9, 13, 13, 12, 00, 1213

Several specimens have mofe numdrous posterior fecth, & character also indicated by Bradshaw, and
consslered by Tumniclifl as a criterion for the gemus Decepiriv. However, the umbo is in ithe posterior half, a
character of Proemcnla,
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The anterior teeth are convex, beneath the umbo they are orthomorph, and on the posterior hinge plate they
are convexo-concave and concave. A single specimen (RA-I 2167/OR) shows an inconspicuous disruption
between the two series.

Discussion. Bradshaw (1970) studied, using material from the Armorican Ordovician, the discrimination of the
two Sharpe species, costae and ciae. P. costae shows ‘two series of teeth arranged at an angle to each other’,
also figured by Babin (1966, figs 27 and 28; pl. 2, figs 6, 12, 13) under the designation Palaeoneilo ctenodontoides
(this generic conception of Palaeoneilo, that of Douvillé [1912, p. 38), became outmoded after McAlester’s
revision in 1968). One of us (C.B.) observed that Sharpe’s type of P. costae (BMNH, Pl. 4100) shows this
disruption. It is only seen in one Spanish specimen (see above); nevertheless the distribution of the teeth, i.e.
more numerous in the posterior hinge plate, is close to P. castae. Moreover, Bradshaw (1970) wrote “ P. costae
is particularly interesting as it is the more variable of the two species and sometimes exhibits a dental plate
similar to that of P. ciae”. She also figured (text-fig. 10) an internal mould of P. costae without the discordance
between the two series of teeth.

Another character used by Bradshaw to distinguish between the two species is the pattern of the accessory
muscle scars. The umbonal scars are usually preserved and well marked in the Armorican material (Babin 1966,
fig. 26; Bradshaw 1970, figs 8, 9, 12), but they are not present or preserved in the Spanish material. On the other
hand, the position of the accessory scar lying half-way along the posterior part of the hinge plate is always seen,
which, according to Bradshaw, is a feature of P. costae. So it seems justified to consider P. costae as a
polymorphic species and to place the Spanish specimens within it. The variations affecting the dentition and
the accessory scars are thus considered dependent on intraspecific variability between geographically isolated
populations.

There are other related species of P. costae and P. ciae; for example, ¢ Ctenodonta’ nuda from the Swedish
Middle Ordovician (Soot-Ryen and Soot-Ryen 1960, pl. 1, fig. 1) has a narrower posterior end. It is possible
that some of the specimens from Bohemia, illustrated by Barrande (1881, pl 269) as Leda bohemica, are closely
allied to, if not conspecific with, P. costae (Pfab 1934, p. 223, excluded from C. bohemica several of Barrande’s
specimens). Tunnicliff (1982, p. 50) has also compared P. praetermissa from the Irish Ashgill with P. costae and
P. ciae. Thus, this palacotaxodontid morphology was very frequent during the Middle and Upper Ordovician.

Praenucula sharpei n. sp.
Plate 2, figs 1-6
19846  Deceptrix n. sp. Martin in Gutiérrez-Marco et al., p. 302.
Holotype. Internal mould of a right valve showing the dentition, RA-I 2148/OR.

Type locality and horizon. 7500 m ESE from Horcajo de los Montes (Ciudad Real), in the El Calvario hillock
peak (646 m), N of Los Rasos de Navalaceite hamlet. Reddish shales with coquinas from the upper half of the
Navatrasierra Shales; early Upper Llanvirn (Cacemia beds).

Derivation of name. Dedicated to Daniel Sharp who was the first describer of Ordovician bivalves from the
Iberian peninsula.

Paratypes. RA-1 2 146/0OR, 2 147/O0R, 2 149/0R, 2 183/OR; NE-IV 2 189/OR (two specimens); PZ-III 2
187/0OR, 2 188/0OR (two specimens); RE-IX 2 186/OR; SP-IV 2 184/OR; VPA-2 144/0R, 2 145/0OR, 2
185/0OR (ten specimens).

Diagnosis. Small species of Praenucula, convex and high, with few teeth distributed almost equally
between the two parts of the hinge plate. Adductor muscle scars not very extended and badly
impressed.

Description and discussion. Shells are generally small (of 32 measured specimens, the mean length is 8-6 mm,
the range 4-7-15-5 mm). Anterior region is a little elongated and the posterior one rounded. The umbones lie
in the posterior half but near the middle of the length (mean of the umbonal index: 56:04). Shell is high (mean
of the lengthening index [C. Babin, 1966]: 75:57). The cardinal side is gently arched. Adductor scars discrete,
oval, situated in the anterior and posterior angles; a small pedal posterior scar occurs between the posterior
adductor and the hinge plate, and an anterior scar adjacent to the upper point of the anterior adductor muscle.
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Dentition usually limited to the middle part of the cardinal line with few teeth (generally about 12, ranging
from 7 for a shell 5 mm long to 28 for a shell 15:5 mm long). The teeth are nearly similar in size (the posterior
ones are a little smaller in the largest specimens).

This species differs from all those described in the literature in its shape and short dentition, and is known
only from Spain.

Genus CARDIOLARIA Munier-Chalmas, 1876

Type species. By original designation, Cardiolaria barrandei Munier-Chalmas, 1876, p. 107, from the Upper
Ordovician of the Armorican Massif.

From the specimens of the type-species he could examine, McAlester wrote (1968) ‘ the dentition immediately
below the umbo is not preserved’. One of us (C.B.) has found in the collections of the University of Lille some
specimens from the type-locality (la Bouéxiére) and one of them shows an edentulous space beneath the umbo,
between the two series of teeth. This shows it to be attributable to the genus Cardiolaria.

Cardiolaria beirensis (Sharpe, 1853)
Plate 3, figs 4-7

" 1853 Nucula beirensis Sharpe, p. 150, pl. 9, figs 11 and 12.
1918  Nucula beirensis Sharpe, Born, p. 337.
1970  Cardiolaria beirensis (Sharpe), Bradshaw, p. 624, figs 1-4 (see for synonymy).
1978  Cardiolaria beirensis (Sharpe), Pojeta, pl. 2, fig. 15.

Material. About 180 internal moulds. The species is common from FB-IV, NE-VII, RA-I, RE-VI and La
Vibora.

Localities and stratigraphical range. Late Lower Llanvirn-Upper Llandeilo, relatively scarce in shales but well
represented in sandstone facies. The studied samples come from the West Asturian-leonese zone (loc. TR-III,
Iberian Cordillera (FB-IV, GA-II) and the Central-Iberian zone (ALAM-IV, CHI-IV-V, CO-XII and XIIIA,
FU-IX, HD-IV and VI, La Carcel, La Vibora, NE-VII, PI-III and IV, PSV-III and V, RA-I, RE-VI, SVA-II).

Description and discussion. Shell outline rounded and moderately convex, on the internal moulds with a strong
prosogyrous beak. Anterior adductor muscle scar fringed on its internal margin by a strong myophoric
buttress; posterior adductor scar little impressed (the accessory scars are not visible except for an anterior pedal
scar adjacent to the anterior adductor scar). Dentition comprising five or six anterior teeth and 15 to 20 small
posterior teeth. The two series are discordant and separated by an edentulous space below the umbo (PL. 3, figs
4 and 5) though Bradshaw (1970) noted that juvenile specimens have a continuous dentition. We have observed
two very young specimens (FSL 550 094 and FSL 550 095) in the Armorican material with a length of 2 mm
and 42 mm respectively; their weak adductor scars and dentition are interesting ontogenetically (Text-fig. 4).

It is undoubtedly material of this species from Almadén that de Verneuil and Barrande (1856) determined as
Nucula hopensacki. Douvillé (1912, p. 439) drew the hinge area, with a wrong age attribution to the Cambrian;
his original material appears to have been lost.

We also consider that four small specimens (Pl. 3, fig. 6, 7) from locality RA-I12 179/0R to RA-I12 181/OR
are possible juvenile forms of C. beirensis. Their lengths are 6:5 mm, 6:5 mm, 9 mm, and 10-5 mm. The hinges
exhibit a continuous series of 22 to 25 posterior and umbonal teeth (these latter very small) and four or five

EXPLANATION OF PLATE 2

Figs 1-6. Praenucula sharpein. sp. 1, right view of an internal bivalve mould (VPA 2 144/0R), Ventas con Pefia
Aguilera (Toledo), lower part of the Navas de Estena Shales, Lower Llanvirn, x 5. 2 and 3, paratypes,
Navalpino (Ciudad Real), upper half of the Navatrasierra Shales, early Upper Llanvirn; 2, internal mould
of a right valve (RA-I 2 146/OR), x8; 3, internal mould of a left valve (RA-I 2 149/OR), x 8. 4, internal
mould of a left valve from San Pablo de los Montes (Toledo), Lower Llanvirn (SP-IV 2 184/0R), x8. 5,
holotype, same locality as paratypes, internal mould of a right valve (RA-I2 148/OR), x 8. 6, internal mould
of a left valve from Venta con Pefia Aguilera (Toledo), Lower Llanvirn, x 5.
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TEXT=18G, 4, Cardbolivia beirensis (Sharpe, 1853, Internal mould of the right
valve of very voung specimen (FSL. 330 004) from the Armorican Massil, The
Beak is broken and the dentition appears conbinuous,

amleriof 1eeth which are sironger, A very similar arrangement was figured by Bradshaw {1970, fig. 1. However,
Lhe Splil'h'!l spocimens have poculzar musdular impressons. The adductor scars are well developed amd there
13 4 strong antenior myophonc plate, bul the sccessory muscle scars are deeply impressed and nunserous. There
is & prominent anterior pedal scar adpcent to the posterior adductor: these pedal scars are elongaled
perpendicular o the cardinal margin. There ane three other acoessory scars, with one on ihe posterior slope
of 1he umbonal regron and the others im the median region of the valve (P, X, fig. &, T These spoaamend wons
determined as Towcreadiopnls soguerrar (Sharpe) by Gutidrmez-Marco of ol (19848), but they do nat have the
sidductor scars of thal species which also possesses larger and fewer poslenior beeth. We also mode that T,
waguerra, desenibed frosm Poriagal and common in the Armornican Massif, is absent (rom the ohserved Spanash
malerial {another bad specineen [RE-VI 2 214/08] may bebomg 1o ibe genus Taacrediopsis bul nol 1o the
species T, exguerrae]). In these small specimens of C, heirensis the partition beneath the umbo of the two series
of weth appears late during entegeny with lawer resarplion; soe also Bradshaw (19700 In some forms, ike
acoessory musculature 18 reduced during ontogeny.

Family mrosucuLmag Babin, 1982
Cienus EKATERDDONTA Babin, 1982

Type species. By onginal designation, Ekmierodeara couricsseled Babin, 1982, p. 38, from the Arenig of the
Momtagre Moire (South of Framce),

Ekarerodonra kesperica n. sp,
Plate 1, figs 1-3
Hdarype. Intereal enoubd of a mght valve showing the dentition, CR-11 2 152/0R.

EXPLANATION OF PLATE 3

Figs 1-3. Ekarerodomia hesperica n. sp. Aragoncille Massif (Iherian Cordillera), basal part of La Venta
Formation, lowermost Llasvien. |, holotype, internal mowld of a faght valve showing the dentition (CR-11
2 IE20OR), = 100 2, paratype. mternal moald of a beft valve (CR-T1 2 134/0R), =&, 3, paraiype, iniemal
mmoubd af a right valve (CR-11 2 153/0R), x6

Figs 4-7. Cardiolaria beirensis (Sharpe, 1853); 4 and 3, La Vibora, 7 Upper Liandslo, latex rephica of two right
valves showing the discordant series of teeth (FSL 350 109, FSL 330 100, =6, 6 and 7. Mavalpino (Ciudad
Real), upper halfl of the Navatrasicrra Shales, carly Upper Llamvirn : 6, imernal mould of a lefl valve shawing
apoessory musche scars (RA-1 2 1T9/0R), =8.5; 7, istemal mould of a rght salve with accessory scars

(RA-D 2 IR /OR), = 0.
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Type locality and horizon. 2300 m N of Aragoncillo village, and 900 m WNW of Aragoncillo mountain
(1518 m), in the talus of the first track to the Canaleja spring. Dark shales of the basal part of La Venta
Formation; earliest Lower Llanvirn. S

Derivation of name. After the Hesperian Massif, where most of the Ordovician outcrops in the Iberian
Peninsula are situated.

FParatypes. Internal moulds CR-II 2 153/OR, CR-II 2 154/OR, CR-II 2 155/0R ‘and CR-II 2 156/OR (6
specimens).

Diagnosis. Shell small, rounded and smooth, with anterior beak; anterior adductor muscle scar
small, rounded, faintly impressed; posterior one is indistinct; dentition has two short anterior
pseudolateral teeth, some small orthomorphic teeth beneath the umbo and, on the posterior hinge
plate, some small chevron-shaped teeth and a large lamellar tooth.

Description and discussion. The shell is small (length range from 65 to 11 mm) and high (average lengthening
index 84-80 based on 9 specimens); beak is curved and anterior (average umbonal index 26:57); outline rounded
anteriorly and ventrally with a slightly truncate posterior end. The dentition is only complete on the holotype;
its poor preservation and fragility do not allow a cast to be made. It comprises two short lamellar anterior teeth
perpendicular to the anterior margin of the hinge plate and a posterior pseudolateral tooth; the latter possibly
corresponds to the extension of the upper arm of an underumbonal tooth and surmounts the 8 or 9 more
posterior teeth of the series.

The outline, its ornamentation and particularly its dentition, are very similar to the type species.
Nevertheless, this species differs in its weak adductor muscle scars.

Superfamily NUCULANACEA Adams and Adams, 1858

Family MALLETHIDAE Adams and Adams, 1858
Genus MYOPLUSIA Neumayr, 1884

Type species. Leda bilunata Barrande, 1881, by subsequent designation of McAlester, 1968, p. 35.

Mpyoplusia bilunata perdentata (Barrande, 1881)
Plate 4, fig. 1-8

1881 = Leda bilunata Barrande, pl. 270, I, figs 13-24.
1881 ' Leda perdentata Barrande, pl. 270, II, figs 1-9.
pars 1918  Leda bohemica Barrande, Born, p, 338, pl. 24, fig. 5.
1934 Ctenodonta bilunata perdentata (Barrande), Pfab, p. 227, pl. 2, figs 12-13.

EXPLANATION OF PLATE 4

Figs 1-7. Myoplusia bilunata perdentata (Barrande, 1881) 1, many internal moulds of valves of Myoplusia from
Calzada de Calatrava (Ciudad Real), middle part of the Guindo Shales, late Lower Llandeilo, x2.7. 2 and
3, Barrande’s specimen (1881, pl. 270, figs 1-4), paratype after McAlester, 1968, Sterboholy (Czekoslovakia),
Middle Ordovician, Ndarodni Museum Collections (Prague), left and cardinal views of an internal bivalve
mould (phot. J. K{iz), x 7. 4, Barrande’s specimen (1881, pl. 270, I, fig. 21-24), cardinal view of a partial
bivalve mould (phot. J. KfiZ), x7. 5-7. Calzada de Calatravia (Ciudad Real), middle part of the Guindo
Shales, late Lower Llandeilo; 5, internal mould of a right valve (CC-I 2 131/OR), x 7; 6, latex replica of
the dentition of a left valve (CC-I1 2 129/0R), x 10; 7, latex replica of a right valve (CC-1 2 176/OR), x 7.
8, Barrande’s specimen (1881, pl. 270, II, fig. 7-9), also figured by Pfab (1934, pl. II, fig. 13), Sterboholy
(Czekoslovakia), Middle Ordovician Ndrodni Museum Collections (Prague), internal mould of a right valve
(phot. J. K¥iZ), x 5.
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BABIN and GUTIERREZ-MARCO, Myoplesia bifmnefa perdentalo
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71939 Ctenodonta (C.) bilunata perdentata Pfab [sic], Maillieux, p. 33, pl. 2, figs 19-22.

1966  Ctenodonta sp., Babin, p. 299, pl. 1, fig. 8.

1972 Myoplusia cf. bilunata perdentata (Barrande), Babin and Mélou, p. 85, pl. 7, figs 1 and 2.
1973 Myoplusia cf. bilunata perdentata (Barrande), Babin and Robardet, p. 31, pl. 2, figs 1-6.

Material. Seventy-nine internal and some external moulds.

Localities and stratigraphical range. Upper Llanvirn-Upper Llandeilo (Spanish record of the species); muddy
and sandy facies from the Iberian Cordillera (GA-II) and the Central-Iberian zone (ALAM-III, Albadalejo,
CC-1, PSV-1V, PZ-III, RA-1I, RA-IV, RE-VII).

Description and discussion. Shell always small, length less than 10 mm (average for the Spanish material
69 mm). Cardinal margin convex, anterior side weakly truncate; pallial edge widely convex in anterior part
(greatest height below the beak), then there is a faint inflexion and the elongate posterior end is less high than
the anterior one. Beak prosogyrous, situated towards the anterior third of cardinal line, on internal moulds
acute and bent. Adductor muscle scars strongly impressed. Anterior scar oval, perpendicular to cardinal plate;
posterior one with anterior linear side inclined almost to the hinge line, and a rounded posterior side. The
accessory scars comprise a scar occurring above the posterior adductor.

Dentition paleotaxodont, number of teeth variable (16-30) according to size of the shell. Anterior teeth
slightly convex; teeth beneath umbo thin and orthomorph; some concavo-convex teeth follow them without
discontinuity from the concave posterior teeth.

Pfab (1934) reduced the contemporaneous species of Barrande (bilunata and perdentata) to the rank of
varieties of the single species bilunata. The Spanish specimens belong, without doubt, to the species bilunata
but it is difficult to assign them to either subspecies. They have the anterior end slightly truncated as in bilunata
bilunata and the umbonal scars also point to this subspecies. But the narrower posterior end suggests bilunata
perdentata, which also sometimes has the faintly sinuous pallial margin of the Spanish specimens (we are
indebted to Dr J. KiiZ for photographs of the specimen figured by Barrande 1881, pl. 270, 1, figs 7-9 and by
Pfab 1934, pl. 2, fig. 13, showing this morphology; see Pl. 4, fig. 8). Finally, the hinge with the particularly
concave posterior teeth is similar to the type figured by Pfab (pl. I, fig. 5a) as M. bilunata perdentata. We
therefore refer our material to M. bilunata perdentata. To exclude it would create another geographic
subspecies with some characters of each Bohemian subspecies. Direct comparison with the Armorican material
shows that they are very similar, with but tiny differences such as in the position of the posterior adductor
muscle scar.

Genus capoMiA Tromelin, 1877

Type species. By monotypy Cadomia typa Tromelin, 1877, p. 48; fig in Bigot, 1890, pl. 23, fig. 3.

Cadomia britannica (Babin, 1966)
Plate §, fig. 2

1966 Ctenodonta britannica Babin, p. 54, pl. 1, fig. 1
1984b Deceptrix 7 britannica (Babin), Gutiérrez-Marco et al., p. 302.

Material. Ten external moulds of right and left valves.

Localities and stratigraphical range. This rare species is known only from six localities in the southern part of
the Central-Iberian zone (CHI-1V, Fontanosas, HD-VI, NE-VII, PI-III and SEU-II); muddy facies close to the
Llanvirn-Llandeilo boundary.

Description and discussion. All the valves are large (length, 3040 mm); the outline is oval with the beak in the
anterior third of the shell. Dentition with a continuous series of teeth; 6-8 anterior teeth convex, 6-7 teeth
beneath the umbo orthomorph, 25-30 posterior teeth convex. Adductor muscle scars clearly marked, oval, but
not very large; accessory scars with a pedal anterior one, situated behind the dorsal extremity of the anterior
adductor, and a pedal posterior one in contact with the dorsal margin of the posterior adductor. Another
pronounced scar near the hinge plate, half-way between the posterior adductor and the umbo. Several small
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sears sluated on (b dnleror sde of 1be ambonal cavity | lasthy, fowr tiny scars ( T) seem (o preoede (he posterior
adductor (Text-fig. 51 The Spamish specimens are identical with those from ihe Armonican Massl (Babin
I%66). Generic attmibiation is diflicudl  we enatively assign ihis species 1o Cadorela because iU s an inogquilateral
shell with numserous taxodant soeth withowt dismaption beneath the umvbo, This species is nol very common and
soems ko be restrncled fo the baal Liandeilo.

TEXT=FG, 3, Cackomii brirameica (Babdn, 1966), Upper posierior
region of a luex repliea (CH-I-V 2 14300R) showing four
minule musche scars in front of (he podterior adductos,

Subclass momLipEaxcHia Tredale, 1939
Chrder seoDosEORPIROIDRA Mewell, 1969
Superfumily sonmosorriiaces Miller, 1877
Family sopsosorrimar Milker, 1877
Ceenes GoxNornioRa Phillips, 1545
Subgenus CORMOGONIOPEORA Mclearn, 1915

Tipe species. Gonlophora betfula Billings, 1874,

Cronfaphorg (| Conmogoniophorag) 8.
Mane 5, fige 3 and 4
Materind, Twesty-five internal and some exviernal moukls of right and left valves.

Lacality and stratigrapdion’ range. Recorded ondy firom ihe basal beds of ibe La YVenia Formation, locality CR-
11 in the Iberian Cordillera : carlicsi Lower Llanvien,

Descripiion and discussion. Small shell (b kengih of the complets specimens vamnes from 13 te 22 me),
moderaiely convex, with a weak umbs and the ispical sutline of Gomaphora, L2 with an cdoagsie postero-
ventral angle imbo which leads a sirong carina proceeding from the beak. Omamentation of fine congentric
siFiae in fromt of the carima, but of radial costac on ihe slape behind the canna. Hings unknown. Mo muscle

scar ohservahle. With s mdial costae, this form can be assigned 1o the subpenus Coasmogoniapborg bul no
specific name can be proposed. The genus is known from the Lower Ordoascian 1o the Devomian.

Genus sommoLorss Hall, 1847
Tupe apecics, Purinea modivderls Conrad, 1838,
Modiclapsis ? eleganiutus Sharpe, 1853

Plase 5, fig. |
1843 Modiodoprls elegomnalus Sharpe, po 152, pl 9, fig. 15
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Material. Forty-four internal and some external moulds of right and left valves.

Localities and stratigraphical range. Upper Llanvirn to Upper Llandeilo (muddy facies only) from the Iberian
Cordillera (HERR-I, LU-II) and the Central-Iberian zone (AM-1, HD-X, PR-IX, PZ-III, RA-I, III and VI B,
RE-IX and IX B).

Description and discussion. Inequilateral valves with rectilinear cardinal hinge; beak, situated between the
middle and the anterior third and slightly projected. Greatest height just exceeding the cardinal length. This
height, extending from the beak to the postero-ventral part, coincides with the greatest convexity of the shell.
Anterocardinal angle rounded ; posterocardinal angle obtuse (about 130°). Shell very thin and internal moulds
showing clearly the ornamentation of concentric undulations. Hinge apparently edentulous with a short
ligament groove behind the beak (?). No muscle scar visible.

The material is poor and does not allow straightforward generic attribution. The morphology, the
ornamentation and the edentulous hinge can be as easily compared with Modiolopsis among the
Modiomorphidae as with some Posidoniidae. The species elegantulus was described by Sharpe (1853) based on
a single specimen from the Ordovician of Portugal and is probably conspecific with the Spanish material.

Subclass PTERIOMORPHIA Beurlen, 1944

Order ArRcoIDA Stoliczka, 1871
Superfamily CYRTODONTACEA Ulrich, 1894
Family cYRTODONTIDAE Ulrich, 1890
Genus CYRTODONTULA Tomlin, 1931

Type species. Whitella obliquata Ulrich, 1890.

Cyrtodontula sp.
Plate S, figs 6 and 7
Material. A bivalve mould (CHI-V 2 142/0OR) and a partially complete specimen.

Localities and stratigraphical range. Llanvirn-Llandeilo boundary; very rare in the Central-Iberian zone (CHI-
V and PI-III)

Description and discussion. The badly preserved specimen is strongly inflated and very inequilateral with beaks
near the anterior margin. On this internal mould some preserved fragments of the shell show that a clear
ornament is superposed on the concentric striae (Pl. 5, fig. 6). The dorsal margin is partially broken behind the
beak but the general morphology is very similar to that of many cyrtodontids (Cyrtodontula, Vanuxemia) or

EXPLANATION OF PLATE 5

Fig. 1. Modiolopsis ? elegantulus Sharpe, 1853. Pozuelos de Calatrava (Ciudad Real), Valdemorillo Shales,
Upper Llandeilo, internal mould of a right valve (PZ-III 2 151/OR), x 4.

Fig. 2. Cadomia britannica (Babin, 1966). Chillén (Ciudad Real), upper half of the Rio Shales, early Upper
Llanvirn, internal mould of a right valve (CH-I-IV, 2 143/OR), x 1.8.

Figs 3 and 4. Goniophora (Cosmogoniophora) sp. Aragoncillo (Guadalajara), basal beds of La Venta
Formation, earliest Lower Llanvirn. 3, partial internal mould of a left valve (CR-II 2 163/OR), x 3. 4,
internal mould of a right valve (CR-II 2 162/OR), x5.

Fig. 5. Babinka prima Barrande, 1881. Navas de Estena (Ciudad Real), lower third of the Navas de Estena
Shales, Lower Llanvirn, internal mould of an elongate specimen (NE-III 2 128/OR), x 2.

Figs 6 and 7. Cyrtodontula sp. Chillén (Ciudad Real), upper half of the Rio Shales, Llanv1rn/Llande110
boundary, left and anterior views of an internal bivalve mould (CH- 11V 2 142/0R), x2.
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some modiomorphids like Plethocardia. The absence of data concerning the hinge area makes precise generic
attribution difficult. However, the apparent absence of a marked anterior adductor scar indicates tentative
inclusion within Cyrtodontula. De Verneuil and Barrande (1856, p. 990, pl. 27, fig. 5) erected Cucullaea
caravantesi for a gibbous shell from the Puebla de Don Rodrigo area which might be the same, in spite of a
longer postumbonal cardinal part; however we have not found it in de Verneuil’s collections. The morphology
of this bivalve suggests an endobyssate mode of life as proposed by Frey (1980) for ¥anuxemia. The genus
Cyrtodontula is cited from the Upper Ordovician in North America (Richmondian) and in the Baltic area
(Isberg 1934), from the Middle Ordovician of Norway (Soot-Ryen and Soot-Ryen 1960), and the *first records
of the genus from the Southern Hemisphere’ were given by Pojeta and Gilbert-Tomlinson (1977) from the
Arenigian and Trentonian (= late Middle Ordovician?) of Australia.

Subclass HETEROCONCHIA Hertwig, 1895
Order ACTINODONTOIDA Douvillé, 1912
Family cYCLOCONCHIDAE Ulrich, 1894

The diagnosis of the family given by Pojeta and Gilbert-Tomlinson (1977) is ‘actinodontids with numerous
elongate teeth with lack of denticles’. The species described below, Glyptarca ? lusitanica, has microcrenulate
teeth and its attribution to this family may therefore be debateable. However, the family Lyrodesmatidae with
crenulate teeth is characterized, by the same authors, by * teeth radiating ventrally from immediately below the
beak’ and is less appropriate. Thus, we consider that Glyptarca? can indeed be considered as a member of
Cycloconchidae ; the diagnosis of the family should therefore be extended to include the possible presence of
denticles on the teeth. In the description of the dentition, we use the terminology pseudocardinals and
pseudolaterals proposed by Pojeta and Runnegar (1985, p. 320).

Genus GLYPTARCA Hicks, 1873

Type species. Glyptarca primaeva Hicks, 1873 by subsequent designation of Carter, 1971, p. 258.

Glyptarca ? lusitanica (Sharpe, 1853)
Text-fig. 6

1853  Dolabra ? lusitanica Sharpe, p. 151, pl. 9, fig. 3.
21853  Cypricardia ? beirensis Sharpe, p. 152, pl. 9, fig. 16.
1856  Arca naranjoana de Verneuil and Barrande, p. 989, pl. 26, fig. 12.
1912  Actinodonta acuta Barrois, Douvillé, p. 440, fig. 12 (non Barrois, 1891).
1918  Modiolopsis ? lusitanica (Sharpe), Born, p. 342.
1966  Actinodonta naranjoana (de Verneuil and Barrande) Babin, p. 233, pl. 10, figs 5, 7, 11. See for
synonymy; add:
1970  Actinodonta naranjoana (de Verneuil and Barrande) Bradshaw, p. 636, text-figs 13-15.
1978  Glyptarca-naranjoana (de Verneuil and Barrande), Morris, pl. 1, fig. 2.
1984  Glyptarca naranjoana (de Verneuil and Barrande), Gutiérrez-Marco et al., p. 302.
1985  Glyptarca ? naranjoana (de Verneuil and Barrande), Babin & Gutiérrez-Marco, fig. 4.

Material. About 280 specimens. The species is particularly common at VPA, NE-VII, la Vibora, CC-I, RA-I
and FB-IV. ’

Localities and stratigraphical range. Widely distributed in the Llanvirn and Llandeilo shales and sandstones of
the Hesperian Massif from the West-Asturian-leonese area (TR-III), Iberian Cordillera (FB-1, FB-IV, LU-II,
PO-I) and 38 localities in the Central-Iberian zone (AC-I-ITI) Albadalejo, CC-I and II, CHI-IV, CO-XII, XIII
A, XIV-XVI, FU-IX, HO-IV, LB-1, la Carcel, la Vibora, NE-IV and VII, PI-II-IV and IX, PR-IX, PSU-II-
III and V, PZ-III, RA-I, I A and IV B, RE-VI and VII, SEU-II, SP-IV, SVA-II, VM-I, VPA).

Description and discussion. Shell equivalve, inequilateral, more or less convex; outline slightly variable with
subparallel cardinal and ventral margins and a more or less truncate posterior side; ornamentation of fine
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TEXT=Fod. G Celyprarca * fusifowica (xharpe, 1833} &, ¢ Caleada de Calatrava (Ciudad Real), middle part of the
Guindo Shales, late Lower Llandeslo; a, keft view of & latex replica of an external bivalve mould showing the
ornamentation (OU-1 2 175K ), = 3 ¢, meernal mowkd of an atvpsal lell valve (O0-1 2 1T5M3R), = 3 & Ala
{Caceres), maddle part of the Mavas die Estena Shalbes, early Upper Llanvirn; internal moald of a left valve
(PSS 2 176/ 0ORY, = 3, & Corral de Calatrave (Ciudnd Real), middle LTl o the Alisedns Shales, late Lower
Lianvirm ;. latex rephea of the dentveon ol a kil valve (CO-X¥ I 13300R)L = 3.3 ¢, Calsdda de Calatrava
(Ciwdad Real), Guindo Shales, late Lower Llandeilo; latex replica of a right valve showing the dentition with
the fwo shiorl Anciod Mqu,!-:ll'.l.ll.'l’.ﬂ toeih, ibe small |,'r'-::'|ll_1|'1;.|r-|,|:l'|.||'._ the ¢longas and merocrenalatod
postenior peeudolateral (OC-1 2 209 80K and OC-1 2 140008 ), = 3.3, f Betuarta de Bullaque (Ciodad Real),
Mavas de Estenn Shaless, Upper Llunvirn: latex replica showing the microcrenulations of an amerior
petudolateral tooth (RE-IYV 2 13700, = 10,

conceninie siriee (Text=fig. Ga); blunt canna exiending from the beak te the posteroventral angle. Two
adldiaeor musthe sears varably impaessed, |.|£'_|:-E' arl rownd ACCERRTY muscle scars VEryIng Bradshaw {1970,
fig. 13) figured seven scars whach are allen o visible ; on 1he olber Band. we have observed minune scar
posteriorly sdjscent 1o the anterior adductor scar, perhaps corresponding, to labaal palps muascles.
Denimsos viery charsciensic, Hight valve | [ l;"i.l-lip e and To; see also Babin amd Guaiiérrez-Marco 1955,
fig- 4), with two shori, lamelkar antenor pecudolaterals; the more antenor parallel 1o the hange place edpe, the
secand ablsgue : below the beak, two psesdocardinals variably flexed ; the latter is overlapped by am clongsie
posberior pecudolatoral wath micrecrenalations on two-thends oF thres-quarers of o8 leagth. The antenor wath
of one specimen has peculiar crenulations on its vewiral face (Text-fig. &7 Left valve (Text-figs &4 amd Thj
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TR, T, Glvpraeca P hedtanior, diagrams of dentition. a, right valve. b, ket valve.

showing two mirecrenulale postersor pscudolaterals which are ofice sirongly marked amd which were
considered al one slage as laxodon tecth: “a long postensor plate paralle]l w the limge hine. which 18 crossed
by nrmscrons smnall ool oF oremulmitons” (Sharpe 1853); ‘charniére pourvue de peiites demts ploedes o Hgme
droite” (de Verneuail and Barrands 1856) [our emphasis]. Opisthodetss lgament placed in a fine groove,

This Oirdovician material is often distoried or Ratiened. the morphology of the shell is vanable, for example
in the aceembustion of the canna, Momeibelss, there is no reasom o distimguish several species,
Cprivardia * beirensis Sharpe (1933) thai de Verncul and Barrande (1956) alse distinguished, without a figure,
also probably belomgs to the sume spocies (S0Me Specimens from Sharpe™s bocality, Ribo de Baixo, suggest this
is likely), Delgado (1902) made wse of the three designations Dwladra ¥ fucitamics, Cypricardir * hefrevsiy, and
Arca paramjomsa withowl any figures. Born (191%) pointed oul that a form from Bohemia, designated
Muwdiolopsis vererana by Barrande (1281, pl. 259, 111} has some smilarities to the present specks.

The speckes Arod mranfeans de Verncuil and Barmande, 1256 (= Delabra ¥ fedrandes Shampe, 1833) was
sentatively atributed to the genus Actinedonyr by Babin (1966} amd Bradshaw (19700, and er to Giyprarca
{Maoms 1978L In Fact, this spoces hilers Trom Actimecdomio {and Trom Cycloconcha) whach have more
numerows iecth with amersor pseudolaterals, radiating mvore regulardy from below the umbo: these genera do
B have microcremulations on the weeth, Morris {1978) employved the generic designaiion Davidkia Hicks, 1873
for ihe Ordovician species. nomsiryensds (Hicks 15731 and carimara (Barrods 18911 Mevert hebess, Carter (1971)
podnted out that the type spockes Davidie ormara Hicks is unusable and placed in wemaively in synonymy with
Avtinsadanta ramsayensic whose dentition is poorly knoan. Inthe same way, detimedomia corinats Rarrois does
miH provide clear information with regard to the dentition beneath the umbo (Babin 19%66), So, the use of
Davidie would requare farber investigation. Lasily, Glyprarca s a poarly defined genus (Camer 1971) with a
small edenfulous gpace between the antenor and postenor teeth (Morris 1978 ; Popeta 19850 The Spanish
species does not present a similar space in the dentition (Text-fig. 7) and we refer it 10 Glypraros with 3 query,

Cilypaarca F hesitanfon 1 very comason 18 the [berian Pendasula and the Armsosican Massil, Marris (1978,
pl. I, fig- 2) has figured a specameen from Shropshire and Fortey and Momms (1982) indicate the presence of
Glypuarca of. navanfoans (rom the Hanadir Shales (Llanvira) in Sasdi Arabes,

Gienus aNanTERODONTA Babin and Guitiérrez-Marco, 1985
Angnrerodonta orefanica Babin and Gutiérrez-Marco, 1985

Text-fig. %"

This species has recenily been descnibed on the basis of a singhe specineen from the Lower Llanvirn of San Pabloe
de los Montes (Toledo). lis phylogenetic significance s considensd helow,

Family pag=ginag Horny, 1960
Genus BaBska Barrande, 1881

Bahinka prima Barrande, 1581
Plate 5, fig. §

Spanizh material of this species has recently been revised by Gutiérrez-Marco and Babin { 19382); it is only gied
and Mlustraved bere. Tis geographic distribution is discussed below,
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?Family COXICONCHIDAE Babin, 1977
-Genus COXICONCHA Babin, 1966

Coxiconcha britannica (Rouault, 1851)

This species was revised by Babin (1977), who proposed a subfamily Coxiconchinae within the
Modiomorphidae. According to Pojeta and Runnegar (1985), the family belongs, in the subclass Isofilibranchia,
with Babinkidae placed amongst the Heteroconchia. If so, it also seems justified to place Coxiconcha here
because of its relations with Babinka.

C. britannica is very common (584 specimens were collected) in Llanvirn shales and locally also in the early
Lower Llandeilo beds. After its disappearance in the muddy facies in younger beds of the Llandeilo, the last
record of the species seems to be from the Upper Llandeilo sandy facies (only from ALAM-IV). The studied
material comes mainly from 34 localities in the Central-Iberian zone (AC-I, ALAM-III and IV, Albadalejo,
CHI-I, IV and V, CO-X, XII and XII A, FU-IX, HD-I, VI and VII, HM-], IV and V, NE-III-VII, PI-II, IIT
and IX, PS-III, RA-I, I A and I B, RE-II, SEU-II, SP-IV, VM-I, VPA) with only one locality in the West
Asturian-leonese zone (TR-III).

Family REDONIIDAE Babin, 1966

Diagnosis. Is here emended to include the new genus Dulcineaia (see below). Very inequilateral
actinodontoids with anterior and recumbent beaks; a high myophoric buttress limits the anterior
adductor muscle posteriorly; hinge plate bearing one or two short pseudocardinal teeth and one or
two elongate posterior pseudolaterals; teeth smooth or microcrenulated.

Genus REDONIA Rouault, 1851
Type species. Redonia deshayesiana Rouault, 1851, p. 364.
Diagnosis. Redoniidae with smooth teeth and chevron-flexed pseudocardinals.

Remarks. Redonia is very common in the southern part of the Gondwanan shelf, and the Spanish material is
significant in producing new information leading to its redescription. Unfortunately, the original description
(with a misorientation) and illustrations given by Rouault are not very informative and the original material
is apparently lost. In the collections of the University of Rennes, there are some very poor specimens, possibly
from Rouault’s collections but not those figured by him; they come from Gahard (north of Rennes), a locality
cited by Rouault, and from Guichen (south of Rennes). From the collections of the Muséum National
d’Histoire Naturelle (Paris), we have examined three specimens from localities in Loire-Atlantique (south of
the Armorican Massif) none of which is Rouault’s material. In the University of Lyon, Verneuil’s collections
contain specimens from Riadan (south of Rennes) from Vitré (another locality cited by Rouault) and from Brix
(Manche). In all these collections, the specimens are labelled R. deshayesiana or R. duvaliana without
discriminating characters. We believe that the descriptions and drawings of Rouault refer to a single species,
based on material from Gahard. The present revision requires the designation of a neotype for R. deshayesi.
The material from the localities near Rennes is badly preserved and its age is not precisely known. Therefore,
we select a neotype from the equivalent Postolonnec Formation in the western part of the Armorican Massif
(see below).

Redonia deshayesi Rouault, 1851
Plate 6, figs 1-7; Text-figs 8 and 9
Synonymy. See Babin 1966, p. 246. Add:

1881  Redonia bohemica Barrande, pl. 268, figs 1-26.

1918  Redonia deshayesiana Rouault, Born, p. 339, pl. 25, fig. la—.

1918  Redonia deshayesiana var. duvaliana Rouault, Born, p. 341, pl. 25, figs 2a—f.

1950  Redonia deshayesi Roemer em. Borneman (sic!), Termier and Termier, pl. 163, fig. 2.
1950  Redonia bohemica Barrande, Termier and Termier, p. 87, pl. 165, figs 1-3, 6-9.

1950  Redonia megalodontoides Termier and Termier, p. 87, pl. 165, figs 4 and 5.

1951  Redonia deshayesiana Rouault em. Born, Gigout, p. 296, pl. 2, fig. 14.
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1970 Realonia adeshayesi Rouaull, Bradshaw, p 638 fext-hgs 16 |
1978 Redonie balerwice Barrande, Pojeta, pl. &, figs 14
non 1978 Redonta deshayesiane Rouaalt, ]"l\."_ll!l.:. [|| d, Ii;,_". 5[ = Duleimerka RO AT AL, ISPl
1984 Redomia deshayed’ Rowaell forma 2 Guilsdrres-Mamo o af, p. 302
19840 Redveda of deshoyesi Rovaull, Guticrrez-Maroo ef af, po 19, pl. 1. figs 13 and 14
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TENT-FiG, 8. Redonde deshayes Roaault, 1831, Some aspects of 1he demtition. 4, lavex replica of the kel valve

a young specimen (UC-1 2 DO = L & dorsal view ol the internal mould of the anlenor sddector muscis

and of the cardinal teoth of a right valve (OC-1 2 087 /0R), = 5. o, lavex replca of the nght valve ol guse b,
&, o, lnex replica of the cardinal region of a left valve (RA-1 2 112/08), =3

EXFLANATION OF PLATE &

]-'|F-\. 1-7. Redonia deshavesd Roaaiglt, 1251, 1 and 2, Lecans (Ciodsd Real), muddle third of the Mavas de
Eutena Shales, Lower Llanvirm, lefl and antersor views of a bivalve specimen showing the ormamentation (Fl
I 2 125/0R)L =3 37, Mavalpino (Cisdad Real), upper halfl of the Mavatrasserra Shales, carly Lpper
Llgnsirn; 3, anterior view of an alernal msoaild showing two manuscule musscle scars on the amenor part of
the leit umbonal region (RA=1 2 115 /0R), =5; 4, icrocardinal view of an imemal bivalve moukl
showing elongate muscle scars on the umbonal region (RA1 2 113/0R), = 3.5; 5. imternal mould of & nght
valve showing unided small acccssory muscle scars (RA-1 2 1150R L = 5; 6, anlerior view of an indernal
maoiald of a right valve showing the shapes of the antenior adductor and the antenor posodh (RLA-T 2 120/ 0R )
wof: 7, amtersor view of an micrnal mould of a nght valve showing the same morphology and growih Bnes
on the addector pillar (RA-1 2 11T/0R) =6

e
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Neofype. LPBE T8 {Laboraloire de Paktontodogie de Brest). An internal moald of & right valve; Postolonno:
Formaeon. Locally Morgat by Croeon {Fimstére, France). Llandeailo (Text-fig. %)

Wi erwial, B2S ST TS

Localiites omd straripraphical’ ranpe. The spocies B vory abundanl and resches & broad distribssos § Lower
Llanvim to Upper Llandeibod in the Trstani beds of ihe Candabrian zone {Suevel, West Asiurian-lkeonense rone

TG 9. Redente destiryes! Rouault, 1851, Some specimens from oiher couminies. a, internal mould of a
right valve from Wosek (Bobemin) (FSL 530 1209, = 5. b, lutex replica of o kel valve from Postolonme:
| Findsidre, Armonican Muassalp(FSL 35000847, <& ¢, laiex r|:"[||u.'.| of the rght valve ol hgure o, = 35 J, neatype,

internal mould of a gl valve Postodonne: Formaison | Llamsdeilo) Morgal mear Crogon | Fiessigee,

hrmsorcan Mossalp (LPB ™6, <4 ¢, kaiex replica of 2 nght walve from Brix (Armorican Massif), Llsndeila

{FSL 350 1230), = % f, Anamecsodonra everanica Babin and Gubérmez:-Maroo, 1985, Holoaype and only known

spocamen, miernal moakl ol a kel valve, San Pablo de los Mondes ( Toledo), Lower Llanvirn (SP-1% 2073 /0R),
5
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(TR-111}, Iberian Cordillera (CA-11, CR-11, FB-1 amd 1%, HERR-1, P5-1, PO-1), Central Ibsrian zome (AC-1,
ALANM-IIL. OC-1 and 1010, CHI-L IV and ¥, COSXI and X1V, GS-111, HD=1Y-¥11, HM-1 amd 1Y, LB-1, NE-
NEATL PC-1, PFL-L-18 and X, PSV-IE-Y, RA-L-VI, RE-IX, SELLIL 3P0V, SWACIL Y:=1. YPA) and Ossa
Morena rone (CS-1%).

Deseriprion and dircression. Shell equivalve, arongly inflaved and very mequikaieral with the usnbo snterior and
henit on ke cardinal line. Ornamentation concentric with same grosves of growth mone marked thas others
(Pl &, ﬂp 1 and 2); these may cornespond o stasis of annual growih ; according 1o this hypethesis, specimons
such as PI-I 2125/0R show that the shell cowld reach a lengih of 140 mm daring the first year and had slow
growth subsequent Lo the third vear.

Anterior adduecior muscle scar very srongly and deeply impressad anh a myophonie plate. Some acessory
mascle sears present, A pedal retracior adjacent to the posierior adductor scar; another situated at the imemal
hasia of the apterior sddwector (Bradshaw 1970 showed that it corresposds o the fasion of two indaally mone
or bews distinel scars). Further sccessory scars sometimes vissble in the umbonal region. Bradshaw (1570, 1ex-
figs |16-20) moted the freguent presence of lwo scars in thas position. In the Spanish material. we cam sec that
Ibese small accessory scars vary in number and shape as is 1o be expected of individual or populational
variation, Spocimens (rom bocality RA-1 provide good examples of such varabality, Some have four small scars
which are sometimes united ine a single clongaie scar (PL 6. fig. 5) or which remain separaie with an clongaie
shape directed towards the umbo (P1. 6, fig 4). One spocimen shows in addition Iwo minale scars on il aRLETIOF
partion of the ambo region (PL. &, fig. ). Pallial line entire.

Dientition very characieristic with pscudolateral and pseudocardinal teeth (Text-fig. Ba-di. On the el valve,
a strong pscudocardinal chevron-shaped toath with an anterior point is flanked by two sockets, the posterior
of which, im the concavity of ibe chevron, is very deep; the two pseudolateral fecth ane long and lamellar ; ong
of ithem begins on the fore part of the hinge plate, the other i thinner, and starts behind the beak : neither is
macrocrenulated. Om the right salve, the plate shows the replicate clements with a pscudocardinal chevron-
shaped tooth situated very amteriorly, less developed, and preceding @ deep Veshaped socket; the ventral
pecndolateral 1ooth 15 sitsated on the edge of the plae; the doral peeudolateral 1ooih is shosier,

This description is of matersal fram the Ibenan Peninsala and the Armorican Massil It agrees oo with
maxierial from Bohensin designated Redoniy bohemica by Barmande (1581). Replicas ol this APECICE, from the
Bational Museum of Prague sent toous by Dr ). KiE, show only the posterior part of the lateral teeth. However,
im laiex neoulds of specimens (rom his own collection 15-:irl:u. Formation, Llamvirnian), as he wrote (pers.
comm,. 1985), "nome of them shows crenalations of the lateral teeth”. We can see, also, that the plste under
the umnbo, fllasiraced by Pojeta (1978, pl, 4, fg. 2) & identical 1o thay of R, deshayesd, Other specimens from
Wosek (Bahemia) given by Barrande o de Vernsuil and pow housed in Lyos (Text-fig, Sa-c), ane sometimss
designaled K. destayes and at other times B, bobemica. When they cited the occurrence of B, desbayesi in
Spain, de Yerneuil and Barrande (1836, p. 687) added “oetile expooe w0 rouve auss dans b schasbes du meme
dge & Vird, & Gahard, & Monigseul en Bretngne et en Bohéme". This material exhibits some vaniation; the
Bohemian specimens are smaller thas (he Breton and Spanish ones, and ibe internal mould of ik anterior
adductor is less pointed, although we have inermediates from elsewhere. The dentition, bowever, is deniical
with the dorsally very concave small pyramid of the chevronsshaped socket. ymsible on the imernal mouald all
the right valve (Text-figs &b and %), Thas, we consider all these geographical varicties ax conspecific.

R mickeloe Babin, 1982, from the Arcndgian of the Montagne Mobne (South of France) is & distinct species.
it is smaller and has a different shape of the anterior adductor ; in intermal moubds there i a lamellar pillar with
a rdped 1op, perpendicular 1o ibe cardinal line: smilarly, on the moubd. there is a nammow amd clongate
adductar pin and a large sepium, very different from R. deshayesi. Mevertheless juveniles of R, deshayesf (CC-
12 22008, CC-1 2 23/0R) show s similar morphology (Teat-fig. 100 suggesting an evolulionary
kypermorphosis for the genus Redonie.

TEXT-FiG, 10, Redkwie deshapen’ Rouault, 1851, Umbosal

regron of the latex replsca of & juvenile specimen (CC-1 2

202/0R); the aspect ol the musche scar and of the myophonc

plate is very similar to B mickelee from Arealg (s Baban
ol al. 1982, pl. 10, fig. 4).
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Genus DULCINEAIA n. gen.

Derivation of name. Dulcinea, a figure from Don Quijote de la Mancha.

Type species. Dulcineaia manchegana n. sp. here designated.
Diagnosis. Redoniidae with lamellar and microcrenulated pseudocardinals; elongate pseudolaterals variably

microcrenulated.

Dulcineaia manchegana n. sp.
Plate 7, figs 1-8

71912  Redonia Rouault, Douvillé, p. 441, figs 14 and 15.
1978  Redonia deshayesiana Rouault, Pojeta, pl. 4, fig. 5.
1984b Redonia deshayesi Rouault, forma f, Gutiérrez-Marco et al., p. 302.

Holotype. Internal mould of a right valve showing the dentition, CC-I 2 140/OR.

Type locality and horizon. SE of Calzada de Calatrava (Ciudad Real), 70 m S of the km 47,500 of C-410
highway, just at the dam base of the Fresneda reservoir, right bank. Middle part of the Guindo Shales, late
Lower Llandeilo (top of the Tournemini Biozone).

Derivation of name. After La Mancha region, Don Quixote’s country, near to which important Ordovician
fossil localities are located.

Paratypes. CC-12 074/OR-2 077/0OR, 2 084/0OR, 2 088/OR, 2 090/OR, 2 094/OR, 2 097/0R, 2 110/OR, 2
126/0OR, 2 139/0OR ; PZ-III 2 102/OR-2 107/OR, 2 193-2195/OR ; RA-I12 109/0OR, 2 111/OR, 2 119/0OR, 2
126/OR; RE-VII 2 108/0OR.

Diagnosis. As for genus.

Description and discussion. Shell equivalve, with an oval outline and strongly inequilateral with the umbo at
the anterior. This morphology is similar to R. deshayesi and the two species are not distinguishable by their
shapes. Posterior adductor muscle scar oval, large, placed under the end of the hinge plate, and weakly
impressed. A small pedal retractor lies above it. Two other accessory scars are sometimes observed in the
umbonal region of the shell; one is situated in front of the adductor, at one third of the distance to the beak,
the other, smaller one is at half of that distance (Pl. 7, fig. 4). The anterior adductor scar is deeply impressed
and corresponds, on the internal moulds, to a strong pillar, as in R. deshayesi. However, the shape of the pillar
is a little different; the point, generally more obtuse, is rather more oriented towards the anterodorsal angle
of the valve and its upper face is less strongly concave than in R. deshayesi. This morphology, combined with
the differences of the pseudocardinal tooth, distinguish the two species in the internal moulds (the most
common material) when observed by their anterior side and even if the microcrenulations of the teeth cannot

EXPLANATION OF PLATE 7

Figs 1-8. Dulcineaia manchegana n. gen., n.sp. 1, 3-8, Calzada de Calatrava (Ciudad Real), middle part of the
Guindo Shales, late Lower Llandeilo. 1, holotype, internal mould of a right valve (CC-I 2 140/OR), x4;
3, paratype, internal mould of a right valve accompanied by a right valve of Myoplusia (CC-1076/0OR), x 3;
4, dorsal view of internal mould of a right valve showing the microcrenulations on a tooth and accessory
muscle scars (CC-I2 110/OR), x8; 5, latex replica of the same specimen, x 9; 6, paratype, latex replica of
a right valve showing the dentition; 7, internal mould of a left valve (CC-12 097/OR). x 2.8; latex replica of
the same specimen. x 4. 2, Pozuelos de Calatrava (Ciudad Real), Valdemosillo Shales, Upper Llandeilo.
Detail of the microcrenulated anterior tooth on the left valve of a relatively young specimen; latex replica
(PZ-11I 2 105/0OR), x8.
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TEXT-FiG. |1, [halcineaia mamchegoma nog. nosp. Ans

terior dorsal region of the internal mould of & “IJ“

walve (OC-1 2 0% 0R) showing the microcrenul-

atpms o the 1oolth and three minuie scars betwesn
the adductor pil and this wwath

b seem, Some specimens show a series of minate scars (2-5) on the basal part of the anterior sdductor {Texi-
fig. 10

The dentition of £ mamcherana is distinctive. The lefl valve shows g shon lamellar tosothe, sitaated under the
usnba in a ventral position amnd directly bordering the deep adductor scar. The faces of this tooth are
muicrocrenulated during early ontogeny (PL 7. fig. 2); it ends posteriorly near the myophoric buttress. A long,
peendolaieral tooth, begins al the fore part of the shell, at aboud ihe snme place as the veniral wooth: it is
generally mcrocrenuladed im its anterior region asd, somstimes for up 1o 34 of its kength (for example ihe
paratype CC-1 2 097 /0R).

The systematic position of Prefescaie is nol clear, We place it tentatively in the Redomiidae bul the
microcrenulaiions of the teeth pose a problem. Another gerus with crenulated teeth, Moradonse Pojets and
Gilbert-Tombinson, 1977, hkas been incuded in the Lyrodesmatidss, and Babin (1982) has referred to it o
spocies fram ihe Arcaig. N redewineformis (Thoral), which has o similsr morphology (the 1ype-species, N,
shergoldi, also has n deeply impressed anterior sddector muscle). However, the species of Novadonur have
several amtenior ieeth bebow the beak which mone or less radiate from it; moreover ihe posterior elongate lecth
are strongly crenulated. Om the other hand, Dedvincada has only one or two teeth beneath the umbo which are
paralle] to the dorsal margin of the shell; and like the pscudolaterals, they are slightly microcrenulased for par
of their lengih or even entirely smooth. We suggest this species is allisd 1o Bedoaic bal it 5 clear that the
daiferences between these genera are hecoming less conspicisous with the new discaveries.

Fimally, it is nteresting 1o note that the steatigraphic detribution of . manchepana is more restricted than
that of K. deshayesi. The latter is known from the Lianvirn (Armosican Massif, Bohemia, Portugal, Spain,
Muorocco) and it contimues in the Lower Llandeilo even when £, manchepana appears (the two species e
presenit simuliameously in lecality OC-T) Alerwards D, manchegana seems to remain abone in Upper Liandeilo
kevels together with the trlobites Placoparia bormi, In this way, £, marcheress could be an index fossil but s
goographic extension may kave been restricied. In ihe hHierature, Doaville (1912, p. 4415 has figured two
valves of Redomis, the demiion of which suggests that they belong to D). manchegasa, This materiall came From
the Ovdovician of Brx {Normandy) and is in the colkections of ihe Ecole des Mines (Pars), at present in Lyon,
W have found in these collections iwo right valves from the same locality {and probably from the Moitiers
d'Allomne Formation) amd they are exactly determined K. deshayest by the shape of the eeth without
micracrenulations (Text-fig. 9¢). S0, the ohservation of Dousilld remains enigmatic. On the other hand, we
have found in de Yermeuil's collections, in Lyon, some poor but interesting specimens from Viord (Brinany): the
marphalogy ol the antersor adductor and the visible part of the dentition show that they do not belong to R,
deshayest'; they may in (20l be D, manchepama,

SOME THOUGHTS ON EARLY ORDOVICIAN BIVALVE PHYLOGENY

*The strength of any phylogenetic hypothesis must be found in its corroboration by disparate data
seis’ (Laws and Fastovsky 1987). Among these data sets, morphology and siratigraphic
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superposition are both incomplete but their ‘value and significance in phylogeny reconstruction are
unquestionable’. With these remarks in mind, what can we attempt with respect to Ordovician
bivalve phylogeny? The present material from the Middle Ordovician is interesting because in the
Llanvirn a marked explosion of diversity of bivalve faunas occurs. -

After the first known minute bivalves (Fordillidae) from the Lower Cambrian, the pelecypods
remain very poorly known from the Middle and Upper Cambrian and during the Tremadoc, with
only five or six species worldwide (Pojeta 1985: Pojeta and Runnegar 1985) and the age of some of
these, like Afghanosdesma (Desparmet et al. 1971), is uncertain. The faunas from the Arenig are also
geographically restricted despite some radiation. During the Llanvirn, the diversity of the faunas -
increases, but they are dominated by palacotaxodontids and actinodontids. The phyletic relations
of these two groups remain obscure. In the opinion of Douvillé (1912), Babin (1966), Morris and
Fortey (1976), and Morris (1978), the actinodont type was probably the more primitive. Pojeta
(1978) expresses doubt about this after the description by Allen and Sanders (1973) of the curious
living deep-sea protobranch Praelametila and he concludes ‘which group gave rise to the other is
not clear’. Since the recent study on Pojetaia and its earlier appearance (Pojeta 1985), Pojeta and
Runnegar (1985) admit that the heteroconchs might be descended from the paleotaxodontids; the
latter are considered as occurring earlier, but this needs confirmation, in particular from the fauna
described by Harrington (1938) from Argentina. It seems that ‘during the Lower Ordovician,
nuculoids are not so well represented as the Cycloconchacea’ (Morris 1978). In contrast, during the
Middle Ordovician, paleotaxodontids appear more diversified. Praenuculidae with an elongate
anterior end become abundant. Cardiolaria, with resorption during ontogeny of the umbonal teeth,
might ‘indicate a very early stage in the migration of the external ligament onto the hinge plate’
(Bradshaw 1970). Ekaterodonta hesperica is a Llanvirn species of this genus originally described
from the Arenig of the Montagne Noire (Babin 1982) and which is related to another Llanvirnian
genus from Spitzbergen, Tironucula Morris and Fortey, 1976. The potential phyletic interest of these
forms is to show the possible evolution of a pseudolateral tooth ‘by extending one arm of the V (of
a chevron tooth) and suppressing the other’, as described by Allen and Hannah (1986) with regard
to the Recent and conservative Lametilidae and Siliculidae. The arrangement of the pedal muscles
of the Ordovician paleotaxodontids is also primitive (cf. Myoplusia) and is later modified in the
Upper Palacozoic protobranchs (Driscoll 1964).

However, in the actinodontids, the diverse arrangements of the teeth justify the taxonomic
discrimination of several genera, even though some of them are monospecific, and there is a rapid
diversification. The relationships between them remain imprecise because of the durations of these
stages (about 20 My for Llanvirn and Llandeilo together, after Odin 1985) and the incomplete
biostratigraphical record. In addition, we are not able, on the present data, to decide on ancestral
and derived characteristics in the arrangement and structures of the teeth. Thus, we cannot suggest
precise phyletic relationships other than to underline some particularities of the species described
above.

The dentition of Ananterodonta, known from a single specimen, resembles that of the living
solemyoid Nucinella of which Allen and Sanders (1969) said ‘it should be considered as a rather
specialized member of the Actinodonta’. This remarkable fossil, may give us an indication of the
pteroconch Cyrtodontidae in the trend of reduction of the anterior part of the posterior
pseudolaterals.

Another problem concerns the relatlonshlps between actinodontids with and without
microcrenulations on the teeth. A review of the presence of microcrenulations in diverse Palacozoic
bivalve groups, to compare with the ontogeny of living pelecypods, has been made by Babin and
Le Pennec (1982). Microcrenulations are known from the Upper Tremadoc and the Arenig in
Babinka and lyrodesmatids like Tromelinodonta and Noradonta. The discovery of Dulcineaia poses
the problem of the relationships of this genus with Redonia, and others. Formerly, it was considered
that ‘it is highly likely that Redonia developed from a form with a dental plate similar to that of
Actinodonta. The fusion of the teeth in both forms follows a similar pattern but has been more
extreme in Redonia’ (Bradshaw 1970), following research on Actinodonta naranjoana
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(=Glyptarca ? lusitanica). It appears that Redonia was derived from a primitive actinodontid, but it
is not a descendant of Glyptarca? which appeared later. Morris and Fortey (1976) granted particular
phyletic importance to the microcrenulations, suggesting that the origin of the posterior hinge teeth
in the Nuculoida ... is by the breakup of originally radiating *actinodont” teeth by enlargement of
their transverse ridges’. Nevertheless, microcrenulations appeared independently several times;
early (Upper Tremadoc-Lower Arenig) in Babinka and lyrodesmatids, and later (Upper Llanvirn-
Llandeilo) in cycloconchids with the single genus Glyptarca ? lusitanica. There, only the posterior
pseudolaterals are microcrenulated; this phenomenon appears early during ontogeny but the
microcrenulations are less developed than forms like Noradonta. By contrast, Glyptarca? seems to
be a cycloconchid acquiring crenulations rather than a lyrodesmatid reducing them. We have shown
that a specimen from the Upper Llandeilo (Text-fig. 6f) has crenulations on its anterior tooth. As
it is not apparently a senile avatar, was it a teratological feature or a prophetic one without
continuation because of the disappearance of the genus?

Still more curious and obscure are the relationships between Redonia and Dulcineaia. The former
is known, in its typical morphology (Redonia michelae), as early as the Lower Arenig from the
Montagne Noire. It remained without notable changes during the Llanvirn and the Lower
Llandeilo (R. deshayesi); suddenly, during the Llandeilo, the genus Dulcineaia appears with a very
similar morphology to Redonia but with different cardinal teeth. Are they only homeomorphs or
are they really related? We have preferred the latter alternative and placed Dulcineaia among
Redoniidae. Is it an atavic reappearance of an ancestral form and how did it occur? Is it a true
innovation, i.e. a case of divergence? This phenotypic novelty certainly did not appear as a response
to new constraints, since Redonia and Dulcineaia lived together, in a similar habitat and we do not
see structural modifications either of the whole shell or of the hinge plate. Unfortunately, we are not
in a position to compare the ontogenies of the two genera. The mode of bivalve preservation as
internal moulds is not suitable for the examination of very minute specimens. Finally, we have a
young specimen (CC-I 2 100/bis/OR; right valve) showing a socket followed by a bud, but we
cannot assign it to either of the genera because they coexist in the locality; the juveniles are possibly
indistinguishable.

We should bear in mind, as with the microcrenulations, that the trend towards production of
crenulated teeth is common among actinodontids and their descendants. Later, a similar feature
occurs in the Devonian genus Tanaodon Kirk, considered by Pojeta and Runnegar (1985) to be ‘a
late surviving actinodontoid’. Heidecker (1959) has figured strong microcrenulations in
Neoactinodonta, which is considered a junior synonym of Tanaodon and so, in the Treatise,
Tanaodon is defined as ‘with or without cross striations’ on the teeth. This however is probably a
character without important taxonomic significance and therefore we can place Glyptarca? in the
Cycloconchidae and Dulcineaia in the Redoniidae. Still more surprising is the development of
crenulations on the teeth among paleotaxodontids, like some Nuculites during the Devonian (Babin
1966). In such cases, the tecth beneath the umbo also show stronger crenulations than the posterior
ones. The function of these microcrenulations is not clear, because, according to Allen and Hannah
(1986), ‘the nuculoid tooth in multiple array forms an incredibly strong hinge and in some species
it is impossible to open the shell wide without shearing the teeth’. Nuculites has a myophoric
buttress, also a character of Dulcineaia and Noradonta, but with a different orientation in relation
to the hinge margin. In the actinodontids the microcrenulations restrict movement forwards and
backwards and in the palaeotaxodontids they restrict dorsoventral sliding. There do not seem to be
any general constraints governing the evolution of microcrenulations in bivalves.

THE PALAEOECOLOGY AND PALAEOGEOGRAPHICAL SIGNIFICANCE OF THE
MIDDLE ORDOVICIAN BIVALVE FAUNAS

Since a subsequent paper will include detailed palaeoecological analysis of these formations, our
treatment here is brief. There is, in this area, a relative stability in composition of the benthic
assemblages, with bivalves, brachiopods, trilobites, echinoderms and ostracodes co-occurring for
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some 10 to 15 My; thus the trophic structure evidently remained nearly the same for a long time.
In these assemblages the bivalves are mostly shallow-burrowing, with deposit feeders the dominant
trophic group and with small body sizes. Like Frey (19874), we tabulate here the mode of life of the
observed genera (Table 1).

TABLE 1.
Genera . Mode of life
Palaeotaxodonta R ' ‘
Praenucula infaunal deposit feeder
Ekaterodonta infaunal deposit feeder
Mpyoplusia infaunal deposit feeder
Cardiolaria infaunal deposit feeder
Heteroconchia
Babinka shallow infaunal filter feeder
Coxiconcha shallow infaunal filter feeder
Glyptarca? shallow infaunal filter feeder
Redonia shallow infaunal filter feeder
Ananterodonta shallow infaunal filter feeder
Pteriomorphia
Cyrtodontula endobyssate filter feeder
Isofilibranchia
‘ Modiolopsis’ endobyssate filter feeder

After the first minute bivalves of the Cambrian, a progressive increase in size characterizes the
Ordovician diversification. There is some variation according to environment. During the Arenig,
for example, bivalves are large but are very scarce in the Armorican Sandstone, while they are
numerous and small in the muds and sandy muds of the Montagne Noire. In the muddy Middle
Ordovician facies of the southern Perigondwanan platform, they are generally small, with some
exceptions like Cadomia and Coxiconcha or, occasionally, with individual gigantism (we have one
specimen some 60 mm long). During the Late Ordovician, it seems that there is a further increase
in size. Most of the studied faunas came from mudstones and siltstones. All these burrowing forms
lived in soft sediments, mainly muds or muddy silts. Several were very shallow burrowers. Two
specimens of Glyptarca? (FO 2 135/OR and CC-I 2 208/OR) and one of Redonia (CC-12 211/0OR),
for example, show a bryozoan incrustation (Pl. 6, fig. 1) suggesting that this part of the shell
projected above the sediment-water interface; this attitude is similar to that figured by Frey (19874,
fig. 7) for Cyrtodontula sterlingensis which is a homeomorph of Glyptarca? Two specimens of
Praenucula sharpei show small pits on the ventral part (Pl. 1, figs 5 and 6); identical pits in a pallial
position occur in a specimen of the same species from the Armorican Massif (FSL 550 091).

Comparing localities, at La Vibora (the fossils were collected by P. Rossi about 1974), the facies
is a fine shallow-water sandstone; the coquina is composed mostly of bivalves; among 177 fossils,
there are 167 bivalves (94% of the fauna), 2 rostroconchs (Ribeiria), and 8 brachiopods
(Heterorthina). The bivalves are Praenucula costae (43-7%), Cardiolaria beirensis (27-5%),
Glyptarca ? lusitanica (21:6%), and small undetermined paleotaxodontids (7:2%). The age is
probably Upper Llandeilo, and this may explain the absence of Redonia, but other forms known
in these levels, such as Dulcineaia manchegana and Myoplusia bilunata, also seem to be lacking.
Among our localities, a deeper water bivalve assemblage is apparently provided by site CR II, a
black muddy facies with an undisturbed assemblage of numerous small specimens of Redonia
deshayesi and other species such as Ekaterodonta hesperica, Goniophora sp., and cf. Ctenodonta
escosurae. We consider this locality as corresponding to the offshore shelf. Therefore, we agree with
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Morris (1978) that as early as the Lower and Middle Ordovician, some bivalves inhabited this part
of the shelf in western Europe, while in North America (Frey 19874, b) the first intrusions into
offshore shelf environments by pelecypods occurred only during the Late Ordovician. It is worth
noting that among the fauna of this locality the genus Ekaterodonta occurs, described from the
Arenig of the Montagne Noire (Babin, 1982) and which appeared here as a conservative form in the
deeper water habitats.

Finally, we can attempt to consider the spatio-temporal distribution of these faunas, their
relationships with the ancestral Arenig stocks, and we can attempt to evaluate migrations and their
causes. Before plate tectonic reconstructions, Spjeldnaes (1961) correlated Ordovician faunal
provinces with climatic zones. Several palaeogeographic reconstructions have been produced during
the last fifteen years. Bouyx (1988) has compared these different reconstructions ; some of them, like
that of Smith (1981) appear inconsistent with the data on facies and faunas. Most of them agree
roughly with that of Text-figure 12 as regards the southern hemisphere during the Early Ordovician.

The distribution of bivalve faunas has rarely been considered, though since they are benthic they
are worth including. A comprehensive worldwide comparison, however, still requires many
investigations. Numerous regions are poorly documented and new studies can bring important fresh
data (see for Australia, Pojeta and Gilbert-Tomlinson 1977, or for Bolivia, Babin and Branisa
1987).

The present area belongs to the Selenopeltis trilobite province of Whittington and Hughes (1972)
and, more interesting for facies control, our faunas belong to the characteristic assemblages of
fossils termed the Neseuretus community type by Fortey and Owens (1978), a community
considered to have been shallow-water and inshore in clastic facies. A cool environment is inferred
from the latitudinal position of the Neseuretus community. In this reconstruction, the postulated
Proto-Tethys of Whittington and Hughes (1972) is abandoned ; high palaeolatitudes from France
and Iberia were confirmed recently by palacomagnetic data (Burrett 1983). Nevertheless, Hallam
(1984) reminds us that eustatic events ‘were in general more significant than temperature’ in
controlling faunal provinciality. With the revival of interest in global changes of sea level (Vail ez
al. 1977), Fortey (1984) has examined the biological implications of these changes during the
Ordovician; he gave a sea level curve for Tremadoc to Caradoc with an important regressive-
transgressive event at the Arenig-Llanvirn boundary and another one during the Llandeilo; this
postulated global eustatic curve is shown more precisely in Fortey and Cocks (1986).

The relationships of the southern Gondwanan shelf to other parts of Europe have also recently
been discussed. Whittington (1963) postulated a marine barrier between Gondwana and Baltica (see
also Babin et al. 1980), but its dimensions were probably not important (Bouyx 1988); this was
recently named Tornquist’s sea by Cocks and Fortey (1988). The detailed palacogeography of the
Gondwana platform itself during the Lower and Middle Ordovician is not clearly established
Several areas appear distinctive, and Cocks and Fortey (1988) suggested ‘a deeper water tongue
between Armorica and Iberia running from the region of Ancenis, Brittany to the Montagne Noire
in Southern France’. The Ossa Morena Zone in southern Spain is also anomalous. The Spanish
faunas tell us that extension of the range of bivalves was caused by the widespread Llanvirnian
transgression. But the Ordovician radiation for example (Sepkoski 1979) took place in the
pelecypods of the Perigondwanan area during the Arenig rather than ‘in the transition from the
Lower to Middle Paleozoic’ period of increase for marine benthic faunas (Bambach 1977). We do
not know where the diversification of the bivalve communities took place in the Perigondwanan
ring. During the Arenig, pelecypods are cited at low latitudes (Argentina, Australia) and at higher
latitudes (Montagne Noire, Armorican Massif, Wales). The poor correlations between these areas
do not permit determination of the thermal preferences of the primitive bivalve populations. On the
southern Gondwanan shelf in the Montagne Noire, corresponding to the ‘deeper water tongue’ on
the platform, pelecypods are known as early as the Late Tremadoc (Babinka) and then diversified
during the Lower Arenig (Babinka, Redonia, Synek, Thoralia, Noradonta, Coxiconcha, Ekatero-
donta); they inhabited fine sediments and probably cool waters. This area could have been the place
of origin of several genera. During the Upper Arenig, some pelecypods of larger size colonized
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TExT-RG, 12 Distribution of some bvalve genera during Arenig (Montagne Maire) and Llsnvim-Llandeilo

{ibser couniries) on the Perigondwanan platform. Palscogeographic reconstruction afer Giutiérrez-Maroo and

Rékans {19871 land arcas are shaded, Sec also Cocks and Fortey (1988) for biofaces distribution arcund
Ciondwana,

challow-water sands like those of the Armorican Sandstone, with actinodontids, lyrodesmatids
{ Tromelinadania), and scarce palacotaxodontids ( Praemucula ochlerti). The rapid expansion of the
Llanvirn is not uniform and, during the whole Middle Ovdovician, the reasons for particular
distributions and migrations remain obscure. Among the palacotaxodontids, which often constitute
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the dominant element, the genus Praenucula is common in the Ibero-Armorican province as well as
Morocco, Bohemia or on the marginal edge of the shelf (c.g. Ardenne) but the species are not
determined with certainty and it is difficult to follow the possible migrations. The case of
Ekaterodonta is peculiar. This genus, known in the Arenig from the Montagne Noire, appears like
a relict in some deeper facies during the Llanvirn from the Hesperian Massif but it is present at the
same time in Bolivia at a lower latitude, and the first described Tironuculidae, Tironucula, is a
contemporaneous form from the Laurentian platform. During the Llandeilo, Myoplusia bilunata
existed in Brittany and Spain (and perhaps in the Ardenne?); and persisted into the Caradoc in the
Armorican Massif and Bohemia. But another common Ibero-Armorican species, Cardiolaria
beirensis, is unknown elsewhere. Still more curious, Tancrediopsis ezquerrae, a common form in
Portugal and Brittany, remains to be found in the Spanish area.

If we compare the palacotaxodontids from other areas of the world, we can see a sudden
diversification during the Llanvirn in varied facies from lower latitudes (North America, Baltica,
Australia, South America). In these regions there are representatives of Ctenodonta and Deceptrix
but also there are often numerous genera unknown in the Ibero-Armorican region, like Similodonta?
in Norway (Soot-Ryen and Soot-Ryen 1960) or the various genera described from Australia, such
as Eritropis and Johnmartinia, which are frequently found in sandstones (Pojeta and Gilbert-
Tomlinson 1977).

The isofilibranchs and pteriomorphids are scarce in the Ibero-Armorican area; but they are more
frequent and diversified in Baltica (Soot-Ryen and Soot-Ryen 1960) in the more calcareous facies
and warmer waters.

The actinodontids and their problematic allied genera, Babinka and Coxiconcha, are also
interesting in their spatio-temporal distributions. Babinka prima appears early in the Upper
Tremadoc in the Montagne Noire and it remains until the Upper Arenig in this region where post-
Arenig rocks are unknown. During the Llanvirn, the same species occurs in Bohemia and in the
Hesperian Massif, but it remains unknown among similar communities and environments in
Portugal and in the Armorican Massif. On the other hand, B. oehlandica was described by Soot-
Ryen (1969) from Baltica around the Arenig-Llanvirn boundary. Thus, from the Montagne Noire,
Babinka migrated to some sites on the southern Gondwanan shelf without recognizable specific
variation during a time interval of about 20 My and it crossed Tornquist’s sea to reach the Baltica
shelf, giving rise to another species. Coxiconcha is also known from the Montagne Noire as early
as the Lower Arenig and remained there during the whole stage. During the Llanvirn and Llandeilo,
the genus was abundant, with a larger species C. britannica, in the muddy sea floors of the Ibero-
Armorican area and it migrated along the Gondwanan coast giving another species in Bolivia.
However, it remains unknown from Bohemia.

Among the Cycloconchidae, Glyptarca ? is a genus with a widespread distribution on the
southern Gondwanan shelf. Originally described from Portugal, it is common from the Middle
Ordovician in the whole Ibero-Armorican province, usually in muds, but sometimes adapted to
sandy sediments. Glyptarca is cited from Saudi Arabia (Fortey and Morris 1982) and may occur in
Morocco (Babin unpublished) but is unknown from Bohemia (Born 1918). Finally, the Redoniidae
present other differences. The first known Redonia, R. michelae, is known from the Montagne Noire,
as early as the Lower Arenig. Like the other bivalves from these environments, relatively deep on
the platform, this species is a small one. In the Armorican Sandstone, from the Upper Arenig, the
poorly known R. boblayei (Barrois 1891) is larger. During the Llanvirn, Redonia deshayesi is an
important element of the benthic Ibero-Armorican communities. It is also present in Bohemia in
similar environments and in Morocco in sandy facies. The genus was cited as R. anglica in
Shropshire by Salter (1866). Redonia appears to have been eurytopic with regard to grain-size but
was probably a stenotherm, preferring cold water. We can thus explain its presence in the deeper
zones of the platform (Montagne Noire during the Arenig; locality CR II in the Hesperian Massif
and occurrence in the Ossa Morena Zone during the Llanvirn) as in the higher latitudes (Morocco).
Around Gondwanaland Redonia is unknown from South America or Australia, where it was
erroneously cited by Warris (1967) (after Pojeta and Gilbert-Tomlinson 1977). The new genus
Dulcineaia is known only from the Llandeilo of the Hesperian Massif.
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In conclusion, this study of Spanish bivalve faunas underlines the necessity for further new
investigations. Bivalve distribution is apparently complex, with some endemics. To confirm this,
more data are needed from the Ibero-Armorican area, the Bohemia faunas require revision, and the
Moroccan ones need to be studied. As Boucot (1985) has stated ‘the pelecypods are a group
deserving a great deal more taxonomic attention and collecting before one can be certain of such
conclusions’.
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